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ABS'l'RACT 

A systematic methodology was developed �or designing �ood 
products �or the Philippines .  

This was the initial stage o� an investigation at Massey 
University into the application o� quantitative product development 
techniques to the �ood industry in developing countries .  A study o� 
economic , nutritional and �ood industry conditions indicated that 
Taiwan, Korea and the Philippines best satis�ied the conditions 
necessary �or the use o� product development in the �ood industry. 
The Philippines was chosen �or this �irs.t investigation and the 
quantitative study was on the selection o� raw materials in 
�orrnulation according to their nutritional properties . 

The selection o� raw materials--in the product development was 
made quantitative by use o� linear programming . A linear programming 
model was developed to select,  �rom a list o� one hundred and seven� 
raw �terials indigenous to the Philippine s ,  a raw material mixture 
capable o� satis�ying twenty-six nutrient requirements as well as  
several interrelationship s between nutrients, at a minimum cost . In 
the development o� this model, investigations were made on the 
e��ects o� altering nutritional requirements, raw material costs and 
compositional data and also the variety o� raw materials . The linear 
programming model was �ound particularly use�ul �or inve stigating 
the e��ects o� change s in the nutritional requirements and in raw 
material costs,  but rather unpredictable �or changes in raw materials .  
The precis.ion o�  the model was much greater than could be expected o� 
the nutritional composition data . 

The mixture o� raw materials selected to meet the Philippine 
nutritional requirements·-was developed, using the, _product development 
system, to an acceptable canned meat-lo�-type product .  This product 



was selected, from a number of systematically generated product ideas,  
by a critical evaluation method, based on information on processed 
food eating patterns , food processing facilities and processed food 
distribution systems , obtained during a visit to  the Philippines in 
1973. This product was de signed to be manufactured in large meat 
processing plants-in the Philippines and distributed to the small 
store s throughout the countr,y . 

The linear programming model was also used to guide the 
design of a food product enriched with chemical nutrient& and 
capable of rapid introduction to Philippine diets to supplement the 
basic rice meal . The: linear programming tectnique provided quantitative 
data for evaluation of the feasibility of enrichment with various types 
of food materials and chemical nutrients,for the cost of various levels 
of enrjchment and for design of product formulations , allowing for 
nutrient lOSJ3es 1 during proces..sing. A coconut bun with nutrient 
enriched filling was developed . This product could be manufactured in 
the maqy bakeri�s scattered throughout the Philippines .  

Chemical analysis of the two products �hewed reasonable 
agreement with c alculated nutrient levels ,  but generally nutrient 
levels·were below calculated levels , implying that some scaling up 
of nutrient requirements may be necessa� for this model . The real 
value of the systematic methodology cannot be finally assessed until 
an attempt is made to  implement the industrial production in the 
Philippines and introduce the products into the diets .  

This first stage. of the development of the raw material 
selection model has provided a basis for further work on inclusion of 
the other properties of the raw materials such as eating qualit,y, so 
that a comprehensive model for the quantitative design of foods can 
be finally achieved. 
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CI-IAPTER 1 

INTRODUCTION 

This thesis covers the initial stages of a major project on the 
application of modern product development techniques to the food industry 
of developing countries .  The aim of the project i s  to bring about 
nutritional improvement through the introduction of suitable new food 
products . The pro ject will systematically study raw materials ,  processing, 
distribution and consumer needs in South-East Asian countries for the 
design of acceptable products . 

This chapter is an introduction to the whole pro ject , discussing 
what is meant by product development , how it could be used in developing 
countries and which of these countrie s couli make mo st effective use of 
fooi product development . A study of e conomic ,  nutritional and food 
industry conditions of different countriea. indicated that Taiwan, Korea 

' .  

and the Philippines best satisfied the c onditions necessar,y to benefit 
from employing the product development method and the Philippines was 
chosen for this first inve stigation. 

t .Th �, . . e overall aim of the pro ject - to e stablish the design of food 
produc�s: on a systematic and quantitative basis - relies on the ·./, .. 
availab .. llity of factual and documented information. This the sis 
investigated the stage of raw material selecti on in a quantitative manner 
as this was an area where such information existed, with reference to the 
Philippines situation. These raw materials were formulated into 
nutritionally balanced food products compatible with proce ssing facilities  
and food eating habits in  the Philippines .  

1 . 1 The evolution of the product aevelopment method in th� food industrY 

Product development has been defined as industrial research to 

I 
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develop products and processes satisfying a known or suspected consumer 

need (1).  More specifically, it is a method for selecting, evaluating 

and developing new products for a specific consumer need. 

Prior to 1 957 , product development was carried out as applied 

research in the R & D sections of large manufacturing companies. 

Marketing and sales departm8nts had little influence in selection of 

prod'J.cts for development - their function was to promote, distribute 

an�l sell the developed products. In 1 957 , it was suggested that a more 

efficient method for successful product development would involve 

co-ordination of marketing and technical departments ( 2) . Thus marketing 

couli evaluate proposed projects on the basis of market and economic 

research and technical departments could consider the projects' technical 

feasibili.ty and cost ( 3 ) . 

The food industry, an extensively consumer-oriented and competitive 

industry, dependent on marketing and technical innovation, was quick to 

take up these ideas, particularly in the United States. In 1 963 , food 

technologists in industry considered this philosophy for the first time at 

a meeting in Missouri (4-) ,  and this was followed by symposia in 1 965,  1 967 

and 1 969 on advances in the method of product development ( 5 , 6 , 7 ) . In 

�967 , a professional journal covering this field of research - Food Product 

Development - was first published, emphasising its significance as an 

important applied research method. 

In large commercial food companies, product development is now 

established as a multi-disciplinary research method co-ordinating 

financial, marketing, food technology, engineering, packaging, advertising 

and sales activities to effectively select, evaluate and develop new food 

products. It is effective in these sophisticated companies but can it be 

used to improve the nutritional standards of a developing country by 

introducing new nutritional foods? The aim of this thesis is to investigate 

this application. 

1 .2 Place of product development in a developing countpy 

Countries with low nutritional status also have poorer economies 

and lower levels of industrial development than countries with high 

nutritional status. The value of product development in the food industry 

of the poorer countries may therefore be restricted by basic limitations 
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arising from economic , agricultural and industrial factors . Therefore , 
data from Asia, Europe and the USA were studied to find if quantitative 
economic and industrial standards could be deduced which would indicate 
when product development could be used effectively as a method of 
improving the nutritional status of a particular area . 

1 . 2 . 1 The relationship between nutritional status and economic development 

In 1 967, the Food and Agricultural Organisation of the United 

Nations (FAO ) used a Gross National Product ;er caput ( GNP) of $US 300 
per annum as the dividing line between a developing and a developed 
country ( 8) . This does  not show adequately tpe dynamic change s that 
occur in a country ' s  development .  Economic growth curves for the UK and 
USA from 1 880 onwards ,  were drawn from historical data ( 9 , 1 0) .  These 
illustrated that the growth of GNP was exponential with time , and 
suggested an improved method of grouping countries into three stages of 
development according to rate of growth of GNP . 

Stage 1 - no growth or very slow growth of GNP - underdeveloped countrie s 
S�age 2 - gradual increase in rate of growth of GNP - developing countrie s 
Stage 3 - rapid increase in rate of growth of GNP - developed countrie s 

On this  basis ,  countrie s could be grouped as follows : 

Underdeveloped group : 

Developing group : 
Developed group 

Burma, Ceylon, India , Korea , Pakistan, 
Philippine s ,  Thailand. 
Portugal, Spain, Taiwan . 
Australia, Canada , Japan, New Zealand, 
United Kingdom, United States of America . 

When the calories ,  total protein and animal protein available per 
person per day were graphed for the years 1 950 to 1 968, the countrie s 
again fell into three group s (Table 1 ,1 ) . 

Because of these clearly defined patterns of p arallel nutritional 
anu economic development, an attempt was made to find a relationship 
between them, The calorie data were plotted against GNP (Fig . 1 . 1 ) :  the 

points were scattered but generally showed a definite pattern, with a 
sharp increase in calorie content of the diet with increasing GNP up to 
about $200, then a slower increase up to $1 000, and thereafter very little 
increase even with large increases in GNP . Also shown in Fig . 1 . 1  is a 
curve, taken from a report of the United Nations Commission in Latin 
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.(unerica in 1 955 showing the same pattern ( 1 1 ) .  Data f'orJapan deviated 

from the general trend ; whereas the overall pattern tended to level out 

�round 3000kcal, Japanese intakes levelled out around 2500kcal . 

Table 1 . 1 The characteristics of the three nutritional states 

Cal o r ies Total Anima l  
p rote in  p rote i n  

kca l/capu t/d g/caput/d g/caput/d 

Underdeveloped constant, or si owly <2200 <55 <15 
group  increasi ng l ow 

nu tr ient l evels 

Develop ing gradually increasi ng 2200- 55-85 1 5-40 
group nutr ient l evels 3000 

Devel oped constant, or s lowly >3000 >85 >40 

group inc reasi ng high 
nu tr ient l evels 

This overall pattern was clearer when protein level was plotted 

against GNP (Fig . 1  . 2) .  There was a steep rise in protein intake f'or a 

small increase in GNP up to about $250, then a slower increase, the 

curve levelling around a protein level of' 85g corresponding to a GNP of' 

approximately $ 1 000 . Above this, the protein level increased only slightly 

with large increase s in GNP. The Japanese data followed the general 

relationship but again levelled at lower value s than the other countries .  

The rapid growth period stopped at a slightly lower GNP f'or 

calories - 2500kcal at GNP $200 - than f'or protein - 70g at GNP $250 ; 

pre sumably because calories were cheaper than proteins in foods . The final 

very slow growth period, occurring around 3200kcal and 85g protein, started 

in both case s at about $1 000 GNP. When other economic factors , such as 

energy consumption and passenger car density were graphed against total 

protein, the same type of' relationship was obtained. To increase calorie 

and protein levels in the diet of underdeveloped countries ,  there must be 

economic development - an increase in GNP from approximately $1 00 to a 

minimum of' $200 . This can bring about a s ignificant effect on the diet as  

pro·!:;ein :evels can be  raised to  around 70g and calories to  around 2800kcal . 
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It is at this point - emergence from the underdeveloped stage into the 
develop ing stage - that countries should be in a position to re spond to 
accelerating economic growth by expansion of their indust�, including 
the food industry. 

1 . 2 . 2  The relationship of nutritional status to the size of  the 
food industry 

E stablishment and development of the food processing industry 
could contribute nutritionally to a developing area, directly by increasing 
the quality and quantity of food available and indirectly by improving the 
general econo� of the area ( 1 1 , 1 2 , 1 3 ) ; but no attempt has been made to 
quantitatively relate the s ize of the food industry and the nutritional 
status of an area. Protein levels were plotted against the food 
manufacturing output value s for several countries in Fig.1 .3. There was 
a gradual increase in protein with increase in food processing up to an 

output of $20 per caput, and then the rate of protein increase with 
increase in food processing slowed and there was only a yery slight 
increase in intake of protein with quite large increases in food 
processing output : above about $60, the protein level did not increase 
further. 

As  food industry output increased there were two growth patterns 
reaching different final protein levels ;  for total protein, the two curves 
could eventually meet ,  but for animal protein this was unlike�. These 
separate pathw�s could be associated with differences in the traditional 
food habits of the c ountries involved. In Fig. 1  .3 (a ) , the upper pathw� 
countrie s ,  except for Korea,  were Western in outlook and the basic foods ,  
even of  the poor, would include some meat, milk, vegetable s and cereals ; 
but in the lower pathway c ountries ,  all in Asia , the basic diet would be 
lacking in animal protein foods, as  mai� based. on cereal s. 

Therefore ,  increasing the food industry would improve nutrition 
but other factors, notab� the type of diet, could reduce this effect . 

1 .2  . 3  The effects of  patterns of  diet on  nutritional status 

The diets of selected countrie s are illustrated in Fig 1 .4 ; the 
high and low pathway countrie s differed in intakes of milk and meat. 
Comparing Japan with UK, which had a slightly higher GNP per caput but a 

significantlY higher protein level ,  the striking difference was the much 
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lower intake of meat and milk in Japan. Even the higher intake of pulses 

and fish did not give the Japanese diet as high a level of protein a s  UK. 
Compared with Portugal, with much lower GNP, Japan had lower protein and 
lower quantitie s of potatoes  and starchy roots , vegetables ,  meat and milk 
but higher quantitie s of pulse s ,  nuts and seeds,  and eggs. Traditional 
dietary patterns were re�le cted in the fish, pulses and cereal diet of 
Japan compared with the animal protein based diet s of UK and Portugal. 

The unusual country on the upper pathway in Fig. 1 . 3  was Korea, 
with high total protein but low animal protein intake. The diet histograms , 
showed a high cereal content in the diet, much higher than a� other Asian 
country (Fig.1 .4 ). Korea, an underdeveloped country, achieved nearly as 
high a protein level in the diet as Japan, a developing country with 
higher GNP and food manufacturing output, by use of a high cereal diet 
instead of a fish/meat/pulse diet. 

Pulses can al so be useful in increasing protein levels .  C omparing 
the diets of the Philippine s and Taiwan, the fish, meat and cereal level s  
were similar but the low level of  pulses ,  legumes and nuts in the 
Philippine s' diet has kept the protein intake at a lower level. Turkey 
and United Arab Republic were other countries with a high protein level 
and a strong reliance on cereals and pulses  (Fig . 1 .4 ). Their diet s were 
similar to the Korean pattern, except for higher m",IK. intake and lower fish 
intake. 

Both cerea�pulse and animal product based diets can bring ab out 
increases in the protein levels of national diets. It is therefore 
important to consider the traditional dietary habits of different areas 
when planning nutritional improvement .  

The relationship between nutritional status and the money 
spent on food 

As a country develops ,  the buying of food for survival decreases 
in importance and there is more buying of food by choice - the 
"nutritionaL" and "economic" food requirements ( 1 5 ) . Only the 
nutritional requirements need to be  satisfied in underdeveloped areas , 
but both nutritional and economic requirements arise in develop ing areas . 
As personal income increases, the percentage of it spent on food 
decrease s (16), and change s occur in the types of food eaten, the more 
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expensive foods such a s  protein foods, increasing in the diet . This was 
true for the c ountries studied, but Japan and Taiwan followed this 
general relationship at lower protein levels than the other countries 
(Fig . 1 . 5 ) . 

This suggested either that prote in foods were not available to 
the population to the s ame extent as in the other c ountries, or that the 
Japanese and Taiwanese did not eat protein foods because of s ome 
Gul tural bias . 

Availability is a maj or factor ; Taiwan and Japan spend as much 
on food as the Spanish yet consume less protein and animal p rotein 
because meat and milk are less readily available . 

Together with consideration of the traditional foods and how 
the se may be improved or supplemented, the increased availability of 
nutritious foods through direction of production, marketing and 
distribution must also be planned for in the nutritional development 

\of an area. 

1 . 2 • .5 Interrelationship s of the factors related to nutritional status 

Langer and Henshaw developed mathematical relationships be tween 
population size , economic development and food supply for different 
countrie s ( 1 7) . They po stalated that a turning point between subsistence 
levels and highe� living standards in a count� corresponded to daily 
calorie intake of approximately 2700kcal , an income of $300 and a fuel 
energy consumption of 1 .4 ton ( 1 01 7kg ) coal equivalent per head per year. 
Characterising the three stages of development described in 1 . 2 . 1  in 
a similar way, indicated that this turning point lay somewhat above the 
division between underdeveloped and developing countries_ (Table 1 . 2 ) . 

These classifications divided the countries into underdeveloped, 

developing and developed groups as described earlier, with the exception 
of Korea and Philippine s which were sometimes classified as underdeveloped 
and sometimes  as developing . These countries were thus probably in a 
transition stage . Using these divisions it coul·i be deduced whether a 
count� was economically capable of supporting or expanding its food  
industry t o  increase its nutritional status . In  the underdeveloped 
group ,  it would be difficult economically to develop a food industry 
significantly to bring about a nutritional uplift until the whole economy 



(a) 
100 

"'0 90 ---:::l a. CO u --= 80 Q) 
.D � CO > 70 CO 
c:: ·a; -0 
� a. 60 -ro -0 f-

50 

(b )  
70 

"'0 60 ; 
� :::l a. CO u 50 --= 
Q) .D CO 

'(0 40 > CO 
c:: Q) -
2 30 a. 

-ro 
E 
c:: o Japan <( 20 x Ko rea 

6 Spa in  
10 0 Ta iwan 

• U K  
0 USA 

0.1 

Figu re 1 .5  

o«boo 
� 

0 
0 

0.2 

• • •• 

00 0 

0 0 
0 

0 0 

0 

0.3 

A 66 A 
A 

6 xA 0 X 
!:loo 

o0o 
OD 

0 

6 
6 

6 
6 

0 
oD 6 

0 0 ) 

X 

0.4 
F racti on of personal income spent on food 1950-1968 

X 

u 

0 
X 

0.5 

Relationsh ip between protein in the food supply and the fraction 
of personal income spent on food for several countries: 

(a) total protein 
(b) animal protein 

See notes on statistical data in Appendix.  

1 2  



1 3  

began to develop ; in the developing countrie s ,  expansion of the food 
industry was necessary, to at least an output of $20 per caput . It i s  
at thi s  stage that product development can be effectively employed . 
The role of product development in this  critical stage in the development 
of a country, is to guide the expansion of the food industry through the 
de sign, proJuction and marketing in an acceptable f orm, of the 
nutritional products required to satisfy the needs of the people ,  
utilising the available raw materials t o  their best advantage . 

Table 1 .2 The characteristics of the three stages of development 

GNP Energy Cal or ies Protein An imal F ood 
p rotein indust ry 

kg coal equ/ output 
$US/caput caput kcal/capu t/d g/caput/d g/caput/d $US/capu t 

Underdeveloped <200 <400 <2200 <5 5 <15 <20 
group ( 0 . 45ton ) 

Develop i ng 20 0-1000 400-2000 2200-3000 5 5 - 85 15-40 >20 
group ( 2 . 2ton ) 

Developed >1 000 >2000 >300 0 >85 >40 >20 
grou p 

1 .2  .6  Conclus ion 

The conditions needed before product development can play a 
signifi�ant role in the nutritional development of an area are suff� �ient 
economic growth ( corresponding to around $200 GNP per caput ) ; knowledge 
of local nutritional status and the effects on it of the availability of 
foods,  and of the traditional dietary patterns ; and a food industry 
sector �apable of directed expansion to cater for the increasing demands 
of a developing nation. 

Of the countries  studied, Taiwan, Korea and the Philippine s best 
satisfied the se conditions . 

The Philippines was cho sen as  the developing area for thi s  
imres tigation since : 
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1 .  Liaison was quickly set up with research centres and libraries in 
the Philippine s in contrast to long delays experienced in corresponding 
with similar agencies in other countries.  
2. English was the maj or commercial and technical language in the 
Philippines which facilitated corresp ondence and literature and 
industry re3earch . 
3 .  Comprehensive nutritional , economic , agriculture and industrial 
statistics were documented in the Philippine s and were made available 
for this investigation. This was a considerable boon to the research . 

1 . 3 The product dev�loEment method 

1 .3 . 1  The stages in product ievelopment 

In the organization of new product development in large 
companies ,  there has evolved a general sequence of logical steps which 
is illustrated in Fig . 1 . 6 .  These step s are described briefly as  

1 .  Exploration. Ob jectives for the development are set by the compaqy. 
This initiates the search for new product ideas ,  or pro cess improvements 
to meet these objectives .  
2 .  Screeni�. The iieas are examined to quickly determine which ideas 

warrant further study. This is the first of recurring evaluation stages 
in the sequence ,  in which each product idea is assessed. 
3. Busine ss  an�!ysis . Ideas are �ore fully developed and e stimate s are 
made through market re search of the market s izes ,  demand and profitability .  
The technical feasibility in terms of capital requirement and development 

cost  is also c onsidered . This much more stringent evaluation stage 
selects only the mo st worthwhile product ideas .  
4 .  Development . Ideas are transformed to the physical product, from 
the laboratory to p ilot-plant scale production. Evaluation of these 
products for consumer acceptability and co sting is carried out, and 
unsatisfactory products are dropped . 
5 .  Testing. Developed products are test-marketed prior to relea sing 
onto the market, in order to test all company functions involved in product 
launch as well as the market acceptability of the product . Any faults 
either in the product or the performance of the departments are discovered 
and rectified. The final d ecision must be made at this stage whether to 
drop the product or carry it into full commercialization. 
6. Commercialization. Full scale production and marketing programmes 
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are set up and put into operation to launch the p roduct onto the market . 

Thus suitable p roduct ideas  are carried through to development 

and commercial ization after succes sive evaluation s tage s .  Thi s  is a key 

fac tor of the p roduct development method.  As more infJrmation becomes 

available during the life of a p roj ect,  evaluation becomes more stringent -

thus the probab ility of succe s sful ideas being selected i s  increased. 

1 . 3 . 2  Quantitative techniques in the p roduct development method 

Product development techniques have been becoming increasingly 

quantitative in recent years . This has been to ens11re obj ectivity in 

pruject management. For example : 

Ideas are generated by systematic comprehens ive methods e . g.  Heuristic 

Ideation Technique ( 1 8) 
Screening techni�ue s u se scoring chart s which may include probabili� 

considerations ( 1 9 ) 
Bu siness ana�sis incorporate s market forecasting, market surveys , re turn 

on inve stment analysis ( 20)  and consumer buying model s ( 21 ) 
Development stages use formulation based on linear programming ( 2 2 )  

scheduling and costing based o n  critical path method ( 23 )  and statistical 

experimental de s ign and analysis ( 24) 

Te sting include s monitored te st market trial s, p erhap s in conjunction 

with consumer buying model s or advertising media te sting ( 21 ) 

Evaluations are based on Bayesian decision-tree methods or cost-benefit 

analysi s  ( 20) 

In practice these methods are be ing incorp orated into the 

stepwise p roduct development method, so that the whole system can become 

dependent on quantitative parameters . These quantitative technique s 

depend on the collection of much marketing and technical informat ion. 

Historical information which i s  cheap to obtain is u sed in the e arly 

evaluation stages .  This  progre sse s  to direct gathering of facts from 

market re search, laborat ory and p ilot-plant experiments and finally 

te st-marketing with increas ing c o st in t ime and money.  C ommercial 

information such a s  sales  figure s ,  market statistic s  and consumer buying 

statistics can usually be obtained in commercial comp anies but are not 

generally available for the national food development situation.  This 

doe s  not mean that the product development method cannot be u sed ; rather 
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the method should be adap ted to utilise the information that is availabl e. 

1 • .  3 . 3  Food product development scheme for developing coun tr ies 

A sui table fooci product development sch eme was designed for a 

developing country and is shown in Fig. 1 .7 .  Use is made of national 

s�rvey statistics on population, food production, nutr itional status and 

economic parameters such as disposable income and income d istribution 

found generally in FAO and UN statistics sources. If national statistics 

are available from a particular coantry, then manufacturing indast�J, 

food and agricultural production and more deta iled nutr itional information, 

as well as reports on food marketing and food eating habits, may b e  

available. This data is often considerably less accurate than that 

available for cownercial product development. Surveys may also b e  carr ied 

out to gather more accurate and extensive basic information. 

In this project, quantitative techniques will be investigated 

for their usefulness in this scheme of food product development • 
... 

Implementation of product development in a developing country 

Whilst product development seems desirable for a developing 

countFy, its usefulness depends on practical and effective implementation 

into the industrial development sector. To be  practical1 requires both 

skilled personnel and the facilities to carry out product development 

activities. To be effective requires a workable system b oth for 

management of pro j ects and for carrying out s uccessfully completed 

projects through to full scale industr ial production and marketing. 

1 .  Training of personnel in product development approach . This should 

include undergraduate or postgraduate training in food product developmen t  

followed by on-ti:e-job training - working in a team on food development 

projects in the home country . This may require to be organized, in the 

earJ y  s tages of such a scheme, by adv isor s from overseas but preferably 

it should be carried out by local food product developers. Training is 

essential to ensure that a bank of industr ially-oriented development 

personnel is built up to encourage food industry development and 

nutritional imr rcvement of the covntry. 

2 .  FacilH ies fer food�duct develollmen t. Technical and marketing 

re search facilities  are required - i. e. chem ical, physical, microb iological, 
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runs. Nutr i t ional eva luat ion. Cost ing of processed p roduct. 
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Planning and sett ing up  producti on  and marketing backed by 
subsidy, if necessary. Lau nch onto market and/or d istr ibu te 
to welfare agencies. schools. 

F igure 1 .7 Product development scheme for nutritional food products for a 
developing country 
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tc;.ste-panel , and p ilot-plant engineering e quipment a s  well as library and 
market re search facilities . Large scale industry c ould po::sible provide 
such facilities but this  -N ot\J.d not neces sarily te i n  the interests  of the 

country as a whole . Product deve lopment should be conducted in an 
industrial innovatior institute with its own staff and facil itie s .  This 
coulC. b•:l financed :r:·artly by inclustry but the grea.test share s hould be from 
thE· government or otl:.er non-coi!illlercial sponsoring agency . 
3. Mana.gemen_:!; of projecti .  Trained personnel could work a s  individ.t.�als 
in charge c-f ea ch pro ject or a s  small teams on larger :9rojects us:..ng the 

product development method of project management . The institute could 
initiate its own project s as well as conduct re search for :i ndiviiual 
companie s or industd al group s on a c ontre.ct basis , always with the aim of 
nutritional improvement when prcp c s ing the introdu ction of new food products .  

Such organization would allcw ample opportunity for training new graduates 
in the ma�· facets  of the product development approach. 

An alternative. to the e stablishment of a separats.. industrial 
innovation ir.sti tute would be extension of government re search laboratories 
to incorporate this system of project management , dre.wing on existing 
scientific personnel and facilities as required. This would not be as  
d3::drable as a separate institute, since the existing str.1cture in 
[;OVernment re search laborator:..e s  i s  usually detached both from induntry 
and f'rom practical implementation of their research . Also , the introduction 
cf th.El new product development approach in long established laboratories 
could cause organizational difficulties .  
4 .  In::lustrio.J. irr.plementation.  New prodacts could be  carried through to 
industrial production by : 

1 .  Cont racting projects frc1n inlustry and setting up p roduction and 
marketing in the cor::.pany as part of the c o::1tract ; 
2. Initiating pro jects within the institute and tendering for production 
.f'�.cilities  from exi sting industry . This  would include incorporation of 
proce ss  im�rove�ent,  quality contrcl and marketing as  part of the proj ect 
in the company . 

3. Relying on funds from government or other sponsoring body to improve 
existing incustry or build new plant when promis ing new p roposals 
appeared from pro ject work . 



1 .3 .5 O ther effects o:f p roduct development in a devel oping country 

Since it could guide the expansion of :food industry, product 

de\Telopment considerat ions couli s imul taneously encourage : 
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1 .  Efficient utilization o:f indigenous raw material s and raw materials 

s11:itable for local cultivation, which are economic source s of  nutrients 

and of functional p roperties required in food products . 

2 .  Exp ansion of agricultural p roduction o:f these materials through 

invreased demand from the industrial :food pro ce s sing sector as  it 

expands into new :food developments .  

3 .  Stabilization of f ood price s since year-round supplies o:f :food could 

become available through the expans ion of the proce s sed food industry .  

Thus the p ri �e fluctuations and nutritional problems  a s sociated with 

Sl:!asonal surpluses and deficits of :fre sh foods could b e  les sened.  

J..._ Retention o:f  indigenous food habits and food p roduct ideas .  The 

major defect of p revious :food improvement schemes has been the u se o:f 

overseas food p roduct :forms and material s,  alien to the receiving area,  

causing acceptability p roblems . 

5 .  ExpansL:m o:f local food industry a s  exi sting equipment and skill s 

are utilized in new food p roducts manufacture with as sociated increase 

in local employment , higher income and improvement in living standard s .  
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CHAPTER 2 

DEVELCPING NUTRITIONAL PRODUCTS FOR THE PHILIPPINES 

After the s election of the Philipp ines a s  a suitable country to 

consider for the development of nutritional food p roducts,  the first step 

of exploration was to study the extent of the nutritional problem. 

Nutritional surveys c onducted during the la st few years were used to 

determine the difference between the actual and recommended food intakes . 

Study of pos sible methods of impro ving the nutritional situation indicated 

that the introduction of formulated, pro ce s sed, nutritional food p roduct s  

might prove the mo st effective . The f irst problem was to select suitable 

raw materi�l s for such product s ,  and linear p rogramming appeared the mo st 

useful quanti tative method for thi s  purp o se .  

The Food and Nutri tion Re search C enter (FNRC)  in Manila has 

conducted extensive nutrition surveys in ten regions of the Philippine s ,  

covering the whole country during the ten year period 1 957 - 1 967 (Fig . 2 . 1  ) , 

thus data were available on the nutritional status of the Philipp ine s .  

The we ighted average per caput daily intake s o f  nutrients are 

shown in Table 2 . 1 . All nutrients were in deficiency according to the 

re commended allowance s  of the time , except for iron and niacin ( 25 ) . 

There were very low intakes of calcium, riboflavin, vitamin A and thiamine . 

When revised re commended allowance s were calculated from more recent 

m1 tritional requirements and pop ulation distribution statistic s from the 

1 970 census , the extent of the se deficiencies was les sened - p articularly 

fo r calcium and riboflavin. Iron, however, was in severe deficiency since 

the higher revised requirement to ok account of  the availability of the 

mineral from the diet a s  well a s  the higher female requirement . Vitamin C 

wa s in ex ce s s .  
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Table 2. 1 The mean daily per caput nutrient intake compared to recommended 
allowances 

Nutr ient 

ca l o ri es ( kcal ) 
p rotein (g)  
ca l c i um (mg)  
i ron ( mg) 
v i tamin  A ( i u )  
th iam ine  ( m g )  
r iboflav in  (mg) 
n iac in  (mg) 
vi tam in  C (mg) 

I ntake alRecommended a 
jal l owance ( RA) 
based on 1 960 
census 

1670 2190 
46 . 9  5 4 . 4 
340 1000 
10 8 
1 900 3800 
0 . 75 1 . 17 
0 .  49 1 .  36 
1 4 . 0  12 . 0  
65  72  

I ntake 
percent 
of 1 960 
RA 

76 

86 

34 

1 2 5  

50 

64 

36 

117 

90 

Recommended rtake ' 
a l l owance ( R A )  percent , 
based on 1 970 of 1 970 j 
census RA 

2040 82 

50 . 4  9 3  

450 75 
20 . 4  49 
40 00 48 

1 .  02 74 

1 . 02 48 

1 3 . 4  10 5 

29 224  

Ava i l ab i l i ty c  
from 1 970 
Food Balance 
Sheet 

2110  

5 4 . 6 

a. Weighted average for eight regions (Bicol and Central Luzon omitted as only pilot studies). Taken from 
summary report (25). 

b. Calculated from more recent data. See chapter 3. 

c. Corrected for population of 36 590 000 i n  Food Balance Sheet for the Phi l ippines CY 1 970, The 
Statistical Reporter ( 1 972) 16 ( 1 ) , 1 .  

The nutritional defi cienc ie s were conf irmed by b i ochemical 

te sting of blood and urine samples of sub j ect s ( 26 ) .  Serum carotene , 

rib oflavin and thi �mine were found to b e  at low or defic i ent levels in 
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more than 70% of sub j ects , and haemoglob in and vitamin C at low or defic ient 

levels in more than 50% of sub j e c t s .  The haemoglob in defic iency was 

explained p artly by low iron availability and al s o  by th e h ig h  incidence of 

inte stinal paras ite s found during the cl inical te sts . The vitamin C 

deficiency could be expl� ined by p oo r  c o ok ing me thods caus ing de struct i on 

of vitamin C .  

C lini cal examinat ion found ma inly s i gns of defic ienci e s  in 

vitamin A ( in more than 45% sub j e cts ) and riboflavin ( in more than 36% 

s·��l.) j e c t s ) followed by niacin ( in more than 27% sub j ects ) and vitamin C 



( in more than 1 1% sub j e c t s ) . There wa s l ittle incidence o� thiamine 

deficiency ( 27 ) . 

C omp aring the regional data with the national average conveyed 

the same pattern of nutrition throughout the nation (Table 2 . 2) . The 

nutrients in greate st defi c iency were vi tamin A,  riboflavin, thiamine 
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and iron for all reg ions . There wa s a variation in nutrient intak e acro s s  

the regions . I lo c o s  - Mountain Province had the highe s t  nutrient intake s  

while the lowe st intak e s  were shown fo r E astern Visaya s .  This variation 

was gre9-te st for the - .mo st defic ient nutrient s - vitamin A ,  r ib oflavin 

and thiamine . Thus for a p rop ortion of the p opulation, the vitamin 

deficienc ie s and gene ral nutrition were much worse than ind i cated by the 

average level . However, a s  each region showed to a gre ater or les ser 

extent the same def i c ienc i e s  a s  identified in the nati onal average , the 

average g ave a good indicat ion of the nutritional status o� the nat ion 

on which to ba.se national n �tritional imp rovement p rogramme s .  The mo st 

recent data - again a nat ional average - from the 1 970 Food Balance She e t  

indicated that a n  ex ce s s  o f  calories a n d  prote in wa s available from th e 

1 970 food supply, on a p e r  caput basis . This did no t imply that intak e s  

were at this level , but sugge sted the p o s sibility o f  improved nut ritional 

levels in 1 970 . An FNRC nationwide nutrit ion survey, p lanned for mid 

1 973, should provlde inf o rmation on current nat ional nutrit ion statu s .  

A t  this t ime , there have be en no re sult s publi shed �rom thi s survey. 

It is seen that the nutrit ional s tatu s of the Philippines i s  

rath er p o o r .  Some nutri ent s  are mo re s�riously de�icient than others . 

This mean s that prop er ut ilizat ion of the available nutrient s i s  not 

p o s s ible , a s  nutri ent s are not eff i c iently util ized when deficienc i e s  

exi st for o ther e s sential nut rient s .  Thu s ,  the value o f  the encouraging 

prote in level at around 9o% re quireme nt , is lowered by the serious 

de fic ienc ies o� calori e s  and vitamins . Inadequate supplies of vitamin B6 

will l imit prote in metabolism in the body. Pro te in will be u sed as an 

ene rgy source when the calorie supply is not suff icient to meet 

re quirements for energy . The cal o rie supply can itself be l imited by 

insu��icient availabil ity o� vitamins required for produc tion of energy 

from f ood. 

For opt imal nutrit ion, there exi st s a balanced re quireme nt f o r  all 

nutrients which may be around re commended minimum l evel s .  Improvement of 



Table 2.2 Mean daily per caput intake of nutrients for eight regions of the Phi l ippines 
a 

R eg io n  Metropo l i tan I l ocos- Cagayan Sou thern Western Eastern 
b Weighted c Coeff ic ient  d Southwest No rtheast 

Man i l a  Mou nta in  Val l ey- Tagalog Visayas Vi say as M i ndanao M i n danao mean of var iat ion 
Provi nce Batanes intake on reg ional 

Nutr ient 1 958 1 960 1 96 1  1 962 1 964 1 965 1 966 1 967 means 

cal o r i es ( kcal ) 1730 1970 1 810 1 710 1660 1 5 00 1 6 10 1 7 50 16 70 0 . 069 
p rote in  (g ) 49 . 8  52 . 6  47 . 7  44 . 1  48 . 2  4 3 . 3 46 . 5  48 . 9  46 . 9  0 . 059  

-

fat ( g )  38 . 0  2 3 . 0 2 5 . 0  22 . 0  16 . 0  14 . 0  1 5 . 0  2 3 . 0  20 . 0  0 . 35 7  
ca l c i u m  (mg)  350 370 400 310 420 300 320 340 0 . 12 5  
i ro n  (mg)  10 . 2  1 2 . 0  12 . 0  8 . 0  10 . 0  9 . 0  9 . 0  10 . 0  0 . 1 32 
vita m i n  A ( i u )  2 300 30 50 2400 1450 2250 1200 1900 1 850 0 . 25 6  
th iamine  (mg)  0 . 88 1 . 06 0 . 7 8 0 . 74 0 . 86 0 . 66 0 . 50  0 . 75 0 . 177 

- -

r i bof lav i n  (mg) 0 . 72 0 . 66 0 . 56 0 . 50 0 . 5 0  0 . 37 0 . 39 0 . 49 0 . 222  

n iac i n  (mg)  14 . 8  1 8 . 0 1 3 . 8  14 .0  1 5 . 0  11 . 0  1 3 . 0  1 4 . 0  0 . 122 

vitam in C (mg)  6 3  . o  86 . 0  83 . 0  5 8 . 0  6 3 . 0  80 . 0  52 . 0  6 5 . 0  0 . 166 

a. Taken from individual reports of the su rveys in each region ( 1 1 3, 1 1 4, 1 1 5, 1 1 6, 1 1 7, 1 1 8, 1 1 9 ). 

b. Ful l  report not yet published. This data extracted from summary report for al l regions (25) . 

c. Taken from summary report for all  regions (251. 

d. Coefficient of variabil ity,  V ; standard deviation/mean. 
N � 
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the nutritional status can only be achieved by increasing th e intak e of 

all nutrient s s imultane ously to rec ommended level s .  Mo st attenti o n  in 

the past ha s b een given to incre a s ing p ro te in intake but thi s c annot be 

effe ctive while s evere def i c ie ncies in other nutrients exist . The 

interaction of nutrients should be c onside re d  when planning nutriti onal 

imp rovement . 

2 . 2  Methods o f  improving nutriti onal statu s  

Nutritional status may b e  impro ved through dietary me thods 

[e ither by educating p eople to eat a varied and ' balanced diet ' o r  by 

ii1troducing nutritional food p roduc t s .  

2 . 2 . 1 The food group approach 

In o rder to tackle the nutritional p roblems of the c ountry the 

FNRC , in co- ordinat ion with o ther ag encies in the Philipp ine s ,  actively 

encourage s home dietary planning ba sed on re c ommended all owance s for 

the s ix  ma j o r  fo od group s - cereal s ,  starchy roo t s  and tubers , leafy 

vege table s ,  fruit s  and vegetable s ,  dairy p ro duct s  and egg s ,  and meat ,  

p oultry and fish. As well a s  i s suing pamphle ts and other publi cat ions , 

they use tra ined f'ield workers to give demonstrations and in struction in 

co oking practice s and menu planning , in both urban areas and remote 

��ral barrio s  ( 28 ) . However over the p e rlod covered by the surveys 

l ittle nutritional improvement was evide�t .  

This food group app roach cannot be effec tive when deficiencies 

exi s t  in the supply of the se f o od s .  Quiogue noted that the recommended 

all owance s for food group s could not be met from supp lie s in 1 966 ( 29) . 

Data available for 1 970 indicate d  that the s ituation had not changed 

( Table 2 .3 ) . Only c al orie-rich f o od gro'lp s - ce real s ,  roo t s  and tubers 

and s ugars were available in exc e s s  of all owance s but all prote in and 

vi tamin food group s were in deficiency . The allowance for milk and milk 

products wa s over f o ur t imes the supply and e i ght t ime s the da ily intak e .  

The food group app roach will no+ improve the nutriti onal statu s  

until there i s  a marked incre ase in the availab ility o f  the f o ods and it 

i s  nece s sary to look f o r  o the r method s .  



a 
Table 2.3 Food group intake and al lowances compared with avai labi l ity 

Food group Mean da i ly Recommend ed Ava i lab i l i ty 
i ntake a l l owance 1 970 

g/capu t/d g/caput/d g/caput/d 

cereals  and cereal p roducts 347 32 4 376 

roots and tubers 5 8  80 81 

sugars and syrups 1 8  33  45  

pul ses and nuts 7b 2 0  4 

fru its and vegetab les 1 87 359 2 1 3  

meat, f ish and mar i ne products 121  1 72 146 

eggs 5 1 7  8 

m i l k  and m i l k  produ cts 2 4  1 7 3  4 3  

fats and o i l s  7 29  10 

a. Taken from: Office of Statistical Co-ordination and Standards, Food supply situation in the Phi lippines 
CY 1 970, The Statistical R eporter ( 1 972) 1 6  ( 1 ), 1 1 .  

b. Slight excess due to home production not otherwise accounted for, or seasonal availabi lity at time of 
survey, averaged out in annual food balance sheet. 

2 . 2 . 2  I ntroduction of nutritional food p roduct s  

S ince 1 9�0 many typ e s  o f  f o o d  p roducts have b een developed w ith 

high level s of prote i n ,  vitamins and mine ral s for use in develop ing 

countrie s .  In re cent year s ,  in the Philip p ines and throughout the world, 

more empha s i s  has been p laced on intro ducing thi s typ e of p roduc t in 

order to imp ro ve nat ional nutrit ional status . 

I t  i s  a ve ry effective method, since produ ct s  can be de s igned 
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to b e  easily inco rp orated into the diet . The se p roduc t s  can provide vital 

nutrients at s p e c ified l evel s and be availabl e all the year round . Thi s  

i s  n o t  p o s s ible when fre sh f oods are relied up on, b ecau se of their nutrie nt 

variab il ity and seas onal availab il ity . I t  i s  al s o  an effe ctive method of 
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utilizing the nutrients in the food re sources which might not otherwise 

be available through poor cooking methods ,  storage losse s ,  wastage or  

lack of  popularity of the natural foodstuff. 

The major difficulties have been in keeping the co st of these 

products low and in p ersuading the people to use these product s .  To 

use a formulated food in a meal usually implies a change in food habits . 

This  is more a probl•3m for rural p eoples than for urban p eoples who are 

surrounded by modern life style s and modern food products in the citie s .  

Neverthele ss ,  ma� of the p roducts  developed have been successful. 

The types of nut�itional products .  Those products for which information 

is available are listed in Table 2 .4 .  These p roducts can be divided into 

five major groups which indicate the historical evolution of product 

development in this  area . 

1 .  Attention was initially focussed on providing nutritious food 

mixtures for all the family which could be m:Uced with water to a gruel, 

soup or beverage or could be m:Uced with local foods e . g .  Incaparina ( 1 961 ), 

Mtll ti-purpose food ( 1 955 ) .  

2 .  Later there was greater recognition of the p articular needs of young 

children and mothers and development of baby and weaning foods increased . 

The se were normally of the gruel type e . g .  Cerealina ( 1 960s ) , Superamine 

( 1 967 ) ,  Faffa ( 1 968 ) . 

3 .  To further encourage �ommercial involvement in nutritional products ,  
wider markets were sought with convenience7type foods whic� were taken as 

extra meals or food accompaniments .  The introduction of artifical milk 

drinks e . g .  Vitasoy ( 1 940) , Vitabean ( 1 952 )  S�ridele ( 1 957 ) , Miltone 

( 1 968 ) ,  developed and this  expanded into the soft drink area with Puma 
(1 969 ) , S�ci ( 1 968 ) and Sarnson . Alongside this ,  nutritious baked goods 

were being developed as ready-to-eat foods for urban areas and school 

feeding programmes - Modern Bread ( 1 960s ) , Nutribun ( 1 960s ) , Milk 

biscuit ( 1 971 ) .  

4 .  Davelopment has now expanded across  the whole spectrum of food 

products with such products as soya noodles ( 1 963 ) ,  Golden Elbow macaroni 

( 1 968 ) , meat analogue ( 1 968 ) and coconut based snack foods  ( 1 970) . 

Nutritional products in the Philippine s .  Little information i s  available 

on products developed in the Philippines .  



Table 2.4 c 
Nutritional food products which have developed since 1940 

Food mixes, soup, Baby foods 

beverage mixes 

l ncaparina ( G uatemala 6 1 )  Solei n (Braz i l  63) 

M u l ti pu rpose food ( Braz i l  56)a Cerea l i na ( Braz i l  60s) 

Peruvita ( Peru 65)a Du ryea (Co lombia 69) 

Pochito (Co lombia 67) a Superamine (Algeria 67) 

Conasupo ( Mex ico 60s) 

F o rtifex (B raz i l  63) 

Protea (Mexico 50s) 

Co lombihar ina (Co lombia  67) 

Amama (N igeria 59)a 

Arlac (N igeria 63)a 

S imba/m i l k  ( Kenya 59 ) 

Supra ( Kenya 64) 

Super Maeu ( Mozambique 65) 

N u tresco, Nutrovi te, Protesco 
( R hodesia 63) 

Pro nu tro (South A trica 62) 

Protone (South Africa) 

Mu lt ipu rpose f ood ( I ndia 55) 

Protam in ( I nd ia  63) 

Bal-ahar ( I ndia 67) 

MCM ( using coconut, m i lk )  
( Phi l ipp ines 72)b 

a. Production discontinued. 

F affa ( E th iopa 68) 

Ladylac (Senegal 66)a 

Cherish (RhodeEia 60s) 

Bai-Amu l  ( I nd ia  70) 

Nu tro-bebe ( Mexico 69)b 

Dyno ( Mexico 69)b 

N eche-Ai im (Ch i le  68)b 

Wean ing food (Ta iwan)b 

baby f ood (Turkey) b 

baby food ( l ran)b 

baby f ood (St. L ucia 7 1 )b 

baby food ( Cuba) b 

b. Product undergoing development or not commercial ly produced. 

Drinks 

Puma ( G uyana 69) 

Saci (Braz i l  68)b 

Yoohoo (I ran 69) 

Mi lpro ( I nd i a  70) 

M i ltone ( I nd ia  68) 

Saridele ( I ndonesia 57)a 

Vitasoy (Hong- K ong 40) 

Beanvi t. Vi tabean 
(Singapore/Malaysia 52) 

Vitam i l k  (Thai land 60s) 

Po lukmi l k  (Thai land 64) 

Samson (Surinam) 

Soymi l k  (Phi l i pp ines 72) 

Baked goods 

Protein-enriched cook ies 

(N icaragua 69)b 

Bread ro l ls ( Peru 68)b 

Bakery enrichment 
products from soy ( Uganda 68) 

Kupangi b iscu i ts 
(South Africa 6 1 )  

M i l k  b iscu i t  (Zambia 7 1 )  

N u tro b iscu i t  ( I nd ia  50s) 

Provite, Nu trovite b iscu i ts 
( I nd ia 60s) 

Un iprotein biscu i t  ( I nd ia  70) 

Soyacook ies (Thai land 63) 

Soyaf lour  (Tha i land 63) 

Modern bread ( I ndia 60s) 

Nu tr ibun ( Ph i l i pp ines 60s) 

Other types 

Soynoodle (Thai land 63) 

G o lden e lbow macLroni 
(B raz i l  68) b 

Meat analogue 
(Pakistan 68)b 

Coco-c ru nch ies 
(Ph i l i pp i nes 70)b 

Coca-nood les 
(Ph i l i pp i nes 69)b 

c. Adapted from: E. Orr, The use of protein-rich foods for the relief of malnutrition in developing 
countries: an analy•is of experience. Tropical Products Institute Publication G73, 1972. 

N 00 
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Of importance has been the development of the Nutribun,  a 

nutritious baked product for use in school feeding programme s ( 30) . 

Production has now expanded to levels of 1 00 million buns per day and 

the product is  now also  available through retail outlet s .  The 

form;.llation is  based on donated ingredients - wheat flour and skim milk 

powder, but this is  being partly replaced with local coconut flour and 

cheaper soy-flour. The donated ingredients are supplied to local 

bakeries who supply the other ingredients·, bake and deliver the buns to  
s ·�hools .  Pup ils pay 5 - 1 0  centavos to cover costs . 

A multi-purpose food based on a mixture of coconut flour, mung 

bean and skim milk powder has been developed at the FNRC for use as a 

food ad,iitive , porridge mix or beverage mix (CMM) particularly fo r young 

children. This  has not progre ssed past the p ilot-plant stage ( 31 ) .  

Proce sses  for other coconut based p roducts have been developed at the 

F��C viz . coco  noodles ( 32 )  and coco-crunchie s,  a snack food ( 33 ) . 

Soyamil.{s ,  coconut milk and filled milk products are produced 

commercially for use mainly in baby feeding . Several overseas 

f�rmulations are available in retail stores which could be classified 

as nutritional foods - dried milks,  b2verage powders based on milk 

powder with added vitamins and minerals such a s  Ovaltine , Milo and baby 

food formulations based on milk - Lactogen, Enfamil . These products 

are fairly expensive and rarely reach the poorer people in urban or 

ru ,�al areas . 

The US developed CSM - corn-soy-milk-food mixture - is  donated 

for use in nutrition feeding programme s throughout the Philippines ,  

primarily for young children . 

Composition of nutriti·:mal food s .  The majority of the se products have 

been developed to provide high levels of protein of high biological 

quality. Usually vitamins and mineral levels have also  been c onsidered 

and in recent years amino acids have been included in formulations as 

their costs  became lo"Ner. 

Ea�h food is  generally specified to provide a p ercentage of the 

recommended daily allowance for the important nutrients in the food 

?roduct e . g .  Nutribun contains 3� protein, 3Q% Vitamin A,  3� niacin, 

56% riboflavin, 5Q% thiamine , 33% calcium and 47% iron of the daily 



requirements  for school children ( 30) . It  is as sumed then that the 

balance of the nutrient requirements and others not incorp orated are 

available from other foods eaten during the day,  The value of such 

nutritional p roducts will be lowered if these other nutrients are not 

made available , No food products  have been de signed to supply fUll 

nutritiona� requirements except in the medical field, ( See Table 2 . 5  

for typical food product compositions ) 

Table 2.5 Typical composition of nutritional food products 
a 

Type of product Range of composit ion 

prc.1:et" CQIDneS carbohyd rate fat 

9 /I DOq �;�o� g/1 DOg g/ 1 00g 

Food m i x tu res/beverage m ixes 12-51  335 -420 36-6 8 1 .  4-1 1 . 5 

Baby foods 1 8- 33 345-470 41-65 1 .  6-1 8  

Dr inks  ( l iqu id  form) 3-3 . 5 n . a . 6-11 0 . 1 -2 . 5  

Baked goods 8-20 460 ( 1  on ly)  50 ( 1  on ly)  7-20 . 

O thers-- macaroni  20 350 66 2 . 2  
coconut snack 29 350 56 0 . 8 

a. Adapted from: E. Orr, The use of protein-rich foods for the relief of malnutrition in developing 
countries: an analysis of experience. Tropical Products Institute Publication G73, 1972. 
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Factors t o  b e  considered in the developme:r:�.-�f nutritional products 

From information collected on the degree of success of the p roduct� 

developed, the fol Lowing reasons were given for failure for twenty such 

scheme s .  

1 .  Price of the product 

2 ,  Faulty promotion 

3 .  Lack of knowledge of lo cal food habits and preference s 

4 .  Competition from donated foods issued through welfare agencies 

5 .  Poor organoleptic acceptability of the product 

The se faetors �ust be considered along side nutritional criteria in the 

development of nutritional fo od products.  A comprehensive list of 
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�actors which could be considered have been suggested as �ollows (34)� 
1 .  Local availability o� the basi� raw materials used in the 

�ormulation . 

2 .  The basic materials should preferably be  materials not p re sently 

fulfil ling their maximum potential as human food . 

3 .  The basic materials must have exact spec�ications on quality 

and processing conditions . 

4 .  Processes that damage the quality of  the protein should be  avoided . 

5 .  Products  developed must be within the e conomic means of the 

particular populati·:m group for which they are intended. 

6 .  Products must  be easily transported and have a reasonable sto rage 

life under normal environmental conditions . 

7 .  Products must be free �rom any toxic or deleterious influence 

backed by adequate animal testing . 

8 .  The protein should be o� a relatively high nutritional value . 

9 .  Produ�ts must have an agreeable taste and odour and b e  acceptable 

to the population group . 

The design of nutritional food products thus require s 

consideration of many �actors , several of which are outside the technical 

area of �ormulating and te sting the product .  The product development 

method could incorporate the nutritional, cons,�er acceptability, technical 

and marketing criteria in its approach to the design o� �ood products . 

Conclusion 

For improvement of the poor  nutritional status o� the Philippine s ,  

the introduction o�  nutritional �o od products seems more effective than 

em�loying the �ood group approach to meal planning . Well-designed 

nutritional products woul d allow better utilization of the �ood re sources 

available . Pre scribed levels  of nutrients could be  supplied in the se 

�ood products so that estimation by the consumer o� his daily �ood needs 

is made easier. The e�fects on nutritional status should be p redictable 

�rom sale s .  Frequent offering of new formulations and product �orms 

without change in nutritional value should provide a variety o� products .  

A wide variety o� nutritional �ood prod�cts have been developed 

in recent years throughout the world and al so in the Philippines . 

Particular emphasis has been placed on incorporating high protein levels 
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in the se products. The nutrit ional value of these fooris could be 

impair3d if the remaining nutrients were not supplied by the o ��er foods 

in t�� die t .  Food products shoul d  be de signed t o  p rovide all the nutrients 

ne ces sary for bal9.nced nutrition. The se products re quire t o  be develcped 

particula rly for are a s ,  like the Phil ipp ines , where food and nutrient 

defici ency exi sts . 

Apart from nutritional compo sition, other criteria must also be 

considered in the design of food product s  to ensure succe s sful 

incorp oration of theo into the diet . In this inve stigati on the main 

criteria cons idered will be 

1 .  Low co st� of product s .  

2 .  Balanced nutritional content . 

3 .  Use of indigenous raw material s in the formulati on . · 

4.  Organolep tic and cultural accep tab ili� of products . 

5 .  Ease of distribution of product s in t erms of adequate storag e 

l ife , physical distribution systems and channel s .  

6 .  Adap tabil ity to exi sting manufac turing fac ilities for smooth 

introduction of the p roduct into industrial production. 

The de sign of nutritional products for the Phil ipp ine s will be 

inve stigated us ing the p roduct development approach with the se criteria 

chiefly in mind . 

2 . 3  The raw mate rial selection stage 

If product development is to be used to de sign nutritional food 

?roducts,  the first step mus t  be the selection of raw material s to be 

used .  If this selection i s  c ons idered ob j e ctively - using quantitative 

methods , then there should be no b ias towards any p articular industry , 

product type or pro ce s s .  I t  i s  sugge sted that raw material selection is 

a central consideration in the p roduct development method (Fig . 2 . 2 ) .  
I t  can : 

1 .  Initiate the product developme nt sequence by p roviding a group of 

raw materials to be used for which p roduct ideas can be prop o se d .  

2 .  B e  used in the formulation stage t o  de s ign suitable prototype 

produ�ts for p articular product or proce s s  ideas . 

3 .  Be varied to take acc ount of the effect on raw material propertie s 

of p articular p�oce sse s .  
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Sele ction of raw material is dependent on the prop ertie s of the 

material . The se m� be 

1 0 
2 .  

3 .  

Nutritional e . g .  protein c ontent , 

Functional e . g .  visco s ity, pH, 

Associated with c onsumer accep tability, e . g .  fl avour, texture . 
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I n  any particular case , raw materials are s ele cted from one or 

rnore of the se propertie s in the de sign of food p roducts,  sub j ect of 

course , to costs . For example , in nutritional fo ods hi gh quality protein 

material s such as soybean flour ,  milk p owder and egg are often u sed. In 

sausage product s ,  bread-crumb s ,  semolina , rusk are used be cau se of the ir 

waterholding propertie s .  I n  baked goods,  wheat flour is  used both for 

it s nutrit ional propertie s of calorie s ,  p rote in a nd vitamin content but als o  

for its functional rheological property. In soft drinks , fruit flavours 

are usually selected as they have an asso ciation with juicine s s ,  fre shne s s  

and bright colours which the c onsumer de sire s .  

Sele ction of raw material s in indust� i s  fairly qualitative , 

re lying on the exp erience of the developer w ith the material s and problem 

being cons idered . To quantify this pro cedure requi re s  that all materials 

be assigned some value for each property, so that material s can be selected 

to e conomically provide the se propertie s at spe c ified values in the 

product.  Problems o ccur in the assignment and comb ination of the property 

v�lue s .  For nutritional prope rtie s ,  this is reasonably straightforward 

since nutrient c ompo sition value s can be assigned which are additive in 

combination. It is much more difficult to assign values to functional 

and accep tability propertie s .  A further diff iculty is that the p roper� 

value can va� according to whether : ( i ) the prop erties of the material s 

are to be s elected on a general basis with no particular p roduct or 

process in mind, ( ii ) the propertie s of the materials are defined for a 

particular p roduct idea,  or ( iii ) the raw material propertie s are 

modified quantitatively by the processing method envisaged.  

Only nutritional comp o sition values are w idely available for food 

raw material s ,  so in thi s inve stigation nutrition was initially c onsidered 

as a basis  for raw material sele ction. F irstly, a general sele ction was 

made with no pre conce ived product or process  ideas.  Later, the effect of 

defined product and proce s s  characteristics on the sele ction was 

investj gated . 



2 . 3  . 1  Raw material s t o  be considered 

T.b e  raw material s could include 

1 .  Indigenous agri culture and fishery produce .  
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2 .  Food material s which are currently imp orted or c ould be imp orted -

dairy produce , meat p roduce . 

3. Nutritious material :: which coul d be grown in the Philipp ines  in 

the future - soybeans ,  cottonseed . 

4.  Nutrient concentrate s whi ch collid be imp orted or p roducec internally 

in the future - f i sh p rotein concentrate , coconut protein, synthetic 

amino ac id s .  

Since i t  was required t o  utilize local materials  i n  de·signed food 

products, initially only Philippine agriculture and fishery raw materials 

were considered . Raw material f. from which sele ction i s  made may be chosen 

in two way s : either as a restricted l i st of materialf. which are produced 

in large amounts ,  have low cost and have particular nutri ent prcpertie s ,  

or a s  the full list of food raw material s produced in the country . 

1 .  Re str�. c :t.ed raw material list .  This  has been the approach used in 

mos t  fc od programr-e s .  The maj or raw materials wr�.ich have been usec in 

nutritional products  fall into four grcup s  - oil seeds ,  legume s ,  cereal s ,  

rr.il k  product e. (Table 2 . 6 ) . This  has been due t o  : ( i ) their low cost 

( ii ) the ir high prote in levels ( iii ) the high protein quality re sulting 

from comb inati ons of the se material s caused by mutual suppler:1entation 

of amino-acid deficieEcie s .  

2 .  Full raw material l ist . This would be a more systemat ic approach 

as it would not select a pri_9ri any particular raw materials . Thus the 

mos t  nutritionally effective and cheapest  mixture of indigenous materials 

could be selected as formulation for food product s .  This  was the 

app roach used in this inve stigation . 

Raw material s which are p roduced in large amounts in the 

Phil ipp ine s are coconut, rice , corn , sugar cane , bananas ,  p ineapple s and 

f i sh . The Phil ipp ine s is the larg e st exp orter of copra in the w orld and 

i s  the main supplier of sugar to the United States .  It  export s a small 

proporti on of its rice p rodu ction, and also  grows banaEa s and p ineapple s 

for exp ort . Thus a s ignificant prop ortion of the food production of the 

Phil ipp ine s is removed from the available fo od supply . It may be that 
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the value of these foods for fore ign exchange should be weighed against 

their nutri tional value for the people . There could be,  of course , 

other source s of nutrient s for the c ountry - imported raw material s ,  

increased agricultural p roduction of nutri tious crop s ,  nutrient 

concentrate s and synthetic nutrient s .  

Table 2.6 Main ingredients of nutritional food products a 

I ng red ient 

soy bean 
cottonseed 

groundnut  
ch ickpea 
kid ney bean 
m u ng bean 
l egu mes (not  spec i f ied ) 
ma ize 
r ice 
wheat 
sk im m i l k  p owder 
casein  

total p roducts c i ted 

N u mber of p rod ucts 
conta i n i ng th is  i ng red ient 

2 8  

8 

10 

8 

1 

2 

4 

15  

4 

10 

2 4  

2 

47 

Range of i ng red ient 
compos it ion ( per cen t )  

7-48 

19-52 

1 5-75 

20-70 

70 

n a  
10-25 

42 - 85 

20 -70 

25-73  

4-2 5  

1 3  
( 1 on ly  specif ied)  

a.  Adapted from: E.  Orr, The use of  protein-rich foods for  the relief of mal nutrition in developing 
countries: an analysis of experience. Tropical Products I nstitu te Publ ication G73, 1972. 



In this project, firstly, all raw materials p roduced were 

considered . Secondly, the effect of exp orts on availability of 
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indi genous raw materials was taken into account together with consideration 

of imported sources of nutrients as a means of e conomically providing 

nutritious food . 

Quantification of raw material selection 

For the de si gn of low co st food products based on raw materials 
-

selected according to nutritional prop erties ,  information was required of 

1 .  Nutrient composition of raw materials 

2 .  Nutrient specifications for food products - in this case balanced 

nutrient requirements 

3 .  Costs ot raw material s 

All this data could be obtained for the Philipp ine s .  It was therefore 

possible to quantitatively select raw materials .  

I n  the quantitative approach t o  p roblem s olving , the components 

of the problem are de scribed as 

1 .  An obj ective , or series of objective s  

2 .  The variables being considered 

3 .  The restrictions, if any, on: the variables ;; ·  

4 .  A de scription of the problem situation i . e .  a model repre senting 

the relationship s between the variables and the objective s 

5 .  A method of indicating the best course of action i . e .  for 

solving the problem 

. ,, .  The raw material selection problem was therefore described by 

1 ;  Objective s .  The objectives of this  problem were to meet all 

nutritional requirements and minimize cost .  T,ypically only one objective 

could be considered so that these two factors had to be combined o r  a 

major one selected . The nutritional requirements involved several 

individual functions , one for each nutrient , and al so several 

interrelationship s between nutrients . A function required to be  

constructed comb ining all the se expre ssions in order to  consider the 

nutrit ional requirements as one obj ective . They c ould be handled more 

simply as  re strictions . Minimization of co st was s impler as it was a 



func tion only of the c o s t s  of individual raw material s .  

2 .  Variabl e s .  The variable s in tti s  p robl em were the raw material s ,  

the nutrient s ,  and the co s � s . 
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3 .  Re s tric ti ons . The nutrient re quirements were treated a s  restri�tions 

on each nutrie n� . 

l+ • M ode l .  A mathematical model de s o:::ri'::l ed the situation in this problem. 

Minimi z e  the c o s t  func tion 

n 
l: c . x . 

j =1 J J 

whe re c .  �epre sent s the co st p er unit we ight of each item a nd x .  the 
J J 

we ight of e ach i tem, for n food raw material s ;  sub j ect to re strictions 

n 
l: 

j = 1 
a . .  x .  0!: b . 

l.J J J 
i = 1 ,2 , ---m 

where a .  . .repre sent s the content of ea ch nutrient per unit we ight of 
l. J  

e ach item and b .  the minimum re q uirement f o r  e ach nutrient i n  the mixture , 
J 

for j nutrients . Another re striction wa s re quired to ensure that only 

p o s i tive amount s of e ach fo od raw material we re selected . 

x .  0!: 0 
J j = 1 , 2 , - - -n 

5·. Sol ution me thod. The p roblem de s c r-ip ti on fitted the s tandard 

o:::onditions of the l inear p rogramming model ( 35 ) . The linear p ro gramming 

te chnique s eemed then a suitable quant i tative me thod for s olving thi s 

problem. Thi s  techni que re qui red relat ionship s between variables to be 

l inear. 

A s auming the data rep re sented the c om? o s i tion of each food raw 

material for each nutrient and that there were no interact i ons b etween 

food constituent s affecting this comp o s ition, then for a mixture of raw 

material s the t o tal nutrient availab il ity was the s um of the nutrient 

contribution from each raw material in the mixture . Although there wa s 

inherent variability in all food raw material s ,  caused by maQY factors , 

fo od c omp o s it ion tabl e s  we re the only s ource of repre sentative nutrient 

contribut ions . Availab il ity of nutrient s is affe c ted by the other 
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substance s pre sent e . g .  sugar-amino acid interactions lower the 

availability of the amino acid lysine , phytic acid lowers the availability 

of pho sphorus ,  si�ilarly with oxalic acid and calcium. Little 

quantitative information was available on level s of the se other substance s 

and the magnitude of their effect on the nutrients for this wide variety 

of raw materials .  The se effects were assumed to be another source of 

inherent variability of the nutrient composition data but were neglected 

on this init ial investigation. However thi s  important factor shouli 

perhap s be catered for in a more comprehensive model at s ome later stage . 

For the cost expression, the assumption of linearity was 

que stionable . It is generally observed that the cost of an item varies  

with the amount considered, becoming cheaper as the amount increase s .  

Thi s  causes difficulty and generally the cost fm1ction is as sumed t o  b e  

linear, with restrictions o n  the amount of each item which can b e  used 

at a fixed co st . Provided costs are fixed then the linearity condition 

is valii, as in this problem where the cost data used was the average 

unit value of each item from national production statistics . 

Co�cl·;!��� · The raw material selection problem can b e  described by a 

model which allows the linear programming technique to be used as the 

method of solution. 
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CHAP'P.ER 3 

Sl'�TTING UP A LINEAR PROGR.AM1liNG MODEL 

Past appliGations of linear p rogramming in the food industry are 

considered in this chapter before describing the methods of solving 

linear programming p roblems . The major section detail s the setting up of 

the model for the p roblem, with the de scrip tion of cost and nutritional· 

da�a and. nutritional re strictions . The flexibility of the computer 

method of solution is illustrated, then the modifications required in the 

initial model in order to obtain a sol:1tion, are dis cussed.  

3 . 1  !_!it�at����view of linear programmi� applied to food problems 

Linear prograwning has grown to be one of the maj or technique s in 

the applied mathematical field of operational re search. It is applied 

where several variable s compete for re source s ,  sub j ect to specifications , 

such that an overall objective is  optimized . 

According to Norman and Bowrey ( 36 )  the first concepts of linear 

programming were laii by Von Neumann in 1 928 in game theory but it was not 

until 1 949 that Dantzig propo sed the mathematical theory now regarded as 

governing the solution of linear programming problems ( 37 ) . E'ridence that 

Philpott ,  in 1 940 , proposed the firs t mathematical methodology of solving 

SQCh p roblems wa s propo sed by some German authors ( 38 ) . Neve rthele s s  

Ds.ntzig ' s work led t o  the definition of the s:;.;nplex method of solution 

which provided a general calculation te chnique for linear programming 

problems . This technique with certai:1 modifbations is  e ssentially the 

solution method used in computer code s today for solving the larger 

problems . 

The first application of the technique in the food area was 

de sc ribed by Stigler in 1 945 , before the development of the solution 

method ( 39) . His  ' :::o st of sub sistence ' problem de scribed the nutrit.ional 
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requirement s  for nine nutrients of a moderately active man which were to 

b e  supplied by the cheape st mixture of foods from a l i st of seventy- seven 

foods . By trial and e rror, comp aring the nutrients per dollar of each 

food, eventual l.y only nine foods were retained. Us ing various l ine ar 

combinat ions of the se , his minimum c o st s olution contained five foods -

whe at flour, evap orated milk , cabbage ,  sp inach and dried navy beans . 

"No one ��ecommends the se die t s  for anyone , let alone everyone " wa s 

Stigle r ' s comment on this mixture but he went on to criticise o ther 

mi�imum diet costs set up by dietic ians at that time , as including 

uns c ientific or sub j e c tive judgements o f  palatability ,  variety and 

cultural effe cts which he dii not consider justif iable ! 

3 . 1  . 1  General nutritional model s 

Smith , in 1 959,  solved Stigl er ' s  problem u sing the Simp lex 

sol ution method; nine :f'o ods were required - wheat flour, c orn meal , 

evaporated milk , p eanut butter, lard, b e ef l iver ,  cabbage , potatoe s and 

sp inach with slight to tal cost saving s but the mixture wa s still 

criticised as b eing unpalatable and monotonous (40) . Smith made the 

first effort to tak e a cc ount of palatabil ity in his model s  by c onsidering 

only foods b ought by 9� of a consumer p anel over a year. He placed 

minimum level s on the mo s t  p opular fo ods and p rovided fo r c ompatible foods 

e . g .  butter with b read , ye ast with bread flour s o  that when one of the s e  

was i n  the solut ion, the appropriate amount o f  t h e  other wa s al so included .  

A n  interes t ing variat lnn o f  the nutri tion problem was t o  minimize the 

calorie c ontent of diet s (41 ) .  By ra i s ing the c alorie level above the 

minimum a gre at er variety of fo ods wa s allowed in the mixture s .  Wirth s 

and eo-workers in 1 964, indicated the minimum co st s o f  f o od mixture s to 

proviie the ave rag e man with f i rstly fo od fo r a full day ' s nutritional 

requirement s ,  and secondly part of the day ' s  requirement through a main 

meal , and al so a s  a meat-based meal (42 ) . U sing food level spe c ificat ion s ,  

'b the se mo dels took some account o f  food p refe renc e s ,  and of comb inati ons ! 
of fo ods for serving as well as cooking . 

3 . 1  . 2  Menu planning 

Pe �am modified Smith ' s  ' diet p roblem ' to the ' me nu planning ' 

problem (43 ) . Linear pro gramming wa s used to select the op timum mixture 

of institutional meal s ,  at least co st or p o s s ibly maximum ac cep tab il ity , 

/ 
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sub j ect to re strictions on minimum nutritional comp o s ition, frequency of 

rep etit ion of di sh , suitab ility of dish for d ifferent meal s and ac ceptabili� 

rating of the dish (44) . E ck ste in devel oped a new computer technique -

' the random approach ' - for sele cting the menu items fo r meal s ,  

discounting line ar prog rammL�g since monotonous and p oorly accep table 

die t s ,  were se lected even though at the lowe st c o s t .  Such diet s ,  she 

maintained ,  were no t de sirable in the menu planning f ield where ac ceptab il ity 

wa s the main criterion governing consump tion (45 ) . Her c omputer method 

sele cted menu i tems randomly and compared their propertie s - co st , 

nutritional value , colour, texture , flavour, shape , frequency of usage , 

ac cep tab il ity level - with predete rmined restric tions . Thus items which 

met the se accep tab ility c riteria were selected fo r the menus of a 

forthcoming p eriod (46 ) . 

E ck stein criticised the confusion involved in defining diet 

problems and menu planning problems , ma intaining that the two problems 

should be better defined : diet problems should be used for animal feed 

formul at ion, wherea s  menu planning problems should de scribe the pro cedure 

for the human . In the latter, c onditions and data were l e s s  well defined 

and p sychological factors of preference , acceptabili� and variety had to 

be considered if the models were t o  be reali stic (47 ) .  

3 . 1 . 3 Planning of food supp lie s on nat ional and global scale s 

S·everal authors have c ons idered the u se of linear programming 

te chnique s for planning f o od requirement s at the minimum co st for 

different c ountrie s and areas of the wo rld . Sukhatme in 1 961 calculated 

the required increase in supply of ten food group s ne ce ssary to bring 

the quanti ty and qual ity of the diet of the world up to a defined target 

level at the minimum co st (48 ) . He had minimum constraint s for some 

group s of foods - e . g .  fruit s ,  for p roviding vitamins - and upper 

c onstraints on others - e . g .  pro j ecte d  maximum fish c atch - as well a s  

minimum nutritional constraint s o n  calorie s for quanti � ,  and animal 

protein and total pro tein for qual ity. 

Wirths and e o -workers in Ge rmany were concerned with improving 

the quant ity and qual ity of p rote in in develop ing countrie s  sub j e c t  to 

the 1 975 target level s of fo od produc tion and the nutrit ional levels 

prop o sed by FAO (38) . As well as re strictions on calorie s and protein, 
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they included re strictions on ce �tain amino acids based on the FAO 

p rovisional pattern ( 1 957 ) . They used ten natural fo od group s : meat, 

cereal s ,  f i sh ,  o il s  and fat s ,  milk , egg s ,  fruit and vegetable s ,  legume s 

and nut s ,  sugar and p o tato e s  as well as indus trial protein source s  -

fish prote in concentrate , pe troleum prote in c oncentrate and synthetic 

amino acid s .  They found that o n  the basis of l inear pro gramming 

a��lys i s ,  industrial protein p roduction should be increased, a s  against 

c onventional ani�l p roduc tion on increas ingly l imited land, to provide 

the cheap e s t  source s of good qual ity prote i n .  

Hruby used l inear prog ramming t o  e st imate least c o s t  all owance s  

of the fo od group s  for the nutrit ional requirement s  o f  the C z e ch people 

(49 ) . He set a ' b iolog ical tolerance ' - a  range around his nutri t ional 

and food group requirements . For example, calori e s  c ould be .± 5% of the 

re commended level and the f o od group re quirements c ould be 5-1 5% above 

the actual usage . He c onsidered firstly just mee ting the re corded food 

consumption and then forcing in extra meat, milk , fruit and vegetable s 

into the se allowance s .  Thi s work wa s s imilar to that of the Belg ian 

team who e stimated the minimum c o s t s  of providing ten nutrient s in diets 

tak ing into ac count the food preference s  of Belg ians ( 50 ) . 

At the town level , Patrick rep o rted that using linear pro gramming 

to select minimum c o s t  diet s based on local foods could l ower the food 

bill of the poor p eople of C ri s talena , Brazil from 1 1 2 . &,%  to 75 .7% of the 

family income . Palatabil ity c ould b e  include d ,  but at higher c o sts which 

exceeded the income of the very p o or famil i e s  ( 51 ) .  

Thus l inear programming ha s been u sed by a few workers in 

different part s of the world in re se arch dire c ted towards planning the 

food all owance s of nations , c ountrie s  and towns at the lowe st c o s t  

nece s sary to p rovide the nutrient s needed by their p opulation . The se 

approache s have provided useful plans but whenever s ome mea sure of food 

habits or prefere nc e s  or non-nutritional factors were included in the 

mode l s ,  inc re ased c o st s  re sulted . The model s  then all seem to be 

evolving s imilar to Smith ' s  approa ch in 1 959 although not to such a 

de tailed extent a s  he c ons idered (40 ) . 
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3 . 1  .4 Food �ormulation 

I n  the are a o� �ood product �ormulation, the p roblem mo re clo sely 

approache s the diet p robl em o� E ck ste in ' s  de�inition. Here the problem i s  

to �ormulate a �ood product e ither at the minimum c o st o r  such that pro�it 

is maximized, �rom a mixture o� raw mate rial s  o� known c o st ,  nutritional 

comp o s it ion and sometime s physical and chemical prope rtie s ,  sub je c t  t o  

sp e ci�ications on nutritional c omp o s ition, comp onent comp o s i tion, 

physical , chemical and o rganolep tic propertie s .  This i s  the typ ical 

animal �eed st�� s  application - a blending problem .  The t e chni que ha s 

be en applied in ma� industri e s  where ble nding o c curs - petroleum 

r8fining ( 52 ) ,  gla s s  man�acture ( 53 ) , and not one o� the least o� 

the se has been the �ood indu st � .  

Golomski stated that u s e  o �  the t e chnique in the � ood industry 

began around 1 952 in the meat indust� (54) . Example s o� the c ontribut ion 

tha t l inear programming mak e s  to maximiz ing pro�its by s election o� mo s t  

pro�itable p roduct line s ,  man�acturing plan s ,  machine� usage and 

invento �  c ontrol have been de s .�ribed e . g .  �luid milk indust� ( 55 ) ,  �ruit 

and vegetable proce s s ing ( 56 ) , dai� pro c e s s ing ( 57 ) ,  proce s s ed meat 

iniust� ( 58 ) ,  grain p ro c e s sing ( 59 ) . Apart �rom the � o od comb ination 

model o� Smith (40)  c it ed p reviously, ve� l i ttle has been rep o rted in 

the literature o� mo re sp e c i�ic �o rmulation applicat ions due t o  the 

highly c ompe titive intere st s  o �  the indivi dual �ood �irms conduc ting 

such re se arch . The main .rep ort s �ound p rovided example s o� how l inear 

programming c ould be applied to �ood �o rmulation problems but �ew 

orig inal re search papers have been publi shed . 

M inimum c o s t  �ormul ati ons o� bake� p roducts c ould be de s igned 

with re quired mo istu-re , prote in and raw material comp onent s ( 60} ; �ruit 

salad comp o sitions and sausage �ormulations c oul d be de s igned ba sed on 

legal regulations and c omp o s ition range s based on organolep tic quality 

( 61 ) .  O ther raw material prop ertie s can be considered by emp irically 

determined relationship s .  For example , colour and emul s i�ying properties 

o� meat and strength o� � our are capable o� c onside ration in l inear 

p rogramming-based de sign o� �ood �ormulat ions ( 62 ) .  

Thi s  ha s been extended into pro c e s s  de sign where relationship s  

between raw material propertie s ,  produc t quality �actors and proc e s s ing 
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variable s  are determined , in order to u se linear programming to select 

opt:iJLum pro ce s sing condit ions . For example , sp aghetti quality - in terms 

o� colour, co oked we ight, � irmne ss and c o oking wei ght - has been optimized 

by sele ction o� suitable pro ce s s ing c onditions based on li near regre s sion 

equations relating pro ce s s  and quality variable s  determined 

experj ment�lly (63) . 

I t  is  in the se areas where emp irical measureQents are necessary, 

that much more inve stigation i s  require d  o� relationship s between raw 

II!aterial s and the various type s  o� p roducts and proce s se s ,  so that the 

selecti on o� raw materials �or propertie s e uch a s  �un ctional and consumer 

acceptabili ty p ropertie s can become practicable . 

In nutritional product de sign , �ew workers have progre s sed beyond 

di��ct nutrient comp o s iti�n.  Cavins and eo-workers worked on cere al-based 

�ood mixture s �or supplementary �eeding to malnourished chiliren .  They 

�irstly minimi z ed cost at a �ixed protein level sub j ect to re strictions 

on the amino-acid pattern, which was to approximate that o� hen ' s  ege ,  

t o  select mixture s o� cereal s and soy-�lour (64) . Sub se quently, they 

con strained the amino-ac id pattern o� their mixture s to l ie between that 

o� CSM ( a sa.ti s�actory cereal blend mixture with high pro te in quality) 
and that o� hen ' s egg , a s  ffiaximum contents o� certain cereal s and oilseeds 

were de s j red in the f'ormulations at minimum cost ( f5 ) .  The parametric 

l inear pro gramming technique wa s used to sys tema tically vary the �ixed 

level o� each cereal or o ilseed and minimUII! cost mixture s were &etermined 

sub ject to e ach set o� conditions . The maximum level o� the comp onent 

materials wa s e ventually �ound , as above thi s level the p roblem became 

i�ea.sible . They showed that �ormulations o� the mixture could be 

altered ,  � any constituent became scarce or overabundant, without much 

change in the quality o� the p rotein or the co st and �lavour o� the 

mix ture . 

Pinto al so cons ide red the least cost, best es sential amino-ac id 

p attern problem in the Latin American context ( 66 ) . The �ormulation o� 

Superamine - a nutrit ious �lour made �rom wheat flour, s oy �lour, skim 

milk p owder, p ea �lour with added vitamins , minerals and amino acids -

was calculated at least co st by linear programming us ing an analogue 

computer ( 67 ) .  Thi s  method wa s �ound to be much �aster and more easily 
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manipulated than the normal digital computer methods . 

Thus some attempt has been made to de sign balanced nutritional 

�oods , particularly high protein �ood supplements ,  where only amino-acid 

interrela tionship s have been considered . The concept o� balance o� all 

nutrient requirements in �ood products has not been investigated . 

3 . 1  .5 Relation o� work in this thesis to p revious work 

Food �ormulations are required �or nutritional �ood products �or 

use in S .E .Asia which ut ilise indigenous raw materials and provide 

b�l�nced nutrient levels with overall minimization o� cost.  C onsiieration 

must al so be given to characteristics desirable in �ood products �or the 

area, e . g .  �lavour, texture , colour, product �orm. This overall pro ject 

merge s national �ood planning and �ormulation problems . I�ormation �rom 

the simpler problems reviewed above proved use�ul in model construction. 

1 .  National �cod supply modell'l considered the basic problem o� obtaining 

pre scribed nutrient levels �rem �ood raw materials .  

2 .  Food �ormulation model s cons idered palatability and �unctional 

propertie s .  

3 .  Menu planning models considered acceptab ility and organoleptic 

characteristics .  

A much larger model was required than used in previous nutrition 

models (Table 3 . 1 ) .  A large number o� raw materials were needed to 

represent the indigenous �ood raw material supply o� the Philippine s .  One 

hundred and seventy were included, a much larger number than considered 

in mo st previous models .  Generally less than one hundred were dealt with ; 

the models o� Smith (40) and Smith (41 ) being the only except ions . 

To prvvide a balanced supply o� nutrients in the �ood products ,  

as many nutrients as possible were tak en into account . Twenty-six were 

considered here , �our trace vitamins, ten essential amino acids and �ibre 

in addition to the nutrients typ ically included in past nutrition model s -

calories ,  protein, �at, calcium, pho sphorus , iron, vitamin A,  thiamine , 

ribo�lavin, niacin, vitamin C .  

The concept o� balanced nutrition was als o  included in terms o� 

interrelationship s between nutrient levels - calories and B-vi tamins , 
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Table 3.1 Summary of l inear programming models in nutrition problems 

Year Author Area N u m b e r  of - Num ber of Nutrients 
foods nu t r i ents  

1 945  Stigl er  (39) U.S.A. 77 9 ca lor ies, p rotei n, Ca, Fe, vit A, 
th iami ne, r ibof lav i n  n iacin,  
vit C 

1 959 Smith,  V.E .  (40) U.S.A. 73 1 2  as St ig ler  
83 1 2  p lus  carb ohyd rate, fat, P 

572 1 2  inc lu ded restricti ons on foods. 
1 96 1  Smith, P. E .  (4 1 )  U.S.A. 400 8 as St ig ler  l ess ca lo ries; 

30 8 p lu s  vit .  E 
40 8 

1 96 1  S u khatme (48) Wo rld 1 0  3 cal or ies, an imal p rotein,  
food vegetable p rotei n 
groups 

1 964 Wi rths et a l .  (42) G ermany 38+3 1 2  as St ig ler  p l u s  total fat, 
v itamin  vegetab le fat  and  an imal  
tab lets prote in  

1 96 5  Wi rths �- (38) Deve lop ing 1 0  8 cal or ies, p rotein,  an imal  
nations food protei n, iso leuc ine, lysi ne, 

groups meth ion i ne, threon ine  and 
tryptophan 

1 966 de Moor et a l .  ( 50)  Belgiu m n.a.  1 0  as St ig ler  p lus  fat 
1 969 H ru by (49) Czechoslovak ia  1 6  1 1  as Stig ler p lus an ima l  

food protei n and fat 
groups 

1 969 I nglett et a l ..  ( 64) general 6 7 prote in ,  lysine, S-am ino  acids, 
iso leuci ne, threo n i ne 
tryptophan, va l i ne  

1 97 1  Patr ick  e t  a l .  ( 5 1 ) Braz i l  n.a.  n.a.  n.a.  
1 97 1  Pi nto (66) B raz i l  n.a. n.a. inc luded essentia l  am ino  

acids 
1 972 Cavins &ill- (65) general 6 1 1  p rotei n and 1 0  essential 

amino acids 
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calcium and phosphorus, fat and calories ,  protein and calories ,  amino 

acids and protein. This aspect has been ignored in past model s except 

for the amino-acid pattern in C avin ' s model ( 64, 65) . 

This inve stigation then while similar to earlier national food 

supply problems needed a much larger and more complex model in initial 

efforts to quantify the selection of raw materials based on their 

nutritional properties .  Thus a basic model was designed to which other 

raw material characteristics such as functional and consumer acceptability 

properties could be incorp orated later in the project.  

3 . 2  The application of linear programming to the problem 

To apply linear programming to a problem requires that a model 

be constructed de scribing mathematically, in terms of linear equations 

and inequalities ,  the relationship s between the variables and the extent 

to which they may be limited or constrained . To illustrate its use in 

the present nutritional problem, a simplified example is : Find the 

cheapest mixture of raw materials A and B ,  costing 3 cents and 8 cents 

per 1 00g re spectively to give the daily nutrit ional requirements of an 

adult man, de scribeQ as 3000kcal of energy, 80g of protejn  and 45g fat . 

The compositions of A and B are : 

energy (kcal/100g)  

protein ( g/100g)  

fat ( g/100g)  

Food A 

150  

2 

3 

The model of this  system can be written as 

minimize 3a + 

subj ect to 150a + 
2a + 

3a + 
a,b 

Food B 

100 

8 

1 

8b 

100b 

8b 

b 

� 
� 
� 
� 

( 1 )  

3000  ( 2 )  

80 ( 3 ) 

45 ( 4 ) 

0 ( 5 )  



Expression ( 1 )  is  the ob�ec����-fill!ct��� ·  It represents the 
rel�tionship between the variables which is to be optimized, in this 
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c�se the cost of the mixture i s  to be minimized. Expressions ( 2 ) ,  ( 3 ) , 
(.4-) are the �tr�in��' representing the limitations pl�ced on known 
rel�tionship s between the variables . Thus ( 2 )  represents the calorie 
constraint that total calories fro� A and B - 1 50a + 1 00b - must at 
le'lst equal the desired value of 3000 . Similarly ( 3 )  represents the 
protein constraint and (4) the fat constraint . The constraint val�e s 
3000 , &1- , lr-5 are termed the ri��-!!��<!-�id�. This group of inequalities 
and equalities also define the ����!��atio� or te��!!�l�� ���ix of 

the model . The expression ( 5 )  - the non-negativity constraints -
indicate s  that negative values for the variables a and b are not allowed 
in a practical problem. This simple problem can be solved graphically as  
shown in Fig . 3 . 1 . Any p oint in the area bounded by the lines governing 
the energy, protein and fat constraints - the fec:,si�le !.!:.�� - represents 
a suitable nutritional mixture but that with the lowest cost is s ought . 
If the obj ective function is denoted by z = 3a + 8b , then decreasing the 
value of _! from an arbi tarily chosen value of 1 80 results in the line EGl<' 
coinciding with the feasible area at the vertex c .  Any further decrease 
in ! gives solutions outside the feasible area - inf�� soluti��· 
The values of a and b at the vertex, 1 6  and 6 resp ectively, represent the 
2£����-��luti£!! to the p�oblem with the minimum co st of 96 cents . 

It can be mathematbally proven that when the ob j ective i s  
l:i.near and the feasible area i s  convex and bounded by straight lines ,  an 
opti�um solution will always lie at one of the vertices of the feasible 
area ( 68 ) . 

Larger models cannot be solved graphically like this but the 
basic procedure is similar. The mathematical methods es sentially evaluate 
the ob jective function at selected vertices ,  so that the minimum value i s  
reached. Dantz ig 1 s original Simplex method involves full calculation at 
each vertex, on every matrix element and requires large storage capacity 
in the computer and long computer operating time s  for optimization of 
large problems (37 ) . The development of the Revised Simplex modification 
alleviated these problems somewhat and allowed larger matrices to be 
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A 

( 1 00g un i ts) 

30 

1 0  

3a + b 45 (fat) 

3000 (ca lor ies) 

' , 3a + Bb = z ' ...... 
....... ...... 

...... , 

1 0  20 

1 1 1 1 feasib le area 

constra int  l i ne 

objective funct ion 

...... ....... , ....... 

80 (p rotein) 

30 

a ( 1 OOg un its) 

0 
40 50 

F igure 3.1  Graphic representation of a l i near programming model for a si m ple  

nutrition problem 

s o  



considered - computations are performed on fewer elements of the matrix 
and less data requires to be stored at each stage in the calculation. 
This method has been further revise� to allow even more efficient 
handling of data with the product form of the inverse method (69 ) .  
Appendix 1 illustrate s the methodology of these procedures .  

I n  this investigation, the computer program used for solving the 
linear programming problem uses the product form of the inverse method 
in its computation. 

3 . 2 . 1 The linear programming model 

The raw material selection problem can be described by a similar 

model ; the obj ective is to minimize the total co st of the mixture ; the 
technology matrix describes the availab ility of each nutrient from each 
food raw material and the requirement which is to be met for each 
nutrient in the mixture ; and the non-negativity constraint retains each 
raw material level at a positive or zero value in the solution: 

minimi ze c 1 x1 + c2 x2 + . . . . . c  X n n 

sub j e ct to a1 1  x1 + a12 x2 + . . . . . a1 x (�) b 1 n n 

a2 1  x1 + a2 2  x2 
+ . . . . . a2 x (�) b n n 

2. 

am1 x1 + am2 x2 + . . . . . a  X (�) �,.,., mn n 

an d x1 � 0 

x2 4!: 0 
. 

X 4!: 0 
n 

where 

m is the number of nutrients or rows 
n is the number of food raw materials or columns 

5 1 

a . .  � ]  is the number of units of ith nutrient in one unit of food raw material j_ 
b .  is the spe ci fied number of tm i  ts of n utrient i. require d � 
c .  is the cos t of one un i t  o f  food raw material i J 
x .  is the J number of un its of food raw material i in the s olution 
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Setting up the problem in this �arm i s  compatible with computer programs 
de signed to solve �or each x . •  

J 

The cost per unit �or each �ood raw material was required to 

define the objective �unction. For the technology matrix, much more data 
had to be �ound : the composition o� each nutrient in each raw material ; 

and speci�ications o� the nutrient levels required in the �ood mixture . 
The nutrient levels were based on the nutritional requirements o� the 
population, and de�ined a minimum level �or each nutrient, a maximum 
level in some c ase s and interrelationships  between nutrients where 
necessary. These conditions had to be expressed in the linear equality 
or inequality �arm. 

This data had to be prepared in a �orw suitable for input into 
the computer method used �or solution. 

3 . 3  Philippine cost and nutritional data 

FAO agricultural and fishe� statistics publications and i�ormation 
made available by the Philippines Bureaux o� Agricultural Economics and 
Fisherie s provided a list o� the maj or indigenous food raw materials in the 
Phi.l i.pp ines (70, 71 , 72 ) . This list was extended to include derivatives of 
these material s e . g .  liver, intestine s ,  kidney from meat animals .  Thus a 
comprehensive list o� one hundred and seventy indigenous �ood raw materials 
o� the Philippines was obtained. 

3 . 3 . 1  Costs 

C osts were obtained from the value o� production in agricultural 
production statistic s ,  1 970 costs �or thirty six materials �ram Philippine 
statistics, 1 968 costs for �ifty one fish species and thirteen other 
materials �ram FAO statistics .  The remaining seventy costs were e stimated 
by a Filipino member o� st�� and repre sented 1 971 price s  at the retail 
level (73 ) . 

This cost data could only be considered approximate , but provided 
relative scaling o� the costs o� the di��erent �ood types .  It was later 
found in experiments on the model that the accuracy o� the c osts was not 
important in finding the optimum, but o� course minimum cost depended on 
the ac)ual costs provided. Although c ompletely accurate cost data were 
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not available , it was nece ssary to express  this data to the third decimal 

place after conversion calculations to US dollars in order to sufficiently 

scale the different food costs .  This  unit was most common in the initial 

stage s of data collection where mixed units were obtained from the 

different source s .  It would have been preferable t o  use the Philipp ine 

peso cost unit but initially the ma jority of the data from international 

statistic s were expre ssed in US dollars . Later, when more recent data 

was obtained, the peso unit was employed (74) . 

3 . 3 . 2  Nutritional composition data 

Data was sought on the composition of the food raw materials for 

the twenty six nutrients listed in Table 3 . 2 .  

Table 3.2 The nutrients considered in the problem 

Prox i mate analysis 

ca l o r ies 
protei n 
fat 
fi b re 

M i nera l s  

cal c i um 
phosphorus 
i ron 

V i tamins 

v ita m i n  A 
th iam i ne 
r iboflavin 
niaci n 
vitam in  c 
vitam in  86 
vitam in  8 1 2  
pantothen ic 
acid 
fo l i c  acid 

Amino ac ids  

iso leuc ine 
leu c i ne 
lys i ne 
meth ion ine  
cysti ne 
pheny la lan ine  
tyrosi ne 
threon i ne 
tryptophan 
va l i ne 

The various sources of thi s data and their frequency of use , 

are indicated in Appendix 2 .  The maj or source was the publication of 

the Philippines Institute of Nutrit ion which provided full data on the 

composition of local raw materials for proximate analysis ,  minerals , 

vitamins and some amino acids (75 ) . This was augmented with USDA food 

compo sit ion table s which included data on vitamin B6 , B1 2 and pantothenic 

acid (76 ,77 ,78) , British table s which also provided folic acid data (79)  

and earlier Philipp ine s '  tables ( 80) . Philippine reports provided some 

vitamin B1 2 data (81 ) and at a later stage , recent data on folic acid 



and anino-acid composition of' Philipp ine f'oods ( 82 , 83 ) . Amino-acid data 

were taken chief'ly f'rom a recent FAO publication (�) and the 
C oomonwealth Agricultural Bureaux Bulletin (85 ) . Other minor source s 
were used. Approximately 68% of' the elements of' the matrix were def'ined 

f'rom this data. To complete the matrix as f'ully as possible , estimations 
were made of' nutrient composition data where possible . 

Data was assumed f'or approximately 20Jb of' the matrix elements 

f'rom dat� of' similar raw materials : 
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1 .  Where the raw material was similar to a docUII!en_ted type ,  the mi ssing data 
was taken as that of' the documented raw material . This  estimation was 
most f'requently used f'or vitamin B6 , B1 2 and pantothenic acid, e . g . 
bonito was given tuna values f'or these vitamins ; buf'f'alo  liver was given 
beef' liver val�es f'or B6 and pantothenic acid ; and amino-acid data f'or 
chicken were assignei to all poultry species . 
2 .  Where individual raw materials belonged to a f··ood group , data 
representative of' the f'ood group was used : f'olic acid values f'or most 
fish species were taken as that provided f'or low-f'at f'ish ; �ny of' the 
orral products were assigned amino-acid values f'or of'f'al of' dif'f'erent 
animals ; vitamin B1 2 content f'or all plants was taken as zero . 
3 .  The maj ori� of' unrecorded f'ibre levels were f'or non-plant materials -
meat, eggs and f'ish - which do not contain f'ibre so zero entries were 
recorded f'or these materials . 
4 .  Minimum amino-acid compositions f'or the f'ruit group were assigned 
to individual f'ruits .  

Data was calculated f'or approximately 6% of' the matrix f'rom 
related inf'ormation which was available : 

1 .  Where calorie value s were not given an approximate value was 
calculated by multiplying the f'at level by the f'actor 9kcal/g and protein 
and carbohydrate levels by the f'actor 4kcal/g . This calculation was made 
f'or beef' and u ig blood, cottonseed and goat ' s  larg� inte stine . 
2 .  In many of' the of'fal products , f'ull data f'or amino acids was 
available f'or one animal species only. This data was scaled f'o r  the 
other products according to the ir relative prote in content , e . g .  the 
amino-acid content of' the large intestine of' beef', buf'f'alo and goat was 
calculated f'rom data f'or �g large intestine in this way and also turkey 
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liver amino acids were calculated �rom chicken liver data . 

3 .  In obtaining data �rom di��erent sources,  the amino-acid total 

exceeded the recorded protein level in several cases ,  data was scaled 

down by the protein ratio method to corre spond to the protein level 

round in the proximate analysis data e . g .  the protein analysis �or 

gr�undnut �rom Philippines table s and amino-acid data �rom FAO showed 

this  discrepancy so the amino-acid comp osition was recalculated on the 

basis o� the Philippine protein value . 

4.  Individual amino-acid levels �or the citrus �ruits - lemon, lime, 

pummelo - where not otherwise available were taken as tho se recorded 

�or citrus pulp in the Commonwealth Agrbul tural Bureaux publication and 

then scaled according to their respective protein levels .  

Approximately 6% o� the matrix elements were blank . The majority o� 

the se were �or trace vitamin data - vitamin B6 , pantothenic acid and 

�olic acid. 

Nutrient units were expressed p er 1 00g sample o� the �ood to the 

accuracy o� the unit described below, with some description o� 

derivation o� the nutrient composition data . 

Calories :  

?rote in : 

l.i'at : 
Fibre : 

-- -

Calcium: 

P�o sphorus : 

Iron : 

neare st kilocalorie ( kcal)  

neare st tenth o�  a gram( g )  

nearest tenth o� a gram( g )  

nearest tenth o� a gram( g )  

nearest milligram (mg)  

nearest milligram ( mg )  

neare st tenth o� a 
milligram (mg) 

calcul.:l.ted using 
physiological energy 
�actors �or �at, protein 
and carbohydrate ( 9 ,4,4 
where otherwise unknown) 

calculated �rotu e stimated 
nitrogen content o� �ood 
assuming 1 6% nitrogen in 
protein. Other �actors 
used �or cereals ,  beans & 
nuts ,  milk ( 80)  

by extraction estimation 

by extraction e stimation 

total( no correction �or 
oxalate or phytate salts 
which make some o� the 
mineral unavailable to 
the body) 

total ( no correction �or 
presence as  combined 
phytic acid) 

total ( no correction �or 
pPytate unavailability 
or absorption) 
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neare st ten 
international 
units ( iu) 

where 
o .  6p.g 
1 • 2JJ.f, 
0 . 3)Lg 

"trace " ,  5iu recorded 
fo carotene = 1 iu 

Thiamine : neare st one 
hundredth of' a 
milligram (mg ) 

Riboflavin : nearest one 
hundredth of' a 
milligram (mg ) 

Niac in : nearest tenth of' a 
milligram (mg ) 

Vitamin C :  nearest milligram (mg ) 

Vitamin B6 : nearest thousandth of' 
a milligram (mg ) 

Vitamin B1 2 ;  neare st thousandth of' 
a milligram (mg) 

Pantothenic acid : nearest thousandth of' 
a milligram (mg ) 

Folic acid. : 

Amino acids : 

neare st ten 
thousandth of' a 
milligram (mg ) 
nearest milligram (mg ) 

other carotenes = 1 iu 
retinol (Vi t A 
alcohol ) = 1 iu 

where "trace " ,  0 .005mg 
re corded 

where "trace " ,  o .005mg 
recorded 

1 mg niacin = 1 niacin 
equivalent 

= 60mg tryptophan 
tryptophan contribution 
not considered 

reduced form of ascorbic 
acid from USDA, total 
ascorbic acid from 
Philippines Food Table s 

pyridoxal , pyridoxol and 
pyrodoxamine content ; 
hydrochlorides corrected 
to free base 

microbiological estimation 

pantothenate e stimations 
corrected to pantothenic 
acid 

generally total folate 
measured 

average values of' several 
independent assays for 
each amino acid ; 
chromatographic 
estimations used where 
available 

Edible portion compositions were used so that the solutions to 

the problem would give the nutritional comp osition of' a mixture of' raw 

materials prepared ready for processing . Generally there was no 

indication of' the variation between samples in the food composition 

tables .  Therefore no allowances could be  made for variations in 

com�osition of' some foods due to seasonal effects, area of' production, 

time of' harve sting, length of storage time prior to analysis . This was 

because these effects had not been quantified sufficiently to p rovide 
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� statistical allowance s or variation within rood composition data . Thus 

data only approximated the composition or raw materials ,  but as this was 

the only type or data available , its use in indicating the relative 

difrerence s in nutritional composition between the dirrerent materials 

was considered justiried . 

3 .4 Nutritional constraints 

The constraints on the nutrient composition were expressed in 

terms or the weighted average recommended intake ror the population 

distribution or the Philippine s in 1 968 ,  the most recent rigures ( 86 ) ,  

ror calories ,  protein, calcium, vitamins A,C ,B6,B1 2 and rol�.c acid. 

since such nutrient requirement data were published ror dirferent 

demographic group s ( see Appendix 3 ) . Constraints on the other nutrients 

were rixed by methods explained in the rull discussion on nutrient 

allowance s  below . 

Several nutrient allowance s were available , based on the body 

weight or the individual or the average body weight or the dirrerent 

age group s in the population ( 87 , 88 , 89 ) . Intengen ( 90) chose target 

wei8hts ror e stimations or Philippines '  allowances :  one standard 

deviation above p resent weights ror up to 1 9  year-old and an extra 3kg 

ror the rererence man and woman. These target body weights were not 

used in calculating minimum nutrient allowances since they did not 

represent the actual situation, but they could determine maximum 

allowances  to retain nutrients in balance . Recorded Filip ino body 

weight data ( 91 ) were used in calculating minimum nutrient allowances 

( see Table 3 . 3 and Appendix 3) . 

3 .4 . 1 Energy requirements 

For the 1 5  year old and under group s ,  Intengen used FAO/WHO 

allowance s based on body weights ( 90) . For the 1 6-1 9 years old group 

she used American allowance s ( 92 )  but ror this model , the lower FAO/WHO 

allowance s  were used, since higher allowances did not seem warranted. 

For adults ,  Florentino ( 91 ) calculated the ir requirements as the energy 

used up during activity on an average day by the Filip ino rererence man 

and woman, based on similar American calculat ions ( 92 ) .  These 

requirements were used here ( Table 3 .3 ) . For the older age groups ,  
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FAO/WHO re commended a proportion of the reference man allowance due to 

lower activity and decreasing body weights in this group ( 87 ) . Table 

3 .4 indicates these reduced allowances in this problem where calculations 

were based on both Filipino reference man and woman requirements .  

Table 3.3 Estimation of the energy expenditure of reference Fi l ip ino adults 

Ma le  (25y) 

Rate of 
ex pend i tu re 

( kca l/m i n )  

-

Activi ty Average Present 
t ime wei ght 
spent 

(h )  (53 kg)  

sleep ing,  
8 0 . 90 ly ing 

sitt i ng 5 1 . 22 
stand i ng 6 2 . 04 
wal k ing 3 2 . 45 
others 2 3 . 6 8  
total b 

a. Adapted from data of F lorentino (91 ) 

b. Total rounded up to nearest 50kcal. 

Target 
weight 

(56 kg) 

0 . 9 3 

1 . 2 8 

2 . 1 3 
2 . 5 5 

3 . 83 

Total da i ly  
ex pend i tu re 

( kca l )  

Present Target 
weight weight 

(53 kg) ( 56 kg) 

432 446 

366 3 84 

734 767 

441 459 
442 460 

2450 2 5 50 

Female (25y) 

Rate of Total da i ly  
expend iture expenditu re 

(kcal/m i n )  ( kca l )  

Present Target Present Target 
weight weight weight weight 

(46kg) (49 kg )  (46kg) (49 kg )  

0 . 84 0 . 88 40 3 422 
0 . 9 3  0 . 9 7 2 79 291  

1 . 2 7 1 .  33 457 479 
2 . 11 2 . 2 1  380 39 8 
2 . 54 2 . 65 304 3 1 8  

1 850 1950 

The extra allowances for p regnancy and lactation were FAO 

allowances - 400kcal and 1 000kcal per day respectively, the former 

covering the full 9 month period of pregnancy and the latter, 8 months 

a 



lactation( 87 ) .  

From this data ( see Appendix 3 )  and popul�tion distribution 

(Appendix 4) , the weighted average levels based on present weight and 

t�rget weight requirements gave a lower calorie limit of 2030 and an 
upper limit of 221 0kcal re spectively . 

Table 3.4 Calorie al lowances for adult age groups 

Percent Present Target ' ·  
r·· 

reference weight weight 
level al l owance al l owance 

kcal kca l 

Male Female Ma le  Female 

reference (20-29y) 100 2 450  185 0  2 5 5 0  1950 

30-39y 9 7  240 0  180 0  2500  1900 
40-49y 9 4  2 300  1 750  2 400  1 850  
50- 59y 86 . 5  2150  1600  2200  1700 
60-69y 79 1950  1500  2000  1550 

70 and  over 69 1700 1 30 0  1750 1350 

3 .4 . 2  Protein requirement 

These levels were taken directly from Intengen ( 90) . Her data 

were based on the 1 965 FAO/WHO Expert Group recommendations (88) , 

stated in terms of reference protein with net protein utilization 

(NFU) of 1 00 .  A correction was made for the average NFU of 63 for the 

Fil ip ino ri�e diet (90) since NFU could not be directly accommodated 

in the model ( See 5 . 1  . 3 ) . Further corrections were made so that the 

pro tein level provided at least 8% of total calories ,  a particular 

requirement for children ( 88 ) . Lower p ercentages were initially 

obtained by Intengen ' s  calculation method . 

Calculations , based on this data (Appendix 3 )  provided range 

constraints of between 49 .4 and 53 .7g for protein. 
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Fat requirement 

The British Medical Association Committee in 1 961 stated that 

" ( they were ) unaware of any evidence that there was a minimum daily 

intake of fat required to maintain the health and well being of the 
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human body" ( 93 ) . Beaton and McHenry maintained that the only human 

obligatory re�son for including fat in the diet was to supply the 

e s sential fatty acids but it was also desirable as a concentrated calorie 

source ( 9kcal/g) , as a means of increasing palatability of food due to 

lubricating function and slow absorption rate causing high satiety and as  

a possible source of fat soluble vitamins ( 94) . However, there are no 

recommended levels of intake although de sirable ranges of fat levels in 

terms of percentage of to tal calories as  fat are described in most 

national nutrient requirements : for UK, at least 2� ri sing to 35% for 

high physical activity ; for Canada, a minimum of 2�; for Holland, a 

maximum of 30%; for South Africa, a range of 20-30% ( 9h-) ; for Australia , 

Hutchinson (95)  followed the UK recommendations of 25% minimum, with 

35% for very active persons , children and adolescents . 

Davidson and Passmore ( 96 ) ,  although admitting a lack of 

scientific precision in recommending fat intakes ,  maintained that "any 

community which wishes to feed well and in a civilised tradition ( east 

or we st) must obtain at least 2� of its energy from fat and that 

individuals  in prosperous communities who lead sedentary lives and 

have reached middle age would be well advised to limit the ir fat intake 

to 25-3o% of energy" . 

Although average levels of fat intake in Eastern countrie s did 

not approach these levels ( see Table 3 . 5 )  it seemed that the range 

suggested as satisfactory - 20-3� total calories as fat - be selected 

as limits on fat content in the optimal food mixture . The lower limit 

thus provided enough fat for satiety, palatability factors and the 

upper limit sufficient increase for high energy requirements and some 

limit to p ossible health dangers due to excessive fat intake . This 

range corresponded with minimum fat constraints used in other models 

as direct fat constraints ,  equivalent to 32 and 34% calorie constraints 

(.4-2 ,40) . In this  model constraints were expressed as interrelationships 

between total calories and fat levels .  



Table 3.5 Calories from fat in 
a 

Asian countries 

Country Fat ava i l ab l e  Cal or ies Percent b Year c 
ava i lab le cal o r ies 

g/capu t/d kcal/caput/d from fat 

Cey lon 44 2 1 5 0  1 8  196 8 T 

Ta iwan 5 4  2 510 19 196 8 T 
I n d ia 2 4  1900  11  1966/67-

196 8/69 T 

Japan 48 2 460 1 8  
Korea 15 2 430 6 
Pak istan 33 2 2 30 1 3  

Ph i l i p p ines 30 2010 14 

Thai l and 32 2100 14 

a. Calculated from data in FAO Production Yearbook 1 969, FAO, Rome, 1 970. 

b. Rounded to nearest integer. 

c.  T is tentative, F is FAO estimate. 

196 8 T 

1967  T 

1967/6 8 

19 6 8  T 

1 964-66 

For input to the computer program , they were expressed as 

linear equations of the form :  

LOFAT = 9 . 0 FAT - 0 . 2 CAL � 0 

H I  FAT = 9 .  O FAT - 0 .  3 5 CAL � 0 

T 

F 

where LOFAT repre sented the lower bound on the fat level ; 9 .  O FAT 

the number of calories from fat ( 9kcal/g fat) , 0 . 2 CAL the 2o% total 

calories factor. New matrix rows were formed for LOFAT and H I FAT 

6 1  

the new columns for FAT and CAL with elements 9 .0 and - 0 . 2 re spectively. 

The LOFAT factor �as constrained with a lower bound of zero ( and upper 

bound of o0 ) and H I FAT , the upper limit on fat content which was 

analogously defined, was constrained to an upper bound of zero and lower 

bound of - oo In this way, the fat level was fixed between 2Q% and 

35% calories .  
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3 .4.4 Fibre requirement 

Plant �ibre is  recognised as an es sential constituent o� the diet 

giving bulk and consistency to �aecal matter in the body to maintain laxation. 

There were no recommended �ibre levels  �or the Philippines '  diet.  Almost 

no data were available on the levels necessary �or humans . However, in 

1 956 Robinson reported that the daily need �or crude �ibre had been 

estimated in 1 9 32 to b e  about 90 to 1 00mg per kg body weight or 

approximately 6g per day �or the adult ( 97 ) .  It has been stated elsewhere 

that �ibre equivalent to approximately 40kcal/d �rom hemicellulose s and 

20kcal/d �rom celluloses could be absorbed by inte stinal organisms( 95 ) . 

This ,  at the rate o� 4kcal/g �rom carbohydrate , would be available �rom 

1 5g/d mixed p olysaccharides .  This corresponded to the statement by 

Davidson and Passmore that "human diets contain up to 1 5g o� cellulose 

daily depending on their content o� �ruit, vegetable s and coarse cereal s " 

( 96 ) . Since �ibre is  made up chie�ly �rom cellulose s,  hemicelluloses and 

lignin these �ibre levels seemed reasonable �or use as  constraints on 
�ibre content i . e .  lower limit o� 6g/d and upper limit o� 1 5g/d . 

3 .4 .5  Calcium requirement 

The levels recommended by Intengen ( 90) concurred with the upper 

limits o� the FAO/WHO ranges (98 ) , so this range �as used to provide upper 

and lower limits �or calcium requirements . The extra allowance �or 

pregnancy was required only �or the third trimester to provide �or growth 

or  the �oetus , and an extra allowance �or the lactation period was 

necessaFJ due to loss  o� calcium in human milk . Appendix 3 shows the 

calcium requirements �or the di��erent age group s ,  �rom which the range 

con�:r;aints ,  452 and 553mg , were cal·::ulated. Earlier workers, Wirths, 

Stigler and Hruby (42 , 39 ,49 ) used higher levels o� 800-900mg , but lower 

levels have been suggested by later nutritional research ( 98) . 

Phosphorus re quirement 

Philippine s '  source s gave no allowance but suggested that �or 

children and pregnant women the phosphorus level should at least equal 

the calcium level with an intake on 1 5Q% the calcium level �or other 

groups  ( 90) . Speci�ic �inimum requirements have been recommended only 

�or i�ant children who are not breast �ed : 6 months and younger require 

phosphorus at 2/3rds the calcium allowance and those up to 1 year at 
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4/5ths the calcium requirement.  From 1 year onwards , the recommended 

level is the same as that for calcium (92 ) . Beaten and McHenry stated 

that phosphorus levels up to 1 5q% tho se of calcium were satisfactory for 

the A�erican people ( 94) . Wirths took this  level as his lower limit but 

had no upper limit (42 ) . However the definite requirement given for 

childrert a.nd pregnant women of 1 Oq% calcium level was taken ini tia.lly. as 
the constraint . This interrelationship between calcium and phosphorus 

was defined as 

P CON = p CA = 0 

where PCON repre sented the relationship that P ( pho sphorus) minus CA 

( calcium) equals zero . 

3 .4 .7  Iron requirement 

Since women have the highest requirement for iron due to 

menstruation losses ,  child-bearing requirements and lactation requirements , 

the FA�IwHO expert group reporting on iron requirements suggested that this  

female allowance be  taken for all age groups to ensure that the needs of 

the female would be met (99 ) . The requirement for menstruating women 

including basal losses was stated as 2 .7 mg per day by Intengen, on target 

weight basis (90) . However, the recommended intake is dependent on the 

absorption efficiency from the diet which FAO/WHO stated is related to the 

content of animal derived foods in the diet . In the Philippine diet , this 

amounted to 1 1% of total calorie intake, which corresponded to absorption 

of 1 5% iron from the diet on FAO/WHO scales ( 99 ) . Thus the requirement 

for menstruating women was scaled up to 1 8  mg/d . Although there was no 

direct relationship implied between calorie intake and iron requirement, 

FAO/WHO recommended that the iron allowance be distributed according to 

calorie intake so that within households the female would obtain her 

full allowance .  The average female calorie allowance ( 20�9y) for the 

target weight women was 1 900kcal/d representing an iron allowance of 

9 . 5mg/1 000kcal and for present weight women the allowance was 1 7 . 6mg for 

an average calorie allowance of 1 800kcal/d , or 9 . 8mg/1 000kcal . Hence , a 

minimum level of 1 0mg iron per 1 000kcal was selected to cover the iron 

requirements of the population. No extra allowance was considered for 

pregnancy or lactation since it was assumed that in receiving the full 
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menstruation allowance there would be  a sufficient store of iron to  cover 

these extra needs . Other workers used lower levels of between 1 0  and 1 5mg 

in their models , where they considered only the male requirements in 

their constraints ( 39 ,�0,42 ,49 ) . 

This iron relationship with calories was defined in linear 

equation form as : 

LOFE = FE O . O l CAL 0 

where LOFE indicated the lower limit of iron level , FE the iron level 

and O . O l CAL the calorie relationship (0 .01 mg Fe/kcal ) .  

3 .4 . 8  Vitamin A requirement 

Intengen did not indicate how the Filipino requirements for 

vitamin A were evaluated except those for the adult male .  In an attempt 

to  calculate this data from the appropriate FAO/WHO expert group report 

( 1 00) several problems appeared. 

1 .  If the requirements were calculated from the FAO graph of retinol 

requirement per kg body weight against age then the allowances should 

be as described in Table 3 . 6 . These calculations involved taking 

account of the average retinol content of vitamin A sources  in the 

Philippine s '  diet , 1 )%  ( 90) . 

This method of calculation taken from the FAO/WHO source ( 1 00) , 

is de scribed below for adults at present weight 

Total retinol requirement = 53 x 1 2 = 636pg 



Table 3.6 Calcu lation of vitam in A requirements for different age groups 

Age group Present Ret ino l  requ i rement 
3 

Target Vitam in  A 
weight per  kg tota l  from m ixed weight 

body sou rces 
weight 

(kg) (!J9) (!J9) ( i u )  ( kg )  

b 
< Bm 

6- 1 2m 8 34 2 72 2000 9 

1 -3y 1 1  20  220  1500 12 
4-6y 15 . 5  15 . 5  240 2000 17  
7- 9y 20 . 5  15  30 8 2 5 00 2 5  
1 0- 1 2y 2 8  16 448 3500 33 
1 3- 1 5y 39 1 5  5 85 4000 44 

1 6- 1 9y 50 1 3  6 50 4500 5 5  
2 0  and over 5 3  12  6 36 4500 56 

a. Rounded to nearest 500iu . 

b. Requirement for non-breast-fed infants is lactation al lowance of 3000iu . 

Ret ino l  � req u i rement  
total 

(!J9) 

306 

2 40 

264 

375 

5 2 8  

6 82 

715 

672 

Vitam i 1  A a 
from n . i x ed 
sou rces 

( i u )  

b 

2 5 00 

2000 

2000  

3000  

4000  

5 000  

5000  

5000 

Vitam in  A 
req u i rement 
( l ntengen) 

( i u )  

1500 

2000 

2 500 

3000 

4000 

5000 

5000 

5000 

(]\ Ul 



The formula to obtain the amount of mixed vitamin A active compounds 

necessary to provide the equivalent of this amount of retinol is  

given by : 

Amount. (X )  = Recommended intake of  retinol 
0 . 167k + (1 - k) 

where k is the proportion of �carotene in the vitamin A compounds in 

the diet . In the Philippine s ,  the proportion of fo· carotene has been 

estimated as 8?%, the proportion of retinol being 1 ).%. 

Thus X = 6.)6 
0 . 167 X 0 .87 + (1 - O .Bn 

= 231 8}1-g 

6 6  

It  was required t o  convert this t o  international units as  the composition 

vitamin A in foods was described in tho se units . 

Since 0 . 3� retinol is  1 iu and 0 . 6� carotene is 1 iu 

Then X = 231 8 X 0 .87 + 231 8 X 0 . 1 3 = 4360iu 
o .6 0 . 3  

which was rounded up t o  4500 iu. 

2 .  It  seemed that separate calculations were not made �or female s ,  even 

though data on their body weights were available .  Instead the higher 

male requirement was used in all cases in agreement with the FAO/WHO 

published method. This also meant that no extra recommendation was 

required for p regnancy since this additional requirement would be covered 

by the higher allowance calculated on the male body weight . 

3 .  The extra allowance for lactation was not calculated correctly by 

Intengen (90) . She stated that 2000iu would be adequate for the lactation 

period to make up the lo ss due to breast �eeding . For 850ml milk per day 

with an average content of 49�g retinol per 1 00ml ( 90)  a lo ss  of 420�g 

retinol per day would result,  corresponding to a loss of 420/0 .3 or 1400i".J. 

vitamin A .  This seemed to  be  scaled up to  2000iu for safety. If this 

amount of lost vitamin A has to be made up from food then account of the 

concentration of carotene s in the diet must be taken in estimating the 

allowance by a similar calculation as that above . This yielded an 

allowance of 1 530pg mixed vitamin A, equivalent to 2900iu or 3000iu if 
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rounded upwards . This level was also taken for 0-6 month old infants as 
their allowance was based solely on human milk composition :  if breast fed, 
then their requirement would be met directly from breast milk ; if weaned 
early then 3000iu of vitamin A from food would be required .  

Thus minimum and maximum levels of 3900 and 4450iu vitamin A 
were calculated for the present and target weight populations . The se 
levels were similar to the lower bound in Hruby' s  model of 4000iu (49 ) ; 
Stigler ( 39)  and Smith (40) used 5000iu and Wirths used a much higher 
bound, 8830 , because of high carotene concentration (42 ) . 

3 .4 .9  Thiamine , riboflavin and niacin requirements 

As recommended by the FAO/WHO group (99 ) ,  requirements for these 

vitamins were reported in terms of the calorie allowances  by Intengen, 
based on Philippine s experiments (90) : 

1 .  Thiamine . Requirement of 0 • .  4-mg/1 OOOkcal with additional 20% for 
lndividual variation, and 1 0%  for efficient utilization resulting in an 
allowance of 0 . 5mg/1 000kcal ( cf FAO level of 0.4mg/1 000kcal including 
20% for variability) .  
2 .  Riboflavin. A requirement of 0 .4mg/1 000kcal with the 2Q% 
variability factor �iving an allowance of 0 . 5mg/1 000kcal ( cf FAO level 
of 0 . 55mg/1 000kcal ) . 
3 .  Niacin. The same level as FAO/WHO was reported i . e .  6 .6 niacin 
eqQivalents per 1 000kcal , 1 niacin equivalent equalling 60mg tryp tophan 
or 1 mg niacin. Inclusion of the niacin/tryptophan interrelationship in 
the model would allow tryptophan to be selected as a source of niacin. 
This was not de sirable since then the availability of tryptophan in the 
amino-acid pattern would be reduced, thus lowering the overall protein 
quality when tFjptophan was limiting . The constraint was expressed then 
in terms only of niacin content of raw materials .  

These three nutrient levels could b e  fixed directly by the 
calorie level . They were expressed as equations in the normal way 

LOTH IA = l . O TH I A  

L CR I B O = l . O RI B O 

L ON I A  = l . O N I A  

O . O O O S CAL = 0 

O . O O O S CAL = 0 

0 . 0 0 6 6 CAL = 0 



where LOTH I A  LORI BO LON I A  represented the limits o� 
thiamine , ribo�lavin and niacin respectively ; TH IA , R I BO N IA 

represented their levels and 0 .  O O O S CAL 0 .  O O O S CAL and 
0 .  0 0 6 6CAL represented their respective relationship s with 
calories , CAL 

LOTH I A  LORI BO LON IA were fixed at zero to represent these ' , 
relationship s .  

3 .4 . 1 0 ' Vitamin C ( ascorbic acid) requirement 

Philippines '  recommendations ( 90) were somewhat higher than 
those of FAO/WHO (99 )  and National Research Co1ll1Cil ( 92 )  (Table 3 .7 ) .  

Table .  3.7 Vitamin C requirements from various sources 

Age group 

< 1 2m 

1 -3y 

4-6y 

7-9y 

1 0- 1 2y 

1 3- 1 5y (ma le)  

1 3- 1 5y( female) 

1 6-1 9y(male)  

1 6- 1 9y(female )  

Adu lt( ma le) 

Adu l t(female) 

Pregnancy (2nd 
and 3rd tr i mester) 

Lactat ion 

a.  Taken from l ntengen (90). 

b. Taken from FAO/WHO report (99). 

c. Taken from N R C  publication (92) 

Recommended i n take (mg/caput/d ) 

l ntengen a FAO/WHO b National  Researchc 
(Ph i l i pp i nes) Counc i l  ( USA) 

30 2 0  3 5  

3 5  2 0  40 

50 2 0  40 

60 2 0  40 

75  20  40 

90 30 45 

80 30 45 

100 30 5 5  

80 30 5 0  

7 5  30 60 

70 30 5 5  

+30 +20 +5  

+ 80 +20 +5 

6 8  
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The minimum requirement was shown tu be approximately 6 . 5mg per 
day in British experiments and in other studies ,  whe1� exce ssive quantitie s  
o f  vitamin C were taken (75 - 350mg daily) , only 21 . 5  + 8 . 1 mg was 

rnete.boli sed ( 99 ) . On this evidence FAO/WHO recommended intakes of 30mg/d 
for adults, 20rng extra for the last 6 months of pregnancy and also the 
lactation period, and the level of 20mg/d for children up to 1 2y ( 99 ) .  

NRC related their requirements to body weight for age group s past 
1 ;�y, according to the expression 2 . 5x (weight ) 0 •75 (92 ) . Since Filip inos 
body weight did not approach those  of Americans their requirement should 
be lower. 

The FAO/WHO figures did not include a margin for lability of the 
vitamin although individual variation was covered to some extent by the 
30mg level ( 21 . 5  ± 8 . 1 ) , so these levels could be  too low for p opulation 
estin1ate s .  The Filipino recommendations seemed excessive , even taking 
account of lability and individual variation, se these levels were not 
used. as constraints .  Initially the FAO/WHO levels were taken a s  lower 
li�its and the American figures as upper limits on ascorbic acid 
allowance s ,  providing a range for ascorbic acid of 29mg and 53mg from 
weighted average levels from the p opulation distribution calculation. 
Previous workers used similar levels  between 30 and 75mg in their 
experiments (39 ,40 ,42 ,49 , 50 ) . 

3 .4 . 1 1 Vitamin B6 requirement 

The data described in Appendix 3 was taken from the NRC report 
(92 ) , there being no data from FAO/WHO or from the Filipino source . Thi s  
provided an average p opulation requirement of 1 . 68rng for vitamin B6 . 

3 .4 . 1 2  Vitamin B1 2 requirement 

Data shown in Appendix 3 was obtained from an FAO/WHO report ( 99 )  
which corre sponded with the NRC recommendations (92 ) . Th�s provided an 
average for the population of 0 .002rng a s  minimum for vitamin B1 2 .  

3 .4 . 1 3 Pantothenic acid requirement 

No data on requirements were found but the NRC report indicated 
levels of intake in the US stated as satisfactory (92 ) . Children and 
adults obtained between 5-1 0mg/d and breast fed infants received 
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approxirrately 2mg/l milk so a similar level was taken a s  allowance for 
weaned infants .  No c onstraint was used for this nutrient, at this  time , 
save the automatically assigned lower bound of zero and upper bound of 
infinity. 

3 .4 . 14  Folic acid requirement 

FAO/WHO estimated allowances from sparse clinical measurements 
then doubled up these levels to account for availability and lability in 
foods ( 99) . NRC quoted higher requirements and als o  included a greater 
margin for safety ( 92 ) .  Both sets of data w'ere used to indicate a range 
of recommended intakes (Appendix 3 ) .  Upper and lower constraints of 
0 . 1 8 and 0 . 37mg were calculated. 

3 .4 . 1 5  E ssential amino-acid requirements 

Work on estimation of the requirements of the e ssential 
amino-acids for humans has been mainly on two fronts .  

1 .  Absolute allowances .  Ro se , in a series o f  nitrogen balance experiments 
on h-.unans over the period 1 942-55 , e stimated the minimal requirements  
of the amino acids e ssential for maintenance of body nitrogen and took the 
highest requirement of his group of volunteers as the recommended minimum 
(Table 3 .8 ) . He doubled this value to represent the ' safe ' level of 
intake ( 1 01 ) • He also compared the male requirements with the lower 
requirements found for young women by Leverton (Table 3 . 8 ) . 

Hol t and Snyderman ( 1 02 ) relatea. their adult requirements to body 
weight, although Ro se originally found no evidence for a relationship 
between body weight and amino-acid intake.  For an average male weight of 
60kg , these levels were also  below tho se of Rose but they approximated 
the women ' s  requirements of Leverton (Table 3 . 8 ) . 

It  seemed then that adult requirements could not be definitely 
stated. For children, requirements were better established. Amino 
acids are needed not only for maintenance ( the only requirement for adults ) 
but also for growth, protein reserves and chemical maturation e . g .  antibody 
formation after birth. Thus Holt and Snyderman indicated that the 
requirements of infants and young boys were much higher than 
those for adults ( Table 3 . 8 ) , mostly 2 to 4 times as  much, with histidine 
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becoming ·essential for infants ( 1 02) . 

Table 3.8 i:.ssential amino acid requirements for various population groups 

Amino ac id M in imum requ i rement (g/caput/d ) 

Adu l t  a a f males Adu l t  fema les Adu lt  ma le  

!- isoleuc i ne 

! -leuc ine 

! -lysine. 

!-meth io n ine 

!-phenyla lan ine  

1-·threori i ne 

! -tryptophan 

1-val i ne 

!-hist i d i ne 

a. Taken from R ose, ( 1 0 1 ). 

o .  70 0 . 47 

1 . 10 0 . 6 2 0 . 5 1  

0 .  80 o .  36 

1 . 10 0 . 2 3  

1 . 10 0 . 22 0 . 22 

0 . 5 0  0 . 3 1 0 .  30 

0 . 2 5 0 . 16 0 . 1 5 

o .  80 0 . 6 5 0 . 54 

b. Taken from Holt and Snyderman, ( 1 02), based on body weight of 60kg. 

c. Taken from H ol t  and Snyderman, ( 1 02) , based on body weight of 3 5kg. 

d. Taken from Nakagawa et al,  ( 1 03) .  

e. Taken from H ol t  and Snyderman, ( 1 02), based on body weight of 9kg. 

c 
G i r l s  

d 
I nfants 

e 
Boys 

0 .  9 8  1 . 0  1 . 0 7 

1 .  7 1  1 . 5  1 .  35 

2 . 06 1 . 6 0 . 9 3 

0 . 9 5 0 .  80 0 . 41 

0 . 9 5 0 . 80 0 . 81 

1 . 19 1 . 0  0 , 7 8 

0 . 1 3 0 . 12 0 . 2 0  

1 . 16 0 . 90 0 . 9 5 

0 . 31 

Similar child requirements were reported. for 8-1 3 year old girls 

(Table 3 . 8 ) , a lower cystine level being recorded ( 1 03) . 

Many workers have stated that amino-acid requirement data cannot 
be used in determining prote in requirements for population group s 
due to many factors ( 88 , 1 02 , 1 04, 1 05 , 1 06 ) . Harp er summarized the variations 
inherent in mea suring and using requirement data ( 1 05 ) .  For example, the 
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di��iculty in measuring the maximum rate o �  growth when using the growth 
�actor (not applicable to adults) , the precision o� nitrogen balance 
methods, the i�luence o� the past nutritional state o� human sub j ects in 
experiments and the lack o� knowledge on the part played by protein 
reserves in controlling requirements . His main contention was that any 
measurements made could not be comprehensive enough to  cover all possible 
situati�ns and needs o� humans at any particular point in time . 

The level o� non-e ssential nitrogen in the diet was also 
important as this could become limiting at low concentrations o� protein 
even when all e ssential amino-acid requirements were met . Also imbalances ,  
either de�iciencies or  excesses ,  o�  one or more essential amino acids could 
upset �quirements o� other amino acids ( 88 ) . 

-Thus the requirements �or the different essential amino acids 
were a�fected by the condition of the human as well as the levels o� 
other nutrients in his diet . 

A simpler system of expre ssing requirements in terms o� only two amino 
acids has been suggested by Payne ( 1 07 ) . He maintained that methionine plus 
cystine and lysine were the most frequently limiting amino acids in �oods 
and that 5% and 5 . 3% respectively of these amino aci·is in protein could be used 
to fix population requirements and to judge protein quality o� foods . 

Table 3.9 a 
Estimation of l imiti ng amino-acid requirements 

Protein a l l owance 
b 

Lysine 
c 

Meth ion i ne 
. d + cystme 

chi l d  (4y, 1 6 . 5kg) 

boy ( 1 1 y ,  32kg) 

man ( 1 8-35y, 65 kg) 

woman (55-75y, 53 kg) 

g/d 

2 5  

36 

45 

36 

a. Taken from the report of Carpenter ( 1 06). 

req u i rement requ i rement 

g/d g/d 

1 . 0 3 0 . 9 7 

1 .  48 1 . 4  

1 .  86 1 .  75  

1 . 4 8 1 . 4  

b. Calculated as: net nitrogen requ irement (N) x 6.25 x 1 . 2  (for individual variability) x 1 00/70 (for protein 
quality) 

c. Calcu lated as: ( N )  x 6.25 x 1.2 x 1 00/90 ( 1 0% indigestibi li ty)  x 5.3 / 1 00. 

d. Calcu lated as : (N ) X 6.25 X 1 . 2  X 1 00/90 X 5.0/ 1 00. 
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In the example in Table 3 . 9 ,  the se amino acid levels conflicted with 

earlier data ip that the children ' s  requirement was lower than the 
adult level ror these amino acids . This  method pre sumed the amino-acid 
pattern or the diet and thererore was not userul ror complete 
nutritional rood specirications . 

Overall then, it seemed inappropriate to use individual 
requirement data ror population group s in a weighted average e stimation 
ror each amino acid. 

2 .  Amino-acid pattern.  Much more intere st has been shown in considering 
the pattern or the amino acids in the rood protein and through this 
suggesting satisractory amino-acid levels .  

An FAO/WHO expert group in 1 957 reported a provisional amino-acfd 
pattern ror rererence purposes  (Table 3 . 1 0) ,  which contained the mo st 
satisractory ratios or essential amino acids in which undesirable 
interactions, competitions and exce sses were reduced to a minimum ( 88 ) . 

Table 3.10  FAO/WHO provisional ideal amino-acid pattern 

Amino acid Recommended l evel Recommended level i n  
typ ica l  d i et conta in ing  
50g p rote in  

g/ 1 00g prote in  g 

iso leuc ine 4 . 2 2 . 1 

leuc ine 4 . 8 2 . 4 

lysine 4 . 2 2 . 1 

meth ion ine 2 . 2  total su lphu r  1 . 1  
cyst ine 2 . 0  amino ac ids, 4.2 1 . 0  
phenyla lan ine 2 . 8  total a romatic 1 .4 

tyrosine 2 . 8 am ino  ac ids, 5 .6 1 .4 
th reon ine  2 . 8  1 . 4 

tryptophan 1 . 4  0 . 7  

va l i ne 4 . 2  2 . 1 
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For a typical diet �or adults containing 50g protein per day, the levels  
o�  all the e ssential amino-acids were appreciably higher than Ro se ' s  s�e 
levels except �or phenylalanine and methionine (Table 3 . 1 0) . This  
re�erence pattern was criticised with regard to  the high lysine , metr�onine 
and cystine and tryptophan levels . Reducing these levels resulted in a 
pattern not muoh di��erent �rom tho se o� whole egg (hen) or human milk 
proteins (Table 3 . 1 1 ) . It was sugge sted then that e ither o� these two 

proteins be used as re�erence amino-acid patterns, pre�erence �or egg 
being �elt due to it being more readily available �or experiments and 
its high digestibility in animals and humans ( 88) . 

Table 3.1 1 Essential amino-acid patterns for preferred proteins a 

AlE ratio :  essentia l  amino-ac id level to 
total essential amino-acid l evel (mg/g) 

Provis ion a l.  
pattern 1 957 

isoleuc ine 1 34 

leucine 1 5 2  

lysine 1 34 

meth ion ine  71 

cystine 62 

phenyla lan ine 89 

tyrosine 89 

th reon ine 89 

tryptophan 45 

val i ne 1 34 

a Taken from FAO/WHO report (88) 

Human m i l k  H e n  egg 
prote in p rotein 

1 32 129 

1 84 1 72 

1 2 8 1 2 5  

44 6 1  

4 3  46 

1 1 4  1 14 

112  81  

9 9  9 9  

34 31 

147 141 

Although such a pattern suggests a high quality protein in a 
�ood, several �actors could a�f'ect its value in the body .  For example , 
the e�f'ect o� vitamin de�iciency on utilization o� amino acids 

warticularly raising the tryptophan requirement wheL niacin deficient) ; 

the ef�ect o� the presence o� inhibitors in some �oods preventing enzymic 
digestion ; the damage to proteins and amino acids , ��ecting availability, 
by proce ssing methods, particularly heat ; the e��ects of level and type o� 
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carbohydrate in the diet on  utilization of  protein and amino acids ; 
the effect of deficient calorie intake below energy requiremer.t allowing 
amino acids to be metabolised for energy before they can be utilized 
.<1  s ni troger. sources .  Utilization also varies with the individual , for 
example the stage of growth , health histo� and whether lactation or 
reproductive states are involved . All these phenomena could affect 
the nutritive value of the protein and amino acids without appreciably 
altering the amino-acid pattern. 

The se factors of utilization, availability and individual 
variation have not been sufficiently quantified a s  yet to allow accurate 
use of amino-acid patterns for assessing protein and amino-acid 
requirements .  

Nevertheless,  the amino-acid pattern for egg protein seemed the 
most suitable system to define the de sirable levels of amino acids, in 
the model, their individual requirements being dependent on the protein 
level in the mixture . The nutritional effects of calorie and vitamin 
levels would be removed by ensuring that their requirements were met 
and by introducing interrelationship conditions where nece ssary .  The 
proce ssing effects could be minimized by proce ss design. However the 
individual variability effects,  which exist also for all other nutrients ,  
could not be considered except in terms of an average requirement . So 
some reC.uction in the calculated protein quality would be expected , but 
as the aim was for an amino-acid pattern s imilar to egg protein - the 
highest protein quality recognised - a high quality protein should 
re sult . 

The egg pattern expressed as milligram amino acid per gram 
protein was used in defining the amino-acid relationship s in the model 
(88) , rather than the A/E method, used by Cavins (65 ) ,  which would have 
meant formation of an expression for E the total essential amino-acid 
level . This pattern was : 

isoleucine 66 mg/g protein ; leucine 88 mg/g protein ; 
lysine 64 mg/g protein ; methionine 31 mg/g pro tein; 
cystine 24 mg/g protein ;  phenylalanine 58 mg/g protein ;  
tyro sine 42 mg/g protein ;  threonine 51 mg/g protein; 
t�tophan 1 6  mg/g protein ;  valine 73 mg/ g pro te in.  
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def'ined f'or each amino acid to represent these relationships in the model . 
This method inherently f'ixed the desired level of' non-e ssential amino 
acids but there wa s no restriction placed on this f'actor . It also allowed 
protein quality to be constrained, in terms of' the chemical score index . 
This relates the level of' each essential amino acid in a protein to the 
corre sponding level of' that amino acid in the standard egg protein ( 1 08) . 
The lowe st of' these ratios ,  expressed as  a percentage , f'ixe s the chemical 
score of' the protein . By considering any percentage of' the egg amino-acid 
levels as lower constraints,  the protein quality as chemical score , would 
be directly f'ixed if' any amino acid was retained at its lower limit . At 
this stage then the chemical score was f'ixed on 1 00 .  

3 . 5 Development of' the model f'or computer solution 

3 . 5  . 1  Description of' the problem matrix 

The previous section pre sented the data to  be used in the raw 
material selection problem using the linear programming technique . 

The cost data provided one row in the matrix - the objective -
containing coef'f'icients in 1 70 columns, the co st f'o r each of' the 1 70 f'ood 
raw materials .  

The nutritional composition inf'ormation described a f'urther 26 
rows in the matrix - one f'or each nutrient and c oef'f'icients f'or 
approximately 97% of' the elements of' the 1 70 columns.  

Another row was incorporated into the matrix to describe the 
summation calculation of' total weight of' the f'ood mixture . This  had a 
coef'f'icient of' unity in each of' it s 1 70 column elements and no restrictions . 

The re strictions on the nutrient levels required in the raw material 
mixture were expre ssed in one of' three ways : 

1 .  The weighted average daily requirement f'or the p opulation based on 
the age-group distribution data f'or 1 968 . This applied to  calories ,  

protein, calcium, vitamins A , C ,B6 ,B1 2 and f'olic acid . 
2 .  A de sirable level f'rom limited studies .  This applied t o  f'ibre . 
3 .  Levels dependent o n  s ome def'ined interrelationship with another 

nutrient constrained elsewhere. This applied to f'at, phosphorus, iron, 
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thiamine , riboflavin, niacin and essential amino acids . These were 
either a known nutritional interrelationship such as that between 
calories and B-vitamins ,  calories and fat, calcium and phosphorus, 
protein and amino acids ; or a convenient method to describe requirements 
as some proportion of the diet as for the fat and iron relationship with 
calories .  

The re strictions in the first two categories could be incorporated 
directly into the matrix as right hand sides thus providing another element 
in each of the 9 rows for these nutrients (See Table 3 . 1 2 ) .  

Table 3.12 Nutritional constraints for the l inear programming model 

Nutr ient constra ined Row var iab le  Restr ict ion 
name l ower upper 

ca lo r ies (kca l )  CAL 2 0 30 . 0  2210 . 0  
p rotei n ( g )  P ROT 49 . 4  5 3 . 7 
f ib re (g )  F I B  6 . 0  1 5 . 0  
cal c ium (mg )  CA 452 . 0  5 35 . o  
vitamin  A ( i u )  VI TA 3900 . 0  4450 . 0  
vitam in  C (mg )  VI TC 2 9 . 0  5 3 . 0  
vitamin  86 ( mg) VI TB6 1 . 6 8 Ill 
vitam in  8 1 2  (mg) VI TB 1 2  0 . 002 CID 

• 
fo l ic acid (mg) FOL I C  0 . 1 8  0 . 37 
pantothenic acid (m g) PANTOA o . o  Ill 

With the exception of pantothenic acid which was not restricted, 
the other restrictions required further rows and columns in the matrix 
to de scribe their re strictions in terms of relationship s with other 
nutrients .  Fer the 1 6  nutrients in this category a further 1 7  rows and 
1 9  columns were thus added to the matrix ( Table 3 . 1 3 ) : calorie s with its 
relationship to fat (upper and lower re strictions ) , iron, thiamine , 
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ribo�lavin and niacin nece ssitated another 6 rows �or each re striction 
equation incorporating two column variables ,  one o� which was calories 
and the other the related nutrients i . e .  a �urther 6 columns were 

defined ; · the protein relationship to the 1 0  amino-acids added another 
1 0  rows and 1 1  columns, containing the protein and amino-acid variable s ;  
and the calcium to phosphorus relationship required another row to be 
�ormed and a �urther 2 columns . 

The complete problerr.. was thus de scribed by a matrix incorporating 
45 rows and 1 89 columns with bounds on 25 o� the row variables .  The 
matrix is illustrated in Fig . 3 . 2 .  

3 . 5 . 2 Organization �or computer solution 

The linear programming problem was solved using the computer 
package program which was available at the Massey University Computer 
Unit - IBM Linear Programming System / 1 1 30 (LPS/1 1 30) . This  was 
designed �or use on the 1 1 30 series o� IBM computers . At Massey,  the 
IBM 1 1 30 computer had a single disk storage drive and was linked to a 
1442 card reader punch and a 1 1 32 line printer. 

The data was prepared according to the method described in the 
IBM LPS/1 1 30 Program Description manual ( 1 09 )  and organized into an 
easily re�erenced order �or checking : the �ood composition data was 
arranged in alphabetical order by name o� �ood raw material ; the row 
names were organized in the usual order �ound in �ood compos ition tables 
viz . calories , prote in, fat ,  fibre , calcium, phosphorus, iron, vitamin A , 

thiamine , riboflavin, niacin, vitamin C ,  vitamin B6 , vitamin B1 2 ,  
pantothenic acid and �olic acid followed by the essential amino acids , 
and then followed by the co st ,  weight and interrelationship row names .  
This meant that output reports were in a recognisable order for easy 
re�erence . 

This data was punched on 80-column data cards, one row item per 
card for each column or food material . Re strictions identified by the 
la.bel MI XlA were punched as types UB (upper bound) , LB (lower bound) , 

FR (free ,-oo to + oo ) ,  FX (fixed or defined value ) ,  GT (de�ined value 
up to oo ) and LT (defined value to -oo ) where necessary. The data 
file was identified by the NAME LP 1/WE which was used whenever the 
data was required for optimization or listing . The organization of 



Columns Raw Materials ( 1 70 Columns) _J I- 4: 0 :r 0 I- al 4: ::;) Vl I- Vl w a: 4: a: 4: 4: w i a: z 0 w >- w >- :r >-OWS (.) 0. u. (.) D. u. I- !!? _J _J :E (.) 0. I-
!objective Cost 

GAL 1.0 
PROT LO 
FAT 1.0 
FIB 
CA 1.0 
p 1 -0 
FE 1.0 

V ITA 
TH IA 1.0 
R IBO 1 .0 
NIA Nu.trie.l\ t 1-0 
V ITC Compo5it.ion V ITB6 
VITB 1 2  Mot.rix . 
PANTOA 
FOL IC 
ISO 1.0 
L E U  1.0 
LYS 1.0 
METH 1-0 
CYS \.0 
PHE \ .0 
TYR J.O 
THREO 
TRYP 
VAL 
wr 
LOFAT -0.2. 9.0 
H I  FAT 0-15 9-0 
PCON •1·0 1.0 
LOF E  -o.ol l-0 
LOTH lA .o .. , \.o 
LOR IBO 

Zero 
·tOOo'j 1-0 

LON IA ·••�>'> 1 .0 
L:ISO Matrix -i.ID 1.() 
r'LEU - U  1-o 
CLYS -C.4 1 -0 
r'METH -3 1 1.0 
L:CYS -.l4 1 .0 
r'PHE -S"t 1 -0 

TYR -42. 1-0 
CTHREO -5 1  
CTRYP -I" 
rvAL -1� 

Figure 3.2 Linear programming matrix for the Philippine nutrition problem 
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Constraints 

LB UB 

%.030 Z.'ZJO 
44.4· �-S" 0 oO 
•. o IS".o 

�2. SS3 I 
0 00 
0 oO 

,,00 �· 0 00 
0 oO 
0 00 

2� 53 
1 . �1 oO 

o . oo2. OD 
0 00 

o . l �  0.}7 
0 oO 
0 oO 
0 oO 
0 00 
0 oO 
0 oO 
0 00 
0 � 0 oO 
0 oO 

0 oO 
0 00 

-oo 0 
Ci 0 
0 00 
0 0 
0 0 
0 0 0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 g l  0 0 o I 

00 0 
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input data and bounds is illustrated in Fig . 3 . 3  and is commented on below.  

1 • Composition data The se were de scribed - one item per card - for 
example as follows : 

ALBACORE CAL 

ALBACORE PROT 

ALBACORE FAT 

9 9 . 0 

2 2 . 7  

0 .  2 

2 .  Cost data These were similarly punched e . g .  

ALBACORE COST 0 . 0 3 3  

3 .  Interrelated variable expressions Equations with names to 
represent new rows had been set up in these cases .  The interrelated 
variables thus became columns with elements in each of these rows and so  
were punched in the same way. For example , in the case of  calories from 
fat which was to have a lower limit at 20% total calories ,  this was 
expressed by 

LOFAT = 9 . 0 FAT - 0 . 2 CAL 

and was punched in on two separate cards,  one for each element . 

FAT LOFAT 9 . 0 

CAL LOFAT 0 .  2 

For the isoleucine / protein expression 

C I SO = 1 .  O I S O - 6 6 .  O P RO T 

two cards were required . 

!s o C I S O  1 . 0 

P ROT C I S O 6 6 . 0 
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Figure 3.3 Organization of data for input to computer 
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4 .  Restrictions : These had a different format.  Each type of bound 
had to be specified - US for upper bound, LB for lower bound . On the 
same card, the name of the set of bounds had to be defined, the name of 
the variable being re stricted and the value of the restriction. For 
example , the fibre limits of 6 to 1 5g were punched as 

LB M I X lA 

UB MI X lA 

and the free range on c ost as 

FR MI XlA 

F I B  

F I B  

C OS T 

6 . 0 

1 5 . 0 

Where interrelationship expressions defining the nutrient restrictions 
were de scribed , the row variable was de scribed similarly . For example 
the fat limits described by the row variable s LO FAT and H I FAT 
were punched as 

LB MI X lA 

LT MI X lA 

L OFAT 

H I  FAT 

0 . 0  

0 . 0  

Note the use of LT type upper bound . This re stricted the value of H I  FAT 

between -oo and 0 • If UB had been used and set to zero this would have 
had the effect of fixing the variable on zero as the LPS/1 1 30 system 
automatically set all variable lower bounds at 0 . 0  unless  otherwise 
�tipulated .  

The program contained as well as  the matheffiatical method of 
calculation, several procedure s which c ould be selected by the user to 
allow flexibility in controlling the input data , updating , selecting 
limits to the problem, selecting the variable to be optimized, shortening 
solution time , analysing the solution and conditionally controlling the 
sequence of operations . The use of these pro cedures is illustrated in 
the following description of the commands needed to operate the c omputer 
system for the setting up and solution of a linear programming problem . 

Data was I NPUT with a NAME ( in this case LP l /WE ) 



CO LUMN SUMMARY 

2 9  ALBACORE 6 CAL 1 0  PROT 2 
1 CA 1 p 1 FE 1 
1 R I BO 1 N I A  1 I SO 1 
1 LYS 1 METH 1 CYS 1 
1 TYR 1 TH REO 1 TRYP 1 

2 9  ANCHOVY 2 9  AT I S  2 9  AVOCADO 2 9  
2 9  BANANA9 2  2 9  BARRACUD 2 9  BEEF 2 9  
2 8  B LOODB 2 8  B LOODP I G  2 9  B ON I TO 2 8  
2 8  BRA I NBU 2 8  BRA I N  LAM 2 9  BSRAY 2 9  
2 9  CABBAGE 2 9  CAE S I O  2 9  CASHEW 2 7  
2 9  CAT F I SH 2 9  CAVAL LA 2 7  CH G I Z Z  2 9  
2 9  CH I CKPEA 2 9  CH I CO 2 9  CHL I VE R  2 9  
2 9  CO COY 2 8  COTSE E D  2 9  COW PEA 2 9  
2 9  CREVAL LE 2 9  CROAKER 2 9  DAPA 2 9  
2 9  E GGDUCK 2 9  EGGP LANT 2 9  EGGS 2 5  
2 9  GARL I C  1 8  G I NGER 2 9  GLAS S F  2 9  
2 9  GOAT 2 9  GOAT F I SH 2 9  GOBY 2 9  
2 9  G RAPE FRT 2 9  G ROUPER 2 9  GRUNT 2 9  
2 9  HARDTA I L  2 9  HEAR TB 2 9  HEARTBU 2 9  
2 9  HEARTLAM 2 9  HEARTP I G  2 9  HERR I NG 2 9  
2 9  JAC KFRT 2 9  KAI M I TO 2 9  K I DNEYB 2 9  
2 9  K I DNEY GO 2 9  K I DNEYLA 2 9  K I DNEYP I 2 9  
2 6  LAR I NTB 2 6  LAR I NTBU 2 6  LARI NTGO 2 6  
2 9  LEAJACK 2 9  LEMON 2 9  L I ME 2 9  
2 9  L I VE RBU 2 9  L I VERGOA 2 9  L I VE RLAM 2 9  
2 9  L I Z F I SH 2 8  LUNG GOAT 2 8  LUNG LAM 2 8  
2 8  LUN G S B  2 8  LUNGSBU 2 9  MANGO 2 9  
2 9  M I L K BUFF 2 9  MI L KCOW 2 9  MI LKF I SH 2 9  
2 9  MOONF I SH 2 9  MULLET 2 9  MUNGGR 2 9  
2 9  NEM I PTER 2 9  ON I ON 2 9  ORANGE 2 9  
2 9  PET SAY 2 9  P I GPEA 2 9  P I L I  2 9  
2 9  POMFRET 2 9  POMPANO 2 9  PORGY 2 9  
2 9  POTATOES 2 9  PUMME LO 2 9  RAD I SH 2 9  
2 9  RI CEBR 2 9  RI C E G LU 2 9  RKI DBEAN 2 9  
2 9  RUNNERF 2 9  SARD I NE 2 9  SBMACK 2 5  
2 9  SHARK 2 9  SHEEP 2 9  SHRIMP 2 9  
2 9  S L I PMTH 2 6  SMINTB 2 6  SMINTBU 2 6  
2 6  SMI NTP I G  2 9  SMS H R I MP 2 9  SNAP BEAN 2 9  
2 9  SOURSOP 2 9  SOY BEAN 2 9  S PADE F 2 8  
2 9  S P LEENB 2 9  SP LEENBU 2 9  S P LEENLA 2 9  
2 9  SPMAC K 2 9  SPY AM 2 9  SQU I D  2 6  
2 6  STOMBU 2 6  STOMGOAT 2 6  STOMP I G  2 9  
1 5  SUGARRAW 2 6  SUGCANEJ 2 9  SURGEONF 2 9  
2 9  SWPOTWH 2 9  TARO 2 9  THREADFN 2 9  
2 9  TONGl.JEB 2 9  TONGUE P I  2 7  TURG I Z Z  2 9  
2 9  TURL I VER 5 TURTLE 2 9  WATME LON 2 9  
2 9  WH I T I NG 2 9  WKI DBEAN 2 9  YAM 2 9  
2 9  Y F I NTUNA 

ROW SUMMARY 

1 7 0  CAL 1 7 0  PROT 1 7 0  FAT 1 6 9  

1 6 9  CA 1 6 9  p 1 6 9  FE 1 6 6  

1 6 9  TH I A  1 6 9  RI BO 1 6 9  N I A  1 6 9  

1 4 6  V I TB 6  1 6 7  V I T B 1 2  1 5 3  PANTOA 1 4 5  

1 6 7  I SO 1 6 7  LEU 1 6 7  LYS 1 6 7  

1 6 7  CYS 1 6 7  PHE 1 6 7  TYR 1 6 7  

1 6 7  TRYP 1 6 7  VAL 1 7 0  COS T 1 7 0  

2 C I SO 2 CLEU 2 CLYS 2 

2 CMETH 2 CPHE 2 CTY R  2 

2 CTRY P  2 CVAL 2 LOFAT 2 

2 P CON 2 LOFE 2 LOTH I A  2 

2 LON I A  

Figure 3.4 Row and column variables in the matrix l isted by SUMMARY procedure 
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FAT 
TH I A  
LEU 
PHE 
VAL 
BANANA9 0  
B E S CAD 
BRA I N B  
BUFFALO 
CASSAVA 
CH I C KENY 
COCOMAT 
CRAB 
DUCK 
GAMET 
GNSHE L L  
GOOSE 
HA I RTA I L  
HEARTGOA 
HORSE 
K I DNEYBU 
LAN ZONES 
LAR I NTP I 
L I VERB 
L I VE RP I G  
LUNGP I G  
MARB RAY 
M I LKGOAT 
MUNGRE D  
PAPAYA 
P I  NEAP LE 
P ORK 
R I CE 
RS CAD 
SEAWE ED 
S I GAN I D  
SMI NTGOA 
SNAPP E R  
S P LEAVES 
S P LEENP I 
STOMB 
STRMACK 
SWPOT 
TOMATO 

TURKEY 
WHCORN 
YCORN 

F I B  
V I TA 
V I TC 
FOL I C  
METH 
THREO 
WT 
CCYS 
CTHREO 
H I  FAT 
LORI BO 

- 0 
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including the BOUNDS ( identified by M I X  lA ) • This NAMEd file 
could then have a S �RY printed to allow checking that all data 
had been I NP UT and that there were no punching errors and recognition 
of data deficiencies in the matrix (Fig . 3 .� ) . The data could also b e  
checked fully by MOVE in g the DATA LP l / WE and stipulating by 

PUNCH P R T I-ITER followed by the BCDOUT command that the 
data was to be  printed out on the line printer . All the data was punched 
out by column name with each row variable name and the respective 
coefficient in the same format as I NPUT cards . 

The DATA on this file was then MOVEd along with BOUNDS 

required and the objective function CO S T  which was to be M I N I M I  l E d . 

OPT I MI lEa t i on was then called and the program brought the 
data matrix through simplex type iterations until SOLUT I ON OP T I MUM. 

was reached and the solution printed on LPSOLUT I ON 

MOVE 
DATA 
BOUNDS 
M I N I M I Z E  

ENDATA 
OPT I MI Z E  
LPSOLUT I ON 
L P  ANALYS I S  

L P l /WE 
MI X lA 
COST 

command (Fig . 3 . 5 ) . 

Figure 3.5 Computer commands for optimization and post-optimization 

In order to shorten the time taken for optimization in similar problems ,  a 
starting solution could be used to begin the iterations .  Thus when a 
solution was obtained on an LPSOLUT I ON collliDand, it c ould be stored 
by SAVES OLUTI ON when a NAME , say, LPS OL l  was allotted 
to it. To shorten solution time the DATA of this solution could be 

RE STORE d 
(Fig . 3 . 6 ) . 

prior to the beginning OP T I MI lEa t i on • 
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MOVE 
DATA LP l/WE 
BOUNDS MI X lA 
MI N I M I Z E  COST 

ENDATA 
OPT I.MI Z E  
LP SOLUT I ON 
SAVESOLUT I ON 

NAME LPSOL l 
MOVE 

DATA LP l / WE 
BOUNDS M I X lA 
MIN IMI Z E  WE I GHT 

ENDATA 
RE STORE 

DATA LPSO L l 
OPT IMI Z E  
LPSOLUT I ON 
SAVESO LUT I ON 

NAME LPSO L Z  

Figure 3.6 Use of starting solutions in successive optimization operations 

Permanent change s to DATA and BOUNDS we re made 

u sing the REVI SE p ro c edure while temp o rary change s c ould be 

inve st igated with the MOD I FY op e ra t ion who se alterations only 

la sted the duration of that run .  If the se MOD I FYe d 

required p e rmanently in the data then they were REVI SE d  

chang e s  were 

into the 

NAMEd file or I NPUT into another NAME d file which c ould then 

be MERGE d with o ther file s when nec e s sary, p rior to OPT I H I Z E a t ] on 
The MERGE p rocedure s allowed sep ara t e  DATA fil e s  t o  b e  s to�d and 

comb inations of theiL tried out in any p rob lem w ithout chang ing the 

individual DATA fil e s . 

The LPSOLUTI ON rep o rt re corded the activ ity l evels of the 

raw mate rial s in the f o od mixture and t o tal c o st as well a s  the leve l s  of 

the nutrients and other row variables in the op timum s oluti on . 

There was al so a value for the RE DUCED COS T of each 

variable , which would be the COST change i n  the neighb ourhood o f  the 

op timum s olut ion if t he b ounds we re re laxed f o r  each variable who s e  activity 
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level lay at an upper o r  lower b ound in the s olution. Also  for variables 

not in the solution thi s indicated how much the cost of the variable would 

have to be reduced before entry into the solution. 

When a feasible s olution resulted a further rep ort,  an L PANALYS I S  

could b e  obta ined providing more information on the effect that co st 

change s,  availability change s or specification changes would have on the 

cost of the final blend and over what range of co st and activit ies the 

effect would be valid .  COST / UN I T  I NCREASE .and COS T  / UN I T  DE CREASE 

described the change in c o st ( of the whole mix ) of' chang ing a solution 

activity level in the neighb ourhood of the solution . This change would 

be valid up to the level of I NCREASE D  ACT I VI TY for unit increase and 

down to the level of DECREASED ACTI V I TY for unit decrease . 

LOWEST COS T  and H I GHEST COST would give the cost range wherein the 

solution activity of that variable would remain at the same level . If 

the cost changed to below the LOWE ST COST level then the activity 

level would change to that under ! NCREAS E D  ACT I VI TY whilst  if it 

exceeded the HIGHEST COST then the activi� level would b e  that of 

DE CREASE D  ACT I V I TY • 

LPPARAMETRI C allowed the effect of systematic change s of 

costs,  coeffic ients or c onstraints to be examined . The change s to occur 

would be I NPUT into a NAME d f il e  who s e  DATA would b e  

called 71ith the LPPARAMETR I C com.'lland . S�ipulat i.n6 in PARAMET REP ORTS 

the number of s tep s in thi s gradual change, an LPSOLUT I ON report wouli 
be g iv ,=;rl '3.ft er ea·:!h f'ea.:'>i.bls op ti:nizatl�n . Fo r example , decreasing the 

existing ::::alci.1m upper lim:. t of' 900 down to 550 in 7 step s of 5 0  

�culi be carried out with the seq1.1ence i n  Fig . 3 . 7 .  
C onditional control procedures I F  and I FN OT were available 

to allow bypassing of certain p arts of the instruction sequence in the 

event of a specified non-desirable occurrence e . g .  MAJ OR error,  

I N FEAS I BLE S OLUT I ON or UNBOUNDED S OLUT I ON • 



8 8  

I NPUT 
NAME PARCA 

UB M I X lA CA 5 0 . 0  
ENDATA 
MOVE 

DATA LP l /WE 
BOUNDS MI X lA 
MI N IMI Z E  COST 

ENDATA 
RES TORE 

DATA LPSOLS  
MOVE 

PARAMET RE P ORTS 7 . 0 
ENDATA 
LPARAMETRI C 

DATA PARCA 

Figure 3.7 Computer commands for parametric adjustments to data 

It was thus possible to use this computer program quite f'lexi.bly 

with caref'ul planning of' procedures and organization of' data to 

investigate variations of' any problem and their solutions with the linear 

programming technique . 

3 . 6  Ob�aining an initi��-�olutio� 

The complete linear programming model was input to the computer 

system but a f'easible s olution could. not be obtainer."!..  The artif'ic·•o l a 

variable s associated with equality constraints on the amino acids leucine , 

lysine , methionine and tyro sine and on pho sphorus could not be removed 

f'rom the starting conditions in the calculations .  This indicated that the 

equali� constraints on these variables were too restrictive . 

Releasing the amino acids f'rom their f'ixed constraints to lower 

bounds at these levels  and upper bounds equivalent to 1 50% of' the lower 

limit removed the artif'i�ial variables f'rom the solution, but the lower 

limit on f'olic acid. could not be attained . This adjustment of' amino-acid 

a .  These artificial variables are added automatical� by the computer 
system to some constraints,  particularly equality constraints ,  so 
that the solution method can begin ( see Appendix 1 ) . 
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bet·;veen 0 and + oo for the lower li:ni t ,  and in traducing 1 0 new rows, 
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D I  S O , DLEU . • • . •  DVAL defining the 1 5� egg pattern level s which were 

constrained between - oo 'and 0 to de scribe the upper limit s (See Table 

3 . 1 4  for description of these new rows ) . 

The folic acid level was 0 . 01 mg below the requirement of 0 . 1 8mg 

causing the infeasibility. At this stage, it was desired to meet all the 

mi�imum requirements to retain full nutritional adequacy, if this was 

possible . - so folic aci-i was retained at 0 . 1 8mg . Other nutrients were at 

their upper limits in this infeasible state . The upper limits were 

de signed to keep all nutrients around requirement levels for nutritional 

balance but did not represent anY nutritional maxima . It was justifiable 

then to release these nutrients constrained at their upper limits to try 

and remove the infeasibility . Thus the calcium, vitamin A and vitamin C 

upper bounds were relaxed to arb itrary limits of 900mg, 8000iu and 1 000mg 

respectively . The first feasible solution, Formula 1 ,  was obtained and 

is detailed in Table 4.1 . 

In compar.i.son to the constraints in the model orig inally laid 

down , this revised model had these modifications : 

1 .  Amino-acid levels were relaxed from being fixed at the egg pattern 

levels to being restricted within the range corresponding to 1 00 and 1 50 

chemical score based on egg amino-acid pattern .  

2 .  The calcium upper limit was raised from 553 to 900mg . 

3 .  The vitamin A upper limit was raised from 4450 to 8000iu. 

4 .  The vi tamin C upper limit was raised from 53 t o  1 000mg . 

In solving a linear programming problem, firstly artificial variables ,  

addP-i to start the solution process ,  are removed. If anY remain, then the 

problem is infeasible, the infeasib ility being caused by the restrictions 

associated with the retained artificial variable . In this p roblem, the 

.:, e 1uality constraints on four amino acids c ould not be satisfied.  If all .. 
. the artificial variables are removed, the problem may still be  infeasible 

·, .: :; if other upper and lower limit constraints cannot be satisfied .  Here the . · ··'·'· 
:_{,/folic acid lower b ound was inc ompatible with other model c onditions . 

The se infeasibility c onditions indicated how tight were the 

constraints in the model - equality constraints were more restricting .on 



Table 3 . 1 4  

Amino-acid 
constra i ned 

iso l euc ine  

leuc ine 

lysine 

meth i o n i ne 

cyst ine 

pheny l a l a n ine 

tyrosine 

th reon i ne 

tryptophan 

va l i ne 

New row variables added to the matrix to describe upper l im its on amino-acid pattern 

R elat i onsh ip 
ex p ression  

1 .  5x6 6  p rote i n  level 

1 .  Sx88 p rotein level 

1 .  5x64 p rotein level 

1 .  5x31prote i n  level 

1 .  5x2 4 p rotein level 

1 .  5x5 8 protein l evel 

1 .  5x42 p rotein level 

1 .  5x51 protei n level 

1 .  5x1 6 p rote in levd 

1 .  5 x7 3 prote in  l evel 

R ow var iab le  
name 

D I S O 

DLEU 

DLYS 

DMETH 

DCYS 

DPHE 

DTYR 

DTHRE O 

DTRY P  

DVAL 

l . O I S O 

1 .  O LEU 

1 .  O LYS 

l . O METH 

1 .  O CYS 

1 .  O PHE 

1 .  O TYR 

C olumn 
elements 

- 9 9 . 0PROT 

- 1 3 2 . 0 P ROT 

- 9 6 . 0PROT 

- 4 6 . 5PROT 

- 36 . 0 PR0T 

- 8 7 . 0 P R0T 

- 6 3 . 0PR0T 

1 .  O THRE O - 7 6 . 5 PR0T 

1 .  O TRYP - 2 4 . 0PR0T 

1 .  OVAL - 1 0 9 . 5PR0T 

R estr ict ion 
l ower u pper  

- <X> 0 

- <X>  0 

- <X> 0 

- <X>  0 

- <X> 0 

- <X> 0 

- <X> 0 

- <X> 0 

- <X>  0 

- <X> 0 

1.0 0 
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the feasible area than range constraints which were more re stricting 
than open-ended lower bound constraints .  Thus the initial model was 
extremely restricting with fourteen equality constraints and six narrow 
range constraints on nutrient levels .  

Once i t  was seen that tight constraints caused infeasibility in 
a model , it would be wiser to initially consider the least severe 
re strictions that c ould be tolerated in order to achieve feasib ·L lity .  
I t  would be particularly necessary to  reduce the number of  e quality 
constraints . When a solution was obtained, gradual introduction of more 
sP vere re strictions could be inve stigated in order to return to a s  near 

the original requirements  as necessary for a satisfactory model • 

.. · ···: .. 1' � : r t( 

, .  • I  



9 2  

CHAPTER. 4 

THE EFFECTS OF PROBLEM DATA MODIFICATION IN THE LINEAR PROGRAMMING MODEL 

To obtain the initial feasible solution, several nutritional 
constraints had to be relaxed, and it was therefore necessary to develop 
the model further so that the nutriti:mal ob jective s could be more clo sely 
met .  In the course of this development , investigations were made of the 
effects of altering nutritional constraints ,  raw material co sts ,  
nutritional compo sition data and also the variety of raw material s .  These 
modifications repre sented the type s  of alterat ions which could be expected 
for a dynamic nutrition model . The value of the linear programming system 
for guiding the modifi::::at :l.ons and indicating the sensitivity of the model to 
change was ob served . 

In the linear programming model , the factors which c ould be 
modif'ied were : 

1 .  Matrix columns . The raw material list could be  augmented or shortened 
accoroing to the availability of raw material s at a particular time , or for 
particular formulation requirements . The removal of  raw material s from the 
list and later addition of new materials were both c onsidered . 
2 .  Matrix rows . The number of nutrients considered could be extended or 
shortened according to  the number of nutrient specifications for the food 
b·= ing designed. Thi s  modification was not inve s tigated, since it was 
fundamental to this research that requirements be c onsidered for as ma� 
nutrients for which information was available . The constraints on the 
rows ( the nutrient specifications ) could be changed for different 
nutritional requirements and f'or modifications in the development of a 
model , such as  this one ,  in which original nutrit ional constraint s c ould 
not be met .  I n  this model , s everal nutrient constraint change s  were 
investigated.  



3 .  Matrix co effiG ient s .  The c o st and nutri tional comp o s it ion data 

could be revised regularly s ince c o st s  could alter from time to t ime 
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and more repre sen tative nutrit ional analys i s  data could become available . 

In this inve s tigation, change s to b o th c os t s  and nutrient c omp o siti ons 

we re conside red . 

The effe ct of making change s on row c o nstraints and c o s t  

coeffi� ient s could b e  e stimated from po st-optimal analysis of any fea sible 

sc luti: m .  Thi s  analysi s provide s inf ormat ion of the magnitude of change s  

in each variable level that can be tole rated without altering the solut ion 

mix . Such information is valid only for change in a s ingl e  variable . The 

value of thi s information for model development is discu ssed . 

The modifications are de scribed in the sequence in which they we re 

inve s tigated, for ease in f ollowing variable change s from s olution to 

sol ution. Matrix column change s are de s crib ed in sections �. 1 , for 

removal of raw material and al s o  in � -� for extens ion of the raw material 

li s'; matrix row change s of nutri tional c ons traint s in �.2 ; and matrix 

coeffic ient change s in �.3  for comp o s i tion data change s and in �,5  for 

co s t  data change s .  

A linear p rogramming model t o  select raw mate rial s with 

satisf'actory nutritional balance was thu s develop ed and s imultaneou sly 

the capab i l i ty of the techniqu e ,  for dealing w ith modificat ions of the 

1 ·  · type s  de scribed, wa s inve st igated . 

J+ o 1 Matrix column modifi cation - the effect of removing a 

raw material from the data file 

E xamination of the Formula 1 ( in Table �.1 ) mixture ind icat ed 

that the raw material s �d i sh and sEi� yam were req:1ired at very high 

levels - 2 �  and 3� re sp e ct ively of the total mixture weight .  The 

inco rp oration of high level s of yam in a food formulation would not be 

exp ected to be dif'ficult a s  such material is generally bland-flavoured 

and star0hy and would probably p rovide a good f'oundation fo r formulatio n .  

Rac�!_sh, however, is a fibrous ,  sp icy vegetable which c ould prove 

overp owering and diffi cult to blend with o ther materials in a food mixture . 

S o1:1e modification c ould perhap s b e  made to the model to l imit the 

concentration o f  highly flavoured material s  in the mixture s .  

The p o st-optimal analysi s report for Formula 1 indicated that raw 

I 



Table 4.1 Nutritional and I'IW meterial compositions of feasibla solutions 94 

Nutrient content forrT'I.III 1 Formula 2 Formula 3 Formula 4 Formula 5 Formula 6 Formula 7 Formula S Formula 9 Formula 10 Formula 11 

calories (kcal) ' 2.1!10 241CJ .. 2 -4 "1 0  ... 2A 90 -'2.-47 0  ... 241 0 2.4 10 ... '2.4 70 &. 2410 &. 2.0.JO a. 2030 
protein (g) 4 9. 4  .. 49 . . ... 4- <:l - 4  L + 9 - ll  +9. 4- .. H . 'S  5"1 . )  5 3 . 4- �2 . 4  +9. + .. +9. <4-
fit I lgl 49 .4- 5'4 .! � 7 4 . b s"". 4- .. S"t. . J  �4 .9 .. H. 9 .. s � . ,  .. S"4 .9 .. 45. 1 

.. 13-5 
fibre (g) 1 !>. 0 . I S".o • I S. o  I 0.  4. I S' . o  • 1 5 . 0  • 1 5 .0 • 1 5. 0  b 1 S. o  b 9-1:> \5.0 b. 
calcium lmg) 900 . 9oo • 1 0 0  I. !  I 700 . 100 .. 100 b 7o o • 100 • 1 00 .. 700 b phosphorus (mg) 'lo o  • c:too c 1 05"0 b 'l 2 1o  • I O:'fob I OSO .. 1 050 b 1 050 b 1 050 b 1 0 50 .. r oso " 
l<on (mg) 11.1 '2.1 .'1 '17.1. 1.1. 4- 3!>.7 J ( .Q :z.r.,. b 3 1 . 7  3S". O 2..4.4- 35.3 
vitamin A (iu) lo 25o"' 11 o5o 12 I SO 7 1.50 / 4  7So 1 oSo 1 '2.  7.50 5 "100 1. 1.!1""0 l o oSe 1 Soo 
thiamine (m g) r .ot' 1 -'14 . 1 . '14 ' / .'15' 1 . �7 I. S'4- 1 .�2 1 . 35 1 .4· 1  1 . 3 0  1 . 4 1  
riboflevin (mg) l.otc I. 24 • 1 -14 . 1 -25' I .• 7 l . t.':l 1 . 55 1. 2+ .. 1 :7.'8 1.7.� l .oS 
niacin (m g) 1 4.1..1! ((.,.'!, • I lD.� .c. l t.. 4• u •. a .. 1 1. .3 .. IC. .?.  ... 1 1. -3 .. 1 1... 1. .. 1 3. 4- .. 13.4 L 
vitamin C (mgl '140 :!>10 320 5 1 0  ) I Q  1 '5 0  s r..o 3 s o  31 0 3 1 0  200 
vit.-nln 86 (mgl l .b\ 3 . 10  1..11 5.�\ 2.n 5.84- 1.2.b 3.o!) 3.o1 2 . 1 5  1 . 1 7  
vitamin 8 1 2  (mgl o.o l 1 o . ot '!>  o .ooi O . c07 o . oo9 o .o to 0 . 0 1 1.  o.oo1 o. oo9 o.oof o .oo) 
pantothenic fmgJ 2.4. 1 . 4 1 0- 0  q , 'l_  1 1 . 2  1 5 . 4  l o . b  1 '2. 1.,  1 3.1 / o . l (, .9 
folic acid I m g) 0 . 1 1  .. O. l ll '- 0 - l i!  .. 0 - l 'i!  .. o . l 'i!"- o . 1  'i! '- D-1.1 0.1.1. o .z.o 0 . 1  BA. o.1  g"-

isoleucine (CS)• 1 10 9o �0 .. sS" .. 'i!S .. 11.(o'- 15 ._ 15 ... 'iS' .. liS' .. 75 ._ 
leucine ICSI 1;o 1 09  lol l OO b 1 00 b l o o b �'il l oo �> l oo "' q g  qo 
lysine I CS) 1 '5" 0 .. l'lD " 1'10 " 1 00 " l oo " l o o  " 1 0 0 1>  I OO "' too" 1 o o " 100 b 
methionine ICSI l OO  a. 'ilo .. 'i!?. �lo liS "' !11.4'- 'l) 90 90 93 15' .. 
cystine (CSI t oo .. 'i!o � 20 L 'i!S .. ss .. 1CJ .. &5 .. l o o " % l!S .._ 15 .. 
phenylalanine (CSJ l OO �  8" i'i 91 91 lOO b 11! 'lZ. 91 95 85 
tyrosine (CSI 1 2q n 114- q'l_ 'liD qlo tb 'iS ._ 'i!S' .. ss o. 71o 
threonine ICSI lo�  �'l �� '15 'H· 9� 95 'lO 91. 90 110 
tryptophan I CSI 100 4. io .. Ho ' �5 .. 94 9o 15 "' 115 "- 'SS ._ 1 5 "' 7S._ 

valine (CS) l OS' 'll 19 9o '!'/, '13 'i!S a.. jq 'lo 'li n 
COlt ISUSI 0.�1. o.�o O-H o.4o o.�o 0.57 o.1o1 o.34 0-'\2 0.2.(., o.n 
weight (gl I G I �  1 199 11 /'l  LoQS' I 'l l ?.  l'lo4 lHS 2o'l1 2 121 1 '1 5! 1 1 40 
chemical score l o O  '0 'iD l!S' 'iS" 'ill! 'i!) 8$' liS 'il4 15 

Raw material content (g) 

avocado tlo1. 1 2.�.(, 2.'\9-9 2.4 H 
banana, bungulan 1 4 4 . '\  S�l- C. 11o'l . l  
banana, gloria l.C. I� 4 :; l i 2.. 1 %1b. � btood (beef) f.) 1;.4 '1.-9 
brain (buffalo) 7 7 · 0  / 11. 4  2.3.5 7.0.9 
cabbage, chinese (petsay) - 2 llo.5 5114 1 4 9 . 1  I H .'l 1 1.4 1 21 - 0  1 05 . 4- n1.1 1 13 . 1  
coconut, mature / 5. ?>  I o q . �  � � - 1  1 1  ')'.'! Io S. S' n . g  12.1 l 'i!'l-2. 
corn, white 1 . 1.  4:5'. 4- 1 1 0 . 1.  
cottonseed 21.5 
eggs {hen) So. I s;.'l I 24.9 IH.3 • 9 ? .2. 1 47 .7 1 1 1 .9 l l lo .4 1 41. .1 
goose meat 11. t. lolo-4-
groundnut 2.!..7 
grapefruit 5i1.'1 
intestine, large (beef) 'i u. U.(, 31 .� q,Q n .ll I 0 -1 l.4.9 
intestine, small (buffalo) - '1 2 -5 fo.l. 2.7. 4 
lime 2.1C. .4 3o1! . 1  �U.o 
liver {beef) l 'l.'l.. /.C., 
liver (buffalo) �-0 l l .'i! 3.9 1.7 :5.5' 
liver (lamb) l .'l c.s 
liver (turkey) 1.; 1 � .1 
marbled stingray (fishl l l . f  3.7 1 1 . 1  1 2 .2 3o.1 
milk (buffalo) 9 3 .4 
milk (cow) t /. 1  
onion 1 4�-0 l5C..4 3o.'S 1 1 5.9 
papaya 3.1 
Pllinut • · 9  S.<J )o-5 
radish +lq.s- 41 \ . 2.  314.3 2. 14.5 3b1S 
rice, brown 5'1-l 45'-l., 43.7 
rice, glutinous l3'J.i ·��-6 13.1 41-0 11-fo 150.1 l o4.? 1 1 3 .  4. 1 21- ID 
rice, polished 1.-5 3 1 .9 to.'i! �1 -2 �� .1_ 
seaweed (garnet) 4o.% 
shrimp, small lb.S 
sugar, raw 1 3 .1 1 o . o  c. A �gar cane juice 2%-1 lq$. 4 � � g.l 1r..> l t..o.9 
sweet potato �s.o 35$.� lolq.S' l.'i!l- 'i :Z.1 'i! - 7.  
yam, spiny 1.1S.I 224.S 2:ZJ .9 �21.7 %q.q 1111-'i 11.1-� 13o.3 913.4 +ol. "1. 
yellow fin tuna 10 -0 
L Held et low., bound 
b. Held lt UPJ)M bound 
� Held by equelltv ..,triction 
d. Rounded up to neernt 50 iu. .. Amln�ids exprnted as for chemicel tcore · J*"cent of corr11pondlng wninc>ecid l...,el in egg protein . 



material activity ranges were not too tight.  However, a reduction in the 

level o� radish by 1 1 . 5g to 41 8g was possible with increased cost . 

Reduction below this wouli cause a change in the s olution mixture . What 

this change would be was not indicated in the analysis report ,  but it 

would. be seen in the removal o� radish . This was the simple st methdd· . Oi' 

ensuring that rad.ish did not dominate any solution. 

4 . 1  . 1  Indicating the sensitive conditions in the model 

The removal o� radish caused i�easibility .  The model conditions 

could not be satisfied without this raw material . The problem was seen to 

be  with the arti�icial variable a ssociated with the protein . 

Since there was no indication �rom the i�easible solution report 

o� how this  problem occurred, calculations were made o� the contribution 

each raw material made to the nutrient levels in each solut ion.  Such 

calculations were made (using the computer program in Appendix 5 ) , on the 

raw materials in Formula 1 and on the raw materials in the i�easible 

solution obtained when radish was removed. Table 4. 2 describe s this  

i�ormation �or  the most sensitive nutrients - calorie s ,  protein, calcium, 

vitamin A ,  vitamin C and �olic acid. The se nutrients were mo st �requently 

held at their bounds in Formula 1 and the i�easible solution . 

Radish provided its greatest contributions to vitamin C ( 5o%) and 

�olic acid ( 24%) in Formula 1 .  I t  had lesser e��ect on calc ium ( 1 �) and 

much lower contributions to  calories (4%) and protein ( 5%) . When radish 

was removed, other materials were introduced - banana(bungulan) , �' 
��� and shrimp - but all nutrit ional conditions could not be satis�ied. 

It  would seem then that radish was required to provid.e mainly �olic acid 

with minimum contribution to calcium, calories and protein. The �olic 
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acid constraint had beer.. the mo st expensive nutrient constraint to meet, 

hence the value o� a rich source o� thi s nutrient to the model.  Calcium 

had been hel d down by an upper constraint , hence the value o� materials low ' 

in calcium to the model . Calories and protein both de�ined 

interrelationship s with other nutrients , and since several o� the se 

nutrients were at their lowe st limits ,  then raw matarials also low in 

calories and protein were desirable in the model . Radish was particularly 

r.� suitable to satis�y all these sensitive conditions in the model . 
� 

Although this analysis gave some insight into the value o� radish 



Table 4.2 Contributions of foods to selected nutrients in mixtures 

Raw mater ia l  Contr ibut ion to var iab le l evel (%) 

Formu la  1 

banana (g lor ia ) 

b l ood (beef) 

coconut ,  m a tu re 

i ntesti ne, l a rge (beef ) 

l ive r (beef) 

l iver ( lamb ) 

marb led ray (fish ) 

m i l k  (buffalo )  

m i lk  (cow) 

papaya 

rad ish 

rice, g l u t i nous 

yam, sp i ny 

sugar cane ju ice 

sweet potato 

I nfeas ib le  sol uti on 

anchovy 

banana (bungu I an ) 

banana (g lor ia) 

b l ood (beef) 

eggs (hen ) 

i ntest i ne, l a rge (beef) 

l iver (buffalo) 

marb l ed ray (f ish ) 

m i l k  (cow) 

on ion 

orange 

papaya 

sh r imp,  sma l l  

yam , sp iny 

ca lo r ies p rote in  ca lc ium v i tam in  A v i tamin  C fol ic 

0 . 1  

0 . 3  

2 . 1  

14 . 5 

1 . 0  

0 . 1  

2 . 4 

5 . 3  

2 . 5 

0 . 1  

4. 2 

2 3 . 7  

35 . 2  

5 . 0  

3 . 5 

100 . 0  

1 . 1  

41 . 2  

5 . 0  

0 . 4  

7 . 6  

14 . 4  

0 . 1  

1 . 0  

1 . 3 
0 . 8  

2 . 7 

0 . 4  

1 . 2  

22 . 9  

100 . 1  

0 . 1  

1 . 3  

1 . 2  

6 . 5  
7 . 7 

0 . 8  

2 3 . 8 

10 . 2  

5 . 5  

0 . 0  

5 . 2  

19 . 5  

16 . 4  

0 . 5  

1 . 2  

99 . 9  

10 . 0  

1 8 . 4 

1 . 9  

2 . 1  

24 . 4 

6 . 3  

0 . 4  

9 . 8  

2 . 7  

1 . 2  

1 . 9  

0 . 2  

10 . 4  

10 . 4  

100 . 1  

o . o 

o . o 

0 . 5  

0 . 9  

2 . 5 

o . o  

20 . 3  

22 . 4  

12 . 4  

0 . 1  

1 5 . 3  

2 . 6 

1 5 . 8  

3 . 6 

3 . 5  

99 . 9  

15 . 2  

11 . 7  

1 . 5  

0 . 1  

8 . 4 

0 . 9  

0 . 0  

8 . 8  

6 . 6  
1 . 4  

9 . 0 

0 . 5  

2 5 . 5  

10 . 5  

100 . 1  

0 . 3  

0 . 1  

o . o 

0 . 3  

6 8 .  8 

15 . 4  

0 . 1  

2 . 4  

1 . 7  

0 . 3 

0 . 3  

0 . 0  

0 . 5  

o . o  

9 . 8  

100 . 0  

0 . 4  

2 4 . 7 

14 . 7  

0 . 3  

29 . 5  

0 . 5  
2 0 . 5  

0 . 1 

1 . 5  

0 . 0  

3 . 2  

2 . 0  

2 . 1 

0 . 6 

100 . 1  

0 . 2  

o . o 

0 . 2 

1 . 1  
2 . 2  

0 . 3  

0 . 2  

0 . 8 

0 . 7  

1 . 4  

44 . 9  

o . o 

39 . 5  

0 . 5  

8 . 1 

100 . 1  

0 . 2  

62 . 4  
3 . 7  

o . o  

0 . 3  

0 . 7  

0 . 1  

0 . 1  

0 . 2  

0 . 4  

12 . 3  

4 . 1 

o . o 

15 . 8  

100 . 3  

0 . 1  

0 . 1  

2 . 4  

o . o  
2 8 . 7 

3 . 0  

22 . 8  

0 . 2  

0 . 1  

0 . 4  

2 3 . 9  

7 . 8 

7 . 5 

o . o  

3 . 1 

100 . 1  

8 . 1  

5 3 . 3 

5 . 1  

0 . 1  

4 . 6  

o . o  
2 . 7 

9 . 9  

0 . 1  

1 . 9  

6 . 8  

2 . 1 

0 . 4 

5 . 0 

100 . 1  

cost weight 

0 . 2 0 . 1  
o . o 0 . 3  
0 . 4  0 . 8  

10 . 3  3 . 4  
2 . 7  0 . 9  
0 . 3  0 . 1  

9 . 6  4 . 3  

10 . 2  4 . 9  

10 . 4  4 . 3 

0 . 1  0 . 2  

1 8 . 7 22 . 5  
1 1 . 6  7 . 3 

2 3 . 1  35 . 3  

1 . 1 12 . 9  

1 . 4  2 . 9 

100 . 1  100 . 2  

2 . 3  

40 . 5  

3 . 9  

0 . 1  

9 . 5  

7 . 4  

0 . 2  

3 . 0  

3 . 9  
2 . 2  

10 . 4  

0 . 5  

5 . 2  

11 . 0  

10 0 . 1  

1 . 4  

45 . 2  

4 . 3 

0 . 4  

4 . 8 

3 . 1  

0 . 1  

1 . 7  

2 . 0  
1 . 6  

11 . 5  

0 . 9  

1 . 6  

. 2 1 . 3  

99 . 9  

9 6  



in the food mixture , it did no t really explain the infeasib ility found 

with the protein artificial variable . The protein artificial variable 

had magnitude of 2 . 8 ;  this meant that the amino-acid constraints were 
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met by a protein level corresponding to �9 .�g but only when the total 

protein in the raw materj_als selected was actually 52 . 2g .  With the raw 

materials available , the amino-acid constraints could not be met so that 

their relationships  with protein could be satisfied. These relationship s 

defined a range of 1 00-1 50Jb egg pattern ; methionine , cystine , 

phen�ylalanine and tryptophan were limit ing at the lower bound and lysine 

at the upper bound . The value of radish in the model also seemed to- lie 

with its amino-acid pattern. 

The contributions of the major consti tuents of Forrrn;la 1 and the 

infeasible solution to the levels cf the li�iting amino acids were 

examined to investigate how withdrawal of radis.E could have caused such 

infeasibility (Table 4- .3 ) . 

Table 4.3 Percent contribution of selected foods to l imiting amino-acid levels 

Formu la  1 

i n test i ne, l a rge (beef) 

marb led ray (f ish ) 

rad ish 

yam , sp iny 

I nfeas ib le  so l u t ion 

banana ( bungu l an)  

eggs ( hen ) 

sh r imp,  sma l l  

yam, sp iny 

lysi ne 

17 . 0  

37 . 8 

4 . 3 

1 3 . 8 

9 . 3  

1 8 . 6  

8 . 7 

9 . 2  

meth ion i ne 

6 . 1  

34 . 0  

2 . 8  

16 . 8  

1 3 . 3 

26 . 9  

9 . 7  

10 . 8  

cyst ine pheny la lan ine tryptophan 

11 . 1  

12 . 6  

40 . 2  

15 . 4  

2 4 . 3  

2 5 . 9  

5 . 6  

10 . 3  

4 . 3 

22 . 2  

7 . 2  

26 . 9  

14 . 7  

2 5 . 3  

7 . 4 

1 7 . 9 

4 . 5  

2 .8 . 6  

2 . 2  

2 5 . 6  

15 . 8  

2 3 . 8 

7 . 6  

1 7 . 1 

Radish was the major source of cysti.ne for Formula. 1 .  At the 

sa.llie time , it ha.d a low contribution to the lysine level . When radish 

was removed the major sources  of the limiting amino acids - �' banana , 

spin,Y yam - all had high contributions to the lower limiting amino acids 
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but at the expense of having high contributions to lysine . Radish was 

required then to maintain the amino-acid balance ,  by providing high 

amounts of an amino acid l imiting at its lower bound, cystine , and 

contributing poorly to an amino acid in rich supply and constrained at 

its upper bound, lysine . 
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Radi sh seemed to have been a key raw material in this model . It  

provided high levels of  folic  acid and cystine , nutrients who se lower  

limits were difficult to attain, together with low contributions to 

calories ,  calcium and lysine - nutrients which were difficult to ccnstrain 

at the upper limits . Removal of radish caused the balance to be disturbed 

and conditions could no longer be satisfied. Contributions analys is 

indicated the sensitive constraints which could be changed to relieve the 

conflict ; 

1 .  Allow lower levels of folic acid and cystine 

2 .  Allcw higher levels of calories ,  calcium and lysine . 

Chan!es in constraints to achieve feasibilitl• At this stage foli c acid 

and calcium constraints were not changed. Folic was a defined lower 

requirement and the calcium upper bound was already much higher than 

desirable . If possible , these conditions had to be achieved in the 

mixture .  Lowering the cystine limit would reduce protein quality. The 

p resent lower limit on amino acids defined protein with qualHy similar 

to egg protein. Lower quality could be tolerated without greatly 

affecting the nutritional value cf the total mixture . Since any one of 

the amino acids at its lower limit would define the same protein quality, 

then reduction of all amino-acid limits would have the same eff'ect as 

simply reducing cystine . Amino acids were constrained within the range 

80-1 2o% egg pattern levels . Therefore the range was also tightened to 

retain control of the overall amino acid pattern and the lysine level 

was not raised further. 

A::o. well as  raising the upper bounds on calories ,  those of p rotein, 

vitamin A and vitamin C were also raised - in fact all were raised to 

infinity .  This was partly t o  allow ease in obtaining feasibility by 

pennitting higher level s of raw materials with large c ontributions to 

these nutrients . These raw materials might also provide folic and 

limiting amino acids . Also ,  as was indicated in the last  chapter, the upper 

bounds were included to keep nutrient levels balanced around their 
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requirement level . They could be removed since they were not required 

f'or any nutritional reason. High levels of' vi t&.min A and vitamin C could 

be tolerated as these were labile nutrients .  I n  order to keep calorie s 

and protein levels in check, protein calories were set at a minimum of' 8% 
of' total calories ( 88 ) .  The lower bound on calories was also increased 

tc �70 ,  both to bring in raw materials rich in calories and also to 

f'crce higher levels of' thiamine , niacin, f'at and iron, which were expected 

to reduce the cost (analysi s on Formula 1 ) . This  corresponded to the 

maximum calorie level cons istent with lower bound f'or protein of' 49 .4g . 

The changes made were then : 

calorie s lower bour.d increased to 2470,  upper bound removed 

protein upper bound removed ; relationship included to maintain 

p rotein calories at least as � of' total calories 

vitamin A 

vitamin C 

amino acids 

pattern 

upper bound removed 

upper  bound removed 

range constraint changed to between 80 and 1 20}6 of' egg 

With thene changes ,  a f'easible solution resulted - Formula 2 in Table 4 . 1 . 

Nutritionally the mixture was s imilar to Formula 1 except  f'or higher 

calories ,  ve� much increased vitamin A level and a poorer quality protein .  

Folic acid was again the most expensive constraint to meet ( reduced cost 

-0 .035 ) but much less so than in Formula 1 .  All the limiting amino acids 

dropped down to their lower bounds except lysine which remained at the 

upper bound . 

Foods which contributed highly to vitamin A and calories 

provided maj or contributions to  the f'olic levels . This was the case f'or 

chinese cabbage and � potato . They al so provided calcium at high 

level::. which limited the amounts included, Cystine was primarily 

p rovided f'rom beef' lar� intestine , and onion and all other limiting 

amino-acids f'rom � and glutinous rice contributions . 

This less re stricted model provided a least-cost mixture at 

$ 0 . 02 less  cost , 1 00g less bulk but with some loss to nutritional balance . 

4 . 1  . 2  Discussion 

In setting up a linear programming model f'or raw material selection 
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according to nutritional criteria , it is  important t o  c onsider a wide 

variety of food raw materials .  The actual materials included in the list 

may determine the nutrient conditions which can be satisfied.  In this 

case , much effort was required to adjust the ffiodel when one food raw 

material , radish, was removed from the list, as  this material was found 

to contribute particularly to sensitive nutrients in the model.  Other 

material s may not have been as critical . There was a need. for a means 

of identifying the critical raw materials ,  so that the model could be 

developed to a less delicately balanced s tate and removal of raw materials 

did not cause conflict . The linear programming reports did not p rovide 

direct ·information on which raw materials were most critical for the 

delj cate balance between nutrients and raw materials evident in the model 

except in terms of co st . For example from post-op timal analysis of 

Formula. 1 ,  the cost of the mixture was mo st sensitive to change in the 

level of beef blood., - reducing the solution level of 5 .3g down to 5 . 1 g 

would have increased the cost by 0 .051 cents per gram. The effect of 

radish was less - 0 .01 0  cent per gram, in reducing level from 429 . 5g 

down to 41 8 .0g.  This information was of little value in indicating the 

sensitivity of the model , when such a drastic effect was obtained in 

removal of radish, a seemingly insensitive food from the information given . 

The nutrient constraint sensitivity information was much more 

useful in indicating the state of the model but again the value o� this 

information was limited - since only the mo st costly nutrient constraints 

were identifi ed . The presence of many constraints at their bounds with 

high cost effects would indicate a model very sensitive to change . In 

Fo�ula 1 ,  the model did not appear very sensitive on this criterion ­

on1y 1 4  of the 36 constraints were at their limits (7 at lower bounds,  

3 at upper bounds , 4 as  equali ties)  with �olic acid being the only 

expensive constraint . It  was necessary to make investigations beyond 

the solution reports of the linear programming system. 

The calculation of contributions to nutrient levels for each 

food raw material in a mixture when used together with the linear 

prcgramming report indicating the limiting nutrients identified these 

critical raw materials as tho se contributing highly to limiting nutrients .  

So �or �olic acid, the limiting nutri ent , beef liver, marbled sting ray 

and radish were the key foods : reducing the leve1 of one o� these 

required that conditions be changed to allow high levels of one of the 



othe �s in order to achieve the folic level . For example , reduction 

in beef liver would perha:? S have required a relaxation of the upper 

bounl on calcium to allow the possible inclusion of higher amounts 

of marbled sti� ray to achieve the folic level.  

This was a fairly s imple approach . It did not indicate how 

sensitive the model was ,  but pointed to p ossible key foods �or the 

sensitive nutrients . The whole model was too complex to understand 
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i:he effects of individual raw materials on all the nutrient const.caints . 

This system however coul•i guide the modifications necessary when 

considering column variable or raw material changes . It  was an attempt 

to provide more practical information in model development than was 

provided by the basic linear progr�mming system. This was a major 

drawback in the system, since much time and expense was required to 

rectify the infeasible situation caused when a change was made in the 

variety of 0olumn variables " in the model . Further research should be 

instigated to provide a more direct procedure for this  purpose ,  but 

this .was oubith the area of investigation of this the sis . --

4 . 2  Matrix cons traint modifications - the effect •Of va� 
n'.ltritional constraints 

Examination of the last solution (Formula 2)  indicated a 

mixture with high cal�ium levels ,  high vitamin A,  and a poorer quality 

protein than initially specified. In improving the se nutritional 

lev9ls ,  some increases in cost were to be expected. Relaxation of the 

tieht equality restrictions on phosphorus,  thiamine , riboflavin and 

niacin coul:l reduce costs and achieve a less restricted model . This 

section describe s the effects on cost and nutritional balance of 

mixtures when such nutritional constraints were adjusted. 

4 . 2 . 1  Minimizing the cal�ium level in the mixture 

The minimum level of calcium which could be tolerated in the 

model was found by changing the ob jective to minimization of calcium. 

The cost was merely summed to provide the total cost of this mixture . 

Cal�ium at the level 532mg was found to be the lower limit. 

The cost had increased by $0 . 22 and the weight by 700g over the Formula 

2 value s .  Vitamin A was reduced to 41 50iu, fibre to around 7g and, of 



course , phospho��s to 532mg . I soleucine became a limiting amino acid , 

while cystine ro se above the lower l imit .  

The maj or raw material was bana� (bungulan) which contributed. 

tc all nutrients ,  but several animal orfal materials were required to 

p rovitie tra0e vitamins and amino acids with minimum erfect on calci um. 

�� � replaced hen �� a s  an ami::w-acid and vitamin A source due to 

the lower calcium content in the duck species .  
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Po st-optimal analysi s  of thi s  nutrient minimization problem gave 

information on the sensitivity or the solution to calcium compo sition 

data . The ' costs ' in the output referred to calcium levels . 

1 .  The mo st ' co stly ' constraint was roliG a c id.,  rollowed by 

thiamine , riborlavin and protein .  In the case or r olic acid and pro tein ,  

reducing e ither o f  the ir lower limits by one unit would reduce the calcium 

by -�5mg and 5mg re spec:tively.  Lowering either thiamine or riboflavin 

re strictions by one unit would rurther reduce calcium by 44mg a nd 1 0mg 

respectively. Increa se in niacin and pho sphorus levels would rurther 

reduce calcium slightly . The amino aciis at the ir limits - i soleuc ine , 

methionine , p henylalanine and tryp tophan at the lower limits and lys ine 

at the U?per limit - would each cause slight reduct ions in calc ium ir 

b ou::1oiary re strictions were relaxed . 

2 .  Inclusion or raw material s in the solution in many cases was 

sub ject to tight limits on their calcium content ( see Table 4 .4 ) . This  

implied that the accuracy of  the rood �omposition data had to  be much 

greater than was p o ssible because or sample variation and accuracy or 

analysis .  For example, a change in calcium c ontent or banana (bungulan) 

rrom 1 1 .0mg ( quoted) to 1 1 . 03mg per 1 00g would al ter the solution, yet 

the accuracy or calcium estimations wa s to  the nearest milligram. 

Similarly , several roods were excluded rrom the s olut ion ror 

only small dericiencies in calcium content which probably couli not be 

justified by the accuracy of e stimation ( see Table 4. 5 ) · 

I t would s eem that thi s technique was too p recise for the data 

available , with such a sensitive s olution. The precis ion indicated 

could never be p o ssible in this type or problem, s ince the re will never 

be a single accurate rigure ror each variable because or the varietal 



Table 4.4 

Raw materia l 

Critical calcium compositions of raw materials in  calcium 
minimization solution 

Amount 1 n  Ca lc ium content Range of ca l c i um content 
solu t i on  fo r  raw materia l to  

rema in  i n  solu t ion  at the 
def i ned l evel 

g mg/ 1 00g mg/ 1 00g 

banana (bungu lan)  1 5 38 . 3 1 1 . 0  10 . 36 - 1 1 . 0 3  
eggs (duck )  34 . 9  71 . 0  65 . 02 - 71 . 52 
i ntest ine ,  l arge (beef ) 65 . 2  1 3 . 0  12 . 32 - 16 . 5 8  
l iver (beef) 1 . 5 1 30 . 0  12 8 . 6 8  - 1 35 . 55 
l u ngs (buffa l o )  57 . 2  20 . 0  12 . 37 - 20 . 13  

· p i neapp l e  22 3 . 6 1 9 . 0  1 8 . 9 3  - 19 . 80 

pork  5 2 . 9 6 . 0  2 . 79 - 7 . 88 
r ice, g l  ut i  no us 15 . 0  1 7 . 0 16 . 91 - 1 8 . 66 
seaweed 398 . 4  62 . 0  6 1 . 83  - 6 3 . 12 
yam, sp iny 90 . 1  2 1 . 0  19 . 9 5 - 2 1 . 06 

and seasnnal diffe rences in raw material compositions . 

Another defect in this  op timization of a single nutrient was 

that although it was possible to do it for every nutrient in turn, 

conclusions would only be valid for each in,lividual situation and could 

not be taken into account with sensitivity information found in o ther 

nutrient opti�izations . Thus it was no t possible to asse s s  the 

sensitivity of the model t o  precision of all the comp o sitional data . 
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The precision dema�1ded by the linear p rogramming method, both in 

sensitivity and als o  in expres sion of comp o sition and specifications data, 

is a problem in a nutrition model where such information is  inherently 

imprec ise . However, this may not be too critical in this  model . Firstly, 

in cost optimization, the precision of the nutrient compos ition would not 

be as critical since sensitivity would be based on cost data . Secondly, 

a precise solution is not required, rather a guide t o  selection of raw 



material s with specified nutritional prop erties .  

Table 4.5 Critical calcium compositions of raw materials excluded from the 
minimum calcium solution 

Raw mater ia l  Ca lc ium content Red uced ca lc ium content Amou nt wh ich cou ld be  
requ i red in order t o  inc luded i f  cal c i um 
enter the  so lut ion content l owered 

mg/ 1 00g mg/ 1 00g g 

banana (g lor ia )  15 . 0  1 4 . 62  66 . 0  
b l ue-spotted ray (fish ) 2 5 . 0  2 3 . 00 3 . 0 
gi zzard, ch ic ken 1 8 . 0  1 7 . 78 18 . 4  
ch ico (starapp le )  32 . 0  29 . 5 4 1 35 . 9 
lemon 1 8 . 0 11 . 61 81 . 6  
l ime  1 7 . 0 10 . 70 129 . 0 
marbled ray ( f ish ) 2 2 3 . 0  200 . 5 4 3 . 7  
orange 33 . 0  2 5 . 9 1  7 8 . 1 

papaya 2 3 . 0  1 7 . 77 30 . 5 
sugar cane ju ice 1 3 . 0 8 . 5 3  195 . 2 

watermel on  8 . 0 3 . 09 68 . 4  

Stepwise variation of the calcium constraint 

Since the mixture �ith calcium at the minimum level had 

increased the cost substantially, the c o st of mixtures with calcium 

level s between this minimum of 532mg and the upper bound of 900mg 

were determined using parametric linear programming . Thi s permitteQ 

systematic change of any coefficients in the problem by a constant 

amount in each optimization step , the optimizations being carried out 

continuously without having to reset the problam. Starting from the 

Formula 2 solution with the upper bound on calcium at 900mg , the 

constraint was decreased by 50 units in seven step s down to 550mg . A 

feasible solution was obtained at each stage . The nutrient levels in 

the solutions are shown with tho se of Formula 2 and the minimum 

calcium solution in Table 4 . 6 .  

The calories ,  prote in and calcium were always at a bound and 
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Table 4.6 Nutrient levels in solutions with stepwise variation of calcium 

Nutrient 

calo ries (kca l )  

p rotein (g ) 

fat (g) 

f i b re (g) 

ca lc ium (mg) 

phosphorus (mg) 

i ron (mg) 

v i tam in  A ( iu)  

th iamine (mg) 

r iboflavin (mg) 

niacin (mg) 

vitamin C (mg) 

v i tamin  86 (mg) 

vitamin  8 1 2  (mg) 

pantothenic acid (mg) 

fo l ic  acid (mg) 

isoleucine c 
leucine 

lys ine 

meth ion ine 

cystine 

phenyla lanine 

tyrosi ne 

th reon ine 

tryptophan 

val i ne (mg) 

cost ($US) 

weight (g) 

a. Held at lower bound. 

b. Held at upper bound. 

Formu la 2 

2 4 7 0a 

4 9 . 4a 

5 4 . 9  
1 5 . 0b 

9 0 0b 

qoo 
2 7 . 2  

1 fl u 4 o  
1 .  ? 15 
1 .  2 3 5  
1 6 . 3 0  

3 6 7  

3 . 1 0  
0 . 0 1 3  

B . 4  

0 . 1 Ba 

90 

1 0 9  

1 2 0b 

BOa 

BOa 

B 3  

9 7  

9 9  
B Oa 

9 3  

0 . 300 
1 7 9 9  

850 

2 4 7 0a 

49 . 4a 

5 4 . 9  
1 5 . 0b 

B 5 0b 

B 5 0  
2 7 . 2 

1 6 9 1 0  
1 .  2 3 5  

1 .  2 3 5  
Hi . 3 0  

3 B 4  
3 . 9 7  

0 . 0 1 1  
B . 3 

0 . 1 Ba 

B9 

1 0 7  
1 20b 

BOa 

BOa 

B4 

96 
97 
BOa 

9 3  

0 . 3 0 6  

1 B 6 1  

800 

5 4 . 9  
1 5 . 0b 

B OOb 

B OO 

2 7 . 2 

1 5 6 3 0  

1 .  2 3 5  
1 . 2 3 5  

1 6 . 30 
3 5 5  

4 .  2 4  
0 . 0 1 2  

7 . 9  
0 . 1 Ba 

')0 

1 0 B  

1 2 0b 

B Oa 

B Oa 

B 3  

9 B  
1 0 0  

B Oa 

9 5  

0 . 3 1 2  

1 B 5 6  

ca lciu m u pper l im i t  (mg) 

750 

2 4 7 0a 

4 9 . 4a 

5 4 . 9  
b 1 5 . 0 

7 5 0b 

7 5 0 
27 . 2  

1 6 7 20 

1 . 2 3 5  
1 .  2 3 5  
1 6 . 3 0  

3 7 B  

5 . 1 0 
0 . 0 1 1  

7 . B  
0 . 1 B 9  

BO 

1 0 5  
b 1 2 0  

B Oa 

B Oa 

B 3  

97 
99 
B Oa 

9 5  

0 . 3 1 9  

1 9 1 7 

700 

2 47 0a 

49 . 4a 

6 2 . 1  
b 1 5 . 0  

7 0 0b 

7 0 0  

2 7 . 2  

1 6 5 7 0  

1 .  2 3 5  
1 .  2 3 5  
1 6 . 30 

3 5 9  
5 . 5 1 

0 . 0 1 0  
6 . 9  

0 . 1 B 6  

B B  

1 0 2  

1 2 0b 

BOa 

BOa 

B Oa 

9 6  

9 B  
8 1  
9 2  

0 . 3 2 9  
1 9 2 9  

650 

2 4 7 0a 

49 . 4a 

5 B . 7  
1 5 . 0b 

6 5 0b 

6 5 0  

2 7 . 2 

1 5 0 5 0  

1 .  2 3 5  
1 .  2 35 
1 6 . 3 0 

3 5 0  
5 . 5 2 

0 . 0 0 9  
6 . 1  

0 . 1 Ba 

B 5  

1 0 0  

1 2 0b 

BOa 

B Oa 

BOa 

9 7  
9 9  
B 3  
9 2  

0 . 3 4 7  
2 0 2 5  

c. Amino acids expressed a s  percent corresponding amin�acid level i n  eg g  pattern. 

600 

5 B . 9  
1 5 . 0b 

6 0 0b 

6 0 0  

27 . 2  

1 3 6 2 0  

1 .  2 3 5  
1 . 2 3 5  
1 6 . 3 0  

3 B 9  
6 . 6 2 

o . o o o  

5 . B  

2 0a 

F'1 

1 2 0b 

BOa 

B Oa 

BO a 

9 5  
1 0 0  

BOa 

9 1  

2 ? 0 9  

1 0 5  

min imum 
calc ium 

550 

2 4 7 0a 

49 . 4a 

5 4 . 9 
6 . 0a 

5 5 0b 

5 50 
24 . B  

9 3 0 0  
1 .  2 3 5  

1 .  2 3 5  
1 6 . 3 0  

3 6 9  
7 . 0 7  

0 . 0 1 0  
6 . 1 

2 4 7 0a 

4 9 . 4a 

6 B . 5  
6 . 6  
5 3 2  

5 32 
2 6 . 8  

4 1 5 0  

1 .  2 3 5  

1 .  2 3 5  
1 6 . 3 0 

4 7 6  
B . 40 

0 .  0 1 1  
6 . B  

0 . 1 Ba 

1 0 0  9 9  

. 1 2 0b 1 2 0b 

B Oa BOa 

B0-'1. B 3  
B Oa BOa 

9 6  9 B  
1 0 1  1 0 0  

B Oa BOa 

9 1  B B  

0 . 4 6 0  O . 'i 1 fl  

2 2 4 3  2 4 9 2  



folic acid levels fluctuated slightly from the lower bound throughout 

the changing re stri8tions on calcium. Vitamin A decreasei steadily and 

vi tamin B6 increased s teadily as  the calcium level decreased. The 

limiting amino acids , methionine , cystine and tryptophan remained 

limiting and were j oined by isoleucine and phenylalanine at the lower 

calc ium levels . The c ost rose sharply when the cal cium level dropped 

below 700mg (Fig .4 . 1 ) .  

Inclusion of raw materials in the solutions became more 
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dependent on low c ontents of calcium and high cont':!nts o f  :folic acid a s  

the calcium constraint was lowered. An increase in the banana spe cie s  

(gloria) with lowering of calc ium c ontinued until the calcium level 

became too re strictive and the other  banana species (bungulan) , with 

lower calcium concentration, was included .  Banana had high contributions 

to several nutrients e spec ially folic acid, the mo st limiting cons traint . 

High calcium and folic contents explained the steady Jecrease in chine se  

cabbage (petsay) and sweet potato a s  the calcium restrictions became 

tighter. This brought in seaweed to make up the calcium content ,  the 

folic acid co�tributions being dominated by the high amounts of banana 

in the solution ( see Table 4.7) . 

From this investigation, the level of 700mg for the upper limit 

on calcium was selected as be ing the mo st satisfactory to reduce the 

cal::: ium content of the mixture . Thi s mixture was only $ 0 . 03 more costly 

than Formula 2 ;  fewer nutrient constraints were difficult to meet , 

particularly folic acid and tryptophan ; any further reduction in calcium 

caused the cost t o  rise steeply. 

Relaxation of pho sphorus constraint 

Post-optimal analysis  of Formula 1 indicated that savings in co st 

could be achieved by increasing the ratio of pho sphorus to calc ium. 

Similarly, post-optimal analysis of the calcium minimisation experiment 

indicated that increas ing the ratio would lower calcium levels .  The refore 

if the phosphorus/calc ium equality was relaxed, it was exp ected that 

cheaper solutions, more freedom in the selec tion of raw materials and 

lower levels of calc ium would result.  

Pho sphorus equival ent t o  1 5Q% of the calcium level is  held to be  

the maximum sati sfactory (90 , 9 2 , 94) . A parametric experiment was designed 
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Table 4.7 Percent contribution of selected raw materials to calcium and 

folic acid levels with stepwise variation in calcium 

Calc ium upper Raw material Percent  contr ibut ion to 
const ra i n t  ca l c i um fo l i c  ac id 

900 cabbage, ch inese 3 7 . 0  2 6 . 2  
sweet p otato 2 2 . 5 1 9 . 8 

850 cabbage, chi nese 3 9 . 3 2 5 . 3  

sweet potato 2 2 . 9 1 9 . 0 

banana (g lo ria) 6 . 6 20 . 7  

800 cabbage, ch inese 38 . 7  2 3 . 4  
sweet potato 1 6 . 8 1 3 . 1 
banana (g l  ar ia )  9 . 1  2 6 . 9  

750 cabbage, ch inese 4 2 . 5 2 2 . 9  
sweet potato 1 8 . 8  1 3 . 1 
banana (g l o ria )  1 3 . 5 3 5 . 7  

700 cabbage, ch inese 46 . 9  24 . 0  
sweet p otato 1 0 . 9  7 . 2 
banana (g l o r ia) 1 7 . 0  4 2 . 7  

650 cabbage, eh i nese 48 . 6  2 3 . 9  
banana (gl ar ia )  1 8 . 7 45 . 0  

600 cabbage, ch inese 4 1 . 6 1 8 . 1  
banana (g l o ria) 2 1 . 0 44 . 7  
banana (bungu lan )  4 . 4  1 2 . 6 

550 cabbage, ch i nese 8 . 4  3 . 5 
banana (g lo ria ) 16 . 4  33 . 3  
banana (bu ngu lan ) 1 2 . 0  3 3 . 2 
seaweed 34 . 4  0 . 0  

532 banana (bu ngu lan )  3 1 . 8 8 5 . 4  
seaweed 4 6 . 4  0 . 0 



to investigate the effect on the minimum cost,  of gradual relaxation 

of pho sphorus levels from fixed at 1 0q% of calc ium levels ( the pre sent 

constraint ) to range between 1 00 and 1 5� of calcium levels .  An upper  

b ound for  the relationship was defined by H I P CON = P - C A  4 0 

The parametric  adjustment altered the coefficient of CA from 1 . 0  to 

1 0 9  

1 . 5  in 5 stages . The lower bound remained defined by PCON = P - CA � 0 

H I PCON could vary from - a:o to 0 and P CON from 0 to + a:o 

but the calcium upper limit of 700mg was retained. Thus the effects 

could be  ob served of increasing pho sphorus levels whilst retaining a 

satisfactory relationship between calcium and pho sphorus . 

In each parametric step , both calcium and pho sphorus remained 

at their upper limits .  Folic acid was again limiting and became 

slightly more expensive to maintain at its minimum level,  a s pho sphorus· 

increased. Calories ,  protein, cystine and tryptophan remained at their 

lower bounds throughout and lyslne at its upper limit . 

The imp ort�nt raw materials for pho sphorus were sweet potato ,  

glutinous rice , � and onion (T�ble 4 .8 ) . In the early stage s ,  

materials were included which contributed well to calcium, phosphorus 

and folic acid - banana ( gloria ) , � and glutinous rice . As higher 

levels of pho sphorus became possible , still with re striction on calc ium, 

materials with eithe r balanced calcium and pho sphorus levels and high 

folic content, or rich pho sphorus contributions gradually replaced the 

earlier dominant materials .  So banana , � and glutinous rice were 

replaced by onion, coconut and goo se meat . Sweet pot�to dominated 

thro�ghout as it had balanced calcium and pho sphorus levels  with high 

folic acid. 

The effect on cost was examined in Fig.4 . 2 .  There was a gradual 

fall in cost as the relationship between phosphorus and calcium was 

relaxed, but no t as dramatic a s  that f ound in the calcium experiment . A 

sub stantial reduction in cost of $0 . 056 over that of Formula 2 was 

p o ssible by allowing an upp er phosphorus limit of 1 5� calcium (Formula 3 ) . 

This range for phosphorus of between 1 00-1 5Q1o the calcium level was 

nutritionally satisfactory and was incorporated in the model at this  stage . 

Further slight savings in cost could have been p os sible with relaxation 

of thiamine , riboflavin and niacin re strictions ; below 980mg phosphorus , 

lowering the thiamine and niac in and rais ing of rib oflavin re stri cti9ns 



Table 4.8 Percent contribution of selected raw materials to calcium,  1 1 0 
phosphorus and fol ic acid with relaxation of the calcium to 
phosphorus relationship 

Phospho rus  range Raw mater ia l  Percen t contr ibut ion to 
relat ive to 
calc ium l evel ca lc ium phosphorus fo l ic ac id 

1 00% banana (g l  ar ia )  1 7 . 0  2 1 . 6  4 2 . 7  
eggs (hen) 9 . 2  2 2 . 3  3 . 7 
r ice, g lut i nous 2 . 3 1 2 . 7 5 . 0  
sweet potato 1 0 . 9  9 . 9 7 . 2 

so lut ion level (m g) 7 0 0  7 0 0  0 . 1 8 6  

1 00- 1 1 0% banana (g lo r ia )  9 . 1  1 0 . 5 2 3 . 6 
eggs ( hen) 8 . 4  1 8 . 5 3 . 5 
o n i on 1 . 9  3 . 2 2 . 2 
rice, g lut i nous 3 . 6 1 8 . 4  8 . 3 
sweet potato 1 3 . 6  1 1 .  3 9 . 3 

so lu t ion level (mg) 700 7 7 0  0 . 1 8 0  

1 00-1 20% banana (g l or ia )  4 . 7  9 . 6  2 . 0  
eggs ( hen)  7 . 0  1 0 . 8  8 . 0  
rice, glu t i nous  5 . 6  2 6 . 0  1 2 . 8  
sweet potato 1 4 . 2 1 0 . 8 9 . 7  

so lut ion  level (mg) 700 840 0 . 1 8 0  

1 00-1 30% eggs ( hen) 4 . 5 8 . 4  1 . 9  
on ion 9 . 4  1 3 . 5 1 0 . 8  
rice, g lu t inous 5 . 1  2 1 . 9  1 1 . 6  
goosemeat 0 . 5  6 . 2  0 . 8 
sweet potato 3 7 . 3 2 6 . 2 1 1 . 6  

solut ion  level (mg) 700 9 1 0  0 . 1 80 

1 00- 1 40% coconut, matu re 1 . 9  4 . 6 7 . 4 
eggs ( hen) 4 . 6  8 . 0  1 . 9  

onion 1 1 . 5  1 5 . 3 1 3 . 2 
rice, glu t inous 3 . 8 1 5 . 2 8 . 7  
goosemeat 0 . 7  9 . 0  0 . 8 
sweet potato 5 0 . 6 3 3 . 0 3 4 . 5 

solu t ion  level (mg) 700 9 8 0  0 . 1 8 0  

1 00- 1 50% coconu t. matu re 4 . 4 9 . 9  1 7 . 1  
eggs ( hen) 5 . 7  9 . 2 2 . 4  
on ion  1 2 . 5  1 5 . 4  1 4 . 2 
rice, g lut i nous 1 . 8  6 . 7  4 . 1 
goosemeat 0 . 9 1 1 . 1 1 . 1  
sweet potato 5 1 . 3 3 1 . 2  3 5 . 0  

so lut ion level (mg)  7 0 0  1 0 5 0  0 . 1 8 0  
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were required ; above 980mg phosphorus increases in both thiamine and 

ri�oflavin became de sirable and the reduction in niacin became less  

imp ortant . The se effects were inva stigated later. 

4 . 2 .4 Adjus tment of amino-acid levels 

In Formula 3, lysine lay at the upper limit of 1 20% and 

isoleucine , cystine and tryp tophan at the lower limit of 8Q% egg 

pattern levels ,  defining a chemical score of 80. Higher quality 

prote in could be achieved both by raising the amino-acii lower bound 

ani by tightening the range spec ifications,  to define a more balanced 

amino-acid pattern .  Investigation was therefore made of how clo se 

the amino-acii levels �ould approach . the target pattern of egg protein 

and of the consequent cost and prote in quality changes .  

The change s in protein quality were followed directly by the 

chemical score index and by several other parameters of prote in quality 

which lent themselve s to  mathematical calculation : 

1 .  Essential amino-acid index (EAAI ) .  Thi s is  an index of pro tein 

quality based on the probab ility of each amino acid being available for 

pro te in synthesis  and is calculated as the geometric mean of the ratio 

1 1 2  

of each amino-acid level to the egg protein amino-acii level calculated 

as for chemical score above ( 1 1 0) .  I t  gives a higher index of prote in 

quality than the chemical score . It  indicate s only the degree of balance 

of the amino acids relative to the standard egg protein pattern, but 

omi ts the limiting amino acid concept,  which is p robably more important 

in determining pro te in quality . 

2 .  E/T ratio .  The ratio of total es sential amino acids to tot al 

amino-acid cont ent indicate s the level of non-essential amino aciis in 

the protein ( 88 ) . An amount of non-e ssential nitrogen must be supplied 

in the diet in order to achieve synthe sis  of nitrogen compounds and 

proteins in the bo�. Although such a level has not  been specified, 

comparison of this  ratio for the mixtures with that of other proteins 

ind�cates whether the E/T ratio is satisfactoFJ e . g���rote in with 

E/T = 3 . 2 is considered rather high while cassava with E/T of 1 . 3 i s  

considered low .  

3 .  Biological vaL1e ( BV)  and protein efficiency ratio ( PElt) . The se 

are biological mea surements of prote in quality and are determined by 

feeding experiments .  BV indicate s  biological quality for maintenance 



and PER, biological quality fo r growth requirements .  Regres s ion 

expre s sions were available to link b oth b iological BV and measurements 

of PER with amino-acid compos itions of proteins ( 1 1 1 ) .  

BV = 32 . 831 - 0 . 07897 ( isoleucine ) + 0 . 03628 (leucine ) + 
0 . 06267 (lys ine ) + 0 . 021 71 ( sulphur amino acids ) 
0 . 01 69h- ( aromatic amino acids ) + 0 . 02649 ( threonine ) + 
0 . 20899 (tr.[ptophan) + 0 . 01 048 (valine ) - 0 . 00079 (non-essential 
amino acids ) ( r = 0.707 ) 

1 1 3  

PER = -1 . 2689 + 0 . 00237 ( isoleacine ) - 0 .00046 (leuc ine ) + 0 . 00214 (lysine ) 
+ 0 . 00249 ( sulphur amino acids ) + 0 . 0001 8 ( aromatic  amino acids ) 
+ 0 . 00033 ( threonine ) + 0 . 00587 ( tryptophan) + 0 . 00462 (valine ) ( r = 0 . 742 ) 

These indices measure different a spects of p rotein quality , 

based on ami�o acid composition . They were used in conjunction with 

chemical score to give some indication of the relative changes in mixture 

p rotein quality with adjustment of amino acid level s . A short computer 

p rogram was written to calculate all these parameter� - CS ,  EAAI , E/T ,  

B V  and PER - for each so1_�t:h�� from amino acid and protein levels 

(Appendix 6 ) .  

F irstly ,  the high levels of lys ine were brought down to the index 

level 1 00 by reducing the upper bound constraint from 1 20 .  The othe r 

conditions remained as  for Formula 3 .  All the amino acids lay within the 

80-86 index range except for leucine and lys ine at 96 and 1 00 re spec tively. 

J s oleacine , methionine , cys tine and trytophan were l imiting . The chemical 

score did not alter, but all other protein quality parameters fell 

slightly due to the fall in lysine and leucine level s .  C alories and 

protein remained at their minimum level s and folic acid became more 

expensive to attain :at its lower limit.  Calcium fell bel ow it s upper 

bound for the first t ime . The co3t increased by $ 0 . 026 . There were few 

change s in the raw materials selected. The maj or effect was the large 

red·.1ction in sweet  potato content, together with a les ser drop in goo 3e 

meat content . There were increase s in glutinous �' � yam, and 

� to c ompensate for this . Sweet potato and goose meat would have been 

reduced due to their high contribution to the lysine . Glutinous rice , 

spiny yam and � had their lowest contributions to lys ine but the ir 

highe st to the limiting amino acids . 

Rai sing the lower bounds on amino acids up to the 1 00 level was 

then inve stigated us ing the parametric technique . The maximum lower 
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bound was found at the 85 level , as  shown for Formula 4 in Table 4 . 1 . 

I soleucine , methionine , cys tine and tryptophan were all limit ing at the 

85 level while leucine and lysine were held at the upper 1 00 level . The 

chemical score increased to 85 and the EAAI , E/T and PER indices  
al l had values similar to  Formula 3 .  The increased level s of  the lower 

limiting amino acids had thus counteracted the fall in leucine and lysine 

level s in these indice s .  The exception was in BV which was reduced due to 

the lower lysine content . 

As  the amino-acid limits were increased, folic acid again became 

more expensive to achieve at it s lower bound. Calories and p ro tein 

exceeded their lower bounds in Formula 4. The se were probably forced. up 

to  allow the amino acids to UJ�e up their highe r levels ;  both calorie s 

and protein were at the minimum level of the protei�calorie relationship 

of � to tal calorie s as protein. Calcium was again below it s upp er limit . 

Vitamin A was sub stantially reduced from previous exce s sive level s .  The 

co3t increa sed to $0 .402 , an increase of $0 . 1 5& over Formula 3 .  

Large amounts of banana (bungulan) , lime and spiny yam togethe r  

with an increased level of � were included in the mixture . Lime 

contributed mainly to vitamin C and folic acid. with a balanced but low 

contribution t o  amino-ac id levels .  I t  l'las more difficult t o  as sess  

reasons for raw material change s since ten lower bounds were changed 

simultaneously.  However, as isoleucine , methionine , cys tine and 

tryptophan were most often limiting , foods which contributed highly to 

any of the se would be expected to increase . This was shown for banana 

(bungulan) with it s high contribution to cystine ; � was imp ortant as a 

high contributor to  all the limiting amino acids but e specially the 

sulphur-amino acids , methionine and cystine ; and spiny yam was imp ortant 

as a source of tryptophan. Since the'se were the major raw materials ,  and 

they contributed highly to the levels of the limiting amino acids , it 

was assumed that the reason for no further imp rovement of the amino-ac id 

pattern in the model , lay with these material s .  Examination of Table 4 . 9  

sho wed that banana (bungulan) had its highe s t  contributions t o  vitamin B6 

(70 .6%) , folic acid (41 .4%) and vitamin C (36 . J,%) . The c onstraints on 

all the se nutrients would not prevent more banana c oming into the 

solution since vitamins B6 and C had no upper bound, and folic  acid was 

held at its lower bound. However, the high contributions to niacin ( 31 .7%) ,  
riboflavin ( 1 7 . �/o) and thiamine ( 1 7 .9%) which were re stricted by equali� 
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Table 4.9 Percent contribution of selected raw materials in Formula 4 

Percent contr ibut ion to nutr ient l eve ls by:  

banana (bungu l an )  eggs (hen )  yam , sp i ny 

ca lo ries 28 . 4  8 . 2  2 3 . 8 

p rotein 1 4 . 9  3 1 . 1  1 2 . 7 
fat 5 . 4  24 . 8  0 . 5 
f ib re 2 1 . 4  0 . 0 4 0 . 6 
ca lc ium 1 3 . 3 1 5 . 0  1 8 . 0  

phosph orus  1 2 . 9 24 . 3  2 1 . 1  
1 r on  1 3 . 6 1 2 . 8  3 2 . 8  

vitam in  A g , g  1 8 . 3  0 . 3  
th iamine 17 . 9  7 . 0  34 . 0  

r ibof lavin 1 7 . 9  3 9 . 1  8 . 5  

n iac i n  3 1 . 7  0 . 8 1 9 . 3  

vitam in c 36 . 3  0 . 2  1 3 . 9 

vitam in  86 7 0 . 6 2 . 6  1 0 . 8 

vitam in  8 1 2  0 . 0 7 1 . 5  0 . 0 

pan tothenic acid 2 1 . 1 2 1 . 8  3 6 . 3 

fol ic acid 4 1 . 4  5 . 6  5 . 9  

isoleuc ine  8 . 5  34 . 8  1 6 . 8  

l euc ine 9 . 0  3 1 . 1  1 8 . 6  

lys ine 1 0 . 7 3 3 . 8  1 6 . 1  
meth ion ine  1 2 . 5 3 9 . 5  1 5 . 3 

cyst ine 2 2 . 0 3 7 . 0  1 4 . 0  
p henyla l an ine  1 2 . 5 3 3 . 8 2 3 . 0  

ty rosine 1 1 . 3 3 3 . 5 2 0 . 9  
threon i ne  1 1 . 7  3 2 . 7  1 8 . 8  

tryptophan 1 4 . 3 3 3 . 9  2 3 . 4  
va l i ne 1 0 . 3  3 2 . 5  1 7 . 9  

weight 3 5 . 5 6 . 0  2 5 . 2 
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cons traints ,  probably explained why higher levels of banana (bungulan) 
could not be tolerated.. Similarly � ' hai high contribut ions to 
riboflavin and also to leuc ine and lysine (both at their upper bounds ) . 

For spin� yam, maj or contributions were al so made to niacin and thiamine 

as  well as leuc ine and lysine . 

I t  app eared that the t ight re strictions on thiamine , riboflavin 

and niacin covered by the e quality relationship with the calorie level , 

p revented further increase . in amino-acid levels . Calories were not able 

to increase as this would have required an increased protein level which 

probably could not be tolerated with the demands on the available amino 

acids . Although the se three major raw material s were sele cted in an 

attemp t  to suegest reasons why no further improvement was po ssible , the 

whole dynamic state of the model,  the interrelationship s of the constraint s ,  

nutrients and raw materials were too co mplex to explain fully . 

Po st-op timal analysis of Formula 4- confirmed that all the raw 

materials were in tight activity range s and tha t  the selection of raw 

materials was no t cost sensitive ; the constraints were the sensitive 

f�ctors . The folic acid lower limit and the e quality constraints were 

the mo st expens ive to attain: reduction of the folic acid constraint would 

save $ 2 . 23 per mg ; reduction of the niacin constraint would save �0 .08 
per mg ; increase in the thiamine and riboflavin would save $0 .90 and 

$1 . 1 1 per mg respectively. 

Any of · t.he se change s would have to occur :i.ndividually in order 
that such sav� ngs would re sult . Thi s  i nformation suggested that 

sirnul taneous change s in the se c onstraints shoulci proJ.uce substantial c ost  

sa:v : ng s  actO. at the same t ime allow higher quali ty protein to  be  ie si gned 

in the mo<leJ . 

4-. 2 . 5  Relaxation o f  thiamiLe , riboflavin and niacin constra ints 

The e quali ty constraints on the re spective relationship s between 

thiamine , robiflavin,  niacin and calorie s were altered to lower b ound 

c onstrain ts . The lower botu1ds were at the same level a s  those previously 

fi:xed by the equality constraints . Niacin should have been reduced to 

make the model le s s  re strictive but thi s  was overruled by the a im to keep 

nutrient s at  least at their minimum requirement if a feasible solution 

was p o ss ible .  Similarly, the folic ac id constraint was not reduced. 



1 1 7  
The re sulting solution (Formula 5 in Table 4 . 1 )  produced a. 

co st  saving of $ 0 . 1 03 over Formula  4- .  Folic acid w a s  the only expensive 

nutrient to achieve but at lower cost ttan previously . Calories ,  protein ,  

niacin , isoleucine , methic.nirle and cystine were at their lower l j  mi ts 

whih.t fibre , calcium, phosphorus,  leucine and lysine were at the ir upper 

l:�it s .  Vitamin A had increased to exce ssive level s.  There was no effect 

on r-·rote ::.n qualHy indices ,  except f or slight increase in BV due to the 

higher level of tryptophan, the maj or variable in the regre ssion. 

Tllere were a fevr change s in the raw materials sele cted.  The 

mi:x ture included very high levels of s;pi.:1Y' yam with the um·-e stricted 

contribution to thiamine ; increase s in � and petsay with high 

contributions to riboflavin ; and Q'2�Ednu�, liv�!: (buffalo ) and sugars 

to make 1;p the balance of nutrients . The higher content of thiamine and 

lower content of niacin in ban�p._2: ( gloria) could explain it s replacement 

of ban£1-E-!:- (bungulan) in this solution. 

4-.2 .6 Further adjustment in amino-acid levels 

With the model in this less re stricted state , further increases 

in amino acid levels were studied. Prelj minary experiments of 

maximizine; expre s sions relating the limiting amino-acids isoleuc ine, 

methionine , cystine and tryptophan, indicated that : 

1 .  I soleucine reached the level of 89 when maximized by itself . At the 

sarr£ time , methionine , cystine and tryptophan remained at thei r lower 

li�its equivalent to the index 85 . 

2 .  Methionine and cystine attained maxima of 95 and 99 when a function 

ex1_: re sdne their total was maximized. Under the se condit ions tryp tophan 

achieved the level 94- but isoleucine remained limiting at 85 . 

3 .  Methionine achieved a maximum of 88 .4- , isoleucine 88 . 5 ,  cystine 89 

and tryptophan 90 .7  when a function SUMAA = !SO + METH + CYS + T RYP 
wa s maximized , a s  the lower bound on all amino-acids was raised 

parametrically . Upper b ounds were lowered simultane ously for the se 

aru:.no-acids to allow all level s to be raised without a high contribution 

to the maximum from any individual amino-acid. The lower bound on all 

other amino acids was at the level 89 . 

With all conditions a s  in Formula 5 ,  except for lower bounds 

on methionine at  88.4 , isoleucine at 89 , and 89 on all other amino-acids 
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a raw material mixture (Formula. 6 in Table 4-.1 ) was obtained with a 

cost of' almost double that of' Formula. 5 .  I soleucine ,  methionine and 

cystine were at their l ower bounds and leucine , lys ine and phenylalanine 

at the 1 00 level . Me thionine was the limiting amino acid in the protein ,  

which had a chemical score of'  88 . PER and EAA.l increased with the 

higher amino-acid levels ,  but BV decreased sl ightly, p robably due to the 

f'all in the level of' tryptophan in Formula 6 .  Calorie s ,  niacin and f'olic 

remained at their lower bound s .  Calcium and pho sphorus remained at the ir  

up�er bounds . Protein moved above its lower bound to permit the highe r 

amino-acid level s .  Vitamin A was obtained at a more acceptable level . 

Compared to Formula. 4-,  the raw materials with maj or contributions 

t o  the limiting amino acids - � and � yam were able to increase 

without the restrictions on ribof'lavin and thiamine . However banana 

(bungulan) decreased, due probably to re strictions on f'ibre , calcium and 

pho sphorus . The major  ef'f'ect was the introduction of' high levels of' 

f'ruit - �cado , lime and grapef'ruit in Formula 6 . Avocado and lime 

provided signif'icant c ontributions to the limiting niacin and amino acids . 

Lj me was also a major provider of' f'olic acid,  anothe r limiting nutrient . 

��pef'ruit provided f'olic acid but did not have a� ma jor ef'f'ect  on 

amino acids . 

I t  was deduced that no f'urther imp rovement to amino acid level s 

was pos sible since the major amino acid contributors - � ' spiny yam 

and banana (bungulan) were re stricted f'rom increasing by their high 

contributi ons t o  any or all of' f'ibre , calcium, pho sphorus ,  leucine and 

lysj ne ,  nutrients which were held at their upper bounds . 

In comp arison with Formula 5 ,  ( see Table 4- . 1 ) the nutritional 

imp rovements were in lowering the level of' vitamin A and ra ising the 

p rotein quality.  Thi s was achieved at considerable cost anQ with 

mixture weight increase of' almost  one k ilogram. The mixture s olution 

consisted mainly of' seasonal f'ruits :  banana , lime , grapef'ruit and avocado 

with over 60% of' the total weight of' the mixture . There£' ore the large 

extra cost f'or Formula 6 was not warranted over the lower cost f'or 

Formula 5 .  

Conclu sion 

Several nutritional constraints were thus considerably modified 



in developing the mcdel to the conditions of Formula 5 ,  at some 

sacrifice t o  the t ight nutritional balance of Formula 2 .  However, the 

higher nutritional value of Formula 5 ,  in terms of lower calcium, lower 

vitamin A, highe r thiamine and riboflavin and improved prote in quality, 

wa s achieved at no extra cost. 

The linear programming system was found to be part icularly 

suitable for inve stigation of change s in such nutrient constraints . 

Limiting constraints were directly indicated in solution reports and 

reduction in cost, p o ssible through adjustment of· the se co nstraints ,  

wa s deta iled i n  RE DUCE D COST in solution reports without requiring 

the exten sive and expensive po st-optimal analysis report to be obtained. 

Thi s  rep ort however wa s necessary to indicate sensitive raw material s 

and nutrients in soluti ons . 
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Optimization of nutrient levels gave the additional informa t ion 

of how sensi tive a solution was to the raw material compo sition data for 

tho.t nutrient . It was found that the precision of this information was 

much h igher than could be  expected_ of the data . This  d id not discount 

the technique as an excellent method for selection of raw materials . The 

precision of sensi tivity information although indicat ing a model very 

·sensitive to sometime s minute coefficient change s ,  should probably be 

ignored, when applied to particular raw ma terials .  

Parametric linear programming was also found particularly useful 

as  a means of evaluating the effect of different constraint levels of a 

single nutrient and also simultaneous change s in several nutrient 

constraints • 

. The info�ation on the contributions of raw materials in solutions 

to the nutrient levels  was found valuable in indicating why certain 

materials were selected and al so which materials were lim ited by the 

constra ints in the model . 

4 . 3  The effect o f  altering coefficients in the matrix 

Corrections were made to  several coefficients of raw material s in 

the Formula 6 matrix . The se were in the main, corrections to  punching 

errors but also included_ reci·lculation of amino-ac id levels f or � yam 

and large inte stine (�) . The change in � yam coefficients , which 



was a major correction of 4Q% reduction o� the previous levels , was 

expe cted to affect the model conditions as �i� yam was the major  raw 

material in the mixture . Large inte stine (beef) , al so in Formula 6 but 
----- ----

in a low amount, had major  change s to non-limiting amino-acids so this 

could al so have some effect on the model . The other chang e s ,  excep ting 

minor changes  to grapefruit and rice , were to materials no t present in 

Formula 6 (Appendix 7 ) . 

When the se change s were made in the model, the con�itions of 

Formula 6 could no t be met ,  but the les s  str:imgent c onditions for 

Formt:.la 5 were still achievable , although at double the previous cost 

(Formula 7 in Table 4 . 1 ) .  Nutrient levels were quite similar to those 
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in Formula 5 .  Calorie s ,  fat and niacin were at their lower bounds while 

fibre , calcium and pho sphorus were at the ir upper bounds .  These nutrients 

were relatively inexpensive to maintain at these limits . Protein wa s well 

above its bound ; iro� and v itamin A had decreased slightly while vitamin C 

had increased almo st threefold. Of the amino acids ,  i soleucine , cystine , 

tryptophan and valine were limiting and only lysine was held at th e upp er 

·oound. There were slight reductions in all protein quality parameters 

but essentially there was no change in p rotein quali� . 

The raw material s were e s sentially tho se of For�ula 6 .  High 

levels of fruits - banana (both spe cie s ) , lime and avocado - were 

required to push up the amino-acid level s with minimum effect on nutrients 

at upper bounds . Spiny yam wa s notably at much lower level than in Fo�ula s 

5 and 6 ,  due to its lower contribution to amino-acid and folic levels 

together with its high effects on restricted nutrients ,  fibre , calcium 

and pho sphorus . Offal material s - brain (buffalo ) and small inte stine 

(buffalo ) were introduced t o  provide concentrated source s  of amino acids . 

They also contributed to the high folic acid level which exceeded its 

lower bound for the first time . 

The effect of this  change in coefficients was to a certain extent 

predicted-nutrients at lower bounds were reduced in supply,  the refore the 

lower bound was  expected to be unachievable . However a le ss  obvious case , 

might oc cur in such a p roblem, for example : 

1 .  Correction of errors in data , 

2 .  Inclusion of new nutritional data from more re spre sentative analyses 

as  it became available, 



3 .  Allo� ing �or expected nutrient lo sses  due to di��erent processing 

methods . 
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IL the se cases ,  sensitivity information o� the solution prior to 

implementing the alterations would not indicate the model changes whi ch 

wot:ld be nece ssary to accorr:modate such coe��icient alterations .  

S8nsitivity was only in terms o� the single variable be ing optimized, 

normally cost, so this was o� limited value when several variable change s 

were be ing c onsidered . I� each nutrient was optimized individually, with 

all raw materials �ixed at the levels in the solution being evaluated , 

the information on sensitivity o� chang e s  in all nutrient compo sition 

data would. be o� little value in the whole model,  since 

1 .  The e��ect o� only one change could be  e stimated, 

2 .  Only sensitivity to one nutrient could be evaluate� at one t ime , 

which again would not be valid in the multi-nutrient c onditions o� cost 

op timization, 

3 .  The c onditions would be unreal with raw material s held at  limi ts 

which did not exist in the o riginal cost optimization . I�ormation would 

not be valid �or the original least-co st solut ion . 

In the case o� cost chang e s ,  s ince there would be no re strictions , the 

e�re ct would be  on total c ost  and in the selection o� the particular 

raw material s ,  so that no change in model conditions would be ne cessary . 

There�ore , heuristic methods have mainly to  be used when any 

changes to nutrient coe��icients are made . Cases can only be studi ed by 

solving several individual problems - one a�ter another. 

4.4 Additions to the raw material list 

Data were added to the Formula 7 matrix �or three additional 

bar� sp ecies - lakai-.an , latundan and sab�, the mos t  popular and 

ab�ndant banana spe cie s  in the Philipp ine s .  The species already included 

in the model - bungulan and gloria were also popular but had initially 

been selected to repre sent the extreme s o� nutrient c o�positions in 

bananas . This was al so an appropriate opp ortunity to re-install the 

rad ish, which had been removed earlier in an e��ort to control the 

organclep tic propertie s o� the �ood mixture s as well as  to illustrate the 

sensitivity o� the model to removal o� materials .  Re-incorporation o� 

this material was expected to reduce the cost o� attaining the limiting 



CJE·tine and folic acid levels .  

The solution obtained (Formula 8 in Table 4. 1 )  cost half a s  

much a s  Formula 7 and the weight was reduced by 800g . All nutrients 

at bounds were tho se identified in Formula 7 :  riboflavin dropped to 

its lower bound ; vitamin A was reduced t o  a more s atisfacto� level ; 

cystine j o ined leucine and lysine at amino-acid upper bounds ; 

i scl.eucine , tyrosine and t�tophan became limiting at the lower bound 

of 85 . There were slight increase s in the protein quality parameters , 

but e s sentially there wa s no real change . 

Of the raw materials in Formula 7 ,  bananas ,  �ime, sugar � 
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jui ce and white � were replaced. by some materials originally included in 

Formula 1 ( the last mixture which contained radi sh) � coco�ut ,  large 

intestine (beef) , liver ( lamb ) glutinous rice and radish . High amounts 

of E.Einy yam were again included. It was noted. that no banana species 

were included in the mixtur� . Radish again was selected a s  a key 

contributor to previously limiting nutrients folic  acid and cys tine so  

that the large quantities of  banana were not required to contribute to 

the se limiting nutrients .  

The effec t  of adding more raw material s t o  the list could not 

be predicted, unle s s  prior knowledge wa s available , as  in the case of 
rad ish. Again, a trial and error apprcach was required. 

4 .5  The effe ct of  adjusting cost  coefficients 

As discu ssed earlier, p o st-optimal analysis  indicated the 

range within which each raw material co st  could vary without changing 

the solution mixture . Thi s  information was valid for a change in cost 

for only one material . The effect of a cost change outside the range 

lind ts were not identified. 

Costs  for most material s were increased, as  it was recogni sed 

that costs had been assigned on an ' 1 00g as purcha sed ' basis ( from 

production, market or retail value) whilst nutritional data had been 

a ssigned on an ' 1  0� edible p ortion ' basi s .  In several raw materials ,  

where the re was wastage associated with the raw material a s  purchased, 

costs  were therefore too low . For one hundred and four raw materials ,  

costs were scaled up e quivalent to  the costs of  1 00g edible raw material 



in order to rectify this inconsistency. (Appendix 8 indicate s the 

changed data ) . It  was exp ected that the co st would rise and tha t some 

cheaper materials would replace the more expensive materials . 

The errect on Formula 8 or the se increase s in costs  was observed 

in Formula 9 ( see Table 4 . 1 ) and the co st was $ 0 . 08 higher. Nutritionally, 

there was little change , highe r vitamin A and lower cystine levels were 

necessary to minimize the cost . All the raw materials selected were 

present in Formula 8 ,  although their levels were altered. The small 

amounts or liver ( lamb ) and marbled sting ray (rish) in Formula 8 were 

eliminated in Forffiula 9 .  

Generally where their costs  were not increased, raw materials 

were obtained at higher level s .  The exceptions were glutinous rice 

which deoreasea and liver (lamb ) which was eliminated. Also  whe re costs  

increased, raw material s generally were obtained at lower level s .  The 

eyceptions were �' spinJ lam and petsal which were required to p rovide 

limiting amino-acids and niacin .  

The errect then wa s a s  expe cted. - an increa se in  total co st 

with reduction in levels or those raw materials with increased cost.  
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4.6 Comparison or original constraints with tho se or modiried model (Formula 9 )  

The original aim was t o  design mixture s with nutritional level s 

at or around the minimum requirement in order to actieve balanced nutriti on. 

This  had to be  modiried somewhat so that a reasible solution c ould be 

obtained, which satisried at least the minimum requirements and also 

prevented exce ssive nutrient level s  so that some measure or balanced 

nutrition was retained in the design. 

Table 4 . 1 0 details the constraint change s made in developing 

the model to the Formula 9 stage compared with those originally 

ccnsidered. Mo st or the upper bound constraints were removed early on 

since the se were not nutritionally speciried ;  this applied to calorie s ,  

protein, vitamin A and v itamin C .  In order to  retain a balance or 

calorie s and protein under these condition s ,  a relationship specirying 

that at least 8% total calories could be provided by protein ,  was 

introduced. The lower b ound on c alories ,  together with other c onstraints ,  

had been adjus ted earlier in errorts t o  obtain a reasible s olution. Thi s  



Table 4.10  

cal o r ies 
p rote in  

fat 

fi b re 
ca lc ium 
phosph orus 
i ron 

v i tamin  A 
th iamine 
r ibof lav i n  
n iac i n  
v i tam i n  C 
v i tam in  86 
v i tam in  8 1 2  
panth othen ic acid 
fol ic acid 
iso leuc ine 
l euc i ne 
lysine 
meth i on ine  
cyst ine 
phenyla lan ine 
tyrosine 
th reon ine 
t ryptophan 
val i ne 

Comparison of constraints in the developed model with those 
considered original ly 

O rig ina l  constra i n ts 

2030 - 22 1 Okcal 
49.4 - 53.7g 

ca lo r ies from fat between 
20 - 35% total  ca lo r ies 
6 - 1 5g 
452 - 553mg 
1 00% calc iu m l evel 
0 .01  mg per kcal energy, 
m i n imu m 
3900 - 4450iu 
0.0005mg per kcal energy 
0.0005mg per kcal energy 
0.0066mg per kcal energy 
29 - 53mg 
1 .68mg, m in imum 
0.002mg, m in imum 
no l im i t  
0. 1 8  - 0.37mg 

1 00% egg pattern leve ls 

Developed constra i n ts 

2470 kca l ,  m in imum 
49.4g, m in imum 
ca lo r ies f rom p rote in ,  8% total 
ca lo ries, m in imum 
no change 

no change 
452 - 700mg 
1 00 - 1 50% calc iu m level 
no change 

3900iu ,  m i n imu m  
0.0005mg per kca l energy, m in imum 
0.0005mg pe r  kcal  energy, m in imum 
0.0066mg pe r  kcal energy, m in imu m 
29mg, m in imum 
no c hange 
no change 
no change 
no change 

85 - 1 00% egg pattern levels 
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could probably be lowered. to the original l imit with reduction in total 

cost,  at this stage . 

The upper limit on calcium was raised to allow fea sibility and 

also to find more e concmic mixture s . Thi s  was aided by relaxing the 

equality relation ship betwe en pho sphorus and calcium to allow higher 

level s of pho sphorus within the range 1 00-1 5a,% calcium level ,  cons isten t  

with nutritional recommendations.  S imilarly, the equality relationship s 

relating thiamine , riboflavin and niacin were relaxed s o  that minimum 

levels were set consistent with requirements for energy utilization of 

the calorie supply . Again cheaper mixture s re sulted .  

The basic ob j ective of at least me eting minimum requirement s ,  

prE,ver1ted the reduction of the folic acid and niacin constrs.ints - the 

mo st dif'f:i. c,.iLt ani costly cons traints to  meet . 

Tbe co:1strain ts defining amino-acid balanGe did no t de scribe 

.i rdn·idual requirements .  I t  was desired that the amino-acid pattern be 

similar to that of' the reference prote in of' hen 3_g, or as  c lo se to thi s 

as possibl·:! · The original attempt of' f'ix ing this  pattern identic:al to 

th:t t of egg prote in was too re s tri :Jtive and caused infeasib il ity . These 

etfual ity constra.ints were relaxed so that a pattern with all amino-acid 

levels higher than the reference re sul ted but this s ituation became 

untenable with late r model modificati:ms . However, the reduction of 

amino acids below reference levels , but re taining a balance of within 

1 �  of egg pattern levels ( in Formula 9)  defined a better quality 

prote in than the imbalanced pattern ranging over 5a,% of egg levels in 

Formula 1 since : 

1 .  High levels of e s sent ial amino acids implied a lower amount of 

non-es sential nitrogen in t he pro tein .  Non-essential nitro gen coul i  

become l imiting espec ially at low protein intakes ( 88) , as then 

esnential amino ac ids wouli be  utilized for  synthesis  of non-essential 

nitrogen compounds . Thus the true e ssential amino-acid pattern wouli 

be al tered( 88 ) . Such conditions exist for egg pro te in with E/T = 3 . 3  

and human milk protein with E/ 
T = 3 . 1 . Formula 1 amino-acid pattern 

had E/ T of 3 .  7 - well in excess  of these value s .  Formul:t 9 ha s a 

more de sirable E/T of 3 . 0 .  

2 .  Imbalance s of amino aciis c ould interfere with the utilization of 

other amino a c ids ( 88 ) . This effect would be more pronounced for amino 
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a0id.s in exce s s  of requirement pattern than for the les ser imbalance 

bel�w thP. reference pattern. In the latter, all amino-acids could be 

1 · -G i lized fully up to the level of the li:niting amino acid, w it h  extra 

of this balanced p roteln being neces sary to achieve level s equivalent 

to egg . Ex�e s s  amino acids could be utilised for other synthe sis  or  

fo r ener�y, causing imbalance of  supply. 

C ost would. undoubtet'lJ.y increase with further  rai sing of the 

amino-acid levels closer to tho se of the reference pattern, and the 
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cost  of Formula 9 was alreg.dy higher than could be t olerated by the 

incomes of the people for whom the food was being des igned . Consideration 
of this wa s held over to the next section. 

The model had thus been  developed to satisfactory conditions 

consi stent with nutri tional obj ective s .  The cons ideration of factors 

bearing on othe r o1J jective s will be de scribed in the next" se ction. 

4.7 Summary and c onclusions 

The raw mate rial selection was developed to incorp orate more 

sa tisfactory nutritional design, by adjusti�g model constraints ,  

variable s and coefficients . This  adjustment al so indi�ated the 

s•msi tivi ty of the model to such changes and the limitations of the 

comp uter system in identifying this sensitivi ty.  Adjustments 

inve stigated were : 

1 .  Change s in nutritional constraints - calcium, pho sphorus ,  

thiamine , riboflavin, niacin and e ssential amino acids . 

2 .  Simultaneous changes in several coefficient s  - correction of 

nutritional composition and c o st data . 

3 .  Change s in the variety of raw material s available e ither by 

removing from or adding to the raw material lis t .  

All these inve stigations illustrated the need t o  generally 

understand the relation between variables and c onstra ints . By working 

with a model over  a period, a s  described here - analysing infeasib ili ties ,  

changing constraints and coefficients - a greater appreciation was 

obtained of the sensitivity of the
. 

model and the interrelationship s 

be tween variable s and constraints than p o ssibly could ever be expected 

from a post-optimal sensitivity analysi s  on any single solution . The 



calGulation of the contribution of each raw material in a mixture to 

the nutrient , c o st and weight levels was al so found useful for thi s  

purpose , and i n  directing experiments to remove infeasibility.  

The linear programming system together with the parametric 

pro cedure pro�rided a practical and flexible me thod for development of 

a nutrition model for selecting raw materials , provlded  only constraint 

change s wera inve stigated.  Changing matrix conditions - coefficients 

or variable s could cause problems which may not be capable of reasoned 

explanation or spee� rectification. To minim�z e  these problems 

it is advisable for future work on this type of problem to devise an 

effective and efficient means of checking and vetting all basic 

problem data prior to model development . 
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CHAP'l'i:R 5 

MOD:i:.FICATION OF THE MODEL TO FI'r PHILIPPINE FOOD COS'r AND WEIGHT CONDITIONS 

The model developed (Formula 9 )  gave a satisfactory. nutritional 

mixture . Further modifications were necessary to design mixture s more 

compatible with the cost and weight conditions associated with 

Philipp ine food hab its .  Two approache s were inve stigated to achieve this . 

1 .  Reduction of particular nutri tional res trictions c oncerning 

calories and prote in quality, by directly altering their c onstraint s .  

2 .  Retaining the balance o f  all the nutrients but reduc ing the 

percentage that they achieve of total nutritional requirement s .  Parametric 

and goal programming were compared in this e stimation. 

5 . 1  Efforts t o  reduce cost  and weight of mixt���-cl�_to 

E£�����-E��l�Ein�-��et c ond�!io�� 

With the model developed, mixtures we re obtainable of high 

nutri tional value but with c o st s  greater than $0 .40 and total weight in 

ex :�e s s  of' 2000g . The actual weighted average daily f'ood expenditure 

and daily food intake ,  calculated from data obtained in the Philipp ine 

nutrition surveys were $0 . 1 3 and 730g re spectively. If' the se we re taken 

as target values ,  then the c o st and weight of' the present mixture 

deviated widely f'rom the se values .  

Some deviation of' cost  and weight over the target levels c ould 

be p ermitted s ince 

1 .  Subsidization of' the cost of' the f'inal product by some Government 

or international agency might be p o ssible . The cost  to the c onsumer 

might then comply with pre sent f'ood expenditure . 

2 .  The c o st target rep resented mainly the money required to purchase 

extra f'ood products over those produced in subsistence agriculture in 
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the rural areas or home gardens in the towns . It perhap s c ould not be 

expected that such a low cost be sufficient to pay for the full  daily 

diet . 

3 .  The total weight of a proces sed product might be lowered by the 

proces sing used e . g .  dehydration. Thi s of course would add higher 

proce ssing cost to the final c o st of the product . 

4 .  Philippine food intakes were deficient in quantity as well as 

quality. From recent food balance sheet calcul�t ions intake appeared 

to have increased to 900mg ( Table 5 . 1 ) ,  but as this represented 

availability and not intake as �easured in nutrition surveys , lower 

intakes were probably still prevalent. A change in food habits to 

incorporate higher food intakes was perhap s nece ssary to achieve 

improved nutrition . Compared with average diets of othe r countrie s 

(Table 5 . 1 ) ,  food intakes of 2000g (as  in Formula 9 )  corresponded to 

the intakes of the affluent We stern nations . It could not be expected 

that people s'..lb sisting on an average food intake of 730g could 

suddenly adapt to intakes around 2000g . However, higher intake s should 

be po ssible as evid1mt for diets of other p oor .J ountries  with intakes 

of up to 1 500g p er day. 

Table 5.1 

Country 

U n i ted States 

New Zea land 

Un i ted K i ngdom 

Japan 

Peru 

Egypt 
Mex i co  

Ph i l i pp i nes 

Ceyl on  

I ndia 

b 

a 
Dai ly food intake for several countries 

Mean per caput  dai ly  food intake (g )  

2 2 2 0  

2 1 5 0  

1 8 90 

14 8 0  

1 4 00 

1 3 4 0  

1 0 90 

900 

8 7 0  

7 3 0 

a. Taken from food supply statistics, FAO Production Yearbook 1970, F AO, Rome 1 972. 

b. More recent data than that avai lable from nutrition surveys conducted over ten year period 1 958 - 1968. 
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The cost should be as  near the pre sent cost as po ssible so 

that the poo:r:-e s t people were able to purchase the f' ormulated p ro ducts. 

Su� h  products would be attractive in terms of' price to the le ss  poor. 

The cheaper the cost and closer to the target cost , the more c ompatible 

such product s would be with the cost aspect of' Philippine f'ood hab its . 

L·:-werine of the weight of' selected mixtures should be considered, b ut 

some deviation f'rom the target weight may be required. This deviation 

should be restricted in order to minimize the change required in present 

f'ood hab its . 

5 . 1  . 1  The ef'f'ect of' lowering the calorie s lower b ound 

In the last solution (Formula 9) , calories , f'at and niac in were 

at the ir lowe r limits and f'ibre , calcium and pho sphorus were at thei r  

upper limits . O f'  the amino acids , isoleucine , tyro sine , and tryptophan 

were at their lower bounds and leucine and lysine were at the ir upper 

bounds . Relaxation of' any of' these constraints would result  in a 

lowered c o st of' the mixture . 

I t  was not desirable to alter the required nutritional 

re strictions if' at all possible . Thus the upper bounds of f'ibre , calcium, 

pho sphorus levels should not be changed unless necessary f'or f'ea sibili�. 

The calorie lower limit , however, c ould be reduced to the 

original requirement of' 2030 . At the same time this would lower the 

req uirements f'or f'at and niacin. 
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When the calorie requirement was adjusted to  2030, with all othe r  

conditions a s  f'or Formula 9 ,  the re sulting solution Formula 1 0 , had a cost 

reduction of' $ 0 . 1 6 and a weight reduction of' over  600g . C o st and weight 

were still well above targe t levels . Fat, niac in and f'olic remained costly 

to provide at their minimum requirements . Small cost savings c ould have 

been achieved by f'urther lowerine of' the calorie bound. This was not 

desirable sinc e it would mean cons idering a calorie level below the average 

requirement calculated ; and as  the calorie level determined the constraints 

on f'at, iron, thiamine , ribof'lavin and niacin, reduction of' the calories 

lirr.i t would then have reduced several other nutrients to def'icient levels .  

5 . 1  .2  The ef'f'ect of' lowering protein quality 

In Formula 1 0 , i soleucine , cystine, �o sine and tryptophan were 



at their lower bounds , equivalent to a chemical score of 85 . In  each 

case, relaxation of the requirement would lower costs but this wouli  

resLlit in  a mixture with a lower chemical score and therefore, p oorer 

protein quality .  The relationship between co st and the chemical s core 

of the protein was therefore investigated using parametric programming . 

Parametric adjustments of amino-acid lower bounds were carried 

out corresponding to a drop in chemical score from 85 to 60 in step s of 

5 percent units ,  with finer scaling of 1 percent units be tween chemical 

scores 80 and 70 . In the se experiments ,  all amino-acid limits were 

reduced simultaneously s ince any amino acid c ould be at the minimum to 

define the chemi-:::al score of the protein. There w ould have been  no 

point in maintaining non-limiting amino-acids at higher levels when 

cost saving was being investigated. 

The effect of these changes on cost and weight of mixtures i s  

Hlustrated in Fig . 5 . 1 . A dramatic fall in  c os t  and weight with 

de r)reasing protein quality, particularly between chemical score s  85 and 

80 , was observed. Below chemical score 80 the e ffect on weight fell 

off ; between 75 and 65,  weight remained fairly constant and rose 

slightly at chemical score 60.  In cost however, it was only b elow 

chemical soore of 75 that the oost  gradient relaxed .  It seemed then 

that from a cost and weight point of view protein qualities 
corresponding to chemical score of greater than 80 were unwarranted.  

At chemical score s  60 - 65 , the cost s were near to target costs . 

However, protein qualities at this level offered no improvement and 

could in fact be worse than that of the Philippines ' die t .  

The usefulness  of this information for selection of a maximum 

p rotein quality for t�e model depends on : 

1 .  the co st and weight ranges that are desirable , 

2 .  the lower limit on desirable chemical score for the prot ein 

It has already been noted that  the cost target was <1!0 . 1 3 ,  Only 
at chemical score 60 did the cost c ome down to $0 . 1 3 , but this was poor 

quality p rotein and would mean a higher protein c ontent was neoesaa� . 

Ab ove this chemical score , however, costs rose steeply.  

The weight of food eaten was 730g . Greater Vlll�EH� QO"!lld b§ 
tolerated but should not exceed 1 500g . The weight of mixture� h� � 

1 3 1 



0.20 

(/) :::J 
� 
...... "' 0 u 

60 

Figure 5.1 

1 3 2  

1 .5 

1 .4 
� �-= =r 
r-+ 

"' = 

1 .3 

1 .2 

1 . 1  

65 7 0  75 80 85 

eh em ical score 

Effect on cost and weight of parametrically adjusting chemical score 
restrictions 



minimum around 1 1 30g which exceeded the target weight, but lay within 

the p o stulated acceptable range . Weight was e s sentially constant over 

the range of chemical score 65 - 75 ,  so that the higher chemical score 

of 75 would be justified. However, cost at this point was $0 . 1 65 ,  
$0 . 035 greater than the target c o st .  
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Figure 5 . 2  indicates the relationship s found between the 

mathematical indice s of protein quality. In all cases except ' biological 

value ' ,  there was a positive correlation of protein quality index with 

chemical score . The BV regre ssion gave an odd relationship having high 

value s at low chemical score but with po sitive correlation above chemical 

score 74 . (This must  have been due to the regression which explained 

only 5Q% of the variation) . The major point to notice was that ve� 

lj ttle change was seen in the indice s  be tween chemical score 70 and 75 . 

A protein quality at least equivalent to a ne t protein 

utilization (NPU) of 63 was required, since this was the basis  on which 

t�e protein requirement was calculated . There was no direct relationship 

be�een N?U and CS,  but NPU was related to BV by the relation 

NPU = BV x digestibility.  

The digestibility is  a fraction which can only be measured biological�, 

b'...tt approximate values were assumed , in inve stigating protein quality 

changes .  If the NPU of the mixture exceeded 63 , which was likely at 

high chemical score s ,  then assuming digestibility below 1 0o%, say 9o%, 
the protein quality in terms of BV would require to be greater than 70 . 
Assumin� this correlated directly with chemical score ,  then the chemical 

score should be greater than 70 . A higher NPU meant a lower pro tein 

requirement, so at the present protein requirement lower  quality prote in 

was possible in the model . Although this in itself was not undesirable ,  

the balance of the model would b e  disturbed and therefore it should be 

av�ided. Taking the higher CS value of 75 could prevent the lowering 

of protein quality as NPU could rise to around 68 , on this basis . 

However the problem remained of having excess  protein over requirement, 

since it c ould be reduced for higher quality protein. This effect is 

investigated in the next section. 

Also ,  the extent of the availability and absorption of amino 

acids would affect the selection of a minimum protein quality.  The 

amino-acid comp osition data are derived from chemical analysis,  whereas  
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pro tein quality is  �inally judged  in the human by ab sorption o� 

amino-acids in the gut . This ab sorption can be a��ected by the �ood 

material s providing the amino acids and by the availability o� the 

amino acids in the se �oods . In the indices used here, it was a ssumed 

tha t absorption and availability were �ully 1 0Q% o� the chemically 

derived amino-acid levels .  Only biological measurements can provide 

the true �igure s ,  but � this pe rcentage i s  lowered to 9% �or the 

limiting amino-acid, a chemical score o� 70 i s  reduced to 68 and o� 

75 to 71 ; and i� lowered to 9Q% these are reduced to 63 and 68 

respectively. 

Thus,  the chemical score o� 75 gave a sa�ety margin not 

p o s sible with the lower value o� 70 , to take account o� these �actors 

which could only be measured biologically . 

Greater sa�ety margins would be po ssible at higher chemical 

s•.: ores  but the consequent higher cost and higher weights were 

undesirable . 

C on�lusion. Lowering the p o ssible chemical score to 75 was justi�ie d  

i n  terms o� cost savings ($0 . 1 65 against $0 . 262 �or CS = 85 ) ,  weight 

reduction ( 1 1 40g against 1 460g �or CS  = 85 ) and protein quality 

criteria. Any �urther reduction gave co st savings but an unde sirable 

dfJ •Jrease in protein quality with no advantage in ·.weight �actor. The 

effect o� enhanced protein quality on the protein requirement should 

be investigated . This  solution, Formula 1 1  i s  shown in Table 4 . 1 . 

The protein quality o� Formula 1 1  compared �avourably with 

single �ood proteins in terms o� the calculated indices ( Table 5 . 2 ) . 

Thus the mixture protein should add to the nutritional value o� the 

de signed �ood �ormulation. 

5 . 1  • 3 Consideration o� protein quality and its e��ect on protein 

requirement with a view to �urther reducing cost and weight 

In most o� the solutions obtained, particularly those at  

high chemical score , protein had been a limiting variable , s o  that 

relaxing its bound would only slightly reduce the total cost o� the 

mixture ; �or each gram reduction o� protein requirement , no more than 

0 . 1  cent could be saved on the mixture c o st,  all other conditions 

remaining constant . 
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Table 5.2 Comparison of protein qual ity of Formula 1 1  with that of other 
food !proteins 

chemical essent ia l  b io l ogical protei n essent ia l  to 
sco re am ino-acid  va lue efficiency total am ino-
CS a index EAA i b BV c rat io  PE R c  acid rati o E/T a 

egg (hen)  1 00 1 0 0  94 3 . 9  3 . 2 2  

po rk  80 83  74 n . a . 2 . 67 

f ish 7 5  8 0  7 6  3 . 6 2 . 6 6 

Formu la  1 1  7 5  8 1  7 2  d 3 . 1  d 2 . 64 

r ice 7 5  7 3  64 2 . 2 2 . 6 1 

soybean 7 0  8 3  73 2 . 3  2 . 5 8 

case in  6 0  88 8 0  2 . 9  3 . 2 5 

a. Taken from F AO, 'Amino-acid content of foods and biological data on proteins,' F AO, Rome, 1 969 
(84).  

b. Taken from FAO/WHO report on protein requ irements (88). 

c. Taken from Oser ( 1 1 0 1 .  

d .  Calculated, based o n  regressions o f  Perisse'etal ( 1 1 1  ). No biological measu rement made. See text. 

As noted earlier, the p rotein requirement in the model had been 

calculated on the basis of an N?U of 63 for t e average diet of the 

Philippine s .  Thi s meant a correction to  the protein requi rement for 

reference protein of N?U = 1 00 had been made such that 

Protein requirement = Reference protein requirement x 1 00 
NPi.J 

which in this  case = 31 1 2 . 2 = 49 .4 
63 

Therefore for higher NPU, the requirement for protein would be reduced. 

At this stage,  a protein quality limit in terms of chemical 

s0ores of 75 hai been imposed . Thus the maximum NPU could be 75 , for 

dige stibility of 1 0q%, if it was a ssumed that b iological value and 

chemical score indice s were dire ctly correlated . Reductions in 

digestibility or biological value or both ,  due to availabili� and 

absorption effects,  could lower this  value but probably it would not 

fall below the assumed figure for NPU of 63, provided the chemical s core 

li�it was maintained at 75 . There was therefore a p o s sibility that a 
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reduced protein requirement to a minimum of 41 . 5  ( for NPU = 75 ) could 

be justified, although to be correct,  biological measurement would be 

necessary to e stimate the true NPU . 

It  would be most convenient if the amino-acid levels which 

defined biologically the quality of pro tein, could be  incorporated 

1 3 7  

into an equation defining the protein requirement. Since the p rotein 

level defined the minimum level of each amino acid,  then an equilibrium 

�hould be reached when minimizing co st between protein and amino-acii 

levels compatible with a protein quality constraint . The amino-acid 

levels would still be constrained to retain balance criteria. 

The BV regre ssion from FAO linearly related a protein quality 

index to amino-acid levels . Also  there was a relation of  BV to NPU, 

through digestibility which could be as sumed t o  have a value , say,  9Q%. 

then NPU 

and protein requirement is  31 1 2 . 2  
NPD 

= BV x 0 . 9  

= 31+58 
BV 

This equation was not linear. It  was only possible to consider 

this in an LP context if a function 1/BV could be defined but as  BV 
amino acid relationship was linear, its reciprocal was also non-linear. 

The function 1/BV or 1/NPU could be given a fixed value in each 

individual problem but there would be no advantage over simply defining 

a new protein requirement. The only way to get over this  problem would 

be to obtain the raw data used to deduce the BV regres sion so that a 

similar expression could be obtained relating 1/BV to the amino-acid levels . 

To investigate the effect of redaced protein requirement , in the 

ab sence of a protein quality function, a range of p ossible values of NPU 

were chosen, 75,  72,  69,  66 ,  63 and their corresponding protein 

requirements calculated . - 41 . 5 ,  43 . 3 ,  45 . 2 ,  47 . 2  and 49 .4g re spectively. 

These  value s were used in successive c o st optimizations as p rotein 

r�quirement in the model , the conditions otherwise remaining a s  f or 

Formula 1 1 .  

Although the s olutions obtained were similar nutritionally,  

there was a dramatic rise in  weight and a v'ery slight decrease in  c o st 

with redaction in protein level (See Fig . 5 .3 ) . 
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Using this method then showed no advantage for cost and weight 

with a lower protein requirement . It seemed worthwhile then to retain 

the protein requirement at �9 .�,  thus providing exces s  of good quali� 

protein. 

5 . 2 Estimation of the maximum percentage of all nutrient allowanc es 

which c ould be obtained at the target cost a nd weight 

1 3 9  

Since nutritionally satisfactory mixture s c ould only b e  obtained 

with cost and weight in excess  of target Philipp ine levels,  another 

app roach was used to e stimate the level of balanced nutrition which could 

be achieved with the se cost and weight conditions .  

At  the lower cost  and weight, the model would only be able to 

sa tisfy some p ercentage of the nutritional requirements . In the same 

way as the limiting amino-acid pe rcentage de termined the protein quality, 

so the limiting nutrient percentage could determine the balanced 

nutritional quality.  There were two methods available by which this 

could be estimated. Trial s were made with b oth methods to  te st their 

practicability for the purp o se .  

1 .  Parametric adjustment of lower bound nutrient requirements , with 

upper bo'.lnd on we ight and minimization of c o st.  The parametric 

ad j u s tment s were p e rc entage reductions in nutrient req'.lirements which 

we re continued till the cost reach $0 . 1 3 .  Several optimizations were 

required to achieve this but the number was unkown at the outset . 

2 .  Minimization of the deviation of all nutrients from their minimum 

requirements with upper bounds on c o st and weight . Thi s  me thod should 

indi�ate the limiting nutrient( s ) and the maximum percentage of these 

nutrients directly in one optimization. 

Parametric adjustment method . 

In this method the lower bounds of the nutrients-calories ,  

protein, fibre , calcium, vitamin A,  vitamin C ,  vitamin B6 , vitamin B1 2 ,  
and foli.c acid- were changed in step s  of 5% of the ir minimum requirement. 

The relationship s between the remaining nutrients and the above nutrients 

provided s imilar s caled adjustments directly to their lower bounds . 

In order to shorten computer time, it  was nece ssary to  select a 

percentage level of all the lower bounds which would p roduce a fea sible 



:::o J  uti on to begin the parametric adjustments ; parametr-ic adjustments 

a re halted. when inf'easibili ty occurs . The 7ari'u level was arbi tra.rily 

selected . The upper bound. on weight was set at 750g , the average from 

the diet surveys rounded up to the nearest 50g . 

Fortunately,  a feasible solution resulted and the cost was le s s  

than $0 . 1 3 ,  s o  the first parametric ad justment a t  5% increase i . e .  75% 
minimum level was run . The c o st exceeded the target.  The goal the n lay 

between the 70 and 73.% level s .  Parametric adjustffients by 1%  stage s ,  

were begun again from the 7r$ leveJ . It  was found that 7Cf/o of nutrient 

requirements could be met within the c o st and weight constraints , but at 

7:1/o the cost was exceeded .  

This  experimer.t took approximately 3 hours to  obtain the final 

re sult . The time was short s ince luckily, the f irst optimization was 

clo se t o  the goal and relatively few adjustments were required t o  find 

the final percentage . The major  disadvantage of this method was the 

need for making on-the-spot  decis ions based on solutions , so that the 

procedure c ould not be planned beforehand and run in batch processing 

by computer operator . However, this meant that greater c ontrol over the 

number of and size of parametric steps was p os sible in order to limit 

the computer run time . 

Table 5 .3 lists the nutrient levels obtained.  The co stly 

nutrient folic acid, t ogether with vitamin B6 , and calories ,  the major 

nutrient affecting weight of mixture , were found to be limit ing under 

the se conditi ons . 

5 . 2 . 2 Minimization of deviation of nutrients from nutrient 

requirements 

In this method, twenty six new equations were required to 

express  the deviations of each nutrient from their respective minimum 

requirement s . Another e quation was required to total all the deviation 

variables ,  scaled to the same ord.er of magnitude , in order to prov ide 

the objective which was to  be minimized . This was an example of an 

extension of linear programming , known as goal programming ( 1 1 2 ) .  

The form of each deviation equation was 

CAL + F CAL - G CAL = GOALCAL = 2 0 3 0 
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Table 5.3 Percent of mmamum nutrient requirements possible with in cost 
and weight restrictions 

Parametric 
so l u t ion 

ca lo r ies 7 2  

p rotein 8 3  
fat a 1 2 6  

f ib re 2 5 0  
calc ium 1 1 7  

ph osph orus 1 7 6  
i ron  a 1 7 1  

vi tam i n  A 148 

thiam ine a 1 0 7  

r iboflavin 
a 

74 

n iac i n  a 7 3  

vitamin  c 3 5 2  

vitam in  86 7 2  

vitamin  8 1 2  1 5 0 

pantothen ic ac id b 9 8  

fo l ic acid 7 2  

i so leucine c 7 5  

leucine 9 3  
lys ine 1 0 0  

meth ion ine 

cystine 

phenyla lan ine 
ty rosi ne 

threon ine 

tryptophan 

val i ne  

a. Based on m inimum calorie level of 2030kcal .  

b .  Based on 5mg, satisfactory level for  US diets. 

7 5  

7 5  

8 7  
8 1  
8 1  

8 0  

8 2  

G oal p rogramm i.ng 

F ormula A _  

3 9  

7 2  

5 1  

2 5 0  

1 06 

1 5 9  

1 8 5  

5 0 3  

1 0 3  

1 0 9  

1 0 0  

5 9 6  

1 0 8  

5 5 0  
1 6 1  

1 0 0  

9 6  

1 0 5  

1 4 0  

1 0 0  

1 00 

9 9  

1 0 0  
9 5  

9 5  

9 4  

c. Min imum requirements of am ino-acids based on solution protein level .  

so l u t ions 

F o rmu l a  8 

1 0 0  

1 2 5  

1 7 5  

1 8 6  

1 3 3  

1 9 9  

2 6 8  

3 3 6  

1 0 0  

1 28 

1 0 0  

1 4 0  

6 5  

3 0 0  

1 0 5  

1 0 0  

6 9  

1 0 0  

1 1 3  

7 7  

4 8  

87 

86 
86 

87 

89 

1 4 1  
I 
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where GOALCAL was the name of the equatior., CAL the variable for 

calories ,  F CAL the dev iation of calories below the minimum requirement 

of 2030 and G CAL the deviation of calories  above the minimum 

requirement. 2030 was the fixed value of GOALCAL which was input 

as a bound . All the nutrient deviation equations were similarly drawn up . 

Goal s for thiamine , riboflavin, niacin, iron and fat were calculated 

according to their re�uirements based on the minimum calorie requirement 

of 2030 . One hundred percent egg level s were usec as goal s for the 

amino acids in this experiment . The deviations of amino acids from their 

1 0� levels  were given by, e . g .  for isoleucine 

i . e .  

I SO - 6 6 P RO T  + F I SO - G I SO = GOAL I S O  = 0 

D I S O  + F I SO G I SO = 0 

since the D terms had already been defined in the model .  Similar 

expressions were input for all other amino acids . Pantothenic acid was 

given a goal of 5 . 0mg , the level indicated as  satisfactory for US diets , 

in the abser.ce of a defined requirement ( 92 ) . 

The total deviation equation summed all the F terms , as only 

deviations below requirement were to be considered.  However, both 

p o sitive and ne gative deviations were c onsidered for amino-acids in order 

to retain balance and limitation of excesses .  Only one of e ithe r  the F 

or G term in each equation could c ome into the solution. 

The deviations from each nutrient requirement involved many 

different units . Wide variations in the ab solute magnitude of the se units 

were thus possible . Only the magnitude would be considered in the 

optimization e . g .  V I TA was of the order 4-, 000 while VI TB 1 2  was 

around o . oo2, a 1 06 difference in order of magnitude , which would be 

imp ortant when minimum deviations from so many targets were required -

an adjustment by 0 . 001 on VIT812, a 5q1, deviation from the minimum, could 

be completely dwarfed by a 4-0 unit shift for YI TA a 1 % deviation . 

Therefore , the deviation factors required to be  scaled so that they were 

all of similar magnitude . Since the deviations of nutrients from target 

minima were being considered, the deviation could be expressed as a 

percentage based on this minimum for each goal term.  

The goal equations and the overall goal obj ective equation , 

G OALTOT 1 are shown in Table 5 .4- .  



Table 5.4 

Row var iab le  
name 

GOALCAL 

GOALP ROT 

GOALFAT 

GOAL F I B  

G OAL CA 

GO ALP 

GOAL FE 

GOAL VI TA 

GOALTH I A  

GOAL RI BO 

GOALN I A  

GOALV I TC 

GOALB6 

GOALB 1 2  

GOALPAN T  

GOAL FOL 

GOAL! SO 

GOALLEU 

GOALLYS 

GOALMETH 

GOALCYS 

GOALPHE 

GOALTYR 

GOALTHR 

GOAL TRY 

GOALVAL 

Ob j e ct i ve : 

Goal programming data 

Co lumn var iab les 

CAL + FCAL - GCAL 

PROT + FPROT - GPROT 

FAT + F FAT - G FAT 

F I B  + F F I B - G F I B  

CA + FCA - GCA 

P + FP - GP 

FE + F FE - G FE 

VI TA + FV I TA - GVI TA 

TH I A  + FTH I A  - GTH I A  

R I BO + FRI BO - GRI BO 

N I A  + FN I A  - GN IA 

VI TC + FVI TC - GVI TC 

V I TB 6  + FB 6 - GB6 

VI TB 1 2  + FB 1 2  - GB 1 2  

P ANTOA + FP ANT - GP ANT 

FOL I C  + F FOL - G FOL 

D I S O  + F I SO - G I SO 

D LEU + FLEU - G LEU 

DLYS + FLYS - GLYS 

DMETH + FME TH - GME TH 

DCYS + FCYS - GCYS 

DPHE + FPHE - GPHE 

DTYR + FTYR - G TYR 

DTHREO + FTHRE O - GTHRE O 

DTRYP + FTRYP - GTRYP 

DVAL + FVAL - GVAL 

GOALTOT = 

G oal value  Sca l ing  term 

2 0  3 0  

4 9 . 4  

4 5 . 1 1 

6 . 0  

4 5 2  

4 5 2  

2 0  30 

39 0 0  

1 .  0 1 5  

1 .  0 1 5 

1 3 . 3 9 8 

2 9  

1 .  6 8  

0 . 0 0 2  

5 . 0  

0 . 1 8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

( l OO/m in imum 
requ i rement) 

0 . 0 4 9 3  

2 . 0 2 4 3  

2 . 2 1 6 7  

1 6 . 6 6 6 7  

0 .  2 2 1 2 

0 . 2 2 1 2 

4 . 9 2 6 1  

0 . 0 2 5 6 

9 8 . 5 2 2 2  

9 8 . 5 2 2 2  

7 .  4 2  7 2  

3 . 4 4 8 3  

5 9 . 5 2 3 8 

5 0 0 0 0 . 0 0 

2 0 . 0 0 

5 5 5 . 5 5 5 6 

0 .  0 30 7 

0 .  0 2 30 

0 . 0 3 1 6  

0 . 0 6 5 3  

0 . 0 8 4 3  

0 .  0 3 4 9  

0 . 0 4 8 2  

0 .  0 3 9  7 

0 . 1 2 6 5  

0 . 0 2 7 7  

0 . 0 4 9 3F CAL + 2 . 0 2 4 3 FPROT + 2 . 2 1 6 7 F FAT + 1 6 . 6 6 6 7 F F I B  
+ 0 . 2 2 1 2 F CA + 0 . 2 2 1 2 FP + 4 . 9 2 6 1F FE + 0 . 0 2 5 6 FV I TA 
+ 9 8 . 5 2 2 2 FTH IA + 9 8 . 5 2 2 2 FRI BO 
+ 7 . 4 2 7 2 FN I A  + 3 . 4 4 8 3FVI TC + 5 9 . 5 2 3 8 FB6 + 5 0 0 0 0 FB 1 2 
+ 2 0F PANT + 5 5 5 . 5 5 5 6 F FOL + 0 . 0 3 0 7F I SO + 0 . 0 30 7 G I SO 
+ 0 . 0 2 3 0 FLEU + 0 . 0 2 30GLEU + 0 . 0 3 1 6 F LYS + 0 . 0 3 1 6 G LYS 
+ 0 . 0 6 5 3FME TH + 0 . 0 6 5 3GMETH + 0 . 0 8 4 3FCYS + 0 . 0 8 4 3GCYS 
+ 0 . 0 3 4 9 F PHE + 0 . 0 3 4 9 G PHE + 0 . 0 4 8 2 FTYR + 0 . 0 4 8 2 G TYR 
+ 0 . 0 39 7 F THREO + 0 . 0 3 9 8 G THREO + 0 . 1 2 6 5  FTRYP 
+ 0 . 1 2 6 5 GT RYP + 0 . 0 2 7 7FVAL + 0 . 0 2 7 7GVAL 
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Minimization o� the total deviation equation was carried out 

with upper bound on c ost and weight o� $0 . 1 3 and 750g respectively, 

with all lower bounds on nutrier.t c onstraints removed . 

The op timhation took just over 6 hours and the nutrient levels 

obtained are shown in Table 5 . 3 ,  Formula A. Calories was the limiting 

nutrient at only 39,% the minimum requirement, �ollowed by �at and prote in 

at 51 and 72 percent requirements re spectively . All other nutrient 

requirements were met . A very high quality protein amino-acid pattern 

was obtained , chemical score at 94. However lysine was in excess  at the 

140}6 level . 

This then provided the least ab solute deviation o� nutrients 

�rom minima . With no nutritional constraints , a rather nutritionally 

unbalanced mixture resulted . This method did not indicate the maximum 

percent requirements that c ould be obtained at · the desired c o st and 

we::.ght, as was indicated in the parametric exp eriment . 

A �urther optimization, with the lower bound on calori es 

retained at 2030, produced another mixture with greater absolute 

deviation but with le ss  imbalance . This time only vitamin B6 was 

de�icient,  at 65,% level , but the amino-acid balance was c ompletely 

dist�rbec. with amino-acid levels varying �rom 48 �or cystine to 1 1 3 

�or lysine ( see solution in Table 5 . 3 ,  Formula B ) . 

The goal programming method would require to have minimum 

constraints on all nutrients ,  to prevent the possibility o� such wide 

deviations from targets and thus to retain nutritional balance .  Such 

constraints could be tightened parametrically towards the target 

nutrient level s .  Much experimentation w ould be required with no 

advantage over the s imple parametric method.  With the much bigger matrix 

required to contain these relationships ,  computer times were necessarily 

much longer �or optimization, more extensive punching and data input 

times were involved, rendering this goal programming method much le ss 

practical than the parametric method �or this type o� exp eriment . 

5 . 3  C onclusion 

Only 7� of the dai ly nutrient requirements c ould be obtained 

with co st and wei ght compatible with recorded Philippine �ood habits . 

This  is to be compared with the extra c o st o� $0 .035 and extra weight 
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of about 400g necessary to meet full nutri ent requirements . It  was ,  

o f  course,  expected that i t  should cost more t o  obtain the extra 

nutrients .  It was ,  however, hoped that this  extra cost would be 

absorbed by some sort of subsidy, if any eost prejudice became 

apparent . It  was felt then justifiable to consider Formula 1 1  for 

further development . 

The raw materials of Formula 1 1  were selected solely on a 

nutritional basis at the minimum cost .  Further inve stigations are 

required to  incorporate other raw material properties - functional , 

oreanoleptic or consumer acceptability criteria - into the model to 

allow more c omprehensive selection of raw materials for design c£, 
acceptable food products . However, these factors are not considered 

in the model in this thesis . 
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CHAPTER 6 

DEVELOPMENT OF A NUTRITIONAL FOOD PRODUCT 

The linear prcgramming technique selected a mixture of raw 

materials for a nutritional food prcduct to meet average nutritional 

requirements at the minimum cost . Selection was based on nutritional 

criteria only. Taking no account of other criteria - functional 

properties ,  acceptability factors , availability of raw materials ,  

processing eftects - meant that the selected raw materials represented 

the cheapest mixture capable of meeting nutritional requirements,  

since other constraints would further re strict the problem and raise 

costs . 

...;. 

It  was decided to inve stigate the development of this mixture , 

Formula 1 1 , to a suitable processed food product, us ing the product 

development system. The ob jective was t o  utilize this mixture in a 

processed food product which would be compatible with Philippine eating 

habits ,  could be manufactured on exi st ing processing plant with minimum 

modification ,  and could be distributed throughout the c ountry to reach 

both the rural and urban p opulations . 

I 

Firstly, background information was obtained on Philipp ine food/ 
eating habits,  food industry conditions and proce ssed food di stribution, 

to more precise� identify the characteri stics required of the product • 
• 

Suitable product ideas were then generated, screened and evaluated for 

sui ta.bility . Finally, the development of the product and the proce ss 

in the laboratory was undertaken . 

1 4 6 



6 . 1 Processec. food eating habits in the Philippines 

Generally, the Philippine diet c onsists of large quantities of 

rice and small portions of  meat or fish with green leafy vegetable s ,  

followed by fre sh fruit . From the FNRC nutrition survey r eports ,  t�e 

i ntake of proce ssed food was generally very low in the daily diet . 

However, the frequency of intake of proce ssed foods was not indicated 

by this average intake level . Small amounts of proce ssed food c ould 

be eaten regularly every day by some of the p opulation and thus be a 

regular part of their diet.  Investigation of this fre�uency factor, 
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was carried out during a visit to Manila . Information was extracted 

frmn the ·r-aw data of the regional nutrition surveys at the FcNRC offices .  

Intake of processed foods 

The intake of processed foods , as recorded in the nutrition surveys ,  

is shown in  Table 6 . 1 . 

Table 6.1 Intake of selected processed foods in Philippine regions a 

pan de sal 

bread rolls (assorted ) 

pan americano 

biscuits 

cake 

noodles, pastas 

native sausage 

corned beef, luncheon meat 

canned sausage 

sardines 

bagoong 

r evaporated milk 

condensed milk 

dried milk 

butter 

margarine 

ground coffee 

instant coffee 

soft drinks 

percent total intake 

Metropolitan llocos-
Manila Mountain 

38 . 7  
4 . 5  
3 . 9  
2 . 7  
2 . 1  
4 , 5  
1 . 7  
3 . 1  
1 . 2  
2 . 4  
2 . 5  

60. 5 
4 . 5 
5 . 0  
1 . 1  
1 . 4  
3 , 5  
0 . 1  

1 7 . 9  
2 1 . 2  

Province 

4 . 4  
1 . 0  
1 . 1  
1 . 6  
0 . 4  
2 . 5  
0 . 5  
1 . 4  
0 . 1  
3 . 8 

1 3 . 8 
12 . 8  

2 . 1  
4 , 8 
0 . 1  
0 , 4  
1 . 4  
0 . 04 
6 . 5  
7 . 6  

Mean per caput daily intake (g) 

Cagayan 
Valley­
Batanes 

3 . 2  
0 . 6  
0 . 5  
1 . 7  
0 . 5  
3 . 5  
0 . 3  
0 . 3  

3 . 0  
17 . 4  
1 4 . 6  

3 . 8  
1 . 6  

0 . 2  
3 . 6  
0 . 03 
4 , 8  
7 . 7  

Southern 

Tagalog 

16 . 8  
3 . 1  
0 . 8  
3 . 9  
0 . 5  
3 . 7  
0 . 3  
0 . 7  
0 . 1  
1 . 8  
2 . 3  

15 , 9  
6 . 6  
3 . 0  
0 , 1  
0 . 6 
2 . 8  
0 . 07 
6 . 3  

9 . 9  

Western 

Visayas 

3 . 4  
2 . 0 
1 . 0  
2 . 1  
0 . 5  
2 . 1  
0 . 1  
0 . 8  
0 . 2  
1 . 6  
4 . 5  

12 . 0  
5 . 9 
3 . 3  
0 . 04 
0 . 2  
2 . 0  
0 . 0 3  
6 . 1  

6 . 8  

Eastern Southwest 
Visayas Mindanao 

2 . 7  
2 . 5  
1 . 3  
1 . 1  
1 . 0  
3 . 7  
0 . 1  
0 . 1  
0 . 04  
0 , 9  
7 . 0  
3 . 1  
1 . 7  
0 . 5  

0 . 1  
0 . 3  
0 . 07 
4 . 6  

4 . 6  

1 . 1  
1 . 5  
1 . 2  
1 . 9  
0 . 04 
0 , 4  
0 . 1  
5 . 4  
5 . 8  
9 . 6  
7 . 1  
3 . 4  

0 . 1  
1 . 0  
0 . 05 
6 . 0  

7 . 6  

a. Taken from individual reports of the surveys in  each region. ( 1 1 3 ,  1 1 4, 1 1 5, 1 16, 1 1 7, 1 1 8, 1 19). 



..... 

The contribution of processed foods to the total d iet was 

quite small , averaging ?% for all regions , excep t Manila with 21%. 

The area with lowest intake was Eastern Visayas - a group of islands 

rather isolated from the major islands of the country. It should be 

remembered that this data was collected over a period of ten years,  

so  that it was likely that processed food intake had increased in all 

areas beyond the levels recorded . Certainly , during v isits ·, to all 

types  of retail food stores in different parts of the c ountr,y - from 

large supermarkets in the maj or cities ,  Manila and Cebu, to small 

grocery stores in provincial towns like Baguio C ity and small shop s 

in villages like Alicia - a wide variety of proce ssed foods was observed 

on display ( see Appendix 9 for product lists ) . 

The highest intakes were shown in all areas for baked goods , 

canned milk , bagoong (fish paste ) , soft drinks ,  in decreasing o rder. 

There were slight variations within regions .  The rural areas ,  Ilocos/ 
Mountain Province ,  Cagayan Valley, Batanes and Eastern Visayas ,  showed 

preference for cheaper animal pro te in foods - bagoong ,  canned milk and 

sardines .  Their con sumption of baked goods and soft drinks was lower 

than other areas .  

I t  seemed that beyond Manila, processed food intake was rather 

low .  The lower consumption in other areas would be due to lack of 
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disp osable income to purchase processed food and also due to distribution 

problems associated with making proce ssed foods available in these areas 

at low cost � The similar intake of soft drinks in the province indicated 

that proce ssed foods could be made available and attractive to the 

provincial p opulation. 

6 . 1 . 2  Processed food products eating patterns• 

The information, as  recorded in the nutrition survey reports ,  

concealed several important feature s .  With reference to processed food 

intake , it would be useful to know 

1 .  The popularity of the various processed foods as shown by the number 

of households utilizing processed foods . 

2 .  The processed foods utilized at particular meal time s .  

3 .  The particular processed foods regularly included in meals . 



From this information, eating patterns for p roce ssed foods could be 

deduced. This could indicate likely trends in processed food usage , as 

the �;e foods become increasingly important in areas other than Manila . 

Raw forms contained, the weights of individual foods served for 

each h ousehold, for each meal and for each of three consecutive days . 

Frequency data was compiled from these forms , on how many households 

served each processed food recorded, broken down by meal time and 

region. Table 6 . 2  presents this data summed across all regions , for 

the three day survey period . 

Table 6.2 Frequency of serving processed foods in the Philippines a 

Number of household servings per 3 day Total number of days served (ma x i mum 

period, total a l l  regions (maximum 6879) 21 for 7 regions over 3 days) 

breakfast lunch dinner snacks breakfast lunch d i nner snacks b 

I 
pan de sal 1997 36 33 71 21 9 6 16 
bread rol ls (assorted ) 39 3 42 1 80 2 1  10 8 1 7  
pan americano 229 25  14 38 2 1  9 8 12 
biscuits 1 8 1  8 3  3 1  299 20 12 11 1 8  
cake 50 6 6 1 3 7  1 7  4 5 -

biscotcho 22 18 6 2 4  9 9 4 8 
noodles, pastas 2 4  297 2 33 5 1 1  20 21 3 
native sausage 112 42 62 2 19 14 17 -

meat loaf 30 2 5 -

corned beef, l u ncheon meat 50 33 40 1 15 1 4  14 -

canned sausage 62  9 6 - 13  5 5 -

sardines 123  113  124  1 2 1  1 9  17 -

bagoong 6 5 3  1426 966 - 20  2 1  21  -

evaporated mi lk  1975 58 43 86 21  14 13  -

condensed mi lk  481 17 1 8  10 21 9 1 3  -

dried m i l k  156 19 7 2 3  2 1  6 5 -

butter 221  14 3 1 1 7  8 2 -

margarine 517  6 5 7 21  5 5 -

Milo/Ovaltine 39 - 5 6 - - - -

ground coffee 2990 29 46 71 2 1  1 4  1 8  -

instant coffee 439 9 1 8  1 4  2 1  1 0  8 -

soft dr inks  38 82 32 378 9 10 10 1 8  

a. Taken from raw data sheets of regional su rveys, made available by Food and Nutirition R esearch Center, 
Manila. 

b.  Snack data was available for only 6 regions, therefore maximum was 6 x 3 or 1 8. 

N ote. N ot all foods were considered on each data sheet. 
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Excert for pan de sal ,  evap orated milk , bagoong and ground 

coffee , the utilization of p roce s sed foods was infrequent . Across all 

regions , the basic commodities bread, canned meat, canne� fish and 

noodles were consumed with significant frequency. However, products 

d.emanding more sophisticated technology - canned meats ,  canned fish -

were le s s  popular than the more traditional produ cts - native sausage 

e.nd fish paste (bagoong ) . The popularity of baked goods was surpri sing 

but they repre sented a convenient, ready-to-eat, cheap , filling food . 

It  is  likely that they were introduced during the 300 year Spanish 

period. 
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Apart from the use of bagoong , noodles  and s oft drink s ,  proces sed 

foods were utilized widely and at their greate st levels  for the breakfast 

meal . Coffee was usec at 44%, bread products  at 4� and evaporated milk 

at 29% of total household breakfast 'serving s .  The breakfast utilization 

could be due to the convenience and ease of preparation characteristics 

usually associated with proces sed foods . The part of the population 

consuming processed food had a western s tyle breakfast of coffee , bread 

with butter or margarine and sausage , meat or fish. This would be  in 

line with the American influence in living style felt in the Philippines 

since the beginning of the century . 

The other daily meal s relied almost entirely on unproces sed 

I foods with the excep tion of noodles  which were popular at lunch and 

dinner meal s .  The se would be generally the Chinese style noodl ·�s  from 

;:r .. mgbe::;.n starch ( sota.nghon) :>r rice s tarch (misua) which are widely 

consumed in the home and in foodsho:? S throu.Bhout the cow1try. Information 

was not available on the u se of processed i'ood in these foodshop s ,  so that 

lun(}}l eating patterns coul ·i not be more fully de scribed. The only 

imp ortant items con:�ume1i as snacks were soft drink s and biscuit s .  

To indicate whether any of the proGe ssei foods were re gularly 

consumed, the total number of day s that each pro.iuct was served in each 

area wa s computed and summed across  all regions . Thi s  method to ok n'J 

ac count of the amount of each food consumed, or the number of households 

serving each product, but merely estimated the regularity of us age. All 

foods listed with the excep tion of noodles and soft drinks were regularly 

consuLJ.ed .for breakfast in the households conce rned . More variabil ity was 

a ssociated with the lunch meal but noodles ,  bagoong and sardines were 



most rogularly used. at this meal time . At dinner there was lea st 

utilizatiJn or processed rood and least regulari� ;  bagoong and 

sar.1ines and the native sausage ,  longaniza and chorizo ,  were mo st 

regularly taken at this meal. 

C oncl·Js io� . The wide accep tance or p roce ssed roods ror breakrast i s  

important , particularly with regard t o  the relatively high utilizat ion 

or baked goods . It would be expected that as · processed roods bec�me 

available to more Filip inos ,  this pattern would be accentuated 

thr.;ughout the country . I t  woul•i seem then that nutritional pro cessed. 

roods should be de signed ror the breakrast meal at thi s  stage s ince 

1 .  Processed roods �re already acceptable as breakrast roods . 

2 .  Processed roods with convenience and ease or prep aration 

characteristies are particularly advantageous ror breakrast .  

3.  Breakrast i s  generally regarded  as  the mo st e ssential meal or the 

day and �s such is exp ected to be mo st nutritious ( 1 20 ) . 

4.  Proeessed roods ror breakfast - baked goods , canned meat and rish, 

canned. milk - are capable of wide spread distribution. 
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Penetration or processed �oods associated with other meals would 

seem more dirficult . Traditional sys tems or cooking raw roods ror the 

lunch and d.inner meals do not seem to have been arrected to a� extent b 

the availability of' p rocessed f'oods even in Manil� .  { 

The food proce s sing industry in the Philipp ines is  the largest 

:nanuractur .L."lg sector in the country. In 1 971 , the f'ood industry 

employed 88 , 000 people representing 21% or total manuracturL�g labour 

rorce,  with prJ:iuction or value 5 , 000 million pesos ,  representing 25% 

or to tal manufacturing output ( 1 21 ) .  

In Fig .6 . 1  it can be seen that the contribution or the food 

industry to total manufacturing is declining , as other manufactur�"lg 

industries develop . This could be partly due to the growth in 

importance of larger factories ,  being less labour intensive and 

rorc ing closure or smaller operations . This trend i s  evident within 

tne fo od industry itselr (Table 6 . 3 ) . 
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Figure 6.1 

Percent total 

1 960 1 964 

Percent total number 
of emp loyees 

1 968 1 97 1  

Contribution of food manufacturing to total manufacturing 
industry in the Phi l ippines 

Information taken from a direc tory of large manufacturing 

es t'3.blishments indbated the number of factories involved in various 

types of food processing in the Philippines in 1 967 as shown in 

Table 6 .1+ ( 1 22 ) . This  info rmation was available only for factories 

employing more than 1 0  workers or with output greater than one million 

pesos . Thus the large prop ortion of s�all operations were not 

considered in these data. 

The greatest number of large factories were concerned with 

baking , rice milling , manufacture of ice, soft drinks and pasta and 

noodle production. Apart from s oft drinks manufacture , these operations 

were small units ( on an employment basis )  and were spread throughout the 

country . Distribution of products of these industries should be capable 
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of covering the wide st area , particularly for baked goods and rice . 

All other food processing industry was concentrated in the Greater Manila 

area . Good distribution to the large urban population wouli be expected, 

but only the larger companies co uld be capable of more extensive 

distribution to the provinces - meat processors and manufacturers of 

canned milk , canned fruit, biscuit s ,  confectionery and soft drinks .  

Thus facilities existed for mo st types  of food processing 

operation, except notably for freezing and dehydration operations . 

Table 6.3 Contribution to total Phi l ippine food industry of large 
establ ishments employing more than twenty employees a 

Percent tota l  Percent tota l  Percent total 
establ ishments em pl oyed ou tpu t val ue  

1 956 1 2  6 5  80 
1 960 1 3  70 84 
1 964 1 5  70 9 2  
1 968 1 3  7 3  9 2  
1 97 1  1 0  76 9 3  

a. Adapted from data made avai lable by Bureau of Census and Statistics, Man ila ( 1 2 1 ,  1 22) 

6 . 2 . 2 TYPes of pro cessed food products 

There was no statistical information available on the production 

of the food industrie s by product type .  Detailed information on the 

shipment of pro.:luc ts from the large proce ssing factories was , however, 

available . 

Table 6 . 5 indicatP. s  the quantities of various products shipped 

from the major food procez �ing factories . Unfortunately this  data was 

not comparable from year to year and did not represent total industry as 

different numbers of factories offered this  information in different years . 



Table 6.4 Food processing industry in the Phi l ippines a 

Type of processing 
factory 

Number of factories by 
number of em ployees 

1 0- 1 9  20-99 ;;;. 1 00 total 

slaughtenng, me�t pack ing 

meat processing, canning 

ice cream. flavoured ices 

butter 

evaporated, condensed mi l k 

f luid m i l k  

dairy dr inks, etc 

fru it, fru it  ju ices. canned, preserved 

vegetables. vegetable ju ices. canned, 
preserved 
vegetable sauces. d ressi nqs 

fish, seafoods. canned 

fish , seafoods, cured . d ried . smoked 

fish sauce-patis 

fish paste-bagoong 

rice m i l l ing 

8 
l A  

1 

1 

4 

8 
3 
1 

104 
corn m i l l i ng 1 3  
flou r m i l l ing 

bakery products (except biscui ts) 424 
biscu i ts, crackers. etc 9 
sugar m i l l ing 6 
muscovado m i l l ing 4 
confectionery 7 
cocoa, chocolate products 

salted. candied fru its, nuts. seeds 

macaroni ,  spaghetti, noodles 

ice manufacturing 

dessicated coconut 

cook ing oil, margar ine 

cpffee roasting, gr inding 

disti l l i ng, b lend ing l i quors 

wine manufacturing 

brewing, malt products 

soft d r i nks 

instant beverages 

total 

6 

18  
36  

1 
2 
3 
5 
6 

4 

6 9 2  

1 
2 
2 
5 
1 
1 
6 
1 

3 2  
1 1  

7 2  
1 1  

7 
4 

2 1  
4 
2 

20 
14  

2 
7 
3 

1 0  
7 
1 
9 
1 

2 7 1  

1 1 
4 19  
le 24 

3 
1 
1 
1 

1 

3 
4 
2 
3 

6 
3 

10 
2 
9 

10 
2 

3 1 39 
1 25  
7 7 

1 497  
4 24 

24 37 
8 

7 35  
3 

1 
1 
5 
1 
4 

2 7  

7 
8 

38  
5 3  

5 
1 0  

7 
20 
14 

5 
40  

1 

1 1 5  1 0 7 8  

a .  Ad..,ted from 'Directory o f  large establishments 1967' ( 1 22). 

Number of factories b 
in Greater Mani la area 

14 
4 
2 
4 
1 
2 

2 

4 

9 
1 

3 

9 1  
1 0  

1 

20 
7 
2 
3 
7 

2 
2 
6 
4 
1 
f) 

208 

b .  Includes Manila, Caloocan City, Pasay City, Quezon City, Pasig, Makati, Malabon, Mandaluyong, 
Navotas, Paranaqua, Marikina. 

c. Published data augmented where more recent factory known to have opened since 1967. 
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Table 6.5 Estimates of processed food production in the Phil ippines • 

sausages (not  canned ) 

ham, bacon (not  canned) 

sausages, canned 

canned m ea ts, spread 

meat loaf 

nat ive meat 

ice c ream ,  i ce nove l t i es 
d 

evaporated . condensed m i l k  

flu id m i l k ,  reconst i t u ted d 

fru i t ,  fru i t  ju ices, canned 

vegetab l es, can ned 

veg/meat p roducts. pork  and b eans 

vegetab le  sauces, ketch u p ,  etc 

soy sauce t 
f ish sau ce, pat is f 
fish paste, bagoong 

bread, b read rol ls g 

ca kes, other sweet goods g 
b isc u i ts, c rac kers g 

macaro n i ,  nood les 

dessicated coconu t 

marga r ine 

instant coffee 
h 

soft d r i n ks, carb o na ted 

Sh i pments of  p roducts from factories report ing 

1 960 

1 59 3b 

342 
b n a  

5 9 3  

1 96 1  

9 6 4  
3 85 
9 87 

36 8 

( metr ic ton) 

1 962 1 968 1 969 1 970 

2 30 0b 1 45 6  1 2 1 7  16 5 3  
311 2 5 1  c 368 46 8 

b na 36 39 2 7 85 30 2 5  

359 
1 0 5 7  100 4 81 8 

2 6 7  
1 5 2  

1 45 
3 3 8  

3 5 6  
2 9 5  

9 8 3  1 0 7 7  1 1 9 0  1 80 3  2 2 11 2 42 0  
1 1 8 5 7 5 1 1 8 3 5 5 2 2 1790 1 0 42 2 91 0 5 7 6 71 0 3 476 

343 45 8 425 183 n a  n a  

40414 na 446 5 41 4 8497192 9 822 10 9 6 3  
2 86 4e 9 4 9  2 1 6 7e 2 36 5  1 5 9 6  2 1 79 

nae 1 9 3 4  nae 347 8 6 2 9 8  3 8 3 5  
2 2 47 3447 2 5 5 7  4447 40 2 4  4 87 7  
1 475 6 3 89 6 72 2  8483 9 6 0 1  1 2 2 0 2  

n a  2 79 4  na 2 430 452 3 4 5 8 5  
n a  1 30 6  na 1 879 na n a  

1 6 8 0 4  32 5 5 2  2 1 0 40 146 35 1 2 9 47 1 349 7 
4347 6 9 82 3947 4471 4 3 0 5  36 82 

1 3 345 1 9 7 6 7  1 5 5 32 4 0 5 0 6  469 0 1  4 8 5 7 0  

1 1 86 6 2 89 316 2 6 72 2 5 74 2 10 0  
5 5 1 3 5  5 6 39 7  8 0 5 4 4  6 6 6 7 8  6 42 9 9  5 5 42 3 

4776 na 42 90 5 5 82 6 760 6 1 7 8  
n a  n a  na 1 84 3  2 5 0 7  2 6 89 

6 2 80 5  6 0 5 7 3  6 7 2 2 7  716 5 1  899 9 1  9 83 6 1  

a. Adapted from f i les and publ ications of Department of Commerce and Industry, Bureau of Census and 
Statistics, particularly ·Annual Survey of Manufactures: 1 962, volume V 1 ' ,  and 1968, volume V 1 1  ( 1 21 )  
Data obtained only for shipments of products manufactured. Note that from year to year data is not 
comparable since different numbers of companies reported and in some years not all the products were 
included. 

b. Sausage products, canned, and not canned, considered together. 

c. No recorded data for bacon. 

d. Unit of 1 ,000 gallons (4,550 l itres) 

e. Vegetables, canned and vegetable/meat mixtures (including pork and beans) considered together. 

f. Unit of 1 ,000 l itres. 

g. No quantity data recorded. Shipment value in 1 ,000 pesos given. (Note change in value of peso in 1960 -
196 1 ). 

h. Unit of 1 ,000 cases. 
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1\Ievertheless , thi s information was valuable in indicating the wide range 

of products produced and in giving evidence of the type of technical 

know-how and processing facilities which exist . It  indicated generally 

growth in proauction in all sectors of the food industry. Also , the 

lare;est food  industrias were identified : the products mainly for export -

ca1me:'i fruit , fruit juices and de ssicated coconut ; and the low-priced 

proaucts for the domestic market - soft drinks ,  canned milks ,  bakery 

products ,  soy and fish sauce , canned meat and vegetables . Again the lack 

of production of frozen and dried products was evident . 

6 . 2 . 3  Availability of processing equipment and technical know-how 

1 5 6  

Duri�g a vis it to Manila, a restricted survey of the Philippine 

food industry was made to gain more detailed information on the type of 

equipment available and the technical know-how and degree of sophistication 

associated with technbal operat ions . Twenty-two food c ompanies  

throughout the country were vis ited. These companies ranged from very 

large, sophistiGated operations to small backyard, family, co ttage 

industFJo Although only a small number of factories were vis ited, 

contacts were extremely co-operative and offered information on the 

processing and marketing of their products . This cross-section of the 

industry indicated the gener::tl status of food processing in the 

Philippines ( see Appendix 1 0  for detailed description) . 

Canneries . ----- Flve canning �actories were visited, Three were large , 

sophisticated operations, two canning meat products and the other 

p ine�pple . Two were smaller, family factories p roducing chinese sauce 

and m�shrooms . Canning operations were fairly well developed at all 

levels in the Philippines ,  especially in the large companies where 

expertise in formulation, product development and engineering was available .  

Frozen food plants . The two large meat companies were als o  pro ducing 

ehilled and frozen meat products .  Three other factories were ob served, 

r.o.n0i�g from a small immersion freez-ing unit for frozen chickens,  to a 

plate freezing operation for fish products and to a large,  fully 

automated, dairy complex . All these factorie s had large chiller and 

freezer storage spac e ;  in fact in the meat companies,  pro cessing was 

carried out in the chiller rooms . Although the frozen food sector was 

not as extensive as that of canning - probably due to distribution 

problems - it was fairly developed throughout the country. 

Dehydrati�l!_plan��· From the statistics ,  this sector was the least 



devel oped, but it was a maj o r  home-based preservation pro ces s  as evident 

in the immense quantities of dried meat and fi sh on display in the market 

places . Only two factories were visited : a modern de siccated coconut 

factory, using continuous tray-drying equipment, and a crude dehydrated 

soup operation,  utilis ing p ilot scale cab inet driers . So although a 

maj or pre servation me thod for Philipp ine food , dehydration wa s  not ju st 

yet widely developed in the food industry .  
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Extracti� �rations .  The milling and refining of sugar and the 

extraction of coconut oil were the mo st developed industrie s in the 

Philippine s but these e s sentially chemical industries , could not be 

considered fo r p roduction of consumer p roducts at this t ime . The production 

of noodles from wheat, rice and mungbean starche s was in small scale units 

so:;attered throughout the country, with facilities and exp ertise for 

ex traction, extrusion and drying ope rations . 

O ther maj or food industries were concerned with manufacture 

of bakery goods and s oft drink s .  Village bakeries were s cattered 

throughout the country with small scale equipment varying from ?ri:nitive 

to modern. The larger units in the cities and biscuit factorie s had 

continuous mixing and baking facilities . Soft drink operat ions were well 

develop ed with s everal plants in different p arts of the � ountry. 

Traditional home-based industrie s  were visited : fermentation of 

sal ted fi sh to fish sauce (patis ) and fish paste (bagoong ) ; production of 

native sweets from coconut and cashew nuts . Although varying from small 

seal e  to quite large operations , production methods were s till primitive . 

These home industries were a s sisted by a government agency - NAC IDA -

who se aim was to develop them s o  that the experience and skill of these 

home food processors was better utilised through upgrading of p roces s ing 

and storage conditions . 

S\lmmary . ' This  survey gave a very hurried but comp rehensive p icture of 

food proces sing in the Philipp ines . All p rocessing methods were developed 

except for dehydration.  Food industry was well develop ed in the large 

factories whi ch were mainly in Manila . Here the variety of products , the 

scale of p roduction, the sophistication of some processes  and the number 

of technical p ersonnel was surprising . The smaller units often had only 

one technical employee , if any, and dep ended on small scale batch equipment . 

Generally in all plants the standard equipment required for each process 



was availabla ,  in some form depending on the scale of the operation. 

All industries , large and small were lab our intensive . 

If a standard nutritional food product were to  be manufactured 

with existing facilities ,  only the large factories would be capable of 

production on a scale large enough to effect  some measure of national 

distribution. Of the smaller units , only noodle factories and bakeries � 
seattared throughout the countr-.r couli have sufficient total output to  

reach most of the population, through supplying their local areas .  The 

lack of technical personnel in these smaller units c ould cause problems 

in introduction of such a standard pro duct . 

6 . 3  Processed fo od distribution in the Philippines 

The de sign of food products capable of the most widespread 

distribution was being considered.  It was necessary therefore to consider 

distribution and storage c onditions for processed food products in the 

Ph:.li.ppines and to evaluate how effectively different products co'.lld 

reach the population. 

6. 3 . 1 Distribution channels 

Figure 6 . 2  ilL1strates the distribution channels userl by the 

fooi p rocessing industry in the Philipp ines .  

1 .  Major companies , mainly based in  the Manila area , ship to  all maj or 

ports on the other islands , and may or may not have their own trucks to  

distribute to outlying areas .  

2 .  Some companies sell to wholesalers who ship or  truck t o  retailers 

in outlying areas . Otherwise , they distribute to agents on each island 

who sell to retailers . 

3 .  Merchants in market places ,  p articularly in rural areas ,  supply the 

owners of road s ide stalls or shop s ( sari-sari stores ) , with a small 

quantity of goods ,  on credit , for example canned foods , sweets and 

biscuits . The shopkeeper carrie s the goods by public transport or on 

foot back to the stall,  and then returns the following week to pay 

debts and replenish stocks .  

4 .  Truck owners deliver to retailers , in a certain area, all type s  of 

items on behalf of several different wholesalers or �gents . Due to the 

conditions and delivery times involved, generally canned food only moves 

t."lrough this channel . 
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5 .  SJft drink comp anie s sell direct from their many truck s  whi ch 

�enetrate to all s�ri-sari s tores, provided they are on a road. This 

is the only channel which deal s direc tly with the stall owner. Weekly 

or fo rtnightly return cycle s are usually op erated in distant outlying 

are a s ,  with mo re frequent call s in urb an area s .  

6 .  Bak erie s  are scattered thro ughout the countFy and normally , 

outlying area s have at l ea s t  a small bakery in a nearby villag e ,  if 

not in the ma j or barrio ( community unit smaller than village ) . Baked 

goods thu s reach mo s t  of the p op ulation dire c tly. Some of the i solated 

barriu s may only rec e ive small amounts of bread once a week when the 

sari- sari store owner go e s  up to market . 

7 .  I solated c onc entrated c ommun it i e s ,  such a s  large fruit p lantations 
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and sugar central s ,  usually have a s tore which i s  op erated by the 

manag ement . The management buys in bulk in the neare s t  c ity or town, 

us tlally from whole sal ers , and delivers to the site using company transp ort . 

Some c ons;1mer c o-operatives oc cur in th ese is olat ed area s where the cap t ive 

market ensures the ec onomic fea s ib il ity of thi s r etail sy stem . There are 

few ca s e s  of thi s  metho d of distributio n .  

F o r  p roce s s ed fo od p ro d'..lct s ,  the maj or di str ibution channels are 

the merchant / sari-sari s tore and the soft drink sys tems . The thousands 

of sari- sari s tore s were s ai i  to move the large s t  q uant it ies of c anned 

milk , canned f'i sh and s of't drink s in the c o'..lntry ' s  mark eting sy stem . The 

widesp read distribution of bak ed p roduc t s  acro s s  the c ount� was 

s imilarly effec tive . 

6 . 3 . 2 Storag e sy:3tems 

The storage l ife of p ro ce s sed f oods in the Phil ipp ine s determine s 

the extent of di stribution which c an b e  a chieved, and the typ e of 

dis trib ut ion channel which can be u sed . 

Few shop s in outlying areas have refrigerators and relat ively 

few store s  in the citie s ,  except large s tores, have fre e z er or chille r  

cab inet s .  Refrigerated ship s and truck s are availab l e  fo r shipp ing fro zen 

o r  perishable f o o ds to p rovincial centre s but th ese foods have t o  be 

consumed soon after purcha s e  due to lack of domestic refrigerated storage , 

thu s fro z en o r  chilled food p roducts c ould no t b e  considered fo r widesp read 

distribution . Baked goods, native sau sages and no odles - produced all 

over the country - are the only typ e s  of p roduct s w ith short storage l if e  



capable of widespread distribution, s ince the area around each processing 

un�t can be  served regularly. In order to achieve wide distribution, all 

other goods must be processed and packaged suf'ficiently to withstand the 

rigours of the long physical distribution period, the climate and the 

hygiene conditions of the Philippine s .  

The lack of cool s torage in the home means that the food must b e  

con sumed soon a fter puruhase,  which necessitates the distribution of 

la.rge amount s of small units  of product , adding considerably to 

distribution cost . 

Thus baked , cured , canned and dried products and scft drinks,  

providing satisfactory storage life and capable of utiliz ing existing 

di�tribution and storage systems could only b e  considered in the product 

design. 

The tackground information on p rocessed foods , food processing 

and distribution defined more precisely the characteristics required of 

a suitable nutritional product . 
/ 

1 .  C ompate.bility with eating habits . Product should be primarily a 

breakfast food, convenient, easy-to-use . 
I 

2 .  Compatabil ity with processing facilities . Suitable processing 

facil itie s were for meat and fruit canning , baking , noodle and soft 

drink manufacture . 
J 

3 .  Compatability with distribution channels . Wide st distribution was 

achievable if products  reach ed sari-sari stores ,  either directly - soft 

dri!'..k s ,  or indirectly through merchants - canned goods, biscuits ,  

bak ed goods ,  native sausages . 

Suitable food product ideas had to  be  selected to match these 

characteristics . TherE! was the greatest probability of the most sui table 

products being identified, if as many ideas as  possible were initially 

generated . 

6 .4 . 1  Methods of generating product ideas 

Several methods,  used in private industry for obtaining p roduct 

or project ideas ,  allow idea generation from completely unrestricted 
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conditions to more ord.erly defined conditions . 

1 • Suggestions from research and commercial 

staff, company records, customer compla ints and suggestions are used . 

This is  the mo st restricting source as only ideas similar to present 

products,  with p err.ap s modification, are usually identified. It is u seful 

when objectives are restricted and allows for least change within the 

company. 

2 . Extensi.�m of product a_!;tributes .  Characteristics o f  the p roduct are 

identified and extensi ons or alternatives for each char:;.cteristic 

suggested for new product ideas ( 1 23 ) . This  is  a less  restricted method 

but still constrains the ideas to the basic p roduct concept being 

c onsider·ed . 

3 .  Variation of �Il-E.!'_9duc.:L�·_!;tr_g��teE_ . The previous method has been 

extended., in the produc_!, �b� or heuri!>tic ideation technique , to 

cons ider combinations of all possible product characteristics e . g .  various 

product forms, various flavours , various packages ,  various process ing 

techniques ( 1 24, 1 25 ) . This gives large nuocbers of p ossible combinations 

depending on the number of factors considered. This  method is the least 

re stricted as it c onsiders all ideas,  de scribed by factor comb inations 

but this means that large numbers of ideas are thrown up for c onsideration. 

This number is dependent on the actual factors considerec. and these can 

be re stricted to specific company requirements or completely unrestricted 

where completely new concepts are to be inve stigated . This systematic 

method allows greatest assurance s that a successful project idea will 

be identified . 

4 .  Brainst_9.£IDin� .  Executive s ,  research scientists , and marketing men 

put fonard in a discussion group , any p o ssible idea for the s olution 

of the problem, however wiJ d it may seem. Some systems allow discussion 

of proposals while others prohibit criticism since it is said to reduce 
the flow of ideas .  The ideas obtained from thi s  method may be 

unre stricted but suggestions are constrained by each individual ' s  

irr.agination, knowledge, and personality traits .  The lack of structure, 

as  in previous methods , could allow the best p roject id�a to be missed.  

5 .  Psychol�ical_panels .  The brainstorming method i s  taken out of 

the company structure . Depth interviewing or group suggestion panels are 

used, sometimes with consumers, to obtain suggestions of product faults , 

gap s in the market, changes in usage which might suggest new product ideas .  

Us:ng randomly selected panel members in the synectics method, solutions 



to problems are sugge sted indirectly and built on analogy and metaphor. 

Here the interaction of ideas  is guided by a trained p sychologist with 

c ontributions from marketing men also in the group ( 1 26 ) .  

Panel members may also be selected. for their innovative potential, so 

t.hat maximum idea generation is obtained. ( 1 27 ) . 

The se sophisticated group methods are expensive and time 

consuming and the value of them may be doubtful since whatever brilliant 

idea turns up , it depends on the imag ination of the evaluator whether the 

idea  is accepted.  Thi s  same criticism,  however, holds for all the o ther 

systems but the de sk methods are much cheaper, simpler to run and 

probably as  systematic and comprehensive as needed for mo st product or 

pro j ect idea generation problems . 

In this study-,. ideas were sought for nutritional foods which 

fitted the PLilippine environment . In thi s s ituation, neither company 

records nor staff could be used, nor could. Philippine consumers be 

call ed on to exandne p roduct concepts . Ideas had t o  be generated in 

isolation by a systematic and unb iased method. The product morphology 

system was the most suitable, available , method with sufficient 

comprehensiveness for these c onditions . 

Identification of suitable idea s for the nutritional food 

product 

The product morphology system required specifications of 

characteristics important t o  the product. The number of characteristics 

�sed , depended on how comprehensive a descrip tion was requj red : a small 
. .  

number allowed investigation of product ideas in a defined area . 

Characteristics selected were those cons idered to  prcvide variations in 

ba sic concept s  of food products suitable for Philippine conditions. 

Suc:h a list was obtained by expanding the three maj or characteristics  

defined earlier. 

1 .  Eating habits characteri stics :  p roduct form e . g .  bakery p roduct, 

meat product ,  drink ; organoleptic propertie s  e . g .  flavour, texture, 

colour ;  home preparation method e . g .  baking, frying , boiling ; portion 

control e . g .  one meal unit ,  one day unit ; p ortion design e . g .  calorie 

ur.its ,  adult units ,  family units . 

2 .  Proces sing characteristic s :  proce ssing required e . g .  canning, 
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bottling , dehydration. 
3 .  Distri!>ution characteristics : 
pickled, dried ; storage method e . g .  
e • E •  can, paper, film. 

preservation method e . g .  canned, 
cupboard , refrigerator ;  packaging 

The characteristics selected were product form, home preparation method 
and preser�ation technology ( comb ination of pro cessing and preservation 
method) . These wer� considered mo st suitable for indicating variations 
in basic product ideas .  Organoleptic properties ,  p ortion c ontrol and 
design could be considered for any particular product. These w ould not 
provide basic concepts,  merely various forms of a basic idea . Storage 

method and packaging would depend on the processing method used, so 
the se were merely extensions of the preservation method. 

The various factors considered within these characteristics were : 

1 .  Product form: bread, bun, biscuit ,  sausage, meat loaf, soft drink , 
milk drink , noodles .  
2 .  Home prep aration method: boil ,  f�, grill , rea�-to-eat . 
3 .  Pre servat ion technology :  canning , dehydration, baking, pickling . 

Each list of factors representee. one dimension of a three­

di�ensional matrix which described all p o ssible combinations of  product 
ideas. Each three factor combination conveyed a food product concept .  
All such product c oncepts were screened in order to  s ort out tho se which 
were impossible or obviously impractical for the project . Figure 6 . 3  

shows the morphology matrix , which described one hundred and twenty-eight 
possible combinations or product ideas, for example, canned bread to 
be  boiled ! 

6 .4 .3  Preliminary screening for selection of  feasible ideas 

The extensive list of product ideas contained many 
irreconcilable combinations of factors . Some system of sorting out 
feasible concepts  from the impossible ones was required. 

Firstly, ·�he list was studied by a panel of food technology · 
students who were asked to select factor comb inations, which suggested 
reasonable or acceptable or existing product ideas .  The use of several 
opinions here eliminated any limitations of �agination which might 
exist when based on one opinion. Three sheets illustrating the three 
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I 
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dehydration 

bak i ng 

pic k l i ng I 
Figure 6.3 Product morphology matrix for Phi l ippine food product 

possible two-dimensional matrices - technology x preparation, technology 

x product form and product form x preparation - were pas sed randomly 

around thirty-three food technology students who were asked to  tick each 

element describing a two-factor combination which suggested a reasonable 

or accep table or existing product idea.  It  was felt that two-word 

combinations were simpler to visualize and easier to ,represent on paper 

than three-word combinations for this exercise .  Any two-dimeLsional 

element which was accep table was taken as a satisfacto� product concept .  

No account was taken of  the frequency of sugge stion of any element as  

this was of no  value since all p o ssible ideas were to  be considered . 

The acceptable two-dimeLsional elemeLts  were combined to give 

ninety-three three-factor combinations de scribing accep table product 

concepts . The thirty-five elements removed were pickled bread (4) , 

p ickled bun (4 ) ,  p ickled biscuit (4. ) , boiled biscuit s ( 3 ) , baked soft 

drink (4) , baked milk drink (4) , fried soft drink ( 3 ) , grilled soft 

drink ( 3 ) , fried milk drink ( 3 )  and grilled milk drink ( 3 ) . 

The reduced list was then judge� by a knock-out system, which 

was devi se� to remove those product ideas incompatible with the 

original ob jectives .  The ob jective s were firstly placed in order of 



importance for screening . 

1 .  Feasibility of formulation from raw material mixture 

2 .  C ompatibility with food eating habits 

3 .  C ompatibility with distribution patterns and storage systems 

4.  C ompatibility with present proces sing conditions 

Each idea was assessed against each factor in this order . In this  way, 

ideas which c ould not meet the major criterion of being cap able of 

form11la.tion from the raw material mixture was immediately eliminated. 

Remaining ideas were then judged for comp atibility with eating habits ,  

and tho se remaining after this were screened for di stribution fit. 

Finally the remainder were examined for fit with processing conditions . 

The raw material mixture consi sted of 1 1 40g of mainly vegetable 

material with approximately 4Q% solids . Such bulk would require the 

intake of immense volumes of fluid, in the form of soft drink or milk 

drink products since only between 5-1 � solids can normally be 

incorp orated in the se product s .  Such product ideas were therefore 

eliminated. 

Boiled and fried bread, buns and biscuit s and grilled biscuit s 

were eliminated as generally, heating any typ e of baked product in the 

Philippine s would be unnatural , and these products are assumed to be  

r�ady-to-eat. Grilling , for bread and buns was eliminated since it  

would represent orliy an alternative method of serving the ready-to-eat 

product . Dehydrated biscuits were eliminated as these were assumed 

synonymous with baked biscuit s .  Grilled meat products were also 

cons idered incompatible with general cooking methods . Boiling and 

frying of meat products were eliminated, except for dried sausage , since 

the se were merely alternative methods of cooking ready-to-eat products . 

0f the noodle p roducts ,  baked and dried noodles  requiring frying or 

grilling or ready-to-eat were eliminated since these ideas did not fit 

common eating patterns . 

Baked meat products were eliminated as the se would be manufactured 

in a central plant and woul i require chilling or freezing to pre serve 

them for wide di stribution. 

C anned baked goods were eliminated since placing canning 

facilities in the ma� small bakeries  would be a major undertaking . 
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S imilarly canned uncooked noodle s ( to boil ) were eliminated as small 

noodle �actories hav9 no canning �acil itie s .  The large spaghetti and 

noodle �actories in the maj or cit ie s  could incorp orate the canning 

equi�ment but little advantage would be gained over pre sent packaging 

systems . 

6 .4 .4 Product concepts  

On completion o� the compatibility study, sixteen produc t  

ideas remained. These were examined and product concepts were 

developed more �ully. Twenty product concepts were evolved from 

expansion of the three-factor-comb inations : 

Word combination 

brea�dehydrate� 
ready-to-eat 

bread/baked/ 
ready-to-eat 

Idea generated 

1 • Interme(lia te­
moisture controlled 
bread 

2 .  Dried bread 
slice s 

3 .  Convent ional 
bread 

Product concept 

Lower water activity than normal 
bread. Longer shelf li�e . Few 
organoleptic problems . Could be 
manufactured by existing baking 
methods-formulation change only . 
Mix would be supplied to 
bakeries .  Could be in loaf or 
small roll form. Would require 
outer packaging for carriage 
to outlying dis tricts . 

Like ' biscotcho ' (Toa$ted bread 
with sugar) if sweetened or 
'biscott ' , if unsweetened .Would 
probably be regarded as a 
biscuit rather than bread. Such 
products commonly made at home 
and s tored, not normally made 
at bakery . Should be easily 
manufactured in b iscuit 
�actorie s or bakeries if 
ingredients mix supplied. 

Alrea�y widely consumed in loaf 
( sliced) form and in roll form 
so  no dif�iculty in manufacture 
envisaged. Only problem would 
be the lack of gluten in the 
raw materials mix which would 
be supplied to bak er s .  This has 
be en overcome in s ome 
speciality bread s .  
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buns/ 
dehydrated/ 
ready-to-eat 

buns/ baked/ 
ready- to-eat 

b .  " t  I lS CUl s, · 
baked/ 
ready-to-eat 

4 .  Intermediate­
moisture 
controlled buns 

5 .  Conventional 
buns 

6 .  Biscuit s  

Similar comments to ( 1 ) . Similar 
to flavoured roll products-pan 
de leche , pan de limon, pan de 
coco , and the yeast buns­
enzymada-which are widely 
available ,  but not consumed at 
such high levels as  plain 
bread products . 

Similar comments as  ( 3 )  and 
(4) . 

Could. be baked on existing 
biscuit e quipment in the main 
centres .  Could take many forms 
and flavours for variety.  
Cracker type likely mo st 
acceptable for bulk intake.  
Distribution good to  outlying 
areas-long shelf life with 
adequate packaging . Raw 
materials mix would be 
supplied to all factories .  

Note . For ease of introduction and control , a raw material mixture 
suitably formulated for the product would require to be supplied to 
all the bakeries scattered throughout the country for all the baked 
products listed above . Thu.s some central units for producing this 
mixture would be necessary for feasibility of these ideas . 

s�usage/canned/ 7 .  Frankfurter in Already a popular product . 
ready-to-eat sauce or brine Likely to be heated befo re 

eating , though could be 

sausage/ 
dehydrated/ 
boil 

8 .  Vienna type 
sausage in sauce 
or brine 

9 .  Dried sausage 
( native type )  

taken c old . Cost  must be low . 
Facilities available in Manila 
for manufacture .Disadvantage 
may be large cans which limit 
stocks  at sari-sari store . 
Long shelf life product .  

Similar comments to  ( 7 ) , 
except  more flavoured 
sausage . Has advantage a s  
smaller sausage , smaller cans 
can be used, aiding penetration 
to outlying sari-sari units .  

Similar t o  longaniza and 
chorizo which are made from 
beef ,  pork , fat and spice s .  
Shelf life probably 2 weeks 
if packaged .Usually only 
available at meat market , not 
often available at sari-sari 
store .Most popular processed 
meat product.Couli be 
manufactured in central meat 
proces sing plant in Manila­
distribution problem. 
Formulation may be difficult 
with .the unconvential raw 
materials . 
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sausage/ 
dehydrated/ 
ready-to-eat 

sausage/ 
niQklea/ .recfdy-to-ea t 

meat loaf'/ 
cannea/ 
ready-to-eat 

meat loaf/ 
dehydratea/ 
ready-to-eat 

1 0 .  Intermediate­
moist:.rre 
controlled 
sausage 

1 1 . Fermented 
sausage 

1 2 .  CA.nned 
meat loaf 

1 3 .  Intermediate 
moisture-controlled 
meat loaf' 

1 4-. Dried meat  
loaf slices 

Product type not available . 
General acceptance of 
sausage should aid 
introduction of product .  
Luncheon type , precooked 
envisaged with extended 
shelf life up to 4 weeks 
p_o seible §. .  if packaged . 
Distribution could be 
widespread . C ould be 
manufactured in central 
plant as formulation 
control important . 

Not widely eaten-salami, 
bolonga available only in 
maj or centres , made at large 
meat proce ssing plant . C o st 
main drawback , if cheaper 
consumption couli increase . 
Would require to be sliced 
and packaged in consumer 
portions for ease of 
handling in retail store s .  
Good shelf life . 

).._ 

Mo st sought after processed 
meat type . Generally too 
exp ensive for regular 
consumption. C 0rned beef ,beef 
hash, luncheon meat, chopped 
beef available in this form ; 
particularly in small cans in 
sari-sari store .Lower priced 
product would increase 
consumption . I s  eaten cold or 
heated( fried ) \vi th other meal 
items .Would be manufactured 
in central proce ssing plant . 
Long shelf life product .  

Similar comments  to ( 1 0) .  
D isadvantage s would  be the 
newness  of thi s product and 
shorter shelf life and 
distribution compared to 
canned product.  

Dried meat-tapa-is universally 
consumed. Generally meat slices 
sundried or air-dried in the 
home but major meat processing 
plants also  manufacture it on 
a smaller scale than other 
processed p roducts .Co sts would 
have to be comparable with 
fresh meat .Could easily be 
handled by distribution system, 
if packaged , to reach villager 
at sari-sa.ri store .Long shelf 
life .Difficulty may be in 
formulation and processing . 
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meat loaf/ 
p ickled/ 
re11dy-to-eat 

noodles/ 
canned/ .' I 
ready-to-eat 

noodle s/ 
dehydrated/ 
boil 

noodles/ 
p ickled/ 
boil 

1 5 . Pickled 
meat loaf' 

1 6 .  Fermented 
meat loaf 

1 7 .  Spaghetti/ 
macaroni/noodles 
in flavoured 
sauce 

1 8 .  Conventional 
dried noodles 

1 9.  Pickled or 
fermented 
flavoured 
dried noodles 

A new product .  Nitrite/vinegar 
flavours acceptable in corned 
products and native meat dishes 
so flavours should be acceptable . 
Plain meat loaf may be more 
acceptable , as already known . 
Would require canning or o ther 
packaging to have suitable shelf 
life for distribution . 

Similar comments to ( 1 1 )and ( 1 5 ) . 
Fermented fish flav our preferred 
widely, so fermented vegetable 
mix may be acceptable .  
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Spaghetti in tomato sauce with or 
without sausage s or meat balls 
available in urban supermarkets 
but not generallY available .  This 
type of meal often taken for lunch 
in food shop s , but unknown outside 
large towns . Pork and beans widely 
available , though, so concept could 
be acceptable .Chinese style sauce s , 
with or without meat piece s could 
be mo st acceptable as these are 
prepared in home for noodle dishe s .  
Product would b e  made in canning 
plant rather than noodle factorie s ,  
due to large throughput required.  
R�w material formulation for noodle 
and sauce pro cesses  would require 
to be supplied.Fits distribution 
system well . 

Spaghetti, macaroni(wheat ) , sotanghon 
(mung ) ,bihon , misua (rice )noodles 
are widely available in this form, 
but do not often reach sari-sari 
stores due to bulk in carriage . 
Traditional noodle pro ce sses may 
pose difficulties in adapting to 
unconventional raw material mix . 
Ingredients mix required for 
noodle factories .  

Noodle distes commonly have meat,  
fish in vinegar or fermented 
sauces-bagoong ,patis , soy . 
FlavourLng prior to drying with 
the se products could be attractive­
but unlikely since condiments 
would be added anyway and increased 
cost would no t be warranted.  
Similar comments to  ( 1 8 ) . 



noodles/ 
p ickled/ 
ready-to-eat 

20 . Noodles in 
pickle a/ 

fermented sauce 

Simil�r to ( 1 7 ) , with pickled 
or fermented sauce ,with or 
without meat.Established meal 
type in urban areas but may 
be strange in isolated rural 
areas .Use of common sauces 
used in rural areas-bagoong ,­
patis, soy may decrease 
introduction problems .Product 
would be re quired to be canned 
or packed in strong film bags 
for distribution. Raw 
materials mix w ould be 
supplied to central factories . 

6 . 5  Critical screening of produc� concepts 

The list of product concep ts now required to be more critically 

ex�mined to select the mo st suitable and practical product or product s 

for development . 

Several methods have been propo sed for screening product concepts  

in a semi-quantitative manner, mo st scoring systems following the general 

pattern of Fig . 6 .4 .  

Some measure of  the overall assessment is made to judge the relative 

suitability of each product concept for the project.  This depends on 

selection or screening ractors, weighting or the raotors , assigning or 

values to the factors for each product concep t and then calculation of 

the overall rating for each product concept .  

6 . 5 . 1 Selection of factors to assess  the suitability of p roduct concepts 
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Factors fall into two categories - market factors and technical r 
factors . Market ractors usually assess the potential size  of the market , 
segmentation of the market , competition from other products,  distribution 

problems and profitability.  Technical factors cover proce ssing 

difficulties expected, new equipment required, p roduction capacity, )\ development costs ,  storage life and packaging problems . In both cases ,  

those factors,  which have the greatest bearing on  the pro ject and can I 
discriminate clearly between the ideas ,  are selected a s  criteria for 

the screening proce s s .  

I n  this project ,  this sytem has t o  be applied to th e  Philippine 

national situation and not to any particular company environment .  
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Nevertheless  market and technical �actors exist which are important to 

t�e project objective s .  

Market �act�. The possible penetration o� each product into Filipino 

homas  could be estimated . It was also important that the new �ood be 

readily incorporated into the diet of the Filip ino so  that maximum 

nutritional improvement could be achieved. This was asse ssed for each 

product by a measure o� present usage of similar �ood products a s  a 

proportion o� the total intake . Then, the maximum p o ssible intake o� 

the new food in the diet was estimated by calculating the fraction of 

the selected raw material mixture weight which could be incorporated 

in the daily meals of the people . Since brea�ast was the major meal 

for processed food consumption, a measure of possible utilization o� 

each food in the break�ast meal was used to describe the �it with the 

meal pattern. It  was also important to identi�y any possible 

acceptability problems o� the new �ood which could have a maj or 

bearing on the penetration o� the �ood into the diet .  Thus �actors 

�overning consumption and �it with eating habits were 

1 .  Proportion o� total p opulation which could consume each product 

2 .  Frequency o� consumption o� each p roduct 

3 .  Pre sent consumption o �  similar products 

4. E stimated maximum daily consumption o� each product 

5 .  Break�ast utilization 

6 .  Degree o� acceptabili� 
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Distribution is a maj or �actor in marketing considerations and 

so the ease o� reaching all rural areas was a s sessed �or each product 

idea.  Factors bearing on the distribution e��ort were the storage l�e 

o� the product,  the longer this period, the greater the p o ssibility o� 

distribution over all areas· �rom central or scattered production areas ;  

the adequacy o� existing distribution systems to c ope  with national 

distribution o� each product , particularly to reach the greatest  number 

o� sari-sari store s ;  and the co sts o� distribution, s ince one central 

�actory distributing nationally would have higher distribution co sts 

than several �actories scattered throughout the country and distributing 
to the ir local district .  Distribution asse s sment �actors were then : 

7 .  Storage li�e 

8 .  Existing distribution system adequacy 

9 .  Distribution co sts 



Other marketing factors such as profitability and promotion 

effort were not considered here as assessments on these factors 

depended on specific compa�y situations and on whether or not thi s  type 

of pro ject would  be subsidized . 

Te�hnical factors . Assessment of possible problems in development of 
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each pro duct was nece ssary. At this stage , a primarily sub j ective 

assessment could only be made , based on information of similar processe s 

in the literature . Production capacity would affect market s ize and 

penetration factors . E stimation of current output and expected output of 

factories capable of handling these product types  was used to measure 

this factor .  Also e stimations were made of the ease of increasing 

production e . g .  using other plant or building new factorie s ,  modification 

of equipment . 

The effect of processing on nutritional value of the product 

needed to be assessed . Although extensive exp erimentation would be 

required to optimize nutrient retention in processing of these products , 

some e stimation was made of the likely proce ssing step s and possible 

sources of and degree of nutrient destruction.  It was hoped that products 

would provide nutrient requirements in daily portion s ize s .  The bulk of 

the raw material mixture, weighing 1 1 40g , could require that products be 

divided into smaller, more convenient p ortion sizes, these could cause 
problems in control of intake . The degree of difficulty of p ortion 

control of each product type was estimated.  The technical factors were 

1 0 . Development problems 

1 1 . Production capacity 

1 2 . Ease of increase of p roduction 

1 3 .  Processing effect on nutrient retention 

14.  Portion control 

Other factors such as processing co st and cap ital cost  were 

not included since these could not be assessed without knowledge of the 

specific plant situation or whether a subsidy would be available . It was 

aimed to utilize existing processing equipment with minimum modification. 

In this way, little capital investment should be necessary. 
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6 . 5 . 2 Weighting o� �actors 

Be�ore an overall rating score �or each idea is calculated, the 

�actors are weighted to account �or the relative importance o� the d�ferent 

�actors to the pro ject.  For example , technical �actors may be more 

important in some situations than marketing �actors and are weighted 

accordingly ( see Fig . 6 .�) . Three methods o� weighting �actors are : 

1 . We ights may be assigned by ranking �actors in order o� importance . 

This assume s an ordina l scale o� importance ( 1 28 ) . 

2 .  A maximum sco re number may be assigned to each �actor, the 

di��erent magnitudes o� these numbers de�ining the relative importance 

o� each �actor to the project ( 1 29 ) . 

3 .  In the Chureh�h .-Ackof� scale , these aspects are comb ined in that 

�actors are ranked and the �actor deemed most important given a weighting 

o� unity and all others some �raction depending on their importance 

relative to this �actor. Product concepts are ranked inversely �or each 

�actor and 'pre�erential position '  o� each product assessed by multiplying 

the ranking by weighting �or each �actor �nd adding acro ss all �actors ( 1 30) . 

The assignment o� weights by subjective methods is  criticized 

mainly because the �actors , as judged , are normally not independent and 

contain some interaction between them. A complex method has been prop o sed 

( 1 3 1 ) to evaluate weightings �or �actors which eliminate this interaction. 

This  method de�ines �or each �actor distributions o� probability �or 

success or �ailure o� a product concept ,  based on experience in the companY• 

It is probably not worth all the extra e��ort to evaluate weightings in this 

way when screening at this stage . I t  has been shown ( 1 32 )  that the rating 

o� product concepts is usuallY insensitive to small change s in �actor 

weightings .  It  has also been suggested that Thurstone ' s  Law o� C omparative 

Judgement be used in the paired comparison o� �actors to obtain an 

interval scale o� relative importance o� �actors which can subsequently be 

weighted accordingly ( 1 33) . 

In this pro ject the �ourteen �actors were weighted suhject;vel� on thetr 
relative importance to the objectives . Firstly, �actors ��ecting the 

penetration o� products into the diet, were weighted.  The �actors measuring 

the number o� people who could be reached, the �requency of intake and the 

amount o� each �ood which could be eaten were judged mo st important here . 

The degree o� acceptability,  break�ast utilization and pre sent intake 
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factors were weighted low since these had been cons idered to a great 

extent in earlier selection of product concepts . The distribution 

factors were considered more important than the diet penetration factors 

since without efficient distribution, no inroads to diet penetration 

were p ossible . Production capacity was judged of similar value due to 

the interdependence of this with distribution for wide spread availability 

of products .  The o ther technical factors were weighted slightly lower 

due to uncertainity of information for their asse ssment . The overall 

fac tor weightings were then : 

1 .  Estimated proportion of to tal population which would consume 
each product .  1 0  

2 .  E s timated frequency of consumption . 6 

3 .  Present consumption of similar products .  1 

4. E stimated possible maximum daily consumption of each product. B 
5 .  Breakfast utilization possibility of each product . 2 
6 .  Degree of acceptability of each product for eating habits . 2 

7 .  E stimated sto rage life of each product . 1 0  
8 .  Adequacy of existing distribution for each product . 1 0  
9 .  E stimated distribution co sts . 1 0  
1 8 . Problems anticipated in development . 8 

1 1 .  Estimated production capacity. 1 0  

1 2 . Ease of increase of production . 1 0  
1 3 .  Possible effect of processing on nutrients in each product. 7 

14 .  Proqlems anticipated in portion control . 4 

6 . 5 . 3 Assigning values to factors and calculation of overall rating 

Each product idea was assessed for its degree of fit with each 

factor and an appropriate value assigned to represent this .  There are 

several ways of assigning this value . 

1 .  This value may be  a ranking , where the product concept which rates 

highest, with respect to a factor, is ranked first , the next second and 

so on.  The best product concept is that with the highest ranking over 

all the factors ( 1 34) . 

2 . This val�e may be a score ,  out of the maximum number for each 

factor, representing the degree of fit. An overall rating is obtained 

by adding all the individual score s  ( 1 35 ) . 

3 .  The degree of fit may be described in a scoring system by several 

levels termed very good,  good, average , p oor, very poor which are 
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allotted scores of say 5 ,4, 3 , 2 , 1  respectively . The divisions - good, 

average , poor - may be explicity defined ( 1 36 )  for each factor in 

order to retain consistency in rating each product idea. 

4. This can be further refined by assessing the probability of 

attaining a particular level of fit in the overall score .  There may 

be 0 .9 probability of an idea having a veFS good fit for one factor 

and 0 . 1  probability of a poor fit with the same factor  ( 1 37 ) . This 

system was employed in evaluating product concepts for the Philippines 

as shown in Fi3 . 6 . 5 . 

Each level of fit (A ) had a numerical value (B )  assigned to 

it - 1 0  for very good, 8 for good, 6 for average , 4 for poor, 2 for 
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very poor. Then the probab ility that each product concept would reach 

any of the levels of fit was assessed . This asse ssment was quantitatively 

based where possible , as de scribed in Appendix 1 1 . The probability was 

multiplied by the value of the level of fit and summed for that factor. 

This gave the expected value ( C )  of the product concept for that factor . 

Then the expected value was multiplied by the re spective factor weight 

to give the factor rating . Summing acro ss  all factors gave the overall 

rating (E ) for each p roduct , on an ordinal scale . 

Factor Development Production 
problems capacity 

actor weight ID 8 10 

level of fit (A) VG G A p VP Total VG G A p VP Total 

value of levei (B) 10 8 6 4 2 (C) 10 8 6 4 2 

probability of attaining these levels 
dried bread slices - - - . 2 . 8  2 .  4 - 1 - -
canned meat loif . 4 . 4 . 2 - - 8 . 4  - - - 1 
dried noodles - - • 4 . 3  . 3 4. 2 - - 1 -

Figure 6.5 Illustration of scoring system used in product idea screening 

- 8 - 4 - 6 

Ease of production 
increase 

10 overall 
rating (El  

VG G A p VP Total 

10 8 6 4 2 

- - - . 4  . 6 2 . 8  1 27 . 2  
. 6 . 4 - - - 9. 2 1 99 . 2  - - 1 - - 6 1 53 . 6  

This system was extended acro ss all the factors considered , 
to provide a reasonably thorough and critical evaluation of the product 

concepts . Appendix 1 1  contains the full scoring sheet .  



The overall ratings for the twenty product concepts  were 

Canned meat loaf 596 
Drlerl sa1J. sage 591+ 
Intermeiiate-moisture bread 592 
Intermediate-moisture buns 590 
Fermented saus�ge 589 
Drie·i meat loaf slices 584-
Vienna sausage/canned 578 
Intermediate-moisture sausage 577 
Fre.r.kfurter/canned 574. 
C onventional buns 568 
Noodles/canned in savoury sauce 566 
Noodles/canned in fermented sauce 564 
Pi�kled meat loaf 556 
Fermented meat loaf 554 
C onver"tienal bread 552 
Dried noodle s 540 
Pi�kleq/fermented noodles 532 
Intermediate-moisture meat loaf 522 
Biscuits 522 
Dried bread slices 485 

Product concepts with the highe st ratings were the mo st 

ie sirable for development . Some cut-off point had to be selected, 

concepts above this being selected for further evaluation . Such a 

cut-off point was indistinct as  the five top concepts were rated 

similarly . However, the canned meat loaf ,  dried sausage and fermented 

sausage had the same basic proce ss - chopped mix formulation ; the 

intermediate bread and buns were baked yeasted doughs . 

A dee;ision had to be made at this stage as to which product 

to develop . It  was d.ecided to concentrate on the development of 

meat-type products , since maj or development problems were predicted 

in the evaluation for the baked products . Since the meat product 

concep ts depended on a chopped-mix formulation, investigation was 

focussed on development of such a formulation from the raw material 

mixture . 

A simulated meat mixture , suitable for a canned meat loaf 

type product was developed from the raw material mixture . This 

development was undertaken on laboratory scale only, due to 

limitations on the availability of some of the raw mater::.als in 

New Zealand. 
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6 . 6 . 1  Raw materials 

Of the raw materials required (Table 6 . 6 )  radishe s ,  sweet 

p otatoes, glutinous and brown rice , fresh coconut , beef blood and 

beef liver were available in New Zealand . These would be similar 

to Philippine raw materials excep t for radish and sweet potatc : 

the bulb variety of radish and the New Zealand sweet potato ,  kumera 

were used . Buffalo liver was not available and was replaced by 

additional quantities of beef liver. Marbled stingray (fish ) was 

also not available , so common coarse textured fish was used -

snapper or gurnard - depending on availability.  The species of 

dried seaweed, gamet ,  was not identified and so a common imp orted 

dried seaweed, hoy-ty, represented this material . Cottonseed was 

not available in New Zealand, but cottonseed meal was obtained fro� 

Australia . Cottonseed oil was added back to the mixture to compensate 

for the oil extracted in the processing of the meal , since the raw 

material selected was whole cottonseed. The p ilinut was native to 

the Philippine s ,  and no other nut could be used to represent this 

material due to its excep tionally high fat content (�6Q%) . 
Arrangements were made to imp ort a small quantity of these nuts from 

the Philippine s .  Therefore , i t  was po ssible t o  simulate the sele cted 

raw rraterial mix almost completely.  

Table 6.6 Raw material amounts per ki logram batch of mixture 

rad ish 3 2 2 g  

svveet p otato 244 

rice, g l u t i nous  1 1 2  
rice, b rown 38 
coconut ,  matu re 1 6 5  
p i l i  nut  2 7  
cotton seed 1 9  

seaweed 36  

b lood (beef) 2 . 5 

l iver (beef) 6 . 2  
fish 2 7  
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For ease or handling and ror dividing and scaling up batche s in 

experimental work � batch s ize equival ent to 1 000g raw material mix 

was round convenient . Rad.i sh, sweet p otato and blooa/liver/ris.h ·mix 

were all stored in their respective batch units ror c onvenience . 

The mater�_al s were prepared as rollows : 

Rad�sh . The bulb or root varieties were used, cut from leaves ,  washed 

and peeled in a hand-operated abrasive peeler with high preseure water 

Dpra.y . Peeled material was blanched 7min in live steam, rapidly cooled 

in running water, and weighed into batch size units (322g) which were 

individually held in rrozen storage . 

1 8 0  

SY1eet potato . Tubers were chopped up by hand, washed and peeled in an 

abrasive peeler. Material was rurther chopped to approximately 1 in 

cube s ,  blanched ror 8min in live stea�, cooled , weighed into batch units 

( 244-g ) , then stored in a rreezer. 

�p.ous and brown rice . The grains were ground to coarse rlour in a 

vertical plate grinder. Each variety was held in bulk in sealed jars 

at room temp eratu re .  

Cocoput .  Whole rre sh nuts were split and drained. o r  coconut water.  Meat 

was grated rrom the shell by holding under a rotating grater, similar 

to the grating stage in dessicated coconut operations in the Philippine s .  

Grated coconut was held in sealed containers in . chill storage . 

Pilinut . Whole nuts were cracked in a crude vice arrangement , the kernels 
- ---· f 
extracted and held in sealed jars in chill storage . 

Cottonseed. Roughly ground cottonseed meal was sieved to separate grit� 

kernel particle s rrom rine cottonseed rlour. An appropriate amount or 

cottonseed oil was added to the raw material mixture to adjust the rat 

content to that or whole cottonseed ( 6g/1 000g 'batch or total mixture or 

6g/38g
.
batch or cottonseed meal ) . The meal was held in bulk in sealed 

containers at room temperature .  C ottonseed oil wc.s held in chill 

storage. 

Seaweed. The short , tough strips or seaweed were milled in a p in mill 

to coarse rlour. 

Eeer blood,liver,rish. Due to the small quantitie s  or these materials 

required , batch units or the rresh materials (blood stabilized with 

sodium citrate ) , were weighed and comb ined,  p acked in p olythene and 

held in rrozen storage ( 27g rish, 6 . 2g liver, 2 . 5g blood ) . 



I 

6 . 6 . 2  The basic process  

Processing required fer this product was envisaged at three 

level s of complexity as  illustrated in Fig . 6 . 6 .  

A 
mix and chop � can 

dry moist 

raw material mix � ingredients · 
mix and chop sweet potato. r---- - can 

radish 

c ex tract � ex tract ex tmc t 
fat p rotein ___.. carbohydrate 

I I I �. 
mix with 
water and 
binders 

I 
setting '-----process can 

Figure 6.6 Possible process plans for meat loaf type products 

1 

H canned meat-loaf- I type p roduct 

System (A) was the simplest process with operations of 

chopping and mixing of ingredients ,  filling into the can, and heat 

processing .  The heat should cook the materials and allow some setting 

of the mass  to a s olid loaf form .  If a satisfactory product could be 

achieved by this pathway, this would be most adaptable to Philippine 

conditions since chopping , mixing , canning and retorting equipment were 

available in large meat packing plants .  
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System (B ) was more sophisticated than (A) , �dding in another 

operation - that of dehydration of the wet ingredients· · - radish and 

sweet potato - this c ould be nece ssa� to aid b inding of the raw material 

mixture , if this was unsatisfacto� with process (A) . This would also 

reduce the bulk of final product . The disadvantage was that facilities 

for dehydration were the least develope.d of p rocessing faci1itie s in the 

Philippines and it  couli be difficult to manufacture this dry mix . 

Suitable drying facilities were not available in the meat packing plants 

whiah would be expected to produce this type of product . 

System ( C ) , a Imwh ,nore complex process,  would. �1 � necessary 

lf suitable texture ana bindi:::1g was not achievable by methods (A) or 

(B ) . Based on the general procedure for production of synthetic meat 

analogues it required a high level of both technology and investment 

in extraction plant to produce material of suitable textural quality .  

It  was judged to  be  the least suitable process for the s ituation. 

If systems (A)  or (B )  were not satisfactory,  it couli be 

neoessa� to review the choice of prod.ucts ,  s ince system ( C )  wouli 

not be compat lble with one of the prima� objectives - suitability 

for manufacture on existing facilities in the Philippines ,  with 

minimum modification of plant . It was hoped therefore that a suitable 

product could be produced using process (A ) ,  the simplest system 

il L1strated. 

Mixing and chopping of mixed materials could conveniently 

be carried out in one operation ,  using a ' silent cutter ' or a ' bowl 

chopper' as is commonly used in sausage manufacture . Such equipment 

was available in the large meat processing plants  in the Philippines .  

Since processing similar to  that for canned sausages was envisaged -

materials were to be chopped and mixed, packed into cans and heat 

pro.:::essed so that the material set to a solid ,  loaf-form - the sausage 

making process  was simulated in the initial experimental work .  

T,ypically sausage making is  carried out in four stages -

chopping of lean meat ; addition of water, salt,  additives ;  addition 

of binding materials such as breadcrumb s ,  skim milk powder ; then final 

chopping with fatty material s .  The initial chopping increases the 

s·'.lrface area of the protein material so that efficient solution of the 
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water soluble proteins is  obtained by addition of the water. This is  

aided by the pre sence of salt .  The fatty material is  ·then chopped in 

and forms an emulsion with the water phase , stabilised by the soluble 

meat proteins and the added binder. Binders also affect the texture 

of the final sausage . The emulsion is set to a firm texture by any 

heat proces s  such as boiling , smoking or canning . 

Althoueh the raw material mixture had quite different 

characteristic s from those controlling the fat-protein-water interactions 

in meat sausage manufacture , ( see Table 6 .7 )  similar process step s were 

considered. 

Table 6.7 

fat 

protein 

mo istu re 

ca rbohyd rate 

Comparison of composition of raw material m ix with that of 
typical meat sausage formulation 

Percent of total m i x  weight  

Raw materia l m i x  Typ ical sausage m i x  

7 2 0 - 30 

5 1 3- 1 8  

6 0  5 0 - 6 0  

2 6  "V 1 2  

The chopping time s for each stage are criti�al for each type 
of sausage formulation, since they affect the stability of the emulsion 

formed and the finene ss of the texture obtained. For initial trial � 

on 1 kg batche s of raw material (Table 6 . 6 ) , typ ical sausage pro cessing 

times were used , The p rocess step s cons idered were : 

1 .  Chop pro tein materials - fish, liver, blood mix - 1 minute ; 

2 .  Chop with water rich materials - radish , sweet potato ,  and any 
added water - 2 minutes ;  

3 .  Chop with binding materials - glutinous and brown rice flours ,  

cottonseed meal , seaweed flour - 1 minute ; 

� .  Chop with fatty materials - coconut , p ilinut and added cottonseed 

oil - 1 minute . 
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A p ilot scale ' Schaarfen ' bowl cutter ( 5kg capacity) was used 

and 200ml extra water had to be added to prevent the mixture clogging 

up in the machine . 

This process  produced a coarsely chopped mixture with a runny 

consistency and an unattractive grey/green colour .  The only difficulty 

was in the chopping of the small amounts of fish/liver/blood mix . 
The se materials ,  added in the first stage , were thrown from the rotating 

k[li ve s to the roof of the bowl chopper, to which they adhered. It was 

rottnd necessary to halt the chopp ing cycle midway, in order to remove 

adhering materials so that more homogeneous mixing and chopping was 

obtained . Improvement was al so found by adding the protein materials 

after the radish and sweet potato stage , the presence of this greater 

mass  of material aiding the retention of the fisl1/liver/blood mix in 

the bowl . 

The mixture was chilled overnight , which allowed the mass  to  

equilibrate , and then tested for  pH ,  moisture content and water 

r8tention ( a measure of emulsification) . Water retention was determined 

by measuring the water released on centrifugation of the material at 

3000G . It was found that none of the added water was b ound to the mixed 

material - there was no indication of emulsification in this  process . 

The moisture content at 7� indicated that the raw material mix p rior 

to water addition had moisture content of 64% which was 4% above that 

expected from calculations from food comp osition table s .  The pH 

reading of around 6 .0 indicated that full heat pro cessing at least to 

le thality equivalent to F = 2 .8 was nece ssary. Only if the pH were 0 
below 4 . 5  should reduced heat processing b e  considered .  

The effect of  heat on  the mixture was investigated by cooking 

the material , filled into casings ,  in live steam for 20 minute s .  It 

was found that the mixture became firmer in texture and the coarseness  

was reduced, Inve stigation of water retention of the cooked samples 

indicated that all the added water was retained. This  would be due to 

the hydration and gelatinization of the rice , seaweed and probably 

cottonseed meal during the cooking of these materials .  The setting or 

binding of the material was confirmed on retorting cans packed with 

the w1cooked material at 1 21 C  for 80 minutes ( 1 6oz  cans , 301 x409 , 

containing 400g mix ) . The mixture was firmer in texture than the 



steamei sample s and had browned significantly to produce a more appetisi�g 

colour and a cooked flavour . A background b itterne ss  was produced during 

the retorting process  which detracted from the flavour. 

From this p reliminary inve stisation, it seemed that the s impl e  

mixing proces s  c ould p roduce the type of product sought . Further 

stj ffening of the texture and incorp oration of acceptable spices and 

flavouring s were nece s sary to improve the basic p roduct . 

6 . 6 . 3  Improvement of texture 

The canned p roduct had fairly f irm texture , but it was rather 

mo ist and fell away on cutting . It was expected that the texture c ould 

be stiffened by either or all of the three p rocessing changes : 

1 .  Reducing the level of added water in the mix , 

2 . Incorporating binde rs and thickeners such as  gums , alginate s ,  

cellulose derivative s ,  

3 .  Adju sting of chopp ing conditions in the proce s s . 

OrLly categories ( 1 ) and ( 2 )  were evaluated at this stage , due to the 

li�ited amount of raw materials available ; chopping variation was 

o:.: o��s idered later. It  was found that reducing the added water from 

200ml to 1 00ml p er 1 kg batch of material produced a less  moi st mix , 

b u t  mixing and chopping was more difficult due to clogging. This 

difficul� was aggravated by reducing added water further to 50ml ,  so 

the ad·ied water in the formulation was only reduced to 1 OOml p er 1 kg 

batch. 

Several hydrocolloid materials - natural gums , alginates and 

cPllulosic derivatives - are used to give some degree of water binding 

in food product s ,  varying from thickening to gelation. Their action 

i s  to complex water molecules so that a network is  set up through the 

food binding the p articles together. A screening system was set up for 

s0le ction of the mo st suitable hydrocolloid for t he mixture : 

1 .  O nly material s of no nutriti onal value should be used, 

2 .  Only low concentrations  of the se c ompounds b e  added, to control 

c o st s  and mixture bulk , 

3 .  Materials which required the addition of other compounds to produce 

their binding effect were not suitable , for the same reason as ( 2 ) , 

4. The binding effect should be stable through heat p roces sing or be 
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reversible if binding breaks with heat, 

5 .  The material shouli be active at pH 6-7 , 

6 .  The cheapest material which i s  saitable should be used. 

Thirteen non-nutritional hydrocolloids were assessed for suitability 

for this situation, by using a knockout system where any material not 

meeting any of the criteria was eliminated .  Remaining materials were 

scored. for each factor in asses sing their suitability. Appendix 1 2  

gj ve s  details of this assessment. The most suitable binders were 

locust bean gum, guar gum, agar,  alginate , carb oxymethyl cellulose . 

To evaluate the hydrocolloids , a 2 , 500g batch of mixture was 

chopped and mixed as described earlier with the addition of 250ml 

water ( equivalent to 1 00ml per 1 kg batch ) . This was divided into 400g 

portions each of which was further chopped for 2min after sprinkling 

with one of the following binders . 

1 .  Locust bean gum - 2% based on free water of 280ml/400g sample 

2 .  Guar gum - 1% based on similar water content 

3 .  Agar - 2% based on similar water content 

4 .  Alginate (Manucol DM) - 3% based on similar water content 

5 .  Carboxymethyl cellulose - )% based on similar water content 

A sixth mixture with no additive also  underwent 2min further chopping . 

The binde� proportions were based on common levels added to other 

p roducts in which they had been successfully used. 

Samples were filled into (301 xl+09 ) cans and given the same 

heat p�ocessing cycle in the retort . 

Table 6 . 8  indicates the results of evaluation of texture firmness  

by tenderometer measurement and also  by a laborato� taste p anel compo sed 

of faculty staff (ma, n l �  New Zealanders ) . The results were inconclusive . 

In fact in tenderometer and overall subjective a ssessment of texture , the 
control sample had highest ratings although overall there was no 

si8nificant difference between sample s .  The CMC samples were a ssessed 

significantly poorer than the control on smoothne ss  and overall texture 

due to a greasy, rubbe� effect which was imparted by this material . It 

seemed then that the mixture did not require additives to modify the 

texture . Although not rated highly, the overall assessment of mixture 

was asse ssed at the "like slightly" level . 
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Table 6.8 Ass�ment of texture of product by tenderometer and taste 
panel measurements 

Samp le  Tenderometer 
time  for 
penetrat ion a 

b 
Tough ness Smoothness c iovera l l  p referenc� 

(sec) 

control 61 3 . 0  3 . 0 
contro l + agar 56 3 . 3 3 . 0  
control  + a lg i nate 5 5  3 . 4  2 . 5 
contro l + C M C  55  3 . 8 2 .  3 8 
con tro l  + guar gum 55 3 . 0 2 . 9 
contro l + I ocust bean 56 3 . 0  2 . 8  
gum 

a. Mean of four estimations. The higher the time, the tougher or firmer the sample. 

4 . 8 

4 . 6 

4 . 3 

3 . 5 e 

3 . 9  

3 . 9  

b. Mea� of eight judgements. Scores ranged from 6 for extremely tough to 1 for extremely mushy on a 
6-pomt scale. 

c. Mean of eight judgements. Scores ranged from 5 for excellent smoothness to 1 for very poor sm oothness 
on a 5-point scale. 

d. Mean of eight judgements. Scores ranged from 7 for ' l i ke very much' to 1 for 'dislike very much' on a 
7-point scale. ' 

· 

e. Significantly different from control at 5% confidence level . 

Improvement of flavour 
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The basic mixture had a bland vegetable taste with a background 

of coconut, and after heat treatment in the can, it became slightly 

caramelised . An unacceptable bitterness also developed during heating . 

It was necessary then to incorp orate a more suitable ' meat-like ' flavour 

to the mixture and also to attempt to reduce the formation of the b�tter 

flavour note s .  

The basic seasonings used in meat loaves - salt , pepper, mace 

and garlic - were added to the mixture and various commercial meat 

flavours were tried on a trial and error basis .  A laboratory taste 

panel comp osed of faculty staff was again used to test the acceptability 

of the various mixture s and considerable difficulty was found, no doubt 

due to the unconvential nature of the basic mixture to the New Zealand 

tasters ! The tasters either liked or  disliked the basic mixture and had 

difficulty in differentiating between flavoured mixture s .  The background 



flavour of the mixture dominated the overall flavour at this stage . 

The hedonic scale p roved insensitive in comparing the mixtures 

and a ranking test was substituted for it . The respondents were asked 

to rank sample s in order of flavour preference , 1 for best flavour, 2 

for second best flavour and so on ( see Fig . 6 .7 for form used) . These 

ranking w c:.�.·a r.onverted to Fisher scores  so that analysis of variance 

tests could be carried out ( 1 38)  ( see Appendix 1 3  for typical ana:lys·is) . 

In Table 6 . 9 is an example of the results of a typical taste test 

during this  flavour study .  

Table 6.9 Comparison of commereli,al meat flavours in basic mixture 

Basic m ixture 
" Hambu rger" f lavou r ing 
" Hambu rger" f lavou r ing and gar l ic 
"Beef" flavou r ing 
"Beef" f lavou r ing and gar l ic 

a. Significantly different at 5% confidence level. 

6 taste pane l ists in rank i.ng test 

Rank totals 

2 7  a 
1 8  
12 
1 4  
19 

The unflavoured sample was po orly rated compared to the meat 

flavoured samples but no difference could be determined between the 

different meat-mix sample s .  From a hedonic te st with the same sam�les ,  

in Table 6 . 1 0 it  was seen that there was a gradation from extreme 

dislike to slight liking moving from the unflavoured samples,  through 

those with beef flavouring to those with hamburger flavouring . 

The effect of garlic was to r educe the degree of dislike of both the 

beef and hamburger flavoured sample s ,  without increasing the degree of 

liking .  With this small taste panel ,  imposed by the small amount of 

material available , significant differences between samples were not 

exp ected. Trends seen in asse ssments were useful in indicating which 

flavourings had greatest effect.  All flavoured samples ,  on average ·were 

not well liked. It  appeared that another strong background flavour, 
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Table 6.10 Comparison of commercial meat flavours in basic mixture 

6 pane l ists in hedonic test 

l i ke  l i ke l i ke 
sl ightly 

d is l ike disl i ke  d isl i ke 
extremely moderately sl ightly moderately extremely 

Basic mixture 0 0 1 0 3 2 
"Hamburger" 
flavouring 0 3 0 1 0 2 
"HamblJrger" 
flavou nng and garl ic 0 1 2 1 2 0 
"Beef" flavour ing 0 1 1 1 3 0 
"Beef" flavouring 
and gar l ic 0 0 1 4 1 0 

FLAVO U R  ASSESSM E NT 

Please taste the samples provided and rank them according to flavour p reference, i .e. put 
1 i n  the box below the number of  the sample you assess has the best flavour, 2 under 
that which is second best, 3 under third best and so on. 

Sample number 

Ranking I I I I I I 
Then ind icate the degree of l i k ing for each sample in the table below. 

Sample number 

l ike extremely 

l i ke  moderately 

l ike sl ightly 

disl i ke  sl ightly 

dis l i ke moderately 

disl i ke  extremely 

Figure 6.7 Taste panel form for flavour assessment 
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blended with the mixture, was required rather than addition of a meat 
flavo'.lring . The vegetable taste of the ·mixture was not compatible with 
meat flavouring s .  

I t  was suspected that the taste panel were influenced by the 
unconventional nature of the material . . The New Zealand tasters did not 
truly represent the cons��ers for whom the product was designed ; a 
consumer panel more representative of Philippine tastes in food was 
required for flavour development . There was only one Filip ino s�udent 
at Mas sey University, so stt1den ts from other Asian countries were 
included - two Thai, two Vietnamese,  one Malaysian and one Korean. It  
was assumed that the vegetable/cereal mix in form a t  least,  would be 
f.3.miliar to them and that suitable spicing and f,J.avouring could be 
incorp orated to satisfy their concept of flavo� associated with this 
type of product . 

From Filip ino sausage and meat loaf r ecipe s ,  a list of c ommon 
flavour additives was compiled . The se included tomato sauce ,  salt, 
pepper, sugar, garlic,  mace and ginger . A sp icy, but not hot ,  tomato­
based flavour seemed to be mo st suitable for the Philippine taste . 
Several trial and error mixes were made up using these seasonings in 
small samples of the basic mixture . It  was found that all the 
seasonings could c ombine to provide an attractive flavour for the 
mixture . 

The most suitable mixture developed was :  

basic mixture 
tomato paste 
salt 
sugar 
dried garlic 
saromex mace 
ground dried 

91 . 87% 
6 .61% 
0 . 37% 
o .  7?f/o 

powder 0 . 37% 
flavour 0 . 1 1% 
ginger o . o6% 

1 000g batch 
72g 

4-g 
8g 

4-g 
1 . 2g 
o . 6g 

A high level of to�ato paste was required which could up set the 
nutritional balance of the mixture . The extra calories contributed by 
the tomato paste ( 82kca�1 00g) c ould be metabolised fully by the 
thiamine , riboflavin and niacin included simultaneously at levels of 
0 . 2mg , 0 . 1 2mg and 3 . 1 mg per 1 00g paste respectively. Extra vitamin A 
( 5300 in/1 OOg ) and vitamin C (4-9mg/1 OOg ) would be  provided at no loss 
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b nutritional balance . The only nutrient imbalance could be with 

protein, since the amino-acid pattern of tomato has chemical score 23 

and therefore could lower the overall protein quality of the product . 

At this s tage , raw materials were almo st exhausted, so  the assessment 

of these spices and flavourings by the consumer panel was left until 

the pro cess  variation experiments . 

6 . 6 . 5  Process variables  adjustments 

At this stage,  enough raw material remained to enable limited 

factorial experiments to be carried out to study the effects of s ome 
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of the variables in the process on the acceptability of the product . 

Since texture and flavour were the only factors bearing on accep tability, 

a taste panel was used to assess these effects . The process  variables 

which could affect these quality factors and whi ch could be adjusted 
were : 

1 .  Particle size of individual raw materials 

2 . The sequence of addition of raw material s t o  the bowl chopper 

3 .  Chopping times in the b owl chopper 

4.  The amount of  water added to  the mix 

5 .  The temp erature of the chopping process  

6 .  The time/temperature characteristics of the sterilization process 

There was not enough material to investigate systematically all these 

variables ,  so tho se expected to  have the greatest effect on texture and 

flavour were selected - chopping time s ,  water addition and sterilization 
conditions. 

The firmness of the final product could  be increased either by a 

longer chopping time or by addition of less water. It was expected that 

the longer the chopping time, the finer the resulting mix, the greater 

the surface area of p articles for binding c ontact and the firmer the 

resulting p roduct . Reducing the amount of water would give a drier, 

firmer mix, but if the water were reduced too far, not enough water 

would be available for hydration and gelatinization of the cereal grains 

and grittiness  might result in the final product . 

The formation of the bitter compound might be  reduced by either 

less heat treatment or by removal of the volatile precursors before heat 

sterilization. Steaming or exhausting the product in the can before 
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closing would reduce the heat steril ization time and would have the 

added advantage of pos sibly causing the bitter comp ounds or their 

precursors to be removed from the product prior to canning . Some earlier 

experiments had shown that steaming of the mixture did reduce the bitter 

flavour. · 

The factorial experiments were planned for three chopping times -

6 , 8 , 1 0 minutes ;  two filling methods - cold fill and presteamed ; and water 

addition as � and 1 Q% by weight of the basic mix (Fig . 6 . 8 ) 
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Representation of process variable adjustments investigated for 
optimization of product qual ity 

This gave 1 2  experimental batches ,  all made with the flavoured mixture 

described in 6 . 6 .4 .  The method of processing used is  shown in Fig . 6 . 9 .  

The twelve variations of the mixture were te sted the next day by 

the panel of five Asian students .  Samples were divided into two group s 

of eight,. (described by cubes A and B in Fig . 6 . 8 ) as this was the maximum 

number that the tasters could test at one panel . The e ight sample s of 

set A were tasted in the morning and tho se of set B in the afternoon of 

the same ,day. The meat loaves were removed from the can, cut into p ortions , 

steamed for 1 5  minutes,  and tasted hot by the panel . The eight samples 



n • n + l  

�op 

Figure 6.9 Diagramatic plan of process variable experiments 
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were presented together ana were only identified by three figure random 

numbers.  The panel was asked to rank the samples, 1 for the sample they 

liked best, 2 for the second best and so on. The re sults of the ranking 

are shown in Table 6 . 1 1 ( see Appendix 1 3  for calculation of significance 

of results ) . 

Table 6.1 1 Taste panel rankings for process variable experiments 

Water add i t i on  Chop t ime  He�ocess Rank  total 

Test A 

5% 6 m i n  p resteamed 1 6  
1 0% 6 m i n  p resteamed 24 
5% 8 m i n  p resteamed 1 9  

1 0% 8 m i n  p resteamed 24 
5% 6 m i n  co ld f i l l  2 1  

1 0% 6 m i n  co ld  f i l l  30 
5% 8 m i n  cold f i l l  1 6  

1 0% 8 m i n  co ld  f i l l  30 

Test B 

5% 8 m i n  presteamed 26 
1 0% 8 m i n  p resteamed 30 
5% 1 0  m i n  p resteamed 20 

1 0% 1 0  m i n  p resteamed 27 
5% 8 m in co ld f i l l  1 8  

1 0% 8 m in co ld f i l l  20 
5% 1 0  m i n  co ld f i l l  1 9  

1 0% 1 0  m i n  co ld  f i l l  20 

L'l the first experiment, the four samples with 5% added water (rank 

total 72 ) were significantly better than the four samples at 1 q%  

added water ( rank total 1 05 ) ,  and there was also an improvement in the 

second experiment ( 83 and 97 respectively) although not statistically 

significant . It was concludea that the low moisture addition gave a 

more acceptable final product . 

No difference was found in the mixing times .  Rank totals for 
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for first experiment were 91 for 6min, 89 for Smin and for second 

experiment 94 for Smin, 86 for 1 Omin so with from 6-1 0 minutes mixing 

there was no difference in acceptability .  

Again, there was little difference over all the tastings for the 

samples c old filled and presteamed. In the first taste panel , the 

rankings were ve� similar but in the second taste panel , the cold fill 

samples were ranked higher than presteamed samples ( rank totals of 77 
' 

and 1 03 �esp ectively) . More information on the interaction of these 

process variables was obtained by carrying o�t Yates analysis of the 

ranked data , converted to Fisher scores ,  adapted from D�ckworth( 1 39 )  

( see Appendix 1 3 ) ·  

Table 6. 1 2  Mean e ffects of process variables 
a 

Water add i t ion (%) Chop t ime (m i n) Heat process Code M ean effect 

Test A 

5 6 PS ( 1 )  0 
10 6 PS a - 3 . 1 5 

5 8 PS b 0 . 12 
10 8 PS ab -0 . 16 

5 6 CF c - 1 . 16 
10 6 CF ac -0 . 82 

5 8 CF b e  0 . 9 1  
10  8 CF ab c  -0 . 70 
Te st a 

5 8 PS ( 1 )  0 

10 8 PS a -1 . 295  

5 10 PS b 0 . 69 

10 10  PS ab -0 . 2 85 

5 8 CF c 2 .  32 5 

10 8 CF ac 0 . 73 

5 10 CF b e  - 0 . 685  

10  10 CF abc 0 . 34 

a. Obtained from Yates analysis of ranked data converted to F isher Scores (see Appendix for full  analysis) 
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There were no significant treatments due to the large error variance 

obtained with such a small taste-panel . Examination of the magnitude 

of the mean effects gave some indication of how these proce ss  variables 

affected the consumer assessment of this product, although lack of 

significance and replication in this data precluded selection of optim� 

processing conditions . 

In the first  test, the main effect of water addition was largest 

increase in water content to 1 Q%  lowered the assessment of the product .  

The magnitude of this effect was reduced in interaction with both 
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chopping time increase and change of heat process conditions . All samples 

with high added water level were assessed significantlY poorer when 

ra��ings were converted to Fisher scores for analysis of variance .  The 

chopping time main effect and the s econdary effect with cold fill process 

were positive, indicating improvement. Interaction of these with water 

increase gave deleterious effects ,  due probably to the dominating effect 

of the water addition. The change from presteaming to c old fill heat 

processes generally prouuced decreased assessments in this first test . 

The secondary interaction of cold fill with high added water reduced 

the negative main effect of the cold fill variable ,  but only with high 

chopping time and low added water was a p o sitive effect obtained with 

t}·w cold fill process . From this test, it seemed desirable to consider 

inoreased chopping time and either heat process provided the added 

moisture was at 5,%. 
In the second test, the effect of increasing water in all 

samples was deleterious . The increase of chop time to ten minutes 

always lowered assessment except for its main effect when low moisture 

and p resteaming c onditions were retained . The effect of process  changes 

was reversed in this test,  the change to cold fill being desirable . 

Interactions . with other variables gave reduced effect and gave 

del8terious secondary interaction with longer chopping time . It c ould 
'be desirable then to change to the cold fill process provided a chop 

time of eight minutes and low moisture addition were employed . Changing 

to ten mim�tes chop time c ould be preferred with retention of presteaming 

process and low moisture addition. 

This analYsis provided a guide to suitable processing c onditions 

for the most acceptable form of the meat mix product . Added water was 



reduced from 1 afo level t1J  5% of mixture weight . The effect of chopp ing 

time and process conditin�s w�s not so  clear due t o  the intera�tions 

between them. A chopping tj�e of ten minutes could be used to advantage 

with the presteamed heat process .  This process was used since it had 

a,ivantage '3 over the colrl fill process of exhausting the product and 
shortnning the heat process  time. The final process is descrH>ed in 

flow cliagram form in Fig . 6 . 1 0 . 

6 . 6 . 6 Final adjustments to flavour 

Discussion with the panelists used. in the previous product 

as3essm0nt tes t ,  indicated that the sp icy tomato-based flavour was liked 

b�1t that its accep tability could be improved by increasing the levels of 

salt ,  sugar, garlic and ginger. They would have preferred the product 

to be fried, rather th�� steamed, although the steamed product reminded 

some of familiar foods .  

With the rema1n1ng raw materials ,  two batches of  product were 

pr,�p are,i according to the process  described in Fig . 6 . 1 0 .  Tv;ro levels 

of flavourings were tested : one incorporating 5afo increase in salt, 

sagar, garlic and ginger , and the other 1 0afo increase in these 

s<)asonings based on levels used in process variable experimental 
batche s . Tomato paste and mace flavouring levels remained unchanged in 
the basio mix . 

Each product was removed from the can, cut into standard p ortion 

size ( 2 "  diameter patty) and half of samples steamed for 1 Omin while the 

ether half were fried for 4 min at 1 76C ( 350F ) and served hot to a s ix 

member Asian student panel . Four different samples were presented 

to&ether to the panel , being identified only by three figure random 
numbers.  The order of tasting samples was randomized among the six 

panelists . Panelists were asked firstly to rrulk samples in order of 

preference and then to indicate thelr opinion of flavour and texture 

of sample s on a 6-point hedoni� scale .  Table 6 . 1 3  shows the results 

obtained for the ranking test . 

The fried sample with highest sp i�ing was significant� 

preferred over the others ,  both steamed samples being s ignificantly 

poorer in acceptability . Analysis of variance indicated that both 

fried samples were significantly preferr.:Jd over steamed samples ( see 

Appendix 1 3 ) .  

1 9 7  



I cotton� I [��: l I I 

� 1 1  

[ -�- ]f------

Figure 6.10 Flow diagram for meat·mix loaf production 

.... "' 00 



Table 6.13 Rank totals for meat-mix flavouring assessment by Asian taste panel 

H igher sp ice level. steamed samp le  

H igher spice l evel ,  fr ied samp l e  

Lower spice level ,  steamed samp le  

Lower �p ice level, fr ied samp le  

a. Sig1ificantly different at 5% confidence level. 

! 

Rank total for  6 panel ists 

. 

�able 6 . 1 4  shows the hedonic ratings . For both flavour and 

texture , i the high spice , fried sample was highly preferred, followed 

by the lpw -spice fried sample. Both steamed samples were similarly 

rated for both texture and flavour at lower levels of acceptability . 

The interaction of high spicing and frying produced the most acceptable 

product , , the frying factor being the mo st important. This could be due 

to interaction of flavours both in the mix and from the frying 

op eration. The steaming op eration could have interacted both with 

flavour intensity and the firmness of the samples ,  rendering them 
less acceptable . Overall flavour and texture rating s  of all samples 

were in the acceptable range .  Flavour ratings were general� higher 

than texture ratings . The more highly spiced material was most 

acceptable so the seasoning levels incorporated here were adopted for 
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the final product formulation .  The final formulation then consisted of:  

basic mixture 90 . 38% 1 000g batch 

tomato paste 6 . 5� 72g 

salt 0 .  7 ?:f'o 8g 

sugar 1 .45% 1 6g 

dried garlic powder o .  7 'Zfo 8g 

saromex mace flavour 0 . 1 1% 1 .  2g 

ground dried ginger 0 . 1 1%  1 .  2g  

6 . 6 .7 Processing descr.iption 

The flow diagram in Fig . 6 . 1 0  illustrates the processing step s 
required to produce the canned meat-mix loaf product from the raw 
material' mixture . The processing consists of three main stages -
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preparation, chopp ing and canning . 

Table 6.1 4  Comparison of spice levels i n  final product formulation 

F requency of scor ing by 6 panel ists 

H igher spice, H igher sp ice, Lower spice Lower sp ice, 
steamed saflJ_ ple fr ied samp le  1 steanJed sam ple  fr ied samp le  

F lavou r  
assessment : 

L ike extremely 0 4 0 0 
Like moderately 2 2 1 5 
L ike s l ight ly 2 0 4 1 
D isl ike s l ight ly 2 0 1 0 
D isl i ke moderately 0 0 0 0 
Disl i ke extremely 0 0 0 0 

Texture 
assessment : 

L i ke  ext remely 0 4 0 0 
L ike  moderately 1 0 1 5 
L i ke si ightly 3 2 3 1 
D isl i ke  s l ight ly 2 0 2 0 
Dis l i k e  moderately 0 0 0 0 
D isl i ke  extremely 0 0 0 0 

Preparation sta�e .  It is assumed that all material s are obtained i:t. 
the raw state and require to be prepared for proces .::; _;_�1g on site . Generally 
material s should be prepared and weighed into batch size units and held 
in chill storage until required. 

1 .  Fat materials - coconut , and p ilinut are shelled ; coconut is drained 
of w a t e r  and grated on a rotating grater ; pilinut is retained as whole 
kernel . 
2 .  Dry materials - glutinous rice,  brown rice, seaweed, cottonseed are 
ground to coarse flour , if not supplied in this form. 
3 .  Meat materials - fish, liver and blJod .  Fresh material s  are chopped 



and weighed into batch units and mixed together.  The mix should be 

�rozen, i� �rozen storage available . 

4. High moisture materials - radish and sweet potato are trimmed, 

washed and peeled . Radish is  blanched for 7min in live steam, cooled 

rapidly in running water ; sweet potato is chopped after peeling , blanched 

for 8min in live steam . and cooled. 

5 .  Seasonings .  These should be  obtained in already mixed form. The 

appropriate amount should be weighed out and mixed with the water added 

du:cing the chopping stage . 

Ch'1?_E,��G_-�ta�� . 

6 .  Sweet potato and radish are added to  a b owl chopper and chopped 
for 2min. 

7 .  The �is�/liver/blood mix is  next added, togetner with �avourings 

and water ; mixture is chopped � or another 1 min. 

B .  The dry materials are then adde:l with chopping continuing for a 

f·Jrther 1 min. 

9 .  Fat materials are finally adQed and the mixture chopped �or 

f..Irther 6min ; this aycle may be interrupted to remove material s adhering 

to the roof of the bowl chopper, whi-�h are adrled back to the bowl and 

chopping resumed till the end of the 6min period. 

Ca����G.-�!.��. 
1 0 . The mixture is stuffed into cans ( 220g per 8oz can) . 

1 1 . Uncovered cans are steamed for 20min. 

1 2 . Cans are seamed . 

1 3 . Cans are processed in steam retort for the appropriate time ; 50min 

at 1 21 C  for 8oz cans . 

1 4 .  C ooling water is  introduced into the retort �or 30min at the end of 
the heating cycle . 

1 5 . Processed product is stacked and stored. 

n·..1ring the processing of the materials from the raw state to the 

final product, physical and chemical changes occurred which affected the 

final characteristics of the product both organoleptically and 

nutritionally . Such changes and their effect on raw materials and 

especially the nutrients in the mixture are discussed below. 
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6 .  7 . 1 The effects of p rocessing on raw materials 

Pr�E_aration. Of the preparation stages ,  only the blanching operation 

han a� effect on the raw materials .  Its main effect is to expel air 

anJ. other gases from the vegetable s which might cause pressure build up 
in the can. Thus a� bitter �olatiles are flushed out in this stage . 

At the same time some cooking is achieved which inactivates enzymes which 

c ould cause deterioration of radish and sweet potato during storage , e . g .  

enzymic browning . Some reduction in bacterial load also occurs in this 

operation. The heat and moisture also initiates gelatinization of starch 

in radish and sweet potato at this s tage . 
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Ch�Ein�. Little change is expected during chopping apart from mechanical 

effects .  Emulsifbation does not take place . Materials are merely chopped 

finely and mixed intimately, due to  the design of the bowl chopper. The 

moisture both from adied water and materials is made available to the dry 

materials ,  which c ould be partly hydrated in this stage . Some stickiness 

occurs due particularly to the binding property of the soluble 

p olysaccharides of seaweed, so that all particles are held together in a 

fairly firm, stodgy mass .  

��t proce�si��· It  is at this stage that the product is c ooked to a firm, 

uniform meat loaf c onsistency . The compacting of the texture in the product 

is due mainly to the gelantinization of starch in the mixture . The 
ca�bohydrate c ontent is approximately 26% and this is mainly starch from 

the major constitutents in the mixture - radish, sweet p otato,  glutinous 

and brown rice . Gelatinization of this starch requires moisture and an 

increase in temperature . In this prod·,.wt , gelatinization occurs between 

50 and sac , from individual data recorded for sweet p otato and rice 

s tarches ( 1 40 ) . The moisture from the raw materials and added in the 

chopping is  sufficient to swell the starch micelles during heating , so 

that the viscosity of the mix increases and eventually a gel-like starch 
continuum is formed . Heating also causes disp ersion of the fats in the 

raw materials throughout the mixture and solubilises the p olysacchariies 

in the seaweed adding to the overall binding of the cooked mixture . 

Such a n�ulro l . mixture ( pH 6 )  required a sterilization process 

at least equivalent to F of 2 . 8min. This is based on the process 0 
required for 1 2D reduction in spores of C1 . bot�li�, the reference organism 

for heat processing calculations . Generally, an F value somewhat in excess 0 
of 2 .Bmin is  used in order to p rovide a safety margin for operator error 



and also to reduce levels of thermophilic organisms . In this  process,  

F of 5min was chosen to  evaluate the effect of heat treatment on the 0 
product by different processe s .  

may be required ( 1 41 ) .  

In commercial practice,  a higher F 0 

With this product, heating is by cond·,wtion only resulting in a 

long process  time . The process time should be  limited, since exposure 

to high temperatures for long periods resul ts in appreciable reduction 

in nutritional value . Two pro cesses were evaluated : conventional 

retorting after filling at 1 21 C  ( 2 . 02bars ) f'or 60min followed by water 

cooling ; and presteaming the prod'..lct in cans for 20min prior to seaming 

and retorting at 1 21 C  for 50min, followed by water cooling . Retorts 

generally run a t  a maximum temperature of 1 21 C  and this temp erature was 

·therefore chosen to give the shortest processing time po ssible . The 

extent of heat processing was estimated by the traditional method, 

following the increase in temperature in the product in the centre of 

the can. 

Figure 6 . 1 1 indicates the heat penetration curves for these 
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packs alongside a plot of the death rate constant (k)  for C 1 .botul�� 
against temp erature ( 1 42) . Interpolation from these graphs gave plots 

of ! against time for each process .  From the areas under these curves ,  

the extent of destruction of C 1 .botulinttm in the cans was evaluated . This 

was related to the standard 1 2D reduction equivalent to 2 . 8min at 1 21 C .  

The cold fill pack had processing equivalent to F of 5 . 3 ,  while the 0 
presteamed pack had slightly more severe conditions equivalent to 

F of 5 . 9 .  There was a slower come-up rate for the presteamed prod'..lct 0 
over the range 80�1 1 5C ,  due in part to the difference in equilibration 

of the larger retort used, b ut mostly to the higher density of this pack 

caused by gelatinization of starch prior to retorting. In the cold fill 

pack , gelatinization occurred during retorting so that in the initial 

stages of heating, heat transferred to the centre of the pack through a 

less dense medium. There was not much difference between the degree o� 

steril i.zation of these p 9.cks ,  but the hot fill process had the advantage s 

of : exhausting air from the cans and so  producing higher vacuum in the 

processed cans ; flushing undesirable volatiles out of the mixture,  making 

more moisture available for hydration and gelatinization ; and exposing 

the product to the high retort temperature for a shorter time with 

e��ected reduction in heat damage to nutrients .  
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Figure 6. 1 1  Heat penetration curves for two steril ization processes for the meat· mix loaf product with 
estimation of the extent of destruction of (a) Cl. bnmlinum, (b) thiamine and (c) ascorbic 

acid in these processes 
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6 .7 . 2 The effect of processing on nutrients 

Pr�paration. Only in the trimming , washing and blanching stages of 
r�dish and sweet potato preparation is any loss of nutrients expected. 
S ince nutritional composition has been based on the ' edible ' portion of 
raw materials ,  the effect of trimming on removin5 nutrients in or near 
the skin of the vegetables ,  is  not applicable here , save to say that 
minimum trimming should be carried out . The washing step is important 
only for losses of water-soluble nutrients ,  when chopped materials are 
immersed in water after blanching ( 1 �3 ) . �he rap ii washing with high 
pressure water spray is  not expected to leach vitamins appreciably in 
this process.  • The blanching stage , has been closely looked at in 
vegetable processing for leaching of water soluble vitamins . Generally, 
high temperature - short time blanches using live steam rather than water 
and cooling by cold air rather than running water provide maximum nutrient 
retent ion. Losses in thiamine , riboflavin, niacin and ascorbic acid 
range from 0-1 2% in a steam blanching process  compared to a water 

blanching process with 5-36% loss  ( 1 .41+- ) . In this process ,  losses of 
t.hP. se nutrients from radish and sweet potato are exp ected . Of other 
nutrients ,  some losses of pantothenic acid and vitamin B6 are also likely 
to occur but folic acid,  supplied mainly by radish, i s  likely to be 
retained ( 1 .41+ ) . 

�opping. The purely mechanical nature of this operation, with no 
external heatin5 has no effect on the nutrients in the mixture . 
He�t processing. The effect of heat processing on nutrient content is  
not well documented except for water soluble vitamins . In  general , 
minerals ,  essential . amino acids , niacin ,  riboflavin and pantothenic acid 
are stable during heat processing and storage of foods ( 85% retention ) 
( 1 �t:J ) . Greatest losses are due to degradation of a scorbic acid and thiamine . 
In vegetables ,  losses of ascorbic acid of around 50-80}6 ( 1 4-5 )  and 25% 

( 1 .'+-4)  have been indicated . For thiamine , generally 20}b loss is taken 
as average depending on process conditions, rising to 6o-80}b loss  in 
sl ow conduction packs  ( 1 44-) . Niacin and riboflavin are generally stable,  
losses of aroupd 1 o%  being expected ( 1 45 ) . Vitamin A is generally 

.! \ stable to heat processing ( 146 ) . Vitamin B6 losses of 4J,1o and 6J,1o and 
pantothenic acid losses  of 26% and 46% are re:LJorted for processed meats 
and processed root vegetables respectively ( 1 47 ) . Vitamin B1 2 appears 
to be stable in meat processing ( 1 45 ) , while some losses  in folic acid 
aro expected although not characterised for this �e of process  ( 1 45 , 1 46 ) . 



Minerals are not af'fected by heat processing . The effects on 

protein and amino-acids are complex. Total amino-acid content may be 

unchanged after processing but the nutritive value of the protein is 

reduced as amino-acids are rendered unavailable by formation of 

complexes .  Cooking of meats at 1 00C does not alter biological value , 

but autoclaving reduces the b iological value to some extent( 1 46 ) ; 

similarly for oil seed meals or nut meal s .  In this product, some loss 

or lysine and methionine due to Maillard browning i s  expected since 

reducing sugars are present in the sweet potato .  Als o ,  with the high 

level o� carbohydrate present ,  some complexing of other amino acids 

with carbohydrate may occur, reducing their availability.  Little 

effect on nutritional value has been reported after processing an oat 

dough for the same time as this  product ( 1 43) . 

Since the effect of processing on nutrient levels has been 

expressed only in a percent retention form, for normally one set of 

time-temperatLtre c onditions , it is difficult to evaluate the extent 

of nutrient reduction for nutrients from one set of conditions to 

another, let alone from one product type to another. Data was 
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ava ilable only on the rates of destruction of thiamine ( 1 48)  and 

aseorbic acid ( 1 49 , 1 50 ) for different temperature and product conditions . 

With this  inf'ormation and using an analagous metr..od to that used in 

estimating the degree of sterilization ,  it was possible to estimate the 

degree of destruction of thiamine and ascorbic acid in the centre of 

the product ( 1 51 ) ( see Appendix 1 7  for calculations ) .  For thiamine , 

des truction was around 3� and for ascorbiv acid , total destruction 

was indicated (Fig . 6 . 1 1 ) . There were slight differences in the extent 

of destruction f'or the two processing methods inve stigated, the hot 

fill process  being slightly more severa , but this was hardly significant . 

For thiamine , destruction nearer the walls of the can would be much 

higher than at the centre so that total destruction woul:i be much higher 

than indicated ; total inte:,cation of time/temperature throughout the can 

would be necessary to evaluate this fully.  Nevertheless this  system 

was useful to indicate the relative effects of different processes  on 

ntltrient content , in process design. 

Summarising , the heat process  is  expected to  cause greatest 

destruction of ascorbic acid, thiamine ,  vitamin B6 and pantothenic 

acid .  Protein quality may not be appreciably lowered, although reduction 



in availability of some amino-acids is expected . These deductions are 

taken from data on materials similar to those in this  product .  Heat 

proce sses in these cases were quite different from that used and 

conditions were also quite different , due to the unconventional mix 

used here . Only full analysis of this product before and after 

processing , can evaluate the effect of process on nutrient content . 

This  is outs i de the scope of this work , at this stage . 

6 . 8  Summary 

A product similar in form to canned meat loaf was developed 

from the raw materi_al mixture selected by linear programming . It was 

found that an acceptable product of this �pe could be processed using 

s:imple  chopping and mixing operations follovred by stanC.ard heat 

processing . Flavour and texture variations of the product,  through 

inclusion of additives and adjustment of process  variables were 

inve stigated. A satisfactory process  for the product was established . 

The final product was judged highly acceptable by a small Asian taste 

panel . 

Several comments should be mad e .  

1 .  The bulk of the prod.uct was exce ssive . With the addition of 5% 
w � ter and flavourings  to a level of 1 0 . 6% based on 1 000g batch, for the 

full requirer:1ents of raw material mix ( 1 1 40g ) , the total intake vrould 

re quire to be 1 320g . This could be packed in 3 cans containing 44-0g 

each of the processed mixtt:re . It could be difficult to incorporate 

such bulky material into normal diets at the se levels .  It  may then be 

necessary to consider the next most complex process  of predrying some 

of the materials ,  radish and sweet potat o ,  in order to reduce the bulk . 

2 . The product was versa tile in how it c ould be prepared for meals 

by normal Philippine cookiLg methods . It  could be sliced and fried , 

sliced and steamed , made into shapes (balls ,  rolls ) and s teamed, 

extruded into casings to provide a type of sausage . This could aid its 

use as a nutritional product in welfare feeding to reduce monotony and 

increase acceptabili� of the product . Such variety could compensate 

for the bulk of the material . 
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3 .  The heat proces sing given the material , reduced some of the nutrient 

levels in the product . This  important aspect of nutrient loss due to 

processing was not considered in this product design, since the objective 



wa s to indicate that nutritionally selected raw materials could 

su.cces sfully be combined into acceptable food form. However , for a 

practical nutritional formulation , consideration of nutritional loss  

due to proces sing must be  given.  
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CHAPTER 7 

USE OF THE LINEAR PROGRAMMING JllODEL TO DESIGN A FOOD SUPPLEMENT 

A model was developed to select a mixture of Philippine food 

raw materials for a general nutritional food product , which provided 

the full daily require.r:.1ents of the p opulation at minimum cost.  No 

restriction was placed on the �mount of each raw material avail�ble , 

in order that the be st nutritional mixture of indigenous materials was 

identified. In the real situation, conside ration rr..us t be given to the 

availability of raw materials frJIL. ag:-i�ul br?..l a.nd fisher-y production, 

as this would. affect the pract.icali ty of mixture s .  

C onsideration of the effect of raw material availability in the 

model, indicated the limitations of the present food supply and it 

appeared that in the short term, enrichment of the food supply would be 

necessary to achieve balanced nutrition. O f  the possible enrichment 

methods described, the supplementation of the daily rice intake with 

processed, nutritional food products seemed �ost practical . The 

development of such a product was undertaken. 

7 . 1  �ide�ation_of _�aw material avail9.bility in the model 
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The raw materials were selected from items listed in agricultural 

and fishery production statistics . In the early st�ges of data collection, 

this data was obtained for the year 1 968 . At a late r' stage , more 

well-defined production and cost data for 1 970 became available from the 

Philippines ( 1 52 ) , At the same time , the 1 970 population census data 

was published ( 1 53 ) which allowed updating of the nutritional requirements 

based on p opulation age-distribution, which had previously been calculated 

on population e stimates for 1 968 . The model was updated, at this  point , 

to describe 1 970 conditions.  
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7 . 1  . 1  Calculation of  raw material avail�bility 

Information was obtained on the production o� the raw materials  

in  the harvested form. This  data had to be  corrected to the edible 

portion , then the per caput dai ly availability was determined . The weight 

units were corrected to 1 00g units to be compatible with units used in 

t�e model . For some o� the raw material s ,  direct production statistics 

were not available .  Their production was e stimated �rom statistics o� 

related materials .  The maj ority (49 ) were estimated �or meat o�fals -

bas on their proportion o� the carcass weight ; twenty-�ive estimations 

were made to apportion �ood group production levels among the individual 

materials in each group ; the amount of �ts milk was derived �rom the 

number o� goats ; the sweet potato lea� amount �rom the production o� 

sweet potat�� ; and the amount o� sugar � juice �rom the production 

o� sugar cane . Appendix 1 4  gives �ull details o� this production data . 

Some o� the raw materials were produced in very small amounts and 

were removed �rom the model . Nineteen raw materials were del·eted since 

their production levels were �ouni to be too small �or recording in FAO 

or Philippine statistics i . e .  production was less than 500, 000kg . Since 

�pmeat was produced at low levels all its o��al products were 

simil:l.rly insigni�icant (7  o� the 1 9 ) . The other materials deleted were : 

�ish species - glass�ish, �' mulle�,  pomfret ,  shark , spadefish, 

t��ad�in and whiti�; legumes - chickpea, pigeon pea and cottonseei ; 

and hors� meat. 

A level o� production was decided on to distinguish those �oods 

with signi�icant availability amounts which could be handled by the 

computer code . The s igni�icant prod'.lction amount was limited by the 

smallest numerical value which coul i be output in the solution reports 

o� the linear programming model developed. Values less than 0 . 001 units 

( equivalent to 0 . 1 g s ince 1 unit represents 1 00g) in the model would be 

recorded as zero . The units could have been scaled to smaller units 

but this would have re sulted in many problems in the s caling o� nutrient 

uni ts in the model . This level 0� 0 . 001 was then the most practical 

level to use in the problem and probably the smallest signi�icant unit 

which could be considere� �or the weight o� any component in a �ood 

mixture . This represented a total �ood content availabili� o� 

1 , 336 ,000kg per year. Fi�ty-seven raw materials with availab ility below 
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this level were removed. 

Three other raw materials were removed at this stage . Grapefruit 

and lime were removed since their production levels were duplicated by 

pumr�elo and � ( the Philippine grapefruit and lemon, kalamansi 

respectively) . Raw sugar was removed since it strictly was processed . 

Its production was cons idered in sugar � juice data. 

With the se c onsiderations,  the number of raw materials in the 

model was reduced to 94. 

7 . 1 . 2 Revising problem c onditions in the model 

Raw material constraints .  The per �aput dai� availability amounts in 

1 00g units were input as upper b ound constraints on the activity level 

of each raw material . These were expressed to four decimal places ,  the 

last one being rounded off in the reports from the computer system. 

Table 7 . 1  li sts the se availab ility constraints . 

C o st data . The costs of the food raw materials were updated as more 

accurate ancl representative costs had become available . For this  

section of the proj ect, costs were expressed in  Philipp ine p esos (P )  

as  all co sts were available from Philippine sources in the national 

currency . Such costs were for the raw material on an ' as purchased ' 

basis ,  so they were corrected to correspond to 1 00g edible portion 

for each raw material . Table 7 . 1  lists the revised cost data. 

Nutritional data . Data on folic acid content of several Philippine 

raw materials  and amino-acid compo sition of meat raw materials had been 

received from the FNRC in Manila ( 82 , 83) . The data files of the se raw 

materials were updated at this stage . 

N'1tri tional constraints .  The constraints on the nutrients whi Jh were 

directly defined were updated at this stage . The average daily 

requirements for calories ,  protein, calcium, vitamin A ,  vitamin C ,  

vitamin B6 , vitamin B1 2 ,  and folic acid were re calculated using the 

population age distribution data from the 1 970 Philippine population 

census which had be come available ( 1 53 ) . Table 7 . 2  indicate s that the 

revised nutritional c onstraints were very similar to those c alculated 

earlier from the estimated population age distribution for 1 968 . 



Table 7.1  Production 
availability 

anchovy 
atis (fruit) 
avocado 
banana (bungulan) 
banana (gloria) 
beef 
big-eyed scad lfislll 
blood toeefl 
blood (pig) 
bonito 
buffalo 
cabbage 
caesio (fish) 
cashew (fruit) 
cassava 
cavalla (fish) 
chicken (young) 
chico (fruit) 
coconut, mature 
coconut, young 
cowpea 
crab 
crevalle (fish) 
croaker (fish) 
eggs !duck) 
eggplant 
eggs (hen) 
garlic 
ginger 

groundnut 
goatmeat 
grouper (fish) 
hairtait 
herring 
jackfrui t  
kaimito (fruit) 
banana (takatan) 
lanzones (fruit) 
intestine, tarqe {pig) 
banana (latundanJ 
lemon 
liver (pig 
lizardfish 
lungs (pig) 
mango 
milk (buffalo) 
milk (cow) 
milkfish 
milk (goat) 
moon fish 
mungbean, green 
mungbean, red 
nemipterid (fish) 
onion 
orange 
papaya 
cabbage, chinese (petsay) 
pineapple 
pork 
potatoes 
pummelo {fruit) 
radish 
rice, polished 
rice, brown 
rice, glutinous 
kidney bean, red 
round scad (fish) 
banana (saba) 
sardine 
short-bodied mackerel 
shrimp 
slipmouth (fish) 
intestine, small (pig) 
shrimp, small 
snapbean 
snapper 
soursop 
sweet potato leaves 
span ish mackerel 
yam. spiny 
squid 
stomach (pig) 
striped mackerel 
sugar cane juice 
surgeonfish 
sweet potato 
sweet potato, white 
taro 
tomato 
watermelon 
corn, white 
kidney bean, white 
yam 
corn, yellow 

and revised cost levels of raw materials with significant 

Upper bound on Production less 
availability exports bounds 

l100g unitl 
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Table 7.2 Comparison of 1970 and 1968 [ average nutrient requi rements 

N utrient 1 968 a 1 970 b 

cal ones \ Kca i )  2 0 3 0  2 04 0  
p rotein ( g )  4 9 . 4  5 0 . 4  
cal c ium (mg)  454 4 5 0  
v i tamin  A ( i u )  3 9 0 0  4000 
vitamin  C (mg )  29 29  
vitamin  86 (mg) 1 .  68  1 .  7 2  
vitam i n  8 1 2  (mg)  0 . 0 0 2  0 . 0 0 2  
f o l i c  acid (m g )  0 . 1 8 0 . 1 8 5  

. a. Based on population distribution data estimated fro 1968 from UN Demographic Yearbook 1 970 (861. 
b. Based on popu lation distribution data from 1970 census in 'National Summary Philippines 1970 Census 

of Population and Housing', Bu reau of Census and Statistics, Manila, 1972. 

7 . 1  . 3  The nutritional adequacy of  the available f ood raw materials 

With the raw material activity re strictions in the model , it 
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was not possible to obtain a fea s ible s olution. Many s ources or 

infeasib ility were evident in nutritional bounds as well as raw material 

availability bounds . It wa s not possible t o  obtain adequate or 

balanced nutrition from the available raw materials . 

The nutritional value of the available food raw material s  was 

e stimated in order t o  identify the nutritional deficiencies causing 

the conflict . The linear programming system was used  for thi s p urp os e  

by maximiz ing the to tal weight in the model with all nutrient constraints 
removed and raw materials constrained at their production availability 

level s . Several of the food raw materials were exported in large amounts , 

so a similar estimati on was made to evaluate the effect of exp orts on 

nutrient availability.  

With total production , many nutrient defic iencies were evident :  

seven of the six teen non amino-a0id nutrients were deficient and three 

of the ten amino acids had chemical score ratings below 70 ( Table 7 .3) . 



Table 7.3 Availabil ity of nutrients from raw materials in  the Philippines of 
(a) total production and (b) total production less exports 

calories (kcal )  

protei n (g) 

fat (g) 

f ib re (g) 

calcium (mg) 

phosphorus (mg) 

iron (mg) 

vitamin A ( i u )  

thiamine (mg ) 

r iboflavin (mg) 

niac in  (mg) 

vitamin C (mg) 

vitam in  86 (mg) 

vitam in  8 1 2  (mg) 

pantothenic acid (mg) 

folic acid (m g) 

isoleucine (mg) 

leucine (mg) 

lysine (mg) 

meth ion ine (mg) 

cystine (mg ) 

phenylalanine (mg) 

tyrosine (mg) 

threonine (mg) 

tryptophan (mg ) 

val ine (mg) 

cost (p) 
weight (g) 

Requ i rement 
per caput 
per day 

2040 
50 . 4  
45 . 4a 

6 . 0  
450 
450 b 

20 . 4c 

4000 
1 . 02d 
1 . 0 2d 

1 3 . 4  e 
29 

1. 72 
0 . 002  
5 . 0  f 
0 . 185 

3330 g 
4440 
32 30 
1560 
1210 
2920 
2120 
2 5 70 

810 
36 80 

a. Minimum of 20% calories as fat. 

b. Minimum of 100% calcium level. 

c. Minimum of 1mg per 100kcal energy. 

d. Minimum of 0.5mg per 1 000kcal energy. 

e. Minimum of 6.6mg per 1000kcal energy. 

Total product ion 

avai lab i l i ty, per 
caput per day 

1 2 3 30 ( 1 14 )h 
49 . 9 ( 99 ) 
70 . 4  ( 15 5 )  
15 . 7  ( 262 ) 

2 5 5  ( 5 7 )  
1002 ( 2 2 3 )  

1 2  . 1  ( 59 ) 

1 700 42 ) 
1 . 2 4  ( 122 ) 
0 .  70 ( 69 ) 

1 7 . 8 ( 1 3 3 )  
8 3  ( 2 86 )  

1 . 84 ( 10 7 )  
0 . 002 ( 100 ) 
4 .  5 90 ) 
0 . 1 5 3  ( 8 3 )  

2 35 0  
3940 
2950 
1420 

370 
1950 

990 
2 0 50 

410 
2 860 

0 . 74 
1 1 3 8  

7 1 ) i  
90 ) 
92 ) 
92 ) 
3 1 ) j  
6 7 )  
47 ) 
81 ) 
5 1 )  
7 9 )  

f .  Minimum at 5mg, satisfactory level for U S  diets. 

g. Minima of amino-acids at levels corresponding to 50.4g of egg protein. 

Product ion less 
exports avai lab i l ity 
per caput per day 

1 820 
44 . 0  
32 . 3  

8 . 9  
194 
848 

9 . 7  

1650 
1 . 1 7 
0 . 64 

1 7 . 0  
75 

( 89 ) 
( 87 ) 
( 7 1 )  
( 14 8 )  
( 4 3 )  
( 1 8 8 )  
( 48 )  

( 42 ) 
( 1 1 5 )  
( 6 3 )  
( 12 8 )  
( 260 ) 

1 .  75 ( 1 0 2 ) 
0 .  002 ( 100 ) 
4 .  2 ( 84)  
0 . 1 49 ( 81 )  

2 0 80 
3490 
2620 
12 80 

360 
1770 

9 30 
1 860 

370 
2 5 30 

0 . 66 
833 

( 72 ) 
( 9 0 )  
( 9 3 )  
( 9 4 )  
( 3 4 )  j 
( 6 9 )  
( 5 0 )  
( 8 3 )  
( 5 3 )  
( 79 ) 

h. Bracketed figures indicate that percent of minimum requirement which is available. 

Bracketed figures for amino-acids indicate the percent of the correspondin� amino-acid in egg protein; 
the chemical score being given by the amino acid with minimum percentage (J). 

2 1 4 



With such deficiencie s ,  it was not surpri sine that feasibility could not 

be attained . The mo st serious deficiencies were for vitamin A ,  calcium, 

iron and riboflavin which corresponded to the s ituation found in 

nationwide nutrition surveys ( 25 ) . 
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Exports had verJ little effect on these deficient nutrients: 

their maj or effect was to render calories and fat deficient . The reduced 

fat level , halved due to exp orts ,  was attributed to exports  of coconut 

products . The extent of coconut exp orts perhaps should be revised in 

order to  prevent such deficiencies . 

With such nutrient availability,  it would not be p o ssible to 

achieve balanced nutrition , let alone adequate nutrition. 

7 . 2  Methods of improving the nutritional value of the available 

food supply 

Several methods can be suggested to improve the nutritional 

value of the available food supply . For example : 

1 .  Increase in a gricultural and fishery production through use of 

high yieliing crop species and expansion of f ish farming systems .  

2 .  Importation of nutritious fo oi raw material s e . g . dairy products , 

meat products , soy flour. 

3 .  Development of edible oil-seed processing industrie s e . g .  

coconut flour, co ttonseed flour . 

4 .  Enrichment of the food supply with chemical nutrients e . g .  

vitamin, mineral and amino-acid comp ounds . 

Methods most suitable for this purpose should be ( i ) capable of rapid 

implementation ( ii ) effectively implemented with minimum change in food 

hab its ; and economically feasible . 

The first two methods describe longer term methods of improvement. 

To be effective , agricultural economics  planning should be used to plan 

production and imports so that sufficient of suitable spe cies was 

eventually available for adequate and balanced nutrition . Extensive 

imp orting could be rapidly implemented if sufficient overseas funds were 

available .  Economic analysis would be required to evaluate how much 

nutritional improvement could be afforded in the short term. 
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Development of the oilseed industry could be an effective method 
and could be rapidly implemented if safficient c apital was av3.ilable for 
proce ss  and produ:}t develo:;>ment and plant construction. The prod: .. 1etion 
of coconut flour from the abundant sources of' coconuts in the Philippines 
appears particularly suitable .  Processes  have been developed to p ilot 
staee for the prod-J.:}tion of coconut flour f'rom raw coconut but only a 
process  for obtainine flour from de ssicated coconut i s  in production in 
the Philipp ines ( 1 54) . Te sts have shown that this flour can be  
incorporated into many local foods with good accep tabili� and also  can 
be used as a base in snack foods . The maj or disadvantage of the material 
is that nutritionally only calories ,  protein,  fibre and iron are provided .  
The product also is expensive . This process  doe s not provide a feasible 
method of cheap nutrition at this t ime . Other processes are not yet 
economically feasible for implementation . 

Nutrient enrichment seems the most suitable method . Enrichment 
may be rapidly implemented provided overseas funds are available to 
imp ort the comp ounds,  there are no legal re strictions and an effective 
carrier for the enrichment is available . Such a carrier could be a 
food product which is commonly eaten, so that food habit ·problems are 
minimized . This would require design of a suitable- food product to 
contain the enriching nutrients and represents  another product 
development problem. The maj or drawback could be in the economics of 
this  method. Currently most chemical nutrient pri:}es are very low with 
the exception of a few amino-acids and linear programming could be used 
to design the most economic system of enrichment . 

Enrichment with chemical nutrients 

This approach has become increasingly widespread since 1 900 when 
iodine was· added to table salt to prevent goitre ( 1 55 ) . During the war 
years, enrichment of bread with B-vitami�s was introduced in USA and UK 
( 1 56) . In recent years , interest has broadened with the possibility of 
improving the protein quali� of staple foodstuffs of developing 
countries by enrichment with synthetic amino-acids ( 1 57 ) .  All such 
enrichments have been considered only when a nutritional deficiency has 
been identified and the costs of the chemical nutrients have become low 
enough to keep the costs of the enriched foods within the reach of the 
target p opulation .  



There have arisen several philosophie s or enrichment :  

1 .  Addition or nutrients t o  roodstufrs to make good losses  caused in 

processing and storage . This is also called re storation and has been a 

basic philosophy behind the addition or B-vitamins to milled cereal s .  

2 .  Addition or nutrients to a carrier rood - general� a signiricant 

item or the diet - to remove dericiencie s identiried in the average diet 

of the population . This is also  known as rortirication. It  has been 

the basic philospohy behind the addition or B-vitamins, calcium ani iron 

to wheat r1our in maQY countrie s ,  the addition or vitamin D to milk and 
t::1e addition or lysine to cereals in Japan. 

3 .  Addition or n•ltrients t o  roods which are interchangeable in the 
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:liet or are replacements ror traditional roods ,  called rood substitution. 

The maj or example or this type wouli be the enrichment or margarine with 

vitamin A to levels found in butter, the rood it replaces in western diets . 

4-.  Addition of nutrients to render a roocl nutritionally complete . This 

is .generally ror some special purp ose e . g .  baby food, medicinal fo od,  

emergency reiier food or nutt>itional control rood where the food is  

intended as the sole item or the diet . Such roods shoul-i be enriche-i 7Vith 

all the nutrients to requirement levels in each daily serving . 
5 .  Addition of nutrients t o  render a rood nutri tionally self-sufficient , 

called supple�entation. This has been c onsidered mainly for foods whi�h 
art! high in c al or ie s .  Vitamins are added a t  level s  re quired to metab ol i se 
-+:he total energy or the foo•1 .  I n  a similar way, the vitamins required ror 

metabolism or prote in could be added. . By such a method , there should be 

no deficiency or wastage of nutrients ror optimum nutrition. This method 

has been suggested ror enrichment of snack foods , baked sweet goods and 

confections , which are significant items in the American diet ye t provide 

only ' empty calories ' ( 1 58 ) . 

') .  Addit.ion of nutrients to common foods to facilitate selection of 

food items by the consumer a:}cording to nutritional quality. This 

phil osophy provide s for nutrients in food products t o  be in quantities 

at  least to  a defined proportion of the Jaily nutritional requirements .  

Thi s is  the ' nu�ri:ricatio� ' concept ( 1 59 ) which .La.Chance suggested for 

maj or foods in the diet . The defined proportion can be based on the daily 

calorie requirements ror foods containing greater than 1 50 calories ( 1 55 )  
or on  the daily protein requirement for foods providing greater than ?.% 
of calories as  protein ( 1 59 ) . LaChance suggests that the protein basis 

would be better since in western diets calories are generally eaten in 



excess ,  so that excess  nutri-ent intake would result . Nutrification 

would allow the consumer to easily select i terns to make up the daily 

nutrient quots. . 

Since a system is sought to enrich the available food supp�,  

the nutritionally complete food concept is  not applicable here . The 

replacement food approach o�y indirectly applies because the enriched 

�ood may become a maj or part of the diet and replace othe r  items of the 

d:i.et .  Since it will be nutritionally designed, the replacement aspect 

need not be direct� considered . Fortification of a carrier food 

provides a suitable basic philosophy for this enrichment situation. The 

carrier food coul1 be the staple of the diet - rice - or a common meal 

additive or condiment - fish sauce ,  soY- sauce - or some other populs.r 
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food eaten daily.  The restoration concept would be c onsidered in 

determining the level of enrichment to take account of losses  of nut.rients 

in processing the enriched prod1 1ct . Enriching , to daily nutritional 

requirement levels and to  egg pattern levels for amino a c ids,  fulfils 

both the cri terh of nutritional self-sufficiency and nutrifiaation based 

on bal :mcerl nutrient levels ,  if enrichment of one food product is 

considered . If more than one product is required for practical enrichment , 

then these two aspects need not apply i . e .  individual foods need not be 

nutritionally self-sufficient or balanced, provided the intake of the 

combined foods is encouraged. Thus the fortificat ion of a carrier food 

seems the most appropris.te basis to consider enrichment, so that the 

average daily nutritional requirements of the population are met from 

the food supply. 

The recommendations of the American Medical Association, 1 968 , 

(1 58 )  proviie suitable guidelines for fortification with nutrients .  

1 .  The intake of the nutrient ( s ) should be below the desirable level 

in the diet.s of a significant number of people . Evidence of nutritional 

deficiencies in the food supply of the Philippines has been presented . 

2 .  The food( s ) used to supply the nutrient( s ) should likely be consumed 

in quantities  that wouli make a significant c ontribution to the diet of 

the populs.tion in need.  Only food products which are consumed in high 

amounts regularly in the Philippine s ,  should be c onsidered. 

3 .  The addition of the nutrient( s ) should not create an imbalance 

of e s sential nutrients . Bals.nced contribution of nutrients should be 



incorporated. 

11- . The nutrient( s ) added should be stable under proper conditions of 

storage and use . The loss  of expensive nutrients should be prevented 
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by optimization of the process  to minimize nutrient loss ,  by de sien of 

food with minimum preparation or preferably rea�-to-eat and by effective 

packaging or treatment to prevent storage loss . 

5 .  The nutrient( s ) should be physiologically available from the food .  

Biologically available nutrient compounds should only be used and nutrient 

inactivation reactions should be pr evented where possible . Such 

availability problems may only be catered for by appropriate 

over-enrichment with nutrients . 

6 .  There should be reasonable assurance against excessive intake to a 

level of toxicity .  For all commercial nutrients for food use , there has 

been no experience of toxicity at the levels of normal daily requirements 

be ing considered here , although at exce ssive levels s ome nutrients may 

be harmful e . g .  vitamin A .  

The Protein Advisory Group on amino-acid fortification 

recoffiflended similar factors ( 1 60)  but also added : 

7 .  The processing of the food should be relatively centralised and its 

distribution through norm31 commercial or other channels should be amenable 

to control . The food must then be capable of production in existing large 

domestic processing establishments , or in gover1unent-controlled factorie s .  

8 .  The cost of enrichment sho,.lld not render the price of the food too 

expensive for widespread consumption. 

Therefore the design of an enrichment system for the Philippine 

diet shoulci be based on enrichment of foods with high daily consumption,  

whose processing and distribution are relatively centralised. The 

average daily nutritional requirements of the population shoul·i be met, 

with retention of nutritional balance , through normal intake of this 

food . Nutrients shoul•i be added at levels to take acc ount of 

physiologi�al availability and possible losses during processing and 

storage . Lo sses due to preparation by the c onsumer should be l imited 

by designing the product as ready-to-eat or with minimum amount of 

preparation. The cost of the product should be within the reach of 

poorer segment of the population. 
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7 . 2 .2  The medium of enrichment 

A suitable �arrier food which satisfied the criterion of being 

eaten daily and universally throughout the countrJ is  the staple of the 

diet,  rice. Rice is  a maj or constituent of the daily diet,  is eaten in 

large amounts throughout the country (Table 7 .4) by all income groups 

( Table 7 . 5 ) . RioJe is eaten normally at all three meals but at least once 

a day in every home ( 1 61 ) .Enrichment of the daily rice intake wouli seem 

an appropriate system. 

Table 7.4 The proportion of rice in the daily diet in 9 regions 
of the Ph il ippines a 

Reg i on  of nut r i t i on  su rvey 

B ico l  1 9 5 7  
Cen tral Luzon  1 9 57 
M etropo l itan Man i la 1 9 5 8 
l l ocos- Mou nta i n  Provi nce 1 9 6 0  
Cagayan Val l ey- Batanes 1 9 6 1  
Sou thern Tagal og 1 9 6 2  
Western  Visayas 1 9 6 4  
Eastern V isayas 1 9 6 5  
Southwestern  M i ndanao 1 9 6 6  

Weighted average 

I ntake of r ice 
(po l ished ) per 
caput per day 

(g) 

390 

4 24 

2 1 3  

3 2 3  
241  

273  

165  

8 4  

2 2 5  

2 24 

Percent da i ly  food 
i ntake as r ice and 
r ice p roducts 

44 

4 9  

3 2  

5 0  
3 4  

4 4  

37 

23 

35 

d = 8 0 . 7  

a. Adapted from data in the individual reports of the regional su rveys ( 1 1 3, 1 1 4, 1 1 5, 1 16, 1 1 7, 1 1 8, 1 1 9).  

Taking the average daily rice intake per person from the FNRC 
nutrition surveys ( 224g)  rather than that of the recent cereal 

consump tion survey ( 31 1 g ) , as a representative level , the question 

remains of how this can be enriched . 



Table 7.5 a 
The daily rice intake of different income groups in  the Phi l ippines 

Su rvey per iod 

O ct-Nov 1 970 

May-June 1 97 1  

I nta ke of r ice per caput  per day (g) 

I ncome group b 1 < P400 P400-799 PS00-1 499 � P 1 500 

261  

30 3 

2 7 8  

30 3 

2 88 

330 

309 

3 34 

Mean 

2 80 

311 

a. Adapted from C. T. Aragon, L. B. Darrah, Cereal consumption patterns. The Statistical Reporter ( 1 972), 
16 ( 1 ) ,  47. 

b. l t  was assumed that incomes referred to monthly earnings, since no indication of time period was 
specified in the report. 
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As can be seen from the nutrient supply from 224g of rice (Table 7 . 6 ) , 

large deficiencie s in calories ,  protein, fat and fibre exist. Protein 

could be obtained fron synthetic amino acids as suming 1 g  of amino acii 

is e quivalent to 1 g  of protein .  However with a requirement for at least 

a further 34g protein, such addition wouli be expensive . Calories and 

fat could be increased by addition of food fats or c ommercial oils or 

fats . To make good the calorie ieficiency ( 1 200kcal ) ,  1 35g of fat would 

be neces sary which certainly woul-i cause palatability problems . Fibre 

could be supplied by cellulosic materials ,  but would best be provided 

by natural foodstuffs . 

D irect enrichment of rice with the deficient nutrients does 

not appear feasible . It would seem more logical to c onsider another 

food product to accompany the daily rice intake , which wouli be high in 

calories  and protein and contain the fibre , fat and the balance of other 

nutrients .  

In this  section, the devel:::>pment of a prod·.ICt,  capable of 

enriching the rice intake , will be carried out so that a system of 

adequate and balanced nutrition can be made available in the Philipp ine s .  

I f  this  objective is  not feasible , economically or practically,  then a 

more suitable level of enrichment will be determined and a product 

de signed to meet these specifications . 



Table 7.6 Contribution to nutrient requirements of the average dai ly rice 
intake in the Phi l ippines 

N utr ient 

ca l o r ies (kca l )  
prote in  ( g )  

fat (g ) 

f i b re (g) 

ca lc ium (mg) 

phosphorus (mg )  

i ron  (mg) 

v i tamin  A ( i u ) 

th iam ine (mg) 

r ibof lav in  (mg) 

n iac in  (mg) 

vitam in C (mg) 
vi tam in 86 (mg )  

vitam in  8 1 2  (mg) 

pantothen ic acid (mg ) 
fo l i c  acid (mg )  

iso leucine (mg)  
leuc ine (mg)  

lysine (mg)  

meth ion i ne (mg)  

cyst ine (mg ) 
phenyla lan ine (mg)  

ty rosi ne (mg) 
th reon ine (mg) 

tryptophan (mg) 
va l i ne (mg) 

N utr ient content 
i n  224g r ice 

824 

16 . 6  

1 . 1  

0 . 9  

1 8  

242 

2 . 7 

0 

0 . 22 

0 . 11 

5 . 38 

0 

0 . 38 

0 
1 . 2 3 

0 . 022 

815 

1165 

880 

5 85 
101 
506 

1 81 

5 35 

116 

9 86 

Percent of m in imum 
requ i rement from 
224g rice 

40 

33  

3 

15  

4 

54 

13  

0 

22 

11  

40 

0 

22  

0 

2 5  

12 

2 5  

26 

2 7  

38 
8 

17 

9 
2 1  

14 

2 7  

2 2 2  



7 . 3  The selection of a suitable food Eroduct as  the enrichment medium 

The selection of a suitable food product and the development of 

su�h a product was carried out in the systematic manner described for 

the product development approach . 

The exploration stage 

Expanding the ob jective s of this part of the investigation 

inuicates the criteria to be considered in the design of a suitable 

enrich.�,-,�t product . 

1 .  The product should. be s imilar to present popular food products i . e .  

those of high consumption which are regularly eaten. 

2 .  Enrichment of such a product should be easily implemented into normal 

proces sing procedures for that product and shouli be  e asily controlled. 

3 .  The proces sing method selected should be designed for least effect  on 

the nutrients in the produc t,  and shouli be compatible with existing 

processing facilities in the Philippines .  

4- .  The organoleptic propertie s of the product shouli be acceptable for 

that type of product .  
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5 .  The product shoul·i have minimum preparation and have good storage life . 

6 .  The cost of the product should be within the economic reach of 

the poorer members of the population. 

Product ideas . For this type of product development , new product ideas 

were not proposed , rather existing pruduct types .:::apable of enrichment 

were sought . The types  of processed food products which are commonly 

eaten throughout the country have already been discussed in Chapter 6 

( sec Appeniix 1 1  for detailed information) . This information sugges ted 

suitable product ideas which should satisfy the first criterion above . 

Savoury sauces .  The popular patis (liquid ) or bagoong (paste ) are 

produced from fermented fish and are used with almost all meals .  It may 

be possible to enrich these sauces dire�tly. Other popular savoury 

sauces used in the same way are tomato and banana ketchups . A similar 

product could be designed with nutrients added in the for.nulation .  The 

ma .j or drawback would be that nutrients would require to  be very 

concentrated as only small amounts of sauce wouli be taken with each meal . 

I t  is  unlikely that the fat and calorie requirement could be met because 

of this problem. 



Drinks .  Soft drinks are very p opular throughout the c ountry. An 

enriched soft drink could "':>e taken regularly with meals ,  a s  the liquid 

?Ortion of the meal . The problem again of meeting the fat requirement 

is posed, but the calories could ::Je contri':mted. to by sugar in this 

prod:�ct. Milk-type beverages of the Milo/Oval tine ty1Je are fairly 

p opular because of their health image ,  but their co st is  the factor 

holcUng down consumption.  This type of product may be more useful 

than soft drinks to  act as  the liquid p ortion of the meal and to  carry 

tho enriching nutrients .  Fat may be incorp orated in the formulation 
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and the prod.twt already has a nutritional image which would aid in 

accep t�b ility .  A dried p owder which can be mixed with water for serving 

wouli be the be st form of this type of product .  A range of fl9.vours 

coul•l be offered . 

Baked goods .  There i s  very high consumption of bread rolls ( e . g . pan 

de sal ) , loaf bread (?�n americano ) and bisc�its (p articularly crackers ) 

throughout the country . The bread products provide an iieal merlium for 

enrichment with all the reqnire::l nutrients ,  with the advantage that much 

wor� has already been done in other countries  on enriched bread products . 

Bread products would be mor•:. ,ln s irable than biscuits as  they c ould be 

incoFp orated as a regular meal item, just as they seem to be associated 

with breakfast  in the Philippines .  Biscuits would be thought of as 

mainly a snack food. 

Nood.le s .  Noodles are commonly eaten in the Philippines although they 

are mainly a s sociated with lunch meals or with s oup s .  Different starch 

materials are used - wheat , rice and mungbean. Pastas l ike macarot;\i 

also  are p opular. Provided consumption could be increased,  this would 

be a good medium for enrichment . The maj or drawback i s  the need. for 

cooking by boiling in water which would cause l8aching of water-soluble 

nutrients .  

Dri·3d soups . Particularly in the urban areas these products  are very 

popu1�.r C.ue to low cost and convenience - chicken noodle , arroz caldo 

and rr.ami are most popular, scup s all having high cereal c ontent . Tllese  

could be enriched, and, provided distribution and c onsumption could be  

increased , would be a very sui table enrj chment product. The drawback 

again is the required cookiq; procedure . 



Nat}y�_.E!l-.!1..?��� · Thi s  dried, f'ermer..ted or unf'ermented product, is  

p opularly eaten with rice a t  all meal times in the Philipp ines .  Thi s  

c ould p ossib� be enriched. 

C 911!t��- ��j;_? . The meat loaf' type ( corned beef' , beef' loaf') and sausages 

in sa.uce (pork and beans, vienna sausage ) are p opular but consumf t ion i s  

low due t o  c ost. Formulated products of' this type should b e  capable of' 

enrichment .  C o sts must be reduced in order to make such products  

rf!gular items of' the diet .  

The screenir..g stage 

Since the hature of' selection of' suitable product idea s has 

inve;lved some screenir_g of' possible id eas according to the f'irst 

c1·i t.erion in the ob jective,  this section describe s more comprehensive 

scrHening used to select tho se ideas which best satisf'ied all the 

ob j ective s .  

Ser!"�nin_e;_f�.E.!:.?!'..? • A more deta iled consideration of' the objectives 

suggested the f'oll owing £'actors f'or which each product was assessed.  

1 .  Le vel of'  consump tion.  There should be  a high daily intake of' 
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thi s  product type .  Nutrition survey inf'ormation supplied data suf'f'icient 

f'or this assessment . Factor weight wa s 5 .  

2 .  Frequency of' consumption. If' po s sible· the p roduct should be eaten 

with each meal , and regularly throughout the week . Again inf'ormation was 

available f'rom nutrition surveys to assess  this f'actor f'or each product . 
Factor weight was 5 .  

3 .  Ease of' 'enrichment . Exi sting processes f'or the product should ea s ily  

inc orp orate the er�ichment proces s .  O therwise re search and development 

work wilJ be required to f'a cili tate enrichment . The degree to w hich each 

pro cess  required development wa s asses sed subj ectively . Factor weight 

was 1 o . 
4. Proces sing ef'fect on nutrients . The degree of' destruction of' b oth 

added nutrients and. raw material nutrient s  caused by processing wa s 

a s sessed f'or each p roduct. Thi s  af'f'ected the amount of' chemical nutrients 

required to be added to account f'or pro cessing losses  and hence the cost 

of' the product . Factor weight was 8 .  

5 .  Production c apacity .  The capacity of' existing processes f'or each 

product in the Philippines was a ssessed . The higher this capac ity, the 



more people could be reached, and the more suitable such a product was 

ror er�ichment . Fa ctor weight was 1 0 . 

6 .  Availability or raw material . It has been shown that indigenous 

raw material is not surficient for rull nutrition, thererore imported 

raw materials were probably required to a greater or le sser exteLt for 

the different products .  The degree of reliance on imported raw 

materials was assessed for each product . Factor weight was 1 0 . 

7 .  Ease of distribution. Some products have much wider distribution 

th.an others . The storage life of each product dictates the required 

speed of distribution. The degree of fit of each p roduct to existing 

distribution channels was a sses sed. .  Products with wide distribution 

were more desirable . A combination of these had a factor weight of 7 .  
B .  Preparation need . The preparation that each product requires 
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by the consumer cannot be controlled. If this could cause Lutrient 

destr�ction e . g . boiling then such a product was less  suitable than a 

ready-to-eat product with no preparation e . g .bread. Factor weight was 5 .  

Each factor weight was a ssessed. according to its importance for 

fitting product characteristics to problem objectives .  Thus ,  ease of 

e::u·ichment, production capacity and raw material availability were 

weighted highly since these were the essential factors required for an 

effective enrichment system. Processing effect on nutrients and ease 

of distribution were j udged or les ser importance and weighted accordingly, 

since such conditions could be  improved on, if necessary, for aqy product 

situation. The other ractors bearing on consumption characteristics 

and on preparation requirement were weighted low since th� had alrea� 

been consid.ered to a certain extent in the s election of suitable 

product ideas.  

Evalu�tion of products .  Using these screening factors with the allotted 

weights on each product idea , the value of each product idea for the 

obj ectives was asses sed, using the method of Chapter 6 ( see Appendix 

1 5  for rull details ) . 



Scores were : 

Savoury sauce 
Soft drink 
Bre,ad product 
B h;cuit 
Noodle s 
Dried s oup 
Sausage 
Mi1k beverage 
CanLed meat product 

Maximt.:.III score 

514-
4-73 
4-22 
385 
373 
366 
357 
332 
275 

600 

Tho se products  with score s  above 4-00 were selected a s  most suitable 
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for further consideration viz . savoury sauce , soft drink , bread product .  

7 · -·· . 3  More com:r:;rehensive screening 

These product ideas were further evaluated through ( i) estimation 

of their present popularity by c onducting a consumer survey in the 

Phil ippines and ( ii )  estimation of the practical and economic feasibility 

of enriching these products with chemical nutrients . 

C on��U!Vey A survey form was designed to  obtain current information 

on the populari� and usage characteristics of the products being 

considered. Unfortunately,  arrangements which had been made to car� out 

the survey with a contact in the Philippines were not carried out. 

EventualJy after some months , a modified. survey was carried out by a 

cor:1mercial market research company. The survey was not reliable because 

of the method used to sample the population and also  was not ve� 

inforrr,ative because of the modified questionnaire which was poorly 

designed . Nevertheless  some of the information was useful ( see  Appendix 

1 7  for questionnaire and this information) . The survey of 202 

households had been carried out using a sy stematic random s ample in one 

area randomly selected from 1 0  areas of Quezon C ity, a city 20 miles 

from Manila . 

Information relevent to evaluation of sauce ,  soft drink and 

bread products  was derived from the forms . Savou� sauces ,  soft drinks 

and bread products were indeed b ought by high percentages of the sample 

as  shown in Table 7 .7 . Pati s  and soy sauce ,  both liquid sauces ,  had the 

highest populari� amongst sauces .  Soft drink s ,  fruit juices and 

evaporated milk had highest popularity amongst the different drinks .  
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Pan de sal (bread rolls ) and pan americano ( sliced loaf bread) were much 

more widely bought than cakes and biscuits . The baked goods were le ss  

popular than mo st popular sauces and drinks , This could be due to poorer 

acceptability,  storage properties or pureiy economic reasons.  Info�tion 

on the �requency and amount o� each product purchased was poorlY completed 

on the �or.ws , so no conclusions were made on this �actor. 

Table 7.7 Selected information from consumer survey conducted 
in Ouezon City, Phi l ippines 

Food product Percent of respondents 
buy ing th is p roduct 

Sauces 

Dr inks  

Baked goods 

pat is 
bagoong 

soy 

tomato catsu p 

banana catsu p 

soft d r i n ks 
fru it j u ices 

evaporated m i l k  

condensed m i l k  

d ried m i l k  
M i l o  

Ova l t ine 

pan de sal 

pan americano 
rol l s  (other than pan de sal ) 
r ice cake 

chocolate ca ke 

c rackers 

b iscuits (assorted ) 

9 2  

6 6  

8 5  

8 1  

5 1  

9 3  

7 0  

8 8  

4 8  

4 5  

3 5  

4 2  

7 1  

7 1  

2 7  

2 9  

3 3  

1 6  
1 5  

Eighty-�ive percent o� respondents stated that nutritional 

quality in food was important to them ; whilst � said it was important 

' sometimes ' .  This  may have been a leading question as asked but it 



indicated a high re cognition of nutrition as a major characteristic 

of food products . Respondents indicated that they would prefer bread 
products to be made more nutritious in preference to drinks and sauces .  

The difference in this rating was significant at  the 5% level . 

The meagre information obtained on respondent socio-economic 

characteristics ,  indicated that the average household size was 7 .4 

persons (er = 3 .3 ) , with an average of 2 . 9  children per household 

( er  = 2 . 3) . There was therefore a high percentage of adults in 

households sampled. The income information was only obtained in 45% 
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of forms with a range between P1 00 - P4, 200 per month, so mean 

information was not calculated . Better data was obtained for monthly 

expenditure on food which showed an average of P423 . 6  ( �  = 250 . 2 ) . 

This variable data i s  better displayed in a frequency table (Table 7 .8 ) ·. 

Table 7.8 Food expenditure of respondents in consumer survey 

Month ly food expenditu re 
per househo ld  (P) 

< 2 0 0  

2 0 0  - 400 
401  - 600 
6 0 1  - 1 0 00 

� 1001  

Percent of respondents 

1 6 . 2 

4 2  
2 6  
1 0 . 5  

5 . 2  

Over half the ho�seholds had food expenditure less than P400/month. 

Taking the average household size of 7 .4 persons represented a max�mum 

of P2/caput/day for over half the sample . The enriched food product 

with the rice intake should not exceed this figure . This was much 

higher than the level of P0 . 51 calculated from nutrition surveys. It 

should be remembered that this survey was conducted in an urban area 

of a large ci� where income s and standard of living on the average 

would be greater than those of rural area s where most of the p opulaticn 

at nutritional risk ,  exist . Such a maximum cost would probably far 

exceed the food expenditure of rural pe ople . 

From this survey , it appeared that bread products were more 



acceptable in an enriched �orm than the �amiliar �ish sauce or so�t 

drink which probably were not considered as nutritious �oods by the 

people. Pan de sal had the highest consump tion among bread products , 

so a bread product o� the small roll , bun type was most suitable .  

Fea sibilit� ?[_ enric�ent .  The cost and �easibility o� enrichment o� 

each o� these products  to the average daily requirement �or each 

nutrient was evaluated using the linear programming technique . 

Data on nutritional comp osition and cost o� pan de �' patis 

and carbonated so�t drink were used to represent the present product 

�or�ulations which should be enriched. Upper limits on the maximum 

intake o� each o� these products were estimated and used a s  c onstraints 

to ensure that practical solutions were obtained . Table 7 . 9  shows the 

data �or this evaluation. The least-cost �ormulations were e stimated 

�or enriching with chemical nutrient and �at each o� pan de sal , patis 

and so�t drink up to the maximum intake levels o� 200, 60 and 600g 

respectively. ( see Appendix 8 �or chemical nutrient and �at data used) 

It was only possible to enrich pan � � to the required 

nutrient levels whilst retaining the amino-acid balance . So�t drink and 

patis gave i�easible solutions due to problems in satis�ying amino-acid 

balance c onstraints .  

In  terms then o�  nutritional requirements ,  only pan de  sal 

provided a �easible basis �or enrichment . The cost o� the enrichment 
.... • 

sy stem was very high at P2 . 59 ,  representing PC .77 �or rice ( 224g ) , pan 

de sal ( 1 83g) and pork �at (70g ) and P1 . 81 �or enriching nutrien�s o� ; t .,, l 
which P1 . 80 was �or amino acids . This cost required to be  reduced '�or 

the product to be  economically attractive . The high requirement �or 

the amino-acid's could be reduced by considering good protein sources in 
. .  

the dough f'ormulation such a s  soy f'lour or by reducing the high level 

o� protein quality ( equivalent to chemical score o� 1 00 at this stage) . 

On the practical side , only the bread product was capable o� 

carryine the high level o� nutrients and �at into the diet .  There is 

a maximum level to which insolubles can be  added t o  so�t drinks without 

che.nging the product ' s  char3.cteristics .  For high protein powders , up 

to 5% can usually be incorp orated with st�b ilisers be�ore the product 

becomes viscous and syrupy or gritty. It  was �easible to incorporate 
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Table 7.9 Data used for evaluation of enrichment feasibil ity 

Nutrient Composition of food products (per 1 00g) 

colu118S lkcal) 

protein (g) 

fat (g) 
f ibre (g) 

calc ium (mg) 

phosphorus (mg) 

i ron (mg) 

vitamin A ( iu )  

thiam i ne (mg) 

r iboflavin (mg ) 

niacin (mg) 

vitamin C (mg) 

vitamin ffi (mg) 

vitamin 8 1 2  (mg) 

pantothenic ac id (mg) 

fo l ic  acid (mq) 

isoleucine (mg) 

leucine (mg ) 

lysine (mg)  

meth ion ine (mg) 

cystine (m g)  

phenylalanine (mg) 

tyrosine (mg ) 

threon ine (mg) 

tryptophan (mg) 

val i ne (mg ) 

cost ( P) 

upper l im i t  

cost of enrichment to  

da i ly  nutr ient requ i rement 

pat is a 

49 

10 . 6  
0 . 3  

42 
32 

9 . 3  

170b 

0 . 00 5  
0 . 0 8 
4 . 1 
0 
o . 0 442 c 
0 . 0062 
1 . 0  
0 . 0 0 8 8d 

374b 

460b 

2000b 

389b 

infeasib le  

soft d rink  b 

30 
0 
0 
0 
2 
1 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

o . o sf 

600g j 

infeasible 

a. Data from Food composition tables recommended for use in the Philippines, (80). 

pan de sal a 

320 
10 . 1  

4 . 5  

2 4  
75 

3 . 0  

0 
0 . 22 
0 . 15 
3 . 0  
0 
0 . 04 g  
0 
o .  52g 
0 . 03g 

389b 

690b 

2 12b 

12 7' 
19 5b 

478b 

3 89b 

2 8 3b 

1 19b 

460b 

0 . 20h 

2ool 
P2 . 5 85 

b.  Data from F ood composition tables recommended for use in East Asia, FAO, R ome, 1972. 

c. Data for anchovy in source (a) 

d. Data for bagoong from Lontoc (81 ) 

e. Taken as PO. 75 per Boz bottle. 

f. Taken as P0. 1 5  per 7oz bottle. 

g. Taken from undergraduate research report, M. Wee, Food Technology Department, Massey University, 
197J. 

h. Taken as P 1 . 20 for 20 units (JOg units) 

i .  Taken as 5 table!l'oonsful ( 1 2g)  per day. 

Taken as J, 7oz bottles per day. 

k. Taken as 6, JOg rolls per day (rounded up) 
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high fq,�; levels into such a product.  For patis , the maj or drawback wa$ 

the relativelY small amount of sauce taken during the day . It is merely 

used as a condiment in cooking and with meals . The e stimate of 60g 

( equivalent to 5 tablespoonsful ) was a generous ma.'{imum. It  was likely 

that nutrients apart from fat and calcium carbonate could be incorporated 

into such a sauce without to o much change in characteristics . The level 

of intake required substantial increase to move high levels of fat and 

insoluble nutrients into the diet through this source . The other defect  

waa that the maj ority of  the p roduction units for  these fish sauces were 

small home factories ,  s o  that intervention in traditional processing for 

enrichment could be very difficult. The fish p aste �e sauce - bagoong 

was more amenable to enrichment since it was a semi-solid viscous paste , 

but again the home was the maj or source of production. 

A bread product was the most practical method of enrichment. It  

was a bulky and solid product to which nutrients ,  soL1ble and insoluble 

could be added without appearance problems . Much work has already been 

done on enrichment of breads , particularlY with minerals and vitamins and 

more recently high protein flours ( 1 62) . The product , in roll form, 

wouli  allow easy control of intake , as well as design of effective 

enrichment formulation. The other advantage was that bakeries  in the 

Philippines already had experience of handling enriched bakery products , 

so that introduction of the process should cause few problems (30) . 

Summing up then, an enriched bread product s imilar in f orm to 

pan de sal was the most suitable medium for enrichment based on 

irSormation on popularity of proce ssed foods from a survey carried out 

in the Philippines ,  capability of meeting enrichment specifications and 

practical feasibility of the development of an enrichment process .  Th� 

high nutrient specifications could require to be relaxed somewhat to 

enable an e conomically feasibl·e product to be developed .  

The development of the enriched bread was undertaken in five 

stages 

1 . Technical infor�tion search on enriched bread doughs 

2 .  Laboratory development of dough formulation 

3 .  C omputer selection of enrichment formulation 



4 .  Acceptability of the enriched product to F ilipinos 

5 .  Process  de�cription 

7 .4 . 1  Technical information search 

It wa s  found that most work had been concerned with increasing 

protein levels in breads with materials such as soy flour, dried 

inactivated yeast,  wheat germ, skim milk powder and synthetic lysine . 

Sueh information was relevant s ince in the form'..llation sought , a high 

protein content would relieve the requirement for high levels of cost� 

synthetic amino-acids . 

It  appeared that soy fortification toge ther with skim milk 

powder could be mo st practicable in terms of p ossible increase in 

nutritive value and cost . The drawbacks of high levels of soy flour 

( >  1 ofo) have been the poor loaf volume , crumb , grain and freshness 

retention characteristics of bread quality . Levels of soy flour up to 

r:f/o however are widely used a s  bread improvers . Improvement of these 

quality defect s  seemed to require addition of sugar-f�tty acid esters . 

An optimum process  for 1 �  soy fortification req�ired addition of 0 . 5% 

SSL ( soiium stearoyl lactylate)  ( 1 63 ) . Sucrose tallowa·be ( 2 . 5%) and 

SSL (2%) �ere required to produce bread of high consumer acceptability 

with 1 8,%  soy fortification ( 1 64) . For breads with 1 2-2� soy 

fortification, improved quality was possible with up to 24% soy 

fortification with the addition of 0 . 5% SSL ( 1 65 ) . Full fat soy flour 

gave better results than the defatted variety. To incorporate oilseed 

flours at 25% fortification, it was necessary to  change formulations of 

doughs and dough mixing times for acceptable loaf volume ( 1 66) . Skim 

milk powder has been added up to levels as high as 25% (flour) for 

protein enrichment ( 1 67 ) , but generally due to decreased loaf volume at 

high levels ,  3.1o is the usual level incorporated ( 1 68 ) . 

Enrichment with vitamins and minerals has been succe ssfully 

introduced in many countries ,  particularly for wheat  flour ( 1 69 ) . At 

the low levels required, no changes in organoleptic or processing 

characteristics of the flour have been found . Thiamine , riboflavin, 

niacin, iron, calcium, vitamins D ,  B6 , E and vitamin A in a dry beadlet 

form have all been considered for wheat flour enrichment � ( 1 70 ) . Other 

vitamins and minerals have successfully been incorporated into the AID 
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cereal mixture CSM ( c orn-soy-milK mixture ) ( 1 71 ) .  

The organoleptic e��ects o� addition o� lysine to bread 

�ormulations have been considered ( 1 72 ) . The taste threshold was �ouni 

2 34 

to be around 0 . 5% addition o� lysine qydrochloride (based on �lour weight) . 

Above this level saltiness ,  bitterness  and an �ter-taste developed. Crust 

browning increased with increase in lysine levels. This e�fect could be 

reduced by using lower temperatures ( 1 73 ) . Methionine was rep orted to 

cause o�� odours with high temperah1re processes ,  p articularly 

st� �ilization ( 1 74) . 

Turning to losses  o� nutrients caused by the heat e��ect o� the 

bru<ing proce ss ,  little c omprehens ive i�o�ation was �ound. Most work 

had been done on B-vita.min los s .  For example , 1 5-2o% losses o� 

thiamine in the man�actl:.re o� European white brea.ds · · ( 1 75 , 1 76 ) ;  

25% loss o� thiamine , 1 0-20,1o loss  o� ribo�lavin, and virtually no e��ect 

on niacin in Arabic breads bru<ed under simulated primitive conditions 

( 1 97)  have all been rep orted . Vitamin C was e s sentially destroyed 

during b�ing ( 1 78) . For the amino aciis , only lysine has been s tudied 

to anY extent . The loss during baking has been stated at around 1 0-1 3,% 

( 1 79 ) . Investigations o� the losses  in eleven amino aciis during the 

baking process showed the greatest losses occurred in the crust ( 1 80 ) . 

E stimates o� losse s  �or e s sential amino-acids were - isoleucine 1 Q%, 

leucine 5%, lysine 1 5%, methionine 1 5%, cystine 1 5%, phenylalanine 1 Q1o, 

tyrosine 1 5%, threonine 5%, tryptophan 1 o1o  and valine 5%. These losses 

were used in the de sign �or the enrichment system. For the vitamins,  

the most S'.li table estimations o� losses �rom the data collected were -

thiamine 2q%, ribo�lavin 2q%, vitamin C 1 0Q%, vitamin B6 1 q%  ( 1 45 ) . 

In  the absence o� baking proce ss  in�ormation, losses  o� the other 

vitamins were e stimated �rom data on average cooking losses - vitamin 

B1 2 5%, pantothenic acid 1 Q%, �olic acid 2q%, vitamin A 1 q%. Minerals 

were assumed una��ected by the baking proces s .  

In summary, a suitable bread dough formulation should b e  possible 

with substitution o� soy �lour up to 25% o� wheat �lour and incorporatioq 
with 

o� 5% skim milk p owder,A modi�iciation u� the process  to obtain satis�actory 

quality characteristics . Additions o� vitamins , minerals and amino-acids 

at low levels  should not cause aqy problems .  C onsideration of nutrient 

losses during the baking p rocess  should be given in the formulation design 
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both for nutrients in raw materials and also the added chemical nutrients .  

Laboratory development of dough formul�tion 

Using dat� provided by Marnett et Rl  ( 1 63 )  as a starting point 

the development of a bread dough was cond.ucted in s tages : 

1 .  Incorporation of a high level of soyflour in the dough 

2 .  Incorporation of other raw materials - gltlten, skim milk powder , 

fat 

.3 • Production of product under factory conditions 

Soyflour inc orporation. Marnett ' s  formulation was modified for a 

preliminaFJ investigation of the effects of increasing soyflour on 

bread quality .  Full-fat soyflour was used at this stage because it was 

cheaper than defatted soyflour and it also  c ontributed fat to the mixture . 

The basic formulation consisted of : 

1 OOg ·.vheat/ soyflour mix 

67g water 

4- . 5g sugar 

2 .75g yeast 

2 . 25g salt 

2 .0g lard (pork fat) 

0 . 5g glyceryl monostearate ( GMS ) ( emulsifying agent) 

2 .0mg bromate ( oxidant) 

Varying levels of soyflour were used in experiments by replacing a 

prop ortion of the wheat flour content with soyflour . The procedure 

followed the 1 0q% sponge method, viz . 
I ,  

1 .  All ingredients ,  except salt and sugar, were mixed in a Kenwood 

Bowl Mixer for 3min using a dough hook , at No.  8 speed setting . 

2 .  The dough was fermented for 1 h  at 28C ( 83F) . 

3 .  Salt and sugar were mixed in at the end of fermentation, at No . B  

sett.Lng for a mixing time of 2min. 

4. The dough was panned into greased trays and allowed to ferment for 

a further 30min at 32C (90F) . 

5 .  Bread was baked at 204C (400F )  for 1 5min . 

It was observed during the trials that the dough was very weak , 

sticky and lacked the pliability and sheen of a normal flour dough . The 
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water absorption was also found to be higher than in normal doughs . A 

shorter mixing time was necessary as the dough became more sticky after 

more than 3min mixing at No .8  speed . Results of bread quality assessments  

on  these initial dough formulations are shown in Table 7 . 1 0 . 

Table 7 . 1 0  Quality of bread obtained with varying levels of soyflour 

Sam ple  F lou r mix  Textu re C ru mb Soy flavou r Overal l  
( 1 00g) colou r appea rance 

Formu lation 1 1 0% soyf lour soft, open sl ightly none flat l oaf 
90% wheat c ru mb yel l ow 

Formulat ion 2 1 5% soyf lour s l ightly sl ightly just f lat l oaf 
85% wheat dense crumb, yel l ow detectable 

sti l l  soft 

Formulat ion 3 20% soyf lour dense crumb yel l ow detectab l e  flat l oaf 
80% wheat 

Formu lation 4 2 5% soyflour very dense yel l ow detectab le  f lat loaf 
75% wheat c ru m b  

Formulat ion 5 30% soyf lour  very dense strong object ionab l e  f lat l oaf 
70% wheat crumb yel l ow 

Formu lation 6 35% soyflour  very dense strong object ionab le f lat  l oaf 
65% wheat crumb yel l ow 

Formu lation 7 40% soyfl our  very dense strong objectionab l e  flat l oaf 
60% wheat crumb yel l ow 

The effect of increasing levels of soyflour ( on a replacement basis) are 

demonstrated by prints of the crumb structure , as in Fig .7 . 1 . Above 2� 

soyflour, a ve� dense crumb structure was obtained in which the air 
cells were few, small and sparsely distributed, and the cell walls were 
thick . The effect of soyflour on crumb and crust softness  is illustrated 
in ·Fig . 7 . 2 .  The texture was measured on a Penetrometer using a polyhedral 
probe and a 1 00g weight . A similar critical soyflour level was observed 
at 20-25% soyflour replacement . At this level there was a dramatic drop 
in softness ,  with no further effect at higher soyflour levels . Fig . 7 . 3  
shows the effect of full-fat soyflour on loaf volume s .  As other workers 
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Figure 7.1 Effect on crumb structure of soyflour levels in bread products 
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had rep orted , increasing soyrlour levels depressed loaf volume . There 

was also a critical range of 20-3Q% soyflour over which the volume 

depressing effect was greate st ( indicated by the steeper slope in Fig .7 . 3 ) . 

It  was concluded that the soyflour had had a deleterious effec� 

on both loaf volume and texture when replacement of wheat flour with 

20-25% soyflour was made . In terms of flavour, a detectable though no� 

ob jectionable soy taste occurred at the 2o1n level , whilst at higher 

levels flavours were variously described as bitter, acidic and 

objectionable . It was obvious from the c olour problems in both the crust 

and crumb that changes were required in baking c onditions ( e . g . reduction 

of temperature to 1 7�C ( 350F)  with baking time of 20 min) . Defatted 

.soj·.nour could be considered to  lessen flavour and colour problems . It  

was decided then that with the se change s ,  further tests would be 

restricted to 2q% soyflour replacement level . 

���ation of other materials in the dough 

Gluten and skim milk powder ( SMP) . It has been found that SMP depressed 

loaf volume , caused stickiness  and greening of the dough ( 1 81 ) .  Five 

percent of SMP based on flour weight, was the usual level used, whilst 

2� appeared to  be the upper limit reported ( 1 67 ) . Gluten is  the protein 

material responsible for the physical structure of the bread . Addition 

or extra gluten could prove a more open crumb texture and c ould reduce 

the effect of SMP on loaf volume . For subsequent tests , it was decided 

that � SMP and � gluten would be used . The formulation was unchanged 

except  that the wheat/soyflour mixture consisted of 20g defatted soyflour 

and BOg wheat flour . A control was prepared without soyflour, SMP or 

gluten. Formulations tested are shown in Table 7 . 1 1 . The preparation 

was similar to the previous experiment except for the change in baking 

temperature and time ( 1 7�C for 20min) . 

The results of these trials are shown in Table 7 . 1 1  and it was 

concl·.1ded that :  

1 .  SMP used by itself depres sed loaf volume besides contributing 

to colour defects through the Maillard reaction .  

2 .  Gluten had a beneficial effect on  loaf volume , and could be  used 

to offset the effect of SMP . A higher level of gluten than 5% would 

be beneficial when � SMP was included .  

3 .  The crumb structure and crus t  thickne s s  o f  the formulat ion were 



poor and changes were necessary for improvement . Emulsifiers and 

improver additives could be required. 

4. Soy fortification produced an inevitable darkening in colour which 

if properly controlled would not be objectionable . A longer baking 

time at a lower temperature , e . g .  25min at 149C , (300F ) could be tried 

to control the colour effect. 

5. The level of sugar could al so be cut back in order to limit the 
Maillard browning . It was decided then to  reduce the sugar to 4 . 3g 

from 4.5g .  

Table 7.1 1 Effects of gluten, SMP and soyflour on bread volume 
and softness 

Sam p le  

Contro l  

Formulat ion 8 

Formu lat ion 9 

Formulat ion 1 0  

Formulat ion 1 1  

Add it ives 

20% soyflou r 

20% soyfl ou r 
5% g l u ten 

20% soyfl ou r  
5% SMP 

20% soyf lou r  
5% g l u ten 
5% SMP 

Vo lume (cm3) 

430 

2 80 

31 5 

2 5 0  

2 85 

a. Measu red by penetrometer, with polyhedral probe and 1 00g weight. 

Softness of a 
crust crumb 

30 . 0  60 . 6  

9 . 3  36 . 0  

9 . 0  36 . 0  

9 . 5  34 . 0  

9 . 3  37 . 0  

Fat increase . A high level o f  added fat was required in the enrichment 

system . In order to increase the level of fat in the dough, it was 

decided that a change to a high-fat dough f ormulation - hamburger bun 

formulation - would be tried . This formulation was modified to  take 

account of findings in previous experiments . The basic formulation 

then was :  
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1 00g soyflour/whea t  flour mix ( 2Q%soy, 8Q%wheat) 

60g water at 37-38C ( 98-1 00F)  

? .Og gluten 

5 .7g lard 

5 . 0g SMP 

5 .0g yeast 

4- . 3g sugar 

2 .0g salt 

1 .4-g Voltem ( improver) 

0 . 5g High-speed Dobrim ( emulsifier) 

l'wo samples were prepared in which the fat levels were 1 Q%  and 2Q% 

respectively, based on flo·.1r mix weight . A control mix was also  

prepared according to the basic formulation above . A straight dough 

method was the procedure �sed since this was normal practice for 

hamburger bun preparation, 

1 .  Ingredients were mixed together in a Kenwood Bowl Mixer for 20min 

at speed No . 8 ,  to finish the dough at temperature 26C (78F ) . 

2 .  The dough was moulded, and panned on greased trays.  

3.  It was proved for 50min at 38�2C/ 1 00-1 1 Q%  RH .  
4-. The buns were baked in a forced air oven at 14-9C (300F) for 25min. 

The re sults , shown in Table 7 . 1 2 ,  were so s imilar that no errect 

could be attributed to change in fat levels .  The overall textures of 

the products · were superior to anY of the previous samples .  It was 

decided then to use the high fat level of 2Q%, with the s ame formulation 

and procedure in further tests . 

Test-bake under factory conditions . This was carried out in order to 

te st the practicabili� of the formulation under large scale conditions . 

It was hoped that somg of the problems occurring in the p ilot-plant 

baking process;  particularly excessive browning, could be overcome 

under more efficient large scale processing conditions . The procedure 

in the factory consisted of the following step s :  

1 .  Mixing for 20min in a Hobart bowl mixer at No .3  speed setting . 

2 .  Dividing , mouliing and panning the dough rounds • 

. 3 .  Proving at 4-2C/1 OofaRH for 90min. 

4-. Baking in a dry air oven for 1 7min at 227C (4-4-0F) . 
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Table 7 .1 2 Effect of fat content on bread qual ity 

Sample F
1
at level Volume (cm3) Co lour  O veral l  

(% f lour )  appearance 

Contrcl 5 . 7  250  b rown crust and th i n  crust, 
l ight  yel l ow sl ightly open 
crumb for a l l  crumb 
sam ples 

Formulat ion 1 2  10 . 0  2 5 0  th i n  c rust 
open cru mb 

Formulat ion 1 3 20 . 0  2 45 th in c rust 
open crumb 

The colour problem was overcome through the use of a proper 
baking oven. Temperatures as high as 227C were used without any colour 
defects although under conditions in the laborato� pilot-plant undesirable 
darkening would have resulted. The increase in the proving t ime was 
attributed to milder factory conditions . It was suggested that for an 
economic throughput the proving time would have to be reduced by increasing 
yeast and improver (Voltem) levels .  I t  was found that under factory 
conditions , the water absorption of the formulation increased so more water 
was required in the mix to give a satisfacto� dough. Water was increased 
from 7� to 8q1o based on wheat flour weight ( the traditional basis of 
formulae in the baking industry) . On the whole the formulation performed 
satisfactorily under these conditions and a very acceptable product was 
produced . 

Increasing yeast and improver levels . Formulations,  as detailed in 
Table 7 . 1 3 ,  were prepared, baked and quality measured in terms of volume 
apd so�tness . All four samples had satisfactory volume , crumb and 
crust characteristics . It was observed that increase in yeast levels 
contributed more to the volume increase and crumb softness  than did 
increase in imCJrover levels . Formulation 1 6  was therefore selected 
as the most suitable since there was little difference in quality 
between it and Formulation 1 5 , and it had a lower improver level , 
with corresp onding lower ingredient cost . 



Table 7 . 1 3  Effect of yeast and improver levels on bread quality 

Sam p le  Add it ives Vo lume (cm3) 

Formu lat ion 1 4  7 .5g yeast 5 8 0  
3.2g Voltem 

Formu lat ion 1 5  1 0 .0g yeast 7 1 0  
6.0g Vo l tem 

Formu lat ion 1 6  1 O.Og yeast 7 0 0  
3.2g Vol tem 

Formu lat ion 1 7  7 5g yeast 6 5 0  
6 .0g Vol tem 

a. Measu red by penetrometer, with polyhedral probe and 1 00g weight. 

Softness of a 

crust c rumb 

5 5 . 0  5 3 . 0 

1 3 8 . 5  1 1 9 . 5 

1 3 7 . 5 1 00 . 5 

8 6 . 5  7 7 . 5 

At this stage it was de c ided that the development of the dough 

haJ been completed to a satisfactoFJ stage . The final formulation, 

based on wheat flour weight,  was : 

Wheat flour 1 00g 

Water 80g 

Defatted soyi'lour 25g 
Fat 25g 

Yeast 1 0g 

Gluten 9g 

Skim milk p owd.er 6 . 3g 

Sugar 5 .4g 

Voltem 3 . 2g 

S!llt 2g 

High-speed Dobri;n o . 62g 

Total weight 266 . 52g 

7 .4 . 3  C omputer selection of enrichment formulation 

The value of the enriched bread dough to the enrichment system 

was Qalculated from the nutritional comp o s ition of the ingredients . The 

total nutritional comp osit ion was reduced to  take account of baAing 
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losses ,  by the percentage loss  factors found in the literature ( see 7 .4 . 1 ) . 

In combination with 2211-g rice , whi·�h was converted to 670g boiled 

rice (with adjustments for cooking loss ) , the bread dough would only 

provide significant levels of nutrients , particularly calories ,  protein, 

fat , iron, thiamine and amino acids , if at least 1 00g of the product was 

ta�en. From Table 7 . 14  it was seen that even with 1 00g dough, there was 

still requirement for enrichment particularly of vitamin A, C and B6 and 

amino acids . The problem then was to evaluate how much enrichment was 

required, what it would cost and how it could be achieved. 

Economic feasibility of dough enrichment . The linear programming model 

was used to evaluate the feasibility and cost of enriching the bread 

dough with chemical nutrients .  Nutritional c onstraints were as  for the 

model in 7 . 1  . 2 .  Data on compos ition, and cost of chemical nutrients were 

obtained from commercial companies and included in the model (Appendix 1 8  

describes this data) . N�trient composition and c ost data were introduced 

for a cheap source of fat, p ork fat . Data were included for the baked 

dough and boiled rice nutrient comp ositions and costs . A lower limit of 

1 00g was placed . on the baked dough level . An upper bound of 200g was also  

set to represent the level above which it  was assi.liiled impractical to  

incorporate the bread product in  the diet .  With these constraints and the 

boiled rice level fixed at 670g , it was not possible to meet all 
nutritional conditions . The upper bound on the fat/calories relat ionship 

caused the conflict - any further increase in the fat level to raise 

calories was not possible . With conditions altered to allow only 9Q% 

of all requirements to be met a feasible solution was obtained . The c ost  

of  such a mixtur� was P2 .41 , P2 . 26 of  whi�h was for  the enriched ba�ed 

dough. 

This was much too expensive to be pra�tically implemented a s  an 

enrichment system. The cost of the mixture could be reduced by lowering 

the requirements for either all limiting nutrients ,  or only the most 

expensive chemical nutrients . Both these effects were investigated . In 

reducing nutritional requirements ,  it was desired to retain all nutrient 

levels in balance ; so reductions were c onsidered in terms of a percentage 

change in all direct nutrient requirements , the interrelated nutrients 

being changed simultaneously by the changes in the direct nutrient 

constraint s .  The most expensive nutrients were the synthetic amino acids . 



Table 7.14 Contribution of dough and rice to nutritional requirements 

formula 4ll 
percent total 
formula weight 

weight (g) 

calories (kcal) 

protein (g) 

fat (g) 

fibre (g) 

calcium (mg) 

phosphorus (mg) 

iron (mg) 

vitamin A (iu) 

thiamine (mg) 

riboflavin (mg ) 

niacin (mg) 

vitamin C (mg) 

vitamin 86 (mQ) 

vitamin 812 (mg) 

pantothenic acid (mg) 

folic acid (mg ) 

isoleucine (mg ) 

leucine (mg) 

lysine (mg) 

methionine (mg) 

cystine (mg) 

phenylalanine (mg) 

tyrosine (mg) 

threonine (mg) 

tryptophan (mg) 

valine (mg) 

wheat 
flour 

100 
37. 52 

4 . 5  
0 . 49 
0. 19 
9 . 0 

71 . 7  
0. 49 

defatted 
soyflour 

25 
9 . 38 

33 
4 . 8 
0 . 14 
0 . 3 

1 8 . 3 
50 

1 . 1 3 

gluten 

9 
3 . 38 

1 3  
3 . 3 
0 
0 
1 . 4  
4 . 7 
0 

0 1 3  0 
0 . 10 0 . 07 0 
0 . 03 0 . 026 0 
0 . 75 0 . 206 0 
0 0 0 
0 . 022 0 . 0535 0 . 002 

SMP 

6 . 3  
2 . 36 

8 
0 . 9  
0 . 02 

yeast 

10 
3 . 75 

11 
1. 43 
0 .  04 

0 0 .  01 
32 . 4 6 . 48 

3. 8 70 . 9  
0 . 007 0 . 705 
0 0 
O . QlO 0 . 495 
0 . 047 0 . 214 
0 0 026 1. 13 
0 0 
0. 0106 0 . 0225 

0 
0 . 19 
0 . 004 

0 0 0.  0001 0 

163 
315 

93 
·65 

114 
218 
104 
120 

48 
185 

0 . 164 0 . 0018 0 . 092 0 . 131 
0 . 005 0 0 . 0006 0 . 0237 

221 
379 
311 

62 
65 

241 
153 
189 

62 
2 34 

119  
213 

52 
49 
54 

158  
112 

80 
37 

121 

54 
83 
62  
24 
10 
43 
40 
39 
12 
54 

85 
1 16 
132 

23 
13 
71 
60 
81 

0 
107 

sugar 

5 . 4  
2 . 0 3  

8 

pork 

fat 

total estimated percent baked 
dough destruction dough 

during baking 

rice 
(boiled) 

25  226 . 52 
9 .  38 100 

85 295  
0 1 4 . 9  
9 . 38 10 . 1  

0 . 5  
68  

201  
2 . 33 

13 
0 . 68 
0 . 32 
2 . 1 1 
0 
0 . 110  
0 . 0001 
0 . 578 
0 . 039 

642 
1106  

6 5 0  
223  
256  
7 3 1  

. 469 

. 509 
1 5 9  
7 0 1  

10  
20  
20 

0 
100 

10 
5 

10 
20 
10  
i s  
1 5  
15  
15 
10  
15 

5 
10  

5 

100 

295 
14 . 9  
10 . 1  

670 

1 36 
14 . 7  

1 . 3  
0 .  5 0 .  7 

68 74 
201 194 

2 . 33 4 . 0  
1 1 . 7  

0 . 54 
0 . 26 
2 . 11 
0 
0 . 1 0 

0 
0 . 1 3 
0 . 1 3 
3 . 35 
0 
0 . 40 

0 . 0001 0 . 0  
0 . 520 1 . 21 
0 . 031 0 . 021 

578  
1051  

553 
190 
218 
658 
"399 
484 
143 
666 

812 
1160 

877 
583 
1 00 
503 
181 
523 
1 14 
985 

rice and percent daily 
dough requirements 

770 

431 
29 . 6  
1 1 . 4  

1 . 2  
142 
395 

6 . 3  
12 

0 . 67 
0 . 39 
.2 . 46 
0 
0 . 50 
0 . 0001 
1 . 73 
0 . 052 

1390 
2211 
1430 

773 
318 

1161 
580 

1007 
257 

1651 

21 
73 
25  
20 
32 
88 
31 

0 . 3  
66 
38 
18 

0 
29 

5 
35 
28 
52 
62  
55 
62  
33  
5 0  
3 4  
4 9  
40  
5 6  

N .. 



�eduction in their requirements could be achieved by relaxing protein 

quality conditions . At this stage the chemical score was constrained 

at 1 00 ( range 1 00-1 1 Q%  of amino-acid pattern levels of egg protein) . 
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In order t o  retain amino-acid balance , percentage reductions in chemic�l 

score , i . e .  in all amino-acid lower bounds , were investigated . 

Figure 7 .� indicates the cost of enriched baked bread dough at 

various levels of chemical s core and p ercentage of total nutrient 

requirements , obtained from parametri� adjustment s of these factors in 

the linear programming model . 

Sub s tantial reduction in cost was only seen in dropping the 

requirement level for nutrients from 9Q1o to BQ%. Below . BQ%, the savings 

were not as  great . It was felt that the extra P0 . 1 0  ( approx ) required , 

for BQ% nutritional requirements compared t o  that for 7Q% level s was 

justified. 

Much greater savings in cost were obtained through reducing the 

chemical score restrictions.  Only with chemical scores below 90 did the 

cost fall below P1 . 00 .  Only with the chemical score of 70 did the cost 

approach P0 . 50 ,  the average per caput daily food expenditure found in 1 
the national nutrition surveys . 

It  seemed that from the economic viewpoint , it was necessa� t o  

lower the nutritional value of the enrichment product .  Even with BQ% 

requirements being met and with protein quality equivalent to chemical 

score of 70 , the cost of P0 . 55 would probably require s ome subs idy by 

government in order to be c ompetitive with traditional bakery products . 

Although the bakery product seemed the most effective system of 

enrichment for processing , marketing and cons1�er c onditions in the 

Philippines ,  the e conomic factor necessitated relaxation of the 

nutritional objective . This was due to the high c osts of synthetic 

amino acids which were required to a chieve the protein level as well as  

the individual amino-acid levels .  I t  would b e  hoped that a s  the 

production of synthetic amino acids increases , their costs decrease to  

allow formulations of  higher nutritional value to  be  f easible . 

At this stage however, the lower nutritional quality had to be 

considered, necessitating that the further 2Q% of the nutritional 

requirements be supplied from other items in the diet . If money was 
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Effect on cost of various nutritional requirement levels and 
c·hemical score levels for the enriched baked bread product 
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available 2� more o� the �ormulation could be supplied to achieve 

1 0� nutrition . 

Technical �easibility o� dough enrichment . Together with the dough 

�ormulation and the rice , a mixture o� chemical nutrients and �at was 

required in the enrichment system. (Table 7 . 1 5)  The incorporation o� 
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the additives into the dough had to be considered �or technical 

�easibility.  The addition o� the small amounts o� vitamins and minerals 

required was not expected to cause any problems since this had been 

acceptable practice in the bakery industry �or many years . The heat 

sensitivity o� vitamin C would be the maj or problem. For the amino acids ,  

their addition couli cause �lavour problems . The maj or problem would be 

the incorporation o� the high level o� �at .  The dough already contained 

2� fat which could not be increased much more without destroying the · 

rheological properties o� the dough. 

Table 7. 1 5  Enrichment mixture of boi led rice, dough and chemical nutrients 

bo i led r ice 670g 
baked d ough 115g  

pork  fat 42 . 4g 

ca lc ium carbonate 6 8 3mg 
ferrous su I ph ate 47 . 6mg 
vitam in  A pal m i tate 32 I-Ll 
th iamine hyd roch l or ide 60  1-Lg 
rib oflav i n  380  1-Lg 
nicot i nam ide Smg 
!-ascorb ic  ac id 2 3 . 2mg 

pyrodox i ne hyd roch lo r i de  860 1-Lg 
cobalam in  1 .  5 !lg 
ca lc ium 0-panto thenate 2 . 4 mg 
fo l i c  acid 92  1-Lg 0 . 762g 

!-iso leucine 3 3 . 7mg 
!-cyst ine  1 9 7 . 6mg 
!-pheny la la n i ne 6 7 .  2mg 
!-tyrosi ne 320 . 6mg 
!-threon ine 87 . 0mg 

!-tryptophan 8 7 . 5mg 0 . 794g 



It was decided thererore that the nutrient mixture should be 

rormulated into a slurry or paste which c ould be used as a rilling in 

the dough . In this  way the satisractory properties or the b aked dough 

should be unarrected and the lesser heating errect in the centre or th!3 

product should not be as  harmrul to the sensitive nutrients .  Although 

this repre sented a departure rrom the plain bread roll orig inally 

intended , the rilled bun type or produ�t was already ramiliar in the 

Philippine s ,  both with savoury rillings or me at and mungbeans and 

with sweet rillings or cream, jelly ,  icing . 

Design or the rilling rormulation. The nutrients mix it selr did no t 

provide an accep table rilling ror the dough . In order to imp rove the 

consistency and rlavour or the rilling , other materials were required . 

It  waa decided then to  cons ider protein materials  which c ould perhap s 

reduce the requirement ror the exp ens ive synthetic amino acids . Cheap 

protein material s cons idered were skim milk p owder and lactalbumin, th!3 

latter ror its particularly high content or cystine . C o conut and sugar, 

indigenous material s ,  were cons idered ror the ir calorie , rat , bulking 

and rlavour contributions . 

2 4 9  

The linear programming model was again used to select the 

rormulation ror the enrichment system, with retent ion or the boiled rice 

and baked dough re s tr i c t i ons t o  ensure that the che ap e s t  mixture ror the 

totaL system was achieved. It was r ound necessary to  place constraints 

on the levels or the rilling ingredients in order to sele ct a p alatable 

rilling or satisractory consistency . Linear programming was used then in 

this problem to select a rormulation based on product characteristics 

other than s olely nutritional characteristics . To provide such p roduct 

characteristic inrormation, laboratory trial s were nece ssary . Such te sts 

were conducted with the rilling ingredients ,  whence it was round : 

1 .  The rilling weight should not exceed halr the dough weight in order 

to retain buntocharacteristics and to re strict the maximum weight or the 

total product .  

2 .  The sugar level should l ie between 1 5-2q1o rilling weight ror an 

ac �eptable sweet flavour. 

3 .  Skim milk p owder and lactalbumin contents should not exceed 1 5% of 

rilling weit ht in both case s .  Above the se levels ,  the rilling became � 

sticky , p oor-bodied, gluey mas s  which was not accep table . 



4 .  C oconut could range from 50-65% of filling weight . 

5 . Water could range between 1 5-2o% filling weight for a suitably 

moist filling . 

6 .  No re strictions were placed on the fat level s ince the extra fat 

required could be add.ed satisfactorily. 
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These conditions were expressed in terms of linear equations 

( Table 7 . 1 6 ) and with appropriate constraints , inserted into the linea� 

proP,rairuning model . Nutritional compositions of the filling ingredients 

were obtained from standard tables and c orrected for estimated losses 

expec ted during baking . Current New Zealand exp ort costs for lactalb�in 

and skim milk powder were included, whilst costs for other materials were 

obtained from Philippine sources . 

Table 7.16 Fil l ing constrai nts for enriched bread product in l inear format 

I ngred ient Condit ion Column var iables Row variab le  Restr ict ion 

name l ower u pper 

f i l l i ng dough � 2 x f i l l i ng DOUGH - 2 . O F I L L I N G  WTRAT I O  0 CD 
weight weight 

sugar sugar � 0.2 X f i l l i ng SU GAR - 0 .  2 F I L L I NG H I S U G  - CD 0 

weight weigh t 

� 0. 1 5  X f i l l i ng SUGAR - 0 . l S F I L L I N G  LOSUG 0 CD 
sugar 
weight weight 

sk i m  m i l k  SMP � 0. 1 5  X f i l l i ng SMP - 0 . l S F I L L I NG H I SMP - CD  0 :. I· . 
powder weight weight 

lactalbum in  lac tal � 0. 1 5  X f i l l i ng LACTALB - O . l S F I L L I N G  H I LACT - CD  0 

weight weight 

coconut coconut � 0.65 x f i l l i ng COCONUT - 0 . 6 5 F I L L I NG H I CN 
- CD 0 

weight  weight 

l ·· coconut � 0.50 x f i l l i ng COCONUT - O . S F I L L I N G  LOCN 0 CD ,. 
weight weigh t  

.';' 
water ··, water � 0.2 X fi l l i ng WATER - 0 .  Z F I L L I N G  H I H Z O  - CD  0 

· weight weight 

water � 0. 1 5  X f i l l i ng WATER - O . l S F I L L I NG LOH 2 0  0 CD 
weight weight 

To evaluate whether higher nutritional value c ould be economically 

achieved with this product - dough plus f illing - the p arametric experi�ents 



carried out previously with dough, were repeated with dough plus filling . 

Although the filling ingredients reduced the requirement for synthetic 

amino acid s ,  the high total cost of' filling ingredients preventecl savings 

in total bun cost . Only when 80% requirements were met nith chemical 

score 70 was the cost of' the product below that of' the corresponding 

dough-only formulation (Fig 7 . 5 ) . The cost saving was small,  P0 . 05 ,  but 

only at this  level was the enrichment system economically feasible . 

The formulation providing So% nutritional :r-eq'.lirements wit_h 

chemical score of'. 70 , from filled bun and rice , was selected then as 

the mo st economic and practical system of enrichment . The formulation of 

the filled bun is described in Table 7 . 1 7 .  

It was recognised at this point that correction of the nutrient 

contribution from chemical nutrients for losses  during baking had been 

over-looked in the last experiment . Since the same minor overestimation 
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of nutrient value had occurred throughout the experiment s imilar results 

would have been obtained, with slight cost differences which should 

probably be constant for each optimization . A correction to take account 

of' nutrient losses to added chemicals ,  in the selected formulation resul ted 

in an increase of cos t  of P0 . 002 with the slightly increased requirement 

of the chemicals ( see Table 7 . 1 7 ) . 

Preparation of' designed product . The f'orm'Jlation was prepared in the 

laboratory ,  Two buns were made from the mixture , s inc e in one piece the 

prod'.lct was too bulky. It was decided that dessicated coconut should be 

used in the product as  this would be more readily available to bakeries 

and would be more practical if' the enriched filling were to be supplied 

as a dry mix to neighbourhood bakeries .  This  necessitated adding 1 00g 

water to e ach 1 00g dessicated coconu� to bring the moisture content up 

from 4% to that of fresh coconut of sc,%. 
Lab

'
oratory taste panels indicated that both colouring aril. 

flavouring agents were necessary to increase the acceptab ility of the 

filling . It was assumed that coconut sweets were commonly associated with 

a deep brown c olour and a rich caramelized flavour, as in the popular 

native sweet,  ' bukayo ' ,  in the Philippines . Brown c olouring , and a 

comb ination of' vanilla and caramel flavouring produced be st c olour and 

flavour results .  Using brown sugar in the formulation complemented both 

colour and flavour. 
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Table 7.17  Enriched fil led bun formulation 

I ngred i ent 

DO U G H  M I X  

whea t f lou r 
defatted soyfl o u r  
gl u ten 
sk im m i l k  p owder 
sugar 
salt  
pork fat 
yeast 
Dobr im 
Vol tem 
water 

F I L L I N G  M I X  

coconut 
sugar 
water 
lacta l b u m i n  
pork  fat 

N U T R I E N T  M I X  

cal c i u m  carbonate 
ferrous su l phate 
vitam i n  A pa lm itate 

r i bof lavi n 
n icot inam ide 
! -ascorb ic  acid 
pyrod ox i ne hyd roch I or ide 
coba lamin 

ca lc ium 0-pantothenate 
f o l i c  ac id 

! -cyst i ne 
!-phenyl a l an ine  
! -tyrosine  
! -th reon i ne 

! -tryptophan 

Total f i l l ing  

I ngred ient cost 

I ngred ient l evels with 
no co r rect ion  for  
process ing effect o n  
chem ica l  nutr ients 

I ngred i en t  levels with 
correct ion  made for  
process ing effect on  
chem ical nu tr i ents 

weight (g) percent weight (g) percent 

1 5 3 . 6 1 0 0  1 5 3 . 7 1 0 0  

3 7 . 5 37 . 5  

9 . 4  9 . 4  

3 . 4 3 . 4 

2 . 4  2 . 4  

2 . 0  2 . 0  

0 . 8  0 . 8 

9 . 4  9 . 4  

3 . 8 3 . 8 

0 . 2 0 . 2 

1 . 2 1 . 2  

30 . 0  3 0 . 0  

7 6 . 7 1 0 0  7 6 . 8  1 0 0  

38 . 4  5 0 . 0 3 8 . 4  5 0 . 0  
1 1 . 5  1 5 . 0  1 1 . 5 1 5 . 0  
1 1 . 5  1 5 . 0  1 1 . 5  1 5 . 0  

6 . 4  8 . 3 6 . 4  8 . 3 

9 . 0 1 1 . 7  9 . 0  1 1 . 7 

1 .  4 3  1 .  3 7  

80 0mg 4 3 0mg 
4 0 . 3mg 4 0 . 3mg 

32 I-ll 3 5  I-Ll 
2 2 0  1-Lg 2 8 0  j...lg 

4mg 4mg 
2 3 . 2mg 2 3 2mg 

800 j...lg 8 9 0  j...lg 
1 1-Lg 1 . 1 j.lg 

2 . 0 5mg 2 . 27mg 

7 0  j.lg 8 8  1-lg 

1 5 6 . 5mg 1 8 6 . 2mg 

1 6 . 5mg 2 3 . 1mg 

2 9 9 . 4mg 3 5 5 . 9mg 

3 5 . 0mg 4 0 . 8mg 

4 9 . 6mg 5 6 . 5mg 

7 8 . 1 3g / 8 . 17 

P 0 . 5 5 0  P0 . 5 5 2  

2 5 3  

Batch s ize 

1 5 4g 

7 7g 

1 . 4g 



An ac ceptable coconut bun was prepared by the following procedurE:1 . 

F ill ing 

1 .  The de s sicated coconut was r3hydrated .  Pork fat was weighed out and 

mixed with the c oconut.  

2 .  Dry premix of nutrients was we ighed out , excep t for the liquid 

vi tamin A palmitate which was we ighed out separately. Lactalbumin was 

weighed and mixed with the nutrients . 

3 .  Sugar and water were we ighed o ,1t and mixed to dissolve the sugar. 

4 .  The mixture o f  lactalbumin and nutrients , was added slowly to the 

s uga.r solution with s tirring to form a slurry . 

5 .  The slurry wa s mixed with stirring for 3min with the remaining 

ingredients . 

6 .  C olouring and flavouring were added gradually during the mixi ng . 

D ough 

1 .  D ough ingredients were mixed for 20min, dough fini shing at 26C (78F) . 

2 . The dough was divided into 77g units and moulied into round ball s .  

3 .  The dough rounds were flattened i::rto round shapes  ab out 1 Ocm in 

diameter and ab out 1 cm thick . 
� .  The filling (39 . 2g )  was placed in the centre o f  each dough p iece . 

5 .  The edge s of the dough were brought up and s e al e,i <.1. t the top with 

a p inching action . 

6 .  The finished buns were placed with the sealed edge s face downwards 

on greased trays . 

7 .  The biDJ.s were proved a"":; 33-l-�o2C ( 1 OOF )/1 00-1 1 ofaRH for 40min or 

until doubled in size . 

8 .  The buns were baked in a hot air electric oven at 149C ( 300F) 

with forced air circulation, for 25min or in a dry air �ven for 1 5min 

at 227C (440F ) .  

9 .  The baked buns were allowed to cool on well ventilated racks for 

1 -1 . 5h .  

7 .4. 4  Accep tab ility o f  the enriched product to Filip ino s 

The prcpaMi product, together with a que stionnaire , was sent 

tu 1 2  of the 20 Filip inos who could be c ontacted in New Zealand , and 

who expre ssed willingnes s  to take part in the acceptability te s t .  The se 

people were professional people or s tudents who probably belonged to a 
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higher income group than that of which the product was aimed . Several 

also hs.d bean away from the Philippines for some years and their b.s te s  

couli have changed .  Neverthele s s ,  this represented the be st Filip ino 

panel available to us . 

The r8sul ts of the acceptability test indbated that the 

overall c oncept of the product ,  as an enrichment medium for incorpor�tion 

in a predominately rice diet,  was acceptable . Re sponiEmt .3 rated hig�y 

the product appearance ,  dough texture and dough flavour . The filling 

was poorly rated - both for 0olour and flavour, but filling texture was 

satisfactory . Modifications w ere required in the f illing : some of 

the rr; s::::> ondents suggested for example , increasing the sugar level, 

darkening the c olo·.1r , usir16 fr�sh grated c oc onut . Respondents thought 

the c ost too high and that subsidization would be  required to reach 

the poorer segment of the J: Opula.tion. 

This small test indicated, that after modifications to  the 

filling , the product would. be acceptable for enrichment of the 

Phil jppine s '  diet . 

7 .q . 5  Process d escription 

��E.!i-.9!:_1_.9!..2_ E�i ta_E1:-�_.E'.9��E� · The selection of a process 

compatible with conditions existing in the Philippines ,  was undertaken 

from three aspects :  

1 .  Capital intensiveness . As it was envi saged that the product would 

be produced in the numerous small bakerie s scattered throughout the 

Phil ippines to effect widespread distribution , it was not likely that 

any process  requiring large cap ital investments in sophisticated 

equipment , e . g .  continuous bakery equipment, would be accep ted readily . 

2 ,  Sirr.plicity of op eration. It  was desirable that the process  should 

invclve simple OJ:era.tional techniques and equipment , because many of the 

bakerie s were operated by experienced, though not technically trained 

bakers , on a cottage-scale basis . 

3 .  C om?atibility with pre sent processing methods . The equipment in a 

very simple bakery would consist mainly of balance s ,  moulders , a proving 

cabinet and hot air rooms, wood or gas or in a few cases electric ovens .  

Although there were better equipped bakeries in larger citie s of the 

Phil ippines ,  these were by far the minority in the c ountry. Thus an 
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essentially manual process was required . It could be p ossible and 

nece scary to incorp orate a simple hand operated dough divider in 

some of the more prin:itive bakeries to ensure accurate control of 

measurements of dough weight s .  

Frcm the d.evelopment of the prototype product , i t  was determined 

that a suitable process  consisted of : 

1 • 

2 .  
"L J o  

4 .  

5 .  

6 .  

7 .  

8 . 

9 .  

N�trients preparation 

Mixing of filling 

Mjxing dough ingredients 

Dough dividing 

FilJ ing buns 

Proving 

Baking 

C ooline; 

Packaging 

dry mix form supplied for common 
batch sizes or weighed out in the 
required amounts at bakery 

in bowl rr.ixer 

in a bowl mixer, e . g .  Hobart , or 
Baker Perkins Mixer , Model RKV2 
having a capacity of 500lb s . 

with hand operated dough divider, 
e . g .  the Eberhard.th which divides 
up to 30 p ieces of dough at a 
time and moulds as  well . Manual 
weighing may be required 

manual fill ing ,  and manual 
sealing of the dough ends 

steam provin& , e . g .  in a steam 
closet maintained at around 
38�2C ( 1 00-1 1 0F ) 
a normal baker ' s hot air oven, 
but primitive hot air room 
should be satisfactory 

on well-ventilated racks 

in twist-tie polyethylene , the 
cheapest packaging material 
available 

As the project was not being undertaken for a p articular 

company, it was not p ossible to make an e stimate of equipment siz ing 

or costine , since this wculd. largely depend on the types  of equipment 

existing in individual bakerie s in the Philippines .  

A c ondensed proces s-flow sheet for the production of the filled 

buns is shown in Fig .7 . 6 ; quality c ontrol checks required are al so  

shown be side the appropriate step s .  

PrE:!paration of fill ing : 

1 • Ingredients are mixed in gradually, stirring all the while,  for 
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Figure 7.6 Flow diagram for enriched coconut bun production 



about 3min. 

2. The �illing i s  covered, le�t aside until required. 

Pr��paration o� the buns : 

1 .  Dough ingredients are mixed in a Hobart bowl mixer at speed Nc . 2  
inHially , then at No .3 setting , �or a mixine; time o� 20min . 

2 .  The dough is divided into 77g p ieces by hand weighing or on 

divider where available . 

3 .  Each p iece o� d ough is flattened with the palm o� the hand ; the 

weighed �ill ing (39 . 2g) placed in the centre o� the dough p iece , and 

the ends sealed o�� at the top . 

4 .  The buns are placed on greased trays with the sealed edges 

�acing downwards . 

5 .  Prcving is  allowed �or 40min at 1 0q1&rri ,  and a temperature o� 

38-42C ( 1 00-1 1 0F) . 

6 .  The buns are baked in bakery hot air room or air oven i� 

available �or equivalent o� 1 5min at 227C ( 1 OOF ) . 

C onsideration o� the availability o� ra.w materials in the 
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linear programmine; model co�irmed that nutritional adequacy was not 

p o ssible with the present �ood supply . Enrichment o� the �ood supply 

appeared an e �f'ective and quickly imFlemented method o� diet improvement . 

The linear programming technique proved use�ul in the product 

development o� a suitable �ood �or enriching the diet, by providi ng 

quanti ta.tive data �or evaluation of' �easib ili ty o� enrichment with 

various types  o� products ,  the economics o� various levels o� 

enrichment and in design o� product �ormulation . 

The development o� a �ilJ. ed coconut bun capable o� providing 

So% o� the daily. nutritional requirements was undertaken, with e xtra 

allowance made �or p ossible nutrient losses during the baking procesc , 

in the �orffiulation design. The product was �ound t o  be acceptable to  

Filipino tasters although slight product modi�ications and price 

subsidies would. be necessary be�ore introduction o� the product to 

the Philippine diet .  



CHAPTER 8 

VAL..UE OF · THIS RAW MATERIAL. SELECTION MODEL 

A systematic methodology using linear programming f'or 

s8lecting raw materials to s atisfy nutritional criteria, has been 

developed f'or application in a product development scheme f'or the 

f'ood industry of' the Philippine s .  The system was used f'irstly to 

select a minimum cost mixture of' inrligenous raw materials which was 

capable of' meeting Philippine requirements f'or twenty-six nutrients . 

Then, another mixture of' raw materials was selected f'or the design of' 

an enriched baked product capable of' enriching the daily rice diet of' 

the Filipino . The se mixtures were developed to  acceptable products .  

The value of' this selection system can only be  tested by 

attemptine to implement it in the f'ood industry of' the Philippine s .  

Bef'ore this i s  done, some st·:.1dy of' its value and limitations had to 

be  made . Then, any changes to the system which may be neces :3ary can 

be identified bef'ore the f'inal industrial development.  

8 . 1  Ac��racy of' nutri tional co�ositio�-�f mixtures 

selected �y linear programming 

The two mixtures selected - unprocessed raw materials f'or the 

canned meat loaf and the baked bun with the enriched f'illing - were 

chomically analysed .  The meat loaf' mixture was tested bef'ore canning 

as allo�ance had not been made in the original s election f'or nutrient 

loss  during the heat proces s .  The baked f'illed bun was analysed 

because allowances had been made f'or processing lo sses . Because of' 

the time and f'acilitie s �vailable , it was not possible to analyse f'or 

all the nutrients .  Only one sample of' each product was analysed ,  s o  

that the analyses cannot be  taken a s  representative . 
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Taole 8 . 1  shows the chemical analysis of the two mixtures 

c ompared with the calculated compositions from the linear 

programming optimization. 

Table 8 . 1  C omparison of calculated nutrient comp osition with 
analytical comp osition of mixture s 

calories(kcal) 
protein( g )  
fat( g)  
fibre( g )  
calcium(mg) 
phosphorus(mg )  
iron(mg )  

vitamin A ( iu)  
thiamine( mg )  
riboflavin(mg ) 
niacin(mg) 
vitamin C (mg) 
vitamin B6( mg )  
vitamin B1 2 (,.ug) 
pantothenic ( mg)  
folic acid(}Ag)  

isoleucine( mg )  
leucine (mg) 
lysine(mg)  
methionine(mg)  
cystine(mg )  
phenylalanine( mg)  
tyr9sine (mg)  
threo'!line( mg )  
tryptophan(mg )  
valine(mg )  

Meat-mix ( raw, unprocessed)  
C alculated from Chemical 
linear 
programming 

per 1 OOg 

1 70 
4- . 1  
6 . 5  
1 .3 

58 
88 

2 . 9 

625 
0 . 1 1  
0 . 09 
1 . 1 2 

1 7  
0 . 1 5 
0 . 25 
0 . 58 

1 5  . o  

204-
326 
263 
96 
74-

203 
1 31 
1 68 
4-9 

24-9 

analysis 

per 1 00g 

291+-
4- . 2  

1 6 . 8  

1 1 4-
90 

2 .4-

290 

0 . 1 5 
0 . 32  
0 . 32  

1 2 . 5  

1 81 
362 
1 76 

51 
1 4.2 
1 94 
1 54-
1 54-
1 T? 
206 

Enriched coconut bun( baked) 
Calculated Chemical 
from linear analysis 
programming 

per 1 00g per 1 00g 

383 440 
1 5 .9  1 3 . 5  
1 8 .4- 25 .8  

o . 8  
1 51 1 80 
1 82 1 62 

6 . 5 5 .3 

1 685 1 355 
0 .4-5 
0 . 36 
3 . 91 

1 2  
0 . 51 0 .4-9 
0 . 53 4- . 1 9 
1 .4-7 1 .42 

67 4-8 

668 577 
1 1 93 1 070 
663 61 7 
225 570 
344 0 
695 61 5 
600 202 
569 4-37 
205 58 
749 855 



The surprisin� difference in the meat-mix loaf analysis was 

in the fat contents ; the analysis was 1 6 . &% as compared with the 

calculated fat o£' 6 . 5%. This was most likely caused by higher fat 

contents in the p ilinuts or in the c oconut but more analysis has to be  

done to  confirm this . Because of the high fat content , the calorific 

value of the analysetl sample was of course higher than calculated. 

The only analyses that were significantly low were ·ili tamin A and 

methionine . Even though the calculated vitamin A was higher than 

n3cessary in the Philippine requirements ,  its lowered amount in the 
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final mixture stressed the importance of specifying higher levels  of 

vitamins in the model to allow for losses  and variations . Unfortunately, 

it was not p ossible to analyse for the other conmon vitamins to see if 

this was also true for them, but the trace vitamins tended to be slightly 

lower than the calculated values . Although, the �etbionine was lower, 

the combined sulphur amino acids were similar to the calculated value -

1 93mg/1 00g and 1 70mg/1 00g respectively .  Overall , agreement in the 

meat-mix loaf was reasonable , but mu�h more analytical work is needed 
to confirm this .  

In  the baked coconut bun, which had been enriched with amino 

acids,  the discrepancy in the analysed amino acids was difficult to 

understand . Isoleucine , cystine , phenylalanine, tyro sine , threonine 
and tryptophan were all ad<led before baking but the tyrosine , and 

t:cyptophan were low in the final product and the cystine was not 

present . The total sulphur-amino acids were the same as calculated, 
570mg/1 00g and 569mg/1 00g , but in the analysis this was all 

methionine while in the calculated comp osition it was 225mg/1 00g 

methionine and 344mg/1 00g cystine . This disagreement in the added 

amino acids could not be explained easily ;  it could have been caused 

by a sampling or analysis error but there could have been some effect 

in mixing and proces sing . Further work is  necessary to  overcome this 

problem. The remainder of the bun analysis agreed with the calculated 

values except for vitamin B1 2 and this  high result was caused by 

inaccuracy in w eighing out the small amount of cobalamin in the 

batch formulation . 

This  preliminary analysis showed that overall this system of 

nutritional formulation was o£' value, but there was a ne ed for having 

higher levels of vitamins specified and for an inve stigation int o the 



9 c.J.itio� of amino acids for enrichment purpose s .  

8 .  2 Possibili tz_ of _impl�menting productio� of these products 

Introduction of these a cceptable products,  designed for the ir 

nutritional value , to the diet can only be ef'i'ecti ve through proper 1 
organization of production and effective promotion of the products . 

I 

8 .  2 . 1  Organization of production 

Me�����x loaf .  This product was designed t o  fit with the 

processing facilities of large meat processors in Manila � Organization 

of production should not cause any problems in these factorie s ,  but 

procurement of the raw materials would need to be organized . The 

facilities of the large food market ( Greater Manila Terminal Food 

Market) being built near Manila could be used for raw material sorting 

and grading . This market i s  designed to transport, receive , s tore and 

in some cases process  agricultural and fishery p roduce from the 

t:1.ousands of farms in the Central Luzon area . All the vegetable s ,  the 

rice ,  coconuts and fish would normally be available in this market . 

The materials obtained from t.he market co'J.ld be obtained on a daily or 

weekly basis,  depending on how the productioncycle fits in with normal 

factdry operation. The supply of p ilinuts,  cottonseed and dried 

seaweed would have to be obtained directly from areas of production. 

These materials have good storage properti9s and so could be stored in 

the meat plants in bulk . The liver would be available as a by-product 

of the meat processing operations . 

r �  There may b e  a requirement for more flavour development work to 
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rbe  done, using Philippine taste panelists , so that the most acceptable 
product can be developed for all the different regions of the country. 

This work could be carried out in the Food Technology section of the 

F�culty of Home Economics at the Universi� of the Philippines ,  Diliman. 

Enriched coconut bun .  Few organizational problems are expected 
v1i th p reduction of this product . It should fit in with the widely 

em?loyed Nutribun production system (30) . Donated ingredients - -are 

S\lppl i.ed to neighbourhood bakeries who bake and deliver buns to schools 

or sel+ them through their bakeshop . The imported ingredients - soy 

flour, skim milk powder, lactalbumin nutrient mix - could be supplied 



to �akers in the same way after demonstration of the process . The 

naed for some type of' dough divider f'or weight control would be  

important f'or prod�ction of' a standard product in ma ny  dif'f'erent 

bakeries . 

As p art of' the organization of' production of' these products,  

somG system f'or accurately recording shipment and sales levels should 

be included. Thus ,  given standard products with d esirable nutritional 

levels ,  the impact of' such products on the nutrition of' the area being 

su�plied can be continuously appraised . Back-up market and nutrition 

surveys could also be run periodically by Food and Nutrition Research 

C enter to estimate consumer usage of' the products .  

Sales and production inf'ormation would normally be  recorded by 

the large companies expected to produce the meat-mix product. Hmvever� 

in the many small bakeries such a recording system would be a new 

concep t .  Normally only production value is available, probably f'rom 

income tax returns . Records of' raw material supply should give a 

good indication of p roduction but this would not give definite figures 

for the numbers of buns sold . Bakers couli be trained to record the 

number of units of the enriched product which they produced and sold 

every day. This  could be con:f'irmed by giving some sort of' token with 

e a e h  bun, which c o'.lld b e  collec ted by school chil:lren. The se tokens 

could be redeemable at school f'or price redur.tion on the next bun. 

Information of the number of tokens redeemect in a period could then be 

supplied to nutrition control authori tie s .  This system would also have 

a promotional effect on sales .  

8 . 2 . 2  The :requirement for sp onsorship 
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It i s  important that new products designed for nutritional 

improvement of diets be  given the greatest encouragement for implementation 

in production, launching and promotion. This is co stly and with new 

ventures implies some risk .  To e.ffectively introduce these products 

into industrial production, some sp onsorship or subsi� would likely be 

necessary to undernrite costs of development work ,  promotions and some 

of the labour costs and factory overheads . This could be handled by the 

sp onsorine agency, contracting to the company for production of the 

products.  In this way, products could be quickly implemented into full 

scale p roduct ion in a short time with l ittle c o s t  to f actory or bakerie � .  



The actu3.l p rice to the cons:.1mer c ouli then b e  near the calculated 

minimum c o s t  of raw material s .  However, if thi s p rice s e emed t o o  

exp ensive , further sub s i� would b e  re quired�Thi s  s ub s iqy collid b e  

inc o rp o rated i n  thf� t oken system f o r  re cording sale s .  

Once p roduct ion and sal e s  incre a s ed to p rofitable level s ,  

\ ( sub si1ies c o uld b e  gradually removed so that the companie s take ov e r  

\ th21 f':.1ll re sp onsib ility for p rod·.lGtion of the p roduct s . The sp onsoring 

agency ,  if not the g ove rnment, should retain some influence through 

c on t inual 3Upp ort of the p roduG t ion , s o  that p eriodical insp e -J t ion and 

quality c ontrol can be carried ou{ In the small b akerie s ,  it w o ul•i 

b e  advisable to re tain the contract sy s t em so that a cont inuou s 

p ro1l.1 ; ction of the s tandarc .. product car. b e  retaine d .  The sp ons oring 

agency c ould then reta in resp cnsib il i  ty for p romo ti on . 

8 . 2 . 3 The imp ort&nce of p romo t i on 

/ One of the Qa j or caus e s  of failure of new protein fo ods wa s 

noted a s  p o or promo tional effort ( see Chap ter 2 ) . The s e  two p roducts -
have b e en de si gned to make most use of existing product ion and 

d i s tribution sy sterr.s , and t o  be c omp atible with Philipp ine eating 

hab i ts . The l im:.t ing s tep in obta ining effe ctive introduction to the 

die t is  gettin� the c onsumer t o  purGha se and ea t the product s . 

E ffe ctive p romotion mus t  be evolved to encourage the p o orer p eopl e  

t o  sp end their small amount of money on such produc t s .  Thi s  i s  a 

diff'icul t p roblem when deal ing with the s ituation where supermarkets 

�
and televi s i on are not avai labl e  ( the chief p romo t ional tool s  of 

devel c p ed c ountrie s ) . Ins tead the available re s ourc e s  should. b e  used . 

F o r  examFle , l o cal women could b e  tra ined to g ive c o ok ing demonstrati ons 

a.nd t o  g ive away fre e samples of the p roduc t s  in nutrition centre s ,  

s cho ol s and markets throughout the c ountry . Buns c o ul d  b e  promoted in 

schools thrcugh p r o j e c t s  on nutrition ; l iterature and d i splay material , .  
b e ing p r9vided . The buns c ould at f irst h e  giver. away s o  that t he 

childrer, cocld ta ste ther:1 ; then they c ould be s old for s cho ol mea] s ,  
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l ike the Nutribun . The price reduc tion on colle ct ion of tokens w ould have 

an added promo t i onal effect . 

In some are a s ,  radio c ould b e  used to enc ourage usage of the 

p roducts . Perhap s some well-known p er s onal i ty c ould be used t o  sp on sor 

the s e  products for nutritional b enefits . 



The usage of the s e  p roducts should be p art of the applied 

nutrition p rogramme s c arried out by the Food and Nu tri t i o n  Re search 

C e �ter a nd its affil iate s thr oughout t he c ountry, so that offic ial 

nutri tional ba cking is g iven the se product s .  

Promc t i on camp a igns mu st be carefully planned and should be 

""!. c ont inuous throughout the l ife of the :p roduct s ,  so that the produc t s  

f are always in the public eye . 

8 . 3  

8 . 3 . 1  

C onclus ions 

Applicab il i ty of thi s  raw ma terial selection system in 

p roduct dev elopment 

The l i ne ar p ro grammiLg te chnique wa s usec t o  select the raw 

mat e rial s a c c o rding t o  the ir nutriti onal p rop ert i e s . Based on s cant 

analyti cal data, the nutriti onal c omp o s i t i on of the selected raw 

material s  gave rea s onable agreement w ith c alcula ted data , although 

generally on the l ow s ide of sp e c ifi cat i ons . The selec ted materi als 

al s o  were cap able . of succe s sful f o rmulation int o an ac cep table c omp lete 

p roduc t in one case and an ac c ep table fill ing for a.n e nriched baked 

produc t .  

With s ome modirications t o  take acc ount o r  variab ility i n  t he 

nutd ent c omp o s it i on data , l inear p rogramming would b e  a very su itable 

method for quantitative sel.eution of raw materials in prcduct 

developmen t .  

I n  this re s earch , i t  has been p o s s ible therefore firs tly t o  
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extend b eyond e arl ie r  nutrition p rc.blems to include twenty- s ix nutrients 

a s  well as i nterrela t i onship s betwe en some nutri e nt s c i n a: l inear 

r: rogrammir_g model ; a nd s e c ondly to extend the applicab il j ty of the s e  

nutr-ition model s t o  develop ing c o untrie s  beyond the nat i onal food planning 

mode l s  to raw material selection mode l s  for the d e s j gn of nutri tional 

food p roducts c ap able of p roduc ti on in l o cal f o od indu s try and based on 

indigenous agricultural and fi shery p roduct ion . 

8 . 3 . 2  D ire c t ion of further work 

Thi s  raw material selection model can f o riP the ·bas i s  of t he 

1c=.rger model planned t o  de sign food p roducts with other p rop ertie s · 



besides nutrition - functional properties ,  acceptability properties 

and effects of processing on these properties .  

Further work then should look at these criteria in turn to  

investigate how they can be accommodated with the nutrition model . It  

may be that some of the se properties cannot be_ fitted to a linear model 
\., 

so that ancill iary models · may be required . 

1 .  Functi onal_�,!ties:  such as viscosity ,  emulsification, and 

bid .. ing strength . These would require empirical inve stigati on to 

establish the effect of combination of different materials on the 

functional properties· .  

2 .  AcceptaEilitl properti�� : such as c olour, flavour, texture and 

appearance . These have been handled to a certain extent in menu 

plannine models- only in terms of de sirable characteristics of 

individual items · on a meal plate - but the effect on the se propertie s 

of combining different materials has not been studied. Empirical 

inve sti gation would again be required to establi sh these combination 

effects . It could be p o s s ible to accommodate colcur and flavour 

properties or. some rating scale so that linearity could be a.pproximated 

and hence the se could be included in the linear programming model .  
3 .  Effect of proce s siE£• It would be required to  s-elect tho se raw 

materials which could expect ( i ) least nutrient destruction, ( ii )  least 

loss  of functional propertie s and ( iii ) least deterioration of 

a.cceptabili ty properties in a food product forn:.ulation . Thus e stimates  

of the effects of  different processes on  these properties for each raw 

material would be required. This could possibly be achieved by some 

reaction kinetic studie s on groups  of raw materials to indicate raten 

of change of properties with different processing cond.itions . Hence 

corrections could be made to the values of each property for each raw 

material for each individual process . Each process  ·c ould then be 

looked. at individually to select that with least co st or least effect 

on raw material properties . Linear programming could be used in the 

case of minimizing the destruction of nutrients through processing .  
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Thus future work will require extensive empirical investigation. I t  

may be that the processing effect is the simplest t o  consider at the ne;xt 

st�ge , if sufficient information exists in the literature . However, with 

this ·initial nutrition model it would seem that the d.esign of nutritional 

foods through product development can indeed be quantitatively based . 
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APPENDIX  1 .  Linear programming calculations 

Using the example quoted in 3 . 2 ,  the problem is stated as : 

minimize 

subject to 

3a + 8b 

1 50a + 100b 

2a + 

3a + 
8b 

b 

a ,b 

The Simplex method of solution 

4!: 3000 

80 

45 

0 

To use the Simplex method , developed by Dantzig,  the inequalities 
are made up to equalities by subtracting s lack variables , denoting the 
amounts by whi ch the constrained variables exceed the requirements . These 
slacks are s imilar to normal variables in that they must have positive 
V?-lues , i . e .  

minimize 3x1 + 8x2 

s ubj ect to 1 50x1 + 100x2 
-x3 

= 3000 

2x1 + 8x2 
-x4 

= 80 

3x1 + x2 
-x5 

= 45 

x1 ' x2 ' x3 , x4 , X :t 0 
5 

Here x1 , x2 represent the variables a ,  b respectively and x3 , x4 , 

x5 are the slack variables . Normally it is possible to choose the slack 

variables to represent a starting feasib le solution with the other variab les 
initially set at zero . In the example , however,  this would result in the 
s lack variables taking on _disallowed negative values . An initial ,solution 
or basis is obtained by adding artificial variab les to each equation , which 
are s �m�lar to the other variab les �n that they must take only pos itive 
values . The artificial variables differ in that they are given some large 
unknown cost . They should thus be removed from the solution in the initial 
stages , as minimum cost is sought . The problem is fully stated as : 

minimise 3x1 + 8x2 + x6 + wx7 + wx8 

sub j e ct to 1 50x1 + 100x2 
- x3 + x6 

= 3000 

2x1 + 8x2 
-x'+ 

+ x7 
= 80 

3x1 + x2 
-x5 

+ x8 
= 45 

x1 ' . . . . . . . . .  ' x8 4!: 0 
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x6 , x7 , x8 represent the artificial variab les and � the large unknown cost 
associated with them . To determine the optimum solution , the model is 
expressed in matrix form 

solution cost real variables slack variab les artifical solution 
variables variables value 

x1 x2 x3 x4 x5 x6 x7 x8 

x6 w 1 5 0  100 -1 0 0 1 0 0 3000 

x7 w 2 8 0 -1 0 0 1 0 80 

xs w 3 1 0 0 - 1  0 0 1 45 

Cost - 3  - 8  0 0 0 0 0 0 0 

Eartificial tos t  15 5 109 -1 -1  -1 0 0 0 312 5  

The variab les i n  the basis or solution are indicated at the far left 
along with their cos ts .  The remainder of the matrix contains all the other 
information in the mode l equations des cribed earlier . The cos t row contains 
the cost coefficients of all variab les not in the solution .  This is in the 
form z - 3x1 - Bx2 - Ox3 - Ox4 - ox5 

= 0 where z is the total cost ( z= 3x1 + Bx2 ) .  

The bottom row is formed by adding all coefficients corresponding to artificial 
variables in the solution which in this case involves all three rows . This 
supplementary row is used to ensure that all artificial variab les are removed 
from the solution i . e .  that bottom row be comes zero . If  this is  not possible 
then the prob lem is infeasible . After feasibility has been ascertained , 
the cost row is used to guide calculations to the minimum cost solution . 
It should be. noted that variables in the solution x6 , x7 , x8 always have a unit 

column or vector , i . e .  unity in the row corresponding to the pos ition of each 
variable in the solution vector. 

The computational system involves the sele ction of the best column 
variable to improve the present s olution , sele ction of the row variab le 
presently in the solution to be removed and replaced by this column variab le ,  
recalculation of the matrix with these changes and testing i f  this new system 
is optimal . Each of these steps is called an iteration and once feas ibi lity 
has been achieved , iterations correspond to mov1ng from vertex to vertex in 
the solution space until  the obj ective becomes optimal . 

In the nutrition problem being considered , the initial solution 
is wholly an artifi cial basis and for the problem to be truly feas ib le , these 
artifi cial variables must be removed ,  i . e .  forced to zero . The bottom row 
or se condary target function indicates that column x1 would be  best in the 

solution as the largest positive number occurs in this column . This number 
corresponds to the total cost of artifici al variables ( 150w + 2w + 3w = 1 55w ) 
relative to x1 and as this is the largest figure , moving x1 into the s olution 

to remove an arti ficial variable would bring about the greatest reduction in 
artifi cial variable effect . The artifi cial variable to be removed from the 
initial basis is taken as that whi ch  leaves the solution values posit ive when 
the matrix is manipulated to a unit vector or column . In practice , this is 
the minimum value of the quotient solution value/row value for all positive 
elements in the column being inserted .  In column x1 this is the element 



A 3 

3000 80 corresponding to x8 ( 45 / 3  < """'150 < T ) . This  element is called the 

pivot and signifies the position of the column variable being entered and the 
row variable being removed from the current solution . Here x1 replaces 

x8 and one arti ficial variable is removed .  Re calculation of the matrix 

elements results in the x1 column becoming a unit vector and the x8 column 

being removed.  The calculations  on the matrix are elementary row operations 
in order to express the basis variab les x6 , x7 , x1 entirely in terms of the 

non-bas is variables . This is quickly achieve d  by following the rules : 

1 .  Divide all row elements in the pivot row by the pivot 
2 .  Calculate all other e lement values from the relationship 

New value = old value ( value in s ame column but pivot row x 
value in s ame row but pivot column ) � p ivot 

or in matrix notation 

1 .  a . .  = a . .  /a . k J. ]  J. ]  J. 
2 .  I = a . . <a {j /atk ) i 1 l = a.l j la.lk a; • •  - X a. ik a .tj ' J.] J.] 

where a . .  represents the element in row i and column j of the matrix ;  a . .  ' 
J.]  J. ]  

represents the new value of  this element being calculated ;  1 identifies the 
pivot row or position of vari able being removed and k the pivot column or 
position of the new basis variable . 

Thus a. 31 is the pivot i . e .  l = 3 ,  k = 1 .  

and a. 11 
= a. 11  

d. 31 0 - -- X 0. 11 
= 

a. 31 

a. I = a. . 
a 32 100 - 1x 1 5 0 / 3  50  · -- x a. = = 12 12 a. 31 11 

and so Ol'\ for all elements in the matrix.  

Thus the trans formed matrix is : 

solution cost xl x2 x3 x4 x5 x6 x7 solution 
variab les value 

x6 w 0 50 -1 0 50 1 0 750  

0 22  0 - 1  2 0 1 50 x7 w 3 3 
3 1 1 0 0 - 1  0 0 1 5  x1 3 3 

cost 0 - 7  0 0 -1 0 0 45 

l:artifi cial cost 0 1 72 - 1  -1 152 0 0 800 
3 3 
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This solution x1 
= 15 , x2 = 0 corresponds to the point G on the graph in 

Fig .  3 . 1 which is not in the feas ib le area.  The infeas ibility is shown 
in the matrix by the element a5 8  with the value 800 indicating the sum of 
the infeasibilities to be non-zero . However,  this situation can be 
improved as there are still positive arti ficial costs in the bottom row , 
the largest corresponding to column 2 .  The cycle is repeated x7 being 

removed Gnd the matrix being trans formed to:  

s olution 
variable 

cost 

cost 

w 

8 

3 

Eartificial cost 

0 0 

0 1 

1 0 

0 0 

0 0 

- 1 

0 

0 

0 

-1  

x4 xs 

75 500 
IT 11 
- 3  1 
2 IT 
1 -4 

22 1 1  

-2 1 -4  
22  1 1  

75 500 
IT 11 

1 

0 

0 

0 

0 

solution 
value 

4500 
-rr 

75 
IT 

140 
1 1  

1020 
11 

4500 
11 

This corresponds to the point H in the graphi cal representation . 
improvement is possib le , x5 replacing x6 and leading to the matrix 

Again 
with 

no artifi ci al variables in the basis : 

solution 
variable 

cost 

cost 

0 

8 

3 

Eartificial cos t 

0 

0 

1 

0 

0 

X 
2 

0 

1 

0 

0 

0 

-11  
500  

1 
500 
-1 
m 
-1 
ill 

0 

3 
20  

-3  
20 

1 
IQ 
-9 
1o 

0 

1 

0 

0 

0 

0 

solution 
value 

9 

6 

16 

96 

0 

The sum of infeasibilities is now zero , indicating that this is a feas ible 
solution . The primary ob jective function corresponding to row 4 is now use d  
to optimi ze the problem . However , n o  positive cost factors remain in this 
row , indicating that if any of the b as is variables were replaced by x3 or 

x4 the cost would be increased and the situation rendered sub -optimal . The 

minimum cost is therefore 96 cents , corresponding to the element a46 in the 



las t matrix .  The optimal so lution is a final mixture o f  16 units ( 16 0 0 g )  
o f  x1 o r  A and 6 units o f  B ( 600g)  - thus meeting the calorie and protein 

requirements exac t } �· ( x3 = x4 = 0 ) , exceeding the fat requirements by 9 

units ( 9 g )  ( x5 = 9 )  and costing the minimum amount ,  9 6  cents . 

Summary of Simplex method for the nutrition problem 

The simplex method is carried out by setting up the prob lem in 
matrix format with s lack variables and artifi cial vari ables as required 
to remove inequalities from the expressions . 

1 .  Obtain an initial basis ( s olution ) us ually from slack vari ab les or 
art i ficial variables which exist as unit vectors in the matrix ,  the 
number of vari ables in the bas is being equal to the number of rows . 

2 .  In this problem artifi ci al vari ables are present s o  a se condary 
target function is formed by adding up all the e lements in e ach 
colunm corresponding to artifi cial basis variable rows . 

3 .  Sele ct the larges t  positive element in this ob j e ctive row as the 
entering vari ab le .  

4 . Sele ct the variab le to be removed by identifying the pivot as being 
the element with the minimum pos itive value of ( solution value / 
elemen t )  corresponding to each row . 

5 .  Trans form all elements of the matrix by formulae a.' .t. j  = a. .tj la. .tk 
a..tj and a, . .  ' = a, . .  - a.1. k for i 1 l 1]  1 ] a..tk 

Where a.' . .  is the trans formed e lement corresponding 1 ]  

t o  a. . .  in the matrix ;  i indicates the row number , i the colunm number , 1] 
1 the pivot row number and � the pivot column number.  

6 .  Che ck i f  the sum of in feasibilities element is zero . ( a ) . I f  not 
continue steps 3 to 6 till the value is zero ( s ee b )  or until no more 
positive values exist in the se condary target row . In the latter 
case the prob lem does not have a fe asib le solution as one or more 
artifici al vari ab les cannot be removed .  (b ) A feasib le solution has 
been reached whi ch  may or may not be the optimum. The se condary 
target function is removed and the initial ob j e ctive is used in 
exactly the s ame way , following s teps 3 - 5 ,  until no positive elements 
remain in the ob j e ct ive row . The opt imum s olution has then b een 
found , the values of the variables in the solution being given in the 
last colunm and the value of the ob je ctive in the last row of this 
colunm . 

The Revised Simplex method of s olution 

The Simplex method is the b asis of all modern computer codes for 
solving linear programming problems . Prob lems can be very large containing 
thousands of columns and hundreds of rows . The Revised Simplex method was 
developed by Dantzig in the early 1950 ' s  to reduce the amount of computation 
required.  

A5 



The method is essentially the same as the Simple x  method. However,  
calculations are performed only on the ' inverse ' of the arti ficial sub-matrix 
drawn up s tart the Simplex method . This is an identity matrix .  The 
spe ci ficat ions matrix is held unchanged throughout the calculations , although 
it is worked on by the inverse matrix to identi fy  entering and leaving variab les 
and the right hand side is worked on throughout with the inverse matrix to 
indi cate the intermediate and final solutions . 

The technique is illustrated below with the example of the previous section 
( Fig .  A . 1 . 1 )  

1 .  

2 .  

3 .  

The matrix i s  set up from the data,  incorporating slack and artifi cial 
variables where necessary .  I f  artificial variab les are required then 
a secondary target function is formed whi ch is the negative of the sum 
of all the coe fficients in each column corresponding to artificial 
variables in the initial basis ( row 5 ) .  The identity matrix or inverse 
is denoted as matrix U and the problem matrix as A .  

I f  the sum o f  the infeasibilities is < 0 ( a5 , 1 1 ) then the last r ow  o f  U 

multiplies the matrix A to form a row vector 6 .  ( j  = column number ) . J 
I f  the sum of the infeasibilities is zero then move to step 7 .  

I f  all 6 � 0 then the s um of infeasibilities i s  at its maximum 
no feasib le solution exists for the problem. I f  at least one 

then that whi ch is the minimum (max j 6 . j ) indicates the column J 
will be introduced into the solution . 

and so  6 . < 0 
J 

� whi ch  

4 .  Multiply the entering vector in A by the matrix U .  The variab les a1 t o  

b e  e liminated from the solution is that corresponding t o  the minimum 
positive ratio - ( solution value in that row/element in entering column 
in that row . ) 

5 .  The matrix U and the solution vector d ,  values are trans formed by the 
formulae : 

a' . .  
a.�. ·  = a . .  - ::& a.ik for i # t 1 ]  1 ]  a..tk 

I 
a.tj /a.tk a = 

,e j 

6 .  Using the transformed rows of U the s teps are repeated until it is 
determined either that no feas ible solutions exist or that the value of 
the sum of infeasibilities is zero at which point s tep 7 is carried out . 

7 .  The primary obj e ctive function replaces the secondary fun ction and 
similar calculations are performed.  
a )  The matrix A is  multiplie d  by the ob jective row vector ( row 4 )  

to obtain a row vector y . •  J 
b )  I f  all y .  � 0 then the obj e ctive is at its maximum and the corresponding J 

basic  feasible solution is optimum. The negative value of the total 
cost is the true minimum cost for the prob lem . I f  at least one y . < 0 J 
then the minimum,6 j identifies the column vector � to be introduced . 
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c )  The identified column i s  multiplied by the matrix U an d  the pivot 
identified in the normal way to indi cate the row to be eliminated 
a1 • I f  all the column elements are negative then the problem is 

unbounded and can be infinitely increased.  

d)  The matrix U and the solution vector are trans formed in the normal 
way . 

The s teps are repeated until an optimum solut ion with either a finite 
or infinite value of the obj ective function is determined .  

Fig .  A . 1 . 1  Revised Simplex method calculations 

Row Basis Matrix A Matrix U Solution 
index variab le vector , d 

index 
column index 1 2 3 4 5 6 7 8 9 10 1 1  

1 6 150 100 -1 0 0 1 0 0 0 0 3000 
6 =6 = -15 5 k 1 2 7 2 8 0 -1  0 0 1 0 0 0 80 

pivot= a31 3 8 ® 1 0 0 -1 0 0 1 0 0 45 

4 9 3 8 0 0 0 0 0 0 1 0 0 
5 10 1 5 5  -109 1 1 1 0 0 0 0 1 -3125  

1 6 50 1 0 -50  0 0 750 
-172 2 7 ® 0 1 -2 0 0 50  6k= 62= -3- 3 

pivot= a22  3 1 1 0 0 1 0 0 15 3 3 
4 9 7 0 0 - 1  1 0 -45 

5 10 - 1 72 0 0 1 5 5  0 1 - 800  -3- -3-

1 6 � 1 -75 ..£00 0 0 4500 
IT if 1 1  

-500  2 2 1 3 -1  0 0 75 ok=o 5 = 1T 0 - IT 11  22  1 1  

pivot=a1 5  3 -4 - 1  4 0 0 140 1 IT 0 22  IT 1f 
4 -2 1 -4 1 0 -1020 4 9 0 -

1 1  22 11  1 1  

5 10 -500 86 5 1 1  0 1 -4500 
1f 0 IT lT  1 1  

1 5 11 - 3  - 1  0 0 9 5oO 20 
� .  :2! 0 2 2 -1  3 0 0 0 6 

J 500 20 
opt . solution 3 1 1 -1 0 0 0 16 125 1o 

4 9 - 1  -9 0 1 0 -96 I2s IQ 
5 10 1 1 1 0 1 0 



The optimum solution has been found with x1 
= 1 6 , x2 

= 6 ,  x5 
= 9 

and the minimum cost = 9 6 .  

This trivial problem does not indicate the real s avings in computation 
achieve d  by this method since little extra calculation is involved in the 
Simplex method . However,  in larger prob lems , with many more e lements 
involve d ,  the s avings in computation and t ime are considerable especially 
in terms of computer storage , working and solution t ime . 

Advantages of this Revised Simplex method include : 

1 .  All matrix e lements do not require to be trans formed at each iteration 
as in the earlier Simplex method. If  a matrix with m rows and 
n columns is involved then the Simplex method trans forms essentially 
an m X (n-m ) matrix at each iteration ( the m columns of the bas i c  
variables ( m )  require trans formation only to unit vectors so that the 
number of columns really trans formed are n-m ) . While the Revised 
Simplex method trans forms an ( m+2 ) x (m+1 ) array which approximates to 
m X m. As there are normally very many more columns than rows 
(n  >> m)  this represents a reduction in computational effort and computer 
run time . Thus larger problems can be evaluated since more working 
s torage would be available in the revised method .  

2 .  The calculations are performed e fficiently as only rows and columns 
necessary for each iteration are involved.  Computer handling is  
s implified and quickened as only cumulative products are required and 
advantage can be taken of  the large number of zeros usually present 
in the matrix . This removes the compound arithmetic required to  
calculate each matrix element in  the earlier method.  

The product form of the inverse method 

This is a derivat ion of the revised method and offers more s avings 
in computational e ffort and time as even less data is stored from one 
iteration to the next . 

This is possible as elementary matrices only are stored instead of 
the inverse . An e lementary matrix is a unit matrix with one unique column 
or row . In this example elementary matrices of the form below are store d .  
These correspond to  the column variab les whi ch are conse cutively introduced 
into the basis as the optimi zation proceeds . 

1 0 -- - --- -- C1.tk 1(1.tk -- -- ----- 0 

0 1 --- ----- (lzk /Cl.tk -- --- - - - - 0 

0 0 - -- - - - -- 1 /o:.tk - ------ -- 0 

0 0 -- - - ---- Clmk/o:.tk --- ---- -- 1 

where 1 indicates pivot row number 
and k indicates pivot column number 
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As all elementary matrices are of the same form they can be 
uniquely stored by the computer solely by their column elements and an 
integer to denote to which column these elements belong.  When the 
optimum solution is identified the elementary matrices premultiply the 
initial inverse ( the identity matrix )  to provide the final s oluti on 
matrix. This sys tem is illustrated below with the nutrition problem 
example . 

In s torage are held the matrix A ,  the • . . B-1 st art1ng 1nverse matr1x 
and the solution vector d .  

Row/col no.  Index - 1  A d of B 
1 2 3 4 5 bas is 

1 1 50 100 -1  0 0 3000 6 1 0 0 0 0 

2 2 8 0 -1 0 80 7 0 1 0 0 0 

3 3 1 0 0 -1 45 8 0 0 1 0 0 

4 3 8 0 0 0 0 9 0 0 0 1 0 

5 -155  -409 1 1 1 -312 5 10  0 0 0 0 1 

Firstly the column variable entering is derived by obtaining the 
minimum element of the product of row 5 of B-1 and each column of A .  
This i s  column 1 .  The row to  be eliminated i s  the minimum o f  the quotient 
of each element of d divided by each element of the column se le cted in A 
which is non-negative .  In this case row 3 or x8 is  to  be removed from-

the basis . This data is then s tored as the elementary matrix. 

1 0 - a1 3  0 0 1 0 -50 0 0 
a3 3  

0 1 a2 3  0 0 1 - 2  0 0 0 3 --

a3 3  

0 0 +1 0 0 0 0 1 0 0 = 3 a3 3  

0 0 - a43 1 0 0 0 -1 1 0 
a3 3  

0 0 - a5 3  0 1 J 0 0 1 5 5  0 1 3 a3 3  

whi ch i s  contracted the vector V 3 ( 3 ;  -so , 2 1 ' -1 ' 1 5 5 / 3  in as = -3 ' 3 
computer s torage . 
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The new inverse is calculated by premultiplying the old inverse by 

the e lementary matrix and B-1d is obtained for the solution values . The 
sum of the infeasib ilities is - 80 0  so a feasib le solution has not yet been 
obtained . The product of row 5 of B-1 with A indicates the entering variable 
to be x2 • The column � .  is  formed from B-1A .  - the product of the inverse 1� 1t 
and the se cond column of the matrix A. Examination of the quotients 
�i�/di which are > 0 indicates that row 2 ( x7 ) should be replaced by x

2 • 

The changes in the matrix are recorded in the elementary matrix vector 
Vp (p = 2 ) .  This process is continued as in the previous method until the 
sum of the infeasib ilities is  zero and in this case no further optimizat ion 
is  poss ible . The tab les below indicate this stepwise process : 

Iteration 

1 

Iteration 

2 

Iteration 

3 

Basis Inverse _ 1 Solution Inserted 
1d 1 B-1  variables Matrix B value B- co umn a2 

6 

7 

1 

9 

10 

6 

2 

1 

9 

10 

5 

2 

1 

9 

10 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

-75  
IT 

3 
22  

-1  
22 

-21  
22 
86 
1 1  

1 1  - 3  
550 20  
-1  3 
550 20  

1 -1 
I2s iO  
-1  -9 
m ro  

1 1 

-50 

2 
3 

1 
3 

-1  

155  
3 

-500 
11 

-1 
IT 
4 

IT 
-4 
IT 

511  
11 

-1 

0 

0 

0 

1 

0 0 

0 0 

0 0 

1 0 

0 1 

0 0 

0 0 

0 0 

1 0 

0 1 

0 0 

0 0 

0 0 

1 0 

0 1 

750 

50  

15  

-45 

- 800 

4500 
""'1'1 

75 
11 

140 
11 

-102 0 
11 

-5 320 
1 1  

9 

6 

1 6  

-9 6 

0 

5 0  

2 2  
3 

1 
3 

7 

- 1 72 
3 
-1 B a5 

500 
ll 

1 
1 1  

-4  
IT 
4 

IT 
-500 

11 

optimum 

Elementary 
matrix 
stored v2 

75  - rr 
3 

22  

-1  
22 

-2 1 
22 

11 
500  

-1  
500  

1 
m 
-1  
125  

1 
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The computer codes merely store the vectors of the elementary 
matrices at each iteration along with the initial prob lem matrix and the 
starting inverse .  The type of calculation illustrated is carried out 
but not all this information is stored.  Many of the steps are carried 
out by induction from the e lementary matrix ve ctors : 

( a )  the bottom rows are required at each iteration t o  evaluate which 
column variable should be introduced .  

Iteration 1 .  row 5 each term �' 
S j  equals that in the initial inverse 

except for j = p which in this case is �5 3  

Iteration 2 .  

I �5 3  

and �5 . J 

Iteration 3 .  
I 

�51 

I �52 

I �5 3  

Similarly the 

= 
5 0 E � . VJ' 3 i= 1 5 J  ��j initial inverse 

= 

= 

= 

= 

= 

= 

= 

= 

= 

< ox-5 o ) + < ox- �) + ( ox;) + < ox-1 ) + ( 1x1;5 ) 

( 0  0 1 5 5  
3 

all terms �' 5 j 
5 0 E � 5 j  VJ' 2 i=1 

86 and �" 5 j  IT 

5 
E " �S j vj 3  i=1 

( 0  86 5 1 1  
IT 11 

-
5 0 E �5 j  vj 1  i= 1 

5 
E " �5 j  vj 2  i 

E Ill �5 j  vj 3  

0 1 )  

except for j = 2 , 3  

( 0  86 0 0 1 )  = 
11 

86 2 1 5 5  0 0 + 0 + = + IT X - + 3 3 

0 0 1 )  

( 1 0 1 )  " - 0 0 = a5 j  

- ( 1  1 0 0 1 )  = a"' 
5j  

= ( 1  1 1 0 1 )  

= 

= 

-1  columns B � ,  ( k  signifying column index )  and B- 1d 

1 55 
-3-

5 1 1  
11 

are formed 

inductively from these vectors . 



e . g . in Iteration 1 

so 

Similarly for 

i . e .  

A 1 2 

- 1  I B ai2 
= ai2 + a32 vi 3  

-1 1 B a32 
= a 32 v33  

-1 I B a1 2  
= 100 + 1x ( -50 ) = 5o 

-1 I B a32 

- 1  I B a42 

-1  I 

= 

= 

= 

8 

1 1x-3 

2 + 1x ( - -) 3 

8 + 1x ( - 1 )  

22  = 3 
1 = J 

= 7 

- 1 72 

i t- p 

B a52 
= -109 + 1;5 x1 = -3-

-1 I B- _ _  d3 

B-1d
1 
5 

= 

= 3000 + 45x-5o = 750 

= 

= 

= 

80 - ; X 45 

1 3 X 45 

= 50 

= 1 5  

= -45 

- 31 2 5  + �45= -800 3 

i t- p 

Similarly in other iterations all the required factors are derived from 
the e lementary matrix vectors . Thus the large prob lem calculations 
are carried out much more effi ciently in terms of working storage in the 
computer using the product form of the inverse . This development ,  allowing 
greater cap acity for problem data storage , h as made possib le the solving of 
very large linear programming problems by computer .  

\ 
\ 
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calories 

protein 

fat 

fibre 

calcium 

phosphorus 

iron 

vitamin A 
thiamine 

riboflavin 

niacin 

vitamin C 
vitamin 86 

vitamin 8 1 2  

pantothenic acid 

folic acid 

isoleucine 

leucine 

lysine 

methionine 

cystine 

phenylalanine 

tyrosine 

threonine 

tryptophan 

valine 

cost 

Total 

Al"PEI'I � I X  2 Sou.rc.es � nut..i�t CoMp,os·,t'lon d� cost dCL"W.. , �� E (3-tl• (l�) 
bo' litl 1 1  

''� " Will 1 1  
S"bl � 
<;;� + 
\S2l 4-
W>i 5 
%1 15  

�SS1 o; 
tSS1 5 
IS"Sl 'i 
114! 19 73 

531 11.3 
i 7  
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l'il I I 1 70 
19 1 I 1 7o 19 1 I I l 7o 
l'i l I I l bb  
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52. 
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I I I /I J I /  

12. 

12. 
/2. 
2$" 
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17 
!4 12. 
49 1'2. 

2 I I :z. 
.2. 1  I .2. 
Z I I 3 

I I I 2. I I I I l l  3 1  I I 
I I f  3 I 2. I I 

6 1 3 2 I I I l l  Z. 
I I / I  I 1 .2.  
/ I l l  I 1 2.  
I I !  I I I I 
4-

9 1  I 1 3  I I 

3 

4-
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APPENDIX 3: Nutrient allowances by age-group and body weight for the Philippines' population 

<7m
" 

7·12m a 
1-3y 

· 4-6y 
7-'Sy 
10-12y (male) 
1 0- 1 2y (female) 
13·15y (male) 
13-15y (female) 
1 6- 1 9y (male) 
1 6- 1 'Sy (female) 

20-29y (male) 
30-39y (male) 
4().4'Sy (male) 50-S'Sy (male) 
60-69y (male) 
> 70y (male) 

20-29y (female) 
30-39y (female) 
40-4'Sy (female) 
50-S'Sy (female) 
6().6'Sy (female) 
> 70y (female) 

Body weiftlt 
present b target c 

(PW) (TW) 
(kg) 

�-0 
11.0 1 (. 0  f 5. 5 10.� 25. 0 a.o 39.0 3 9 . 0  5 0. 0  

4'-.o 

B . O  

41..0 

9.0 
9-0 

11.0 17.0 
25.0 �3-0 l .l O  

44.0 -4-i.O 
� �- 0  H.o 
} b.O 

49.0 

pregnancy 19 months) 
lactation (8 months) 

Energy 
allowance d 

(kcal/kg) 

1 05 
1 05 , 01 '"' 1 7  � '  "' 1.3 53 51 H 

Note: For ell other nutrient .. low�. tH text, chapter 3. 

Recommended 
calorie intake e 

PW TW 
(kcal/d) 

1150 9 5 0  

1 50 " 0  
1 2 00 1300 
1 5 00 lbOO 
! bOO 1 9 5 0 I BO B OO 1 �50 2 3 0 0  
B O O L 1 ' 0  2 1 0 0  2 3 5 0  
25 }0 2 too 
2050 2. 1 5 0  

2.450f 2 5 5 01 

2. • o oo z s ooo 
Boo l4o O 
2 1 5 0 22.00 1950 lOCO 
1 1 0 0  1 7 � 0  

! t 5o1 
' " s o' 

1 1 oo0 1 9oo" 
n�o 1 \ 5 o  

H o o  1 1 0 0  
1 '; 00 1 5 5 0  
1 3 o o  n s o  

-'t o o  400 
1 0 0 0  1000 

Protein 
allowance h 

(g/kg) 

1 .1 
1 . 7 I . O b 0 q 7  
0 . , 2  0 . 1 1o 0 . 1(o 0 - 14· 
0 . 14 0 . 1 7  
0 .7 1 
0 . 7 1  

0 -1 ) 

I 
6g/d ; 12.53,4 

a. Allowencn uMd only tor inf..,ts, not breast-fed · based on extra allowance for lactltion. Breast fed 
intents tlhould obtllin aUowance through bf .. st milk. 

b. Taken frcwn A. F .  Florentino. Philippine Journal of Nutrit•on ( 1 966) 19 1 1 .21. 50. 
c. Taken frcwn C. L lntengen. Philippine Journal of Nutrition 1 1 970) 23 (21, 1. 
d. Taken frcwn 'CaiOfie Req..�iremenu·. FAO Nutritional Studies No. 15, FAO, Rome, 1957. 
t. Rounded to nearest 60 keel. 
f. Bated on data of F1�1ino lbl and National Resean::h Council. Report(sl. 
g. Allowances for cw., 3� �oups, tcaled down according tO recommended percentage of 20-29y 

allowence by FAO (d). 
h. Taken from FAO/WHO Expert Group. 'Protein ReQUirements'. FAO Nutrit•on Meetings Report Str6tl 

No. 37, FAO, Acme, 1965. For tau 6 months of pregnancy. 

Recommended 
protein intake i PW 

2.2. 
ll 2 4 k 3 0k 
) 2  k 3 5 k J 9 k 5 2  5 2  " '  
5 1>  

�0 

I 
52 

I 
1 0  2 0  

(g/d) 
TW 

25 

2� 2 bk 3 2.k 
H k 4 b k  
4 b k 5 '  5 9  b7 5'1 
63 

5 5  

I 
1 0  2 0  

Recommended 
calcium intake 1 

(mg/d) 

Soo - c. oo 
5 oo - & o o  
4 0 0 · 5 0 0  
4 0 0 - 5 0 0  

4 0 0  - s o o  � 0 0  - l O O  
� o o  - 1 o o  � 00 - 1 00 bOO - 70 0 
5 o o  - C.oo 
5o o - l.oo 

�00 - 500 

+oo - 5 o o  

I 
� 00 - 7 00 m 

c.oo - 7 0 0  

Vitamin A 
allowance n 

(ug retinol/d) 

3 +. 0 
2 0. 0 

1 5. 5 I S. 0 1 b. 0 

15. 0 
1 3 .  0 
12. 0 

Recommended Recommended 
vitamin A intake Q vitamin C intake PIN TW low r high s 

(;u/d) (mg/d) 

} 0 0 0  3 o o o  20 35 
z o o o  2 5 00 2 0  3 5  1 5 0 0  2 0 00 20 40 20 0 0  200 0 20 40 
2 5 0 0  3000 zo 4 0  
3 5 o  o 4 o o o  2 0  4 0  
l 5 ooP 1 OOOP 2.0 1-0 
-4 0 0 0  5000 Jo 45 
4 o o o" 5oooP 3o '15 
45 00 5 000 3 0  }5 
4 5 ooP t;OOOP 3 o  5 0  

1 5 0 0  ,000 3o 1>0 

I I 
4 5 o o0 soo o0 3 0  5 5  

I I I I 
2 0 i 5 ;  3 c o o  3000 2.0 s 

Recommended Recomm..,nded 
folic acid intake vitamin ' 1 2  
lowr high 5 intake r 

(mg/d) (mg/d) 

0 - 0 +  0-05 0 .0003 
o . o& 0 - 1 0 0 . 0 0 03 0 . 1 0  0 . 1 5 0. 0 0 0 9  0 - 1 0 0 . 20 o. 0 0 1 5 

0 . 1 0  0 . 2. 0  o . o o 1 5  0 - 10 0. 40 0 . 002. 0 - 10 0. 4 0 0 .  002. 0 - 20 0 - 1 0  0 - 002 0 - 2.0 Q .-4-0 o. o o Z  0 - 20 o . 'lo 0 - 002 o. 20 0 . 40 0. 0 02. 
o . zo o. 'lo 0 - 0 02. 

I I I 
0 . 20 0.� o. 0 0 2.  

I I I 
0 . 20 O . iQ 0 - 0 0 1  
0 . 1 0 0 . 1 0  o .o oo5 

1 Corrected for protein quality of Philippine diet equtvalent to NPU of 63. k. CorTeCted up to 8'% total calor'" .. protein. 

Recommended 
vitamin 86 
1ntake 5 

(mg/d) 

o . +  

0-4 O.b 0 .9 
1 . 2.  1.4. 
L4 1 - b  { .  ID ! . 'll 
1 - �  

2 . 0 

I 
2 . 0  

I 
0 - �  0 . 5  

I Taken from FAOJWHO Expert Group. 'Calcium requirements'. FAO Nutrition Meetingt RIPortSeriet No. 30, FAO, Rome, 1962 
m. For t .. t 3 months of pregnancy . 
n. Taken from FAOJWHO Expert Group. 'Aequlrementt of vitamin A, thiamine, riboflavm and niecin'. FAO Nutrition M .. tings Repef"t s-ties No. 41, FAO, Rome, 1967. o. No extra allow� for pregnancy end lactltion included in higher male reQlurement recomrnendld for wcwnen (p). 
p, Same allowance a males. 

�- � C::�'�Om'tro
t

��::����::_1'!Ff��:!;:��
c

�,cu�:;:icS:i�'.4��tamin o. v•tamin 8 1 2, f<Mate and iron'. Nutrition Meetinqs Report Series No. 47, FAO, Rome, 1970. s. Taken from National Research Council. 'Recommended allowancet'. National Academy of Sciencts, Washington O.C., 1963. 
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APPENDIX 4 :  Demographic data - the population distribut ion of the Phil ippines . 

Nutri t ional requirements were obtained in t erms of leve ls for 
specifi c  age groups . To determine weighted average allowances for the 
pop ulat ion ,  dat a on the age distribut ion of the Phil ippines populat ion 
was obtained . In the UN Demographic Yearbook ( 1 96 9 ) the last census 
was in 1 9 6 0  and since then the mid-year population had been est imated by 
the U . N .  Demographic Section . 

The age groups des cribed were not always those described in 
nutrit ional tables . e . g .  Calori e  tables described allowances for the age 
groups 0 - 1 2  months ; 1 - 3 y ;  4 - 6 y ;  7 - 9 y ;  and the following for 
both male and female group s 10 - 1 2  y ;  1 3  - 1 5  y ;  1 6  - 1 9  y ;  2 0  - 2 9  y ;  
3 0  - 3 9  y ;  4 0  - 4 9  y ;  5 0  - 5 9  y ;  6 0  - 6 9  y ;  and 7 0  y and over group . 
Demographic dat a was described for groups 0 - 1 y ;  1 - 4 y ;  5 - 9 y ;  
1 0  - 1 4  y ;  1 5  - 1 9  y ; 2 0  - 2 4  y and every decade from 2 5  y for both male 
and female groups .  

The data in the demographic tables was mod i fied to provide estimates 
of the population in each of the age groups required to assess nutrit ional 
allowance s .  The method us ed is i llus t rat ed in Table A . 4 . 1 with the 
most recent demographic data viz . 1 96 8 . 

For most nutri ents extra allowances were necessary in the special 
cases of pregnant women , lactating women and non-breast-fed infants . 
No data was available on s i z e  of the se population groups so the FAO/WHO 
method of calculation was used to obtain estimat ions of the extra allowance 
required for these special condit ions . 

1 .  Pregnant women . The number of pregnant women in any year was assumed 
to be 10% greater than the number of in fant children ( 0  - 1 y )  exist ing 
in that year . Thus for 1 96 89 thi s  would be 1 1 0% X 1 , 53 0 , 000 = 1 , 6 8 3 , 00 0 .  

However , during t he calendar year each woman ' s  pregnancy lasts 
9 months there fore in calculat ing extra requirements for the year, 
9 / 1 2  or 3/4 o f  the total number of pregnant women should be cons idered 
in calculat ion s . Individual nutr i ents are required for different lengths 
o f  time during pregnancy so the allowances were calculated as fractions 
of this amount .  Table A . 4 . 2 indicates the fract ions required in estimat ing 
e xtra al lowances for pregnancy for the different nutrients . This system 
of calculat ion conflicted with that described in the FAO/WHO report on 
" Requirements of ascorbic acid , vitamin D ,  vitamin B 1 2 , folate and iron" . (',?) 
The allowance for number of pregnant women ·��e i ghted average ascorbic acid 
requirement for a populat ion , used in the calculat ion was taken as 2 / 3  of 
the figure obtained when 1 10% of the infant children was evaluated ( required 
for 2nd and 3rd trime sters only ) .  I n  other reports the method used was 
as described above . Presumably the ascorbic acid report considered the 
number of pregnant women in the year of study as equivalent to the number 
of pregnanci e s  Hence the 2 / 3  factor was used directly . There is little 
basis for est imating the number of pregnancies in a year as miscarriages , 
abort ions , deaths e t c .  could not be assessed . It is only poss ible to 
est imate the e xtra allowance required in that year due to the number of 
pregnant women which in a yearly per iod-· must be 3 /4 of the number of 
pregnant women for a ful l  term allowance , 3/4 X 2 / 3  or 1 / 2  o f  the number 
of pregnant women for a llowances for the 2nd and 3rd trimesters of a 
pregnancy ( or 6 months in that year ) and 3 / 4  X 1 / 3  or 1 / 4  of the number of 
pregnant women for allowances for the final trimester ( 3  months ) of 
pregnancy . This was .the method used in the weighted average calculat ion . 
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Table A . 4 . 1 Modific��-

lon of population groups . 

New age group 

0 - 1 y 

1 - 3 y 

4 - 6 y 

7 - 9 y 

10  - 1 2  y male 

10 - 1 2  y female 

1 3  - 1 5  y male 
l � - l S  � -ft'""o.\e 
16 - 1 9  y male 

16 - 19  y female 

2 0  - 2 9  y male 

30 - 39 y male 

40  - 49 y male 

5 0  - 59  y male 

60 - 69 y male 

70 + male 

20 - 29 y female 

30 - 39 y female 

40 - 49 y female 

5 0  - 59 y female 

6 0  - 69 y female 

7 0  + female 

Den�tion from age group 
in U . N .  Demographic Yearbook 
Statistics 

Estimated 1968  
population in  age 
group 

no change 

0 . 7 5 ( 1 - 4 group ) 

0 . 2 5 ( 1  - 4 gp ) + 0 . 4 ( 5  - 9 y gp ) 

0 .  6 ( 5 - 9 y gp ) 
0 . 6 ( 1 0  - 14 y male ) 

0 . 6 ( 10 - 14 y female ) 

0 . 4  � 1 0- 14 y male ) + 0 . 2 ( 1 5 - 1 9  y male ) ) 
o . �t  a o  - 14 y  fe""'C�.\e) + o. 2. (a'S - l9 y  �� 
0 . 8  1 5  - 1 9  y male ) 

0 . 8 ( 1 5 - 19  y female ) 

( 20 - 24 y male ) + ( 25 - 29 y male ) 

( 30 - 34  y male ) + ( 3 5 - 3 9  y male ) 

( 40 - 44 y male ) + ( 4 5 - 49 y male ) 

( 50 - 54 y male ) + ( 5 5 - 59 y male ) 

( 60 - 64 y male ) + ( 6 5 - 6 9  y male ) 

( 7 0 - 74 y male ) + ( 7 5 - 7 9  y male ) + 

( 80 - 84  male ) + ( 85 plus ) 

( 20 - 24 y F )  + ( 2 5 - 2 9  y F )  

( 3 0  - 34 y F )  + ( 3 5  - 3 9  y F )  

( 40 - 44 y F )  + ( 45 - 4 9  y F )  

( 5 0 - 54 y F )  + ( 55 - 5 9  y F )  

( 60 - 64 y F )  + ( 65 - 69 y F )  

( 70 - 74 y F )  + ( 7 5 - 7 9  y F )  + 

( 8 0 - 84  y F )  + ( 8 5 y plus ) 

X 1000 

1530  

4016  

3 508 

325 3 . 5 

1376 

1322  

1305  I 2.SS 
1 54 9  

1494 

2843 

1891 

1 301 

881  

472  

237  

2777  

1878  

1 3 0 8  

909 

506 

271 

2 .  Lactating women . In accordance with FAO/WHO recommendations, the numbers 
of lactating women in any year was assumed to be equal to the number of infant 
chi ldren les s  than 1 year old in that year . It was assumed that the average 
lactation period was 8 months or 2 / 3  of the year so that the 2/3 of the 
number of lactating women was taken when calculating the allowance for 
lactation during the year. 

3 .  Infants not breast fed .  Following on from the p�evious assumption 
the factor for the number of breast fed infants less than one year old in 
that year would correspond to the factor for lactation , i . e .  2/3  of the 
total number of infants .  It would seem that a suitable factor for the 
number of infants who would not be breast-fed during that year would be 
1 / 3  of the total number of infants . Using this system , whenever an extra 
allowance was calculated for lactat ion, ·� , also covered the allowance for 
breast-fed infants and an extra allowance was required only for non-breast 
fed infants . ( Table A. 4 . 3 ) 



Table A. 4 . 2 .  

nutrient 

calories 

prote in 

calcium 

vitamin A 

vitamin C 

folic acid 

vitamin B12  

vitamin B6  

A l <lr 
Fract ion of a year cons idered in estimating pregnancy allowances 
for several nutrients . 

time 

the full term 

2nd and 3rd trimester 

3rd trimester 

no extra allowance 

2nd and 3rd trimester 

full term 

full term 

full term 

fraction of pregnancy 

1 . 0  

0 . 67 

0 . 3 3 

0 . 67 

1 . 0  

1 . 0  

1 . 0  

Table A . 4 . 3 .  Calculation of factors for population groups requiring extra 
nutrients . 

pregnant 
women 

lactation 

not breast fed 
children ( 0- 1 )a 

No . of infants ( 0- 1 ) 

1 , 5 30 , ( 000 ) 

Factor 

0 . 7 5 X 1 . 1  

0 . 67 

0 . 3 3  

Assumed populat ion 
for allowance 

1 262000 

10 20000 

510000 

a .  This figure was halved t o  provide estimates of not breast fed ( NBF ) 
infants in the 0 - 6 month and 7 - 1 2  month age groups in the 
calculat ions 

This population data was used in est imat ing the weighted average 
nutrient requirements for the Philippine population . 
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The weighted average calculat ion of the recommended intake of nutrients for 
the populat ion . 

The method us ed to evaluate the average requirement of nutrients was described 
by several FAO/WHO expert group report s ( 8 8 , 99 ) . This involved multiplying 
the nutritional recommended intake for each age group by the number in the 
populat ion of that group adding in special allowances for pregnancy , lactat ion 
and non-breast fed children and dividing the total by the total populat ion 
for that year . The weighted average thus obtained would then be scaled up 
by a factor of 10% to allow for losses between retail level and intake 
through such e ffects as waste and cook ing losses . 

This weighted average was calculated for the nutrients allowances 
described for population groups - calories , protein , calcium ,  vitamin A ,  
vitamin C ,  vitamin B6 , vit amin B 1 2  and folic acid . ( See 3 . 4 ) .  
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APPENDIX 7 :  Changes made to matrix data for Formula 7 

Raw material 

Blood (pig)  a Brain (buffalo) 

Brain ( lamb ) 
Barracuda 
Blue spotted ray 

Buffalo 

Crab 
Dapa 
Goat 
Grapefrui ta 

Grunt 
Heart ( lamb ) 
Horse 
Intest ine , large (beef) a 

Intestine , large ( goat ) 
Leather j acket 
Liver (beef)  
Liver (buffalo) 
Marb led s tingray ( fish ) 

Milk ( goat ) 

Mullet 
Orange 
Papaya 
Pompano 

Rice a 

Shark b Intestine , small (buffalo) 
Small shrimp 
Snapbe an  
Snapper 

Yam , s piny ab 

Variab le 

vitamin c 
protein 
ni acin 
phosphorus 
thiamine 
vitamin B6 
pantothenic 
iron 
niacin 
vitamin B12 
vitamin A 
niacin 
calcium 
iron 
niacin 
vitamin B6 
cost 
isoleucine 
leucine 
lysine 
cystine 
tyrosine 
threo"ine 
valine 
riboflavin 
phosphorus 
calcium 
niacin 
vitamin B6 
pantothenic 
vitamin A 
vitamin C 
calories 
thiamine 
folic 
calcium 
niacin 
vitamin c 
cost 
fibre 
thi amine 
vitamin B1 2 
calories 
fibre 
vitamin c 
vitamin B12 
vitamin A 
folic 
is oleucine 
leucine 
lysine 

Old 
Coefficient 

0 . 36 
1 9 . 4  

2 . 7  
1 80 

0 , 06 
0 . 02 
0 . 02 
2 . 9  
3 . 12 
0 . 0 10 

1 0 . 0  
6 .  9 8  

1 7 . 1  
0 . 26  
1 . 0  
0 . 3  
0 . 4  

9 40 
1 45 2  
1249 

2 0 5  
62 7 
714 
9 47 

0 . 12 
200  
1 30 
11 . 2  

0 . 02 
0 . 02 

160 . 0  
1 . 3  

9 4 . 0  
0 . 1  
0 . 02 

3 8 . 0  
2 . 7 
I.J. . O  
0 . 010 
0 . 5  
0 . 0 7  
0 . 00 81 

3 7 8  
2 1 . 0  
2 1 . 0  

0 . 1  
5 . 0  
0 . 002 

89 . o  
1 5 1.J. . O  

9 7 . 0  

New 
Coefficient 

0 . 5  
9 . 4 
3 . 7  

1 8 8  
0 . 2  
0 . 2  
0 . 2  
4. 0 
3 . 1  
0 . 00222  
5 . 0  
7 . 0  

17 . 0  
0 . 3  
1 . 8  
0 . 2  
0 . 04 

1 80 
2 6 5  
390 

6 5  
1 35 
2 30 
270  

0 . 14 
1 79 

8 . 0  
1 1 . 1  

0 . 2  
0 . 2  

1 10 . 0  
1 . 0  

11 8 . 0 
0 . 11 
0 . 002 

40 . 0  
5 . 7 
0 . 5  
0 . 01 9  
0 . 0  
0 . 06 
0 . 006 36 

376 
o . o  
0 . 5  
0 . 0 0 1  
0 . 0  
0 . 0 1  

5 3 . 0 
92 . 0  
5 8 . 0  

. .  



me thionine 3 8 . 0.  
cystine 2 7  . o  
phenylalanine 1 1 4 . 0 
tyrosine 76 . 0  
threonine 86 . 0  
tryptophan 30 . 0  
valine 110 . 0  

Stomach (beef)  vitamin c 3 . 4  
Stomach (buffalo) niacin 3 . 5 
Surgeon fish niacin 4. 0 
Sweet p otato vitamin A 111 1 . 0  
Taro calories 81 . 0  
Watermelon thiamine 0 . 0 3  

foli c 0 . 002 
Yam foli c 0 . 002 

a Raw materials included in the s olution of Formula 6 

2 3 . 0  
16 . 0  
6 8 . 0  
46 . 0  
5 2 . 0  
1 8 . 0  
66 . 0  

3 . 0  
3 . 7 
3 . 8 

900 . 0  
85 . 0  

0 . 02  
0 . 006  
0 . 01 

b Raw materials included in the s olution of Formula 7 ,  after revis ions  of 
coeffi cients as detaile d  in this tab le . 



APPENDIX 8 :  

Raw material 

alba core 
anchovy 
at is  
avocado 
banana (bungulan ) 
banana ( gloria) 
barracuda 
bee f 
big-eyed s cad 
bonito 
b lue �spotted ray 
buffalo 
cabbage 
caesio 
cashew 
cassava 
catfish 
cavalia 
chi cken 
chi co 
coconut ' mature 
coconut , y oung 
crab 
crevalle 
croak er 
dapa 
duck 
eggs ( duck ) 
eggs (hen ) 
eggplant 
garli c 
ginger 
glass fish 
groundnut 
goat 
goat fish 
go by 
goose 
grapefruit 
grouper 
grunt 
hairtail 
hardtail 
herring 
horse 
j ackfruit 
kaimito 
lakatan 
lanzones 
latundan 
leather- j acket 

A 2 3  

Cos t  data changes for Formula 9 

Original 
cost 

0 . 0 33 
0 . 0 36 
0 . 020 
0 . 012 
o .  019 
0 .  019 
0 .  0 36' 
0 . 0 78 
0 .  0 30 
0 . 029 
0 . 0 3 8  
0 . 06 8  
0 . 01 9  
0 . 042 
0 . 015  
o.  00 8 
0 . 0 36 
0 . 043 
0 . 0 17  
0 . 0 33  
0 . 008  
0 . 015  
0 . 0 8 8  
0 . 04 
0 . 0 3 
0 . 0 33  
0 . 017 
0 . 0 84 
0 . 042 
0 . 0+2 
0 . 0 89 
0 . 019  
0 . 0 31 
0 . 02 4  
0 . 043 
0 . 0 30 
0 . 0 32 
0 . 01 7  
0 . 025  
0 . 060 
0 . 0 3 3  
0 . 0 30 
0 . 02 7  
0 . 0 39 
0 . 040 
0 . 02 1  
0 . 019 
0 . 019 
0 . 0 30 
0 . 019 
0 . 0 37 

Edible 
portion 

77  
75  
50  
70 
6 7  
62 
5 0  
82 
50 
6 3  
41 
82 
82 
49 
90 
76 
45 
33 
6 1  
84 
56  
14  
42 
56  
44 
60 
61  
87  
87  
91  
85  
74  
45  
51  
75  
38  
39  
61  
48 
49 
3 5  
5 5  
30 
60 
82 
34 
5 3  
6 9  
6 8  
7 3  
50  

Revised 
cost 

0 . 043  
0 . 048  
0 . 040 
0 . 0 1 7  
0 . 02 8  
0 . 0 31 
0 . 0 72 
0 . 09 5  
0 . 0 60 
0 . 046 
0 . 09 2  
0 . 0 83 
0 . 02 3  
0 .  0 86 
0 . 0 1 7  
0 . 0 1 1  
o .  0 80 
0 . 1 30 
0 . 02 7  
o .  0 39 
0 . 014  
0 . 107  
0 . 210  
0 . 071 
0 . 06 8  
0 . 055  
0 . 027  
0 . 09 7  
0 . 0 4 8  
0 . 0 1 3  
0 . 1 05 
0 . 026 
0 . 069 
0 . 047 
0 . 0 5 7  
0 . 0 79 
0 .  0 82 
0 . 0 2 7  
0 . 052  
0 . 122 
0 . 09 4  
0 . 05 5  
0 . 09 0  
0 . 06 5  
0 . 049 
0 . 06 2  
0 . 0 36 
0 . 02 8  
0 . 0 44 
0 . 026 
0 . 0 74 



lemon 0 . 02 4  3 8  0 . 0 6 3  
lime 0 . 025  5 9  0 . 042 
lizard fish 0 . 02 3  45 0 . 05 1  
man go 0 . 02 4  72 0 . 0 3 3  
marbled stingray ( fish ) 0 . 0 3 8  36 0 . 10 5  
milk fish 0 . 029 6 8  0 . 0 4 3  
moon fish 0 .  0 36 4 8  0 . 075  
mullet 0 . 0 37 49 0 . 076 
nemipterid 0 . 0 38 45 0 . 0 85 
onion 0 . 02 8  92  0 . 0 30 
orange 0 . 019 72 0 . 02 6  
papaya 0 . 012 62 0 . 0 19 
pets ay o .  014 82 0 . 0 1 7  
pili 0 . 0 16 16 0 . 100 
pineapple 0 . 012 5 8  0 . 02 1  
pomfret 0 . 047 48 0 . 0 9 8  
pompano 0 . 0 36 48 0 . 0 75 
porgy 0 . 0 36 45 0 . 0 80 
pork 0 . 037  78  0 . 047  
potatoes 0 . 01 7  85 0 . 020 
pummelo 0 . 008  56  0 . 0 14 
radish 0 . 014 6 8  0 . 021 
rounds cad 0 . 02 7  41 0 . 066  
runner fish o .  032 44 0 . 0 7 3  
saba 0 . 019 5 7  0 . 0 33 
sardine 0 . 0 37 52  0 . 071 
short-bodied mackerel 0 . 0 3 8  50 0 . 0 76 
shark o .  0 35 9 1  0 .  0 38 
sheep 0 . 043 79 0 . 0 5 4  
shrimp 0 . 0 71 6 3  0 . 1 1 3  
siganid o .  036 44 0 .  0 82 
s lipmouth 0 . 050 38 0 . 1 32 
snapper 0 . 042 44 0 . 09 5  
soursop 0 . 011  70 0 . 0 16 
spade fish 0 . 040 45 0 . 0 89 
sweet  p otato leaves 0 . 020 5 3  0 . 0 37 
spanish mackerel 0 . 0 37 5 0  0 . 0 76 
spiny yam 0 . 011 82 0 . 0 1 3  
squid 0 . 0 39 9 7  0 . 0 40 
striped mackere l  0 . 0 38 6 2  0 . 06 1  
s ugar-cane j uice 0 . 00 1  2 0  o .  00 7 
surgeonfish 0 . 0 39 41 0 . 09 5  
sweet  p otat o  0 . 00 8  88  0 . 009 
sweet potat o  (white ) 0 . 015 86 0 . 01 8  
taro 0 . 009 81 0 . 01 1  
threadfin 0 . 041 3 5  0 . 11 7  
tomato 0 . 020 9 5  0 . 02 1  
turkey 0 . 01 7  6 1  0 . 0 2 7  
turtle 0 . 002 2 4  0 . 0 0 8  
watermelon 0 . 02 1  6 2  0 . 0 34 
whiting 0 . 0 37 46 o .  0 80 
yam 0 . 0 10 86 0 . 01 2  
yellow-fin tuna 0 . 029 77 0 . 0 38 
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APPENDIX 9 :  Processed foods carried by retail store\ in different areas 

of the Philippinesa 

Product type 

Baked goods 

bread rolls 
loaf bread 
cakes 
cake mixe s  
bis cuits 
noodles 

Area 

Type of store 

Chi lled,  frozen products 

fresh meat - beef ,  pork , lamb 
frozen meat - beef,  pork , lamb 
frozen chi cken 
frozen fish 
frozen vegetab les 
ice cream 
cured meats - s ausages 

- ham , bacon 
fish 

Canned products 

corned beef, meat loaf 
vienna s ausage 
luncheon meat 
spreads - liver , p otted meat 
native s ausage 
tuna fish 
s ardines 
mackerel ( s almon ) 
beans 
pork and beans (baked beans ) 
tomato s auce 
s oup 
milk - condensed 

- e vaporate d  
fruit 
fruit j ui ces 

Dehydrated products 

meat 
fish 
milk 
soups 

Makati ( Manila )  

supermarket 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

Baguio City 

large store 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 

Alici a ,  Isabela 

s ari-sari store 

X 

X 
X 

X 
X 

X 

X 
X 

X 

X 
X 
X 
X 

X 



Dairy products 

fresh milk X 
cheese (processed)  X X 
butter X X 
margarine X X 

Sauces 

p atis ( fish s auce ) X X 
bagoong ( fish paste ) X X 
t omato X X 
banana X X 
s oy X X 
chilli X 
worces ter X 

j ams ' j ellies X X 

Drinks 

Oval tine X X 
Milo X X 
Toddy X X 
instant coffee X X 
ground coffee X X 
tea X X 

Soft drinks 

Coke X X 
f?epsi ) cola X X 
Cosmos X X 
orange X X 
Lem-o-lime ) lemonade X 
Teem X 
7-up ) clear lemonade X X 
Sprite X 

a Data obtained during survey in Phillippines , March , 1 9 7 3 .  

X 

X 

X 
X 
X 

X 

X 
X 

X 
X 

X 
X 
X 
X 

X 



AFPENDIX 10 : Availability of proces sing equipment and technical know-how in 
Phi lippine food industry 

During a visit to Manila , a restricted survey of the Philippine food 
industry was made to gain more detailed information , on the type of 
equipment available and the technical know-how and degree of sophistication 
associated with technical operations . Twenty-two food companies throughout 
the country were visited.  These companies ranged from very large , sophisticated 
operations to s mall backyard family cottage industry .  Although only a small 
number of factories were vis ited , contacts were generally extremely co-operative 
and offered information on the processing and marketing of their products . 
This cros s -section of the industry indi cated the general status of food processing 
in the Phi lippines . The types of operations observed were : 

1 .  C anneries - meat packin g ,  fruit and vegetable products .  
2 .  Frozen food plants - fish , meat , chi cken , i ce-cream and dairy products . 
3 .  Dehydration plants - dessicated coconut , dehydrated s oups . 
4 .  Extraction operations - starch noodle , coconut oil ,  sugar production . 
5 .  Mis cellaneous - biscuits , confectionery , fish s auce an d  p aste operation s .  

C anneries . Five canning factories were vis ite d ;  three were large 
sophis ticated operations , two canning meat products , near Manila , and the others 
pineapple , in C agayan de Oro , on Mindanao. 

The meat companies were well equipped with modern meat processing 
equipment - bowl choppers , mincers , brining tanks and automatically controlled 
smokers . All meat preparation was carried out in chilled rooms . Canning lines 
were semi-automatic .  Generally batch vertical retorts were used .  Cans were 
made on s i te in one company . The companies operated their own slaughterhouses . 
Large free zing s torage space was used for storing raw materials and cured and 
frozen meat cuts for the retail trade . Both comp anies produced a large variety 
of products . The market s i zes for canned meats and pork and beans (baked beans ) 
were estimated at 20 ,000 and 35 ,000 cases per month respect ively . One company 
had 60%and the other 10% of these markets . These companies were highly technical. 
The larger company had seve ral professional s taff. Extensive quality control 
systems and market research surveys were being use d .  This company had j us t  
completed an extensive survey o f  meat products cons umption and consumer attitudes 
to meat products . 

The pineapple canning company visited on Mindanao , p art of a US corporation ,  
was the maj or t in can producer of the country . This highly automated factory 
had sixteen canning lines with automati c  sealing , but depended on manual filling 
and grading in fruit pack in g .  Tomato s auce , and fruit juice were also produced , 
on fully automated plant , using vacuum evaporator for the latter.  Seven 
orbitorts and two horizontal retorts were used.  An average of 900 ,000 cases 
per month was p roduced.  This company was highly technical in approach as it 
had its own ext ensive plantations and employed s ci entists from agricultural,  
chemical , and engineering dis ciplines in their operation . 

The smaller factories  vis ited were specialist producers . One , in 
(ebu ,  produced a Chinese s auce for the Chinese stores and hotels , on small p ilot 
s cale equipment ,  with manual filling and seaming .  A 1 ,000 can retort was 
available . Output was 4 8 , 000 cans ( 1 ,000 cases ) per month . The other , near 
Baguic . City , was growing mushrooms on rice straw , grading and canning them 
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mainly for the hotel trade . Two manual can seamers and three vertical 
retorts were us ed with two canning lines . Output was 1 ,000 cans per month 
in the s e ason .  These units were essentially family bus inesses , operated 
by an entrepreneur with no real techni cal qualifications . Thus it  appeared 
that canning w as fairly developed at all levels in the Phi lippines . 
Espe cially in the large companies , expertise in formulation ,  product development 
and engineering was availab le . It was noted that all these operations were 
s ti ll highly dependent on a large lab our force . 

Frozen food plants . The meat companies already des cribed also produced 
chilled and frozen meat products . Three more factories were visited.  
These ranged from a small immersion free zing unit producing frozen chickens to  
a plate-freezing plant for fish products to  a large , fully automated dairy 
products complex.  The meat companies and the fish freezing p lant , to a lesser 
e xtent , produced a range of cured meat products - b acon , ham and s ausages , 
which were fro zen or chille d  for retail sale . 

Imported meat from Australia and New Zealand ( mainly beef) was thawed ,  
port ioned and refrozen for retail p acks at these factories . The meat companies 
also produced frozen retai l  portions of local meats . Bacon and ham were 
produced in gre ates t quantity and had the largest processed meat market ( approx.  
125 , 000 kg/mon th ) .  This amount conflicted with recorded s tatistical data .  
Next , s aus ages of all types - native , western , smoked frankfurters , luncheon , 
bologna , salami - were produced generally in large quantity ( estimated marke t  
s i ze 30 , 000 kg/month ) . Products with lowest output were frozen meat cuts 
( market s i ze 2 8 , 000 kg/month ) .  All the usual equipment for curing ,  smoking and 
all s aus age making was available in these factories although to a much lesser 
extent in the smaller fish freezing p lant . Free zing in the meat companies 
was in large b last free zing rooms in one case but was contracted out in the 
case of the l arger company . Process ing was carried out in chill rooms and 
products were stored in large frozen s torage rooms . 

In the Bacolod City fish free zing plant , meat product freezing was a l$c 
carried out in a small b last freezing unit catering for 3 ton of product per h our .  
Fish product p acks - shrimps , crabs , prawn , fillete d fish - milkfish - were 
frozen in three contact free zers capab le of processing about 70 kg product in 
a 4h cycle . Output of frozen fish was 10 tonne/month . A large cold store 
was avai lable for storage . This factory had 80 employees ,  most of whom were 
used for washing,  gutting , cleaning and grading fish . Most of their shellfish 
was exported ,  but other products , parti cularly frozen milk fish (bangos ) were 
pop ular in the local market . This company employed a chemical engineer as 
producti on manager and appeared to h ave a techni cally and market-oriented 
management .  

The chicken plant in Cebu reared most o f  i ts chi ckens on site ( 7 ,000  
birds ) .  This small unit ( 48 employees ) was we ll planned with a chain carrying 
b irds throughout all steps in the process in a chilled room. Equipment 
included rubbe r  rote-plucker , spin chi lling tank , vacuum packer (manually 
operated)  and shrink tunnel and spray-pool immersion freezer , using propylene 
gly col. Production was 1 2 , 500 birds per week whi ch represente d about 1 5 %  of 
the frozen chi cken market .  This company , operated by an entrepreneur-manager , 
had no techni cally qualified personnel .  

The d airy products complex was the most re cent food industry in the 
Phi lippines .  This was operated by the San Miguel Corporation , the larges t  
company in the Philippines . They are develop ing further into the food industry 



A 2 7  
after many years in brewing and soft-drink manufacture . 'With extension of 
the ir dairy products interests in this complex , they have recently started 
a frozen chi cken operation and soon to embark on meat processing. The 
dairy factory was a fully automated p lant producing ice-cream ; pas teuris ing 
and bottling fresh milk , chocolate milk and re constituted milk for the 
Manila area ( 14 mi llion- 40 mil lion litres /year ) ; manufacturing s terilised 
chocolate milk drink , yoghurt , cottage cheese and similar dairy products 
( 2  mi llion litres /year ) manufacture of margarine and reworking New Zealand 
butter (1 million kg/year ) .  Apart from fresh milk from their 2 ,000 cow 
dairy herd ( 450 cows milked daily producing 7 ,000  litres milk ) all production 
was based on imported New Zealand dairy products . All processing was 
carried out in positive pressure rooms and was continuously controlled from 
a master control board . The most up-to-date p lant for e ach process was 
use d .  Huge chi llers , free zers and warehouses were available for storage . 
Distribution covered the whole country , particularly for i ce cream , an d  
was entire ly controlled by the company which had a large fleet of refrigerated 
trucks and its own refrigerated ship . This was a highly technically 
oriented company and was one o f  the few factories  vis ited which had a research 
and development section , employing applied s cientists . Quality control , 
product and process development were we ll operated.  Total work force 
numbered 840 . 

Therefore , although the frozen food se ctor of the indus try was not 
as extens ive as that of canning ,  its place in the Philippine food industry was 
fairly developed . Sin ce mainJ.y centred in Manila , the maj or problem associated 
was in distribution but this could be overcome at least for maj or ci ties on 
the coasts with re frigerated shipping.  

Dehydration plant . As s een from the statisti cs , this se ctor of the food 
industry was the leas t  developed . Only two plants were visited - a modern 
dessi cated coconut factory and a crude dehydrated soup operation in a large 
factory .  However much dehydration was carried out in the home and in backyard 
factories , as could be seen by the immense quantities of drie d  meat and fish 
on display in local markets . 

The dessi cated coconut operation , on the s outhern shores of Mind�ao , 
depended on a large labour force for grating the coconut from the fresh fruit , 
but the b lan ching and drying operat ions ( tray drying ) were continuous and fully 
automated t o  the bag-fi lling stage in a positive pressure section of the 
factory . The management was very cons cious of quality control and particularly 
hygiene control methods . Production ( 30 ,000 k g/day )  was mainly for the USA 
and w as  shipped directly from a wharf at the factory . Work force numbered 800 . 

The small dehydrated soup operation was producing 10-15  million s achets 
per year and was virtually the only manufacturer of this product in the country . 
Raw materials were chopped and grotmd in pilot s cale equipment and dried in 4 
cabinet driers , then packed on pilot s cale equipment into s achets with addition 
of flavourings , etc.  at this stage . This unit was a section of a large 
Unilever e dible oi l re finery and manufacturing plant , and was managed by high ly 
quali fie d  personnel .  Labour was obtained from other departments when required.  

Other dehydration operations required in  the manufacture of n obdles 
are des cribe d  for extraction p lant below . 

Although a maj or process for Philippine food , dehydration was not yet 
wide ly developed in the food indus try , it essentially remains a home -based 
preservation process . 



Extraction operations . The s ugar milling and refining and coconut 
Oll lndustries were the most developed industries in the country . These 
operations were in different parts of the country .  They employed large 
work forces , and were necessarily highly mechanized operations , managed by 
engineers . Their products however could only be cons idered indus trial 
products for e xport as very small proportions of their output was availab le 
directly to the Fi lipino consumer. As s uch ,  it is categorised as a heavy 
industry in Phi lipp ine statisti cs and not as food industry . Such operations 
could not be cons i dered for production of processed food for the domestic 
market , so further description will not be given . It would be hoped that 
eventually the copra processors will be ab le to produce edible coconut flour 
after oil extracti on , instead of animal feed.  

Other extraction operations applicable were the production of noodles 
from starchy raw materials , wheat , rice and mungbean . These were carried 
out in many small factories throughout the country ( 38 in 1967 ) ,  normally by 
Chines e  families using traditional proce sses . One factory vis ited , produced 
600 kg/day of sotanghon , mungbean starch noodle , which was estimated as 50%  
of the total Man i la market for this product . The process was semi-mechanized 
using essentially home-made equipment - s tone grinders and a pressure extruder.  
A chilled room was used to store the extruded noodles overnight prior to sun 
drying for 2 days . Thirty employees were involved in this traditional operation , 
with no technical knowledge other than skill through experience with the process .  

Apart from noodle manufacture , the extraction industries in the 
Phi lippines could not be considered for production of consumer food products 
at this time . The noodle operations provide small s cale units scattered 
throughout the country , with facilities and experience for extraction , extrus ion 
and drying operations . 

_M_i_s_c_e_l_l_an __ e_o_us�-O�f�e
�r�at�i�on __ s .  Other maj or food indus try in the Philippines 

was concerned Wlth bakery goods manufacture and soft-drinks . Information was 
obtained from maj or producers in these industries .  

It was not poss ible to obtain in formation on village bakery or bake-shop 
operations since these were so diverse and scattered throughout the country . 
Generally however these operations were small scale , run by families with 
equipment varying from simplest dough mixers , scales and hot -air rooms for proving 
and baking (heated by burning wood be low the floor ) to pilot scale mixers , 
moulders and proving cabinets and gas or electric ovens . Products were 
generally sold through the owner ' s  shop or through local shops . A biscuit 
factory visited utilized two modern continous gas -fired ovens and continous 
mi"xers , rollers and cutters in manufacture of high quality biscuits . Biscuits 
were packed in batch machines then packed into large metal cans for storage and 
distribution , to prevent infe station an d  dampness . Production was around 
10 ,000 kg/day and represented 30% of the total biscuit market . 

Soft drinks operations are well developed in the Philippines with s everal 
large companies competing in the large market estimated at 100 million cases 
in 1972 . The two maj or companies have several plants throughout the cormtry to 
enable their e fficient distribution system , direct t o  each village stall , to 
function e ffectively , One company has 16 bottling plants and 700 trucks in 
operation .  Equipment is s emi-automati c  in most cases , to allow flexibility in 
operation for different products , bottle sizes and quality control . 

Other p rocessing operations vis ited were essentially traditional 
home-based industries . The production of fish s auce (patis ) and fish paste 
(bagoon�) from the �ermentation of salted fish was seen from the small backyard 
vat to evelopment ln one family factory to 1000 concrete vats producing 
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2 0 , 000 b ottles of patis  and 500 cases of bagoong per month . Although the 
s cale of this operation was large , the actual conditions were still primitive , 
particularly for bottling and canning . 

Filipinos are fond of confectionery and several of their native 
sweets are tradition ally produced in particular areas of the country . The 
sweetened grated coconut sweet ' bukayo ' is produced in almost every homestead 
in Dagupan , a small t own north of Manila. Again operations varied from 
small one family units , with primitive operations to larger units employing 
30 -40 people with home-made continuous cooking equipment . Another sweet 
made in another area from cashew nuts , ' tourrones de casuy ' was also produced 
on different s cales , although still on backyard industry basis . These 
home industries are assisted by a government agency - NAC IDA - whi ch aims to 
develop and improve them while still retain ing their home basis . The 
experience and skill of these home food pro cessors is to be better utilized 
through upgrading processing and storage conditions . 

For baked products then , modern equipment was not available but 
certainly baking fac ilities and knowledge were available throughout the country . 
For biscuits , large companies in Manila were well equipped with plant and know­
how . Soft drinks also were well develope d  and certainly had the most 
efficient food distribution system in the country . Small backyard industries 
producing native products were s cattered wide ly throughout the country , 
but facilities , except for fermented fish products , were not capable of 
development to national food industry . 

Summary. This survey gave a very hurried but comprehens ive picture of 
food processing in the Philippines . All processing methods were developed 
e xcept for dehydration . Food indus try was we ll developed in the large factories 
which were mainly in Manila . Here the variety of products , the s cale of 
producti on , the s ophistication of s ome processes and the number of te chnical 
p ersonnel was surprising . The smaller un its often had only one technical 
employee ,  if any , and depended on small s cale batch equipment . Generally 
in all p lants the s tandard equipment required for each process was availab le 
in some form , depending on the s cale of the operation . All industries , 
large and small , were labour intensive . 

I f  a standard nutritional food product were to be manufactured with 
e xisting facilities , only the large factories would be capable of production 
on a s cale large enough to e ffect s ome measure of nation al distribution . 
Of the smaller units , only noodle factorie s  and bakeries , scattered throughout 
the country , could have sufficient total output to reach most of the population ,  
through s upplying their local areas . The lack of technical personnel in the s e  
smaller units could cause problems in introduction of such a standard product . 
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APPENDIX 1 1 :  Evaluation of product ide as generated in Chapter 6 

The degree of fit of each food product idea with each screening factor , was 
assessed systematically , as des cribed below . 

1 .  Population fraction . From the information presented in 6 . 1 ,  the 
percentage of household servings of the product being cons idered was 
determined . 

Table A11 . 1  Percentage of household servings utilizing various food products 

F ood product Percent total hous ehold servings in 3 day period 
across all 7 survey regions . a 

Breakfast Lunch Dinner Snack 

pan de sal 29 . 0  0 . 5  0 . 5  1 . 0  
bread 3 . 0 0 . 4  0 . 2 0 . 6  
flavoured rolls 5 . 7  0 . 7  nab 2 . 6 
biscuits /cookies 2 . 6 1 . 2  0 . 5  4 . 3  
bis cotcho ( dried bread) 0 . 4  0 . 3  0 . 1  2 . 0 
noodles 0 . 4  4 . 3  3 . 5  0 . 1  
native s ausage 1 . 6  0 . 7  0 . 9 0 
canned saus age 0 . 9  0 . 1  0 . 1  0 
canned meat loaf 1 . 2  0 . 5  0 . 7  0 

a .  Obtained from raw files o f  7 nutrition s urvey reports in FNRC , Manila 
b .  Included with p an  de sal 

Data for dried meat con sumption was not available , but in s ome of the survey 
reports its intake was similar to that of native sausage , so the s ame population 1 
fraction was ass umed.  Products were then rated : -

ve!:i: liiiood - products served at over 10% household servings 

good - products served at between 5 -10% household servings 

averaliiie - products s erved at between 2 -5%  household servings 

poor - products served at between 1-2% hous ehold s ervings 

ve!:i: ;eoor - products s erved at less  than 1% h ousehold servings . 

2 .  Frequency of cons umption .  Using the data in 6 . 1 , the total number of 
days e ach food type was served in the 3 day survey period in the 7 regions 
surveye d  was determined. In this way , the extent to whi ch e ach product 
was a regul_ar part of the diet was estimated.  
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Tab le A11 . 2  Frequency of uti lization of various food products 

Food product : Number of days served in 7 regions (maximum 7 X 3 = 2 1 ) 

Breakfas t Lunch 

pan de sal 2 1  9 
bread 2 1  

. 

9 
flavoured rolls 2 1  10  
bis cuits/cookies 2 0  1 2  
bis cot cho ( dried bre ad) 9 9 
noodles 1 1  20 
native sausage 19 14 
canned sausage 15  14 
canne d  meat loaf 1 3  5 

Dinner 

6 
8 
8 

1 1  
4 

2 1  
1 7  
14 

5 

Snacks ( only 6 
areas , maximum 
= .  1 8 )  

16 
12 
17  
1 8  

8 
3 
2 

1 

Total 

52 
50 
56  
61  
30 
5 5  
52  
43 
24 

Again dried meat data was taken to be similar to that for native s ausage . 

Products were rated : 

very good 
good 

average 

poor 

very poor 

with 

with 

with 

with 

with 

frequency 

frequency 

frequency 

frequency 

frequency 

total 70 

total 60 - 70 

total 5 0  - 60 

total 30 - 5 0  

total 30 

3 .  Present intake . Table A11 . 3  records information on the percentage of 
average daily food intake of the products cons idered taken from food surveys . 

Table A1 1 .  3 Food product intake as �ercentage of average per caput daily food 
J.ntake 

Food product 

pan de s al 
bread 
flavoured rolls 
bis cuits/cookies 
noodles 
native sausage 
dried meat 
canned sausage 
canned meat loaf 

Percent daily food intake' 

from n utrition s urveys a 

1 . 6  
0 . 2  
0 . 3  
0 . 3  
0 . 4  
0 . 1  
0 . os 
0 . 05 
0 . 2 

Percent daily food b intake from cereal survey 

3 . 4 
1 . 9  
0 . 2  
0 . 6  
1 . 2  

t 



a.  
b .  
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Taken from average of 7 region al surveys conducted by FNRC (t t'3,tt4 ,HS,\\(Q,I ! 7,\ 1'8 ,119) 
Adapted from report of nation al cereal survey ( I '&  3 )  

Although these levels were very low it was hoped to increase them. 
Nevertheless  products were rated , the mos t recent data being used for 
cereal products . 

ve!:l �ood for products with int ake > 2% total diet 

good for products with intake 1 -2 %  total diet 

avera�e for products with intake 0 . 5-1%  total diet 

poor for products with intake 0 . 2-0 . 5% tot al diet 

ve!:l Eoor for products with int ake < 0 . 2% total diet. 

4. Maximum Eossible intak e .  A quantitative measure o f  this factor was 

estimated according to information in Tab le A1 1 . 4 . 
The raw material mixture of weight 1140g  w as corrected to equivalent we ight 
with moisture content corresponding to that normally associated with e ach 
product type . In this way , the required intake of the raw material 
mixture in the form of each product was estimated .  Es timates were made 
of the probable maximum number of servings , of typi cal size which would 
normally be expected to be taken during the day in the Phi lippine diet . 
The ratio of the t ot al mixture weight required to be e aten to the estimated 
maximum for each food type was calculated .  ( Table A11 . 4 )  
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Table A11 . 4  Ratio of the required intake of raw material mixture re lative 

to maximum possible product intake 

Food Average a Common Estimated RM mixture weight( 1140 g )  
type moisture unit max. daily corrected to moisture 

weight intake ( g )  content in col( 2 )  ( g )  

( 1 )  ( 2 )  ( 3 )  ( 4 )  ( 5 )  

p an de 2 5  30g 1 80b 6 10 
s al 

bread 2 3  20g/ 160 c 590  
slice 

flavoured 
1 80b rolls 2 4  30g 600  

biscuits 2 . 7  200g/ 100d 470 
p ack 

noodles 1 2  400g/ 110e 520 
p ack 

canned 
660f noodles 8 3  330 g  2 640 

( 12oz can ) 

s ausage 2 5  60g 360g 610 

dried 4 75g 450g 475 
s ausage 

dried 4 500g/ 5o oh 475 
meat p ack 

canned 6 0  450g/ 450i 1140 
s ausage can 

canned 
meat 6 2  450g/ 450i 1200 

loaf can 

a .  Obtained from s tandard food composition· tables . 
b .  Ass umes 2 units per me al , total 6 .  

Ratio of required 
intake ( 5 )  to 
es timated max. 
intake ( 4 ) .  

( 6 )  

3 . 3 

3 . 8 

3 . 3 

4 . 7  

4 . 7  

3 . 8  

1 . 7  

1 . 0 

1 . 0  

2 . 5  

2 . 7  

c .  Assumes 2 s lices per meal plus 2 snacks , 1 slice each , total 8 s li ces . 
d .  Ass umes half p acket bis cuits e aten throughout the day . 
e .  Assumes 2 meals with 5 5g drie d  noodles rehydrated t o  330g s erving , total 1 10 g .  
f .  Ass umes 2 meals each with 1 can ( 330g )  of canned spaghetti type product . 
g .  Ass umes 3 meals with 2 units e ach , tot al 6 .  

- �h . Assumes taken at all meals in some prepared form. 
i .  Ass umes 6 s li ces or pieces ( 1  can pack )  t aken as for ( g) . 
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Thus the degree to whi ch e ach food type would require an increase 
in food intake was estimated. This could indicate the pos sible ease of 
incorporation of such products into the dai ly diet . High ratios (>1 . 0 )  
indi cated a maj or change in food intake would be required if full nutrition 
was to be s upplied solely by that t}�e of product e . g . dried noodles require 
portions 5 times greater than the estimated maximum. ThU t  the product 
types could be graded on the ratio scale for this factor . 

very �cod 1 - 1 . 5  

good 1 . 6  - 2 . 5  

avera�e 2 . 6  - 3 . 5 

poor 3 . 6  - 4 . 5 

ve!Z 12oor > 4 . 5 

5 .  Breakfast utilization . 
A11 . 2  

Thi s  was evaluated from information in Table 

ve� �cod if frequency eaten with break fas t  > 20 

good 15 - 1 9  

avera�e 12 - 14 

poor 9 - 1 1  

ve!Z 12oor < 9 

6 .  Degree of acce12tability. Products were rated sub j ective ly as follows : 

very good 

average 

very 12oor 

I f  the product was not new , i . e .  appearance and organoleptic 
properties were familiar and could be use d  as the e xis ting product . 

If  the product was similar to a present product , with only 
slight modifi cations , perhaps in appearance , which could lower 
acceptability . 

I f  product concept was not new but the product was organoleptically 
different from present products . Some promotion and e ducation 
would be required to gain acceptability . 

Product was new and strange organoleptically . 
promotional e ffort and education required .  

Significant 

Product was really new and acceptance of this type of product 
could require ext ensive promotion and education e ffort . 

A cceptability problems anticipated for each product whi ch aided the 
fitting of products into these categories , were : 

Breads : 

Buns : 

Conventional bre ad would be most acceptable , s li ght probabi lity 
of organoleptic problems requiring education . Dried bread 
sli ces although s imilar to bis cotcho would have the highest 
risk possibilities of this group . Rated average to very good. 

Buns had higher ratings than breads due to flavour masking 
properties . _ The moisture controlled bun was rated lower due to 



Bis cuits : 

Sausages : 

Meat loaves : 
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s light possibility of appearance problems . 
to very good. 

Rated average 

There could be s li ght organoleptic problems but with the wide 
variety of bis cuits possib le there should be few acceptability 
prob lems . Rated good to very good . 

Simulated meat would be essentially a new concept but the 
product form was highly acceptab le .  Prob lems were expected 
in acceptability ,  especially for native s ausages - dried ,  
fermented an d  the new concept - controlled moisture . Vienna 
fermented s aus age was rated higher because of the greater 
possib ility of flavour masking , if required .  Problems with 
frankfurter texture and flavour were ant icipated with simulate d  
meat . Rated poor to good. 

The texture problems associ ate d with saus ages were not expected 
to be as great . Several new products were in this group -
dried meat loaf slices , pickled meat loaf , fermented meat loaf 
and moisture- controlled meat loaf - which would require 
educational and promotional e ffort to a greater or lesser 
extent . Rated very poor - good. 

Noodle products : 
Dried noodles presented the least acceptab ility risk , e xcept for 
pickled or fermented flavoured noodles whi ch would require heavy 
promotion . Canned noodles in s auce were known , but probab ly 
not wide ly in the rural areas . Spaghetti and meat balls in 
tomato sauce was common in urban areas . Ready-made noodles with 
fermented or pickle sauce , although a common home-made product , 
would be essentially a new ide a  requiring extens ive promotion .  
Rated very poor to good. 

7 .  Storage life Subj ective j udgements were als o made for this e valuation . 

very good 

average 

very po�r 

Products with lon g  storage lives , over 6 months , and good keeping 
quality when opened.  Preservation little dependent on packaging.  

Packaged ,  preserved products with shelf life 1-6 months before 
opening .  Packaging cons iderations more importan t .  

Products with shelf life 2 -4 weeks , dependent on packaging 
sele ct ion . 

Products with shelf life 1-2 weeks , extremely dependent on 
packaging to achieve this . 

Products with very short shelf life . For extended shelf life , 
say up to 1 week , packaging very important . 

Products were as sessed as follows 

Breads : Fresh bread would have the shortes t  shelf life and would be 
dependent heavily on packaging to maintain a week long shelf 
li fe . Dried bread slices would have longest shelf li fe but 
p ackaging would be important to extend this . Rated mainly 
very poor t o  average . 
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Bis cuits : 

Sausages : 

Meat loaves : 

Noodles : 
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Similar to equivalent bread products .  

Although good keeping quality expected , packaging would 
be important to exten d  it . Rated average to very good. 

Canned products would have extens ive she lf lives , followed 
by drie d  and fermented products .  Packaging would be more 
important in these products to e xtend shelf life . Mois ture 
controlled sausage would be expe cted to keep only 2 or 3 
weeks with adequate packaging .  Rated poor to very good . 

Similar considerations as for s ausages , with dried meat 
s lices having possib ly a greater packaging requirement than 
dried sausages . Rated poor to very good. 

Again canned products and dried products were expected to 
have few storage life problems . Rated very good . 

B .  Dis tribution adequacy. Assessment of products for this factor was made 
from information described in 6 . 3 . Ratings were allotted as follows . 

very good 

average 

very poor 

National distribution system already existed capable of 
handling large volumes of this product . Product easily 
handled by s ari-sari store . 

Distribution systems required some development to move 
large volumes of this  product over the cotmtry . Product 
easily handle d  by s ari -sari store . 

Existing distribution required extens ion or re -organi zation 
to move larg� volumes of this product . Product not as 
suitable fo� present sari-sari s tore s ituation .  I 
Distribution system needed to be  expanded to achieve 
coverage outs ide main centres . 

Distribution system required to be set up for this product 
to achi eve widespread coverage . 

Products were assessed as follows : 

Bread , btms : Extensive coverage of the cotmtry poss ib le through s cattered 
factories , but some development of distribution re quired for e fficient movement 
of product to areas surrounding each factory . Rated average to good. 

Bis cuits : Packaged bis cuits , particularly cracker type , reach s ari-
sari store in greater volume than canned meats - since lower weight and che aper 
but similar inefficient distribution used.  Rated very good to average . 

Sausages : Nat ive , fresh types only reach is olated areas i f  produced by 
market butche r .  Good distribution for certain urban centres .  Needs maj or 
re-organi zation of processed meat dis tribution - chilled trucks etc.  - t o  
achieve significant controlled nation al coverage . Rated good t o  poor . For 
canned types , inefficient method of reaching to s ari-sari store although 
s ignifi cant e xtension to this outlet . Some re-organization necessary to 
increase sales through this outlet e . g .  soft-drink type distribution . Rated 
good to average . 
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Meat loaves : Similar comments as for sausages . 

Noodles : For canned products , processe d meat distribution system 
could be applied , although products essentially new . Similar comments as 
for canned saus age . Rated good to poor . For dried products , no 
s igni ficant distribution to rural stores ( rarely reaches s ari-sari ) but 
should be able t o  fit into bis cuit distribution system. Average to p oor . 

9 .  Distribution cost .  The more factories there are the greater chance that 
the product could be produced in more than one factory in different areas so 
that national dis tribution costs would be lower ( Table 6 . 4 ) .  This is 
particularly true of the large number of bakeries , many of which are in rural 
areas and could cheaply supply the products to their own area through their 
own shops . ( Supplying the raw materi al mix along with normal flour supply 
should present n o  problems ) .  The meat plant and biscuit factories are in 
urban centres and only the large ones could afford e xtensive distribution to 
cover the cost of distribution in s ale� volume . The lower the bulk densi ty 
of the product the more expensive freigh t  charges . 

Assessments were rated as follows : 

very good 

average 

very poor 

Low distribution costs expected as large number of plants 
close to  outlets . Products with high bulk density 
keep down cost of widespread distribution . 

Fewer production plants although scattered across the 
country . Bulk densi ty less advantageous . 

Fewer production plants and tend to be concentrated in 
main centres .  Bulk density less advantageous . 

Small numbers of factories with p oorly developed distribution 
systems . Product bulk density poor . 

Only small factories or a few in Manila .  
very low . 

Bulk dens ity 

Products were ass essed thus : -

Bread , buns : Capable of manufacture in the many small bakeries and 
che ap ly transported. Rated good to very good. 

Bis cuits : Only large central manufacturing units . Widespread 
d1str1buti on costly although bulk density attractive . Rated poor to good. 

Sausages , meat loaves : Only central processing p lants . Bulk dens ity 
dependent on whether or not canned. Rated poor to average . 

Noodles : Conditions for canned products s imilar to canned meat 
products , rated poor to average . Drie d  products with better bulk density 
and larger number of production units throughout the country , rated poor to 
good . 

10 . Development problems . The types of process ing envisaged for e ach product 
were assessed for their relative degree of difficulty , in terms of the severity 
of problems whi ch could aris e  in the course of thei r  development . For all 
products , the mixture of raw materials would prob ab ly require bas ic operati ons 
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of blanching , chopping and grinding to obt ain a stable 'homogeneous ' 
material suitab le for formulation . No prob lems were anticipated in 
these stages . 

The maj or problems were like ly to occur in the methods of preparation 
of the raw material mixture in a sui table form for bak ing , extruding to 
meat products or noodles . These methods could be ( 1 )  simp le mixin g ,  or 
if this was not s uitable ( ii )  drying of s ome of the moist materials ( total 
mix moisture approx 60% ) and adding back s ome of the water at the mix stage , 
if necessary , or ( i i i )  recourse to protein extraction methods to achieve 
textural properties for the desired product forms , with consequent problems 
in development of p rocess ing methods for this materials mix.  

Assessments were made as follows : 

very good 

good 

average 

very poor 

Few problems anticipated .  

A maj or problem t o  be overcome . 

Several problems to be overcome but not j udged too 
di fficult . 

Several difficult problems which may be difficult too 
solve . 

Maj or prob lems requiring fundamental research .  

Baked goods . The major problem would be obtaining a s atis factory product 
in the absence of gluten . Non -gluten bre ads were feas ib le technically , but 
their organolepti c properties were quite di fferent from normal bread. It 
could be possib le that legume proteins from coconut and pilinut , if extracted 
could provide an alternative protein matrix ,  but this would be a bas ic rese arch 
problem which was outside the s cope of this work . Biscuits would not have 
these problems to the same extent , particularly i f  considere d  as dried pressed 
cakes . Rated poor . 

Meat products . S imulated meat pieces could be necessary for these products , 
the manufacturing technology of which could pose problems with the mixture of 
raw materials to b e  used.  This could require protein extraction , leaving the 
maj or problem of utili zation of the non-prote in residue . However , simple 
mixing and chopping could be s atisfactory for meat loaf and s ausage products .  
Organoleptic problems associated with the raw material mixture should be least 
for meat loaf products , as vegetable materiais could be incorporated into this 
product whi ch  would not be possib le with the sausage type products . Emulsion 
problems , colour , flavour and texture prob lems could occur also with the 
simulated meat products , but these were not expected t o  be as di fficult as 
for the baked good formulation . Rated average to very good. 

Noodle products .  The prob lems anticipated were akin t o  those of baked products 
i . e .  the formation of a s uitab le dough and the colour e ffects . Fortunately 
the manufacture of noodles from different plant materi als is traditional in 
many parts of the world , so  that these di fficulties could perhaps be overcome . 
However , s uch manufacture usually involves starch extraction from the material 
with dis card of the residue . There would then be the maj or prob lem of 
utili zation of this residue material with the raw material mixture being 
considered.  The canned-in-sauce products could alleviate this probiem but 
it could be ins urmountable for dried noodles . Rated average t o  good. 



1 1 .  Production capacity. For e valuat ion of this factor i t  was assumed that 
the output of food products of the type being considered w as limited by the 
capacity of plant and factories . The most re cent value of shipments of 
products for 19 70 was t aken to represent present capacity in the different 
food processing indust ries ( Tab le 6 . 5 ) .  Th is assumed that reporting companies 
produced the bulk of the products in their industry . 

Canned meats . The capacity of canneries was estimated as the total 
production of meat products in canned form given in statistics calculated as 
follows 

Saus ages ( canned )  
Liverspread, potted meat etc . ( canned ) 
Luncheon , meat loaves ( canned )  
Native meat products ( canne d )  

Total 

3 ,0 2 5  ( metri c  tons ) 
81 8 
356  
295  

4 ,49 4 me tri c tons 

Ass uming an average can size of 450g this was equivalent to a daily cannery 
capacity of 2 7 , 000 cans product per day . If products could be formulated 
to standard can s i ze ,  cannery capacity based on these figures s uggested 
that 2 7 , 00 0  people could be re ache d  daily by this type of product at one can 
per head per day . This applied then to canned s ausage and meat loaf products . 

Saus ages , meat loaf products (not canned ) .  The capacity of production of 
these products was est imated to be limited by the capacity of mincing , 
chopping,  extrusion equipment in the processed meat indus try . This was taken 
as the total production of this  product group , whether canned or not , taken 
from manufacturing statistics . 

i . e .  Sausages (not canned )  16 5 3  metric tons 
S aus ages ( canned)  302 5 
Liverspread etc. ( canned)  818  
Luncheon , meat loaf ( canned ) 356 
Native meat products ( canned)  2 9 5  

Total 6 147  metric t ons 

If  used for s ausages on ly and taking a typ i cal s ausage tmi t weight of 60g.  
then daily capacity would be 2 80 ,000 tmits . Assuming that the mixture could 
be formulated so  that s ix such tm its could be eaten daily then approximately 
47 ,000 people could be fed daily on this b as is .  This est imation applied to 
mois ture-controlled s aus age and fermented s ausage . The tmit weight of 
dried s a� age was 7 5 g  at 4% moisture , which presumed a wet mix weigh t  of 96g 
at 2 5% moisture . Thus capacity for dried s aus ages , ass uming drying conditions 
availab le , would be 1 75 ,000 tmits per day .  Assuming also that six  tmits 
could be e aten dai ly , then approximately 2 7 ,000  people could be reached daily 
with this product . 

For meat loaf-type products , ass uming a common tmit weight of 450g then 
daily capacity of such products would be 3 7 , 400 units . I f  one tmit could be 
consumed daily , then 37 ,000 people could be fed on this type of product . The 
common un it s i ze for dried meat ( tapa )  of 5 0 0 g  at 4% moisture implied a meat 
loaf formulation at 60% moisture of 1200g.  Thus 14 ,000 un its could be 
produced daily . Ass uming e ach unit could be taken daily , then 1 4 ,000 people 
could be reached daily with this product . 



Noodle �roducts . The 1970 statis ti cs were taken for estimation of 
product1on cap acity . Thus , 2 ,100 metri c  tons would represent n oodles 
production on a dry basis ( 12 %  moisture ) which would be equivalent to 
approximately 10 ,900  metric t ons on a cooked basis ( 83% moisture as in 
canne d spaghetti ) .  A standard pack of 400 g  dried noodles implied a 
daily capacity of 14 ,400 packs per day . I f  formulat1on allowed noodles 
to be taken at the estimated maximum level of 110g/day ( on  dry b as is ) 
to fully utilize the nutritional mixture then 5 2 ,000 people could be reached 
daily with this product . 

For canned , noodle -we products a s tandard unit pack of 340 g 
( 12 o z )  implied a daily capac1ty of 8 8 ,200  packs . Assuming pos s ib le 
consumption of 2 p acks per day then 44 ,000  peop le could be fed in this way .  
Cann ing facilities in fruit and vegetable industries would require to be 
use d  for these products as capacity exceeded that assumed for the meat 
indus try .  

Bakery products . There was no data available on the amount of baked goods 
produced in the Philippines , but the value of goods produced ( in pesos ) was 
re corded for bread and bread rolls cons idered together and also for bis cuits . 
Through assumption of the cost of each unit , the total production capacity of 
each product was estimated .  

For bre ad and bread rolls , n o  breakdown o f  data into the different 
products was given . It was assumed ,  for this estimation , that the total 
production could be considered either as wholly bre ad rolls or as wholly loaf 
bread , since s imilar equipment was required for both types of product . 

For bread rolls , the 1973  retail price for twenty 30g un its ( 600g)  
was P1 . 00 ,  whi ch was equivalent to P0 . 60 at 19 70 pri ces . The 19 70 production 
value of P13 , 49 7 ,000 corresponded then to production of 1 ,2 30 ,000  units . 
Taking six units as the maximum daily intake , then 205 , 000  people could be  
reached with this product type.  This applied als o  to moisture- controlled 
buns and conventional buns . For loaf bread , the 19 73  retail pri ce for 400 g  
loaves was equivalent t o  P0 . 90 in 19 70 . Based on the 1970 production value , 
this correspon de d  to production of 15  million loaves (6000 metri c tons . ) 

Assuming a possib le daily intake of 8x 20g  s lices of bread ( 0 . 16 k g )  
then the number o f  people reached daily would b e  104 ,000 . 

The production of biscuits an d  cookies ( 19 70 )  was P 3 3 ,642 ,000 and for 
crackers and pretze ls P12 , 114 ,000 . Bis cuits retai led for P4 . 50 /1�lb tin 
in 1 9 7 3  or P2 . 70 in 1970 value , so that production corresponded to 850 ,000  kg .  
Crackers retailed for approximately P2 . 00/ 1 1b ( 19 7 3 )  or P1 . 20 in 1 9 70 , s o  
that production was estimated at 45 8 , 000 kg .  Total facilities for bis cuit 
making were therefore equivalent to 1 30 8  metri c tons . At a daily intake of 
100g then 36 ,000  people could be  reached with bis cuit type products . 

Daily cap acities were estimated as equivalent to intake for 

200 ,000 - 800 ,000 peop le of bread roll products 
100 , 000  - 400 ,000 people of bread products 

52 ,000 people ' of dried noodle products 
47 ,000 people , of s aus age products (not canned )  
44,000  people ;  o f  canned noodle products 
37 ,000 people . of meat loaf products (not canned) 
36 , 000  people of bis cuits 
29 , 000 people . · of dried s aus age 
2 7 , 000 people . ' of canned meat products 
1 4 , 00 0  people . ·  of dried meat loaf s li ces 
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Although it could never be anticipated that production of any of 
these products could be sufficient for the whole population of 36 . 6  million 
or the rural population of 2 4 . 9  million , the degree to which the meagre 
producti on facilities existed t o  supply a fraction of the population could 
be used to compare e xisting production capacity . Thus the higher the 
number of people which could be reached by any product type , the greater 
the pro duction capacity and the more des irable that product for deve lopment . 

Products were rated as follows 

verx: �ood 2: 200 , 000  people/day 
good 2: 100 , 00 0  people/day 
avera�e 2: 40 , 000  people/day 

poor 2: 20 , 000  people/day 

verx: Eoor < 20 , 00 0  people/day 

12 . Ease of production increase . Ratings were allotted as follows : 

very good Plant capacity can easily be increased or other factory 
facilities can be used . 

good Some modification to equipment or some new equipment would 
be necessary .  

average Maj or new equipment require d .  
poor Probably requires a new factory to be built . 

very Eoor Several new factories throughout the country would be required. 

Baked goods . Equipment for increas ing the throughput of bakeries given 
unrestrlcted raw material would require maj or capital expenditure which for the 
large number of neighbourhood bakeries was out of the question . These bakeries 
provided the bulk of the manufacture of bread and bread rolls , buns . Howeve r ,  
new neighbourhood bakeries could b e  easily set up , i f  subsidized.  There 
was a greater possibility of large urban bakeries increas ing their throughput , 
particularly biscuit makers , by purchase of  continuous ovens , larger mixers , 
moulders , cutters , etc . Ratings were poor for bread and bread rolls , poor 
to average for biscuits and very poor to poor for dried bread . 

Meat products . ( not canned )  The increase in production of these products 
was probably limited by raw material supply rather than equipment . However 
larger capacity mincers , extruders , smokehouses and drying cabinets could 
probably be obtaine d  with moderate expense by the large meat processing plant 
centred in Manila . Rated good for intermediate-moisture products , good to  
average for dried products and fermented products .  

Canned meat products .  Here the possib ility for using other canning facilities 

was important . In 1 9 70 fruit canneries packed 2 1 1  x 106kg product , vegetable 

canneries 6 x 106kg compared with meat packers with 4 . 5 x 106kg product . Thus 
provided the product could be produced in large enough quantity using e xisting 
meat processing facilities there was significant opportunity for increasing 
output utilizing other canning facilities . This could be important in any 
interim period when new plant might be constructed . Rated very good to good . 

Noodle products . The maj or limitation here was extrusion and dehydration 
equipment . These could be manufactured in the country easily although costs 



could be signifi cant for the several small factories scattered across the 
country . Subsidies would be require d .  There was little possibility o f  
using other factories since dehydration and noodle extrusion equipment 
was not widely used . Again more of these typically small units could be 
built in several areas to increase production and distribution of these 
products . Canned products which did not require full drying cycle , would 
rate higher on this factor , s ince extensive canning facilities were available 
for i ncreasing output . Canned products were rated good and dried products 
were rated average . 

1 3 .  Processing effect on nutrient retention . This factor measured the 
poss ible destruction of nutrients , particularly vitamins and amino-acids , 
in the formulation and proces s ing of these products . Only qualitative 
estimations were made at this stage since the unconventional materials mix 
did not allow any direct deductions to be made from the literature . 

It was assumed then for this evaluation that the destruction of 
nutrients in processing varied with the degree of heat treatment ( essentially 
the only process concerned here ) .  Thus products having little or no heat 
treatment should have maximum nutrient retention - moisture controlled meat 
loaf and sausage . The destruction of nutrients was assumed to increase 
in the order drying ( cabinet type ) ,  baking (higher temperature ) and canning . 
Fermentation and pickling were expected to have some effect on nutritional 
value but less  than any heat process .  
Ratings were : 

very good Processes with little or no heat treatment - moisture 
controlled meat loaf and sausage . 

good Processes where heat treatment was not severe but other 
processes could affect nutrient availab ility - pickled and fermented foods . 

average Dehydration processes with moderate heat treatment with 
expected effects on amino-acid availability and heat labile vitamins .  
poor Processes with severe heat treatment and maj or effects on 
amino-acids , particularly lysine and heat-labile vitamins . 
very poor The conventional canning process - with long heating 

'i • 

cycles with severe effects on vitamins . The effect would be greater for solid-
pack products . . . · . ,  (meat loaves ) than sauce-type products (noodles , 
s ausages ) .  

14 . Portion control . It was envis aged that the desired nutritional product 
would be ava�lable in a s i ze which contained the daily requirement s  of 
nutrients . This could be a single unit to be eaten during the day or it 
could be divided into smaller units with a certain number of un its to be 
eaten during the day to fulfill needs . For evaluation , portions  meeting the 
former description were much more desirable for control of intake , ease of 
purchase , distribution and assessment of nutrient improvement if any survey 
was t o  be attempted . The latter type of portion would be less manageable 
as i t  required the consumer to eat several portions which he could possibly 
distribute among his family to the detriment of nutritional aims ; it required 
the consumer to buy the requisite number of units deemed necessary for his 
nutrition and ; it allowed little control of the number of units being 
purchased per head which could be important for any nutritional improvement 
asses sment . 
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The products were assessed for this factor according to their portion 
control manageability which was influenced by the volume and weight of the 
different products . ( See Table A11 . 4 ) 

The total weight of raw materials is 1140g with 60% moisture . 

Bread . In a bread moisture basis of 2 3% ,  the required intake would be 
about 590g .  It was estimated that 8 slices  could be taken daily resulting 
in bread slices of weight of 160g .  The 590g would be a very unacceptable 
portion s ize for this type of product . Also the portion control would be 
difficult as the product would be sold as a loaf and control of the number 
of slice s eaten per head impossible . Rated poor . 

Bread rolls , buns . The equivalent weight was 610g ( 25%  moisture ) and 
represented buns of 1 00g units ( assuming 6 per day ) .  This was als o rather 
large ( o ver three times present product s i ze )  but could be more acceptable than 
bread especially i f  flavour varieties for instance were incorporated . 
However control would be j ust as diffi cult since the product would have to 
be bought by the unit in port ions of six for each person . Rated p oor . 

Biscuits The equivalent wei ght of product each day was 470g ( 3% moisture ) 
representing 1lb or around 40 normal bis cuit units per day . This numb er 
could b e  less with larger bis cuits but would still be greater than bread 
slices . Assuming a possible intake of 10 units per day , the se would have 
to wei gh nearly 5 0g each which would be quite inacceptable . The control 
was even worse than for bread slices . Rated very poor . 

Sausage s .  These would be divided into s ingle units by virtue of product name . 
(i) Dried - equivalent weight 475g ( 4% moisture ) and assuming p os s ib le intake 
of 6 un its per day . Units would be about BOg  e ach . This was s imilar to 
local p roduct . The control would be difficult since several units require 
to be e aten daily . Probably less difficult than for baked goods . Rated 
very good. 

( i i )  Fermented , moisture-controlled - e quivalent weight 610g ( 2 5 %  moisture ) 
which implied bigger units than in ( i )  of 1 00g each . These are less desirable 
than d ried sausages for portion control .  Rated average . 

( iii ) Canned s ausages - equivalent weight of 1100g ( 60% pack moisture ) would 
require two 16oz cans to be consumed daily . From the control aspect this 
was the most manageable unit so far but the si ze of the units would affect 
this practically . Rated good . 

Meat loaves . These products would not be in simple units and could be similar 
to the bread loaf portion control in that division of the product would be 
diffi cult to control . 

( i )  Dried slices implied an equivalent weight of 475g ( 4% moist ure ) whi ch in 
six s lices would have the same as sessment as dried sausage but would probab ly 
have the advantage of less bulk . Rated very good . 

( i i )  Fermented , pickled and moisture controlled products would have equivalent 
weight similar t o  the sausage products . A s olid block of s ausage of 6 10g 
suggested an easier product than 1200g for meat loaf products for distribut ion 
and portion control .  Division among more than one person would be expected 
with this mass of product however . S lightly less desirable than s ausage 
products . Rated average . 
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( i i )  C anned meat products with equivalent weight of over 1200g ( 62 %  pack 
moisture ) would be higher in ass essment to the s imilar s aus age product as 
bulk could be les s .  Rated good . 

Noodle products . 

( i )  D ried products represented weights of 520g per day . Assuming a 600% 
increase on cooking made the control of intake at the leve l  of over 3kg of 
noodles the least practicable of the products listed . Rated very p oor . 

( i i )  Canned products with equivalent moisture t o  canned spaghetti in tomato 
sauce of 83% required an intake of 2600g per day . This would require approx­
imately 5 cans , whi ch was extremely impractical . Rated very poor . 

Products were scaled on continuum for this factor on their practicability 
for portion control .  

very good 

average 

very poor 

dried meat loaf slices 
dried s ausage 

canned meat loaf 
canned sausage 

mois ture controlled s aus age , fermented sausage 
moisture controlled meat loaf 
pickle d ,  fermented meat loaf ( some probability of 
good as may be canned )  

bread rolls , buns , bre ad ,  intermediate-moisture bread 
dried bread 

biscuits 
dried noodles 
canned noodles 

The as s ignment of these ratings for all the factors and for e ach 
product is shown in Table A . 1 1 . 5 .  
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APPENDIX 1 2 : The evaluation of hydrocolloids for bindin g .  

Several non-nutri tional thickeners and binders were evaluated . 
In formation on their propert ies o f  gelatioo ,thi ckening , heat effect on 
vis cos ity , pH stabi lity and cost were colle cte d  for each compound . A 
knockout s creening system was used where compounds not meet ing any of the 
selection criteria were eliminated ( Table A . 1 2 . 1 ) .  Remain ing materials 
were s cored out of five for e ach factor . 

Concentrat ion . Most compounds required low concentrat ions of around 
1% for s ignificant thickening ( based on water only ) , but some required 
lower concentrat ions - agar ( 0 . 5% ) ,  carageenin ( 0 . 2 - 0 . 5% ) ,  xanthan ( 0 . 2 5% ) .  
Gum arabic required very high concentrat ion , 5 0 % , - so this compound was 
eliminated at this stage . 

. . . ++ . Requlrement for presence of other substrates . PectlnS requlred ea lOns 
or sugar ; carageenins , Kf or CaTT ions for best effect ; alginates usually 
required ca+T ions . Pectins and carageenins were e liminated here but 
alginates were retained as they were usually manufactured in a compounded 
form with a source of calcium and a seq�e�ng agent . 

Heat effe ct . Any thi ckener had to be able to withstand canning condit ions 
and also further cooking procedures such as fry ing , boi ling , which may be 
employed , prior to eat ing . Most of the compounds had decreas ing vis cosity 
with increase in temperature , but in some cases ·this was revers ible . 
In this latter category were agar , alginates ( usually some degradation )  
carboxymethylcellulose . Other compounds were stable to heat process ing 
viz . locus t bean gum , guar gum , xanthan gum ,  avi ce l , gum tragacanth . In 
all cases prolonged heating cause d  s ome degradation but a normal heat 
processing cycle would not be expected to have this effe ct . Oh\y gum 
karaya was e liminated here . 

pH stab ility range of remaining compounds was sufficiently wide to 
cover this product whi ch had a pH value of around 6 .  

The remaining criterion o f  cost indicated that locust bean gum , 
guar gum , gum tragacanth were the cheapest compounds . However their 
supply was l imi ted . Next came carboxymethylcellulose ( CMC ) wh ich . was 
readi ly avai lable . Higher levels were required of CMC for thicker""& , 
so the cost would be further increased relative to the others . The 
cheaper alginates with lower requirements than CMC , would be cheaper 
per unit , .but aaa r  with its lower requirement its cost /unit could 
be s imi lar to alginates . Unfortunate ly cost informat ion was not available 
for xanthan gum which appeared the most suitable materia l. It was not 
available . Of those remaining thickeners , several had had app licat ions 
in meat- l oaf type products and canned products - locust bean gum ( LBG ) ,  
guar gum , agar , alginate , CMC . These then were s e lected for investigat ion 
of their use in improving the texture of the nutritional mixture . Gum 
tragacanth was not investigated s ince it had s imilar propert ies to LBG 
and guar gum and was more expensive . 
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Table A . 12 , 1 ,  Table :for hydrocolloid screening . 

Concentration Requirement Heat effect pH 
required for other on stability Cost Total 

substrate viscos ity 

gum arabic 0 
g'l.lm karaya 2 3 0 
locust bean 

gum 3 3 5 2 5 1 8  

guar gum 3 3 4 2 5 1 7  

gum traga- 3' 3 5 2 4 17  canth 

pectin 3 0 
low-methoxy 3 0 pectin 

agar 4 3 4 2 1 14 

carageenin 5 0 

alginate 3 2 3 2 3 1 3  

xanthan gum 5 3 5 2 

carboxymethyl 2 2 4 2 3 . 5 1 3 . 5 cellulose 

methyl- 2 3 4 2 cellulose 
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APPENDIX 1 3 . Anal�sis of exEeriments 

1 • Process  variation experiments 

E!Eeriment A 

Water added ryfo 
Heat rr• steamed ( 1 ) 
proces s  

G eld f'ill c 

Chop time 

6 min 

1 0'fo  
a 

ac 

5% 

b 

be  

8 m in 

1 0'fo  
ab 

a be  

Rankings Respondents Rank total 
( 1 ) 8 1 1 4 2 1 6  
a 4 8 5 6 1 24 
b 7 3 4 2 3 1 9  

ab 1 2 8 5 8 24 
c 2 7 2 3 7 21 

ac 5 6 6 8 5 30 
be  3 5 3 1 4 1 6  

a be 6 4 7 7 6 30 

C onverting to Fisher scores ,  af'ter Larmond ( 1 38 )  

( 1 ) -1 .42 1 .42 1 .42 0 . 1 5 0 . 85 
a 0 . 1 5 -1 .42 -0 . 1 5 -0 .47 1 .42 
b -0 . 85 0 .47 0 . 1 5 0 . 85 0 .47 

ab 1 .42 0 . 85 -1 .42 -0 . 1 5 -1 .1�. 
c 0 . 85 -0 . 85 0 . 85 0 .47 -0 . 85 

ac -0 . 1 5  -0 .47 -0 .47 -1 .42 -0 . 1 5 
be  0 .47 -0 . 1 5 0 .47 1 .42 0 . 1 5 

abc -0 .47 0 . 1 5 -0 . 85 -0 . 85 -0 .47 

Ane.lysis of' variance 

of' f'reedom 

Total Rank 
score order 
2 .42 A 

-0 .47 E 
1 . 09 c 

-0 .72 F 
0 .47 D 

-2 . 66 H 
2 . 36 B 

-2 .49 G 

F sum of' squares degrees mean square 
samples 26 . 85 7 3 . 836 41 . 3  ... 

error 2 . 97 32 0 . 0929 

total 29 .82 
%X signif'icant dif'f'erence 

at 1% level 
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Minimum signi�icant ranges 2 3 4- 5 6 7 8 

( �rom Larmond ) �or 32 
5% degrees o� �reedom at 

lP.vel 2 . 89 3 .04- 3 . 1 2 3 . 20 3 . 25 3 . 29 3 . 32 

Multiply by standard 
error R 0 .394- 0 .4-1 4- 0 .4-25 0 .436 0 .4-4-3 0 .4-4-8 0 .4-53 

p 
The range between samples A and H is 0 .4-8 + 0 . 53 = 1 .01 , which 

greater than the minimum signi�icant range Rg o� 0 .4-53 . A is then 

signi�icantly· di��erent �rom H .  

C ontinuing �or  the other ranges between samples : 

A - G = 0 .4-8 + 0 . 50 = 0 .98 '> R7 
A - F = 0 .4-8 + 0 . 1 4  = 0 .62 > R6 
A - E = 0 .4-8 + 0 . 09 = 0 . 57 � R5 
A - D = 0 .4-8 - 0 . 09 = 0 .39 < R4-

is · 

A ,B ,C ,D were signi�icantly di��erent �rom E , F , G and H at 5% level 

i . e .  The samples with lower water addition were pre�erred, regardless  
o�  chopping time or processing conditions . The be st rank totals ( 1 6 )  

were given �or A and B ,  which co�irms this deduction. 

Yates analysis  on  Fisher scores· 

Divide Square 
(4-) by 4- 0� (4-) . 4-0 .. 

( 1 ) ( 2 )  ( 3 )  (4-) ( 5 )  ( 6 )  

( 1 )  2 .4-2 1 . 95 2 . 32 0 0 0 
a -0 .4-7 0 . 37 -2 .32 -1 2 . 68 -3 . 1 5  4- .020 
b 1 . 09 -2 . 1 9 -4-.70 0 .4-8 0 . 1 2 0 .0058 

ab -0 .72 -0 . 1 3  -7 .98 -0 . 64 -0 . 1 6 0 . 01 0  
c 0 .4-7 -2 .89 -1 . 58 -4 . 64 -1 . 1 6 0 . 538 

ac -2 . 66 -1 . 81 2 � 06 -3 . 28 -0. 82 0 . 269 
be 2 .36 -3 . 1 3  1 . 08 3 . 64- 0 .91 o . )$j' 

a be -2 .4-9 -4.85 -1 . 72 -2 .80 -0 .70 0 . 1 96 

sum o� squares ·- - - - - -degrees 0� mean F 
�reedom square 

Total 1 38 . 1 2 39 

Between treatments 5 . 1 01 7 0 .728 0 . 1 75 

Within treatments 1 33 . 02 32 4 . 1 57 

F is  not s ign�icant 



No significant treatments from results ,  though the maj or effect was 
be ( column ( . �) ) i . e .  increasing choptime to 8min and cold fill proce s s �  
This effect was reduced slightly if presteamed process used (b ) . 

Effect of watPr addition. Increase to 1 Cf'/o 
presteamed at 6min cl)op ( a) drop over ( 1 ) 

at 8min chop ( ab) drop over ( 1 )  

cold fill at 6min chop (ac) up over ( c ) 
at 8min chop ( abc) up over ( c )  

Water at 1 Q%  had deleterious effect in presteamed proce s s ,  but 
cold fill process  some improvement was seen with added water. 

Effect of chon time . Change to 8min 

presteamed at 5% water (b )  
at 1 0,%  water ( ab )  

cold fill at  3.% water (be)  
at 1 0,%  water (abc) 

up over ( 1 )  
down over ( 1 ) 
up over ( c ) 
up over ( c ) 

up over ( 1 )  

in 

Interaction between choptime and water increase only at low moisture 
improveffient with both heat processes . 

Effect of Eroces s .  Change to cold fill 
6min chop at 3.% water ( c ) down over ( 1 ) 

at 1 Q%  water ( ac ) down over ( 1 )  
8min chop at 3.% water (be )  up over (b )  

at 1 0,%  water ( abc)  down over (b )  

Mainly decrease in liking with change to cold fill , except for 
interaction of choptime and low water continuing to give improvement 
for be .  Effect was greate st for c ,  decreasing for ac , abc ,  but only 
with desirable low water, high choptime (be )  was improved effect 
obtained . 

It Beemed. desirable then to consider increased chop time provided 
moisture kept low at 3,%, either heat proce s s  giving improved effect. 
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Experiment B 

Chop time 
8 min 1 0  min 

Water added 5% 1 ofo 5% 1 <::% 
Heat �re steamed ( 1 ) a b ab 
process 

C old fill c be a be 

Rankings Respondents Rank total 
( 1 ) 7 5 3 5 6 26 
a 3 6 7 7 7 30 
b 4- 1 8 2 5 20 

ab 5 7 4- 8 3 27 
c 8 4- 1 3 2 1 8 

ac 2 8 5 4- 1 20 
be 1 3 6 1 8 1 9  

a be 6 2 2 6 4- 20 

Converting to Fisher scores Total Rank 
score order 

( 1 ) -0 .85 -0 . 1 5  0 .4-7 -0 . 1 5 -0.4-7 -1 . 1 5 F 
a 0.4-7 -0 . 1 7  -0 . 85 -0 .85 -0 . 85 -2 . 55 H 
b 0. 1 5 1 .4-2 -1 .4-2 0 . 85 -0 . 1 5 0 . 85 E 

ab -0 . 1 5  -0 . 85 0 . 1 5 -1 .4-2 -0 .4-7 -1 . 80 G 
c -1 .4-2 0 . 1 5 1 .4-2 0 .4-7 0 . 85 1 .4-7 A 

ac 0 .85 -1 .4-2 -0 . 1 5 0 . 1 5 1 .4-2 0 . 85 D 
be 1 .4-2 0 .4-7 -0 .4-7 1 .4-2 -1 .4-2 1 .4-2 B 
a be -0 .4-7 0 . 85 0 . 85 -0 .4-7 0 . 1 5 0 . 91 c· 

From similar analysis of variance on the Fisher score s ,  as  for 
Experiment A, there was found to be s ignificant difference between 
samples at 1%  confidence level,  but using Duncan' s  Multiple Range 
Test, no sample was different from any other.  
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Yate s analysis on Fisher score s .  
Divide Square of 

. ( 1 ) ( 2 )  ( 3 )  (4 ) by 4 entry in (4) 
( 5)  ! 40 ( 6 )  

( 1 ) -1 . 1 5  -3 .70 -4- . 65 o . oo o . oo 
a -2 . 55 -0 .95 4 . 65 -5 . 1 8 -1 . 295 0 . 6708 
b 0 . 85 2 . 32 -4 . 05 2 . 76 0 . 69 0 . 1 904 

ab -1 . 80 2 . 33 -1 . 1 3  -1 . 14 -0 . 285 0 . 3249 
c 1 .47 -1 .40 2 .75 9 . 30 2 . 325 2 . 1 373 

ac 0 . 85 -2 . 65 0 . 01 -2 .92 0 .73 0 . 21 32 
be  1 .42 -0 . 62 -1 . 25 -2 .74 -e-. 685 0 . 1 877 
a be 0 . 91 -0 . 51 0 . 1 1 -1 .36 0 . 34 5 . 5739 

Total 
sum of squares 

1 32 . 5377 
5 . 5739 

1 26 . 9638 

degrees of freedom mean square F 
39 

Between treatments 
Within treatments 

F is not significant 

7 
32 

0 .7963 
3 . 97 

Although not significant greatest effect was c i . e .  cold fill proce s s  
a t  5% water and 8 min chop time . This  effect was reduced by e ither 
increasing water to 1 Q%  ( ac )  and increasing chop time to 1 0  min ( abc ) .  
The effect of moving to 1 0  min chop time was improvement but, in 
combination with 1 Q% vmter addition or c old fill proces s  this 
improvement was reduced . 

Effect of water addition increasing to 1 Q%  
presteamed at 8min chop 

at1 0min chop 
( a ) 

( ab )  
cold fill a t  8min chop ( ac )  

at1 0min chop ( abc)  

drop 
drop 
drop 
drop 

i . e .  increasing water reduc.es liking 

Effect of choE time increasing to 1 Omin 
presteamed at :1% water ( b )  up 

at 1 Q%  water (ab )  drop 
cold fill at 5% water (be � drop 

at 1 c% water( abe drop 

over 
over 
over 
over 

over 
over 
over 
over 

�n 
( c ) 
( c) 

( 1 ) 
( 1 ) 

� � � 
So increasing chop time to 1 0  min, mainly no inprovement . 
Effect of Erocess  changing to  cold fill 

8min chop time at :1% water ( c )  UJ: 
at 1 c% water( ac ) up 

1 0min chop time at 5% water( be � down 
at 1 Q% water(abc down 

over ( 1 ) 
over ( 1 ) 
over �� � over 

Chop time important for proce ss  effect,  reverse effect at 8min and 1 Omin 

t I 

0 . 02 
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2 .  Asses sment of' f'in�l product by Asian taste panel 

Seasonings per 1 000g mix 

Sample code no . 1 75 .  

tomato paste 72g 
salt 8 
sugar 1 6  
garlic 8 
mace salt 1 • 2 
ginger 1 • 2 

Total f'lavouring 1 06 .4 

Preparation Steamed 

Patty 1 0  min 

Rankings 

Rank total 

2 
3 
3 
3 
4 
4 

902 

72g 
8 

1 6  
8 
1 • 2 
1 . 2  

1 06 .4 

Fried 

2 min 
each 
side 
1 76C 

1 
1 
1 
1 
2 
2 

563 746 

72g 72g 
6 6 

1 2  1 2  
6 6 
1 . 2  1 • 2 
0 . 9  0 . 9  

98 . 1  98 . 1  

Steamed 

1 0  min 

3 
4 
4 
4 
3 
3 

Fried 

2 min 
each 
side 
1 76C 

4 
2 
2 
2 
1 
1 

1 2  a signif'icantly 
dif'f'erent at 
ryfo level 

Converting to Fisher scores, and with analysis of' variance in the 
same way as bef'ore , gave signif'icant dif'f'erence between samples 
at 1% conf'idence level . 
Further analysis (Duncan� Multiple Range �est )  indicated 902 and 746 
were signif'icantly pref'erred . 



A 
APPENDI X 14 : Availability calculations . 

Table A . 14 . 1 shows the data and the steps in the calculation of 
the total daily per capita availability of the maj or agricultural and fishery 
species of the Philippines in 1970 . 
The columns in this table are des cribed as follows : -

1 .  Edible portion as a percentage of the total weight . I t  allows 
correction of harvested weight of produce to that considered edible and 
supplying nutrients . EP was taken from food compos ition tables .  

2 .  Production amount in kilograms was obtained for each material from 
Philippines or FAO statistics in most cases . However , the production of 
several materials e . g . animal offals , individual banana species were cal­
cula�ed from other production data since their direct production statistics 
were not recorded . These calculations are described fully below . 

3 .  Export amount in kilograms was obtained for only a few materials from 
Philippine and FAO recorded statistics . The maj or crops of the Philippines -
coconuts , bananas , sugar , pineapples and rice-are the maj or exports . Since 
they had already been exported in 1970 these amounts could not be considered 
as available to the population for food . The effect of these exports on 
the availability of nutrients was investigated. 

4. Related data indicates assumptions employed in the calculations of 
availability of some of the raw materials . 

5 .  Available amount lists the result of subtracting exports from production . 

6 .  Food content corrects the previous column figure for the edible amount 
in the total availability i . e .  EP x available amount .  

7 .  Availability/head/day indicates the food content divided by the population 
figure and converted to 100g units per day to be compatible with the units 
employed in the computer mode l .  

Assumptions used in estimating production and export data ( Table A . 14 . 2 )  

A .  Product ion data 

1 .  Animal products 

Product ion statistics were not available for meat and animal offal for 
1970 .  However data on the number of  different meat animals held on farms for 
several years up to 1970 , the number of each animal species s laughtered and 
total dressed weight of yearly kill up till 1968  for all species and to 1969  
for several species, was available . The number of animals slaughtered in 1970  
was calculated using the 1970 animal census figure and the most recent percent 
kill data . The average dressed weight of carcass of each animal was taken as 
the most recent from the recorded data and the total product ion of carcass 
meat of different species estimated . Table A . 14 . 3 records this data . 
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alba core 
anchovy 
atis (fruit) 
avocado 
banana (bungulan) 
banana (gloria) 
barracuda 
beef 
big-eyed scad (fish) 
blood (beef) 
blood (pig) 
bonito 
brain (beef) 
brain (buffalo) 
brain (lamb) 
blue-spotted ray (fish) 
buffalo 
cabbage 
caesio (fish) 
cashew (fruit) 
cassava 
catfish 
cavalla (fish) 
gizzard (chicken) 
chicken (young) 
chickpea 
chico (fruit) 
liver (chicken) 
coconut, mature 
coconut, young 
cotton seed 
cowpea 
crab 
crevalle (fish) 
croaker (fish) 
dapa (fsih) 
duck 
eggs (duck) 
eggplant 
eggs (hen) 
seaweed (garnet) 
garlic 
ginger 
glassfish 
groundnut 
goatmeat 
goatfish 
goby (fish) 
goosemeat 
grapefru it 
grouper (fish) 
grunt (fish) 
hairtail 
hardtai l  (fish) 
heart (beef) 
heart (buffalo) 
heart (goat) 
heart (lamb) 
heart (pig) 
herring 
horsemeat 
jackfruit 
kaimito (fruit) 

Edible 
portion 

% 

77 
7 5  
;;J 
7 0  
b1 
bl 
fo 

/00 
so 

l OO 
l o o  
(, 3  

l o o 
I O 0 
/ 0 0  
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+q 
�0 7b 
� 5"  :n l OO 
" '  
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'i 4-
l o o  
(� 
/ 4  
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S'Co 44 
&. o  

l O O  '17 ,, 
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\ 0 0  
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74 
tS 5"1 
7� 
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39 

l o o  
4� 4-q 
3S' )� 
�0 

t o o 
l o o  
l O O 
I o O  l oO 

ll o  
l t> O  

34 
B 
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amount kg 
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1 9 6 0 0 000 £ 2) 
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Exports and 
related data 

kg 
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kidney (beef) 1 0 0  
kidney (buffalo I l O O  
kidney (goat) I 0 0  
kidney (lamb) l o o  
kidney (pig) 1 11 0 
lanzones (fru it) G.! 
intestine, large (beef) l Oo 
intestine, large (buffalo) l o o 
intestine, large (goat) l c.o 
intestine, large (pig) I o o 
leather·iacket (fish) 4� 
banana (lakatan) lo� 
banana (latundan) 7� 
lemon 3 1  
lime 
liver (beef) I o o 
liver (buffalo) I o o 
liver (goat) I 0 0  
liver (lamb) / D O  
liver (pig) I O o  
l izardfish 4 5'  
lungs (goat) ! 0 0 
lungs (lamb) l O O  
lungs (pig) I 0 t> 
lungs (beef) I o o  
lungs (buffalo) I D  0 
mango 1 2.  
marbled stingray (fish) 3b 
milk (buffalo) l o o  
milk (cow) l oo 
milkfish b! 
milk (goat) I o o 
moonfish 41 
mullet +9 
mungbean, green l o O  
mungbean, red l o o  
nemipterid (fish) 4-$ 
onion 92 
orange 12. 
papaya "1. 
cabbage, chinese (petsay) 112. 
pigeonpea l o o  
pili nut l lo  
pineapple �'B 
pomfret 4� 
pompano (fish) 4-'i 
porgy (fish) 4 5  
pork t o o  
potatoes J S'  
pummelo (fru it) �le 
radish I, 'A 
rice, polished l OO 
rice, brown l o o 

rice, glutinous l o o  
kidney bean, red l oO 
round scad (fish) 4 1  
runnerfish 44 
banana (saba) �7 
sardine 6 2  
short·bodied mackerel G.2 
seaweed l oo 
shark � I  
sheepmeat 7fo 
shrimp G.3 
siganid (fish) 44 
slipmouth (fish) �� 
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intestine, small (beef) l o o 

intestine, small (buffalo) l O O 
intestine, small (goat) I I D  0 

intestine, small (pig) l O O  
shrimp, small I o 0 
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snapper 44-
soursop 7o 
soy bean l o o  
spadefish .4.5' 
sweet potato leaves 53 
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Table A . 14 . 2 .  Raw materials for which availability was calculated from 

production of related materials 

Raw material group No . of raw material items 

Beef and beef offal 

Buffalo and buffalo offal 

Pork and pig offal 

GPatmeat and goat offal 

Chicken and chicken offal 

Turkey and turkey offal 

Goosemeat 

Duckmeat 

Sugarcane j uice 

Sweet potato leaves 

Goatsmilk 

Banana species 

Ri ce species 

Corn species 

Sweet potato species 

Coconut species 

Mung bean species 
Dried bean species 

Rayfish species 
Mackerel species 

Seaweed species 

a 

a 

a 

a 

a 

a 

a 

a 

b 

b 

b 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

a .  Availability calculated from estimation of 
i terns in' the carcass weight of animal species . 
estimated from animal live weight statisti cs . 

b .  Availability derived from related data . 

1 2  

1 0  

1 1  

8 

3 

3 

1 

1 49  

1 

1 

1 

5 

3 

2 

2 

2 

2 

3 

2 

2 

3 

2 25  

proportions of individual 
The carcass weight was 

c .  Assumptions were made to apportion the group total production data 
(which was available ) among the individual species , in the absence · of 
recorded data .  See later for detai ls . 
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Table A . 14 . 3 .  Meat production estimations 

percent a b Average c Total carcass 
slaughtered 1970  census Total Kill dressed ( kg )  meat production 

wt/animal kg . 

beef 8 . 5 1 , 678 , 7 00 142 , 700 156 22 , 26 1 , 200 

buffalo 0 . 5  4 , 431 , 500 2 2 , 2 00 178  3 , 9 51 , 600  

pork 73 . 0  6 , 4 5 5 , 600 4 , 7 1 2 , 600 48 226 , 204 , 800  

sheep insignificant insignificant 
goat 2 9 . 5  771 , 600 2 27 , 600 12 . 4  2 , 8 22 , 200  

horse ins ignificant 294 , 5 00 

chicken 36 . 0  5 6 , 99 8 , 800 2 2 , 799 , 500 1 . 1  2 5 , 07 9 , 500  

turkey 5 . 0  141 , 300 7 , 100 4 . 5 d3 1 , 95 0  

goose 7 . 5  1 3 3 , 100 10 , 000 0 . 96 d 9 , 600  

duck 35 . 5  2 , 1 32 , 100 756 , 900 0 . 91  d688 , 8 00 

a .  Calculated from s laughter and census statistics 1 968 , 1969-to nearest 0 . 5% .  
b .  Bureau o f  Agricultural Economics , Manila . Private Communication . 
c .  

d .  

Calculated from slaughter and total kill weight statistics , 1 968 , 1969 , 
Bureau of Census and Statistics , Manila . 

Insignificant production - less than the significance unit - 1 , 336 , 000�8 · 

With adj ustment to take account of the wastage and bones from the 

carcass weight , the amounts of the different meats available were obtained . 

Data was then collected on representative weights of offal materials as 

percentages of carcass weight for the various animal species 

Table A . 14 . 4  shows the factors used for meat product proportion of animal 
carcass at significant availability levels . 
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Table A . 14 . 4 .  Percentage of carcass weight and total est imated availability 

for different animal offal species 

a b c d e Beef Buffalo Pig Goat Chicken 

estimated ( metric tons ) 
carcass 

availability 22.,261 .2 3 , 951 . 6 226 , 204 . 8  2 , 822.2 2 5 , 07 9 . 5  

blood f ( 4 . 5 )  2 , 003 . 5 h (4 , 5 )g1 2 , 7 24 . 0  

brain ( 0 . 2 )  44 . 5h h 

heart ( 0 . 6 ) 133 . 6h h ( 0 . 3 )  678 . 0h h 

kidney ( 0 . 4 ) 8 9 . 0h h ( 0 . 3 )  678 . 6h h 

large ( 0 . 9 )  200 . 4h h ( 1 . 1 )  2 , 4 88 . 3 h intestine 

liver ( 2 . 0 )  445 . 2h h ( 2 . 2 )  4 , 97 6 . 5 h ( 2 . 0 ) 501 . 6h 

lungs ( 1 .  0 )  222 . 6h h < 1 .  o) 2 , 262 . 0  h 

small ( 1 .  7 )  378 . 4h h ( 1 .  7 )  3 , 845 . 5  h intestine 

spleen ( 0 . 2 )  44 . 5h h ( 0 . 1 )  22 6 . 2h h 

stomach ( 2 . 1 )  467 . 5h h ( 0 . 7 )  1 , 5 83 . 4  h 

tongue ( 0 . 4 )  8 9 . 0h h ( 0 . 2 )  452 . 4h 

gizzard ( 1 .  7 )426 . 4h 

a .  Average percentages from experimental data (or 1 0  N . Z .  steers . Private 
Communication M . D .  Earle 1972 . 

b .  Assume same percentages as beef since no buffalo data available . 
Since all beef values insignificant then buffalo values insignificant . 

c .  Percentages calculated from New Zealand data of oldest pig ( 28w ) in 
McMeekan , C . P .  Journal of Agricultural Science ( 1940 ) �' 276 . 

d .  No goat data available but assuming proportions of same order as for pig • 
all offal would have insignificant production . 

e .  Percentages calculated as lowest figure for chickens described in 
G . J .  Mountney , "Poultry Products Technology" , AVI , Westport , Conn , 1966 ,p65 . 

f .  Percent live weight , live weight = 2 x carcass wt . ( FAO ) .  
g .  

h .  
Percent live weight = 125% carcass wt . ( McMeekan 1940 ) .  

Insignificant production < 1 , 336 , 000� ( see text ) 

material not included in raw material list . 
From these calculations, it was seen that only five offal products , 

of the total list of 49 animal products f��� pig , blood of pig and beef , beef , 
buffalo meat , pork , goat meat and chicken, had large enough production levels 
to be significant for the problem . . 



2 .  Banana varieties 
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In the original list of materials two banana varieties , bungulan 
and gloria ,were selected to represent the extremes of nutrient compos ition 
variat ion found in the food composition tables . Information from nutrition 
surveys in the Philippines which became available at a later stage indicated 
that these varieties were not the most widely eaten of the various banana 
species grown . The three maj or varieties were saba , latundan , and lakatan . 
Composit ional and cost data were obtained for these materials and put into 
the model .  No data were however available on the production amounts of 
each banana species . It  was assumed then that after exports had been 
considered , the amounts of each banana species available to the population 
were in the same proportions as seen for the average daily intake of each 
banana species in the nutrition survey reports . ( 1 13 , 1 1 5 , 116 , 1 17 , 118 ) .  
Table A. 14 . 5  indicates this basis for the estimation of banana species 
availability . 

Table A . 14 . 5 Estimat ion of availability of five banana varieties 

banana Percent total banana intakea 
Survey area variety bun�ulan gloria saba latundan 

Cagayan/Batanes 8 4 49 31  
Metropolitan Manila 9 1 30  41  
Eastern Visayas 1 77 17 
Western Visayas 8 0 . 7  72  21  
Ilocos-Mountain 1 3  4 37 33 

Rounded average % ( RA )  8 2 5 3  2 8  

Estimated available 
amount based on RA b 63, 1 38 ,  4 00 1 5 , 7 84, 600 418,  219. 700  2 2 0 , 984, 300 
of total production 

a .  Calculated from individual survey reports ( 1 13 , 1 15 , 1 1 6 , 1 17 , 1 18 ) 

b .  Total production of 78 , 229 , 7 00kg . 

3 .  Rlc.� vay·,e-t \e �  

lakatan 

8 
1 9  

2 
0 . 7  

1 1  

8 

63 , 138, 4 00 

Data on the production of the three types of rice considered - polished 
rice , unpolished rice or brown rice and glut inous rice was not available .  
Again only a total group figure for rice production and export amount s was 
published.  The same technique as used for estimating the individual product ion 
of banana varieties was used in this case as illustrated in Table A . 14 . 6 .  



Table A . 14 . 6 .  Es t imation of product ion of three rice variet ies 

Survey area 
1 . . k c per cent t ota r1ce 1nta e . b polisheda brown glut 1nous 

Cagayan /Batanes 

Eastern Visayas 

Wes tern Visayas 

Ilocos - Mountain 

Rounded average % ( RA )  

Estimate d  avai labi litye based on 

( g /h/c:L )  

a .  Includes rice cake intake . 

rice 

64 

56 

8 3d 

9 1  

7 3 . 5  

RA . 

2 0 1 . 6  

b .  Include s  glutinous ri ce cake intake . 

rice rice 

3 5  0 . 9 

42 1 . 5 

1 7  0 . 4  

5 3 . 2 

2 5  1 . 5  

7 8 . 4  4 1 . 2  

c .  Calculated on total ri ce product s less noodle , poprice and flour 
intake data from individual surveys . 

d .  Includes enri ched rice . 

e .  Tota l  production is 5 , 2 33 , 4 08 , 4 00kg . 

4 .  Sweet potato varieties 

From food composit ion tables and nutrit ion surveys , two species of 
sweet potato , the ye llow and whi t e  varieties , had been ident i fied , the 
maj or di fference be ing the high vi tamin A content in the ye llow variety 
and the virtual deficit of this nutrient in the whi t e  variety . No 
individual product ion data was avai lable and the system described above 
was applied to estimate the product ion of the two varieties ( Table A . 1 4 . 7 ) .  

Table A . 14 . 7 .  Estimat ion of the production of two sweet potat o varie t i e s  

Survey area 

Cagayan /Batanes 

Metropoli tan Man i la 

I locos- Mountain 

Rounded average % ( RA )  

Est imated production based on 
RA ( kg { 

a .  Includes violet variety . 

P . k b ercent total sweet potato 1nta e 

whi t e  yellow 

8 9  1 1  

2 8  7 2a 

7 2  2 8a 

6 3  37 

27 0, 6 1 5  t 7 0 0  

b .  Calculated from individual nutri t ion surveys . ( 1 1 3 , 1 1 5 , 11 6 ) .  

c .  Total product i on = 7 31 , 3 9 3 , 9 0 0k g . 



5 .  Coconut varieties 

Product ion data for coconuts was given in terms of the number of nuts 
harvested . This was converted to a weight unit by the conversion suggested 
in FAO Trade Yearbook ; 1000 nuts = 1 000kg . Export of coconut was very 
high but data was available only in terms of the processed products copra , 
copra meal , dessicated coconut and coconut oil . Factors were obtained 
from the literature of the yield of copra , coconut oil and dessicated 
coconut from raw coconut . Thus the amount of raw coconuts which were 
processed for export could be estimated as well as the number of raw 
coconuts available for food . Table A . 1 4 . 8 illustrates these  calculations . 

Table A . 14 . 8 . Calculation of coconut availability 

1970  
Conversion factor Production c Original Ma'terial to raw coconut ( % )  level ( kg )  coconut (kg)  

Copra 200a 1 , 65 6 , 17 0 , 500 3 , 31 2 , 34 1 , 000 

Dessicated coconut 2 320b 7 0 , 007 , 000 1 , 62 5 , 162 , 500  

Food nuts 226 , 1 93 , 400 226 , 193 , 400 

Total production 5 , 16 3 , 696 , 900 

Exports 

Copra 200a 447 , 442 , 62 8  894 , 88 5 , 256  

Dessicated coconut 2320b 60 , 241 , 145 1 , 398 , 4 5 5 , 1 52 

Coconut oil and cake 200a 582 , 587 , 63 3  1 , 1 65 , 17 5 , 226  

Food nuts 40 , 000 40 , 000 

Total exported production 3 , 458 , 5 5 5 , 6 34 

Availability therefore 1 , 7 0 5 , 1 41 , 266 

a ,  Taken from R . N .  Shreve , ' Chemical Process Industries ' McGraw Hill , 
2nd . edition , 1956 . 

b .  Estimated from moisture content change . Raw coconut meat has 52%  
moisture and when dessicated around 4% moisture , so  1kg  dessicated 
coconut originates from 1 3kg raw coconut meat . 

Raw coconut meat is 56% of original raw coconut , so 1 kg dessicated 
coconut originates from 2 3 . 2kg raw coconut 

c .  Taken from data supplied by Bureau of Agricultural Economics , Manila , 
1972 . 

Coconuts are harvested at a young stage for foodt and mainly at the 
mature stage , primarily for industrial oil extraction but also to a certain 
extent for food . Availability data was required for both types as there 
were significant differences in their nutrient composition levels . 

The Philippines Food Balance Sheet for 1969  ( FAO ) showed that mature 
and young coconuts occurred in the food supply at similar levels ,  so that 
where food nut production data was given , the availability could be assumed 
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to be halved between young and mature coconuts . It  was assumed that only 
mature nuts were both exported and processed to copra , oil , copra cake and 
dessicated coconut . 

Total production 
including 
and 

5 , 163 , 696 , 900kg 
226 , 19 3 , 400kg 
11 3 , 096 , 700kg 

total nuts 
food nuts i . e .  1 1 3 , 096 , 7 00kg young 
mature nuts . 

All other nuts are processed ( assumed mature ) ,  and in total production 

5 , 05 0 , 600 , 2 00kg 
113 , 096 , 7 00kg 

Product ion less exports availability 
1 , 705 , 141 , 200kg 

assuming only mature nuts  exported : 
1 1 3 , 096 , 700kg 

and 1 , 59 2 , 044 , 50 0kg 

mature nuts 
young nuts . 

total nuts available after export , 
then 
young nuts remain 
mature coconuts remain . 

The amounts shown above were taken to represent the availability of raw 
mature coconut and raw young coconut from total production and after 
discount of exported processed and food nut s .  

6 .  Corn , mung bean , dried bean , ray, mackerel and seaweed varieties 

One total production figure had been obtained for each of these food 
groups , each of whi ch had two or more species to take account of nutrient 
composition variations . In all cases, there was no information on the 
production intake or availability of the individual species . So the 
t otal availability amount was assumed to be divided equally between the 
different varieties in each group . 

7 .  Goat milk product ion 

No published data of production was available for this item. In FAO 
statistics , goat milk production and goat numbers were available for several 
e astern countries . The average yield of milk from each goat was estimated 
for these areas . The least value of milk yield/goat was applied to the 
goat population d�ta in the Philippines in 197 0 ,  to provide an estimate for 
the possible production of goat milk . ( See Table A . 1 4 . 9 ) .  

Table A. 14 . 9 .  Estimation of goat milk production 

Country 197 0 yield of milk ( kg ) /goata 

Afghanistan 
India 

1 6 . 2 
8 . 4  

20 . 4  
9 0 . 9  
4 2 . 6  

Japan 
Korea 
Pakistan 

a .  Calculated from FAO Production Yearbook 1970 data.  

Using the Indian value as  a m1n1mum yield figure , the 1 97 0  Philippines' goat 
population of 771 , 600  would yield 6 , 55 8 , 600kg milk . 

8 .  Sweet potato leaves production 

Sweet 
to meals . 
From data 
of kamote 

potato ( kamote ) leaves in the Philippines are a popular additive 
A production figure could not be obtained for this material . 

supplied by the Philippines Food and Nutrition Center , a bundle 
leaves as sold in markets weighed approximately 1 30g .  It was 
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assumed that a bundle of this size was harvested from one plant yielding 
approximately 5 00g of sweet potato . Thus from the total sweet potato 
production in 1970 of 731 , 39 3 , 900kg it was estimated that 190 , 162 ,400kg 
of sweet potato leaves were available in 1970 . 

9 .  Sugar cane j uice production 

This material was not produced as such in the Philippines , but was 
obtained from extracting raw cane in the home or s imply chewing on cane . 
It is widely consumed throughout the country as cane production is wide­
spread . Sugar cane j uice is the raw material from which refined sugar 
is extracted and its theoretical availability can be estimated from sugar 
produced and sugar cane harvested in the country . The calculations for 
this estimation are des cribed in the following section . 

B .  Export data 

Export data were found only for bananas , coconuts , pineapples ( in 
syrup ) , rice , and sugar . The banana , coconut ( in the shell ) and rice 
data were directly subtracted from the production figures found . 
Calculations were required to estimate the amount of raw material - sugar 
cane in the case of sugar and raw pineapple in the case of pineapple in 
syrup - processed for export to obtain the net availability of each of 
the raw materials from production after export . 

1 .  Sugar cane processed 

From data supplied by the Philippine Bureau of Agricultural Economics , 

Raw sugar produced in 1970 
Raw sugar exported in 1970 

1 , 926 , 61 0 , 900kg 
1 , 22 5 , 340 , 5 00kg 

So raw sugar used domesti cally 701 , 270 ,400kg 

The conversion from sugar cane to raw sugar i s  given approximately by 
Patarau as 100 metric tons of sugar cane yields 1 1 . 2 tons raw sugar , i . e .  
a 12 . 2% yield 

So sugar cane processed for export = 
and total cane processed to sugar = 

10 , 043 , 77 5 , 000kg 
1 5 , 791 , 89 3 , 000kg 

The latter figure corresponds to the FAO Production Yearbook Value of 
16 , 000 x 106kg . The difference would be taken up in sugar cane J U�ce 
used for nat ive wine , sweets , and probably also to conversion factors 
used and rounding . 

Taking the FAO value as the total production availability of sugar cane 
and the Philippine data for product ion , the availability of sugar cane for 
Philippine consumption was estimated This was corrected to sugar cane 
j uice equivalent by the edible portion factor given in the FNRC Food 
Composition Tables ,  1968  of 20% sugar cane weight . 

Total production 16 , 000 x 106kg sugar cane = 3 , 200  x 106 sugar cane j uice 
Production less 

export 
availability 

5 , 956 , 22 5  x 10�sugar cane = 

2 .  Raw pineapple processed 

1 , 1 9 1 , 24 5  x 1 03kg sugar cane 
j ui ce 

Exports of canned pineapple in syrup in 1 970 was 86 , 366 , 04 3kg . From a 
variety of formulations for this product detailed in Campbells Book , the most 
representative formula ( for 12oz cans ) indicated 65%  of the wei ght to be 
pineapple . On this basis , of the 86 , 366 , 04 3kg canned pineapple in syrup 
exported 5 6 , 117 , 900kg would be pineapple . The total production of p ineapple , 
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2 3 3 , 4 30 , 500kg in 1 97 0 , was converted to the edible weight 135 , 389 , 700kg , 
before subtracting the exports to yield the available pineapple amount of 
79 , 27 1 , 800kg . 

Note : ��fev-ences �it<.{, i V\ �s� ea.\c"'"\a-tioii'\.S d v-e �-e:+o..i\-ed. �l�Aj ' "' 

tQ.'o� A 14. 1 . 
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APPENDIX 1 5 : Effect of process calculat ions 

The effect of processing conditions on de struction of spores of 
Cl. botulinum, and on thiamine and as corbic acid levels during sterilization 
of meat-mix product , was calculated as follows . 

The general procedure was given the ( i ) time /temperature condit ions 
within a can and ( i i )  the relationship between the destruction rate constant 
for any reaction and temperature , the relationship between time and 
destruction rate could be  derived . Hence a measure of the degree of  destruction 
was estimated .  

1 .  Cio.6:t:JricU..um botuLinum spo�s 
Assuming first order destruction reaction . 

tn e;c 
0 

• • k = 

= -kt where C is present concentration of spores 
and c0 is initial concentration of spores 

k is the destruction rate constant 
t is the time 

F th 1 d th C/ 1' s taken as 1o -12 or erma e a  C i . e .  12D reduction in spores is 
0 

assumed . 

k = -2 . 30 3/t . -12 = 12 X 2 .  30 3/ t 

The following data were calculated for different temperatures by 
substituting in the above equation graphi cally derived times from the thermal 
death time curve for CL botulinum spores ( 1 42.) · 

Temperature Temperature 

OF oc 

200 99  
220  10'+  
2 30 1 1 0  
2 '+0 1 1 6  
2 5 0  121 

time for 
12D 

des truction 
( min ) 

'+60 
12 5 

36 
10  

2 . 8  

k ( calculated ) 

(min -1 ) 

0 . 060 
0 . 22 1  
0 . 76 8  
2 .  7 6  '+ 
9 . 87 

Thus data of T vs k was available . ( Fi g  6 . 1 1 ) .  k vs t for the two 
sterilization proce sses , was derived from this and the heat-penetration curves . 
( Fi g  6 . 1 1 ) The area under the k vs t curve represented kt and so  -t nC/C for 

0 

the destruction process . 



For the hot fill (presteamed) process kt 

so log cl eo 

= 

= 

5 7 . 8 = 

-57 . 8  
'2:3o3 

= 

-.tn c I Co 

-25 . 1  

i . e .  2 5D reduction in spores 

Since 12D is equivalent t o  F0 of 2 . 8 min . then 25D is equivalent to F0 of 
25 11 2  x 2 . 8  or 5 . 9  min . 

For cold fill process kt = 52  

c -52 or log le = = -22 . 6  
0 2 .  30 3 

i . e .  F0 of 22 2 . 8  5 . 3  min X = 
1 2  

S o  F0 values were very similar for these two processes , the cold fill being 

slightly less severe . 

2 .  Thiamine From data of Feliciotti and Esselen ( 14 8 ) , destruction rate 
constants for several temperatures and different products were availab le .  Taking 
data for that with highest destruction rate constant , beef liver , as representat ive 
of greatest thi amine destruction likely , in these two processes , a curve was 
drawn of k vs T .  Thus the k vs t curve was derived for the two processes 
analogous to that for Cl. b otulinum. ( Fi g .  6 . 11 ) .  

Similarly kt provided a measure of thiamine destruction by e ach proces s .  

Hot fill Erocess kt = 0 .  42 

log cl eo 
-0 . 42 -0 . 1 83 = 2':'303 

= 

There is no standard destruction amount , so the fraction C can be derived Ieo 

i . e .  = 0 . 66 

so  destruction of thiamine was 34% .  

Cold fill Erocess kt = 0 . 38 

log clco 
-0 . 38 -0 . 165  = '2.303 

= 

so c Ieo = 0 . 6 8  

so  destruction of thiamine is 32% . 
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Thus again processes were very s imilar ift �f�t . . 
1this gave 

destruction only at the centre point of can . Integration of destruction 
throughout the can would be required to accurately predict tot al destruction , 
but this method was useful to estimate the re lative degree of destruction 
of nutrients by different processes . 

3 .  Vitamin C An analogous method was used.  Data for vitamin C destruction 
at d1fferent temperatures was not available for canning processes . A paper 
detailing losses of vitamin C in storage at different temperatures , 26° , 37° 
and 450C provided data to represent k vs T (149 ) .  This was extrapolated to 
higher temperatures assuming Arrhenius kinetics . 

Thus k vs t data was made available to evaluate the processes 

Hot fill �rocess 

log 

so 

kt = 

C/Co 

Cl eo 

83 . 3  

-83 . 3  = 
2 . 30 3  

= 6 . 3  X 

i . e .  complete destruction of vitamin C 

Cold fill �recess kt = 87 . 3  

log C /c = - 87 . 3  
0 2 . 30 3  

s o  C /Co 
= 1 . 6  X 

i . e .  complete destruct ion of vitamin C 

= - 35 . 2  

10-37  

= - 37 . 8  

10 - 3 8  

So both proces ses were again equivalent, giving complete destruction 
of vitamin C at the centre of the can and ,  of course , throughout the can . 
The high lability of vitamin c , even at comparatively low temperatures meant 
that in conduction heat processes , extensive destruction of this vitamin was 
inevitable . 



APPENDIX 1 6 :  Evaluation of enrichment product ideas 

1 .  Level of consumption 

Using data previously compiled from nutrition surveys , the amount 
of each product taken as a percentage of the diet was estimated. 

pan de s al/rolls 
bread 
bis cuits 
noodles 
soft drink 
milk beverage ( canned milk ) 
s auces (bagoon g ,  patis ) 
canned meat loaf 
s ausage 

A rating of ve::l sood given 

sood 1 1  

averase 1 1  

poor 11 

ve::l 12oor 1 1  

2 .  Frequency of consumption 

for 
1 1  
1 1  

" 
1 1  

3 . 6% 
1 . 9% 
0 . 2% 
1 . 2 %  
1 . 0 %  
2 . 4% 
1 . 0% 

0 . 1 5%  
0 . 07%  

proportion 
1 1  
1 1  
1 1  

1 1  

( 1 83 )  
( 18 3 )  
( 1 83 )  
( 1 83 )  
( 11 3-119 ) 
( 1 1 3-119 ) 
( 113-11 9 ) 
( 11 3-119 ) 
( 11 3-119 ) 

2%  

1-2 %  

0 . 5-1%  

0 . 2 - 0 . 5 % 

0 . 2% 

Data compile d  from nutrition surveys was again adapted to evaluate 
products .  The number of meals in each of the three days at which each product 
was served in the seven regions was calculated . 

pan de s al/bread 
biscuits 
noodles 
soft drink 
milk beverage ( canned milk ) 
s auces (bagoong , patis ) 
canned meat loaf 
sausage 

maximum possible 

A rating of ve::l sood given 

good 1 1  

averase 11 

poor 1 1  

ve!:l 12oor " 

for 
1 1  

1 1  

1 1  

" 

52 
61  
5 5  
47 
30 
6 1  
43 
52 

81 

servings 
11 

11  

1 1  

" 

6 0  

56-6 0  

5 1-55 

41 -50 

60 
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3 .  Ease of enrichment in process ing 

Rating evaluated as follows : -

very good 

average 

very poor 

Present process can easily incorporate enrichment , 
ass uming no legal problems - soup mixes , noodles , 
meat products . 

Some rese arch required to design suitable enrichment 
process - bread products , bis cuits . 

Problems associated with adapting tradition al 
processes to enrichment , particularly for backyard 
industry . -
fermented sauces , bakery products to a certain extent . 

Maj or development required to design enrichment proces s  
without destroying product characteristics - milk 
beverage , soft drink . 

Product and process require full development on 
completely new ventures . 

4 .  Process effect on nutrients 

Rating assessed as follows : -

very good 

average 

very poor 

Nutrients may be added at end of process and/or little 
or no he at treatment is required - soft drink , saus age . 

Heat tre atment not s ignifi cant but other processes may 
affect nutrient availability - fermentation of s auces . 

Low temperature drying processes will have some effect 
on labile vitamins and amino-acid availabi lity -
dried soups , noodles , milk beverage . 

Baking processes with severe heat effects on nutrients -
bread products , bis cuits . 

Heat sterilization processes have greatest e ffect on 
nutrients - canned meat products . 

5 .  Production capacity 

Estimations of production capacity in the Philippines for some of 
these product types had already been made - bread products , noodle s , canned 
meat loaf, biscuits , native saus age - in terms of the number of people who 
could be re ached per day based on expected daily intake of each product . 
( See Chapter 6 ) .  This estimation was made also for dried soups , milk 
beverage , soft drink , s avoury sauces . 



Dried soups Output of the only manufacturer ( Unilever)  was a 
maximum of 15  million envelopes per year . ( 19 73 ) 
Assuming each envelope can feed 2 people twice a day1 the daily capacity 
was approximately 8 3 , 00 0  people . 

Milk beverage There was no information on production of this type of 
product in the Philippines , Milo and Ovaltine were imported dire ctly or 
packed under licence . It was assumed that ins tant coffee manufacturers 
could use the ir plant in part to manufacture a dried milk beverage based 
on imported milk . 

1970 production of instant coffee was 2 ,6 89 ,000kg 
Ass uming 50% of this could be used for 
milk-type powders i . e .  capacity of 1 , 345 ,000kg 

If the daily intake was estimated at 60g ,  then daily capacity was sufficient 
to reach 64 2000 people . 

Soft drink San Migue l ,  the largest soft drinks manufacturer in6 Philippines , estimated total s ales of soft drinks in 1972 as 10 x 10 cases 
( 2 0  bottles ) .  Taking this as capacity , and intake at 2 bottles/head/day 
meant 
Number of people who could be reached was 2 74,000 people .  

Sauces Product ion of s auces in 1970 was 

pat is 45 85 X 10 3kg 
bagoong 1 879 ( 196 8 )  

tomato 4877 

soy 12202 

mayonnaise 400 5 

Total 2 7 , 548  )( 1 0 3kg 

Assuming all of these could be enriched and a daily intake per head of 
60g ,  meant a capacity of 

1 , 150 ,000 people per day 

Capacities were estimated at 

s avoury s auce 
s oft drink 
bread product 
dried soup 
milk beverage 
noodles 
bis cuit 
s aus age 
canned meat product 

1 ,1 50 , 000 
2 74 ,ooo  
200 , 000 

8 3 , 0 00 
64 ,000 
52 , 000  
36 ,000 
2 9 ,000  
2 7 ,000 



Ratings were as follows : -

very good 
good 
average 
poor 
very poor 

200 ,000  people /day 
100-200 ,000  " " 

40-100 , 0 0 0  " " 
30 - 40 ,ooo " " 

30 , 000 " " 

6 ,  Raw material availability 

Ratings were allotted as follows : -

very good 

good 

average 

very poor 

Product utili ze s  mainly local raw materials - fish s auces � 

Product depends s lightly on overseas imports - soft 
drinks , s ausage . 

Significant requirement for imported raw materials -
s oups , noodles . 

High requirement for imported raw materials - bread 
product bis cuit , canned meat product . 

Entire ly dependent on imported materials - milk 
beverage 

7 .  Ease of distribution 

The dis tribution problems associated with bread products , bis cuits , 
canned meat products , native s ausage and noodle products have been des cribed 
previously . 

Soft drink 

Dried milk drink 

Dried soups 

Sauces 

For others see earlier 

Noodles 
Bread products 
Bis cuits 
Sausage 
CannP.d meat 

Excellent distribution direct to sar�s ari stores and to 
all retail out lets . No problems with s torage life .  
Rated very good . 

Present products not extens ively distributed particularly 
as slow mover due to high cost . Could fit into 
coffee , cocoa distribution whi ch is widespread .  Good 
storage life .  Rated good to average . 

Fairly extensive ly distributed product to maj or centre s .  
Should be capable of extension t o  rural areas perhaps 
with bis cuit distribution . Excellent storage 
properties . Rated good to average . 

Only we ll-known brands extensively distributed.  
Home production of fish s auces often sold in local 
stores . Good shelf life . Distribution requires more 
organisat ion . Rated good t o  average . 

Rated average t o  poor 
Rated good to poor 
Rated very good to average 
Rated good to poor 
Rated good to average 
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8 .  Preparation need 

Products s caled as : -

very good ready-to-eat , no handling or preparation required -
bread ,  biscuit , soft drink , sauce . 

good requires implement to open package , no cooking ­
canned meat . 

average needs mixing but no  heating - milk beverage . 
I 

poor needs he ating only - s ausage , canned meat . 

very poor needs mixing with water and heating - soups , noodles . 

The product ideas were evaluated by s coring each one for the probability of 
attaining an assessment of very good to very poor for each factor . ( Table 
A16 . 1 ,  see method in Chapter 6 ) .  Thus products were s caled for their value 
in the proj ect .  

The scores were : - savoury s auce 
soft drink 
milk beverage 
bread product 
bis cuit 
noodles 
dried soup 
s ausage 
canned me at food 

5 1 4  
473 
3 32 
422 
3 85 
3 73 
366 
35 7 
2 75 



Table A. 16.f Scoring of ideas for enrichment product 

LEVEL OF FA EOUENCY OF EASE OF PROCESS EFFECT PRODUCTION RAW MATE RIAL EASE OF PREPARATION N E ED 
CONSUMPT ION CONSUMPTION ENR ICHMENT ON NUTR I E NTS CAPACITY AVAILABILITY DISTR IBUTION 

FACTOR 
WEIGHT 5 5 10 8 10 10 

TOTAL 
5 SCORE 

VG G A P  VP Total VG G A P  VP Total VG G A P  VP Total VG G A P  VP Total VG G A P  VP Total VG G A P  VP Total VG G A P  VP Total VG G A P  VP Total 

savoury sauce 1 8 1 10 1 6 1 8 1 10 1 10 .6 .4 7,2 1 10 514 
soft drink 1 8 1 4 .8 .2  3.6 
milk beverage 1 10 .4 .4 .2 6.4 1 4.0 

.8 .2 9.6 1 10 1 8 
1 6 1 6 1 2 

1 10 1 10 473 
. 7 .3 7.4 • 1 6 332 

bread product 1 10 1 6 .6 .4 7.2 . 1 4 1 10 1 4 .6 .2 .2 S.B
' 1 10 422 

biscuit 1 6 1 10 1 8 1 4 1 4 1 4 .6 .3 . 1  9.0 1 10 3B5 
noodles 1 8 1 6 .8 .2 9.6 .6 .4 5.2 1 6 1 6 .5 .5 5.0 1 2 373 
dried soup 1 2 1 2 .8 .2  9.6 1 6 1 6 1 6 .7 .3 7.4 

0 
1 2 366 saJSOge 1 2 1 6 .8 .2 9.6 .4 .4 .2 8.4 1 2 1 8 .3 .5 .2 6.2 1 4.0 357 canned meat 

product 1 2 1 4 .8 .2 9.6 2 1 2 1 4 .5 .5 7.0 .2 .8 4.8 275 



AffENt:>IX 1 1  : 

NUTRITIONAL FOOD PRODUCT SURVEY 

PLEASE FILL IN THE SPACES BELOW : 

All 

address ...i, 'f f)t��� No . of people in the house 
s,.r ��� ?'\. f7 ag� monthly income _in house-

halo � aK.2 no . of ch1ldren w hous ehold I� 
estimated motiliy amount spent on food :f I )  �D �-�(�p-e�s�o�sT)--

1 .  Please check which of the following sauces and pastes you buy 
and which you make at home . I f  you buy the sauces , state the number 
of bot t les , j ars or cans bought each tim e ,  giving the size of the 
cont ainer regular or large ( if in any other quant ity state clearly) , 
and the number of times you buy this amount per month . 

Sauces & 
Pastes 

Cat sup 
Others • • . • •  

Bought :homemade : Bottles : 
No . of times 
bought in a 
month 

: · - Jars : cans 
: Size : No .  of : No .  Size 

: t imes : of 
: bought : times 
: in a mo : bought 

: in a mo . 

2 .  In what ways do you use sauces and pastes? ( please chech where 
appropriate ) . 

As a seasoning during cooking As an accompaniment to 
As an accompaniment to other -------rice.���-�-----
dishes All of the above ----Other uses 
--------------------------

4 .  Please check which of the following drinks you buy and which 
you make at home . Include all drinks consumed inside and · out­
side the home . I f  bought , state the number of bottles , cans 
or packets bought each week , giving the size of the container . 

Drxriks 

;so t 
ldhriks r1t 

uJ.ces 

1ted milk 
Evapora-

4f.ondensed : 
LiliJ.lk : {kowdePQd : 

ilk : 
Ml.lO 
OValtlne 

Bought homemade : bott les : cans 
No . : Size : No .  
per 
week 

oz . : per 
:week 

oz . 

I< 



Others 

5 .  �ua� are your fami ly ' s favourite soft drinks , fruit juices and 
beverage s '? L i s t  in nrder of preference . 
Sof� &::i1:ks 1 .  .fJ!i: 2 .  �UM 3 .  �� �

:
� t  JU�- 1 . . �-te=r- · 2 .  � -_q . Cl>-..�- SU-11.-� 

6 .  \fuere are each of the following drunk and by which members of 
your fami ly'? 

·s oft drinks -

Frui t  juices 

Milk beverage 

P l ace: of Consur.1pt io:1 
At home outs�de 

Consumed by 
Whol e  : Adu l t s  Chi ldren 
Fam i ly 

7 
T. Please check which of the fol l owing breads are bought , the amount 

bought each t ime and the number of t imes you buy per week . 

r an de sal 
vPan americano 

Rolls 
Others 

No . of loaves 
gacRi t!�� bought 

' 

No . of times 
bread i s  bought 

per_ we� 

1¥ 

8 .  Please l i s t  t he types of c akes and bi scui ts you buy , and wt . per 
week 

10 . 

B i s cu i t s  weight per week 

Rice cake 
Cas s ava 
Chocolate 
Sponge 
Others. 

Is nutrr�i �t)Pi nal quality in food product important to you '? 

Yes � No S omet imes -----
1 1 . \Vhich product would you prefer to be made more - nutritious -sauces , 

drinks , bread or cakes and biscu i t s '? Please put them in the 
order of your preferenc e ,  plac ing 1 before your first choise , 
2 before your second choice ar.d 3 before your third choice . 

S auce s  � Bread [ 
C akes and b���s�cu���t�s::_,�J�---

Drinks -------
12 . Please check which of the following noodles you buy , I nc lude 

a l l  types of noodles consumed inside and out s ide the home . 
I ndicat e the amounts and fre quency of buying . 



Noodles 

Miki 
Macaron:.. 
B ihon 
Misua 
Sot anghon 

Bought 

\7 c 

Amount per buy Frequency of buying 

1 3 . Which noodle would you prefer to be made nutr i t i ou s ?  Please 
put t hem in order of preference . 

Order of preference type of Noodle 

If you are to choose among different rol ls having different f i l l ings , 
which wi l l  you choose? Approximat ely how much of each wi l l  you buy 
per week? 

tuna rolls 
hamburger rolls 
adobo rolls 
spam rol l s  
egg ro l l s  
chicken ro l l s  
others 

bought weight per week 



TABLE A . 1 7 . 1  

1 .  Processed foods purchased in households 

SAUCES 

Pat is 
Bagoong 
Soy 
Tomat o 
Banana 
Other 

Missing 

Total 

NOODLES 
Miki 
Macaroni 
Bihon 
Misua 
S otanghon 
Spaghetti 

Missing 

number 

1 86 
1 3 3  
172 
1 6 3  
102 

2 

2 

202 

1 0 7  
152 
127 
124 
1 2 5  

3 

1 5  

percent 

9 2  
6 6  
8 5  
81 
5 1  

1 

1 

5 3  
7 5  
6 3  
6 2  
6 2  

1 

7 

Summary of selected informati on  obtained in consumer s urvey 

DRINKS number percent BRE ADS 

Soft drinks 1 88 B 3  Pande Sal 
Fruit j ui ces 142 70 Ameri cano 
Evap . milk 1 7 7  88 Rolls 
Cond. milk 84 42 
Dried milk 96 48 Miss in g  
Milo 9 1  45 CAKES 
Ovalt ine 70 35 Ri ce cake 
Fruit cone. 87 43 Cassaca cake 

Chocolate 
Miss ing 3 1 Sponge 

Other 
Mis s in g  

BISCUITS 
Ass orted 

bis cuits 
Crackers 
Other 

Mis s ing 

2 .  Rat ing of popularity of drinks ( s core 1 for most pre ferred )  

SOFT DRINKS Score 

Pepsi 1 . 6a 

Coke 1 . 5a 

Sarsi o.nd si .,..,\Q...- 2 .  3 
F-Up 2 . 4  
Sprite 2 . 3  
Orange 2 . 1 
Others 2 . 3  
Total missing 18 

FRUIT JUICES 

Pineapple 
Orange 

1 . 5  
1 . 5  

( 1 - 3 )  

number 

1 44 
1 43 

5 4  

9 

5 9  
3 6  
6 6  
3 6  

9 
1 0 2  

3 1  
3 2  

2 

1 5 3  

percent 

71 
71 
2 7  

4 

2 9  
1 8  
3 3  
1 8  

4 
5 1  

1 5  
1 6  

1 

7 6  

::t> 
-.J 
!') 



3 .  

Score 
Kalaman�i 1 . 7  
Grape 2 . 0  
Lemon 2 . 1  
Mixes 2 . 0 
Total missing 39 

Rating of products preferred to be enriched 

Score ( 1 -3 ) 

BAKED GOODS 

Bread 1 .  7a 
Drinks 2 . o · 
Sauces 2 .1 
Cakes /bis cuits 1 . 9  
Missing 50 

Macaroni 1 . 6  
Sotanghon 2 . 0  
Bihon 2 . 0  
Miki  2 . 0  
Misua 2 . 4 
Spaghetti 1 . 9  
Chi cken noodle 1 . 1  
Soup mixes 

( dried)  1 . 8  
Missing 5 1  

( s core 1 for most preferred )  

a.  Signifi cantly preferred at 1 %  level of confidence . 



APPENDIX 18: Information on chemical nutrients and fat used in enrichment investigation 

CHEMICAL NUTRIENT COST( pesos ) 

calcium carbonate Caco
3 

0. 00335 

calcium phosphate CaHP04 . 2H 2
0 0 . 00558 

ferrous sulphate FeS04 7H2o 

vitamin A pa l mitate 
(water miscible ) 

thiamine hydrochloride 

riboflavin 

ni cotinamide 

1-ascorbi c  acid 

pyrodoxine hydrochloride 

cobalamin 

calcium- D-pantothenate 

folic acid 

L- isoleucine 

L-leucine 

L-lysine hydrochloride 

DL-me thionine 

L-cystine 

L-phenylalanine 

L-tyrosine 

L- threonine 

L-tryptophan 

L-valine 

Pork fat 

a .  Convers ion rate of P6 . 7  

0 . 0 0 1 36 

0. 00371 

0. 00103 

0 . 002 7 1  

0 . 00042 

0 . 00045 

0 .  001 1 1  

0 . 00 5 6 3  

0 . 00058 

0 . 00068 

0 . 03685 

0 . 0 0 5 36 

0 . 00201 

0 . 00201 

0 . 01005 

0 . 0 1 6 7 5  

0 . 00670 

0 . 02680 

0 . 02680 

0 . 0 1 340 

0 . 364 

per $US 
b. Conversion P9. 06 per $NZ 

c .  Lower limit of price range used 

WEIGHT UNIT 

gram 

gram 

1 0 0  milligram 

100 m i croli tre 

10 milligram 

10 milligram 

10 milligram 

10 mi lligram 

10 milligram 

100 microgram 

10 milligram 

milligram 

1 00 milligram 

100 milligran 

1 00 milligram 

1 0 0  mi lligram 

100 milligram 

100 mi lligram 

1 00 milligram 

100 milligram 

1 0 0  milligram 

100 milligram 

100 gram 

COMPOSITION 

400mg Ca 

23 3mg Ca 
18 0mg P 
2 0 . 2mg Fe 

1 0 , 000iu vitamin A 

10mg thiamine 

10mg riboflavin 

1 0mg niacin 

1 0mg vitamin C 

10mg vitamin B6 

0 . 1mg 

0 . 8mg 
9 . 2mg 

1mg 

100mg 
0 . 1g 

100mg 
0 . 1g 

80mg 
0 . 08g 

100mg 
0 . 1g 

100mg 
0 . 1g 

vitamin B12 

calcium 
pantothenic 

folic acid 

isoleucine 
protein 

leucine 
protein 

lysine 
protein 

methionine 
protein 

cystine 
protein 

SOURCE 

Koch Laboratories, UK $US O .  0 5 / 1 00ga 

Gollin ( NZ ) Ltd . $NZ0 . 28/lbb 

Gollin ( NZ ) Lt d . $NZ1 . 50/kg
b 

Roche ( NZ ) . $N Z4 . 09/kg
b 

Roche ( NZ ) . $NZ 1 1 . 40/kg
b 

Roche ( NZ ) . $NZ2 9 . 92/kg
b 

Roche ( NZ ) . $NZ4 . 60/kg
b 

Roche ( NZ ) . $NZ4 . 9 1 /kg
b 

Roche ( NZ ) . $NZ1 2 . 2 5/ kg
b 

Sigma Laboratories ( US ) $US800/100ga 

Roche ( N Z ) . $NZ6 . 38/kgb 

Roche ( NZ ) . $NZ7 5 . 00/kg
b 

Aj inimoto , Kyowa Hakko and others ( Japan ) 
$US 5 5 - 6 5/kg ac 

Aj inimoto , Kyowa Hakko and others ( Japan ) 
$US8-10/kg ac 

Aj inimoto , Kyowa Hakko ( Japan ) 
$US3-6/kg ac 

A inimoto , Niho� Kataku and others ( Japan ) 
$US3-4/kg ac 

Nihon Rikagaku ( J apan ) 
$US 1 5-20/kg ac 

1 00mg 
0 . 1g 

phenylalanine Aj inimoto ,  Yoney� Kagaku ( J apan ) 

100mg 
0 . 1g 

100mg 
0 . 1g 

lO Omg 
0 . 1g 

1 00mg 
0 . 1g 

1 00g 
902k 

protein $US25-30/kg ac 

tyrosine 
protein 

threonine 
protein 

threonine 
protein 

valine 
protein 

fa't 

Aj inimot o ,  and others ( Japan ) 
$US 1 0 - 1 5/kg ac 

Ajinimoto and others ( Japan ) 
$US40-50/kg ac 

Kyowa Hakko and others ( Japan ) 
$US4 0 - 5 0/kg ac 

Kyowa Hakko and others (Japan ) 
$US20-25/kg 

Caren Food Products ( Philippines ) 
P 3 . 64/kg 

>­-J "'" 



APPENDIX 1 9 : Notes on International Statistical data used in Chapter 1 .  

Most of the data used in this analysis was obtained from U . N .  sources -
U . N .  Statistical Yearbook , Yearbook of National Account Statistics , F . A . O .  
Production Yearbook - and individual countries ' statistical literature . Much 
of the raw data had to be reworked t o  enable comparisons between countrie s  t o  
be made and notes on the procedure used are given below .  

1 .  Population :  Estimated mid-year population from U . N .  Demographic Yearbooks . 

2 .  Monetary value : All data was converted to US dollars for the year 
concerned using exchange rates for each year from UN Statistical Yearbooks . 

3 .  Food manufacturing output : The maj or s ource was a report of the Economic 
Commission for Asia and the Far East in 1966 . Also values were calculated 
for Canada, U . K . and Portugal from indices of food production and index weights 
from the Supplement to the Monthly Bulletin of Stat istics 196 3 ,  Canadian 
Statistical Review 1971 , Yearbook of National Account Statistics 1969 . US 
data was obtained directly from the ' Statistical Abs tract of the United States 
1 9 70 1 , 

4 .  Fraction of personal income spent on food : The amount spent on food was 
calculated by multiplying percent private consumption expenditure of GNP by 
GNP value (both data from UN Statistical Yearbooks ) and this value by the 
percent food expenditure of private consumption expenditure , this data being 
calculated from the Yearbook of National Accounts Statistics 1969 . Personal 
income data was obtained from the UN Statistical Yearbooks . 

5 ,  Nutrients in food s upply: The calorie , total protein and animal protein 
intakes were taken directly from estimates of the composition of the food supply 
at the retai l level reported in the F .A . O .  Production Yearbook 1969 . These 
were obtained from food balance sheets either supplied by individual countries 
or calculated by F . A . O .  to give approximate figures worked out from production , 
export , import , s tock movement , manufacturing and population statistics . As 
a measure of the actual intake of these nutrients , this data was probably very 
inaccurate since no consideration was made of losses occurring after delivery 
of the foods to the retailer, i . e .  storage losses , cooking losses , plate waste 
etc . , which could be highly significant in some regions . However , this data 
was alone in providing some estimate of the nutritional status of areas . 

Sources of Statistics 

CENTRAL STATISTICAL OFFICE Annual Abstract of Statistics 1 9 37-1947 , 
H . S . M . O . , London , 1948 ,  

DEANE , P .  & COLE , W . A .  British Economic Growth 1 860-1965 , 
Cambridge University Press , Cambridge , 19 66 . 

DOMINION BUREAU OF STATI STICS Canadian Statistical Review , 
Ottawa, 1971 , April ,  page 31 . 

MITCHELL , B . R . Abstract of British Historical Statistics , 
Cambridge Press ,  Cambridge , 19 72 . 

UNITED NATIONS Supplement to the Monthly Bulletin of Stat is tics 196 3 ,  
New York , 1964 . 



UNI TED NATIONS ( 19 70 )  
New York , 19 70 . 

A 15 

Yearbook of  National Accounts Statistics 1969 , 

UNITED NATIONS Economic Commiss ion for Asi a  and the Far Eas t .  
Industrial development for Asia an d  the Far Eas t ,  United Nations , 
New York , 196 6 ,  Volume IV . 

BUREAU Of Census Long term e conomic growth 1 860- 196 5 , 
United States Department of Commerce , Washington D . C . , 1966 . 

BUREAU Of Census Statistical Abs tract of the United States 19 70 , 
United States Department of Commerce , Washington D . C . , 1970 . 


	20001
	20002
	20003
	20004
	20005
	20006
	20007
	20008
	20009
	20010
	20011
	20012
	20013
	20014
	20015
	20016
	20017
	20018
	20019
	20020
	20021
	20022
	20023
	20024
	20025
	20026
	20027
	20028
	20029
	20030
	20031
	20032
	20033
	20034
	20035
	20036
	20037
	20038
	20039
	20040
	20041
	20042
	20043
	20044
	20045
	20046
	20047
	20049
	20050
	20051
	20052
	20053
	20054
	20055
	20056
	20057
	20058
	20059
	20060
	20061
	20062
	20063
	20064
	20065
	20066
	20067
	20068
	20069
	20070
	20071
	20072
	20073
	20074
	20075
	20076
	20077
	20078
	20079
	20080
	20081
	20082
	20083
	20084
	20085
	20086
	20087
	20088
	20089
	20090
	20091
	20092
	20093
	20094
	20095
	20096
	20097
	20098
	20099
	20100
	20101
	20102
	20103
	20104
	20105
	20106
	20107
	20108
	20109
	20110
	20111
	20112
	20113
	20114
	20115
	20116
	20117
	20118
	20119
	20120
	20121
	20122
	20123
	20124
	20125
	20126
	20127
	20128
	20129
	20130
	20131
	20132
	20133
	20134
	20135
	20136
	20137
	20138
	20139
	20140
	20141
	20142
	20143
	20144
	20145
	20146
	20147
	20148
	20149
	20150
	20151
	20152
	20153
	20154
	20155
	20156
	20157
	20158
	20159
	20160
	20161
	20162
	20163
	20164
	20165
	20166
	20167
	20168
	20169
	20170
	20171
	20172
	20173
	20174
	20175
	20176
	20177
	20178
	20179
	20180
	20181
	20182
	20183
	20184
	20185
	20186
	20187
	20188
	20189
	20190
	20191
	20192
	20193
	20194
	20195
	20196
	20197
	20198
	20199
	20200
	20201
	20202
	20203
	20204
	20205
	20206
	20207
	20208
	20209
	20210
	20211
	20212
	20213
	20214
	20215
	20216
	20217
	20218
	20219
	20220
	20221
	20222
	20223
	20224
	20225
	20226
	20227
	20228
	20229
	20230
	20231
	20232
	20233
	20234
	20235
	20236
	20237
	20238
	20239
	20240
	20241
	20242
	20243
	20244
	20245
	20246
	20247
	20248
	20249
	20250
	20251
	20252
	20253
	20254
	20255
	20256
	20257
	20258
	20259
	20260
	20261
	20262
	20263
	20264
	20265
	20266
	20267
	20268
	20269
	20270
	20271
	20272
	20273
	20274
	20275
	20276
	20277
	20278
	20279
	20280
	20281
	20282
	20283
	20284
	20285
	20286
	20287
	20288
	20289
	20290
	20291
	20292
	20293
	20294
	20295
	20296
	20297
	20298
	20299
	20300
	20301
	20302
	20303
	20304
	20305
	20319
	20320
	20321
	20322
	20323
	20324
	20325
	20326
	20327
	20328
	20329
	20330
	20331
	20332
	20333
	20334
	20335
	20336
	20337
	20338
	20339
	20340
	20341
	20342
	20343
	20344
	20345
	20346
	20347
	20348
	20349
	20350
	20351
	20352
	20353
	20354
	20355
	20356
	20357
	20358
	20359
	20360
	20361
	20362
	20363
	20364
	20365
	20366
	20367
	20368
	20369
	20370
	20371
	20372
	20373
	20374
	20375
	20376
	20377
	20378
	20379
	20380
	20381
	20382
	20383
	20384
	20385
	20386
	20387
	20388
	20389
	20390
	20391
	20392
	20393
	20394
	20395
	20396
	20397
	20398
	20399
	20400
	20401
	20402
	20403
	20404
	20405
	20406
	20407
	20408
	20409



