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ABSTRACT

A quantitative model was developed for the systematic
selection of raw materials for nutritious and acceptable Thai
foods. The basis for the quantitative model was linear
programming. Unlike most other applications of this techniqgue
which considered only nutritional reeds, this mcdel also tock into
account the consumer's requiremerits for an acceptable food. The
development of the model formed part of a research programme in
the Food Techrology Department of Massey University which is

investigating quantitative product development technrniques.

The lineer programming model was uwsed firstly to select
raw meterial mixes which would satisfy the daily nutritional
reguirements of the Thai pecple. Selection was mazde from a list
of 151 available raw materials - 144k indigenous Thai raw materials
and 7 New Zealand dairy prcducts. The requirements for 26 nutrients
were satisfied., These included protein, fat, calories, fibre,
3 minerals, 9 vitamins and 10 essential amino acides. The lack of
specific upper limits on most of the nutrients resulted in
solutions with a gross nutritional imbalarce. Recent investigations
indicate that such imbalances may be detrimental to human health
and it is suggested that a more satisfactory diet is one whkere all
nutrients are balanced, at or near their lcwer requirement levels.
Considerable problems exist in achieving a balsnced diet ucing
range constraints in the linear programme “ue to the protatility

of solution infeasibilities.

Goal programming, an extension of linear programming, has
been used in other fields of research to minimize the deviation of
solution variables from specific goals. This technique showed
potential in attaining a balanced nutritional diet where the goals
represented the requirements for specific nutrients. A goal
programming model was dévised which firstly achieved a balance of
essential amino acids as close to that of egg protein as possible.

Secondly, a solution was obtained where all 26 nutrients were at
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the 'optimum' balance. The achievement of a balanced nutritional
diet resulted in a large increase in cost and indicated the
importance of careful definition of the requirements for
nutritional balance in future research where cost minimization is

a priority.

The raw materials selected by both goal and linear
programming were totally unacceptable as ingredients in a Thai focd
dish without extensive processing to change both flsvour and texture
of the mixture. It was more logical to provide a procedure for
raw material selection on the basis of their combined acceptability
in a Thai food dish. Nonmetric multidimensional scaling was used
to derive a 3 dimensional configuration of 40 raw materials from
consumer information on the use of these raw materials in Thai food
dishes. The exes of this space represented the dominant prorerties
of raw materials in determining food dish acceptability. An ideal
point was located in this space. This point was defined as the
'optimum' combination of raw material properties required in a Thai

food dish.

Nonmetric multidimernsional scaling prcvided the basis for
derivation of metric scale values for the 4O raw materials and the
ideal point. These values were used to derive a linear furction
relating raw materials to food dish acceptability. This furction
was used in the linear programming model together with nuiritional
constraints to rrovide a systematic method of raw material selection
for nutritious and acceptable Thai food dishes. The raw material
mixes selected by this model showed a marked improvement over those
chosen by the linear programme subject to only nutritional

constraints.
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PREFACE

Food product development is the procedure by which raw
materials are selected and then combined through a system of
processing into a food product acceptable to the final consumer. For
many years, product development has been bhased more in intuition
than on objective judgement. There has, however, been a gradual
infiltration of quantitative techniques in recent years in an attempt
to bring greater objectivity into the system of product development.

Some examples of tMese techniques are:

Idea generation by systematic methods

Market evaluation based on Bayesian decision tree
methods or cost beneflt analysis

Formulation based on linear programming methods

Business analysis including market forecasts, market

surveys and buyer simulation models.

The introduction of these techniques has been largely in a
haphazard fashion. The Food Technology Department at Massey University
has begun s research programme to develop a systematic approach to the
application of quantitative techniques through all stages of product
development. The design of nutritional products for consumers in
developing countries is being used as the basis for this programme.

An overview of the entire reseairch programme is given in a thesis by

Edwardson (41).

Edwardson provided an objective procedure for the selection
of raw materials to be used in low cost nutritional products for the
Philippines. The major problem encountered by Edwardson was the
incompatibility of raw materials selected by linear programming based on
nutritional criteria. It was only possible to produce an acceptable
product from these raw materials through extensive processing and

addition of flavouring ingredients.

It was the object of this thesis to both complement and extend
Edwardson's work with the application of the linear programming model to

the selection of raw materials for the production of low cost food dishes
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which would meet the nutritional needs of people in Thailand. Emphasis
was placed on the extension of Edwardson's model to include consumer
acceptance criteria. A procedure was devised whereby raw material
selection was made on the basis of their predicted acceptability in Thai

food dishes.

Thailand was chosen as the environment for the study in
preference to the Philippines because a cooperative programme had
recently begun between the Department of Chemical Technology at
Chulalongkorn University in Bangkok and the Food Technology Department
at Massey University. Information on Thailand was therefore more

readily available.

Thailand has a reasonable supply of food raw materials and
even exports rice and sugar, but problems of malnutrition still exist,
particularly in the North and North-east regions of the country. There
is a definite need for the locally grown raw materials to be put to the
best use through their optimum combination in acceptable food dishes.
In this thesis, considerable emphasis was placed on the selection and

use of indigenous raw materials.

Supplementation of local materials with imported foods has
played an important role in the design of nutritional food products.
Included among the most commonly used supplements are dairy products.
The use of some dairy products as ingredients in local Thai dishes
was evaluated both as complements to indigenous raw materials in the
supply of essential nutrients and on their general acceptability in

these dishes.

This thesis first reviews the availability of foods in Thailand
and then suggests how the linear programming model could be used to
design nutritional foods. The nutritional compositional data for a wide
variety of indigenous raw materials and imported dairy products were
collected, and the per capita daily requirements of the different nutrients

in Thailand were found. Using this information in the linear programming
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model, raw material mixes were selected to meet the nutritional needs of

the general Thai population.

Goal programming, which is basically an extension of linear
programming, was applied in the selection of raw material mixes to give
nutritionally balanced diets. This technique was also used to evaluate
dairy products as complements to indigenous raw materials in providing
firstly an ideal balance of essential amino acids and secondly a balance

of all 26 nutrients which were considered in the model.

A procedure for raw material selection based on their
acceptability in combination in food dishes was obviously required in
the linear programming model. A review of the literature relating to
sensory evaluation and consumer acceptance of foods failed to provide
any procedure which might be used directly. The problems of definition
and measurement of the raw material properties which influence the
acceptability of food dishes directed the research toward a study of
multivariate techniques. Nonmetric multidimensional scaling was
identified as a technique which could not only resolve the properties
but could also provide metric scale values for these properties which

might be used directly in the linear progranming model.

A subset of the original list of raw materials was selected.
Proximities data on these raw materials were obtained from consumer
surveys in Thailand and were subjected to multidimensional scaling
analysis. A 3 dimensional spatial configuration of the raw materials
was derived and the axes of this space were identified as the dominant
properties of the raw materials in determining their acceptability in
Thai food dishes. A linear function was derived relating these raw
material properties to the acceptability of food dishes in which
the raw materials are used. The function was included in the linear
programming model together with nutritional constraints to provide a
quantitative model for the selection of raw material mixes for nutritious

and acceptable Thai food dishes.



CHAPTER 1

THE ENVIRONMENT AND THE MODEL

il i The environment

The Kingdom of Thailand was krnown as Siam until 1939 when
the title of Thailand (land of the free) was adopted. A kingdom
throughout its history, Thailand has never experienced colonial
rule. The country with an area of 200,000 square miles has a
porulation verging on 40 million, headed by a constitutional
monarchy, His Majesty King Bhumibol Adulyadej exercising nominal
power. Actual responsibility for public affairs is taken by

the council of ninisters with the prime minister at the head.
1.1.17 The population

According to the 1970 census (130), the population of
Thailand stood at %4.4 million people. With an annual growth
rate of 3.3 percent this figure would be nearing 4C million by

the end of 1975.

In 1970, less than 10 percent of the nation lived in
urban communities. The Kingdom's capital, Bangkok, was the only
city of substantial size with a population close to 3 million.
Only two other cities had populations exceeding 50,000, these

were Chiengﬁéi and Nakhon Ratchasima.

Approximately 85 percent of the population are of Thai
ethnic origin and 12 percent of Chinese descent. The remaining
3 percent include Malays (in the South), a variety of so called
hill tribe people along the border with Burm2 and Laos and a
sizeable group of Vietnamese refugees in the Northeast along the

Mekong River.



Age distribution within the population is marked by a
high ratio of children to adults, largely due to a rising birth
rate and a drop in the infant mortality rate. The 1970 census
indicated that 46 percent of the population is under fifteen
years of age, 49 percent is between fifteen and sixty, and only

5 percent is over sixty years of age.
1.17.2 Health and welfare

By Southeast Asian standards, living conditions are
relatively high. Income levels are low by Western standards but
there is little stress because of lack of cash. Average per
capita i..come is equivalent to about US$200. This, however,
bears little significance to the standard of living because of
the large rural population with its self sufficiency, bartering

system and low emphasis on accumulation of wealth.

In times of need, Thais have traditionally turned to
close friends and neighbours or relied on the local Euddhist
temple. Since the end of Worid War II, lLowever, systematic
government activities and prcgrammes corducted by the Ministry
of Public Health and by the Department of Public Welfare have
assumed a greater part of the load. In the area oif pubiic heslth,
operations by these agencies include the construction of new
hospitals, programmes to ccntrol communicable diseases, the
establishment of health centres to bring medical services to
rural areas, the expansion of institutions to train mecdical
persornel and the institution of a nationwide programme of health
education. In the area of public welfare, the government is
active in the provision of housing for low income families, the
development and improvemernt of potable water supplies, the
construction of sewage and sanitation projects, and the operation
of a number of projects catering to the aged, young, dissbled
and other needy citizens. The health and welfare activities of
the goverrment are supplemented by more thar fifty private
charitable organizations and by various external welfare
organizations, particularly specialized agencies of the United

Nations. Despite the considerable advances in the field of



public health, sanitation and welfare, much still needs to be
done. Many parts of the country, especially the Northeast
Khorat Plateau region, suffer from chroric water shortages and

sewage disposal is inadequate in most areas.
17.17.3 Diet and nutrition

The supply of food in most areas of Thaeiland is good.
Although the Thai people can ke considered as better off from
a nutritional point of view than many other Southeast Asian
countries, the variety of foodstuffs is often limited and the
reliance on a practically all-rice diet provides inadeguate
protein, vitamins and calcium. Nutritional diseases are there-

fore prevalent in many areas.

Although several small scale nutritiional studies have
been carried out, few national surveys have been made covering a
broad spectrum of rulrients and nutritional problems. Tke last
major study, carried out in 1960 by an interdepartmental
committee on nutrition (90), summarized its findings as follovie:
1. Totel calorie intake for the population fell 100kcals below
the estimated average requirements of 1871kcals.
2. There was dietary and biochemical evidence of thiamine
deficiencies, but clinical signs of beri beri were not observed.
5. A deficit of iiboflavin existed in the population but clinical
significance of this deficit was not clear.
L., Niacin seemed adequate in all respects.
5« Protein malnutrition appeared limited to the infant and small
child. |
6. Vitamin A malnutrition probably existed, particularly in the
infant and the small child.
7. Fat intake was generally low.

8. Vitamin C intake was adequate.

Although this study is now fourteen years old its
findings and recommendations are for the most part relevant-
today. In 1971 nutritional mal-adjustments accounted for deaths

of 9.1 per 100,000 people and ranked eighth on the.list of causes



of death. The Report of the Interministerial Working Group for
the Development of National Food and Nutrition Policy Guidelines
for Thailand (91) also recognized malnutrition as "one of the
major problems affecting the life and well-being of the population
of Thailand". Table 1.1 shows the occurrence of nutritional
deficiency among patients attending 62 hospitals in 57 provinces
of Thailand in 1970. These figures are likely to be a gross
under-estimate of the malnutrition cases due to the under-
reporting by hospitals and the many people who never reach

hospitals.

Table 1.1 Occurrence of nutritional deficiency among patients attending
62 hospitals in 57 provinces of Thailand (1970).

. Number of
Diseases

patients
Protein-calorie malnutrition
a) kwachiorkor 12%
b) marasmus 28
c) unspecified 10435
Vitamin deficiency diseases
a) vitamin A deficiency 586
b) vitamin Bq deficiency (beri beri) 3556
c) vitamin B2 deficiency 1598
d) niacin deficiency (pellagra) 26
e) vitamin C deficiency (scurvy) 176
f) vitamin D deficiency (rickets) 85
g) vitamin K deficiency (hemorrhagic disease of L
infants)
Diabetes mellitus 4008
Simple goitre 3347
Anemia (iron deficiency) ' 9219
Urinary calculi 6712
Obesity 218
Sprue . 295
PGRAL 30,824

a. Taken from the Report of the Interministerial Working Group
for the Development of National Food and Nutrition Cuidelines
for Thailand, February, 1973 (91).

Hence, although food intake can ne considered high by
Southeast Asian standards, the lack of nutritional balance is

leading to diseases of malnutrition in many areas. Rice, which



supplies about 80 percent of the daily intake, is the basis of
almost all meals, at every income level. To the maximum extent
that the budget will allow, the basic rice diet is supplemented
by fish, meat, eggs, poultry, vegetables and a variety of fruits.
Fish is a major source of protein although it is often.
ﬁnavailable in the North and Western mountains and the Northeast
Khorat Plateau. The fish may be salted, driec, pickled,
fermented, boiled or eaten raw. Pork, beef and poultry are
available in limited amounts and are eaten, particularly in
urban areas, as often as they can be afforded. Most common
garden vegetables are plentiful and are eaten individually or in
salads. There is an abundance of fruits including bananas,
papayas, pineapples, mangos, limes, rambuttans, mangosteens and

pomelos, to name a few.

Eating habits vary only slightly between urban and rural
areas. In urban areas, more vegetables and meat products are
eaten and canned goods are more in demand. In the countryside,
pecple usually eat two meals a day but have frequent snacks.

Even in the urban areas there is a tendency to eat little but
often, especially among the lower classes. Most of these 'snacks'
are obtained from a variety of restaurants where urban Thais
utilize about 10 percent of their total household expenditure or
approximately one quarter of their total expenditure on food

(see Table 1.3).
1.1.4 Household income and expenditure

In most Southeast Asian countries, marked variations in
income exist between region and between trpes of residence
within a single region. The same is true of Thailand. The most
marked differences in household incomes occur between the urban
and rural areas. In rural areas over half the population earned
less tkan 6000 baht per year, whereas in urban areas only 4.6
percent earned less than 6000 baht per year (131). Over the
whole Kingdom, the average income in urban areas is approximately
three times that of the rural areas. In spite of this marked

difference in income, it would be foolish to conclude that the



standard of living of the rural population is correspondingly
lower than that of the urban dwellers. The reliance on a cash
economy is still much lower in the rural areas, hence the need
for a high monetary income is less than in the cities.
Differences in income may be compared with more validity between
urban or rural residences in different regions. Whereas the
villagers of Northeast Thailand earned on average about 3000
baht in 1969 (131), the average income of tﬁe villagers in the

central region was about twice this amount (see Table 1.2).

Table 1.2 Cumulative percentage of households having income less than a specific
class, municipal area and village?.

Whole
- == Cen- North Bangkok-
Income class E;Eg North tral cast South Thonburi
Municipal areas
less than bht. 3000 0.9 1.7 1.2 1.3 0.9 0.5
" " " 6000 L.6 12.7 6.1 5.0 7.2 i.7
" "1 12,000 22.7 Lo.3 23.9 27.3 34.7 15.0
" mom 18,000 43,8 59.2 49,7 48,0 56.5 35.0
i "o 230,000 73.3  80.5 80.5 77.6 80.0 67.0
i oo 48,000 87.2 93.5 90.4 87.6 91.0 84.0
N "1 60,000 91.7 94.8 93.6 92,2 94.8 89.6
baht 60,000 or more 100.0 100.0 100.0 100.0 100.0 100.0

Villages

less than bht. 3000 26.7 18.0 )
" oo 6000 53.0 51.9 25. 73,2 53,8 10.0
" " " 12,000 80.3 82.2 63 §9.8 8.9 33.0
" "1 18,000 90.6 93.5  81.1 95.0 93.4 59.6
" - " 33 000 97.6 99.2 94,3 98,7 99.1 8h. L
baht 33,000 or more 100.0 100.0 100.0 100.0 100.0 100.0

50.3 16.6 1.1

W O O

a. Taken from Socio-Economic Survey B.E.2511-2512 (1968,69).
Report by the National Statistical Office of Thailand (131).

In 1969, the average expenditure per household in the
urban areas was 1996 bakt per month, as compared to 669 baht per
month for a rural household. By far the highest proportion of
this income in both areas was devoted to fcod, 47.73 percent in
urban areas and 48.43 percent in rural areas (131) (see Table

1.3).



Table 1.3 Percent expenditure per household @ for consumer goods and services P,
Municipal Rural
area area

Food bo,73 48,43

1. prepared at home 36.55 a4
2. away from home 11.18 6.29

Lodging, electricity, fuel 12.40 9.16

and water

Clothang 8.12 12.07

Transportation 6.90 5.54

Recreation and education 6.76 3.3%6

Medical and persoral care S.h4h 7.46

Gifts, taxes and miscellaneous 2. 48 8.51

expenses

Tobacco and alcoholic beverages 5.18 5.48

a. Household sizes: rural - 5.7 persons

municipal - 5.8 persons
b. Table taken from Socio-Economic Survey B.E.2511-2512 (1968,69).
Report of the National Statistical Office of Thailand (131).

Of the near 50 percent of total houschold experditure
spent on food, about 40 percent is used to purchase rice; 30
percent for meat and poultry and the remaining 30 percent for
fruit, vegetables, beverages and prepared meals, Considerable
variation exists in the distribution of expenditure on fooa
between tcwns and villages. Probably the most marked differences
occur in the expenditure on rice, where according to the 1962-63
household expenditure survey (129) 46.4 percent of the total
expenditure on food went on rice and cereals in the villages
compared with 2%.2 percent in the towns. Another marked
difference occurs in the amount spent on prepared meals. 1In
1962-63, 20.5 percent of total expenditure on food went to the
purchase of prepared meals in towns as comrpared with 7.2 percent

in villages (129), (see Table 1.4).

Over the whole Kingdom 70 percent of the bulk intake
of food consumed is rice; fruit and vegetables account for
15 percent, while meat and poultry comprised only about 8 percent

of all food consumed in 1962-63 (129). Once again considerable



Table 1.4 Household expenditure. Percent distribution of expenditure on

various food groups?d.

Total Bangkok-

Group Kingdom Thonburi Towns Villages
All food and beverage 100.0 100.0 100.0 100.0
Rice and cereals 37.8 14.9 23,2 Le, L
Meat, poultry, fish

and eggs 30.3 31.6 515 5 29.0
Fruit and vegetables 1.2 11.7 13.7 10.5
Beverages 1.6 5.0 2.8 0.7
Prepared meals 12.8 30.3 20.5 7.2
Other foods 6.3 6.5 6.3 6.2

a. Taken from the Household Expenditure Survey for Thailand

1962-63 (129).

variation exists between towns and villages in the relative

amounts of foods consumed. In 1962-63, villagers consumed 18.7
percent more rice than town people and 43.5 percent more than
dwellers in the Bangkok-Thonburi area (129). Town people, however,
consumed almost three times the amount of meat consumed by
villagers. More eggs and vegetables were also eaten in towns than

in villages (see Table 1.5).

Table 1.5 Quantities of foods consumed by food groups (1962—63) 2.

kg. consumed per capita

HoGlel gRaAp A1l Bangkok- .
Kingdom Thonburi Towms Villages
Rice and cereals 167.2 99.1 134 ,5 177.8
Meat 8.2 16.4 16.0 6.3
Poultry 3.0 5.4 3.2 2.8
Fish 9.3 15.8 10.8 8.5
Eggs 2.5 5.7 3.7 1.7
Vegetables 19.7 36,4 27,0 17.2
Fruits 14.4 7.8 15.2 14.9
Oils and fats 1.0 2.5 1.6 0.8
Sugar and sweets 2.4 3,2 2.4 2.4
Salt; spices etc. 3.1 0.9 2.0 3.4

a., Taken from the Household Expenditure Survey for Thailand
1962-63.
b. Estimated at 55g per egg.
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The use of rice characterizes regional food consumption
patterns and distinguishes the Northeast and North from the rest
of the Kingdom. In these two regions over 180kg of rice was
consumed per capita per year in 1962-63 (129), of which about
two thirds was glutinous rice. In other regions, rice consumption
was nearly 160kg per capita per year with only small quantities
of glutinous rice being used. The North and Northeast regions
also consumed less meat, poultry, fish and eggs than other
regions with a yearly per capita consumption of 19kg in 1962-63
compared with 32kg in the East, 26kg in central regions and 22kg
in the South (129).

1.17.5 Agriculture and industry

Agriculture traditionally has been the mainstay of
economic life in Thailand. This is likely to remein so for some
time despite the steady increase in the value of the industrial
component of the economy. There has been a decrease in the
Kingdom's dependence on agriculture, particularly since World
War II. To a large extent, the rapid expension in industry
has been planned to utilize the agricultural and mineral
resources that previously had been mostly exported. Emphasis
has been placed in the last cecade on the food processing
industries and on power and construction industries. Whereas
in 1959, agriculture accounted for 37.9 percent of the gross
domestic product (G.D.P.), in 1969 it had dropped to an estimated
29.5 percent, while manufacturing rose in the same period from
11.9 percent to 16.0 percent of G.D.P. Ia 1969, the food and
beverage industry accounted for 41 percent of manufacturing
establishments employing ten people or more. The receipts from
these industries accounted for 38 percent of the receipts from

manufacturing industries (132).

The major food crops include rice, corn, groundnuts,
sugarcane, cassava root, coconuts, mungbeans and soybeans. The
most important livestock are buffaloes, cattle, pigs and poultry.
Forests and grasslands could support many more animals and the

expansion of livestock raising for export is an essential part
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of a plan to improve economic conditions throughout Thailand
and particularly in the Northeast. At present the main buffalo
and cattle raising area is the Northeast. The animals are
generally used for draft buffaloes in the rice paddies and
cattle on drier farms. Pigs are raised everywhere, some for
sale in Bangkok and other urban markets. Most poultry is

raised for family use except for some commercial duck farms
around Bangkok. Fish is a popular food for most Thais. In 1972
the total catch of marine and freshwater fish was in excess of

%2 million tons (37). Most of the fish marketed in Bangkok and
other urban areas is sold fresh to the consumer; the remainder
is smoked, dried, pickled or made into sauce or paste. The major
varieties oif marine fish include chub mackerel, shark, rays,
cuttlefish, shrimps and crab, while the major fresh water
varieties are serpent head fish, cat fish, climbing perch and

carp.

1.17.6 Internal and external trade

For" the most part Thailand's foreign trade policies are
liberal. Most articles may be imported and exported freely with

most nations.

In 1969, the value of exports was 14,890 million baht,
an increase of 9 percent over 1968 (132). A stcady increase in
export returns has been experienced since World War II. From
1957 to 1967 exports almost doubled in value. Commodities
exported are mainly of agricultural or mineral origin and are
normally sold in either the raw material or slightly processed
form. For the most part, the composition of exports has not
changed since the early 1950's, although the relative values of
the individual commodities have varied slightly. In 1969, seven
major commodities, rice, rubber, maize, tin, tapioca products,
kenaf and teak, accounted for 78.3 percent of the total export
value in contrast to 80.7 percent in 1957. Other commodities
exported include kapok fibre, castor beans, cattle, mungbeans,
peanuts, shrimps, cement, hides and skins, tobacco leaves,

stick lac, fresh eggs, sorghum and sugar.
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Of Thailand's imports, approximately 40 percent of the
value is in the form of food products and raw materials. In
1969, 5 percent of the value of imports was accounted for by
dairy products. Other significant imports include fertilizers,
pesticides, aircrafts, clothing and foot wear, textile fibres

and paperboard.

Domestic trade is mostly carried out by private enter-
prise. According to the 1966 Census of business trade and
services (79), 97 percent of the total of 290,487 commercial
establishkments in the whole Kingdom were individual proprietor-
ships. Most establishments tended to be small in size of employ-
ment with only 98 establishments employing one hundred persons
or more. Trade is carried out by a wide variety of commercial
organizations, some devoted exclusively to wholesale trade,
others exclusively to the retail trade and still others engaged
in both forms of trade. Wholesale firms located in the Bangkok
and Thonburi areas are agents lor the sale of most imported goods
while in some instances importing firms themselves act as whole-
salers. Domestically, manufactured goonds are usually distributed
through wholesalers, although they may sometimes be marketed
directly by the manufacturer. The collection of agricultural
products from rural areas is normally conducted by middle men
who send them to commission merchants in the urban centres where
they are sold to exporters or processors. Retaill goods are
distributed by outlets that vary from highly sophisticated super-
markets to small general stores, itinerant peddlers and door-to-
door traders selling food. Trade is encouraged and information
concerning markets is spread by several means. Advertising is
carried on through the press, radio, television, motion pictures
and outdoor signs and is organized by any of the number of

advertizing agencies based in Bangkok.
1.17.7 The Thai food processing industries
Food processing industries are increasing throughout

Thailand in size, numbers and diversity. A wide range of

industries exist including preparing and preserving meat, fruit
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and vegetable preservation, fish processing and sugar prcduction.

In 1972 there were 2917 registered slaughtering companies
in Thailand. In addition there were 40 companies engaged
primarily in preparing and preserving meat products. The majority
of meat and meat products manufactured in Thailand is for loczal
consumption, with only a small amount of frozen meat being
exported. Each year Thailand imports about 5 million bahts

worth of meat including beef and mutton, mainly from the USA.

Canning and other forms of fruit and vegetable preser-
vatior are carried on by avbout 300 factories throughout the
country (6). Almost 200 of these, however, cannot properly be
classified as operating on an industrial level. Rather, they are
cottage-type operations run by a single person or family. Most
of the processed fruit and vegetable production is domirated by
7 firms with a total registered capital of 207 million baht in
1972 (6). The main product is canned pineapple, which not only
supplies the local market but also had an F.0.B. export value of
over 55 million baht in 1971 (6). Other canned producits include
mushrooms, asparagus, tomatoes, papaya, baby corn, pickles and

finger bananas.

The fishing industry in Thailand ranks next to agriculture
both in exlent and value and accounts for about 4 percent of G.N.P.
It was estimated that 53,456 households were engaged in wharf
operations related to the fishing industry in 1972 (6). Despite
all this activity, the supply of fish and other seafoods is not
yet sufficient to meet local demand. The considerable fish
processing industry in Thailand is dominated by 5 large firms
which are involved in the canning, drying, salting and smoking of
fish and seafood. One of the most interesting branches of the
fishing industry is the production of fish sauce (nam pla). Thais
do not season their food with ordinary salt but rather use nam
pla in cooking and also as a condiment. A total of 30 million
litres of this extract of fish fermented in brine is consumed

each year.
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One of Thailand's largest food processing industries is
the sugar industry. In 1970 there were 34 sugar mills, all of
which were producing raw or so-called plantation white sugar (6).
Most of the sugar is derived from cane, with a small amount from
the flowers of the coconut and other palm trees. In 1972 it was
estimated that 400,000 tonnes of sugar was exported at a value of

about 1,000 million baht.

Other food industries include the production of vegetable
and animal oils and fats; rice milling; soft drink and alcoholic

beverage production; and the manufacture of confectionary.

1.17.8 The production and consumption of dairy products

Milk products prepared in Thailand are mainly based on
imported skim milk powder and butter fat. Dairy farming is,
however, increasing. The Thai--Danish dairy farm was one of the
first large scale dairy farms in Thailand. Tt was established as
a joint government venture in 1962 and produces bottled milk and
cream for the Bangkok market. 1In 1969 it received 2272 litres of
milk per day (6). The Thai-German dairy farm is a cooperative
effort between the Thai Department of Livestock Development and
the German government and was set up in Chieng Mai in 1967. 1In
1974 it received approximately 1300 litres of milk per day and
produced liquid milk, cream, cottage checse, bultter and buttermilk,
mainly for markets in Northern Thailand. Two groups of independent
dairy farms also exist. One at Ayutthaya, with a total output of
5,000 litres per day, supplies the Bangkok Dairy Plant Co. Ltd.

The second group at Ratchaburi produces about 1300 litres per day,

mainly for the Kasetsart University Dairy Project.

The Foremost Dairy Company (Bangkok) Ltd. was the first
company to start producing milk products on a large scale in
Thailand in 1956. This factory has a capacity of 12 million
gallons of plain aand flavoured milk and 4 million gallons of ice
cream per year. The Kasetsart University Dairy Project 1is
primarily concerned with training and demonstration, but acts as

a collecting, processing and distribution centre for bhottled whole
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milk. In 1973 eight factories were producing canned milk. Six
of these produced only sweetened condensed milk and only one
utilized local fresh milk as the raw material. No milk powder
is manufactured in Thailand except at a small plant set up by
King Bhumibol.

The coasumption of all kinds of milk and milk products
has been increasing at an estimated rate of 15 percent per year
and was predicted to reach 22,000 tonnes by 1974 (6). By far
the greatest proportion of this consumption is condensed and
evaporated milks. Of the other products, only butter is in
much demand. Between 1962 and 1968 the demand for butter was
increasing at a rate of 45 percent per year (6). Cheese, cream
and yoghurt only appeal to the foreign community and hence the
markets for these products are very small and supplied mostly by

imports.

1.2 The model

The resecarch discussed in this thesis formed part of a
larger research programme of the Food Technology Departmsnt at
Massey University. This programme aims at studying the application
of mathematical techniques in an attempt to quantify what is
largely the art of food product development. Work on the programme
was initiated by Edwardson (41) with his study of the design of
nutritional products for the Philippines. In designing such
products, Edwardson considered the main criteria to be:

1. Low cost of products.

2. Balanced nutritional content.

3. Use of indigenous raw materials in the formulation.

L, Organoleptic and cultural acceptability of products.

5. Ease of distribution of products in terms of adequate storage
life, physical distribution system and channels.

6. Adaptability to existing manufacturing facilities for smooth

introduction of the product into industrial production.
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Edwardson further suggested that raw material selection
was a central consideration in the product development method
(see Figure 1.1). Such selection is dependent on the following
properties:

Nutritional, e.g. protein, caloriszs
Functional, e.g. viscosity, pH

Consumer acceptability, e.g. flavour, texture.

Although Edwardson studied all the criteria listed above,
emphasis was placed on the selection of raw materials to provide
a balanced nutritional diet at a low cost. The objective was then
one of cost minimization, subject to specific restrictions on
nutrients representing the nutritional requirements of the

Filipino people.

Minimize the cost function

vihiere cj represents the cosl per unit weight of each itew or food
raw material and xj the weight of each of the n raw materials

available for the formulation: subject to the restrictions

n
L awmXs 2 bz i=1,24000 k

where aij represents the content of each nutrient per unit weight
of each raw material and bi the minimum requirement for each

nutrient in the mixture, for k nutrients.

Edwardson concluded that the problem description outlined
above fitted the standard conditions of the linear programming
model, and he applied this technique to the solution of the
nutrition problem. It was the intention of the research discussed

in this thesis to both complement and extend Edwardson's work.

The objective was to provide a quantitative basis for the

selection of food raw materials in formulating nutritious food
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products with characteristics acceptable to the Thai consumer.
The research was therefore divided into two areas. The first
area was the application of the linear programming model to the
selection of low cost raw material combinations with a balanced
nutritional content for Thai consumers. To some extent this
work overlapped that of Edwardson, in as much as the basic
linear programming model used was the same. Emphasis was,
however, placed on the value of supplementing indigenous raw
materials with New Zealand dairy products. An adaption of the
basic linear programming technique - goal programming - was also
studied as a method for optimization of the nutritional balance
from selected raw material combinations. The second area of the
research aimed at the inclusion of organoleptic and cultural

acceptability criteria into the basic linear programming model.

Hence, it was 1intended to set up a model for raw material

selection, with the objective of minimization of the cost functlion:

s
(e}
3

g 373

subject to the two sets of restrictions:

(1) : i
a3 5% by 1= 1,2,...k

1

TSR

J

wnere, as before, aij represents the content of each nutrient per
unit weight o1r each item and bj the minimum requirement for each

nutrient in the mixture, for k nutrients

(2)

1aijxj ) bi i = Kk+lyeeem

s

J

where aij represents some factor related to consumer acceptability
per unit weight input of each item and bi the minimum requirement

for this factor in the mixture, for (m-=k) factors. The
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restriction on positive contribution of raw materials also

remains:

192 9e0enn

x. ) o j

1.3 Summary

The enviroanment of Thailand was studied. Thailand is a
country rich in natural resources, well capz=ble of supporting its
population. 1In spite of this, malnutrition still exists through-
out most of the country and particularly in the rural areas of
the North and Northeast. 1t was considered that through proper
use of indigenous food raw materials and supplementation with
imported materials, particularly dairy products, nutritionally
adequate food products cculd be designed. Such products were to
be not only nutritious but also inexpensive and generally

acceptable to the consumer.

As the process of raw maverial selection is one ol the
central considerations in food product development, the objective
chosen for the research was the development of a mathematical
basis for selection of raw materials for input to nutritious food
products acceptable to the Thai consumer. The relevance of this
objective was discussed in the context of a larger research
programme initiated by Edwardson (41), who proposed and used
linear programming for selection of food raw materials as the
basis of nutritious food formulations for the Philippines. The
current research complements and extends Edwardson's work as it
applies linéar programming to the solution of raw material
selection, firstly on the basis of nutritional needs and secondly

on the basis of consumer requirements.
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CHAPTER 2

LINEAR PROGRAMMING AND NUTRITION

The first area of research concerned the application of
the linear programming model to the solution of the nutrition
problem ~ that is the selection of low cost combinations of food
raw materials with an acceptable nutritional balance. This
chapter presents a brief review of previous applications of
linear programming to the solutions of nutrition problems,

showing their relationship to the current application.

The data for the model were collected, including raw
material compositions and costs and Thai nutritional per capita
requirements. The sources and derivations of these data are
presented, togetner with the conversion of the original data to

a suitable tTorm for input to an IBM package linear programme.

2 A brief review of linear programming applications in the

food industry.

Linear programming is a mathematical technique used to
determine the optimum allocation of a limited supply of resources,
to either maximize or minimize a specified objective. It is
commonly believed tnat the first concepts of linear programming
were laid by Von Neumann in 1928, with the mathematical theory
being proposed by Danzig in.1949 (35). Danzig's work led to the
definition of the Simplex method of solution, which is used as
the basis for most hand and computer algorithms today. Since
that time the subject has received widespread attention in such
diverse fields as nutrition, engineering, economics and

agriculture.

The first application of the technique in the food area
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was described by Stigler (192) in 1949, before the development
of the solution method. His 'cost of subsistence' problem
described the requirements for 9 nutrients of a moderately
active man which were to be supplied by the cheapest mixture
from a list of 77 foods. Solution was on a trial and error
basis. Stigler's problem was solved, using the Simplex method,
by Smith (180) in 1959. Edwardson (41) reviewed the literature
pertaining to applications of linear programming to the solution
of food formulation problems. He considered these applications

as falling into three main areas.

Meuu planning. Peryam (142) modified Smith's 'diet problem' to

the '"menu planning problem'. Linear programming was used to
select the optimum mixture of institutional meals, at low cost
or possibly maximum acceptability, subject to restrictions on
minimum nutritional composition, frequency of repetition of
dishes, suitability of dishes for different meals and their

acceptability ratings.

Planning of food supplies cn national and gloktel scales. Hruby

(86) used linesar programming to estimate least cost allowances of
specific food groups to meet the nutritional requirements of the
Czech people. Sukhatme (194) in 1961 calculated the required
increase in the supply of 10 food groups necessary to bring the
quantity and quality of the diet of the world up to a defined

target level at the minimum cost.

Food formulation. This has been probably the most common area

of application. The problem is to formulate a food product
either at the lowest cost or to maximize profit, subject to
specifications on both raw materials and the final product.
Minimum cost formulations of bakery products were designed with
required moisture, protein and raw materials (5)3j fruit salad
and sausage formulations were designed based on legal regulations

and organoleptic quality (177).

Edwardson (41) presented a summary of linear programming

applications to the nutrition problem (see Table 2.1). No
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Summary of linear programming models in nutrition problems?.

Table 2.1
Year Author Area [EEs o Numb?r o Nutrients
foods nutrients
1945  Stigler (192) U.S5.A. "9 9 calorics, protein, Ca,
Fe, vit A, thiamine,
riboflavin,niacin, vit C
195¢  Smith, V.E. (180) U.3.A, 73 12 as Stigler
23 12 plus carbohydrate, fat, P
272 12 included restrictions on
foods
1961  Smith, P.E. (178) U.S.A, 400 8 as Stigler less calories;
30 8 plus vit E
Lo 8
1961 Sukhatme (194) World o] 3 calorics, animal protein,
food vegetable protein
groups '
1964 Wirths et al.(222) Germany 2843 12 as Stigler plus total fat,
! vitanin vegetable fat and animel
tublete protein
1965 Wirths et al.(223) Devcloping 10 8 calories, protein, animal
nations food protein, isoleucine,
(=3 JAWE] lysine, methionine,
threonine and tryrtophan
1665  de Moor et al.(125) Belgium n.a. 10 as Stigler plus fat
1969  Hruby (86) Czechoslovakina « 16 11 as Stigler plus animzl
food protein and fTat
groups
1569 Inglett ot 21.(89) general 6 7 protein, lysire, S-amino
acids, isoleucine,
threonine tryptophan,
valine
19921 Patrick et al.(140) Brazil n.a. n.a. Nea.
1971 Pinto (156) Prazil n.a. ne.a. " included essential amino
acids
1672 Cavins et al., (24) general 6 1 protein and 10 essential

amino acids

a. Taken from Edwardson (41)
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further applications have been noted since the recording of this

summary.

The work discussed in this thesis merged national food
planning, menu planning and food formulation, as it aimed at the
selection of low cost raw materials for input to nutritious food

products acceptable to the Thai consumer.

In previous models for selection of raw materials of a
specified combined nutritional composition, generally less than
one hundred raw materials were included; the models by Smith
(180), Smith (178), and Edwardson (41) being exceptions. In this
project 151 raw materials were consicdered, including indigenovs
Thai foods and New Zealand dairy products. To provide a balanced
diet, a wide spectrum of nutrients was considered. All nutricnts
regularly found in composition tables were included, totalling
twenty six - calories, protein, fet, fitre, calcium, phcsphorugs,
iron, vitamin A, vitamin C, thiamine, riboflavin, niacin, four

trace vitamins and ten essentisl amino acids.

2.2 The data required

The general linear programming modzl as applied to the

rnutrition problem can be expressed as follows:

minimize Cq Xq + 05 X5 + v & 0 ¢ o+ C X, <
subject to A1 Xt X, v e . e e e+, X s b1
o1 X3+ &5%X, + 0 v 0 . as, X, % b2
; X, + 8 X 4+ o o 6 t ; X S %
k1 ™1 k2“2 ° kn “n 5 k
and X, . p2 o
*2 . ) o
X ) o
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where

k is the number of nutrients or rows

n is the number of food raw materials or columns

aij is the number of units.of ith nutrient in one unit of food
raw material

bi is the specified number of units of nutrient i required

Cj is the cost of one unit of food raw material j

xj is the number of units of food raw material j in the solution.

The data required for problem solution was then:

1. A complete list of available raw materials.

2. The cost of each raw material.

3. The composition of each raw material with respsct to each
nutrient.

L, A list of nutrients considered necessary in obtaining a
balanced diet.

5. The required level of each nutrient.

) The raw malerials

FAO agricultural and fishery statistics publication
(57,56) and information from the Thai Department of Statistics
(119) provided a list of the major food raw materials
indigenous to Thailand (see Appendix 3). This list included
meats, fish, fruits, vegetables, spices and derivatives of these
materials for example liver and kidney from meat animals or milk
and cream from coconuts. Additional to this list of 14k
indigenous raw materials were seven common New Zealand dairy
products including butter, cheese, casein, lactalbumin, whole

milk powder, skim milk powder and sterilized whole milk,
2.3.1 Costs

Market prices for each of the indigenous raw materials -
were supplied by a staff member of Chulalongkorn University,
Bangkok (29). These 1972 costs could only be considered

approximate but at the very least provided an ordered scaling
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of the materials with respect to their relative prices. Such
prices are, of course, subject to variation from one market place
to another and to seasonal fluctuations. The latter problem
could be overcome by obtaining sets of prices for specific
seasons. The problem of market place variation could be taken
into account by including some estimate of the price ranges of
each raw material. This would require qguadratic programming for
solution. In this project, it was considered reasonable to use
average prices and linear programming for the following reasons:
1. If such a project was carried out by the Thai government or
some private organization, quotations of costs for each raw
material would be obtained. Such quotations would not ke subject
to either of the above variations.

2. The outputs from most computer algorithms of linear
programming indicate the range of prices over which each material

will remain part of a celected mix.

Prices for the dairy products were obtained from the New
Zealand Dairy Board (134), expressed cn a C.I.F. Thailaad basis.
All costs were converted to baht/100g to two significant figures,

for input to the linear programming mcdel.

2.3.,2 Nutritional composition data

Data was sought on the compositions of{ the 151 raw
materials for the 26 nutrients listed in Table 2.2. 1In all cases,
edible portion compositions were used so that the solutions to the
problem would give the nutritional composition of a mixture of raw

materials prepared for processing.

The major source of the data was in a Thai Ministry of
Health publication (120), which provided compositions of the local
materials for proximate analyses, minerals and vitamins A, C, B1,
B2, and niacin. USDA food composition tables (107, 137, 215)
provided some data on vitamins B6, B12 and pantothenic acid and
British tables provided folic acid data. Amino acid data were

taken mainly from a recent FAO publication (54) and a Commonwealth
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Table 2.2 The nutrients considered in the problem.

Prox1m§te Minerals Vitamins Amino acids

analysis

protein calcium vitamin A isoleucine

calories phosphorus vitamin C leucine

fat ircn riboflavin lysine

fibre thiamine methionine
niacin cystine
vitamin B6 phenylalanine
vitamin B12 tyrosine
pantothenic threonine
acid tryptophan
folic acid valine

Agricultural Bureaux bulletin (78). The complete list of sources
and their frequencies of use is shown in Table 2.3. After this
model was set up, composition tables for Southeast Asia were
published, but it was decided that little would be gained at
that time by updating the data (58).

For approximatlely 7 percent of the corposition matrix,
data were assumed or calculated from compositional data of
related materials. The bases for these assumptions were:

1. Was the material in question an obvious member of a wider
class of raw materials? If so, did this material resemble cther
class members in other aspeccts of nutrient composition? If both
criteria were reasorably met, then a minimum value of the
compositional element was chosen from the documented data of
other class members. For example, the folic acid content of red
beans was assumed to have the minimum value recorded for all bean
varieties.

2. If the other members of the raw material class differed
markedly in composition from the material in question, then a
minimum value was assumed from a broader grouping of materials -
fruits, vegetables, meats or fish. For example, the cystine
value of frog meat was assumed to te the lowest recorded value
of all the meats considered in this project.

5. The majority of unrecorded fibre levels were for non-plant
materials - eggs, meats, milk. Zero entries were recorded for

these materials.



25.

Table 2.3 Sources of raw material compositions.
Frequenc P cant
Reference Data included 4 J of total
of use .
matrix

Edwardson (41) all 26 nutrients 1144 29.14
Thai composition protein, fat, calories 959 2k L2
tables (120) calcium, phosphorus,

iron, niacin, ribo-

flavin, thiamine, vita-

min C, vitamin A
FAO publication (54) all amino acids 803 20.45
Commonwealth Agri- all amino acids 305 7« U8
cultural Bureaux
bulletin (%78)
McCance and folic acid 92 2.34
Widdowson (109)
orr (137) pantothenic acid, vita- 79 2.01

min B6, vitamin B12
Watt and Merrill (215) protein, fat, caloriec, 71 1.81

fibre, calcium, iron,

phosphorus, riboflavin,

niacin, thiamine, vita-

min C4 vitamin A
Bowes and Church (14) protein, fat, calories, 38 0.97

fibre, calcium, iron,

phosphorus, riboflavin,

niacin, thiamine, vita-

min C, vitamin A
American Dairy vitamin A, thiamine, 32 0.82
Science riboflavin, niacin,
Association (77) vitamin C, vitamin B6,

vitamin B12, folic acid,

pantonthenic acid
Duckworth (39) folic acid 30 0.76
N.Z. Dairy .Board protein, fat, calories 14 0.35
Export Purchase
Handbook (133)
N.Z. Dairy Research calcium, phosphorus, 8 0.20
Institute (135) iron, vitamin B6
Child (28) folic acid, riboflavin 2 0.05
Jennes and Patton (94) phosphorus 0.03
Data not available 69 1.76
Assumed and 279 711

calculated data

100.00 -
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4L, Where materials were documented as containing traces of
nutrients, and no further data was available, a zero level was
recorded.

5. In a few cases data values were calculated. For example,
the calorie levels of casein and lactalbumin were estimated by
multiplying the fat levels by the factor 9kcal/g and protein
and carbohydrate levels by the factor bkcal/g.

Approximately 2 percent of the matrix elements were
blank. The majority of thesec were for trace vitamins - vitamin
B6, pantothenic and folic acids. 1In the computer solution, all

missing elements were ascigned zero values.

Nutriernt units were expressed per 100g of food raw
material. The accuracy of expression of these units and some
description of the derivation of the nutrient compositional data

is given below.

Calories: nearest kilocalorie (kcal) calculated using
physiological energy

factors for fat, protein

and carbohydrate (9,4,4)
where otherwise unknown

Protein: nearest tenth of a gram(g) where nitrogen was
of nitrogen assumed Lo form 16 per-

cent of protein in most

focods. Other factors

used for cereals, beans,

nuts and milk

Fat: nearest tenth of a gram(g) by extraction estimation
Fibre: nearest tenth of a gram(g) by extraction estimation
Calcium: nearest milligram (mg) total (no correction for

oxalate or phytate salts

which make some of the
mineral unavailable to
the body)

Phosphorus: nearest milligram (mg) total (no correction for

presence as combined
phytic acid)

Iron: nearest tenth of a total (no correction for

milligram (mg) phytate unavailability
or absorption)



Xitamin A:

Thiamine:

Riboflavin:

Niacin:

Vitamin C:

Vitamin BR6:

Vitamin B12:

Pantothenic

acid:

Folic acid:

Amino acids:

As in the case of costs,

nearest ten international
units (iu)

nearest one hundredth of
a milligram (mg)

nearest one kundredth of
a milligram (mg)

nearest tenth of a
milligram (mg)

nearest milligram (mg)

nearest thousandth of a
milligram (mg)

nearest thousandth of a
milligram (mg)

nearest thousandth of a
milligram (mg)

nearest microgram

(pe)

nearest milligram (mg)
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where "trace'", 5iu

recorded

O.bug carotene = 1 iu

1.2ug other carotenes
= 1iu

O.%ug retinol (Vit A

alcohol) = 1iu

where '"trace'". 0.005mg
recorded

where '"trace', 0.005mg
recorded

1mg niacin = 1 niacin
equivalent
60mg trypto-
phan
tryptophan ccntribut.on
not considered

reduced form of ascorbic
acid from USDA, total
ascorbic acid from
Thailand Food Tables

pyridoxal; pyridoxol and
pyrodoxamine cortent;
hydrochlecrides cerrected
to frece base

microbiological estimation

pantothenate estimations
corrected to pantothenic
acid

generally total folate
measured

average values of several
independent assays for
each amino acid; chroma-
tographic estimations used
where available

considerable variation exists in

the raw material compositions due to seasonal effects, area of

production,

time of harvesting and varietal differences. The

existence of these variations was recognized, but no account of

them was taken.

To have done this would have required
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epecification of the variety of raw material to bte used, the area
of production and growing season. Accurate data would then have
been required on the average compositions of each raw material
and the natural variation of these averages. In this project,
the use of what might be considered approximate data was
justified because it made possible the development of the
nutritional model. Although the combination of raw materials
obtained from the model cannot be regarded as the lowest cost
combination in Thailand at any one time, it can give low cost
combinations of raw materials. The data can be updated easily

to meet any particular raw material compositions in Thailand.

2.4 Nutritional constraints

It was considered more worthwhile initially to devclop a
food formulation for consumption by the whole family than for any
particular age group. Raw material selection had then to be made
to satisfy the nutritional requirements of all uembers of the
family. Servings to each member would be made in proportion to
his age and hence assumed to satisfy his nutritional requirements.
This assumption relies on an increase in consumption with age
prcocportional to the change in requirements for each nutrient.

For example, a child in the 10-12 age group should consume mrorec
than a child in the 7-9 age group. This additional consunption

is expected to supply the extra nutritional requirements of the
older age group. With the exception of infants and very young
children, there is a close to linear relationship between
nutritional regquirement and age, supporting the use of the weighted
average approzch to the development of constraints. In the first
part of the project, that concerned solely with nutrition, all

age groups have been included to provide a completz generalization
of the model. It was recognized that greater accuracy would be
obtained if more narrcw age groupings were considered. This was
done in the second part of the prcject where acceptance criteria
for adults only were considered and hence only the nutritional

requirements for this group were used.
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Jable 2.4 Weighted average daily per capita nutritional requirements.

Minimum weighted

Maximum weighted

Nutrient average average
requirement requirement

Calories 2100 none

Protein (gN) 7.75 none

Fat (g) 20% of calories 35% of calories

Fibre (g) 6 15

Calcium (mg) 585 1500

Phosphorus (mg) 0.8 x calcium 1.5 x calcium

Iron (mg) 8.70 none

Vitamin C (mg) 28.0 none

Vitamin A (iu) 2100 none

Thiamine (mg) 0.4/1000kcals none

Niacin (mg) 6.6/1000kcals none

Riboflavin (mg) 0.55/1000kcals none

Vitamin B12 (mg) 0.00185 none

Vitamin B6 (mg) 1.65 none

Folic acid (Pg) 175 none

Pantothenic acid (mg) 6.80 none

Protein/calories 0.13 none

Amino acids

Isoleucine (mg/gN
Leucine (mg/gN)
Lysine (mg/gN)
Phenylalanine (mg/gN)
Tyrosine (mg/gN)
Cystine (mg/gN)
Methionine (mg/gN)
Threonine (mg/gN)
Tryptophan (mg/gN)
Valine (mg/gN)

egg pattern values

415
553
403
365
262
149
197
317
100
L5k

Nutritional requirements for individual age groups were

taken mainly from recommendations by the Thai Ministry of Health
(121) and expert groups of FAO (46, 48, 49, 50, 55). The origins

of the requirements for individual nutrients are discussed in

the following section.

In almost all cases only lower nutritional

requirements were used due to the lack of information on the ill

effects of overdoses of most nutrients.

Nutritional constraints were determined as weighted average

requirements for each nutrient over the entire Thai population.
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n
Weighted average requirement, nutrient j = Z Pjaj:j
i=1 T
where Pi is the proportioir of the total population in age
group i.
aij is the requiremcnt for nutrient j by age group 1i.
n is the number of age groups.

The derivation of the population distribution is included in
Section 2.5 and the final calculation of the weighted average
requirements in Appendix 4. A summary of the weighted average

requirements is given in Table 2.4
2.4.1 Energy requircments

The daily calorie allowances recommended by the Thai
Ministry of Health (121) were used (see Apnendix 2). These were
found to be in agreement with the levels recommended by the Fcod
and Agricultural Organizaticn of the United Nations (55 when
account was taken of the variesble factors affecting energy
requirements.

1. Physical activity. The FAO report (55) used an estimate of
average activity based on the reference man and woman.

Reference man (65 kg in weight) reguires 3200 kcal/dsy.
Reference woman (55 kg in weight) requires 2300 kcal/day.

2. Body size. A formula to estimate the energy requirements per
unit of body weight was developed (55). A simplificd version of
this formula is:

Men E 0.75

152 W
1234 wO*7>

where W is body weight in kg. and E is the daily calorie require-

i

Women E

ment.

3, Effect of age. The FAO group recommended a decrease in calorie
intake of 3 percent for the decades 25-35 and 35-45 years, and

7.7 percent for each decade thereafter tc 65 years. After 65 years
the calorie intake should remain constant.

L4, Climate. The group recommended a decrease in calorie intake of

5 percent for each 10°C above the base level of 10°C for the
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reference man and woman. For each 10°C drop below this level,

an increase of 3 percent is recommended.

These factors were used to calculate the requirements of
the Thai people by age group and sex. For example the require-
ment for 20-29 year old men was calculated as follows:

1 No allowance was made for differing levels of activity.
This was taken as that of the reference man with a requirement
of 3200kcal/day.

2. Allowance for weight was made using the simplified formula.

E = 152 WO 72

152 x (L)07?
2850 kcal

E

1l

where the average weight of 20-29 year old men was 5hkg.
5. The average temperature for Thailand is approximately BOOC
which is 20°C above the base level. Hence the calorie requirement

was reduced by 10 percent.

E = 2850 - 285
= 2535 keal
= 2550 kcal (rounded to the nearest

50kcal)
This rounded figure of 2550kcal corresponds with the allowance
recommended by the Thai Ministry of Health (121).
L, The requirement for 70-39 year old men was calculated by
reducing the allowance for 20-29 year olds by 3 percent.
E 2535 - (0.03 x 253%)
= 2459 kcal

= 2450 kcal (rounded to the nearest
50kcal)

Il

The requirements outlined by the FAO group (55) for infants
and children are given in Table 2.5. In general there is agree-
ment between these levels and those put forward by the Thai
Department of Health. Slight variations exist in the allowances
for children from 1-19 years. These are generally of the order
of 100kcals and are probably due to small differences in body
weight.
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Table 2.5 Recommended daily calorie allowances for infants and children @,
Age group Daily allowance
1-3 months 120 kcal/kg
L-9 " 110 " 1"
10-12 " 100 " "

1-3 years 1300 kcal/day
L_§ " 1700 " "
7-9 " 2100 " "
10-12 bt 2500 " il
13-15 years (male) 3100 " n
1%-15 e (female) 2600 " L
16-19 L (male) 3600 " I
16-19 " (female) 2400 kcal/day

a. Recommended by the FAO committee on calories, 1957 (55).

Pregnancy. LExtra energy is needed for growth of the foctus, the
placenta and acsociated material tissues and for the increased
cost of movement of the heavier mother. The FAO committee (55)

recommended an allowance of %0,000kcals per pregnancy.

Lactation. Energy is required for milk production and for milk
constituents. The FAO committee (55) recommended an extra
1000kcals/day for 6 months cf lactation. These recommendations
have been adopted by the Thai Ministry of Health. The calorie

requirements for each age group are summarized in Appendix 2.

2.4.2 Protein requirements

Thai Health Ministry (121) and FAO/WHO recommerdations
(48) are not in complete agreement on daily protein requirements
(see Table 2.6). The allowances for adults are almost the same
on the basis of a protein utilization (NPU) of 60, while those

for infants and children are higher in the Thai recommendations.

Pregnancy. The FAO/WHO group (48) estimated the extra amounts of
protein laid down in the formulation of the foetus and foetal
membranes. These increased demands were 6g/day in the second and

third trimesters.
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Lactation. An extra allowance of 15g/day is required (48).

The FAO/WHO recommendations were used and the protein
requirement levels for each age group and special categories
were calculated as grams nitrogen using the conversion factor

6.25 grams protein per gram nitrogen (see Appendix 2).

Table 2.6 Recommended daily protein allowances.
A Thai Health Dept.? FAO /WHOP
Gl st (g/kg body weight) (g/kg body weight)

Men 20 1.00 0.98

Women 20 1.00 0.98c

Infants 0-1 2.33 1.70

Children 1-3 1.70 1.46
L-6 1.31 1.34
=9 1.20 1.208
10-12 1.28 1.20

Boys 13-15 1.11 1.16
16-19 0.20 1.06

Girls g5 1.00 1.16
16-19 0.81 1.06

a. Division of Nutrition, Ministry of Health, Thailand (121

b. Reprort of joint FAO/WHO expert group (48)

c. Averaged over recommended allowances for four age groups
between O and 1 year.

2.%.3 Fat requirements

Beaton and McHenry (11) maintained that the only human
obligatory reason for including fat in the diet is to supply the
essential fatty acids. They added, however, that fat was also
desirable as a2 means of increasing palatability of food due to
its lubricating function and slow absorption rate causing high
satiety and as a possible source of fat soluble vitamins. The
British Medical Association (118) were unaware of any evidence
for a minimum daily irntake of fat required to maintain the health
and well beirg of the human body. Although no strict levels of
fat intake are recommended in national nutrient requirement tables,
desirable fat levels in terms of percentage of total calories as

fat are suggested:
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United Kingdom 25-35%

Canada greater than 25%
Holland less than 30%
South Africa 20-30%

Davidson and Passmore (36) in recommending fat intakes maintained
that "any community which wishes to feed well in a civilized
tradition (east or west) must obtain at lecast 20 percent 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 their fat intake to 25-30 percent of total energy."

The fat contribution to total calories is generally much
lower in Eastern countries than those recommended above (see

Table 2.7).

Table 2.7 Calories from fat in Eastern countries 2.
Fat Calories Percentb
Country available available calories Year®
g/day kcal/day from fat
Ceylon Ly 2150 18 1968 T
Taiwan 54 2510 19 1968 T
India 24 1900 11 1966/68/69 T
Japan L8 2460 18 1968 T
Korea 15 2430 6 1967 T
Pakistan 33 2230 13 1967/68 71
Philippines 30 2010 14 1968 T
Thailand 32 2100 14 1964-66 F

a. Calculated from data in FAO production yearbook 1969, FAO,
Rome, 1970.

b. Rounded to the nearest integer.

c. T is tentative, F is FAO estimate.

It was decided to limit the range of calories from fat
to 20-35 percent, where fat contributes 9kcal/g. The lower limit
provides enough fat for satiety and palatability factors, while
the upper limit prevents possible health dangers due to excessive

fat intake.



2.4.4 Fibre requirements

Fibre is recognized as an essential dietary constituent,
giving bulk and consistency to faecal matter in the body to
maintain laxation, but almost no data is available on recommended
levels. In 1956 Robinson (160) reported that the daily require-
ment for crude fibre had been estimated in 1932 to be about
90-100mg/kg of body weight. Hutchinson (88) stated that
approximately 4Okcal/day from hemicelluloses and 20kcal/day from
celluloses could be absorbed by intestinal organisms, after an
allowance for material loss during fermentation. This is
equivalent to 60kcal/day, which at the rate of 4kcal/g from
carbohydrates would be available from 15g/day of mixed poly-

saccharides.

In this study,; a crude fibre range of 6-15g/day was sct
for all age groups. It was recognized that specific components
cf crude fibre including celluloses, hemicelluloses and lignin,
may have specific functions in the human bcdy, but these could
not be used because of the lack of compositional data in this

area.

2.4.5 Calcium and phosphorus

Calcium and phosphorus are the chief elements in building
skeletal structures of the body. Calcium also acts in blood
clotting, absorrtion of vitamin B12 from the intestinal tract,
regulates contractibility of muscle and helps maintain normal
cell permeability essential to osmotic precsure control.
Phosphorus is important in anabolic and catabolic reactions as
ATP and ADP. In the inorganic form it helps regulate ion

concentration of the body.

Recommended requiremen<s for calcium vary considerably.
Sherman (174) suggested the minimal requirement to be 680mg/day,
while Mitchell ana Curzon (122) found that 9.75mg/kg body weight
per day was required to maintain equilibrium. The FAO/WHO

expert committee on calcium (46) and the recommendations of the
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Thai Ministry of Health (121) are shown in Table 2.8. 'The
FAO/WHO group suggested a range to include the lowest acceptable
intake of calcium bYecause of the wide differences in requirements

from area to area.

Table 2.8 Recommended daily calcium allowances.
Age group FAO/WHO? gz;i %ealth
; c
(years) (mg/day) (mg/day)
0-1 500-600 500
1-6 Lo0-~500 Loo
7-9 L4L00-500 500
10-12 600-700 600
13-15 boys 600-700 700
16-19 boys 500-600 600
13-15 girls 600-700 €00
16-19 girls 500-600 500
adult men 400-500 500
adult women 400-500 400

a. Joint FAO/WHO expert group on calcium, 1962 (46)
b. Division of Nutrition, Ministry of llealth, Thailand, 1970 (121)

Additional intakes were recommended by the FAO/WHEO group
(46) during the third trimester of pregnancy to provide for
growth of the foetus, and in the lactation period to compensate
for losses in human milk. The suggested level of intake for both

periods was between 1000 and 1200mg/day.

Although the group did not define an upper limit for
calcium intake, it did suggest that levels in excess of 1500mg/day

may lead to kidney stone formation.

In this project the upper level of the range of calcium
allowances recommended by the FAO/WHO group were adopted as the
acceptable minimum levels of intake. An upper limit of 1500mg/day

was also defined for all age groups.

No allowances for phosphorus are recommended -by the Thai

Ministry of Health. The FAO/WHO group on calcium requirements (46)



felt that variations in the calcium to phosphorus ratio in
habitual diets are of no practical significance in relation to the
utilization of the minerals. Sherman (174, 175), however, stated
that when the ratio of the two minerals is greatly imbalanced,

the mineral in the smaller amount is not well absorbed. Beaton
and McHenry (11) believed that phosphorus levels up to 150

percent those of calcium were satisfactory for the American people.

It was considered that some restriction should he placed

on the ratio of calcium to phosphorus. The range'chosen was:
0.8 { cCa/f { 1.5
2.4.6 Iron requirements

Iron has a central function in oxygen transport in the
blood and has a role in haemoglobin formation. On the basis of
total body turnover studies, the FAO/WIIO commiltee on iron
requirements (49) calculated the total loss of iron per day to be
0.%%mg for the average man (65kg in weight) anc 2.8mg for the
average woman (55kg in weight). The committee's recommendations
for children from birth to 16 years were calculated on the
assumption that girls began menstruation at the age of 13 years
with an upper limit on menstrual loss of 1.4mg/day. To provide
for the needs of the foetus and placenta an additional allowance
of 1000mg was suggested for the first and second halves of
pregnancy. During lactation an extra 2.4mg/day was suggested to
account for blood losses, milk iron losses and basal losses.

The FAO/WHO recommended allowances for iron are summarized in

Table 2.9.

The reguirements as set by the Thai Ministry of Health
are close to the FAO/WHO recommended allowances for diets
containing 10-25 percent calories from animal sources. Variation
exists in the levels for pregnant and lactating women with the
Thai figures being higher than those of the FAO/WHO group. 1In
this project the Thai Ministry of Health allowances were used

for all groups except pregnant and lactating women. In these
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cases FAO/WHO figures were considered more realistic in view of

evidence presented in that report (49).

Table 2.9 Recommended daily allowances for iron.
Recommended intakes Thai
according to percentage calories Health
Age .group from animal food Dept.d
C10% 10-25% ) 25%
(mg/day) (mg/day) (mg/day) (mg/day)
Infants O-4 months Supplied by breast feeding kg x 1.0
5-12 months 10 7] 5 kg x 1.0
Children 1-9 years 10 7 5 L
10-12 10 Vi 5 8
Boys 13-15 18 12 9 11
16-19 9 6 5 11
Girls 13-15 24 18 12 16
16-19 28 19 14 16
Men 20 9 6 5 6
Women 20-49 28b 9 14 16
Women 50 NA NA NA 6
Pregnant women
1st half an extra 0.8mg/day® 26
2nd half an extra 3.0mg/day 26
Lectation an extra 2.4mg/day 26

a. Division of Nutrition, Ministry of Health, Thailand, 1970 (121}
b. Not given in this report
c. Additional to each category

2.4,7 Vitamin C requirements

Recommendations of the joint FAO/WHO committee on vitamin
C (49) and of *the Thai Ministry of Health are in almost total
agreement (see Table 2.10).

Work carried out by Baker et al (10) and Hodges et al (84)
indicated that an adult can maintain health, as defined by the
absence of scurvy, on 6.5mg/day. Baker (9) claimed that well fed
young men metabolized on average 21.5mg vitamin C per day. On the
basis of these and other studies, the FAO/WHO committee (49)
decided that a level of 30mg/day should be sufficient to meet the

requirements of adults of either sex. From information put forward
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by Martin et al (111) and Smith (179), the committee decided on
a daily allowance of 50mg for pregnant and lactating women. It
was considered that infants up to six months would obtain all

their vitamin C requirements through breast feeding.

For this project, Thai Ministry of Health recommended

levels were used (see Table 2.10).

Table 2.10 Recommended daily allowances for vitamin C.

re mrou FAO/WHO? Mo Wealth Dept’
ge group (mg/day) (mg/day)

Infants 0~-6 months - 20
6-12 " 20 20

Children 1-9 years 20 . 20
10-12 " 20 20

Males 12 + 30 20
Females 12+ 20 30
Pregnant women 50 50
lLactating women 50 59

a. Joint FAO/WHO expert group on ascorbic acid, vitamin D,
vitamin B12, folate and iron, 1970 (49)

b, Nutrition Division, Ministry of Health, Thailand, 1970 (121)

c. Supplied through breast feeding.

2.4.8 Vitamin A requirements

Very little is known about the action of vitamin A other
than its role in vision. An interministerial working group on
nutrition guidelines for Thailand (91) indicated that vitamin
deficiencies, especially vitamin A, was one of the five major
nutrition problems. This claim was supported by Migasena (116)
who suggested that low intake of this vitamin associated with

protein-calorie malnutrition may retard growth of children.

In a report by the British Medical Research Council (113)
it was found that 590Pg of retinol was required to correct for
defective dark adaption while 75ng was sufficient to maintain

constant plasma levels. The joint FAO/WHO committee on vitamin A
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requirements (50) recommended 75QPg/day of retinol for the normal
adult. No extra allowance was considered necessary for pregnancy.
To account for the 49Pg/100ml of human milk, an intake of 1200pg/
day of retinol was suggested during lactation. The recommended
allowances of the Thai Ministry of Health (121) are given in
international units of vitamin A. When converted to Pe retinol
these allowances are close to those of the FAO/WHO group (see
Table 2.11).

1 iu  vitamin A = O.Bpg retinol

In this project, the Thai Ministry of Health allowances
were used in the form international units of vitamin A. These
units were chosen because most compocsitional tables record
vitamin A levels in this form. In the case of data being given

as @ carotene the conversion to vitamin A was made as follows:

|

1 pe @ carotene 0.167 pg retinol

1]

1 iu vitamin A 0.2 Fe retinol

Table 2.11 Recommended daily allowances for vitamin A.
Age group FAO/WHO® Thai Health Department”
P8 retinol ne retinol iu vitamin A
Infants 0-6 months = 300 1000
6-12 " 300 300 1000
Children 1-3 years 250 255 850
L-6 il 300 300 1000
7-9 . 400 Los 1350
10-12 " 575 570 1900
1BA5 M 725 720 2400
Adults 16+ years 750 750 2500
Pregnant women 750 750 2500
Lactating women 1200 1200 4000

a. Joint FAO/WHO expert group on requirements for vitamin A,
thiamine, riboflavin and niacin, 1967 (50).
b. Division of Nutrition, Ministry of Health, Thailand, 1970 (121).
c. Supplied by breast feeding.
d. Calculated from vitamin A requirements (iu), where 1 iu =
O.?Pg retinol.
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2.4.9 Thiamine requirements

Considerable work has been done on the action of thiamine
in the human body, particularly its role in the form of thiamine
pyrophosphate as a coenzyme in carbohydrate metabolism. Thiamine
deficiencies throughout Thailand were reported by the 1960
nutrition survey (90) and supported by more recent work in the

North and Northeast (116, 202).

Although absolute daily requirements are included in
several recommendations, including those of the Thai Ministry of
Health, it is more common to relate thiamine intake to calorie
levels. The FAO/WHO expert group on thiamine (50) suggested
0.33mg/1000 calories with a safety factor of 20 percent (for
population variation) leading to O.4mg per 1000kcals. This
figure was considered zdequate for all age groups including
children and pregnant and lactating women. This recommended daily

allowance was adopted.

2.4.10 Niacin requirements

Niacin is used by the body primarily in the form of nico-
tinamide adenine dinucleotide to form the prosthetic group of
certain enzymes that take part in electron transfer reactions in

the respiratory chain and in oxidative phosphorylation.

As with thiamine, it is common to link niacin requiremecnts
to calorie intake. The level recommended by the FAO/WHO expert
group on niacin (50) was 6.6 niacin equiva'ent per 1000kcals, where
1 niacin equivalent is equal to 1mg niaciun. This allowance was
considered adequate for all age groups and pregnant and lactating

womene.

The term niacin equivalent is used to take account of

tryptophan as a source of the vitamin:

1 niacin equivalent = 60mg tryptophan
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The recommended allowances of 6.6mg/100kcals was adopted in this
study. No account was taken of the possible contribution of
tryptophan due to confusion in the literature over this conversion.
Neglect of this source of niacin could only lead to an excess of
the vitamin which has been shown to have no ill effects in large

doses.

2.4.11 Riboflavin requirements

A deficit of riboflavin was reported by the 1960 nutrition
survey (90). Much work has been done in the North and Northeast
of Thailand to support this claim (116, 202, 203) although
ariboflavinosis is not considered an important public health

problem.

Riboflavin functicns as part of a group of enzymatically
active compounds called flavoproteins which contain either
flavine mononucleotide or flavine adenine dinucleotide as pros-
thetic groups and are involved in the respiratory chain and
oxidative phosphorylation. Because of this association with
protein metabolism riboflavin requirements are sometimes linked
with protein intake. It is now more common to specify riboflavin
allowances in terms of calorie intake. The FAO/WHO expert group
on riboflavin (50) recommended an allowance of 0.55mg per 1000kcals.,
This level was considered adequate for all age groups and for

pregnant and lactating women.

2.4.12 Vitamin B12 requirements

Vitamin B12 is important in folats netabolism and may have
a significant role in carbohydrate, fat and protein metabolism.
In India and other parts of Southeast Asia low vitamin B12 intake,
usually in association with folate deficiency, frequently causes
complications in pregnancy and may lead to deficiency and anaemia

in breast fed infants.

No recommendations are made by the Thai Ministry of Health

for vitamin B12 intake. The FAO/WHO expert group (49) suggested



a daily allowance of ZPg for adults. An allowance of O.Bpg/day
was suggested for infants on the basis of this being the amount
supplied by breast milk. Very little information is available on
the requirements of children for the vitamin so the FAO/WHO group
calculated levels in proportion to the calorie intake of the
different age groups. To account for the drain of vitamin B12 to
the foetus an intake of B.ng/day was recommended during pregnancy.
For the lactation period a level of 2.5pg/day was suggested to

make up for a loss of about O.BPg/day in breast milk. These
requirements were adopted for this project and are ‘summarized in

Table 2.12.

Table 2.12 Recommended daily allowances for vitamin B122

Allowance
Age group

(pe/day)
0-12 months 0.3
1-3 years 0.9
L9 " 1.5
Adults over 10 years 2.0
Pregnant womcen 5.0
Lactating women 2:5

a. Joint FAO/WHO expert group on vitamin B12 (49).

2.4.13 Vitamin B6 requirements

Vitamin B6 has a role in the metabolism of nervous tissue.
Deficiency of this vitamin is rare but can lead to increased

irritability and convulsions.

Daily allowances adopted in this study are those
recommended by the 1968 NRC report (128), in the absence of data
in either FAO/WHO or Thai Ministry nf Health sources (see Table
2.13).
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Table 213  Recommended daily allowances for vitamin B62.

Age @il Allowance
60 SINAE (mg/day)
0-1 year 0.k
1-3 il 0.6
Lo n 0.9
7-9 it 1.2
10-12 " 1.4
13-15 " 1.6
16-19 1.8
Adults over 20 years 2.0
Pregnant women 2.5
Lactating women 2.5
a. NRC ieport, 1968 (128).
2.4.,14 TFolic acid requirements
Folic acid exists in two forms, 'free' folate and 'total'

folate. It has been suggested that only 'free' folate is
available for absorption in healthy individuals and that only

80 percent of this form is eventually absorbed (3, 93). The
joint FAO/WHO committee on folic acid (49) considered this to be
an over simplification as more needs to be known about the form
of folates in foods and their action in the human body. There
is a folic acid deficiency in Northeast Thailand which may be

related to the malnutrition diseases in this area (211).

Work by Herbert (82) using pteroyloglutamic acid (PGA)
suggested that between 50 and 1OOPg of folate per day was needed
to produce a haemotalogical response ih foliate deficient patients.
This evidence led the FAO/WHO group to recommend a daily allowance
of ZOOPg of 'free' folate for normal adults. An allowance of
'HOPg/day was suggested for infants up to 6 wmonths and 60Pg/day
between 6 and 12 months. In the atsence of sufficient information
an allowance of 1OOPg/day was suggested for children up to 12 years:
of age, this being a figure intermediate between infants and adults.
These recommendations together with those for pregnant and

lactating women are summarized in Table 2.14.
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Table 2.14 Recommended daily allowances for ‘free’ folate2.

Are Allowance
ge group (pg/day)
Infants 0-6 months Lo
7-12 " 60
Children 1-12 years 100
Adults above 12 " 200
Pregnant women Loo
Lactating women 300

a. Derived from recommendations by the FAO/WHO expert group on
folic acid (49).

Compositional tables containing data on folate are
frequently non-specific as to the form of this folate. 1In the
absence of substantizl evidence on the proportion of 'total'
folate available to the human body and in consideration of the
probable overstatement of the FAO/WHO recommended allowances the
distinction between 'free' and 'total' folate was ignored in

this project.
2.4.,15 Pantothenic acid requirements

Pantothenic acid is a constituent of coenzyme A and is
present in all living matter. Deficiencies are unlikecly except
where processed foods form a large part of the diet. It is
probably for this reason that no recommended daily allowances
are made by FAO/WHO or the Thai Ministry of Health. Since
pantothenic acid deficiencies are still possible, although
unlikely, déily allowances for the vitamin were included. The
NRC report (128) indicates levels of intake in the United States
of America which appear to be satisfactory. Children and adults
obtain between 5 and 10mg/day and infants receive approximately
2mg/litre of breast milk. Williams (220) estimated that a
typical diet containing both plant and animal foods, supplying

2500kcals/day provides 10mg pantothenic acid.
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As no cases of pantothenic acid deficiency had been
reported at levels of intake of 5mg/day, this level plus a 50
percent safety factor giving an allowance of 8mg/day was adopted
in this study. An allowance of 2mg/day was used for weaned
infants, with the level being increased gradually with age to
13 years, where adult status is achieved. On the basis of
suggestions by Chaney and Ross (25), no extra allowances were

made for pregnant and lactating women (see Table 2.15).

Table 2.15 Recommended daily allowances for pantothenic acid.

) Allowance
Age group (mg/day)
0-1 years 2
1-3 " 3
4-6 L
7-9_ " 5

10-13 " 6

Adults above 13 years 8

2.4.176 Amino acid requirements

Amino acids can be divided into two categories:
1. The essential amino acids which cannot be synthesizee« by the
human body and must be obtained from the diet.
2. The non-essential amino acids which can be synthesized by the
body given a source of nitrogen, either other amino acids or an

inorganic source.

Recommerdations on essential amino acids have been made
either on the basis of absolute allowances for each acid or on a
pattern of intake relating all essential amino acids. The 1965
FAO/WHO committee on protein requirements (48) stated that '"when
protein-containing foods are fed at the level needed to meet the
total protein requirements, the over-all pattern of available
amino acids is more important in determining quality than simply

the absolute amount of each of the essentials". The 1957 FAO/WHO
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group on protein (47) suggested a provisional pattern for
essential amino acids. This pattern was criticized for its high
lysine, methionine, cystine and tryptophan levels and the 1965
committee considered that egg or milk protein presented more

suitable patterns (see Table 2.16).

Table 2.16 Selected essential amino acid patterns 2,

mg per g total nitrogen

i 1
Anino acid provieional  Cow's  Humam 2278
pattern m e LR (whole)
Isoleucine 270 Loy L1 L1s
Leucine 206 630 572 555
Lysine 270 496 Lo2 Loz
Phenylalanine 180 311 297 365
Tyrosine 180 %23 355 262
Cystine 12 57 134 149
Methionine 144 154 140 197
Threonine 180 292 290 217
Tryptophan 90 90 106 150
Valine 270 Lo k2o 454

a. Taken from the joint FAO/WHO report on protein, 19€5 (L48).

Egg protein was used as the reference pattern for this
study. Account was also taken of the ratio of essentials to
total amino acids to prevent the selective conversion of excess
essentials to nor-essentials thus destroying the balance of
essential amino acids. Requirements were expressed in terms of
mg/s total nitrogen to ensure an acceptatle ratio of essential to

non-essentiali emino acids.
2.4.17 The ratin of protein to calories

Protein-calorie malnutrition has been recognized as one
of the five major rutrition problems in Thailand (91). It was
shown by Valyasevi et al (210) to be related tc the high
incidence rate of vesical calculi or tladder stone among the

population of North and Northeast Thailand.
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The FAO/WHO committee on protein requirements (48) considered
that a diet providing less than 5 percent of calories in the form
of utilizable »rotein is incapable of neeting the needs of adults
and a diet supplying less tkar 8 percent of calories as
utilizable protein is incapable of meeting the needs of young
infants. To obtain a level of 8 percent calories from protein of
NPU = €0 requires 1.67 times the intake of protein of NPU = 100
or a theoretical return of 13 percent of calories from the total
protein intake of NPU = 60.

Calories from protein = N x 6.25 x 4
where N is g nitrogen and the metabolizable energy of prrotein

is bLkcals.
N x 6.25 x 4 » 100 ;
Total cals. 7

then protein calories percent = 13 percent

2.5 The weighted average per capita daily reguirements

To calculate the weighted average daily requiremenis for
e¢achh noutrient, the Thai population by age group was required.

Unfortunately the age classifications used in the United Nations

demographic yearbook (208) and in the nutritional recommendations

were not in accord. The data from the demograplic tables were
modified to provide estimates of the population in each of the
nutritional age groups during 1970 (sece Appendix 4). ‘These data
were apyplied tc the recommended daily allowances for each age
group to obtain a weighted average population requirement for each

of the following nutrients:

protein vitamin C
calories folic &cid

iron vitamin B12
calcium vitamin B6A
vitamin A pantothenic acid

The remaining 16 nutrients were either related to calories as in
the case of thiarine, riboflavin, niacin and-fat; related to

protein as for all the essential amino acidsj; related to another
nutrient like phosphorus to calcium or fixed at one level for all

age groups as for fibre.
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Extra allowances for most nutrients were required during

pregnancy and lactation. The nutrients in these categories are

summarized in Table 2.17.

Table 2.17 Nutrients requiring extra allowances during pregnancy and lactaion.

Pregnaqu Lactation
1st trimestre 2nd trimestre rd trimestre
calories calories calories calories
protein protein protein
iron iron iron iron
vitamin B6 vitamin B6 vitamin B6 vitamin B6
folate Tfolate folatle
vitamin B12 vitamin B12 vitamin B12
vitamin C vitamin C vitamin C
vitamin A
calcium calcium

Estimation of the numbcrs of pregnant and lactating women
was made as in most FAQ/MWHC reyports on nutrition:
1. When the number of pregnant women in a population is not known
then it is assumed that there are 10 percent more pregnant women

than infants from 0-12 months of age.
pregnant women = P 4 —=—

where F is the number of infants from O-12 months.
2. The number of lactating womer is related to the duration of
lactation. This was assumed to be 8 months and the number of

lactating women calculated as follows:

P x 8
12

lactating women =

where P is the number of infants from 0-12 months.

In the special case of infants up to 12 months of age,
allowance was made for supply of nutrients Irom breast milk during
the first 8 months. Therefore, account was 2nrly taken of one third
of the infants in the 0-12 month category for the calculation of

the weighted average requirements.
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2.6 Setting up the data for computer solution

A description of the linear programming matrix is shown
in Figure 2.1. This matrix, including raw material compositions,
costs and nutritional constraints, was prepared as a card deck
for input to the IBM Linear Programming System/1130 (LPS/1130)
package prcgramme, designed for use on the 1130 series of IBM
computers. At Massey University, the 1130 computer had a single
disk storage drive and was linked tc a 1442 card reader punch and
a 113%2 line printer. Prepzration of the data deck was according
to the method descrited in the IBM LPS/1130 programme description

manual (92) using 80 column cards.

2.6.17 The raw material compositions and costs

Fach element of the composition matrix was expressed on

separate cards displaying the raw material and relevant nutrient.

ANCHOVY CAL 75.00
ANCHOVY PROT 2.88
ANCHOVY FAT 0.30

Cost data was similarly expressed.
ANCHOVY COST 1.25

In all cases the column variable was punched first followed by
the row varisble and the data value. All variable names were
restricted to eight alphanumeric symbols. In some cases an
abbreviation of raw material or rnutrient names was required,
These abbreviated names are in the row and column summary shown

in Figure 2.2.
2.6.2 The constraints
Restrictions on nutrient levels were either at an upper

and/or lower limit, or a prespecified constant level. The

options available to the LPS/1130 user are:
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Raw materials -~ 9 :
Columns (151 columns) G 8 = = - 8 o » 9 9@ o @ = % . Constraints
Rows B ln Bl o, s . maz X2 H A B B EE BEE & L3 U3
Ctjective, cost
CAL 1.0 2100 (=]
PROT 1.0 7.75 o)
TAT 1.0 0 o0
FIB 6.0 15
CA 1.0 585 1500
P 1.0 0 co
VITA 2100 =)
vITC 28.0 0
THIA 1.0 0’ %)
NIA 1.0 Qo o0
RI30 Nutrient 1.0 0 00
VITB12 conposition 0.00185 o«
YIT36 matrix 1.658 o<
FOLIC 1.75 0
PANTCA 6.¢ 3
IS0 1.0 (5 =0
LEU i.0 C )
ZYIS 1.0 0 L
DHE 1.0 C o0
TYR 1.C ¢] on
(SNIS FE0) 0 =)
METH 1.C o) 0
THREO 1.0 0 =)
TRYP 1.0 0 o0
VAL 1.0 0 )
W T 0 ©0
LOFAT -0.2 9.0 0 0
SIFAT -0.35 9.0 <ico 0
LOCA/P -1.0 0.8 =20 0
KICA/P -1.0 1.5 0 0
LORIBO -0:0005% 0 o]
LONIA -0-0066 0 0
LOTHIA -0.000k 0 0
?R0CAL -0.1 1.0 0 .0
CISO Zero 4415 1.0 0 0
CLZU matrix 553 1.0 C 0
BIYS -403 1.0 0 0
=765 1.0 . o] 0
262 1.C 0 0
-1bG 1.0 0 0
297 1.0 0 0
~517 1.0 (o) 0
-109 i1.%] 0 "0
~i5k 1.0 0 0

‘LS
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COLUMN SUMMARY

28 ANCHOVY 11 PROT 2 FAT 7F CAT

1 FIB 1 CA 1 P 1 FE

1 VITB6 1 VITB12 1 FOLIC 1 PANTOA

1 NIA 1 R)5C « THIA 1 VITC

1 VITA i CYS 1 VAL 1 1s0

1 PHE 7 TVR 1 METH 1 TRYP

1 THREO 1 1YS 1 LEU 28 RAMSHOOT
28 BAIANA 28 REANBLD 26  BEANSHNAP 28 BEANYDRD
28 BEEF 29 BFR1LSOD 27 BFBRAIN 28 BFHEART
28 BFKIDNEY 25 RFLOINT 23 BFLIVER 27 BFLUNG
25 BFSMINT 28 BFSPLEEN 25 BFSTOM 27 BFTONGUE
28 BRDFRULT 28 BUFFaLO 7 BUBRAIN 28 BUHEART
28 BUKIDNEY 25 BULGINT 28 BULIVER 25 BUSKINT
28 BUSPLEEN 25 BUSTZis 28 CABCHI 28 CABCOM
28 CARP 28  CASHIRT 28 CASHNUT 28 CASSLVS
27 CASSAVA 28 CATFISH 28 CAULI 28 CILERY
28 CHICKEN 26 CHGY%Z 28 CHLIVER 28 COCOMEAT
28 COCOMILK 28 COCONUT 28 CORNVI 28 CORNY

28 CRAB 26 CUCUM 28 DUCK 28 [LUCKT
28 EGGDUCK 28 EGGHEN 28 EGGPLANT 28 FROG
28 GARLIC 18 GINGIT 28 GOOSE 28 GOOSET
28 GOURDB 28 GOURDYX 28 GRAPE 28 GUAVARD
28 GUAVAWH 28 HERRING 28 HORSE 28 JACKFRT
27 JACKFRTSD 28 KALE 23 LEEK 28 LEMON
28 LETTUCE 28 LIME 23 LOBSTER 286 MACKSP
28 MANGO 28 MELOW 28 MILKRUFF 28 MILKFISE
28 MILKGOAT 28 MULLET 28 MUNGBEAN 28 MUSHROOM
28 oCT0PUS 28 OCTCPUS 28 ONIONB 28 ONIONGR
28 ORANGE 28 FPAPAYA 28 PEACH 28 PEACHICK
28 PEANUT 28 PEAFPIG 28 PEASVT 27 PEPPERGR
27 PEPPERRD 28 PERCH 28 PIG 27 TPIGRLOUD
28 PIHEART 28 PIKIDNEY 25 PILGINT 28 PILIVER
27 PILUNG 25 PISMINT 28 PISPLEEN 28 PISTOM
28 PITONGUE 28 PINEAP 28 POMELO 28 POTATO
28 POTSTHH 28 POTSTY 28 PRAYN 28 PUMFKIN
28 RADISH 28 RICEBR 28 RICEGL 28 RICEXH
28 SARDINE 27 SESAME 28 SHALLOT 28 SHAKK
28 SHRIMP 23 SNAPPLR 23  SORGHUM 28 SOYBEAN
25 SUGAR 25 SUGCANEJ 27 SUNSEED 28 TAMALVS
28 TAMARIPE 28 TANGS6 28 TANGS? 28 TARO
28 TKBREAST 26 TKGIZZ 28 TKLIVER 28 TOMATO
28 WHEAT 28 WYEATBR 28 WHEATFL 28  WHEATGM
28 VWTMELON 28 YAM 23 BUITER . 28 CASEIN
28 CHEESE 28 LACTALB 286 MILK 28 sMp
28 WMP

ROW SUMMARY

151 COST 151 PROT 151 FAT 151 CAL
151 FIB . 151 CA 151 P 150 FE
136 VITB6 151 VITB1Z 130 FOLIC . 140 PANTOA
151 NIA 151 RIBO 151 THIA 151 VITC
149 VITA 150 CY3 150 VAL 150 1SO
150 PHE 150 TYR 150 METH 150 TRYP
150 THREO i50 LYS 150 LEU 151 WT

2 LONIA 2 LCRIEO 2 LOTHIA 2 LOFAT

2 HIFAT 2 LOCA/P 2 HICA/P 2 CISo

2 CLEU 2 CLVYS 2 CPHE 2 CTYR

2 CCYsS 2 CMETH 2 CTHREO 2 CTRYP

2 CVAL 2 PROCAL

Figure 2.2 Row and column summary for nutrition problem. Listed by the
SUMMARY procedure LPS/1130
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UB -~ upper bound
LB - 1lower bound
! FR =~ free
FX - fixed or defined
GT - defined value to + ©0
LT -~ defined value to - oO

1. Upper limits. These were rarely set in this project due to

the lack of information on the ill effects of overdoses of
specific nutrients. One exception was calcium where an upper
limit of 150Cmg/day was defined.

CA S 1500
or in card format,

UB MIX1 CA 1500
where UB denoted the imposition of an upper limit of 1500mg/day
for CA in MIXi.

2. Lower limits., Most nutricnts were assigned a minimum

acceptable daily allowance. For example calcium was not permitted
to fall below 585mg/day.
CA ) 585

or in card format,

LB  MIXa CA 585
where LB denoted a lowest acceptable level of %85mg/day of CA in
MIX1.
3. Egqualities. The need to define the daily allowance of a
nutrient at one specified level is rare. In the specification of
an amino acid pattern identical to egg protein these constraints
are required. The derivation of these constraints based on inter-

relationships with other nutrients is discussed below.
2.6.2 Interrelated variable expressions

Linear ecquations were set up to express the relationships
between specific nutrients. A new variable name was assigned to
the left hand side of the equation forming an additional row in
the linear programming matrix (see Figure 2.1). For example, at

least 20 percent of calories was to come from fat.
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9 x FAT
CAL

B 9 x FAT
LOFAT = —_— ) 0.2
or LOFAT = 9 x FAT - 0.2 x CAL
where LOFAT ) 0

For expression of this linear equation two separate cards were
used, the first showing the relationship of FAT to LOFAT and the
second of CAL to LOFAT.

FAT LOFAT 9.0

CAL LOFAT ~0.2
The row variable LOFAT was required to be greater than zero.

LB LOFAT MIX1 0.0
A similar situation existed with the essential amino acids in
their relationship tc total protein intake. For example, exactly
119mg cystine per gram of nitrogen was required to duplicate the

level of this amino acid in the egg pattern.

Ome
cYys = '*;—’Eu x PROT (gh)
cYs = 119 x PROT
ther define CCYS =  CYS - 119PROT
where CCYS = 0

In card format this was written as follows:

CYS CCYS 1.0
PROT CCYS -119.0
FX CCYS MIX1 0.0

2.6.4 1Input for corputer solution

The data was organized for computer solution. All data
was stored on disk for quick access, and allowed for rapid
modifications and revisions to both raw material compositions and
nutrient requirements. Whenr required, the complete linear
programming matrix was moved from disk for computer solution.
Chapter 3 includes a discussion of the solution to this problem
and demonstrates some of the programming options available and

their use.
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257/ Summary

A brief review of linear programming applications in the
food industry showed that these applications fell into three main
areas - menu planning, planning of food supplies on national and
global scales and food formulation. It was concluded that the
current research was an amalgamation of all three areas. The
research was seen as both complementing and extending a model
developed by Edwardson (41) for solution of nutrition problems

in the Philippines, to solution of similar problems in Thailand.

The fellowing data were collected for solution of the
Thai nutrition problem using Edwardson's model:
1. Compositions and costs of 151 indigenous Thai food raw
materials arnd New Zealand dairy products.
2. The recquiremenis by age group for 26 selected nutrients.
3. The 1970 population distribution in Thailand.
Using the nutritional requirements by age group and the population
distribution data, weighted average nutritional requirements were
calculated for the Thai population. The raw data was converted
to the form of a linear programming matrix with the compositional
data forming the body of the matrix, the nutritional requirements
as the constraints and cost as the objective funclion. This
matrix was further converted to the card format required for
solution by the IBM LPS/1130 computer programme. The solution
to this problem is discussed in the next chapter together with

solutions to cpecific modifications of the problem.
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CHAPTER 3

SOLUTIONS TO THE NUTRITION PROBLEM

The linear programming matrix, including raw material costs
and compositions and nutritional requirements, was used to find a
least cost mix of raw materials to be used in formulation of a
balanced nutritional food product for Thailand. Variations in
the matrix were also made to find the effects on the composition
and cost of the selected mixes. These variations were firstly,
the inclusion of dairy products and secondly, changes in the amino
acid pattern. Two specific solution methods were used, the
conventional linear programming approach designed to satisfy
nutritionsl requirements at the least cost and an adaption of
this basic approach - goal programming. Goal programming was
designed to 'optimize' the balance of nuirients in any selected
combination of raw materials. Comparisons were made hbetween the
solutions obtained using each method, with and without the

inclusion of dairy products in the list of available raw materials.,

Bl The linear programming approach

The basic linear programming model for the nutrition
problem was solved using the LPS/1130 package programme. The
amino acid requirements were varied to find the effect on cost
of attaining the ideal egg pattern. In 211l cases solutions were

obtained with and without dairy products.

3.17.17 Amino acids at egg pattern levels

The linear programming matrix as described in Figure 2.1
was input to the IPS/1130 programme but it was impossible to
obtain a feasible solution. Several nutrients were at their

lower limits including calories, pantothenic acid, thiamine,
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niacin and fat. Fibre and calcium were at their upper limits.

The amino acids had a strong effect on the computations
because of the tight restriction of the egg pattern equality
constraints and because they made up approximately one third of
the total constraints. To remove this tight restriction on the
amino acids and at the same time lo evaluate the cost of
improving their balance, solutions were obtained by systematically

changing the desired amino acid pattern.
3.1.2 Stepwise variation in amino acid vattern

The parametric procedure of the TPS/1130 programme was
used to systematically change the amino acid constraints. This
was done by simultaneously increasing the required lower levels
from 80 percent that of egg pattern and decreasing the upper
levels from 120 percent that of egg patlern, each by steps of
5 percent. Solulions were then obtained at four ranges of amino
acids:

80-120 percent egg pattern
85_115 " 1" 1"
90_’]’[0 1" " 1"
95-105 " 1" 1

All other nutrient requirements remained the same.

Feasible solutions were available at all four stages of
improvement of the amino acid balance (see Appendix 5). The cost
of the 95-105 percent solution was almost double that of the
80-120 percent solution. The cost increwents in moving towards

an improved.balance grew progressively larger (see Figure 3.1).

Folic acid, pantothenic acid and calories remained at
their lower limits of requirement through all four stages of
amino acid balance. Protein remained constant at a level of
1% percent total calories. Fat remained at its lower limit in
all but the 95-105 percent solution. The level of calcium
increased progressively with improvement in ivhe amino acid pattern
taking phosphorus with it to maintain a Ca/P ratio of 0.8.

Isoleucine and methionine were limiting in all four solutions and
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Figure 3.1 Effect of improvement in amino acid balance on cost

were the only two amino acids at the lower level of the 80-120
percent range. As the limits became tighter tyrosine and cystine
joined them at the lower levels of the acceptable ranges. Leucine
and tryptophan were in plentiful supply and generally at the upper

limits of the specified ranges.

The weight of the selected mixture increased with improve-

ment in the amino aciAd balance. This additional weight included
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a wider variety and a greater number of raw materaials than
solutions with poorer amino acid patterns. At the 80-120 percent
level, there were 10 materials in the solution while at the 95-
105 percent levels, there were 14 materials. The greater number
of raw materials in a solution would provide obvious problems in

the formulation of a single food product.

3.7.% Addition of dairy products

The 7 New Zealand dairy products were added to the list of
144 indigenous Thai food raw materials. It was still impossible
to achieve a feasible solution with the amino acids exactly
equalling their ideal egg pattern values. The aminc acid require-
ments were again varied parametrically to obtain feasible
solutions at the four ranges as discussed in Section 3%.7.2 (see

Appendix 5).

Only skim milk powder was s=lected from the deliry products
at levels ranging from around 2 percent of the total weight in
the ¥80-120 percent solution to about /4 gercent in the 95-105
percent solution. As would be expected, this addition to the mix
did not have a marked effect on its composition. A slight drop
of O0.1baht was recorded over all parametric soluticns. Frotein,
fat, calories and pantothenic acid showed no change from the
solutions using indigenous materizls and were still at their
lower limits. Folic acid ceased to be limitirg at the 90-110 and
95-105 percent solutions. The trend of increased calcium with
improved amino acid balance was again evident. Absolute levels
of calcium were generally higher than in the indigenous raw
material solutions with the difference beccoming more marked with
improved amino acid balance. This may be due to the iicreased
levels of skim milk powder. Slight differences were also evident
in vitamin levels. Niacin was generally at lower levels in all
solutions using dairy products, while riboflavin and thi;mine
were slightly higher. Vitawmin A showed a more marked differeace
and was at levels of 1000--2000iu lower in the solutions containing
dairy products. There was little change in the ratios of

essential amino acids, with isoleucine and methiunine still
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limiting and leucine and tryptophan adequately supplied.

The addition of dairy products had little effect on weight
at the first three levels of amino acid balance, but an increase

of approximately 100g was recorded in the 95-105 percent solution.

The addition of dairy products to the list of available
raw materials resulted in very little change in the solutions.
It would o2e wrong, however, to conclude from the results of this
study that dairy products are not suitable as nutritional
supplements. The selection of only small amounts of these
products does not indicate a relatively low overall nutritional
valae as compared with indigenous materials, but rather an
inability to compete with these materials for the supply of

limiting nutrients.

5.2 The application of goal programming

Goal programming is a modification and extension of linear
programming. The goal programming approzch allows for a
simultaneous solution of a system of complex objectives rather
than a single objective. Charnss and Cooper, who played a key
role in introducing linear programming to industrial problems,

tirst developed the concept of goal programming in 1961 (27).

The technique is a relatively new one and applications
are scarce. Lee (106) reviewed the history of goal programming
and applications to variocus functional areas including academic
planning, financial planning, econcmic planning and hospital
administration. No previous studies on the application to the

solution of nutrition problems were found.

Linear programming solutions to nutrition problens often
result in a gross imbalance of nutrients in selected mixes. This
is particularly obvious in situations where only lower limits are

imposed. For example, improvement of the amino acid balance as
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discussed in Section 3.1 resulted in marked increases in the
levels of vitamin A, vitamin C and iron, far in excess of their
lower levels of requirement. The 95-105 percent egg pattern
solution using indigenous raw materials shows these high levels

of certain nutrients.

Nutrient Required level Solution level
Vitamin A 2100 10,840
Vitamin C 28 229

Iron 8.7 227

Although considerable work has been done in the area of minimum
satisfactory intakes of specific nutrients, little is known

about the effects of many of these nutrients in excess.
Hypervitaminosis D and excessive calcium intakec have been
associated with kidney stone formation (49), while high levels

cf vitamin A may cause serious injury to health with symptoms
including loss of hair, pain in long bones and dry skin (123).
One FAO/WHO expert group on nutriticn has shown councern about the
i1l effects of nutrient overdoses in recommending further research
on the effects of high and low levels of vitamins. Another ¥AOQ/
WHO committee (45) suggested that the relatively newly devcloped
research field of nutritional toxicology be adequately supported
by government institutions, industries and international groups.
As well as the effects of overdoses of individual nutrients,
concern has been expressed about the interrelationship of
nutrients and the need for a balanced intake. Pike and Brown
(150) give examples of the relationship of protein and energy,
niacin and tryptophan, and calcium and magnesium. They emphasize
the change in twe concept of the independent and relatively
isolated nutrien®t function to the concept of interdependent and
interrelated function and requirement.

"If the metabolic machinery of the cell is visvalized as

a delicately balanced section of a large mobile, minor
stress .of one point might be compensated for at one or
several other points, thus establishing a new balance:

but a sustained and cumulative stress would be so
disruptive that compensatory effects would be ineffective."

There is then, a need for diets to contain nutrients

which are not only above their recommended levels of requirement



but also well balanced. Goal programming, in its rolec as a
modification of linear programming, was used to achieve a good
balsznce of nutrients in selected comtinations of raw materials.
The technigque was first applied to the problem of obtaining an
ideal essential amino acid pattern and secondly to the achievement

of a good balance of all 26 nutrients.
3.2.17 An example of goal programming

A simple example is used to show how goal programming can
be applied as an extension of linear programming. For definitions
of the basic linear programming terminology, reference should be

made to standard texts on the subject (61, 62).

Consider the following problem:

Minimize X, b X,

subject tlo 2)(,I + 5x2 Z 10
Ixq + %, s 6

and Xq0 Xy Z 0

The graphical representation of Llhe problem and the feasible

region for solution i1s shown in TFigure 3.Z2.

As it stands, the problem cculd be solved by standard
linear programming methods. But what if minimization of
(x,l + x2) ceases to be a priority and it becomes not only
important to mcet the two constraints, but also to ensure that
the constraint values are exceeded by as little as possible?
There are then two goals to aim for, subject to two constraints.
A further goal is added to the problem to make it more realistic
and to enable a discussion of all the situations which arose
in the application of goal programming to the nutrition problem.
The third goal is defined by the equation 4x1 + 3x2 = 12. The

overall objective is to minimize the total deviation from the

three goals, subject to the two original constraints.

-~
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Figure 3.2 Graphical representation of an L.P. problem

Minimize (|2x, + 5x, - 10| + 3%, + X, - 6 + lhx, + 3x, - 121)

subject to 2x, + 5%, ; 10
3%, + X S 6
and I y 0

The problem now needs to be solved using goal programming, where

the goals are defined as:

|2x1 + 5x2 - 10| = Y1
|3%, + x, = 6] = ¥,

+ —
|’+x,l + 3x2 - 12| = V3 + ¥g

where Yq9 Yoo y; and y; are slack variables. In the case of the

first two goals, only one slack variable is required, whereas for



64,

the third goal two slack variables are needed to allow for both

positive and negative deviations. The problem then becomes:

Minimize et Y, y3 + y3
subject to 2x1 + 5x2 - Y4 = 10
5x1 + X5 Y, = 6
4x1 + 3%, - b= + BE) = 12

+ -
and X,], X29 y']’ y23 y3§ y; >/ 0

A solution can be obtained using conventional linear »rogramming.
The vectors associated with y; and y; are linear dependent and
as such only one will occur in a solution basis. The objective
function will then serve to minimize the sum of Vv Y2 and
either y+ or Yo

3 3

This simple example demonstrates the use of goal
programming in only one area and does not examine the great number
of possible variations in application of the technique. Goal
programming, as mentioned earlier, lends itself to the partial
solution of problems infeasible to linear programming. Tt also
allows for the weighting of individual goals according to
relative levels of importance, permits the occurrence of nan
homogeneous units in an objective function and in more complex
examples can even be used for the solution of problems requiring
tlie establishment of a hierarchy of importance among incompatible
goals. The example should, however, suffice as an introduction

to the concepts of goal programming as it 1s used in this study.

05 Goal programming on the amino acids

One of the major aims ouf the nutrition problem was to
obtain an essential amino acid pattern as close to that of egg
protein as possible. This was done using goal programming where
the objective was to minimize the deviation of solution levels

for each amino acid from its corresponding egg pattern valuc.



65.

S

0
TOTDEV = ¢ D
i=1
where TOTDEV is the total deviation of the 10 amino acids from
their egg pattern values and Di is the deviation of the ith amino

acid. For example:

B = ISC - 415PROT

where D1 is the difference between the actual level of isoleucine
in the solution and the amount required to mcet the egg pattern

value of 415mg/gN.

The values of D.l were either positive or negative, which
led to the possibility of cancelling of large differences with
the total deviation still being small. It was therefore necessary
to consider the differcnces as absolute values:

10
TOTDEV = 3 [ Di[
i=1

The use of absolute differences required the assignment
of two slack variables to each constraint and reliance on the
principle of selection of only linear independent variables in a

solution basis, as discussed earlier,

n
L a,.x. - y. + y. = b, A == I2nge « - o 110

where 244 is the amount of amino acid i per unit of raw material jJ.
xj is the level of raw material j in the solution.
y; and y; are the slack variables.
bi is the required level of amino acid i.

For example in the case of isoleucine:

1

then 415PROT -  ISO + y: -y, =0

ISO - y; +y %15PROT

For input to the LPS/1130 programme, the slack variables were

eéefined as GISO and FISO respectively. The isoleucine equation
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was then recorded as:

AAM 4L15PROT - ISO + GISO - FISO

N

where AA1T = O

Cards for computer input were prepared as follows:

PROT AA1 415.0
IS0 AMT -1.0
F1S0 AA1 -1.0
GISO AA1 1.0
FX THAIREQ  AA1 0.0

where AA1 is fixed at 0.0 in the bound set THAIREQ. Similar
equations were required for the vemaining 9 amino acids, and cards

prepared for computer input as described above.

For solution of the goal programming problem; all data
and constraints were as descrived in Figure 2.1, with the total

deviation variable replacing cost in the objective function.
TOTDEV = FISO + GISO + FLEU + GLEU + ..... + FVAL + GVAL

where the objsctive was to minimize TOULDEV. This objective served
to minimize the deviation from the egg pattern but it did not

account for the difference in magnitudes of the egg pattern values,
ranging from 100mg/gN for tryphtophan to 553mg/gN for leucine. The

percentage deviation was considered more relevant in this case.

D, x 100
Percent deviation i = ———Eﬁz——

where Di is the deviation if amino acid Z from its egg pattern

value and EEi is the egg pattern value for amino acid i.

The fraction ’\OO/EPi was used as a weighting factor for
each deviation in the calculation of the TCTDEV variable of the
objective function.

TOTDEV = 0.241FISO + 0.241GISO + O0.181FLEU + 0.181GLEU
+ se0eees 4+ 0.221FVAL + 0.221GVAL

with the objective to minimize TOTDEV. The card input for this
objective function is shown in Figure 3.3 indicating the percentage

weightings for each amino acid deviation.



FISO TOTDEV 0.241
GISO TOTDEV 0.241
FLEU TOTDEV 0.181
GLEU TOTDEV 0.181
FLYS TOTDEV 0.248
GLYS TOLDEV 0.248
FPHE TOTDEV 0.274
GPHE TOTDEV 0.274
FTYR TOTDEV 0.382
GTYR TOTDEV 0.382
FCYS TOTDEV 0.671
GCYS TOTDEV 0.671
FMETH TOTDEV 0.508
GMETH TOTDEV 0.508
FTHREO TOTDEV 0.315
GTHREO 1TOTDEV 0.315
FTRYP TOTDEV 1,000
GTRYP TOTDEV 1.000
FVAL TOTDEV 0.220
GVAL TOTDEV 0.220
MINIMIZE TOTDEV
Figure 3.3 Card input for objective function of goal programme o:t amino acids

5.3.17 The solution using indigenous raw materials

The solution to the goal programming on the essential

amino acids using indigenous food raw materials oxnly is shown

in Appendix 5. The total deviation of
pattern was 6.2 percent as compared to
final parametric solution (see Section
percentage deviation was accounted for

isoleucine, with all other amino acids

values.,

Protein, fat,

calories,

amino acids from the egg
about 46 percent in the
3.1.3). This total

entirely by a deficit of

at exactly their egg pattern

folic acid and pantothenic acid

were at their lower limits of requirements. Vitamin C, vitamin A

and iron levels showed a marked increase with the improvement in

amino acid balance.

Calcium continued to risz from its levels in

the parametric solutions to the upper 1limit of 1500mg. Fibre was

also at its upper level of 15g.

The weight of the final mix also

increased markedly to give a required level of iuntake of 1560g



68.

per day. Improvement in the amino acid balance continued to
require a greater number of raw materials, sixteen in all, with

a wide range of functional and organoleptic properties;

sugar 313.8g Chinese cabbage 58.bg
hen's egg 243.8g tangerine 50.1g
celery 23k . 2g buffalo liver L6.6g
guava 138.0g white sweet
lime 108.3g potato ' 39.8g
red pepper 105.9g lemon ' 36.0g
peach 88.1g peanut 5.8¢g
leek 84.5g coconut 5.5g
sesame 1.7g

Although maybe not impossible, it would be extremely difficult to
combine these materials into a single product or food dish. The
high quantity of sugar, the mixing of fruits and vegetabhles and
the use of high levels of ingredients uncommon in food dishes,
such as lime and guava, would present problems in the formulation

of an acceptable product.

The cost of this optimum balsnce of amino acids was
12.4baht or over twice that of the 95-105 percent parametric
solution. This emphasizes the importance of setting sensible
limits on amino acid requirements. Whenever possible, the value
to the consumer's health in improving the amino acid balance of a
diet should be weighed against the cost of achieving this improve-
ment. For example, the cost of changing the amino acid balance
from 80-120 percent to 95-105 percent that of egg protein,
resulted in an almost twofold increase in cost. This cost may not

be justifiable in terms of the improved health of the consumer.

3.%.2 The adaition of dairy products

The addition of dairy products to the list of available
raw materials resulted in a slight improvement of the amino acid
pattern to give a total deviation of 5.78 percent (see Appendix 5).
The only dairy product selected was butter, at a level of less
than 0.1 percent. Once again the entire deviation from the ideal
egg pattern was due to a deficit in isoleucine. Protein, fat,

calories, pantothenic acid and folic acid were again at their
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lower limits, while fibre and calcium were at their upper limits.
Vitamin C and vitamin A levels showed a further rise with the

improvement in amino acid balance.

In this example, cost minimization was no longer the

prime objective and hence there is no reason to attribute the low
levels of dairy products to their high prices. The high levels

of calcium in dairy products and the upper 1imif on this nutrient
could Ye one reason for their rejection. A more likely reason,
however, is simply the inability of these products to supply amino
acids in proportions which would complement their supply from other
sources, to achieve a pattern as close to that of egg pattern as

possible.

As in the parametric solutions, there is no reason to
discount dairy products as nutritious foods on the basis of their
performances in this study. Their selection was determined not
on the basis of their absolute nutrient value but rather on their
ability to complement the supply of amino acids from other raw
materials subject to the constraints imposed on this particular

programme .,

3.4 Goal programming on all nutrients

Goal programming was used to 'optimize' the balance of all
26 nutrients in the vproblem. The word optimize is used with some
caution here as a mathematical objecti&e only. Optimization
implies only the achievement of the best possible balance of
nutrients, subject to the levels of requirements defined in the
programme. In this study, the objective of the goal programme
was to minimize the total deviation of all nutrients from their
lower levels of requirement, subject to these requirements being
met and the amino acid pattern being between 90 and 110 percent
that of egg protein. The constraints on all nutrients other than
amino acids and protein were those described in Figure 2.1. The
amino acids were within the 90-110 percent egg pattern range,

while the lower limit for protein was set at 8.4gN/day, the
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lowest level which could be achieved with a constraint of
2100kcals and a required protein contribution to total calories

of 13 percent. The problem was then:

16 26 . _
Minimize T oy, + L (y. + y.)
; i . il i
%=1 i=17
n
subject to T a., x. +y. = b, i="1,240...16 (1)
! ij 73 i it
J=1
n N B
and ;1 Lo M = U Oy = by i=17,18,...26 (2)

where equation set (1) represents the equations formed for all
non-amino acid constraints by the addition of slack variables.
Equation set (2) represents the equation fcrmed for the
amino acid constraints by addition of slack variables.
n is the nuwmbcr of food raw materials.

aij is the number of units of nutrient i in raw material .

bi is the specified number of units of nutrient i required.
X, is the number of units of raw material j in the golution.
J

Yy y:, and y; are slack variables.
Two types of goals were used as represented by equation
sets (1) and (2). The first sought to reduce the total deviation

above the minimum requirement levels of sixteen nutrients and
needed only one slack variable. The second set applied to the
amino acids where deviations above or below the 100 percent egg
pattern values were permitted, hence requiring two slack

variables as discussed in Section 3%.2.1.

As in the goal programming on amino acids, some
consideration was needed of the wide variation in the magnitude
of individual goals, ranging from 0.00185mg for vitamin B12 ‘to
21CJiu for vitamin A. Deviations were again calculated on a
percentage basis, with the objective of minimizing the total

percentage deviation.
’lOOy:.L

b.
i

percent deviation =
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16 100y, 26 (y; + y;)x100
Minimize b)) 5 B
i=1 i i=17 i

3.4.1 The solution using indigenous raw materials

The total percentage deviation from the 26 nutrient goals
was 453 percent, at a cost of 8.3%baht. Over half this total
deviation came from vitamin C and iron, both at levels in excess
of twice their requirements. Other nutrients showed smaller
@eviations and eleven were at exactly their requirement levels
(see Table 3.1). Isoleucine and methionine were again the

limiting amiro acids at 90 percent egg pattern values.

The weight of the selecled mix was not far in excess of
the weights for the parametric solutions and showed a considerable
drop from that of the goal programme on amino acids. Although
there was still a large number of raw materials in the solution,
fifteen in all, a far more acceptable selection was evident

(see Appendix 5).

A comparison between the levels of certain nulrients in
the 90-110 percent parametric solution, the goal programming
solution to essential amino acid improvement and the goal pro-
gramming solution to balancing all 26 nutricnts, emphasizes the

value of the goal programming approach.

. 90-110 Goal Goal
. Requirement
Nutrient percent programme programme
level . . . .
parametric amino acid 26 nutrients

Vitamin C(mg) 28 282 L6k 68
Vitamin A(iu) 2100 10603 38755 2100
Iron(mg) 8.7 21.5 68.0 18.9
Firre(g) 6.0 9.7 15.0 7.1

Cost (baht) 3.26 12.40 8.28
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Table 2.1 Percent deviation of nutrients from goal programme on
indigenous raw materials.
. a
Required Actual
] . . Percent
Nutrient amount in amount in . .
. deviation

miXx

mix

Protein (gN) 8.40 8.40 0.0
Fat (g) L6.67 L6.67 0.0
Calories 2100 2100 0.0
Fibre (g) 6.0 7.1 18.3
Calcium (mg) 585 733 25.3
Phosphorus (mg) 585 916 56.6
Iron (mg) 8.70 18.92 117.5
Vitamin B6 (mg) 1.65 1.65 0.0
Vitamin B12 (mg) 0.00185 0.00185 0.0
Folic acid (pg) 175 175 0.0
Pantothenic Acid (mg) 6.8 6.8 0.0
Niacin (mg) 13.9 13.9 0.0
Riboflavin (mg) 1.16 1.16 0.0
Thiamine {mg) 0.84 1.07 27 b
Vitamin C (mg) 28.0 68.1 43,2
Vitamin A (iu) 2100 2100 0.0
Cystineb 100.0 100.0 0.0
Valine 100.0 109.9 9.9
Tsoleuncine 100.0 90.0 0.0
Phenylalanine 100.0 96.5 255
Tyrosine 100.0 104, 2 L,2
Methionine 100.0 90.0 10.0
Tryptophan 100.0 106.2 6.2
Threonine 100.0 100.7 0.7
Lysine 100.0 110.0 10.0
Leucine 100.0 110.0 10.0

Total percentage deviation k52,9

a. Calculated as the minimum level of requi.ement for all nutrients
except amino acids. _

b. Amino acid levels presented as a percentage of the corresponding
egg pattern values.
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Table 3.2 Percent deviation of nutrients from goal programme using
all raw materials @,

Reguired Actual ,
Nutrient amount in amount in Iergen?

1 . deviation

mix mix
Frotein (gN) 8.40 8.40 0.0
Fat (g) LE.67 L6.67 0.0
Calories 2100 . 2100 0.0
Fibre (g) 6.0 6.0 0.0
Calcium (mg) 585 802 37.1
Phosphorus (mg) 585 1002 71.3
Iron (mg) 8.70 13.2 51.7
Vitamin B6 (mg) 1.65 1.65 0.0
Vitamin B12 (mg) 0.0C185 0.00185 0.0
Folic ar~id (ng) 175 175 0.0
Pantothenic acid (mg) 6.8 6.8 0.0
Niacin (mg) 13.9 1%.9 0.0
Riboflavin (mg) 1.16 1.16 0.0
Thiamine (mg) 0.84 0.89 6.0
Vitamin C (mg) 28.0 69.3 147.5
Vitamin A (iu) 2100 2100 0.0
Cystine® 100.0 100.0 0.0
Valine 100.0 101.1 1.1
Isoleucine 100.0 S0.0 10.0
Phenylalanine 100.0 100.0 .0
Tyrosine 100.0 106.9 6.9
Methionine 100.0 90.0 10.0
Tryptophan 100.0 102.3 2.3
Threonine 100.0 92.0 8.0
Lysine 100.0 110.0 10.0
Leucine 100.0 110.0 10.0

Total percentage deviation 371.9

a. Dairy products and indigenous Thai raw materials

b. Calculated as the minimum level of requ.rement for all nutrients
except amino acids

c. Amino acid levels presented as a perceantage of the corresponding
egg pattern values.
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The improvema2nt of the overall nutritional balance was 2xpensive.
The cost of the solution to the goal programme on all 26 nutrients
with amino acid levels at 90-110 percent those of egg protein,

was over twice that of the equivalent 90-110 percent parametric
solution. Once again, however, the high cost of improvement of
the amino acid balance is shown. In the goal programming solution
to the amino acid problem, a deviation from the egg pattern of

6.2 percent was obtained at a cost of 12.4baht as compared with a
deviation of 64.8 percent at a cost of 8.3baht in the solution
balancing all 26 nutrients. The total deviation from the target
levels for all nutrients in the amino acid solution was over 5000
percent as compared with only 453 percent in the total goal
programming solution. Hence, when achievement of nutritional

balance is a priority, amino acids are very expensive nutrients.

3.4.2 The addition of dairy products

The addition of dairy products to the list of available
raw materials in the goal programme for all nutrients, produced
a total deviation of %72 percent, an improvement of 81 percent on
the solution using only indigenous raw materials. The greatest
part of this improvement was due to a decrease in the iroa, fibre
and thiamine levels (see Tables 3.1 and 3.2). Slight increases
in the levels of calzium and phosphorus were recorded., Isoleucine
and methionine were again limiting and the total deviation from

egg pattern was 58.3 percent (see Table 3.2).

Improvement in the nutritional balance was accompanied
by a decrease in weight, although a greater number of raw materials
was included in the selected mix. Apprcximately 25 percent of

this mix was dairy products, mostly sterilized whole milk.

Dairy product Percent in mix
Sterilized whole milk 24k .79
Skim milk powdear C.55
Lactalbumin 0.04

The cost of this improved mix was 9.7baht or 1.4baht more than

the solution using only indigenous raw materials. The weight of
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the mix was, however, 3%24g less than the indigenous solution and
was roughly equivalent to the weight of the 90-110 percent para-

metric solution.

The addition of dairy products helped to provide a more
balanced diet. Their supply of an even balance of nutrients
resulted in not only nutritional improvement, as defined by this
problem, but also a selected mix with a weight much less than
equivalent solutions using only indigenous materials. It should
be stated once again, howesver, that the results from this study
can only be used to draw conclusions about the contributions of
individual raw materials within the context of this particular
problem and as such, it would be unwise to make sweeping state-

ments about the general value of dairy products from these results.

3¢5 Summary and conclusions

Two basic approaches were used to the solution of the
nutrition problem. Lincar programming was applied to lhe problem
with the object of cost minimization and improvement in the
essential amino acid balance. Goal programming was presented as
ar extension to linear programming and used to 'optimize' the
balance of firstly the amino acids and secondly all 26 nutrients
in the problem. Both techniques are very complex and the inter-
relationships of variables does not allow for a rigorous
discussion of the results. Some conclusions from the solutions
obtained are presented below. Again it should be emphasized that
extreme caution should be exercized in the ~xtension of these
conclusions beyond the realm of these proklems and their associated
data and constraints.

1. Improvement in the nutritional value of a selected mix
generally resulted in an increase in cost. This was particularly
obvious for amino acids, where gradual improvement in the balance
towards that of egg pattern resulted in a rapid increase in cost,
a finding supported by Edwardson's work (41). where cost
minimization is an important criterion, the need for improvement

in the amino acid pattern should always be weighed against the
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cost of that improvement.

2. Protein, calories, vitamin B12, vitamin B6, folic acid and
pantothenic acid were generally at their lower bounds in all
solutions where cost minimization was an objective. They could,
therefore, be considered expensive nutrients and a decrease in
their requirement levels may result in a significant decrease

in the cost of the solution.

5. Calcium and phosphorus levels tended to increase with improve-
ment in the amino acid balance, as did vitamin A. At solutions
nearing the egg pattern, vitamin A was present at nearly forty
times its specified requirement.

L, Isoleucine and methionine werec generally limiting. Even where
cost was ignored and 'optimization' of the amino acid balance was
a priority, it was impossible to bring the isoleucine level up to
its corresponding egg pattern value.

5. An improvement in the nutritional value of a solution generally
resulted in an increase in weight, a larger number and a greater
variety of raw materials. These mixes werec generally considered
to have less acceptable functional and organoleptic properties.

6. Where cost minimization was an objective, dairy products
usually proved too expensive as a source nof nutrients when in
competition with the less costly indigenous materials. Even where
the objective was to improve the amino acid pattern, only small
amounts of dairy products were selected, indicating an inability
to complement other materials to achieve an amino acid patiern as
close to egg protein as possible. Dairy products were shown to
have great value in the achievement of a balanced nutritional
diet. Here they supplied nutrients in proportions close to those
required for 'optimum' balance as well as ..omplementing other raw
materials. '

7. Both linear and goal preogramming have sovmething to offer in
the solution of the nutrition problem. Where .optimization of

some single variable, for example cost, is required, linear
programming would be used. Generally,-solutions obtained in this
way would not contain balance of nutrients unless very strict
upper and lower ccnstraints are set, in which case solution
infeasibilities are likely. If the balancing of all the nutrients,

or some subset of thew, is a priority, then goal programming would
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prove useful. In this case cnst may cease to be part of the
objective function, but its relationship to nutrient balance
could be obtained by setting an upper limit on cost and varying
this using the parametric technique. Some optimum combination of

cost and nutrient balance might then be chosen.

Linear programming was used to solve the nutrition problcm,
but in doing so, no regard was paid to the raw materials selected.
Many solutions presented raw materials which would not be directly
acceptable in combination. Acceptability may be achieved through
extensive processing to transform the raw material properties. It
was considered more reasonable to provide a basis for raw material
selection, which would ensure acceptability with minimum processing.
The remainder of this thesis considers this problem with the
objective of adding cultural and organoleptic constraints to the
existing nutrition probtlem and therefore to cobtain nutritionally
adequate raw material mixes which would be acceptable to the Thail

consumer.
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CHAPTER 4

FOOD CHARACTERISTICS AND CONSUMER ACCEPTABILITY

The aim of this thesis was tc develop a quantitative model
based on linear programming for the selection of food raw materials
which in combination would form a nutritious and acceptable food
product. The research was therefore divided into two stages. The
first stage, that of inclusion of nutritional constrairits in the
linear programming model, has already been discussed. The
objective of the second stage was to incorporate into the linear
programming model a system for selection of raw materials which
when combined together in a processed food product would te

acceptable to the Thal consumer.

In Thailand only a small part of the populaticn consumes
commercially processed food products. OSuch processcd products
rarely form part of meals either at home or in the restaurant.
Usually, food dishes are prepared directly from the raw materials
with only a short cooking period so that the final dish retains
much of the characteristics of the raw materials. Mcal times are
social occasions and involve the sharing of a number of small
dishes. Any number of dishes may be served at one meal depending
on the number of people present, the occasion, the wealth of the
consumer and the time of day. It was therefore considered more
relevant to the Thai sitvation to make the aim of the second stage
of the research the development of nutritionally adequate food
dishes. These food dishes would fit in with existing meal patterns

with the least resistance.

A method was therefore required to supply data on the
relative acceptance of various food dishes by Thai consumers-and
to relate this acceptance to the raw materials in thes dishes.
This data was needed in a form which could be used directly in

the linear vrogramming model to select combinations of raw materials
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which would be acceptable in a2 food dish. The literature was
reviewed to find methods which might be used to obtain this data.
The following areas were examined:

1. What i1s consumer acceptance?

2. The classification of sensory properties - taste, odour,
appearance and texture.

5., The measurement of sensory properties of foods.

L4, The measurement of consumer acceptance of foods.

A number of problems became evident from the literature review.
There was a lack of adequate classification schemes for sensory
properties and quantitative measures of these properties were
difficult to obtain. Little workx was reported on the interaction
of sensory prcperties. Probably the most critical problem was the
inability of conventional technigques to precisely decfine which
sensory properties of raw materials are important to the consumer
in his acccptance of & food procduct. This problem was largely
due to the multiple relationships existing among the properties
of the raw materials. A technique was therefore required to
untangle these interrelationships and to define the dominant
properties of the raw materials as they influence the acceptance
of food dishes. A number of multivariate techniques were studied
to estimate their potential to untangle the interaction of the raw
material precperties and to supply data in a reasonable form for
the linear programming model, that is a linear function relating
raw material properties and food dish acceptance. Nonmetric
multidimensional scaling showed the greatest potential and a more
extensive study of the theory and applications of this technique

was made to acscertain its value to the second stage of the research.

4,1 What is consumer accertance?

Consumer acceptance of food is the approval of and willing-
ness to buy and eat that food. This definition may be extended to
include degrees of acceptance, which may be thought of as degrees

of liking or approcval.
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Interest in the reasnns for acceptance:or rejection of a
food product generally leads the student to a study of consumer
behaviour analysis. The aim of consumer behaviour analysis is to
explain consumer behaviour. If a consumer decides to act in a
certain way, what are the reasons behind his decision? Consumer
behaviour analysis attempts to explain the 'why' of consumer
behaviour and to answer such questions as '"why are sales sensitive
to advertizing?", "why is a product price elastic?'", or "why is
one product acceptable and another not?'". Consumer behaviour
analysis seeks to reveal the intellectual and emotional processes
that underlie a purchase decision. Wentz (218) listed four uses
of behavioural analysis:

1. To discover the pattern of purchase process, that is, to
investigate the sequence of events leading to the eventual
acceptance or rejection of a product.

2. To study psychogenic drives that may play a signifizant role
in the behavioural process associated with a particular birand or
product.

5. To search out attitudes that encourage or prevent the purchase
of particular products or brands, or that encourage or prevent

the acceptance of particular promotional messages.

4, To look for consumer needs that are not satisfied by present

products.

Many interpretations of consumer behaviour have bcen put
forward. Psychologists generally believe that consumer behaviour
analysis should be based on psychogenic needs. These are learned
needs that an individual acquires early in life by observation
and interaction with his environment, such 2s the need for
recognition, aggression and affiliation. These needs exist in
addition to the basic human drives of hunger, thirst, pain avoidance
and sex. A list of psychogenic needs was given by Hilgard and
Atkinson (83). - Freudian psychologists on the other hand believe
that every individual has an Id, a Super Ego and an Ego. The-Id
is a bundle of instinctive needs of which sex is the greatest.
The Super Ego is a collection of social values in conflict with
the Id. The Kgo is a mediating device that balances the Id and

the Super Ego. Anothcr common interpretation of consumer behaviour
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is based on sociology and social psychology.. Here the consumer
is perceived as a product of his environment, primarily his
contact with other people. There are also cconomic models of

consumer behaviour.

These theories and interpretations of consumer behaviour,
although basic in concepl, are difficult to apply to ccnsumer
accecptance of focds. Indeed in most cases, food is seen only
as the factor which satisfies the basic drive of hunger, ignoring
the possibility of choice between ccmpeting brands and product
types in the consumer's selection of food. To help exptain the
complex nature of consumer behaviour in a more simplistic manner,
a number of modcls have been presented in the literature (Howard
(85), Nicosia (156), Wentz and Eyrich (219) and Engel et al (43)).
Part of this ccmplete model of corsumer behaviour is shown in

Figure 4.1,

. Stored
Persorality i -
; : Information
Characteristics
\ | and past
Physical \& //‘experience
Social N N
Values and
AL attitudes
Sensory RN
Recevntion ' | =
= ! Arousal | Central
i P ﬂ___l Ly Control Unit
: L: (memory and [
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R irob%i? Comparison ////f
SCOgn . FLon Process

"

Figure 4.1 Part of a consumer hehavioural model (Engel et a/ [43, p 46])
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Each individual has certain ways of behaving and responding
that characterize him in a unique way. These personality ‘
characteristics interact with stored informetion frcm past
experience to form a set of values or attitudes which are stored
in the central unit or train. Values or attitudes stored in the
central unit can be used to modify stored information and personality

characteristics, and vice versa.

Everyone is continually bombarded with stimuli of all types
from his envirorment. These stimuli or inputs are of two basic
types, physical and social. One important stimulus input is the
array of available prcducts and services. Another is the demands
of family memtcrs and behaviour of friends. Others are physical
factors such as weather. These inputs are received by the 5 senses
or sensory perceptors and can result in arousal of a need-satisfying
action. Because the number of stimuli reaching the individual is
so great, he cannot attend tn each one on a conscious level. This
implies that he perceives or 'sizes up' inputs selectively through
a process of comparison, whereby inputs are compared with all that
is stored in memory. If the individusl is able to act (has the
financial means etc.) then he is said to recognize the problem and

does something about it. Otherwise the process halts at this point.

In the food marketing conrcept of the behavioural model, the
inputs are food products with physical and social attributes which
are received by the sensory perceptors. They in turn arouse the
central control unit to make a comparison of the perceived sensory
properties with acceptable criterion for the product, based on
personrnality characteristics and stored infceirmation from past
experience. The result of the comparison is acceptance or rejection
of the procuct. Of immediate importance,therefore, is the result
of food product-consumer interaction. Amerine et al. (1) 1listed
the complex fectors which combine to influence consumer acceptance

of food.
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Attributes of Attribute of

food prcduct consumer

Availability Regional preferences

Utility Nationality, race

Convenience Age and sex

Price Religion

Uniformity, dependability Education, socioeconomics

Stability, storage Psychological motivation
requirements Physiological motivation

Safety, nutritional value
Sensory properties

To simplify this problem of product-consumer interaction
in the present research, the consurer attributes were considered
constant and specified as being those of the Thai population. The
only concern then was with the attributes of the focod products and
their effect on consumer acceptance. .These are considered below,
with reference to the prcposed linear programming model for food
product development.

Availability is a functicn of production, marketing and raw

materials. The choice of raw materials in the develovment of a
product may influence the product's availability due to the
seasonality or the total prcduction of the raw materials.
Constraints can be placed on the limiting raw materials within the
linear programming model.

Utility or usefulness is generally important as a functicn of a
particular product or product class. Having defined the product,
then unless the entire concept of the product is changed, its
utility becomes a factor in the original choice of the product
rather than the raw material input.

Convenience "is also primarily a function of the product or product

class chosen for development.

Price is dependent on raw materials, processing and marketing
(where marketing includes physical distribution, storage and
selling). In the present model, the effect of raw materials cn
price is dealt with in the objective of the linear programme. It
is intended that compensation for the effects of the other factors
be included in the model at a later date.

Stability is dependent on the raw materials, processing and storage.
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Once a product or product class has been defined then normal
storage conditions are also defined. Deviations from these norral
storage conditions cannot be controlled easily and minimization of
the effects of such deviations through choice of the best raw
materials will not be considered here.

Nutritional value is a function of raw materials and processing.

At present only the raw material contribution is being considered
and it is intended that the effects of processing will be included
at a later date.

Sensory properties are the properties of the food sensed by the

consumer. It is these properties which play a major part in
determining acceptance or rejection of a food prcduct. Having
specified a food prcduct or prodvct class, then a certain set of
sensory properties should be defined for product acceptance. The
properties of the product are dependent on the raw materials and
processing. In this study external sensory propertics, such as
packaging, wecre ignored. Of greater concern was the effect of raw
materials on the sensory properties of food prcducts, which are

in turn related to the consumer acceptance of these products.

There is some disagreement in the literature as to the
relative importance of various sensory properties. Amerine et al
(1) suggested that appearance prcbably has the greatest initial
influence, since visual properties control consumer celection of
a product. Foster (59) tested the importance of colour and
appearance in food selection by asking women to wear tinted glasses
whern shopping in a supermarket. Shoppers were surprised at their
selection of foods. Amerine et al (1) sczid that after food had
been tasted, the colour and texture become secondary to flavour.
Flavour is mentioned by an overwhelming proportion of consumers as
the reason for overall preference and continued use of a product
(Pangborn and Leonard (139), Valdes and Roessler (209)). A study
by Hall and Hall (74) showed that the reason most often cited for
disliking a food was that it "does not taste good'". Word
association tests carried out by Szczesniak and Kleyn (201) and
Szczesniak (197) showed texture to be mentioned more often than
flavour or colour in describing foods. These findings were

supported by Yoshikawa et al (234, 235, 23b).



85

Although lists of sensory properties,; such as the one
proposed by Amerine et al (1), can be made, it appears that clear
definition of desirable prcperties may be difficult because of their
interaction. The depth studies through word assocation do not
necessarily agree with consumer opinion in evaluating the most
important determinants of consumer acceptance or preference. It
may well be that the consumer is incapable of clearly defining or
separating out the attributes or properties which influence his
liking tor a food, because his opinion, and hence his ability to
express this opinion in words is confused by the interaction of

all the sensory properties, in and out of his mouth.

The basic problem in the study of the sensory properties
of food is the definition and classification of these properties.
A number of workers have attempted to resolve this prcblem and

come methodsz of classification are outlined in thc next section.

.2 The classificaticon of sensory properties of foods

L,2,1 Taste

Boring (13) has givern a history of taste classification

(see Table 4,1).



86,

Table 4.1 A history of taste classification (Boring [13]).

Bravo Linnaeus Haller Haller Wundt
(1952) (1751) (1751) (1763) (1910)
sweet sweet sweet sweet sweet

- - spiritous spiritous -

- - aromatic - -
acid acid acid acid acid

- astringent - - =
sharp sharp sharp sharp -
pungent - pungent - -
harsh - harsh - -

- viccous - - -
fatty fatty - - -
bitter bitter bitter bitter bitter
insipid insipid insipid - -

- aqueous - - -
saline saline saline saline saline
- - urinous - -

- nauseous putrid = =

- -~ - - alkaline

metallic

Modern theories of taste

system first shown bty Henning (81) in his
Figure L4.2)

sweet

Figure 4.2

arc based on

saline

sour

The taste tetrahedron (Henning [81])

four way classification

taste tetrahedrom (see

bitter
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The four basic tastes are shown at the extreme points of the
tetrahedron, with intermediate qualities lying on the edges or on

the surfaces.

Pfaffman (147, 148) has been responsible for most of the
research into the theory of four basic tastes with his work on
rats, cats and rabbits, involving the dissection of single taste
nerve fibres and recording the electrical activity in response to

various solutions dropped on the tongue.

Wenger et al (217) gave the following summary of data in
favour cf the four basic tastes:
1. Introspective evidence: the ability of normal individuals whean
deprived of a sense of smell to describe their gustatory sensations
in terms of these four qualities.
2. Differential distribution of taste qualitlies on thie¢ surface of
the tongue. This seems to indicate diiferent sensory systems.
%, Difterential effects of narcotics.
4, Fibres sensitive to certain tastes.
5. Interaction of tastes to change each others thresholds. A
subliminal concentration of acid on one side of the tcngue becomes
intensely acid-tasting when the other side is coated with subliminal

concentrations of sucrose.
4L,2.2 Odour

Boring has given a history of odour classification (see

Table 4.2).
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Table 4.2 A history of odour classification (Boring [13]).
Zwaardemaker Henning
Linnaeus Haller (1895) (1916)
(1752) (1763) Type Example Type Example
aromatic - aromatic camphor spicy clove
citral anisaldehyde
fragrant - fragrant vanillin flowers heliotrope
(balsamic) fragrant coumarin
ambrosaic sweet or ambrosial musk resinous pinene
ambrosaic turpentine
alliaceous - alliaceous onion -
mercaptan
hircine - hircine strong -
cheese
- - {(caprylic) caprylic -
acid
foul stencher foul some puteid hydrogen
(repulsive) night- (foul) sulphidc
shades
bedbug mercaptan
nauseous - nauseous faeces -
skatol
- inter- ethereal fruit fruit fruit
mediate acetic ethereal citral
acid
amyl ether
- - empyreu-~ phenol
matic pyridine
(burred)

Henning (80) proposed a smell prism, showing six principle

classes of odours (see Figure 4.3).
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fragrant putrid

ethereal
SRLGY gt e e B R S R e burned

v
resinouve

Figure 4.3 The smeli prism (Henning [80])

The six basic smells are shown at the extreme pcints of the prism

and intermediate qualities lie on the edges or the surfaces of the

A four modular classification of odour; with eight degrees
or intensities for each mcdule, was proposed by Crocker and
Henderson (33). A definite chemical compound was given for each
intensity. Four examples of the basic types of odour and their

representative chemical compounds are given below:

Basic odour Example

fragrant methyl salicylate
acid 20% acetic acid
burnt guaiacol

caprylic 2,7 dimethyl octane

This system has been rejected because its reliability has not been

established by intensive physiological or psychological experiments.
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Wenger et al (217) concluded that there was no adequate
classification of odours on the basis that we do not know how
many separate odours can be perceived, how many classes or even
whether there are classes or several broad bands. The problem of
odour classification is still not resolved but much work is still
being cérried out with the emphasis on the use of factor analysis
in the attempt to resolve the principle odbur classes (Woskow
(225), Wright (226)). The latest era in the search tor odour
classification was started in Japan by Yoshida (227-233) with an
experimental examination of the representative theories of
olfaction, for example those of Henning, Zwaardemaker and others.
The results showed that none of the thecries examined was
satisfactory, so the classification scheme of Kainoshow (98) was
applied in semantic differential scales for 25 bipolar and 20
monopolar odours, yielding factors of sensory pleasure, harshness
and vividness (Yoshida (232)). Amoore (2) developed a stcrco-
chemical theory of olfaction. Briefly, this theory states that
molecular size and shape are important determinants of the quality
of an odour. There seems to be a distinct group of 'primary
smells', of perhaps 20 or 30, that are the foundations of all
odours known to man. These primary odours have molecular structures
that exactly fit odour detectors in the olfactory region, thus
producing the sensation of smell. When two or more primaries
combine to stimulate several detectors at once, a blended sensation

is produced. This mechanism gives rise to all non-primary smells.

Von Sydow (195) suggested that we still do not know how
many different odour gualities there are or whether there are a
discrete number at all. He believes that of the many odour
classification systems that have been published probably none are
foolproof, but suggests that one of the best is that of Harper et
al (76) which is comprised of 44 basic odour descriptions such as

aromatic, meaty and sickly.

The whole area of odour classitication and olfactory study
appears to be confused. The problems involved were well summarized
by Tilgner when he said '"the difficulties involved in investigations

of this nature become apparent if we consider the fact that reactions
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arising on a psychological basis also differ and that inter-
acltions are difterent in different people. People are very much
more than biochemical and electropsychological machines and
sensory science, similar to food science, must include the study
of ethnology and anthropology in addition to biochemistry,
physiology and psychology" (204).

4,2.% Appearance

Appearance may be defined as the integrated eftect of all
visual properties of a food including size, shape, colour, texture
and conformation. Although all these factors contribute to overall
appearance, the work of Foster (59) suggested that cotour is the

most significant.

Size and shape can be classified using counventional methods
of measuremert. Texture refers to the surtace textural prcperties
tor example roughness, which as yet remain unclassified. The

remainder of this section deals only with colour classification.

In specifying the colour of a fovod, we are mosl interested
in the energy coming to the eye from the illuminated surface or,
with transparent foods, through the material. The colour perceived
by the eye from an illuminated object depends on the spectral
composition of the light source, the nature of the background
information and the spectral sensitivity of the eye viewing the

object.

Kramer and Twigg (100) defined colcur as "an appearance
prcperty attributable to the spectral dis“ribution of light."
Glossiness transparency, haziness and turbidity are properties of
materials attributable to the geometric wanner in which the light
is retflected and transmitted. Physically, colour is a characteristic
of light, measurable in terms cf intensity (radiant energy) and
wavelength. It arises from the presence of Llight in greater
intensities at some wavelengths than at others. Psychologically,

it is further limited to the band of the spectrum from 380 to 770mp,
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since the human eye is practically insensible to other wavelengths

of radiant energy.

Colour can be classified by three items, lightness or
value, hue and chroma. Lightness refers to the relationship of
reflection to absorption with regerd to specitic wavelengths. 1f
radiant energy is absorbed at certain wavelengths tc a greater
extent than at others then the human observer sees what is commonly
termed 'colour', but what is more accurately referred to as the
dominant wavelength or hue. The amount of reflection ot light at
a given wavelength is termed purity or strength, intensity or

chroma.

When light is retlected from a surface at all anglecs then
the surface appears dull or tlat (diffuse reflectance), whereas if
reflectance is directinnal then the surface appears glcssy. Some
of the physical and sensory terms used to denote different colour

attributes are summarized telow:

Physical measurement Sensory term cquivalent

radiant energy light

reflectance lightness, value

dominant wavelength hue, colour

purity chroma, intensity,
strength

directional reflectance gloss, sheen

The fact that a colour can be described by three numbers
has been well established psychologically by Judd (97) who found
tnat normal colour vision may be three aimmusional. It thereziore
follows that any colour may be described by three numbers and that
a spectrophotometric curve of percent reflectance against wavelength
may be reduced to three numbers which adequately describe the
colour of any substance. This is the basis of the standard tri-
stimulus system set up by the Tnternational Commission on
Illumination (CIE). The CIE system is based on a ‘'standard observer'
which can be thought of as-a stimulated eye, consisting of three
primary colour filters, X, Y and 4, where X is essentially amber,

Y is green and Z i1s biue. A spectrophotometric curve of retflectance
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obtained from the surface of an object can be integrated in terms

of X, Y and Z, and chromaticity x and y obtained and plotted on a
chromaticity diagram. ''he colour of a test object may thus be
located 1n a colour space i1n terms of the internationally recognized

colour specitications.

4,2.4 Texture

The most widely used system of texture classitication is
probably the one published by Szczesniak (198). This system
classiries textural characteristics of food in mechanical and
geometrical qualities, and into properties related to trat and
moisture. Relationships to popular nomenclature are also given

(see Table 4.3).

Tahle 4.3 A systam of texture classification (Szczesniak [128]).

secondary

Primary Parameters
Parameters

Popular Terms

Mechanical Characteristics

Hardness Soft—) firm—)hard
Cohesiveness Brittlerecss Crumbly—)crunchy—)
brittle
Chewiness Tender—)chewy—)tough
Gumminess Short—)mealy—)pasty—
gummy
Viscosity Thin—)viscous
Elasticity Plastic—)elastic
Adhesiveness Sticky—)tacky—)gooey

Geometrical Characteristics

Particle size and shape Gritty, grainy, coarse
etce.
Particle size and orientation Fibrous, cellular,

crystalline etc.

Other Characteristics

Moisture content Dry—)moist—Wet—
watery
f'at content Oiliness Oily

Greasiness Greasy
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Kramer and Twigg (100) classified sensory characteristics
relating to texture into two categories, finger feel and mouth
feel,

Finger feel Mouth feel

firmness chewiness

softness or fibrousness

yielding quality

Juiciness grittiness
mealiness
stickiness
oilirness

Yoshikawa et al (2354-23%6) described a method of collecvion
of words used to describe texture, based on work ty Szczesniak and
Kleyn (201) and Szczesniak (197). Forty of the mcst commonly used
words were chosen for the development of texture prcfiles of number
of foods. A ccrrelation matrix was computed from the rating score
matrix and multivariate analysis procedures used to yield eight
orthogonal factors. They concluded that the most important
dimensions of texture were: hard - soft, ccld - warm, oily, juicy.

elastic, flaky, heavy, viscous, smooth.

Brandt et al (15) designed a texture profile method based
on the flavour profile descriked by Cairncross and Sjostrom (18)
and using the classification system of Szczesniak and Kleyn (201)
as "a logical and well defined basis on which to build &
comprehensive sensory method for evaluating texture of a given food."
Szczesniak and Kleyn gave a procedure for evaluating texture which

is shown in Figure 4.4,
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Initia) (perceived on first bite)

T,

Mechanical Gecmetrical
hardness viscosity brittleness any, depending on product
structure

Masticatory (perceived during chewing)

o

Mechanical\\\\~ Geometrical
gumminess chewiness adhesiveness any, depending on product

structure

g ) 3 . ger .‘ A
Residuczl {(chanpes made during mastication)

/’////, type of moisture

rate of breakdown

breakdown absorption mouthcoating

Figure 4.4 A procedure of cvaluating texture (Szczesniak and iKleyn [201])

L,2.5 Temperature, pain and sound

These may be classed as minor sensory propertieg, both in
so much as they appear to contribule little to the degree of
acceptance of the average food, and little research has been done

into their classifications and effects.

Temperature., Four effects of temperature are given by Amerine et

al (1):

1. Its own effect, e.g. ice cream.

2. Our expectation of certain temperatures with certain foods.

5. Its effects on the volatility of odorous substances.

Lk, The change in sensitivity to the primary tastes with variation

in temperature.
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The temperature of food can be classified using the conventional

scales of temperature measurement.

Pain. Pain is difficult tc define. Is it strictly an unpleasant
sensation? There is a wide variation in response to pain. Some
people apparently derive pleasure from a certain degree of pain,
as in the eating of excessively hot curries, drinking hot coffee
or whisky 'straight'. A certain degrec of adaption to these foods
is involved, besides peychological differcences in the degree of
desirability of pain. Almost no work has been done on pain
classification. Hardy et al (75) btelieved that trained observers
could distinguish 21 different degrees of pain arising from
radiant heat, whereas Armstrong et al (7), using a chemical

excitant found 8 and possibly up to 16 levels of pain intensity.

Sound. Sound or audition as it may be referred to, appears not to
have been classificd. There is little doubti{ that certain sounds

are associated with eating spccific foods. For example the 'snap,
crackle and pop' of rice bubbles, or the 'fizz' of champagne.

Sound may also influcunce the acceptabilily of certain products, for
example thec snap of raw celery, the crackle of potato chips or the
crispiness of lettuce. In some cases, a sound mey cause rejection
of a food, for example raw fish is said to be unattractive to
Furopeans because it 'squeaks' when chewed. In most cases, however,
it would seem likely that sound or audition is largely determined

by textural characteristics. Hence, adcquate definition of product
texture should also define to a large extent the sound characteristics

of the product.

L.3 The measurement of the sensory properties of foods

4,3,1 Flavour

The concept of flavour embraces at least two phenomena,
taste and aroma. When a person says a food tastes good, he
actually means it has a good taste and a good aroma. Even though

taste substances are important for the total flavour of a food,
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the aroma compounds distinguish one food from another and cause

similar food items to taste so different (Von Sydow (195).

Two tasic methods of flavour analysis have been used;

chemical methods and descriptive sensory methods.

Chemical methods. Chemical analysis of aroma involves the following

steps:

Concentration e.g. by extraction or distillation

Separation, generally by gas chrcmatography

Identification e.g. by mass spectrometry.
The -first two steps must be nondestructive and cause no quantitative
or qualitative changes, so that the results present the actual
situation in and arcund the food. For this reason, it is desirable
to carry out the complete analysis in one step. This is done using
the HS-PCC-GC-MS procedure or Head Space = Pre Column Concentrstion
Gas Chromatography - Mass Spectrometry Procedure (Anderson and Von
Sydow (4)). 1In this system the volatile compounds in a large head
space gas sample are concentrated in a short vre-column or trap;
separated by gas chromatography on a very long, cpen tubular coluiin;
and identified in a closed on-line system parallel to a FID stand-

ard detector.

Much work has been done on the chemical isolation and
identification of flavour compounds. Work on chocolate aroma dates
back to 1912 (Rohan (161)). Tilgner (204) suggested trat the total
number of possible flavour constituents for chocolate stood at over
200. In roast and ground coffee, 158 compounds were identified
(Storfelsna et al (193)). At the Camptell Soup Company, Camden,
New Jersey, chicken flavours have been investigated since 1956.

Not only are there more than 100 chicken flavour components, but
flavour charnges continually from the time the chicken is
eviscerated, through processing, storage, cooling and serving. And
so the list gces on, ever expanding with more and more new flavour
compounds. Many of the same compounds occur in a variety of foods
which, however, have no similarity (Tilgner (204)). For example,
acetates and propionates have been found among the volatile

constituents of bread, coffee, apples and milk.
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As the search for more chemical compounds goes cn we may
tend to forget our ultimate aim - "to improve foods for humanity"
(Caul (23)). Our aim should be to identify flavour components and
correlate these with sensory data. Unfortunately there are very
few examples of successful correlations between sensory and
instrumental methods of evaluation of the flavour of foods. Two
examples are tomatc products and Coca Cola (Milutinovic et al (117);
Young et al (241)). The problems associated with such correlations
are:

1. The very large number of chemical compounds present.

2. The possibility of interactions of these compounds either
chemically or through psychological stimulation of the olfactory
receptors.

5. Even with modern and more sophisticated instrumentation, the
inability in some cases to separate and identify extremely small
quantities of flavour components, still detectabl: by =zencory methods.
L, The fact that the chemical techniques are generally separators,
whereas the taste and olfactory receptors are integrators of both

aroma and taste.

Sensory methods. Pfaffman and Schalsberg (149) gave three general

questions that sensory tests seek to answer. Firstly, is there a
detectable difference between two food samples? Difference tests
fall in this category and are closely related to psychophysics.
Secondly, how well do people like the prcduct? Two general
approaches to this question are preference tests or ratings made

by large ccnsumer groups and quality ratings made by a small panel,
selected and trained for evaluating the general acceptability of a
class of foods. This group is closely related to psychometrics.
Thirdly, what is flavour? The flavour profile falls into this grour.
Methods in this group are in the field of phenomenolog:.cal

description.

The best known method of descriptive sensory analysis is
the flavour profile developed by the Arthur D. Little Co. and first
described by Cairncross and Sjostrom (18). Caul (22) reviewed the
profile method as well as outlining the history of descriptive

analysis with applications, advantages and disadvantages of the
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ma jor techniques. As ilhe naeme implies, the flavour profile method
is designed to give a profile of the overall flavour of a food, by
describing and determining the relative magnitudes of its components.
The technique involves the training of a panel, usually 4-6 people,
presentation of the test product to each individual, definition of
suitable odour and taste classifications and hence the description
of 'character notes' (generally done through panel discussion, with
reference to recognized classification systems). Each panel menber
is asked to grade the test product with reference to each character
note, on a specified scale (usually 5 point). Classification by
each individual is followed by a group discussion with one person
acting as a moderator. The group attempts to reach agreement on
each point under consideration. A rating for each character note
is decided on, and hence the flavour profile for the product
described. The flavour profile panel can be used to gather such
information as perceptable aroms, taste and flavour, decgree and
intensity of each factcr, the order in which factors are perceived,

after-taste and overall impression of flavour and aroma.

The advantages and dicadvantages of the profile method
have been listed by Amerine et al (1). The advantages include its
reproducibility and its ability to produce a breakdown of flavour
and aroma contributors, even if only on a descriptive basis.

Among the disadvantages are the time and expense involved in
gelection and training the penels, the danger in exclusive use of
open discussion techniques and the difficulty in quantifying

individual sensitivity to specific odours, tastes and flavours.

4,2,2 Colour and appearance

Scofield (164) listed four points which are applicable to
most methods of colour measurement of foods:
1. The difficulty in relating what is normally seen to what the
spectrophotometer measures.
2. The mental processes by which colour matches are made.
5. The visual sparing of standards on an empirical basis, without
underlying theory.

L, The mental correction for depth.

MASSEY UNIVERSITY
LIBRARY
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The eye judges composite visual appearance, whereas
instruments only record diffuse reflectance characteristics
relative to a standard, and cannot detect colour differences when

the same proportion of incident light is returned to the detector.

As discussed earlier under colour classification, three
dimensions are necessary to specify colour precisely. There are
basically two types of measurement techniques used to determine
the colour of an object, precise methods measuring all three
dimensions of colour and abridged methods which measure less than
three dimensions. FExamples of the precise methods are the
rerlectance spectrophotometer, the Munsell colour system and the

Hunter colour system.

The reflectance spectrophotometer measures the amount of light

reflected from the surface of an object at each waveclength in the
visible range of approximately 380—770mp. The instruimcnt consists
of one or more photosensitive cells which transform radiant energy
into electrical energy, indicated on some form of millivoltmeter.
In order to convert these data into more meaningful values, the
spectrophotometric curve can be integrated by the weighted
ordinate method, in terms of X, ¥, and Z of the C.I.E. system and
hence to chromaticity coordinates x, y, and z (Kramer and Twigg

100)) .

The Munsell colour system is based on the use of three or four

colour discs, each of which has been calibrated for hue, value and
chroma. Each of these terms is expressed on a 10 point scale
except for chrcwa which may exceed 10 in the case of strong colours.
An example of the Munsell colour notation is 5G8/3. The 5G refers
to the dimension of hue, which is midway between blue-green and
yellow-green. The 8 refers to the value or lightness and means a
light grey. The /3 refers to chroma or depth of colour, in this
case rather weak. A notation of 2G3/9 would describe a green
colour -near to yellow-greeny which is dark in value and strong in
chroma. The Munsell colour system uses three or four colour discs,
two of which cover the hue and chroma for the product to be

examined, and the remaining one or two are grey, giving the
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dimension of value. Rapid spinning of the discs blends them into
one colour, which, through varying the fractions of each disc
showing, can be made to match the colour of the test object. The
hue, value and chroma of each disc, and the percentage of each disc

showing are used to calculate the chromaticity coordinates.

The Hunter colour system consists of three separate circuits and

carefully selected filters and photocells which provide
approximations to the X, Y, and Z functions of the C.I.E. system.,
Hunter Rd (diffuse reflectarnce) or L (lightness) values are
directly comparable with the Y of the C.I.E. system. Hunter a
values are measures of redness or greenness and Hunter b values are
measures of yellowness or blueness. The a values are functions of
¥ and Y, while the b values are functions of Y and Z. Together a
and b provide results equivalent to those obtained with the hue and
chroma dimensions of the Munsell system. Hunter {87) gave

equations for the conversion of Hunter values to C.I.E.

The abridged methods include firstly the extraciion of the
colour from a prcduct by use of solveuts and the measurement of
the extract in a spectrophotometer in terms of percent trans-
mittance of light at a specific wavelength., Other examples are the
matching colour systems such as the use of coloured plastic blocks

by the USDA in grading raw materials.,

L,3,2 Texture

Measurement of texture can be divided into two categories -
sensory tests and instrumental tests. Tilgner (204) considered
that too many meaningless measurements cf texture have been made
because each branch of the food industry has tended to develop its
own instrument or, more frequently, a multitude of instruments, in
an attempt to measure certain properties. Szczesniak (199) divided
instrumental measurements into fundamental or rheological,
empirical and imitative. Mohsenin (124) used this classification

and discussed instruments within each class,
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Fundamental rheological tests measure the fundamental rheological

properties of a material and relate the nature of the tested
product to two basic rheological prototypes: a dashpot for a
Newtonian liquid and a metal spring for a Hookean solid. Since
most foods are complex, the final model will consist of several
dashpots and springs connected in series and/or parallel. Because
of their complexity and the necessity to relate the results to
functional properties, the fundamental tests have only limited use.
They can, however, serve to define the system and provide a more
scientific basis for empirical and imitative tests. Mohsenin (124)
cited examples of fundamental tests which had been correlated
successfully with sensory meacsurement. The spreadability of butter
has been shown to have a high degree of correlation with the force
needed to extrude butter through an orifice at-a standard rate.

The 'body' of cheese can be evaluated using a constant creep test

(Scott-Blair (165)).

Empirical tests measure characteristics related to the textural

quality (Szczesniak (199)). Szczesniak believed that while such

—

tests are very useful, caution must be token in interpretation of
the results. Examples of empirical tests are the penetrometer;
which measures the force required to penetrate a material, or the
depth of penctration after impact and shearing devices which record

thie force needed to shear the test material.

Imitative tests are performed under conditions simulating those to

which the material is subjected in practice. Devices under this
heading can be dividecd into two categories, those that imitate
handling of food and those that imitate the properties of the food
during consumption. In the first group are instruments such as
butter spreaders, alveographs, amylographs and farinographs which
measure the handling properties of flours, doughs and similar
farinaceous materials. In the second group are instruments which
attempt to imitate the chewing action of teeth. The first such
instrument was described by Volodkevich (213). The MIT Denture
Tenderometer and the G.F. Texturometer are refined versions of
this general principle (Procter et al (157): Friedman et al (60)).

Voisey (212) gave a review of recent texture measuring devices and
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listed five essential components of a texture measuring device:
a mechanical mechanism for deforming the sample; a means of
recording the force; a means of recording the deformation; a
method of recording time during deformation; and a test cell to

hold the sample.

The second category of texture measurements are the sensory
tests. Szczesniak (196) commented that most of the work on sensory
evaluation of food texture up to that time, used an arbitrary
scoring system and was limited to one product or product class.

She proceeded to describe the development of standard rating

scales for hardness, brittleness, chewiness, gumminess, viscosity
and adhesiveness. ILach point on the rating scales was represented
by a food product. The scales were claimed to be interval, and

were sel up by a panel trained in sensory testing and the definitions
of Szczesniak's texturesl parameters. These scales were claimed "to
cffer a basgis for quantitative organoleptic texture evaluation in a
rational and relatively complete manner. The resulting set of

numbers gives a texture profile'.

A texture profile method was developed by Brandt et al (15),
based on the Arthur D. Little flavour profile method. They defined
a texture profile as '"the crganoleptic analysis of the texture
complex of a food in terms of its mechanical, geometrical, fat and
moisture characteristics, tlie degree of each present, and the
manner in which they appear from the first bite through complete
mastication.'" Examples of dry flake cereals, rice, whipped toppings

and chemically levened biscuits were given.

One of the most recent applicatious of the flavour profile
was by Yoshikawa et al (234-236). They described the construction
of texture profiles using 40 texture describing words and 79 foods.
The constant-sum method was employed, where subjects were requested
to rate the degree of relationship between stimulus items and their
attributes, as sec¢ by the researcher. Instructions were given to
respondents as follows: '"The words (attributes) listed in the left
column 1-40 are fairly.often used to describe the sensations in the

mouth, on the tongue «nd on the teeth of the food given below.
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Step 1, chcose about 1C words which you think are most suitable
for the foods printed in the top row aund circle them. Step 2,
allocate 100 points among them according to the degree of
association between the word and the food". Texture profiles for
all 79 foods were described by the average ratings over each of
the 40 texture describing words. Unlike most profile methods,

the 200 subjects used were untrained.

Two advantages of the texture profile method were given
by Brandt et al (15). Firstly, its flexibility of application
to any food product or textural characteristic and secondly, its
objectivity through rigidly defined points of reference and
nomenclature. The limitations of the method were seen as being
related to the degree of proficiency of the panels applying the
method.

The methods of classification and measurement of sensory
properties are still confused in spite of the extensive research
in the area. This indicates the extremely complex nature cf food
properties and tiie ways in which they are sensed, both individually
and in combination, by human receptors. The lack of a universal
classification and hence the lack of standard methods of measure-
ment would provide problems in the definition of the overall
properties of combinations of raw materials., Without the ability
to clearly define these combined properties it would be almecst
impossible to predict consumzr acceptance of a combination of

raw materials.

L4 The measurement of consumer acceptance of food

The measurement of consumer acceptance, like the measure-
ment of sensory properties, has been studied extensively and &
number of different methods have been proposed. To a large
extent the method chosen for any particular consumer research
depends on the form in which the results are required. Three
broad classifications of the methods of measurement of consumer

acceptance are discussed below - the historical approach, the
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observational approach and the questionnaire approach. By far the

most widely used is the questionnaire approach.
4,4,1 The historical approach

Acceptance of food can be predicted through reference to
statistics of food distribution, sales records and turnover rates.
For example the sales of a food produvct which has been accepted
by consumsrs, and has been on the market for a number of years,
may be used to predict the sales of a new product with similar
properties. Diary and pantry surveys may also be used to predict

coinsumer acceptance of new products.
L,4,2 The observational approach

Hidden observers, people, cameras etc. may be placed in
positions to record the behaviour of consumers in stores and
supermarkets. Fleishman (53%) used a combiration of observation
and questionnaircs to establish consumer preferences for six

brands of beer.
L,4.,3 The questionnaire approach

Amerine et al (1) listed 7 methods used by the Market
Research Corporation of America to gain insight into food habits:
depth interviews, word associations, role playing, recorded group
discussion, sentence completion and pretest questionnaire. They

suggested that the most commonly used method was the questionnaire.

The selection of the questionnaire to be used when
experimental foocd products are to be judged depends on the number
of treatments, the sensory intensity of the food and the information
required. Amerine et al (1) gave examples of presentation methods,
suitable for consumer survey purposes.

Single-sample presentation including acceptable or unacceptable,

degree of liking, description and numerical scoring.

Paired-sample presentation, for example the identified product

paired comparison in which a sample of known quality is compared
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with a sample of unestablished quality, and the blind paired
comparison in which the quality of neither sample has been
established previously.

Three sample presentation such as the triangle test and the duo-

trio. The samples can also be ranked or scored on the basis of
quality.

More than three samples including rankiang, scoring or scaling and

degree of liking.

By far the most commonly used technique of measuring
consumer acceptance over the past twenty years has been the hedonic
scale, developed by Peryam and Girardot (143). The technigue has
received many applications (Weckel et al (216); Valdes and
Roessler (209); Pangborn and l.eonard (139)) to namec a few. A
brief history and outline of the technique was given by Peryam and
Pilgrim (144), who considered the hedonic scale to be a spceial
application of the rating scale, represeanting a direct approach to

the measurement of psychological states.

Briefly, the hedonic scale is based on the assumption of
a continuum of preference and the definitions of categories of
response in terms of like and dislike along this continuum. The
most widely used scale is the 9 point 1like extremely to dislike

extremely scale, as shown in Figure 4.5.

— Like extremely

— Like very much

— Like moderately

— Like slightly

— Neither like nor dislike
— Dislike slightly

— Dislike moderately

— Dislike very much

—— Dislike extremely

Figure 4.5 The 9—point Hedonic Scale



107,

The subject is asked to state his opinion of the tood ir one of

the 9 categories of response.

Jones et al (96) carried out an extensive study of the
hedonic scaling technique and listed conclusions, believed to be
the most pertinent to food technologists:

1. Descriptive phrases may differ greatly in ambiguity.

2. They also differ in the level of preference implied, and this
cannot always be predicted on an a priori basis.

3. Increasing the length of a scale, up to 9 intervals, is
related to only negligible increases in the time required for
completion.

L, Test-retest reliability, within the range of 5 to 9 intervals,
is relatively invariant.

5. Longer scales, vp to 9 intervals, tend to be more sensitive
to differences among foods:

6. Elimination of the 'necutral' category seems to be beneficial.
7. Balance, i.e. an equal number of positive and negative inter-

vals is not an essential feature of a rating scale.

Peryam and Pilgrim (144) believed the hedonic scale to be
useful in a broad range of situations and with any problem where
evaluation on the criterion of human preference is required.

They believed it to be equally useful for the consumer panel and
trained taste panel alike. Cover (32) pointed out that the hedonic
scale is useful for measuring consumer acceptance of foods, but it
is not designed for following quantitative changes in foods. He
noted, for example, that hedonic responsecs to meat will differ
between judges who like rare and those who like well-done steaks.
Quantitative scales of juiciness and tenderness, however, could be
used by both groups of judges. Amerine et al (1) suggested that
the method should be used to detect small differences in degree of
liking for similar foods; to detect gross differences in degree of
liking of foods, even when time, subjects and test conditions are
allowed to vary; and to reveal differences in group preference
attitudes towards foods in field questionnaire surveys. They felt
that although the test had been used both by experts and by

untrained consumers, it was more applicable to tue latter. The
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variability in ratings from a group of observers tends to be high
and this suggests that the scale is not suited for use with small
ranels. Seaton and Gardner (166) used hedonic scaling for

determining the acceptability of new or unusual foods where there

were no similar products for comparison.

For analysis of data obtained with the hedonic method,
numbers 1 to 9 are assigned to the descriptive categories and the
following can be calculated: means, standard deviation, standard
errors of means and the significance of difference between means
(Amerine et al (1)). Peryam and Pilgrim (144) said that one
limitation must be recognized in applying ordinary statistics of
varisbles, and that is the scale categories are known to be of
unequal width psychologically. They suggested, however, that
usually interval scales can be assumed without running into too
much trouble. Chapman and Wigfield (26) believed that the
assumption of equal interval was unwarranted. They gave two ways
of overcoming error from this assumption. Firstly, non-parametric
statistics can be used which do not meke the assumption of equal
interval scaliug in the data (e.g. chi square analysis). Secondly,
exact numerical values for the scale items can be determined and
parametric statistics used on these. The technique described by
Snell (182) was suggested for conversion of an ordinal scale to an

interval scale.

The advantages and limitations of hedonic scaling have
been outlined by Peryam and Pilgrim (144). Its advantages
include its simplicity which makes it suitable for a wide range of
populations, and allows subjects to respon¢ meaningfully without
previous experience. The data can be hanrdled directly or indirectly
by the statistics of variables. Finally, in contrast to other
methods the results are meaningful for indicating general levels of
preference. Among its limitations is its susceptability to a
number of 'effects'. Firstly, the contrast effect where an average
quality sample will tend to rate low when preceded by a good
quality sample of the same type, and to rate high when preceded by
a poor quality sample. Secondly, the contamination effect where

the rating for an avewrage quality sample will tend to move in the
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same direction as those with which it appears. Thirdly, the
position effect where the first sample occupies the best position
preference wise, and the later samples tend to be rated lower.
Other limitations include the inequality of the scale intervals
and the lack of a zero point. It also does not discriminate as

finely between samples as paired comparisons.

4,5 The problems in using conventional sensory metiiods

The aim of this literature search was to find if product
acceptability of Thai foods could be related to the characteristics
of the raw materials used in these foods. The major part of the
study was concerned with sensory properties - appearance, flavour
and texture -~ as it was considered that these wcre the qualities
in the raw materials most directly related to consumer acceptance
of food products. It was hoped that a direct relationship between
raw materials and food products might be found which could be used

in the linear programming model.

The literature relating to sensory analysis is extensive,
but it fails to offer any suggestions as to the results of combining
sensory properties. Only two rcferences to the addition and inter-
action of sensory properties were found. Eindhoven and Peryam (42)
suggested that preferences for food combinations in the form cf
meals might not be predictable from any sum or weighted average
of preferences of the components. Blended foods, such as stews,
were excluded from their definition of a food combinrmation. Fabian
and Blum (44) studied the competitive and compensatory effects of
some basic taste constituents. Their results indicated a high
degree of interaction between the basic taste components of salti,
sour, sweet and bitter. These interactions were difficult to
generalize and were dependent not only on the basic tastes, but

also on the compounds classified within each basic taste.

The methods of classification and measurement of sensory
properties are not well defined. Some of the problems in adopting

a quantitative approach in research involving sensory properties,
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their interaction and effect on the acceptance of foods are listed
below:

1. The lack of adequate classification systems for sensory
properties.

2. The difficulties in measuring sensory properties on an
objective basis and of correlating these results with those from
subjective or psnel methods.

3, The complicated nature of the interaction of sensory properties.
Such interactions can be both intra-property, that is combination
of like properties, for example flavour, and inter-property, that
is combinations of unlike properties such as flavour and texture.
%Y. The problem of defining the propzrties required for consumer
acceptance of a food. There is disagreement among researchers on
the relative importance of sensory properties. This disagreement
is probably due to the consumer's inability to express, in words,
his reasons for liking or disliking a feod prcduct.

5. ‘The difficulties of measuring consumer acceptance using
conventional hedonic scaling technigues. Not conly are these
techniques limited by their lack of a specified zero point,
required for ratio scaling, but also the difficulty of defining a
continuum for the judgement of acceptance. Without the definition
of specific bascs for acceptance, it would be difficult to relate
raw material properties to final product characteristics and hence
to consumer acceptance of this product.

6. Tihe problems of predicting changes in raw material properties
through processing, and hence the effect cf these properties orn

the characteristics of tke final product.

A surface view of the problem of sclecting combinations
of raw materials for acceptable focc disk~es might indicate a
relatively simple solution. A set of attributes required for food
dish acceptance would te defined, probably flavour, texture and
appearance. The levels of ®ach attribute in each raw material
would be determined and raw material selection would be based on
obtaining the optimum set of attributes required for food dish
acceptance, The prcblems outlined above made this approach
imposegible., Not only is interval scale measurement of sensory

properties difficult 1o obttain, but definition of these properties
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in raw materials, as they influence consumer acceptance of food
dishes, is far from clear. A system was therefore required which
firstly identified the raw material properties which influence

the acceptance of food dishes. Secondly, the levels of each
dominant property in each raw mzterial was required, and finally

a method for selection of combinations of raw materials was needed
to achieve levels of these properties whick were acceptable in a
food dish.

The first problem was then to define the raw material
properties which are important in the formation of food dish
characteristics and in particular those characteristics which
influence consumer acceptance of the food dish. A number of raw
materials were therefore available, each with the potential of
contributing to food dish characteristics. The multiple relation-
ships existing among these raw materials and their properties in
combiration caused the main problem in defining the dominant
properties. The methods often referred to collectively as
'multivariate analysis' is a growing set of statistical tools used
to analyze simultareously the relationships betwecn twe cr mcre
variables. Multivariate techniques have been developed to untangle
the multiple relationships occurring in most behavioural problems.
A numbher of tkese techniques were studied to ascertain their value
with respect to the fcllowing criteria:

1. Thecir ability to indicate the dominant properties of raw
materials as they influence food dish acceptance.

2. Their ability to accept nonmetric (ordinal) data, which is
the most common form of consumer information, either about the
sensory properties or the acceptance of foads.

3, Their potential to supply, either directly or indirectly,
acata for the linear programming model to enable the selection of
raw material combinations to give an acceptable food dish. That
is, it must lead to a linear function relating the acceptability

of a food dish to its raw materials.
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L,6 A study of multivariate technigues

A brief description of each multivariate technique is
given below and their potential to meet the criteria listed above
is summarized in Table k4.4,

Multiple repgression involves the use of one criterion (dependent)
3ot Br

variable anc one or more predictor (independent) variables. The
criterion variable is normally assumed to be either interval or
ratio scaled, while the predictors need only be ordinal scaled.
Multiple regression is used to find a linear comkination of the
predictors that 'best' accounts for the variation in the criterion
variable.

Multiple discriminant analysis is an extension of multiple

regression and is uscd to specify the relationship between a
nonmetric criterion variable and one or more predictor variables.
Both multiple discriminant analysis and multiple regrcssion are
generally considered to be uncatisfactory with large nnmbers of
predictors (181).

J

Multivaristc analysis of variance is used where two or more

criterion variahkles are involvad. It is only applicable when
these variables are metric, and is useful in testing hypotheses
concerning multivariate diffcrences in group responses to
experimental manipulations.

Canonical correlation is an extension of multiple regression

analysis and is appliceble to proiklems involving two or mcre
metric or nonmetric criterion variables. It serves to specify
the correlation between the criterion and predictor variables.
It can also isolate the predictor variables contributing most
significantly to the relationship between the two sets.

Fagtor analysis seeks to summarize metric data in a more compact

form, while retaining its essential properties. Thus, an object
or a phenomenon, described by a large number of variables, may
be described by just a few synthetic variables, called factors,
which retain the essence of the original data.

Cluster analysis seeks to identify mutually exclusive and

exhaustive sets of objects and to assign the members of the

population to the appropriate group. Cluster analysis normally



uses the tools of factor analysis to reduce the data to a
manageable number of factors. These factors hecome the data
used in the actual classification procedure.

Multidimensional scaling methods bear a close relationship to

factor analysis in the sense that they also seek to summarize
the data in a more compact form. They reduce the number of
variables (dimensions) required to define the original data. Two
basic categories of the technique exist. Firstly, those requiring
metric data and secondly those requiring only nonmetric data. The
nonmetric group has the ability to produce a pictorial

representation of items with a metric scale.

Table 4.4 Comparison of the suitability of various multivariate
techniques for the second stage of the reseaich.
Ability to Ability to Potential for
show use the L.P.
dominant nonmetric model
properties data
Multiple Not Only for the Yes, but only for

regression

directly

prcdictors

sinall pumibers of
predictors

Multiple Not Yes Yes; buvt only for
discriminant directly small numkters of
analysis predictors
Multivariate No No No
analysis of
variance
Canonical No Yes No
analysis
Factor Yes Yes, but only No
analysis by assunmption
of interval
data
Cluster Yes Yes, but only No
analysis by assumption
of interval
data
Multi- Yes Yes Yes
dimensional

scaling
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Of the 7 multivariate techniques studied, multiple
regressions and particularly its nonmetric version of multiple
discriminant analysis, showed obvious potential to produce a
linear function relating the raw materials or raw material
properties to the acceptance of a food dish. The main problem in
the use of these techniques would have been their inaccuracy with
the large number of raw materials (predictors) in this problemn.
Multidimensional scaling was the only technique which was able
to meet all three criteria. It could accept simple nonmetric
information about the raw materials and transform this into a
spatial representation of the raw meterials with metric scale
values. These metric scale values, corresponding to the relative
levels of the dominant raw material properties, might then be
used in the linear programming model. Selection of an acceptable
set of raw materials coculd be based on the derivetion of some

prespecified 'optimum' combination of the dominant properties.

4,7 Summary and conclusions

The aim of the second stage of the research was to include
in the linear programming model a system for selection of raw
materials which, when combined together in a food dish, would be
acceptable to the Thai ccnsumer. A review of the literature
relating to the sensory properties and consumer acceplance of
foods failed to find any conventional methods which could supply
data in a suitable form to be used directly or indirectly in the
linear programming model. A number of problems were found. There
was a lack of adequate classification systems for sensory properties,
and quantitative measures of these properties were difficult to
obtain. Also, little work was reported on the interac*tion of
sensory properties. Probably the most critical problem was the
inability of most conventional technigues to precisely define
which properties of the raw materials are important in the consumer's

acceptance ol a food dish.

The ccmplexity of the problem of predicting consumer

acceptance of a food dish from the properties of its raw materials
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was mainly due to the mrany interactions occurring among these
properties. A number of multivariate techniques were studied to
determine firstly their capacity to resolve the dominant properties
of raw materials which influence consumer acceptance of a food
dish; secondly, their ability to accept nonmetric dataj; and finally
their potential to supply information about the raw materials

which was suitable for the linear programming model. That is, a
technigue was rcouired which could accept, from consumers, non-
metric data about food raw meterials and produce a metric output
with potential {o be used in a linear function relating the raw
materials and food dish acceptance. The only technique which met

all the requirements was nonmetric rultidimensional scaling.

Nonmetric multidimensional scaling accepts relatively
simple nonmetric information about items and transforms it into
a spatial representation of these items, with a metric scale.
The dimensions of the multidimensional space stand for the dominant
properties of the items. llence, a spatial model of the food raw
materials could be derived from nonmetric information about these
materials. The axes of the space would represent the dominant
properties of the raw materials. The definition of some 'optimum'
ccmbination of these dominant properties required in a food dish
might then lead tc a linear function relating the raw materials
to food dish acceptance. Such a function would then be in =&
suitable form for the linear programming mcdel to select

combinztions of raw materials, acceptable in a food dish.

The theory and applications of multidimensional scaling
were reviewed to pruvide a basis for the use of the technique in
deriving a linear function relating raw material acceprtance to the

acceptance of Thai food dishes.
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CHAPTER 5

MULTIDIMENSIONAL SCALING - THEORY AND APPLICATIONS

Multidimensional scaling, although dating back to 1938,
has only received widespread recognition since the cxposition of
the nonmetric form of the technique by Shepard (167, 168) and
Kruskal (102, 103) in the early 1960's. Nonmetric multi-
dimensional scaling has received much attention from both the
methodologist and the applied scientist. A great deal of work
has produced improvements in the methods of computation with more
efficient ard versatile computer programmes. In spite of these
computational improvements, several limitations still exist,
including the problems of choice of dimensionality, sxis definiticn

and sub-optimal solutions.

The limitations cf nowmetric nmulticdimensicnal scaling
have not prevented the behavioural scientist from applying it to
a wide variety of problems. Its advent was particularly welcomed
by market researchers because of its ability to produce 2
pictorial representation of items with a metric sczale from
ordinal inferration about the items. Particular empliasis has
been placed on the location of product brands within a multi-
dimensional space. Identification of ‘'holes' or 'gaps' in the
spzce has then hbeen used to identify potential for ncw brands.
Although some workers (190) have reported successes in this form
of new product develcpment, most have been confronted with the
vroblem of transforming the psychological scale valves of a point
in the product space into the physical properties of a new
product. This thesis overcame this problem by positioning food
raw materials in a multidimensional space and selecting raw
materisl combinaticns, as a basis for new food dishes, according
to the inherent attributes of the materials as they influence
food dish characteristics. That is, raw materials were located

in a multidimensional space according to the relative quantities
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of the dominant attributes (spatial dimensions) contained in
each. A point was identified in the space representing the ideal
combination of attributes as a basis for a food dish. Raw
materials were then selected to give this required attribute

combination.

5.1 What is multidimensional scaling?

The term multidimensional scaling is rather loose and
includes a list of varied and powerful techniques for the analysis
of data of several types collected in the behavioural sciences.
Despite their diversity, these techniques share the dual purpose
of deriving whatever pattern or structure exists in a matrix of
empirical data, and of representing that structure in a form that
is more acceptable to the human eye - namely a geometrical or
pictorial model. The objects under stucdy are represented as
points in the spatial model in such a way as to reveal their
dominant features through the geometrical relstions among the
points. 'I'he resulting spatial representation is in fact a 'scalc!
_and resembles more traditional scales such as nass and temperaturec,
in that it attempts to capture the fundamental properties of the
objects by setting them within a spatial continvum. 1t is, in
fact, an extension of these more simple unidimensional scales, as
the points are allowed to assume positions within & two-dimensional

plane or even within a three, four or higher dimensional space.

5.17.17 The problem of dimensionality and interpretation

In most cases, an attempt is made to find a representation
of the lowest dimensionality, consistent with the data. A lower
dimensional representation displays the same data by means of a
smaller number of parameters and hence to the extent that fewer
parameters are estimated from the same data, greater statistical
reliability will Le obtained. Perhaps the most important
consideration in the achievement of a low dimensional configuration
is the inability of the human eye to visualize past three

dimensions. On the other hand, dimensionality cannot be decreased
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without some loss of information about the original data. The
number of dimensions should always be sufficient to display the
full complexity of the relations in the given data. Generally,
no more than three dimensions have been adopted in previous

practical applications.

The primary purpose of the representation is to enable
the investigatcr to gain a better understanding of the total
underlying pattern of interrclations in his data. The obtaining
of a spatial configuration should not be considered an end in
itself. Interpretaticn of the axes can lead to the definition
of the dominant propertics or characteristics of the objects
which gave rise to the spatial model. Again, a lower dimension-
ality is more suitable as the procedure of finding irterpretable
axes becomes more difficult and uncertain when the number of
dimensions excecds what can normally bhe apprehended iun a picture

or model.

5.17.2 The development of multidimernsional scaling

Multidimensional scaling dates back to 1928 when Young
and Householder (240) laid some of the mathematical groundwork
for the fully metric models. This work was extended in the early
1950's by Torgerson (205) and later by Messick and Abelson (115)
who first achieved a generally workable method for multidimensional
scaling proper. Torgerson (207) gives a comprehensive
representation of this first phase of development. The require-
ments of these fully metric models for e metric input of ratio
scaled data proved too severe for most social science applications
and led to the development of the nonmetric varieties of multi-
dimensional scaling. These fall into two categories. The first
group was proposed by Coombs (31) for the spatial representation
of ordinal or nonmetric data. These techniques have not been
widely used. One reason for this may be that the methods lacked
sufficient formalization to be converted inco ccmputer programmes
and are not manageable, except with a relatively small number of
objects. Another reason is their failure to extract substantial

metric information contained in the ordinal data, a defect which



119.

has been largely overcome by the second group of nonmetric
techniques. The basic concepts for these methods were presented
by Shepard (167, 168) in 1962 and were closely followed by
conceptual and computational improvements by Kruskal (102, 103)
in 1964. These nonmetric forms of multidimensional scaling
remove the restriction of a metric input and require only ordinal
data for the derivation of a spstial representation of objects,

where the space or 'scale' can be said to have metric properties.

5.2 Nonmetric multidimensional scaling

In behavioural studies, ordinal data is much easier to
collect than interval data. As a result of this, all multi-
dimensional scaling analyses in this thesis were carried out
using fully nonmetric algorithms based on the concepts proponsed
by Shepard and Kruskal. These ncwer methods, unlike thoce
described by Coombs (31), are able to yield tightly constrained
metric representations. In spite of this, they are still referrecd
to as nonmctric to indicate that in contrast to the carlier
metric methods perfected by Torgerson (205), they are able to
produce a melric output from a strictly nonmetric input. This
ability of the newer methods is particularly attractive to
workcrs in the social sciences, where data generally comes from
human =subjects who can rcliably give only judgemeints or ratings

with ordinal properties.

A second advantage of these nonmetric methods is the close
relationship between the final result and the original data which
gives an indication of how well the final spatial representation
fits the initial data. The methods are designed to give stepwise
improvements in this fit through an iterative procedure. The
goodness of fit and derivation of a stress factor as a measure of
the departure from the perfect fit was formalized by Kruskal (103)
in 1964,

A third feature of the new approach includes the ability

to overcome a number of problems, insurmountable by the original
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metric techniques. These include such problems as coping with
ordinal information, missing data and cases where some non-
Fuclidean metric is desired for spatial representation. The
formalization of the iterative approach by Kruskal (103) has led
to its extension to many related multidimensional problems such
as lhose of nonmetric factor analysis, conjoint measurement
unfolding analysis and cluster analysis. An overall taxonomy of
the many types of data and methods for analysis is presented by
Shepard (172).

5.2.17 The basis of nonmetric multidimensional scaling

The aim of these techniques is to lransform nonmetric
information about objects into a spatial represertation of these
objects, with metric properties. For every two objects (3 and 1)
in some set n, data siJ is obtained representing the similariiy,
substitutability, affinity, associatiocn, irnteraction, corrclation
or in general, the proximity between them. A configuration is
soughl where the n points are represeuted in the space of the
smallest dimension, sucl that, to an acceptable degree of
approximation, the resulting interpoint distances dij are
monotonically related to the given proximity data in the sense

that

dij 4 dkl whenever Sij ) 81

where k and 1 represent two other objects.

The process of iterative improvement in the monotone
relationship is by either {he method of stzecpest descent or the
method of gradients. Thrcugh adjustment of the coordinates at
each iteration, the degree of monotonicity of interpoint distances
and original proximities should be improved. The level to which
a good fit is obtained may be assessed by computing the following
residual sum of squares, proposed by Kruskal (103) and called

‘stress'.
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where dij are the computed distances between 2ll pairs of points
in the configuration X, and dij are a set of ratio scaled numbers,
chosen to be as close to their respective dij as possible, subject
to heing monotore with the rank order of original proximities Sij'
That is
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Iteration continues until the marginal improvement in stress is

less than some pre-determined level.

The procedure described above can be carried out in any
specified dimension. The starting configuration for the
iterative procedure can be entirely arbitrary, randomly generated
or constructed orn the given data, for example Ly using 2 variant
of the classical metric approach. Whatever method is used, the
selection of a gocd starting configuration may have advantages
in either reducing the number of iterationz recguircd or more
impcrtantly in avoiding the trape of local ninima and sub-optimal
sclutions where small iterative charnges will result in no further

improvement in stress.
5.2.2 The number of dimensions and axis oricentation

In most applicstions the aprrcopriate number of dimensions
is rnot known in advance. Best fitting configurations can be
obtained in spaces of one, two, three or more dimensions and a
choice made among the alternative representations to achieve a
spatltial model which is stable and easily visualized on the one
hand, and has an overall goodness of fit to the data on the other.
Shepard (170) gives four considerations as relevant to the choice
of dimensionality:

1. The residual departure from monotonicity (i.e. stress) should



not be too large and should not crcp too abruptly as further
dimensions are added. Ideally, if stress is plottecd against
number of dimensions the number of dimensions chosen will
correspond to an 'elbow' where the curve first steeply apprcaches
the dimension axis and then declines only very slowly thereafter.
2. The representation should te statistically reliable.
Solutions obtained seperately from two indevendent sets of data,
or from two indeperdent subsets of the same data set shculd show
good agreeniernt. This agreement will break down if representations
are permitted tc have more dimensions and hence more degrees of
freedom than the data will reasonahly support.

3. The representation should be interpretatle. If the axes can
be interpreted theu it is reasonable to conclude that the
dimensions are real., 1f they canrot, then it may be because the
rarameters of the representation are too numerous and theretore
dominated by errvor in the data. In this caée a representation of
a lower dimensionslity should be tricd.

L. Except in the case of special methods that do not require

the rotation of axes fo» interpretation, the representation
should be casily visualized, and so confincd to two cr at most

three spatial dimensions.

Shepard concluded that of the four criteria the last two
and particularly the very last have often been decisive. Not all
researchers share Shepard's view that axis identification is an
important criterion in the acceptance of a spatial model.

Fenker (51) believes that it is time that the corcept of a
psychological space be accepted as a vseful behavioural construct
independert of whether or not the dimernsions have clear cut
physical interpretations. He corncludes that the validity of the
construct shoula be evaluated on the basis of whether the

psychological spaces have potential in the prediction of behaviour.

A number of workers have placed considerable emphasis on
the magnitude of stress values and particularly the rules of
thumb proposed by Kruskal (103) for evaluating solutions:
0.025, excellent; 0.05, good; 0.10, fair; and 0.20 or over, poor.
Young (238) concluded that stress should not be taken too seriously
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as a measure of indicaiing confidence in the results of an
analysis, but should be used as a purely descriptive statistic.
He proposed a measure of metric determinancy as an indicator of
the conficdence in a nonmetric scaling solution. Young further
concluded that if the ratio of the degrees of freedom of the data
to that of the coordinates is sufficiently large, then metric
information is recovered even when random error is present.

When the number of points being scaled increases, the stress of
the solution increases, even though the degree of metric

determinancy improves.

Spence and Ogilvie (188) developed a table of expected
stress values for random rankings in nonmetric multidimensional
scaling to assist workers to decide whether empirically obtained
data sets are the result of a random process. The table covers
12-48 objects (points) for cne te five dimensions. A Morte Carlo
experiment by Spence ard Graeff (186) led tc a completely autcmatic
procedure for determining the underlying dimensiorality of an
empirically obtained matrix cf proximities. A programme called
M~-SPACE wac decvcloped by tke same authors to determine the under-
lying dimensionality of empirical data ani to give an indication

of the error present in the data (187).

In spite of the attempts by many workers (186, 187, 188,
214) to provide a quantitative basis for choice of dimensionality,
it would be unwise to use any one of these methods as the cnly
criterion. Certainly as indicators and in association with the
criteria propcsed by Shepard (17G), they provide a strong
foundation for confidence in the choice of the dimensionality of

nonmetric multidimersional scaling solution=s,

Axis identification is a problem that faces most researchers
developing spatial models. Generally, this is done subjectively
by noting the changing properties of the objects along each axis.
An attempt is made to identify a property, common to all objects,
which changes by either increasing or decreasing in magnitude
with movement alorg the axis. Attempts are sometimes made to

correlate prcjections of the points or cbjects on a particular
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axis with know» properties of the objects. These prcoperties may
be either physical and measured objectively or less tangible, in
which case they may be measured along a prespecified unidimensional

corntinuum using a human panel,
5.2.3 The distance metric

Most nonmwetric multidimersional scaling algorithms have
the capebility to scale data in Minkowski metrics other than the
familiar Luclidean. Almost all applied studies have, however,
used the better knowrn Euclidean metric. This may be partly duc
to the lack of familiarity of most users with other metrics but
also to the increasing awareness of the »robustness of the Euclidean
metric in recovering structures under simulated conditions in
whick similarities were computed in some metric othker than
Euclidean (65). Shepard (171) reported on a study cerrisd out
with a random arrangement cof 50 points in a square. All Euclidean
interpcint distances were then changed to a tyve of sirx-lobed
closed curve, rather than the circular isosimilarity contour of
the Euclidean melric. Thecge transformed distances were scaled
using nonmetric multidimenrcional scaling with a Euclidean metric
resulting in an almost perfect recovery of the original two-

dimensional configuration.

Green (65) reported on exploration of Euclidean
approximations to other Minkowski p-values, both with real anc
artificial data. On the basis of thesge studies, he concluded
that unless one has strong theoretical rvasons for selecting
some other p-value, the Euclidean metric is not only well under-
stood but also appears to recover solutions based on other

Minkowski metric quite well (al least in the range 1 { p S 3).

5.2.4 The ideal point and unfolding analysis

Coombs (30) first introcuced the corncept of a joint
space of people and stimuli in 1950. FEach individual's position
can be interpreted as his ideal point, representing the particular
combination of attribute scores that-he would prefer above all

other combinations. The individual's decreasing rank order of
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preferences for real stimuli would reflect the increasing
psychological distance from his ideal point, i.e., real stimulus
points nearer the ideal would te preferred to stimulus points
further from the ideal. Coombs applied the concept in the uni-
dimensional case and called it the 'unfolding' model because

"...an individual's preference ordering would correspond
to the ordering of stimuli obtained by picking up the
plane as if it were a handkerchief at the ideal point and
compressing the handkerchief into a line. The successive
order of the stimulus points on this line corresponds to
their successive order in distance from the ideal point in
the plane" (30, p.141)

Bennetl and Hays (12) generalized this model tc ithe multi-
dimensional case where both stimuli and individuals are
represented in the same nmultidimensional space. The points for
individuals represent ideal stimuli, or optimal sets of stimulus
values, for those indivicuals. The further a stimulus is away
from an individuel's ideal point, the less that individual likes
that stimulus. This leads to the develcpment of 'isopreference
contours' or concentric circles in two dimensions, concentric
spheres in three dimensicns and hypersphcres in higher dimsnsions
indicating relative preference of an individual for stimuli

located at various points through a multidimencional space.

The models proposed by Coombs (30) and extended by
Bennectt and Hays (12) form part of the group of fully mounmetiric
procedures. That is, they accept a nonmetric or ordinal input
but produce only a rank order solution, i.e., only the rank order
of the point projections on each dimensinn could he determined
and not the configuration itself. These models were also specific
for preference data. The more recent nonmetric algorithms are
able to produce unfolding solutions with metric properties.
Torgerson and Young (237) take advantage of the passive cell
feature of their programme, TORSCA. Here an (mxn) rectangular
matrix of m items (iadividuals) by n stimuli is expanded to an
(n+m) by (m+n) square matrix. The original rectangular matrix
forms one corner of the larger square matrix with the remaining
submatrices treated as missing data. The (n+m) points are

positioned in the multidimersional space by the normal iterative
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procedures as outlined previously, with m ideal (individual)
points and n stimulus points. Kruskal's newest programmes,
including KYST (105) and M-D-SCAL 5M (101) require only that
within row comparisons of all stimuli be obtained for each person

in turn.

The future for the rewer forms of unfolding analysis
remains a little uncertain. Past applications have see-sawed
between success and failure. Percy (141) and Moskowitz (127)
reported quite good solution while Green and Rao (70) and Green
and Wind (72) obtained generally unsatisfactory results. Kruskal
and Carroll (104) provided a good summery of modern unfolding
analysis in saying that '"the method may he good enough to be used

successfully with some data in some cases."
5.2.5 The limitations of nonmetric multidimensicnal scaling

Since the introduction of normetric multidimensional
scaling by Shepard (167, 169) and Kruskal (102, 103), much
published work cn the theory and application of the technique hes
appeared in the literalure. This has probably been due to a large
extent to the intuitive appeal of the method, but also to the
highly successful attempts by various workers at Bell Laboratories
to popularize the technigue. Certainly the bulk of the¢ research
in the area has been lheoretical and particularly the development
of a great many computer programmes for the solution of scaling
problems: Kruskal's M-D-SCAL (101), Guttman-Lingoes' SSA-1 (73),
Young-Torgersons' TORSCA (237), McGee's IMD (110), Roskam and
Lingoes' MINISSA-1 (163) and KYST by Kruskal et al (105) comprise
some of the better known programmes. Although all these
programmes are designed to accomplish essentially the same
objective, they represent a number of apprcaches to overcome the
complex cogputational problems. There has been little published
information on the comparative performance of the different
algorithms. Spence (183) compared the verformance of M-D-SCAL,
SSA-1 and TORSCA, while Lingoes and Roskam (108) examined in
detail the SSA-1, MINISSA-1 and M-D-SCAL algorithms. Perhaps
the most commonly used programmes are TORSCA and M-D-SCAL. More
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recently a new programme KYST, has been developed representing
a merger of TORSCA 9 and M-D-SCAL 5M, which claims to include the
best features of these algorithms as well as some new features of

interest.

In spite of these rnumerous studies many problems still
exist in the computational methods of nonmetric multidimensional
scaling, Virtually all procedures are subject to their own
particular type of degeneracy - configurations that can be
markedly chanpged without affecting the rank order of the inter-
point distances. Another problem coricerns the robustness of
solutions to noisy data. There is also the prospect of sub-
optimal solution, i.e., locsl minima. Certain algorithms are
better than others at overcoming this problem, which appears to
be closely related to the quality of the starting configuration.
Sperce (183) claims that TOR2CA is probably the most reliable
prograimme and preduces sub-optimal solutions less than 3 or 4
percent of the time. The newer KYST programme would also he
relatively robust against local minima prcblems as it permits the

user to take advantage of the TORGSCA starting configuralios.

The relative imbalance of theory and applications of non-
metric scaling methods has lzd to many substantive problems, the
major one being the location and identification of axes. Unitorm
expansions and contiractions of a configuration are not of interest
to the researcher as they will not change the rank order of inter-
point distances. Rotations, however, are of substantive interest
since the researcher may want to associate traits, attributes,
dimensions qQr factors with the axes of the spesce. Certain
programnes including KYST anc TORSCA perform axis rotation
according to the varimax criterion. This is only one way in
which the position of the axes can be determined. Given & multi-
dimensional scaling solution, there seems to be no universally
accepted method of performing axis rotation. The orientation of
the axes is a problem which the user of nonmetric multidimensional
scaling must answer. His solution can be either to accept the
-rotated configuration as produced by his programme or to make some

subjective rotation to alipgn the axes with identifiable dimensions.
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An attempt to overcome this problem has been made by Carroll and
Chang (2C) in the development of the INDSCAL programme which does
not require axis rotation. The unrotated axes have turned out to

be naturally and directly interpretable. Even after axis

rotation, the researcher is faced with the problem of identification
or labelling of the axes. The nature of the psychological

dimension is dctermined subjectively either through prior knowledge
of the researcher or the use of some type of open-ended response

by the subject (19).

Even though multidimensional scaling has often been
referred to as a conceptually simple technique, many fundamental
problems still exist regarding the meanings of such terms as
'similarity' and 'preference'. Laboratory experiments by Shepard
(169), Attneave (8) and Torgerson (20() indicated that different
subjects may adopt different strategies in assessing overall
similarity. Moreover, the criieria by which overall similarity
judgements are made may interact with the stimuli. Thcre is also
the problem of handling cases of nonlinear data structures.

Procedures are now being developed to recover such data structures

(173) .

The problems and limitations of nonmetric multidimensional
scaling would, then, appear to preclude its application to
practical problems with any charce of recovering a sensible
spatial representation. In spite of these linmitations or rather
in the light of them, the technique has been put to good use to
obtain information unobtainable by other methods. A review is
now presented of the applications of nonmetric multidimensional
scaling to marketing research problems &and to problems related to

the current area of research.

59 Applications of multidimensional scaling

In just over ten years since Shepard (167, 168) and
Kruskal (102, 103) first proposed nonmetric multidimensional

scaling the applications of the technique have been many and
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varicd. Wish et al (224) looked at the ways different people
conceive nations and the relationships betweeu these nations.
They studied the conditions which give rise to different types of
conceptions. Mauser (112) considered the problems of predicting
the effect that a new candidate would have on the election.
Rosenberg and Sedlak (162) obtained co-occurrences among selected
samples of personality trait terms and used multidimensional
scaling to present these perceived trait co-occurrences as a
structural representation. D'Andrade et al (34) investigated

the conceptual organization of disease categories for English-
speaking Americans and Spanish-speaking Mexicans with respect to
a wide range of properties. Perhaps the most active single
organization has been Bell Laboratorics in the USA, Their
interest in the formulation of different computer algorithms
{101, 105) has been with a view to definition of consumer

preferences and hence tco ithe use of this informatiicon in the

a

development of new products. Carroll and Wish (27) corsidered
that the prefercnces of customers were more important in the Bell
System than in many other industries - the enormous investments
in research and development make it important that the customer

gets what he wants.

The desire to produce and market goods according to
consumer requirements and the apparent ability of multidimensional
scaling to identify these requirements has made the technique
appealing to the product designer and marketer. It is, therefore,
not surprising that marketing rescarchers have been active in the
development of methodology and the application of imultidimensional

scaling.
5.%.1 Marketing applications

Very few business applications of nonmetric multidimensional
scaling have been published, possibly due to the newness of the
technique and to the unwillingness of companies to widely publicize
their marketing methods. Green (66) reports, however, that a
number of consulting firms in the USA,havg started to offer such

scaling services and that at least a score of large corporations
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are beginning to conduct multidimensional scaling studies - the
DuPont Company has been using nonmetric scaling methods since 1963
in the measurement of buyer perceptions and preferences (38)., A
number of research workers have looked at the potential marketing
applications of multidimensional scaling (64, 66, 68, 71). Green
(68, 71) lists a number of such applications including product
life-cycle analysis, market segmentation, vendor evaluations, test

marketing, salesman and store image, and brand switching.

Most published work on the applications of the technique
in the field of marketing have been with small samples, generally
belween 5 and O respondents, where the research has been concerned
primarily with methodology. In most cases, perceptual and
preference maps have been applied to a product class, often with
one or more of the following questions in mind (64):
1. What are the major perceptuval and evaluvative dimensions of
the product class?
2. What existing brands are perceived as similar to what other
existing brands?
5. What are the major perceptual points of view among consumers?
L, What new brand possibilities are suggested by the configuration
of existing brands?
5. How are respondent ideal points or preference vectors
distributed in the various perceptuel spaces?
6. How compatible are various advertizing messages, slogans or

other types of promotional materials with brand perceptions?

Although some earlier studies (67, 70, 95) may have been
performed with the sole objective of gaining insight to the major
perceptual and evaluative dimensions of a product class, there has
heen a tendency in recent rescarch to utilize this knowledge in
the design of new products. Wind (221) used multidimensional
scaling at the product concept testing level. Six new drink
concepts were positioned in the same conceptual spasce as 28
existing drink products. The proximity of the new drinks to
successful existing drinks was used as an indicator of their
market potential. Johnson (95) used multiple discriminant

analysis to determine a configuration of existing brands of beer
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ard descriptions. Ideal product points were located according to

consumer response on a set of prespecified scales.

Significant advances in the application of multidimensional
scaling to product development were made by Stefflre (190) and
Morgan and Purnell (126). Both suggested the identification of
'holes' or 'gaps' in a product attribute space ac leading to the
developmeant of potentially successful new products. Stefflre is
one of the few people who have claimed to have actually developed
new ideas from an attribute space into marketable products (190,
191). His procedures involve the searching of product
configuratior to find 'holes' which identify the location of
possible new precducts. New product descriptions are formulated by
subjective consideration of the characteristics of surrounding

products, rather than by a mathematical rationale.

More recently Shocker and Srinivacan (176) and Pessemier
and Root (146) presented sophisticated models that employ multi-
dimensional scaling procedures for ncw producl design and
evaluation. Shocker and Srinivasan (176) described a melhod
based on multidimensional scaling and linear programming for the
identification of new product ideas. The basis of this method is
a LINMAP procedure (189) for searching a procduct spacc for the
most acceptable combinaticn of 'actionable' attrisutes, i.e. "those
attributes which indicate specific actions the manufacturer must
take to build such a product". Unfortunately no practical
applications are given and no suggestions offered on how the
transformation of psychological dimensions - actionable or not -

into objective nroduct dimensions could be carried out.

Percy (141) presented a new approach to the application of
multidimensional scaling to product design or, more correctly, to
menu planning. An unfolding analysis using M-D-SCAL 5M was
performed on profile data relating the ccmmon usage of certain
main dishes and po*tato side dishes. Percy suggestad that the
acceptabliity of main dish-sidz dish combinatinns was prcportional

to their interpoint distances in a 2-dimensional space.
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Most studies employing multidimensional scaling have, then,
tended to use perceptual maps in rather ad hoc ways to scece what
combinations of attributes might be useful for new product develop-
ment. Green (64) suggested that although developed independently,
the models for systematizing the process of new product generation
and evaluation are similar in the following respects:

1. Emphasis on developing product-service spaces by the use of
corsumer ratings on prespecified attribute scales.

2. The general assurption of homogeneity of perceptual spaces
across consumers.

3., Fitting of preference data into previously constructled
perceptual spaces via externzl (regression-type) methods involving
ideal point and/or vector representations ¢f preferences.

4, Incorporation of some function for relating probability of
choice to weighted distance from ideal point.

Meny problems still exist with the use of these models. The
tesling of really new prcduct ideas may involve rew dimensicns out-
side the consumer's experiencc. Concept testing as described by
Wind (221), faces not only this prcblem but also the uncertainty
of the consumer about the characteristics of the new product from
a verbal description which forces him to ~onsicer the new prcduct
within the bounds of his knowledge of existing prodvcts of a similar
type. Probably the most serious drawback in existing models is
their inability to predict psychological response to physicsl
changes in the stimuli {(procducts). Even such sophisticated models
as the cne proposcd by Shocker and Srinivasan (176) are more
diagnostic thanr predictive. Although such models have led to
successful prcduct development (197), more research is required to
overcome thc problems encountered in their application, in
particular the subjective nature of attrivute definition for new

products.

5.4 Summary and conclusions

Multidimersional scaling dates back to 1938 when Young
and Householder (240) first laid the mathematical groundwork for

fully metric models. Few applications of the technique were seen
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until 1962 when Shepard (167, 168) proposed the ronmetric form of
multidimensional scaling requiring only an ordinal input of data
to give a spatial model having ratio properties. Since 1962 a
great wealth of work on the theory and application of the
technique has been published. Emphasis has been placed largely
on methodology with the development of many computer programmes
and the testing of these prcgrammes using small groups cf

respondents.

In spite of the extent of this research, problems still
exist in the application of nonmetric multidimensional scaling.
These include subetantive problems e.g. axis rotation and
labelling; corceptual problems e.g. the meanings of such terms as
'similarity' and 'preference'; computational prcblems e.g.
degeneracy and local minima. The fact that these problems are not
‘ insurmountable is evidcnced by the conviction of resecavchers in

the validity and worthfuluess of multidimensionzl scaling solutions.

The applications of the technique have been many and
varied, by rescarchers in a number of discipiines. DMNot the least
of these have been marketing researchers who have published
numerous reports on the use of multidimensional scaling. Mostly
these have studied metlthodology with small samples of respondents.
There have been reports, however, of widespread use of nonmetric
scaling techniques in businesses throughout the USA (66). A large
proportion of the effort on the application of multidimensional
srcaling to marketling problems has been in the recognition and
development of nrnew products. Generally this work has utilized
perceptual or evaluative maps of a product group to either find
'holes' or 'gaps' in these maps or to locate some point which
represents an optimal combination of attributes which might be
useful in new product development. Although useful as a dizgnostic
tool, these models have failed to be predictive due to their
inability to relate psychologinal response to physical attributes
of a product. They have proven successful in some cases (191)
where subjective judgements were made on the physical changes to
the product, hence indicating the potential of a fully objective

and predictive.model.
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The aim of the research discussed in the second half of
this thesis was to use multidimensional scaling as a tool for
prediction of acceptable raw material combinations without the
necessity for axis definition for any other purpose than to
substantiatc the model. Either the entire list or some subset of
the list of raw materials used in the nutrition problem was to be
located in a multidimensional space by the use of proximity
measures of substitutability of the raw materials as ingredients
in commonly used food dishes. An ideal point would then be
located in the same perceptual space from data relating to the
relative preferences for the raw materials as ingredients in
either a specific food dish or food dishkes in general. This ideal
point would then reprcsent the optimum combination of desirable
food raw material attributes as defined by the axes of the spatial
configuration., Correct selection of a mix of raw materiasls might

J.

lead to a combined set of attributes at or near ke ideal peoint.
The potential to select raw material mixes in order tc maximize
the acceptability of dishes based on these mixes, was to be used
in the linear programming model in association with the nutriticn

data.

Surveys were carried out in Thailand to collect suitable
data for the derivation of the raw material space and ideal point
location. A number of surveys, employing different methcds of
data collections, were performed to provide supplementary
information to support the claims and predictions of the general
acceptability model. Multicdimensional scaling analysis was
performed using the nonmetric programme, KYST. This procgramme was
chosen because of its flexibility and robustness against sub-
optimal solutions. KYST .is basically au amalgamation of TORSCA 9
and M-D-SCAL 5M, combining the well proven starting configuration

of TORSCA 9 with the versatility of input and output of M-D-SCAL 5M.
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CHAPTER 6

DATA COLLECTION FOR MULTIDIMENSIONAL SCALING ANALYSIS

The data for multidimensional scaling analysis was
collected in Thailand during a 3 month visit to that country
between March and June of 1975. A wide variety of surveys for
data collection were designed to avoid the necessity of either a

return visit to Thailand or further surveys by correspondence.

The surveys were designed and translated into Thai with the
help of staff and students from Chulalongkorn University. The
subjecte were chosen frewm Chulalengkorn and Kaseisart Universities
in Bangkok. The data collected from the surveys were intended to
supply inforration about /0O commonly used food raw materials and
20 food dishcs. The specific data collected werc:

1. The general similarity or substitutability of all pairs of the
4O raw materials as ingredients in food diskes.

2. The acceptability of each raw material as an ingredient in
specific categories of food dish,

%. The acceptability of paired combinations of the 40 raw
materials as ingredients in the sawe food dishes.

4, The general similarity of all pairs of 20 commonly eaten Thai
food dishes.

5. The relative acceptabilities for the 40 raw materials and the

20 food dishes.

The five sets of data were collected from samples of
between 20 and 30 Thai students. In each survey the data were
averaged over all subjects. The averaged data from the first &4
surveys were used to obtain spatial representations of the raw
materials and the food dishes from the multidimensional scaling
programme, KYST. The data from the fifth survey were used to

locate ideal points in the raw material and food dish spaces.
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6.1 General comments on the data collection

All sets of data had certain factors common to their
collection and analysis. In all cases, the same 40 food raw
materials werc considered; the choice of subjects and the sample
design were similar and the mcthod ¢f obtaining rank orderings of

proximity measures across subjects was the sane.

6.17.17 The food raw malerials

A smaller sample of raw materials was considered than in
the nutrition section. Cnly 40 raw materials were choseu, this
being a number whichk gave sufficient representation of all
categories of raw materials, whilst still remaining within the
limits of data c¢ollection and of analysis using multidimensional
scaling techniques. The 4O raw materials were chosen with the
aid of a staff member from Chulalonglkora University. Selectlion
was bacsed firstly on the common use of the raw materials as
ingredients in food dishes and secondly on obtaining a
represcntation of all food categories including meats, vegetables,
spices, fruits and dairy products. Almost all the 40 raw matlerials
came from the original list used in the nutrition problem. New
raw materials such as serpent head fish and swamp cabbage were
added, as further research in Thailand showed lhese to be very
common ingredicnts in food dishes. The complete list of raw

materials is shown in Table 6.1.



Table 6.1 Raw materials used in the multidimensional scaling analyses.
Vegetables and Meat and Friit Milk and Miscellaneous
cereals fish ’ eggs spices etc.

bamboo sheots beef banana butter chilli
cabbage chicken ma g0 cheese pepper
Chinese cabbage crab (green) chicken coriander
Chinese kale duck papaya egg garlic
cucumber hog's (green) coconut sugar

green gourc liver pineapple cream

mungbean curd pork pumpkin duck egg

mungbean serpent watermelon milk

sprouts head 1ish sweecencd
peanut shrimps condensecd

rice striped milk
rice noodle mackerel

shallots

string beans
swamp cabbhage

6.1.2 The subjects snd the samples

A1l surveys for collection of data for multidimensional
scaling analiysis were in Bangkck. The subjects werc students Irom
18-25 years of age, selected from the technclogy departments of
Chulalongkorn and Kasetsart Universities., FYor each survey, a
sample of between 20 and 30 students was chosen. TIor the purpose
of this exploratory research obtaining large samples was not
considered worthwhile as it would have been impossible to select
a statistically random sample with the facilities available and
within the 1liwuits of the research budget. The 20-30 students
chosen although not representative of the Thai population should,
however, be sufficiently representative of the university
population to allow for further studies on the same group to be

correlated with the findings of this thesis.

6.17.3 Organization of the surveys

The problem of obtaining proximity data is common to all
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researchers who use multidimeasional scaling techniques on large
numbers of stimuli, and are faced with excessive labour and cost
of obtaining n(n-1)/2 judgements for each subject. There is very
little in the literature, however, to guide the user who wishes to

reduce the number of judgements.

Rao and Katz (159) discussed and examined a number of
methods which can be used to deal with large numbers of stimuli,
but found that no method recovered the configurations perfectly.
Fenker (51) suggested a method requiring proximity estimates
between each of N 'experimental stimuli' and each of M standards,
as well as between all possible combinations of the standards.

The standards represcnt a collection of M stimuli, selected so as
to comprehensively exhaust the underlying dimensionality of the

multidimensional space. Spence and Domoney (1185) looked at single
subject inccmplete designs for nonmetric multidimensicnzal scaling,
using the capability of most nonmetric scaling algorithms to deal

with incomplete data matrices,.

None of the methods suggested by these authors has been
extensively tested and very little is known about the statistical
ramifications of their effects on final configurations. The
surveys in Thailand were designed to give all vossible paired
combinations of stimuli te each subject. In some cases a few
pairs were missing due to errors in survey design and typing.
The presentation of such long lists of pairs of stimuli (780 in
some cases) ran the risk of dubious reliability of the results
caucsed by subject fatigue and disinterest. This risk was
minimized through selection of enthusiastic subjects, together
wilh checks on the reliability and repeatahility of judgements.
The fact that many of the n(n-1)/2 judgements may be redundant
(2329) may have led to a degree of overdetermination and hence

compensated for some error.

The questionnaires were designed and distributed with
the aid of two rescearch assistants from Chulalongkorn University.
Four groups of students were used as subjects. The first group

was given the raw material similarity, the raw material association
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and the raw material acceptatility questionnaires. The second
group was given the 'raw material by use in food dish' questionnaire.
The third group was given the food dish similarity questionnaire
and the final group was given the food dish acceptability
questionnaire., The questionnaires were divided amongst four groups
of respondents because answering a2l1ll would have been too much work
for one person. Bach guestionnaire was in Thai, introduced with
explicit instructions followed by the list of pairs of stimuli

(raw materials or food dishes). In most cases this list was
carried on over a number of pages. These pages were randomly
shuffled and presented in a different order to each subject in an
attempt to compersate for systematic errors due to tiredness and
disinterest of the subjects. The students were allowed to take the
surveys home ancé were given % days to complete the questionnaires.
In almost all cases they were returned the same day. A complete
description of each survey is given in later sections of this

chapter.

6.1.4 Organization for data analysis

The data from all surveys was prepared for multidimensional
scaling analysis by calculating the average rank ordering of
proximities across all subjects in the sample. To Justily this
calculation and the use of averaged data, two measures of subject
agreemenl snd reliability were used - the Kuder-Richardson
reliability ratio (114) and Kendall's coefficient of concordance

(99).

The reliability ratio (r) is a mea<ure of the ratio of

true score veriance to total or observed score variance.

6f 6 = G 6°

PR = et o ] w e
6° 6° 6°

(o] (o] (o]

where 6i is the true score variance which is the difference between
the total variance 6i and the estimate of error variance 62. The
error variance is equal to the sum of the variances of the subjects!

Scorese.
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where m is the number of subjects and n the number of stimuli being

judged. The total variance 6§ is calculated as follows:
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A high value of the reliability ratio r indicates a low error

variance due to between subject variation, relative to the variance

of the total scores, hence indicating relieble scoring and a high

level of agreement among the judges.

The coefficient of concordance (W) was used to test the

agreement among subjects' rank ordering of proximities.
128
il = =g
m~(n”~n)

where W is the coefficient of concordance, m is the number cf
subjects and n the number of objects (pro:imity ranks). S is the
sum of the squares of the deviation of rank totals across all
subjects, for cach object, from the mean sum of ranks. The mean

sum of ranks must always be m(n+1)/2,

Large numbers of tied rankings were observed in the data
sets and a modified formula was used for calculation of the

coefficient of concordance.

W = S
1 P B ‘
5 W (n”=n)-mTT
where T' = %% % (tB-t) and t is the number of ranks in each tied
t

set.

The significance of the value of W was tested using the

chi square value.
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with (n-1) degrees of freedom. A significant coefficient of
concordance served to reject the nul hypothesis of disagreement

among the subjects, and to conclude that agreement existed.

As a further check on the reliability and consistency of
scoring, repeat objects (pairs of stimuli) were included in most
surveys. Ior example in the survey on the general similarity of
the raw materials, the pair mungbean curd-pineapple was included
twice throughout the 1ist of raw material pairs. The rank ordering
of scores across the subjects was determined for each repeat
judgement aznd the Spearman rank correlation coefficient

calculated.

%(m3~m) - §(8%) - T - U
N2 (- - v} (F?-n) - 2ut]

.
where m is the number of rankings (subjects), S(d°) is the sum of

e =

the squares of rank differences and T' and U' relate to the number

of ties in each 1list of ranks.

(t2-t)

~l-
o+ 4

w2 -
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u

where t and u typify the sets of ties in the c¢wo rankings.
The significance of @ was determined by calculating the

number of standard errors included in the value of ¢ . The

standard error of @ is calculated as follows:

Significant values of @ indicated good repetition in scoring
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of the repeated objects by the subjects.

6.2 Raw material similarity data

The object of this first survey was to collect data which
related tc the similarity of the 40 raw materials as they are used
in Thai food dishes. Similarity in this case was interpreted as
a measure of substitultability of the raw materials in food dishes
where these were defined as main meals, eaten generally at lunch-
time or in the evening and providing a substantial contribution tlo
the daily diet. A Thai phrase was available to provide a direct

translation of this definition for us2 ir the questionnaires.

A list of 769 of the possible 780 paired combinations of
raw materials was presented to cach of 28 subjects. They wecre
asked to ratec the similarity (substitutability) of each pair of
raw materials on a scale from O to 10, where a larger ccore
represented greater similarity. Each subject was given explicit
instructions on how to complete the quesiicnnaire and on the
interpretation of the word 'similarity'. An English translation
is given below:

"You have been presented with a list of pairs of fcod raw
materisls. Look at each pair carefully and judge how
well one could substitute the other as an ingredient in
commonly eaten Thaili food dishes. Make your judgement on
a scale from O to 10. A score of C should indicate
completely non-substitutable raw msterials. Increasing
scores from O to 10 should indicate an increasing
acceptability of substitution of the raw materials'.

A careful check was made by the Thai research assistants on each
of the 28 sﬁbjects to ensure complete understanding of the

guestionnaire.,

As a check on errors arising frcm fatigue and disinterest
in completing the large number of judgements, 3 pairs of raw
materials were included twice throughout the guestionnaire. The
repeatability of scoring was estimated by applying the calculation
of Spearman rank correlation coefficient @ to the subjects'

scores for each duplicate.
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Repecat pairs e Q/SEQ
mungbean curd - pineapple 0.72 3.74
rice noodle - coriander 0.65 SR
mungbean sprouts - sugar 0.68 3.53

The results show that there is no reascn tc assume inconsistency

in the scoring by the 28 subjects.

The agreement in scoring among the 28 subjects was tested
using the Kuder-Richardscn reliability ratio r and Kendall's

coefficient of concordance ﬂ.

r = 0.992
W = 0.459 with )\f = 9870

where the tabulated X2 value at the 0.01 percent significance
level was 874. Both measures, therefore, point to a high level

ol agreement among subjects.
Average scores for each pair were calculated cver the 28

subjects. These average scores, shown in Appendix 6, were used as

input for the nonmelric multidimensional scaling programmre, KYST.

6.3 Raw material association data

This second survey was carriecd out with the object of
finding the relative affinities of the 40 raw materials as
ingredients in food dishes. That is, to estimate the relative
acceptabili£ies of the various materials in combination as part
of the same dish. The term food dish retains the same definition

as for the raw material similarity data.

The same sample of 28 students was used as for the
similarity survey. Each subject was given & 1list of 771 of the
possible 780 paire of raw materials and asked to rate the
acceptability of each pair as ingredients in the same food dish.

The judgements were made on a scale of O to 10, where a larger
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snore indicated a more acceptable combination. No mention was
made of the levels of each material ancd the students were expected
to judge the acceptability of combination based on the common
levels of use of each raw materisl. All subjects performed the
task witlout problems and all apreared to comprehend the task in
the same way, as indicated ty the measures of agreemert given
below. Instructions were given to each student in Thai according
to the English translation below:

"You have been presented with the same list of food raw
materials as in the previous qurcestionnaire. Look at
each psir carefully and this time judge how acceptable
the raw materials in that pair would te az ingredicents
in the same food dish. Make your judgement on a scale
of 0 to 10. A score of O shculd indicate that the
materials would be totally unacceptable in combination.
Increasing scecres from O to 10 should show an increasing
acceptability of the raw materials as ingrediernts in the
same food dish".

A careful check was agein made tc ensure that each subiect was

fully aware of the reqguirementis of the survey.

Duplicate pairs were included to test the consistency of
scoring by the subjects. The Spearman rank correlation
coefficients € were calculated from the rank ordering of scores

from the 28 suktjects for the duplicate pairs.

Repezt pairs e Q/SEe
mungbean curd - pineapyle c.57 2.96
rice noodle - coriander 0.75 3.9C
mungbean sprouts - sugar 0.73% 5.79

The ratios of ©/SE indicate a significent correlation at the 0.01
percent level, herce showing consistency in the scoring by the

28 subjects.

The results of the calculations of the Kuder-Richardson
reliability ratio r and the coefficient of concordance W were as
follows:

0.997
0.397 with X° = 8559

w

=
"
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where the tabulated XZ value at the 0.07 percent significance
level was 872. A high level of agreement was again indicated

among subjects.

The average scores for the 771 pairs were calculated
across the 28 subjects. These average scores are shown in
Appendix 6 and were used directly as input to the nonmetric

multidimensicnal scaling programme, KYST,

6.4 'Raw material by use' data

Data were collected tc relate thc level of use and the
acceptability of input of the 40 raw materials to each of 15
categories of Thai food cishes., ' The acceptability date were used
to derive a set of prcxiwmily measures for the raw maleriszls which
were later analyzed using multidimensional scaling. The 'level
of use' data were uced to substantiate axis definition of multi-

dimensional spaces for the raw mztcrials in Chapter 7.

6.4.1 The acceptability of vse

More specifically this data reiates to the acceptability
of input of eackh raw material to certain categories of food dishes.
With the aid of a staff member from Chulalongkorn University, 15
categories of food dishkes were defined to be representative of
almost all commonly eaten Thai food dishes. Each of the 15
categories, then, represented a number or specific food dishes,
e.g., the category meat curry encompassed all types of meat based
curries. A list of the 15 categories of food dishes is shown in
Table 6.2. Descriptions of food dishes from each of the 15
categories are given in Appendix 7. In some cases, no exact
English translation was available and thz listed name serves
more as a description of the category of food dish rather than a

direct translation of the Thai name.
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Table 6.2 The 15 Thai food dish categories used in the ‘raw material by use’ survey.
meat balls vegetables and sauce
meal curry fried vegetables
chop-suey soup
scur soup Thai salad
omelette stewed pork
sweet and scur porridge
hot soup noodles

fried meat

Each of 24 subjects was asked to judge the acceptability
of the 40 raw materials as ingredients in each of the 15
categories of food dishes. The acceptability was judged on a
scale of 1 to 5, where & larger score represcecnted a higher
acceptability. An English ;ranslation of the instructions given
to each subject is given below:

"You have been given a number of forms, each divided into
squares. Down the left hand side of each form yon will
notice a iist of food raw materials and along the top a
list of classes of food dishes. Please look at each raw
material in turn ard work from left to right along the
food dishes, judging how acceptable that raw material
would te as an ingredient in each class of dish. Make
your judgement on a scale of 1 to 5. If a raw material
would be tolally unacceptable as an ingredient in a
particular class of food dish then place 1 in the
corresponding square. Increasing scores from 1 to ©
should indicate increasing acceptability".

The agreement among subjects was again estimated by
calculation:- of the reliability ratio r and the coefficient of

concordance W.

2
I

0.756
0.598 with xi = 8590

2
where a X~ value of 663 was required for significance at the 0.01
percent level, Hence, although the reliability ratio is not as
high as with previous cdata, the result in combination with the

coefficient of concordance still indicates agrecment among judges.
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A proximity matrix was generated for the food raw
materials based on their common acceptabilities of input to the
15 categories of fcod dishes. The derivation of this proximity

matrix was based on a formula used by Stefflre (191).

I i ]

ij - | '
5l . o T B

11 J J

where sij is the measure of proximity between raw materials i

and j.

r. is the row vector of input acceptability scores for
raw material 1.

rj is the row vector of input acceptability scores for

raw material j.
r '
r and rj are the transposes of r. and rj respcectively to

column vecters.,
€.4.2 The level cf use

The same 24 subjects were asked to judge the levels that
cach raw material would commonly be used in each of the categories
of food dishes. The level of input was judged on a scale of O to
3, where a sccre of O indicated that a raw material was never used
in a particular category of focd dish., Increasing scores from 1
to 5 showed increasing amounts of raw material uscd. lHence
condiments anrd spices were generally given low scores of 1, while
meats and vegetablcs, forming a major part of food dishes were

given higher scores of either 2 or 3.

Averag: scores for level of use of each raw material were
calculated from the 24 subjects across the 15 categories of food
dishes. These scores, indicating the average level of use of

each raw material, are shown in Table 6.3.
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Table 6.3 Average level of use in food dishes for 40 raw materials.

Average Average
Raw material level Raw material level

of use of use
Bamboo shoots 1.11 Banana 0.04
Cabbage 1.10 Mango (green) 0.31
Chinese cabbage 1.20 Papaya (green) 0.3%6
Chincse kale 0.85 Pinearple 0.41
Cucumber 1.10 Pumpkin 0.41
Grecn gourd 0.57 Watermelon 0.12
Mungbean curd 0.60
Mungbean sprouts 0.86 Butter 0.12
Peanut 0.47 Cheese 0,08
Rice 0.63 Chicken egg 0.96
Rice noodle 0.43 Coconut cream 0.46
Shallots 0.64 Duck egg 0.94
String beans 1.12 Milk 0.03
Swamn cabbage 1.06 Sweetened condensed

milk 0.01

Beef 1.54
Chicken 1.67 Chilli pepper 1.20
Crab 0.97 Coriander 0.90
Duck 1.03 Garlic 0.92
iog's liver 1.26 Sugar 0.87
Pork 1.95
Serpent head fish 1.07
Shrimps 1.76
Striped mackerel. 0.81

6.5 Food dish similarity data

Data showing the relative similarities of 20 food dishes
was collectec with the object of determiring the most important
dimensions of Thai food disnes. Similarity was interpreted as
substitutability in the same way as for the raw material
similarity survey. The food dishes, shown in Table 6.4, included
representatives of all of the 15 categories listed in Table 6.2.

A description of each dish is given in Appendix 7.
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Table 6.4 The 20 food dishes used in the food dish similarity survey.

fish balls fried beef wiih kale

beef curry fried beef with oyster sauce
chicken curry fish with green vegetables and
chop suey sauce

shrimp sour soup fried pork with green snap beans
plain omelette green gourd and pork soup

sweet and sour fish cucunber salad

swecet and sour chicken stewed pork with boiled egg and
shrimp hot soup soy sauce

fish hot soup pork porridge

pork noodles
beef noodles

A list of 187 from the possible 190 pairs of food dishes
was given to each of 27 subjects. The subjects were asked to
judge the similarity of eachk pair of dishes on a scale from O to
10, where a larger score represented greater similaritv. An
English translation of the instructions for thi¢ questionnaire is
given below:

"You have been presented with a list of pairs of commonly
caten food dishes. Look at each pair carefully and judge
how well one could substitute the other. Imagine yourselfl
to be at a restaurant ocrdering one of the dishes. If this
dish was not available then how suitable would thc other
dich in the pair be as a substitute. Make your judgement
on a scale of O to 10. A score of O should indicate
completely non-substitutable dishese. Increasing scores
from O to 10 should indicate increasing acceptability of
substitution of the dishes'.

Once again, duplicate pairs were included in the list of
pairs of dishes. The Spearman rank correlation coefficients as
calculated from the scores of the duplicate pairs are shown

below:

Repeat pair e €/SEe

sweet and sour chicken - beef noodle 0.71 3.62
beef curry - fried beef with Chinese kale' 0.65 3.31

This shows good repeatability.
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The resvlts of the calculations of the reitiakility ratio

r and the coefficient of concordance W were as follows:

o]
"

0.988
0.155 with )(2 = 778

w

ti

where a X2 value of 225 was required for significancc at the 0.01

percent level. There was, therefore, agreement among the judges.
Average scores were calculated across the 27 subjects.

These are shcwn in Appendix 6 and were used as input to the

nonmetric multidimensional scaling programme, KYST,

6.6 Raw material and food dish acceptability

The relative acceptabilities of the 40 raw materials and
the 20 food dishes were collectcd from two separate samples of
students. The raw material data were obtained from the same samrle
of 28 subjects used in the raw materiul similarily and association
surveys. The food dish data were collected from a separate sample

of 30 students.
6.6.1 Raw material acceptability

The 28 subjects were asked to rate the acceptability of
cach of the 40 raw materials in food dishes in general. The
judgement was made on a scale of O to 10, where a higher score
represented. greater acceptability. The agreement of the subjects

was tested by calculation of the coefficient of concordance W.
. 2
W = 0.232 with Xw = 253

where a X2 value of 46.9 was required for significance at the 0.01

percent level. There was, therefore, agreement among the subjects.

The acceptability scores were averaged over the 28 subjects.

The rank order of acceptability cf the raw materials, calculated
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indicate greater acceptability.
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Lower ranks

Table 6.5 Rank order of raw material acceptability.
Raw material Acceptability Raw material Acceptability
rank rank
Shrimp 1 Mung bean curd 21
Chicken 2 Papaya (green) 22
Chicken egg 3 Pineapple 23
Crab b Bamboo shoots 2k
Pork 5 Mung bean sprouts 25
Milk 6 Cabbage 26
Hog's liver v Sugar 27
Swamp cabbage 8% Chilli pepper 28
Duck egg 8% Cucumber 29
Chinese kale 10 Rice nocodle 30
Striped mackerel 11 Serpent head fish 31%
Chinese cabbage 12% Pumpkin 31%
Beef 23 Banana 33
Green gourd 14 Peanut 34
Watermelon 15 Coriander 35
String bean 16 Sweetened condensed
Caconut croeam (W milk 36
Duck 183 Garlic 37
Mango (greecn) 18% Shallcts 38
Rice 20 Butter 39
Cheese Lo

6.6.2 Food dish acceptability
The 30 subiects were asked to judge the acceptability of
each of the 20 fcod dishes. The judgement was made on a scale of
O to 10, where increasing scores showed increasing acceptability.
The coefficient of concordance was calculated.

W= 0.221 with X° = 126

where a X2 value of 49.6 was required for significance at the 0.01

percent leéel. There was, therefore, agreement among the subjects.
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Average acceptltability scores for each food dish were
calculated across the 30 subjects. The rank order of acceptability
of the dishes, derived from these scores, is shown in Table 6.6.

Lower rankse indicate grecater acceptability.

Table 6.6 Rank order of food dish acceptability.
Food dish Acceptabiliey  pood saish 4 CEEPIETNERY,
rank rank
Shrimp hot soup 1 Fried beef with
Beef noodles 2 oyster sauce 12
Fish witn green Sweet and sour
vegetables and sauce 3 chicken 13
Fish balls L Fried pork with green
Chicker curry 5 snap beans 14
Stewed pork with boiled Sweet and sour fich 15
egr and soy sauce 6 Pork ncodles 16
Fried beef with kale 7 Shrimp sour soup 17
Beef curry 8 Chop suey 18
Plain omelette 9 Pork porridge 19
Fish hot soup 103 Cucumber salad 20
Green gourd and pork soup 10}

6.7 Summary and conclusions

Data were collected in Thailand to relete raw materials
and food dishes, using multidimensional scaling. A number of data
collection methods were used to obtain differing measures of raw
material and food daish proximity. Each survey was translated into
Thai and administered with the help of Thai research assictants.
Between 20 and 30 students from Bangkok universities were selected

for each survey.

The surveys generally required each subject to make a
judgement on the proximity (similarity or association) of pairs of
stimuli, either raw materials or food dishes. Each survey was
designed with the intention of obtaining judgements on all possible
pairs of stimuli from each subject. In most cases some pairs were

missing due to errors in design and typing. These were always less
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than 2 percent of the total rumber of possible pairs. Presentation
of the full list of pairs of stimuli was considered preferable to
some subset of pairs, due to the lack of information on the
statistical ramifications of spatial configurations, resulting

from the various methods for selections of such subsets. The
requirement for a large number of judgements by each subject might
have led to fatigue and disinterest but errors from these sources
were reduced thrcugh sclection of enthusiastic and willing stucents.
Rank correlation coefficients were calculated from the scores for
repcated pairs of stimuli, to estimate thec level of repeatability

of scoring and h:nce the errors arising from fatigue and disinterest.

In all cases good repeatability was obtained.

The agreement among subjects was determined by calculaticn
of Kerdall's coefficient of concordance W and the Kuder-Rickardson
reliability ratio r. These measures indicated a high level of
agrecment in all surveys. The data from each survey were averaged
across all subjects. The complete set of averaged data is shown
in Appendix 6. These average scores were used tc generate raw
material and fooa dish spaces through the mvltidimensional scaling
programme, KYST. These spaces firstly supplied inform:tion about
the conceptions of the Thai consumer concerning the use of raw
materials in food diskes. Secondly, metric data were derived from
the spatial configurations for maximizing acceprtability of food raw

material combinations selected in the linear programming model.
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CHAPTER 7

MULTIDIMENSIONAL, SCALING ANALYSES

The objective of this stage of the rescarch was to derive a
linear function relating raw materials to food dish acceptability.
Nonmetric multidimensional scaling was chosen as a technique to derive
metric scale values for the raw malerials and fcod dishes which might
be usec in this function. For this purpose a number of different
methnds of data ccllection were employed in Thailand to obtain
proximity measures for both the raw materials and food dishes. These
data were as follovs:

1. Raw material similarities - showing the relztive substitutabilities
of pairs of the 40 raw materialc.
2. Raw material association - showing the relative acceptabilities

of pairs of the raw materizls in association in the same focd dish.

3. 'Raw materizl by usc’ in food dishes ~ showing the acceplabilily

of each of the 40 raw materials as an ingredient in each of 15
categories of food dish.

L, T¥oocd dish similarities - showing the relative similarities of pairs

of 20 Thai food dishes

JJach set of data was scaled in $ through to 1 dimensions using
the nonmetric multidimensional scaling programme, KYST. The point of
'elbowing' in the plot of stress versus dimension together with a
graphical methcd described by Spence and Graef (187) were used to
choose the underlying dimensionality of the data. Plots of the items
(raw materials or food dishes) were obtained in the space of the

chosen dimensionality.

In each case, attempts were made to identify the axes of the
spatial configuration. Axis identification was done either object-
ively by correlation with external information or subjectively using
the prior knowledge of the researcher. In all cases the configuration

of items was sensible within the context of the collected data.
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Although the separate spaces of raw materials and food
dishes proved interesting in interpretation, there was no means
of tying the two together inlo a single linear function as required
for the linear programme. To this end, an unfolding analysis was
performed on the 'raw material by use' data in an attempt to dis-
play the raw matcrials and food dishes in the same multidimensional

space. Unfortunately the solution to this snalysis was degenerate,

A further attempt was made tc¢ provide a common basis for
the raw materisls and food dishes by locating an ideal point in
a raw material space., This point was defined as representing the
optimum combiration of raw material properties required in a food
dish., Although three multidimensional spaces were derived, only
the one obtained from the eimilerity measures showed spatial
dimensions which were related solely to the raw matlerial properties,
The spaces derived from the ascociation and 'raw rmzterial by use!
data were related to both the properties of the ruw materials and
the characteristics of the food dishes in which the raw materials
are commonly used. Hence, the space derived from the similarities
measures was chosen as the basis for iocation of the ideal point.
The averaged scores for the general use of the 40 raw materials in

Thail focd dishes provided the basis for ideal roint location.

71 The application of multidimensiconal scaling

A1l multidimernsional scaling analyses were performed using
the computer programre, KYST (105), and *he Burrough's B6700
computer. KYST was chosen because of its versatility in use and
robustness against sub-optimal solutions. It is an emalgamation
of two well known and proven programnes, TORSCA 9 and !1-D-SCAL 5M.
It gives the user a number of options, both in the input of data,
its analysis and the output of results. Some of these options
are described below:

1. It gives the choice of 5 methods for producing a starting
configuration.
2. It has 2 serarate formulae for stress calculation, depending

on the form of the data and the type cf analysis required.
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3. It allows for splitting of the data into sublists and performs
regressiocns on cach list.
4, Tt performs unfolding analyses.

« Tt permits the user to obtain solutions in a number of

g
Bl

‘inkowski metlrics.

6. It gives several options on output including a history of
calenlations showing the progress of the iterative numerical
calcuietion and a number of plots, such as the spatiasl configuration
of points, distences and fitted distances versus data and stress
versus diwension.

These arc only a few of the great many options available.
Forturately, the user is not cbliged to select from each option.
Wherever several altcrnative possibilities are availabhle, one is
always gelecied to be the 'standard' or 'default' choice. 1In the
absence of any indicaticn from the user, the programme uses these
standard choices. (Further description of KYST is given in the

cemputer operstions msnual (105).)

Multidimerscional scaling analyses were performed on the
data cblained frow ithe surveyz in Thailsnda. These data were
basically of two types. Firstly, proximity measures of the raw
materials and food dishes including association, similarity and
derived similarity. The derived similarities were calculated
Trom the 'rew material by use' survey using Stefflre's method (191).
The cecornd type of data was a reciangular malrix showing the
acceptability of the 40 raw materials in 15 classes of food dish.
The methecd reguired to display the raw materials and classes of
food dish in the samc spatial configuration was unfclding analysis.

Further description of this analysis is given in Section 7.7.

All scaling analyses of the proximity matrices were
verformed using the Mirkowski-2 metric, i.e., in Euclidean space.
The data were prepared on cards in the form of an upper triangular
matrix with missing dlagonal. Solutions were obtained in 5 through
to 1 dimensions according to the control statements shown in

Figure 7.1.
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Cand Card description
number
1 TORSCA
2 UPPERHALFMATRIX
3 DIAGONAL=ABSENT
i PRE-ITERATIONS =3
] DIMMAX=5,DIMMIN="1
6 COORDINATES =RCTATE
7 ITERATIONS=50
8 PLOT=SCATTER=NONE
9 PLOT=CONI'IGURATION=NONE
10 CATA ,REGRESSTON=DESCENDING
11 RAW MATERIAL SIMILARITY
12 Lo 1 1
13 (5X,15F5.1,/,5%,15F5.1,/,5X,10F5.1)
I ! [ i
[ | { 1
[ I : I
{ ‘ ' !
| Data matrix !
| | 1 i
| | | |
[ | ! |
] ! I
| . ! | 1
14 COMPUTE
15 STOP
Figure 7.1 KYST control cards for scaling selutions in 5 through to 1 dimensions

Card 1 indicates that the initial configuration was generated using
thhe TORSCA procedure. Cards 2 and 3 show that the data was in the
form of an upper half matrix with the diagonal absent. Card &4
states that a maximum of 3% iterations were used in the TORSCA
procedure., Card 5 shows that the scaling wes done from a 'dimension
maximum' of 5 down to a 'dimension minimum' of 1. Card 6 specifies
that the final configuration for each dimensionality was to be
rotated to principal components. Card 7 states that no more than
50 iterations were to be perfoimed in any single scaling solution.
Cards 8 and G specify that no plots either of distances versus data
or of the final spatial configuration were required. Card 10
indicates that the regression of distances cn data values were to

be 'monotone descending' regression. Card 11 is a title card.
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Card 12 indicates the number of rows (and columns) of each matrix
(namely, 40), the number of values provided for each matrix entry
(namely, 1), and the number of such matrices included in the data
deck (namely, 1). Card 13 describes the format of the input data.
All other options available from KYST were chosen bty the default

procedure.

The stress values in each dimension, from 5 thrcugh to 17,
were detltermined ard a plot of stress versus dimernsion obtained.
The point of 'elbowing' in this plot was used in the choice of
dimensionality of the final configuration. To further substantiate
the choice of dimensionality the method presented by Spence and
Graef (187) was used. They described a graphical procedure for
determining the underlying dimensionality of an empirically
obtained matrix of proximities, which may be applied to matrices
of order 12 to 36 inclusive. The preocedure for %5 points was used
as an approximation for the determination of the underlying

dimensionality of the matrices of 40 raw materials.

A further scaeling analysis was performed in the chosen
dimensionality to obtain plots of distance and fitted distances
versus data and of the spatial ccnfiguration of points. The
control cards uscd for this procedure were the same as described

in Figure 7.7, but with the deletion of cards 8 and 9.

7.2 Raw material similarities analysis

The  averaged data of raw material similarities were
analyzed using KYST. Scaled solutions were obtainesd in 5 through
to 1 dimensions with a stress versus dimension plot as shown in
Figure 7.2. An 'elbow' in this plot occurece at 3 dimensions.
The choice of 3 dimensions for the final configuration was supported
by Spence and Graef's (187) graphical method for determining under-
lying dimensionality. A 3-dimensional configuration of the 40 raw
materials was therefore obtained. The scale values are shown in

Table 7.1 and the plots shown in Figure 7.2.
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Raw material

Dimension 1

Scale values

Dimension 2

Dimension 3

Bamboo shoots
Cabbage
Chinese cabbage
Chinese kale
Cucumber

Green gourd
Mungbean cura
Mungbean sprouts
Peanut

Rice

Rice noodle
Shallots

Snap beans
Swamp cabbage

Banana

Mango (green)
Papaya (grecn)
Pineapple
Pumpkin
Watermeion

Beef
Chicken
Crab

Duck

Hogs 1liver
FPork

Serpent head fish

Shrimps
Striped mackerel

Butter
Cheese
Chicken egg
Coconut cream
Duck egg
Milk

Sweetened condensed milk

Chilli pepper
Coriander
Garlic

Sugar

Ideal point

0.476
0.479
0.597
0.518
0.608
0.63%5
-0.344
0.401
Op) 142
-0.39v
-0.478
0.721
0.500
0.592

0.Lk3%
0.898
0.799
0.791
0.455
0.759

-0.779
-0.741
-0.762
-0.735
-0.706
-0.736
-0.676
-0.611
-0.814

-0.736
-0.717
-0.724
-0.411
-0.815
-0.63%3%
-0.593

1.13%6
0.949
0.835
-0.3%28
0.000

-0. 446
-0.490
-0.351
0.532
-0.349
-0.501
-0.097
-0.382
0.264
0.370
0.240
0.2%3
-0.463
-0.385

0.765
0.528
-0.412
0.254
-0.104
0.501

-0.459
-0.453
-0.562
-0.691
-0.562
-0.4s2
-0.671
-0.518
-0.707

0.909
0.883
-0.101
1.157
-0.120
0.951
1.151

0.266
-0.167
0.604
1.150
0.087

0.184
0.085
-0.149
-G.024
0.159
-0.236
-0.699
-0.342
-0.890
0.901
1.169
-0.915
-0.189
-0.062

0.752
0.477
0.524
0.757
0.395
0.902

0.313
-0.112
0.227
-0.247
-0.233
-0.010
0.120
-0.043
0.118

-0.224
-0.495

0.009
-0.251
-0.053
-0.323
-0.102

-0.521
-0.507
-0.545
0.270
0.022
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Figure 7.2 Plots for the raw material similarity

space
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7.2.17 Axis identification

Attempts were made to identify each of the 3% axes and to
correlate the locaticn of the raw materials on each axis with

independent information.

The first axis was considered to be related to nutrition,
ranging from low nutrition with c¢hilli peppers to high nutrition
with duck egg. The rank order of raw materials along this axis
was corrclated with the rank order of specific nutrients in these
raw materials, namely protein, calories and the product of protein
and calcries. The Spearman rark correlation coefficients are

showrn below:

Correlation Q Q/SE
with protein 0.71 b 44
with calories 0.63 5.95
with protein = caloriecs 0.75 4,90

All rank correlation coefficients are significant atl the 0.01
percent level, hence indicating a relationship between axis 1 anad

nutrition or more specifically protein and calories.

The second zxis was identified as 'level of use'. That is,
the quantity of raw material which is normally used in food dishes.
The rank order of the 'level of use' of the raw materials was
determined from the averaged data from the 'raw material by use'
survey. The rank order of the raw materials along axis 2 was
determined and «orrelated against the 'level of use' ranks. The
Spearman rank cecrrelation coefficient was 0.68 or 4.27 times its

standard error, i.e.,

e = 0.68 where @ = 4.27 SE

Axis 2 extends from low level of use with sweetened condensed milk
and sugar to high level of use with striped mackerel and serpent

head fish.

The third axis was less clear in its interpretation. It
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was labelled strength of flavour. Raw materials such as noodles,
watermelon and rice contribute very little to the flavour of food
dishes. Chcese, peanuts, mungbean curd, garlic and shallots at

the other end of the scale have far more intense flavour, which
carry over into dishes containing these raw materials. No
indepeundent scale of flavour strength was available for correlation

with axis 3.

7.2.2 The clustering of raw materials

A number of clusters of raw materials exist in the spatial
configuratlicn. (For scale values see Table 7.1). Their existence
helped to substantiate the model, both throcugh the location of raw
materials relative to each other witkhin a single cluster and the

relative locations of the different clusters throughout the space.

The firsl clusier comprises meat or meat-like raw malerialis.

These can be divided into two groups.

Meat group 1 Meal group 2
mungbean curd beef

chicken crab

duck serpent head fish
hog's liver striped mackerel
pork chicken eggs
shrimyps

duck eggs

The main factor differentiating between the two groups is strength
of flavour, with group 2 being generally stronger than group 1.
The difference is not very distinct in some cases, for example
chicken eggs anc¢ duck eggs. The cluster of raw materials as a
whole is generally one of high nutrition, medium flavour and high

on the scale of level of use.

The second cluster is one of dairy products and vegetable
milks including butter, cheese, sweetened condensed milk, milk and
coconut cream., Of particular note in this group is the proximity
of cow's milk to coconut cream which might indicate the willingness

of Thais to accept the substitution of coconut cream by cow's milk
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in certain dishes, for example in curries. The location of this
group of dairy products in the 3-dimensional space indicates
them to be particularly nutritious, high in flavour but used at

very low levels.

A cluster of vcgetable raw materials can alsc be divided

into two groups as follows:

Vegetable group 1 Vegetable group 2
cabbage bamboo shoots
Chinese cabbage cucumber

green gourd papaya

mungbecan sprouts pumpkin

snap beans
swamp cabbage
coriander
Chinese kale

The two groups differ mainly in their strength of flavour, with
the materials in group 1 having slightly stronger flavours than
group 2. Generally. the cluster of vegetables is mwediuvm to low
on nutrition, medium flavour and tends to have a medium to high

level of use.

The fourth cluster includes only fruits - banzna, mango,
pineapple and watermelon. The only other raw material which might
have been classed as a fruit is papaya. 1In its green form papaya
is often used in salads and hence has a higher level of use in
food dishes than other fruits. 1t is therefore classed witl the
vegetables. The fruit cluster is low on nutrition, medium to low

on flavour and has a low level of use in food dishes,

Condiments, spices and herbs, comprise the fifth cluster -
peanuts, shallots, chilli pepper and garlic. This cluster is
generally low on nutrition and has a very high level of flavour
which probably accounts for the low level of use of its raw

materials.

The final cluster includes rice, rice noodle and sugar.

Rice and rice noodle exist very close to each other in the spatial
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configuration and are well removed from most other raw materials,
This is probably due to their functions as bases for food dishes
rather than ingredients in them. They are both regarded as medium
to high on nutrition, low on flavour and at a medium level of use.
Sugar is similar to rice anc rice noodle with regard to nutrition,

but is very much lower on level of use and stronger in flavour.

7% Raw material association analysis

The averaged data showing the relative acceptabilities of
pairs of raw materials in combination, were analyzed using KYST.
Solutions were derived in 5 through to 1 dimensions and a plot of
stress versus dimensionality obtained as shown in Figure 7.3.

The 'elbow' in tlhis plot occurs at 3 dimensions, hence indicating
that % dimensions are sufficient to display the raw materials.

The choice of 2 dimensions was supportied by Spence and Graef's
(167) graphical method of determining underlying dimensionality.

A 3-dimensional configuration of the 40 raw materials was obtained
using KYST. The scale values are shown in Table 7.2 and the

configuration in I'igure 7.3.

7.3.1 Axis identification

In this space, the interpoint distances are proportional
to the acceptability of two raw materials in association in the
same food dishes. Hence, the axes of the space tend to be directly
related to the types of food dishes made from the raw materials
and only indircetly related to the raw material properties. In
interpreting the axes, raw materials were related to the types of
food dishes in which they are most commonly used. The axes were
ther identified according to the characteristics of these food

dishes.

The first axis is related to the 'generality of use' of
the raw materials. The axis ranges from raw materials such as
garlic, Chinese kale and striped mackerel which are used in a

wide variety of dishes, through mango, papaya, watermelon, coconut



Table 7.2 Scale values fur the raw material association space.

Raw materials

Dimension 1

Scale values

Dimension 2

Dimension 3

Bamboo shoots
Cabbage

Chinese cabbage
Chinese kale
Cucumber

Green gourd
Mungbean curd
Mungbean sprouts
Peanut

Rice

Yl.ce noodle
Shailots

Snap bean

Swamp cabbage

Banana
Yango
Papaya
Pineappiec
Pumpkin
Watermelon

Beef

Chicken

Crab

Duck

Hogs liver

Pork

Serpent head fish
Shrimps

Striped mackerel

Butter

Cheese

Chicken egg

Coconut cream

Duck egg

Milk

Sweetened condensed milk

Chilli pepper
Coriander
Garlic

Sugar

-0.hh2
-0.188
-0.691
-0.736
-0.33k
-0.706
-0.%22
-0.541

0.590
-0.061
-0.501
-0.306
-0.548
-0.648

1.642
0.257
-0.077
0.589
0.375
0.952

-0.173
-0.089
-0.688
-0.2h2
-0.484
-0.200
~0.53%1
=0,131
-0.746

1.062
1.259
0.058
0.563
0.075
1.433
1.706

-0.432
-0.648
-0.842

0.748

0.008
-0.220
-0.3%19
-0.303

0.105
-0.005

0.799

0.388
-0.116

0.338

0. 744
-0.,202
-0.403
-0.163

-0.618
-1.156
-1.145
-1.075
-0.195
-1.393

-0.057
0.314
0.259
0.723
0.365
0.087

-0.607

-0.081

~0.482

0.772
0.719
0.455
0.195
0.576
0.702
0.509

0.3579
-0.082
-0.100

ERS23
-0.545
-0.220
-0.,203%
-0.722
-0.742
-0.461
-0.5%6

0.758

0.343

0.243

1.036
-0.484
-0.279

0.025
0.887
-0.670
0.136
-0.0621
-0.668

0.164
0.009
0.218
0.226
-0.208
-0.115
0.114
-0.040
0.618

0.171
-0.418
-0.133

0.459
-0.252

0.133
-0.027

0.531
0.706
0.05%
0.003
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Plots for the raw material association space
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cream, sugar, pineapple and rumpkin which are used in a more
limited range of food dishes. Finally, at the far end of the axis
are the dairy products and banana which are seldom, if ever, used

in food dishes of any kind.

The bunching of 27 of the 40 raw materials at the widespread
usage end ol the axis, indicates the high level of acceptability
of most raw materials in a wide variety of dishes. That is, there
is a lack of specificity of most raw materials for food dishes.
The results of the 'raw material by use' survey support this
conclusion showing a large number of the raw materials to be highly
acceptable in most of the 15 classes of food dish. For example,
most meats and vegetables are acceptable as ingredients in a variety
of dishes ranging from Thai salads to hot curries and sour scups.
Inciuded in the group of 1% raw materials which are not widely used
are the fruits and daivy products. Fruits sre seldeom used in Thai
food dishes and are quite specific to salads. Dairy products are

celdom used in Thai cocking, mainly due to their unfamiliarity.

The second axis shows & gradation in the consistency of the
diskes in which the raw materials are used. These range from liguid,
soft textured or juicy, through to firm textured and dry dishes.
Mungbean curd, noodles, duck eggs and chicken eggs are commonly
used in soups and omelettes which are of a liquid or soft consistency.
Towards the centre of the axis are the raw materials which are uced
in both soft and firm texturec dishes, for example, beel, pork,
green gourd and swamy cabbage. Fruits, inclucding papaya, mango,
watermelon anc pineaprle are quite specific to the more firm textured

dishes, such as salads.

The third axis shows a relationship to the use of the raw
materials in strong flavoured aishes. Raw materials such as shallots,
mangoes, peanuts and coriander at one end of the axis are almost
invariably acssociated with strorg flavoured dishes, including Thai
salads, curries and sour soups. The large group of raw materials in
the centre of the axis includes most of the meats and the more
commonly used vegetables. The meats follow a gradation from beef

which is used mostly in strong flavoured dishes, through to chicken
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and pork which are used in strong and weak flavoured dishes. At
the other end of the scale are papaya, watermelon, green gourd and
cucumber which in themselves have weak flavours and are associated

with ktland flavoured food dishes.
73,2 Raw material clusters

The wicdesprread usage of most Thai raw materials in a
variecty of food dishes is supported by this spatial configuraticn.
A major cluster exists along the 'generality of use!' axis,
comprising 27 of the 40 raw materials. The 13 remaining raw
materials, including most of the fruits, peanuts, sugar, coconut
cream and the dairy products, represent those raw materials which
have a more restricted use. Either they are used quite specifically
in certain dishes such as the use of fruits in Thai salads or fried
vegetables, or they are rarely, if ever used, as in the casc of the

dairy products.

The non-specificity of most raw materials could prcve useful
in the design of nutritional food dishes. Having defined a set of
raw materials with acceptable combined properties, these raw
materials could be used as the basis for most types of Thai food

dishes without fear of rejection.

7.4  'Raw material by use' analysis

The matrix of proximities, derived using Stefflre's method
(191), was analyzed by KYST. Scaled solutions were obtained in 5
through to 1 dimersions. The stress versuc dimension plot is shown
in Figure 7.4. The point of 'elbowing' in this plot, tcgether with
Spence and CGraefs' graphkical method again indicated % dimensions to
be sufficient to display the raw materials. The scale values
obtained from KYST are shown ii. Table 7.3 and the 3-dimensional

plots in Figure 7.k4.



Table 7.3 Scale values for the ‘raw muaterial by use’ space.

Raw materials

Dimension 1

Scale values

Dimension 2

Dimension 3

Bamboo shoots
Cabbage

Chinese cabbage
Chinese kale
Cucumber

Green gourd
Mungheen curd
Mungbean sprouts
Peanut

Rice

Rice noodle
Shallots

Snap bean

Swaig, cabbage

Banana
Margo
Papaya
Pineapple
Pumpkin
Watermelon

Beef

Chicken

Crab

Duck

Hogs liver

Pork

Serpent head fish
Shrimps

Striped mackerel

Butter

Cheese

Chicken egg

Coconut cream

Duck egg

Milk

Sweetened condensed milk

Chilli pepper
Coriander
Garlic

Sugar

0.468
0.453
0.735
0.418
0.577
-0.180
-0.483
0.352
-0.281
-0.3%66
~0.253
0.156
0.455
0.357

-1.654
-0.775%
-0.851
~-0.825
-0.671
-1.349

0.975
1.248
0.325
0. 386
0.799
1.364
0.498
1.133
-0.101

-1.13%9
-1.467

0.520
-0.410

0.374
-1.592
-1.685

0.964
0.590
0.650
0.464

0.200
-0.107
-0.172
-0.686

0.464
~-0.272
-0.29%
-0.469

0.%85%
-0.065
-1.10h

0.708

0.411

0.041

-0.10%
0.758
0.210
C.2cz2

~-0.13%7
0.107

-0.023
~0.123
-0.132
-0.375
-0.397
-0.198
0.596
0.201
0.595

-0.226
-0.216
-0.607

0.789
-0.547
-0.093%
-0.150

0.640
-0.046

0.057
0.211

0.429
0.4€S
0.494
0.524
-0.378
0.737
-0.135
0.29¢
-0,549
-0.581
-0,008
-0.153%
0.355
06.507

-0.099
-0.504
-0.090
G357
0.459
0.145

0.025
-0.049g
~0.2€2

0.001
-0.106
-0.214

0.290
-0.032
-0.092

0.021
-0.034
-0.723

0.416
-0.658
-0.061
-0.083

-0.053
~-0.477
~0.007
-0.176
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Figure 7.4  Plots for the ‘raw material by use’ space
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72.4,17 Axis identification

The proximity measures were derived from the vectors of raw
material acceptability in the 15 categories of foecd dish. The
degree of similarity of these vectors is dependent on twe factors,
firstly the common usage of the raw materials and secondly the
substitutability of the raw materials. On the one hand, two
extremely dissimilar raw materials might be acceptable in the same
food dishes ara hence have similar acceptability vectors, end 2
high preximity measure. On the other hand, two raw materials which
are almost identical, to the extent of being highly substitutable,
would also have similar acceptabilily vectors and a high proximity
measure. Axls identification is therefore slightly confused because
of the dependence of raw materisl location on both the raw material
properties and the characteristics of the dishes in which these

matcrials are uced.

Axis 1 shows a high covrelation with the level of use of the
raw materials. A Spearman rank correlstion coefficient was calculated
between the order of raw materials on axis 1 and the average level of

use of these raw materials as showrn in Table 6.3,
R = 0.9 with Q/SE = 5.9

This axis ranges from pork, chicken and shrimps whichk have high levels
of use, through to milk, banana, cheesec and sweetened condensed milk

whnich are seldom used in Thai food dishes.

The s2cond axis shows a good relationship to the types of
dishes in which the raw materials are use¢cd and in particular the
strength of flavour of these dishes. At one end of the axis are
coconut cream, mango, shallots and chilli peppers, all of which are
used almost exclusively in stronger flavoured dishes such as curries
and some Thai salads. Meats aad most of the common vegetables are
located midway along the axis, hence showing their versatility of
use in weak and strong flavoured dishes. Eggs and noodles occur at
the weak flavoured end of the axis and are used predominantly in

soups and bland noodle based dishes.
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Axis 3 appears to again be related to the focd dishes in
which the raw materials commonly occur and in particular whether
these dishes are meat or vegetable kased. At one end of the axis
are mcst of the common vegetables including cabbage, green gourd,
Chinese cabbage, swamp cabbage ard Chinese kale. All of these raw
materials are more commonly seen in dishes containing prcdominantly
vegelables and kence having strengly vegetable characteristics, for
exanmple, fried vegetables and chop sueys. Progression along the
axis goes from other vegetables such as snap beans and pumpkin, to

fish, meats and finally eggs and rice.

255 Comparison of raw material spaces

The results of the three different methods used to derive
spatial configuraticns of the L0 raw naterials, emphasize the
impertance of the formw of the raw data in the interpretation of the
final configurations. Although 211 three spatial cenfiguratiens
were obtained from proximity measures of the raw materials, thes:
mecasures of preximily were derived from eiiterent psychological

spaces.

In thc case of the similarities data, the subjects were
asked directly to judge the similarity of the raw materials in terms
of" their relative substitutabilities in food dishes. The dimensiomns
of the spatial configuration derived from thcse measures of proximity
were clearly related to the properties of the raw materials which
the subjects considered to be important in the choice of these raw
materials as ingredients in food dishes. The axes of this space
were identified as nutritive value, level of use and strength of

flevour of the raw materials.

The second raw material space was obtained from proximity
measures related to the degree of acceptability of pairs of raw
materials in association in the same food dish. Here, there was a
tendency for the subjects to judge the accepvability of the pairs of
raw materials in terms of the food dishes in which they commonly

occur together, rather than their individual prcperties. The
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dimensions of this spatial configuration therefore described the
characteristics of the food dishes in which the raw materials are
commonly used, rather than the raw material prcperties. The axes
were identified as the 'generality of use' of the raw materials in
food dishes, the strength of flavour of the food dishes and the
consistency of the food dishes in which the raw materials arc

commonly used.

The proximity measures derived from the 'raw material by
use' data were dependent on two factors. Firstly, the similarity
of the raw materials and secondly, the extent to which the raw
materials occur in the same food dishes. A high proximity measure
could be cbtained for two similar or highly substitutable raw
ma terials and for two dissimilar or non~substitutable raw materials
which occur frequently together in the same food dish. The spatial
configuration of the raw materials was, therefore, a Tunction of
both similarity and associatioun. The axes were icdentified as the
level of use of the raw materials, the strength of flavour of the
food dishes in which the raw materials are commonly used and the

basis of the food dishes, either meat or vegetables.

The three different types of proximity measures for the 40
raw materials therefore resulted in spatial configurations with
di.fferent interpretations. The spazces derived from the association
and 'raw material by use' data resulted in spatial dimensions which
werc related to both the properties of the raw materials and to thte
characteristics of the food dishes in which the raw materials are
commonly used. In these cases the interpretation of the axes was
confused by.this interaction. Only the space derived from the
similarity measures was directly related to the raw material

prcperties.

7.6  Food dish similarities analysis

The averaged food dish similarities were analyzed using
KYST, Scaled solutions were obtained in 5 through to 1 dimensions.

A plot of stress versus dimensionality is shown in Figure 7.5.
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The point of 'elbowing' in this plot was again at 3 dimensions.
The 3-dimensional scale values of the food dishes are shown in

Table 7.4 and the plots in Figure 7.5.

7.,6.1 Axis idenilification

An attempt was made to define the axes of the 3-dimersional
spatial configuration in terms of obvious physical properties of
the food dishes. The axis 1 was identified as 'level of meatiness',
that is the prcdominance of meat components in the food dishes.
At the 'non-weaty' end of the axis are beef noodles, pork noodles
and chop suey, @11 of which may be described as more vegetable
than meaty in character., On the other hand, fish balls, beef

curry and fried beef with oyster sauce are obviously based on meat.

Axis 2 shows a gradation in the strcngth of flavour of the
dishes from the weak flavour of porridge, chop suey and omelette,
to the very strong flavours of shrimp hot soup, shrimp sour soup

and sweet and sour fish.

Axis 3 was considered to be reclated to the consistency of
the dishes, ranging from thin or runny through tc solid or firm in
texture. The thin or runny dishes include green gourd and pork
soup, fish hot soup and pork noodles, all of which have a high
proportion of water in tham. The solid dishes are cucumber salad,

fried becf with kale and fish with green vegetables and sauce.

The food dish space therefore has axes in common with those
of the raw mate¢rial spaces derived from the measures of association
and 'raw material by use'. The raw material assocciation space has
two axes which are related to food dish characteristics -
consistency and strength of flavour. The two axes of the 'raw
material by use' spece which are related to food dish characteristics

are meatiness and strength of flavour.
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Food dish

Dimension 1

Scale values

Dimension 2

Dimension 3

Fish balls

Beef curry

Chicken curry

Chop suey

Shrimp scur soup
Plain omelette

Sweet and sour fish
Sweet and sour chicken
Shrimp hot socup

Fish hot soup

Fried beef with kale

Fried beef with oyster
sauce

Fish with green
vegetalbbles and sauce

Fried pork with green snap
beans

Green gourd and pork soup
Cucumber salad

Stewed pork with boiled
egg and soy sauce

Pork porridge
Pork noodles
Beef noodles

Ideal point

~-0.632
-0.824
-0.438
0.524
-0.222
-0.134
0.713
0.791

-0.155
0.240
-0.2h2

-2.011

-0. 144
0.271

-0.055
0.570

0.481
0. 5kk
0.852
0.959
-0.087

OLBIS
-0.493
-0.403

0.780
-0.720

0.554
-0.705
-0.487
-0.651
-0.181

0.233

-0.157

-0.127
0.193

0.357
-0.560

0.503%
1.177
0.019
0.356
0.042

-0.089

0.123
-0.040

0.142
-0.032
-0.343
-0.180
8
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7.6.2 TFood dish clusters

A number of small clusters of food dishes exist in the
5~dimensional spatial configuration. The existence of these
clusters and the differences in food dishes between clusters can

be explaincd in terms of the identified axes.

The first group consists of chicken curry, shrimp sour
soup, shrimp hot soup and fried beef with oyster sauce. These
dishes are¢ all strong flavoured, with meaty characteristics.
Slight differences occur in the consistency, witl the sour soup
and chicken curry being slightly thicker and bordering on the food

dish pair of bkeef curry and fish with green vegetables and sauce.

Fish balls, pork porridge., green gourd and pork soup and
cmelette form snother group which is quite mcaty, wecak flavoured
and with a 1ight or runny censistency. There is not a strong
affinity between the memberc of this group. Fish balls have a
firmer consistency while the soup has a far less meaty
characteristic. The presence of omelette in this grouvp, in spite
of its lack of meat ingredients, is probawvly due to the high
degree of associatltion of eggs with meat which was found in the
spatial configuration of raw materials based on their similarity

measures.

Another group consists of fish ho* soup, sweet and sour
chicken and sweet and sour fish. These dishes are strong flavoured,
non-meaty with a runny consicstency. Pork noodles verges on this

group but tends to be much weaker in flavour.

Cucumber salad and fried beef witkh Chinese kale exist
separately in the spatial configuration and each is divorced from
all other dishes, hence indicating quite unique characteristics.
The cucumber salad is strong flavoured, non-meaty and with a solid
consistency, unlike most other strong flavoured dishes which tend
to be of a liquid consistency. Fried beef with Chinese kale is
quite meaty, of a thick consistency with a fairly weak flavour.

It is unlike most other meat dishes which are either strong
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flavoured and 'runny' such as curries, or weak flavoured and of a

soft consistency, such as pork porridge and omelette.

The final group consists of chop suey, fried pork with
green snap beans, stewed pork with boiled egg and soy sauce and
beef noodles. These dishes are not very meaty, weak flavoured and
are quite solid, except for beef noodles which is of a far more

liquid ccnsistency.

7.7 Unfolding analysis on the raw meterials and food dishes

Separate raw material and food dish spaces were derived by
various methods as described above. Although common axes existed
in somec of the raw material spaces and the food dish space there
was no facility for a direct link between raw materials and food
dishes. If a function relating the raw materials to food dis
acceptability was to be derived then il was necessary to derive a
joint multidimensional space of raw materials and food eishes. For
this purpose, an unfolding analysis was performed on thec averaged
acceptability date from the 'raw material by use' survey, that is,
the rectangular matrix showing the average acceptabilities of each
of the 40 raw materizls in each of the 15 categories of food dish
(see Appendix 6). The KYST programme was again used for the

unfolding analysis.
7.7.17 Organization for unfolding analysis

The complete input list required to perform an unfolding
analysis on the matrix of raw materials by food dishes is shown

in Figure 7.6.

Cards 1 to 4 have similar interpretations to those used for
the rormal multidimensional analysis (see Section 7.1). The
analysis was performed using the TORSCA method to derive the
initial configuration using 3% iterations. The solution was
obtained in 3 spatial dimensions only, and the final configuration

was rotated to principal components. Card 5 indicates that the
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Card’ Card description
number
1 TORSCA
2 PRIC-ITERATIONS=3%
3 DIMMAX 3,DIMMIN 3
L COORDINATES=ROTATE
5 SIPORM2
6 SFLIT=BYRQAS
7 RIGRESSTION=DESCENDING
o CARRDS
Q ITERATIONS=50
10 DATA ,UPPERCORNERMATRIX
11 FOOD DISHES AND RAW MATKERIALS
= 15 Lo 1 1
13 (5X,15F5.1,/,5X,15F5.1,/,5X,10F5.1)
| [
.' . | I
1 y ' |
i Data matrix !
I { | |
I | { (
I I ( |
l : | ~
14 COMPUTE
15 STOP
Figure 7.6 IKYST contral cards for the unfoiding analysis of raw materials

and food dishes

stress formula 2 was used. KYST has two optional formulae for
calculation of stress, where stress formula 1 is the default option

used in most scaling analyses.

MM >
£ (DIST(M) - DHAT(H))
srpEss - M=l cees (1)
MM 5
£ (DIST(M) - d.)
M=1 °

Equation 1 shows the general formula for calculation of stress
where do is equal to zero in stress formula 1 and the arithmetic
average of the DIST values for stress formula 2. The writers of

KYST (105) claim that if unfolding is to be done nonmetrically, it
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is in theory vital to use SFORMZ2 and to SPLIT BYROWS, as other-
wise a meaningless zero-stress solution may be possible. Card 6
specifies that the data is to be split by rows and a separate
regression performed on each row. Cards 7,8,9,10 and 11 have the
same definitions as the equivalent cards in Figure 7.71. Card 12
specifies the number of rows (namely, 15), the number of columns
(namely, 40), the number of values provided for each matrix entry
(namely, 1) and the number of such matrices included in the data
deck (nameiy, 1). Card 13 descrites the format of the input data,

followed by the card deck.

7.7.2 The unfolding solution

The present analysis failed to reach minimum stress after
50 iterations; the plots of distance and fitted distance versus
the original data were flat; and a large number of points achieved
the same coordinates in the 3-dimensionzl configuration. The
problem was lherefore considered to be degenerate. Hence, the
final 3-dimensional configuration of raw materials and food dishes
wac meaningless, since random movenent of the points would resuit

in negligible changes in the value of stress.

Previous unfolding analysis by other workers have shown
that the technique may not be entirely reliable. Green and Rao
(70) and Grecn and Wind (72) reported unsalisfactory results,while
Moskowitz (127) and Percy (141) reported quite good soclutions.
Kruskal has been quoted as suggesting that the seeming practical
failure of unfolding analyses may be attributed to the need for
many more points to be determined than in normal nonmetric multi-
dimensional scaling and the lack of strength in the data to
estimate this many parameters (141). Kruskal's explanation is
supported in the present analysis where a matrix of 15 food dishes
by 40 raw materials (or 600 data elements) was used to locate 55
points, as compared to the use of 780 data elements to locate 40
points in the corresponding multidimensional scaling analysis. It
appears, therefore, that the extension from multidimensional scaling
to unfolding analysis requires more research before it can be
applied to practical problems with any certainty or confidence in

the results.
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7.8 1deal point locstion

7.8.1 1In raw material similarities space

The spatial configuration of raw materials, derived from
the similarities data, was chosen as a basis for ideal point
location firstly becausc of its greater validation through axis
interpretation anc secondly becausec of its direct relationship to
the raw material properties. The other spatial configurations of
raw materials were more confusing in their interpretation due to
the combinations of the effects of raw material properties and of
the characteristics of the food dishes in which they are commonly

used.

The ideal point was located according to the method
described by Fenker (51). The cocrdinates of the 40 raw materials,
derived from the multidimensional sceling analysis on similarities,
were fixed in the %-dimensional space. The data matrix supplied
to KYST included the similarities data (a 40 x 40 matrix) and the
acceptance data (forming the 41st row and column). Fixirng of the
4O raw material points allowed for adjustment in the 41st point
(ideal) only to minimize stress and hence maximize the monotonic
relationship between the rank order of acceptabilities (see Table
6.5) and the distances from the ideal point to the raw material
points. The control statements reguired to locate the ideal point

using KYST are shown in Figure 7.7.

The location of the ideal point in the %-dimensional

configuration ¢f raw materials is shown in Figure 7.2.

The ideal point, although located in the raw material space,
was interpreted as the ideal combination of raw material properties
required in Thai food dishes. The reasons for this interpretation
weve as follows:

1. The raw materials were located in the 3-dimensional space
according to data relating to the similarities of these raw
materials as they are used in food dishes. The spatial dimensions

are, therefore, representative of the raw material properties
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Slapyd Card description
number
1 TORSCA
2 PRE-ITERATIONS=3
3 DIMMAX=3%,DIMMIN=3
L REGRESSION=DESCENDING
5 FIX=40
6 COORDINATES=AS-IS
7 ITERATIONS=50
8 CARDS
9 CONFIGURAT1ION
10 IDEAL POINT BY FENKER
11 b1 3
12 (3X,3F6.3)
| | | |
I ' ' I
|
I Coordinates for 3 l
I dimensi?nal configuration :
! !
I | ! |
I ! | |
15 DATA
14 RAW MATERIAL SIMITARITIRS
5 L1 1 1
16 (5X415FS .1, /45X, 155,17, /45X ,11F5.1)
' l |
' | |
{ | |
: Data matrix ;
!
! ! '
{ ' !
17 COMPUTE ‘
18 STOP

Figure 7.7 KYST control cards for the ideal point iocation

which are important in food dishes.

2. The ideal poiunt was located using data related to the

acceptability of the raw materials in food dishes.

The judgement

of acceptability was assumed to be made using the same perceptual

dimensions as for the judgement of raw material similarities.
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The ideal point, in this case, represents the best
combination of raw material properties for Thai food dighes in
general. A similar procedure conuld be used in future research to
locate an ideal point for a specific food dish in a raw material
space. Here, the raw material space would be derived from
similarity measures relating the substitutability of the raw
materials in a particular dish. The ideal point would be located

from the acceptability scores for the raw materials in that dishn.

7.8.2 1In the food dish space

An ideal point was located in the 3-dimensional spatial
configuration of food dishes. The same nrocedurc was used as
described above for the raw materials. The location of the ideal
point is shown in Figure 7.5. AltlLough the location of the ideal
food dish point was not used in this thesis it mz2y, however, be
useful in future research for the design of acceptable focd dishes.
This point reprcsents the 'best' combination of fcod dish
characteristics as defined by the axes of the spaiial model. New
and acceptable food dishes might be designed to Lave a set of
charscteristics defined by the ideal point. Such a design procedure
would be similar to the one uscd by Stefflre (190) for the develop-
ment of new products to fill ‘'gaps' or 'holes' in an existing
product space. Stefflre used the existing products which were close
to the 'gaps' or 'holes' as standards. FHe then developed new and
improved products to fill the gaps by comparing their charecter-

istics with those of the standards.

7.9 Summary and conclusions

Spatial configurations of the 40 raw materials and the 20
food dishes were obtained in the 'best' dimensionality and the
axes of each space were identified. The configuration of food
dishes was derived from similarity measures for pairs of the dishes.
Three configurations of the raw materials weie obtained using three

different types of proximity measures:
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1. Raw material similarity.

2. Raw material association.

3. Derived proximity measures from the raw material

acceptability in food dish matrix.

The eecond and third set of proximity measures resulted in spatial
configurations with axes related both to the raw material
properties and to the chasracteristics of the food dishes in which
the raw materials are commonly used. The configuration derived
from the similarity measures resulted in axis interpretaticn in

terms of solely the raw material properties.

Although the raw material and food dish spaces had some
common axes, *there was no method for providing a direct link
between raw materials and food dishes for use in the linecar
programming model. Two methode were used to achieve this link,
both relying on the location of the raw materials ana food dishes
in & common multidimensional space. The first method was an
vnfolding analysis, performoed on the 'raw material by usc' data.
The solution teo this analysis proved to be degenerate. A second
method involved the location of an ideal point in the raw material
similarities space. This point was defined as representing the
'optimum' combination of raw material properties reguired in a

Thai food dish.

The ideal point provided the necessary link between the
raw materisls and food dishes. The metric scale values for the raw
materials and the ideal point were used to develop a linear
function relacing the acceptability of a food dish to its raw
material input. The development of this function and its use in

the linear programming model are discusszd¢ in the next chapter.
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INCLUSION OF ACCEPTABILITY FACTORS IN THE L.P, MODILL

The raw material space obtained from the similarity measures
was chosen as the basis for the derivation of acceptability factors
to be used in the linear programme. The location of the ideal point
and its relationship to the raw material points in the 5-dimensional
spsce was used to derive two factors whkich contribute to the total
acceptability of a combination of raw materials in a Thai food dish.
The {irst factor, the compensatory factor (COMPFAC), accounted for
thhe requirement for a balanced raw material content in a food dish.
The cecond factor, the preference factor (PREFAC), reccgrnized the
nced for the sclection of raw materials which were not only
acceptable in combination, but were also acceptable individually.
That is, a balanced combination of acceptable raw materials was
required. A total acceplability function (ACCEPT), was defined as

a linear combination of PREFAC and COMPFAC
ACCEPT = a(PREFAC) + b (COMPFAC)

This linear function of acceptability was used in the linear
programning model in associstion with nutritional requirements.
The requirements were calculated as the weighted average daily
requirements for men and women in the 20-29 year age group, this
being the age group of the subjects used in the surveys for the

multidimensional scaling analysis.

The relative contribution of PREFAC and COMPFAC to the
total acceptability function was varied using the parametric
procedure available in the LPS/1130 programme, by changing the
values of a and b. This procedure pointed tc the ease of achieving
a zero value for COMPFAC and suggested that optimization of .
acceptability be performed by minimization of PREFAC subject to
COMPFAC = 0.0. A finual linear programming model was proposed
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combining bolh nutritional censtraints ard acceptability factors.
This model reqguired the minimizaztion of PREFAC subject to certain

specified nutritional constraints at COMPIFAC = 0.0.

Two methods were used to substantiate the acceptability
function. Firstly, parametric changes were made in each of the
acceptability factors separately, while holding tkhe other constant.
The nature of the raw material mixes obtained by lhis procedure
was examined and was found to be consistent with the values of
PREFAC and COMPIFAC., The second method involved the use of taste
panels in Thailand to determine the rank order of acceptability
of 21 ccmbinations of raw materials, prepared to simulate a Thai
food dish. This rank order of acceptability was correlsted with
the predicted rank orders from COMPFAC and PREFAC. No correlation
existed with either factor. These taste panels were organized to
coincide with a Massey University staff member's visit to Thailland
and preccedcd the preposal of the final medel. They were, therefore,
not entirely satisfactory as a validation proceduvure for the model
but did suggest the format for future experiments which might be

used to suppourt or refute the model.

The model ic extremely adaptable and may be subjected to a
number of extensions and variations, in particular, to a total
menu planning system. Such a system would allow for a choice of
food dishes Lo be made by the consumer, where specific combinations

would ensure a varied, nutritious and acceptable diect.

8.1 The derivation of a linear function f acceptability

The ideal point in *the raw material spece was defined as
representing the optimum combiration of raw material properties
for a Thai food dish. The distance from the ideal point to each
raw material is proportional to the acceptability of that raw
material in a food dish. The ideal point therefore links raw
materials and food dishes in two ways. Firstly, through the
choice of suitable combinations to achieve a good balance of raw

materials in a food dish and secondly, through the selection of
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raw materials which are individually more acceptable than others
in a food dish. These two relationships of the raw materials to
the ideal point were used to derive a linear function relating

the raw materials to the acceptability of food dishes.
8.1.1 The balance of raw materials

The requirement for a food dish containing a balance of
ingredients was satisfied thrcugh the selection of raw materials

with combined properties at or near those of the ideal point.

Ii = '.J,] ij)(j 1 = 1‘21.ll.p

where Ii is the scale value of the ideal point on axis 1i.

vij is the scale value of raw material j on axis i.
Xj is the amcunt of raw malerial j in thc solution.
n is thce number of raw materials.

hal is the numher of dimensions of the multidimensional

space of raw materials.
n
Now if Di = I, -2 wv..x. i = 1Ral. . .p

where Di is the absolute difference of the ideal scale value
from the sum of the weighlied raw material scale vailues

on axis i
P
and COMPFAC = ¥ D

the COMPFAC (compensatory factor) is equal to the sum of the
absolute differences of the ideal point scale values from the
weighted raw material scale values on each of p axes., To optimize
the balance of raw materials, the objective was to minimize

COMPFAC.

In deriving this function for COMPFAC, two assumptions
were made. Firstly, that the raw material properties defined by

the multidimensional scaling model are linearly additive and
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secondly, that each of these prcperties is of equal importance

in the choice of raw materials for a food dish.
8.1.2 The acceptability of individual raw materials

The requirement for a food dish to contain the most
acceptable raw materiaels was achiieved by minimizing the total

weighted distance of the raw materials from the ideal point.
n
PREFAC = & d, x.

where PREFAC is defined as the preference factor.
d. 1is the distance of raw material ;j from the ideal point.

J

xj is the amount of raw materizl j in the solution.

Selection of the combination of most preferred raw materials was

therefore achieved by minimizing PREFAC.
8.1.% 'The lincar acceptability function

A linear function of acceptability was defincd as the sum

o{ PREFAC and COMPFAC.
ACCEPT = a(PREFAC) + b(COHMPFAC)

where ACCEPYT is the lotal acceptability factor
a and R are the coefficients of PREFAC and COMPIAC

respectively in the linear function.

To optimize the acceptability of a combinetion of raw materials the
objective was to minimize ACCEPT. 1In doing this it was necessary
to account for the relative importance of PREFAC and COMPTFAC in
determining the overall acceptance of a raw material combination.
That is, values for a and b were required. The effects of a and b
on the choice of raw materials in a solution were examined by

parametrically changing their values.
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8.2 Data organization for acceptability optimization using L.P.
g P y g

Data were organized for the linear programme to select
combinations of raw materials which would not only meet specific
nutritional requirements, but which wonuld also maximize the

acceptability of a food dish in which these materials were used.
8.2.1 The nutritional requirements

Weighted average daily nutritional reguirements were
calculated for the 20-29 year old age group. This group was chosen

to be consistent with acceptability factors which were cbtained

from subjects within this age classification.

where Ri 1s the weighted average daily requircment for nutrient i.

Pw is the proportion of women in the 20-29 age group.
Pm is the proportion of men in the 20-29 age group.
a, s is the requircment of the women in the 20-29 age group

for nutrient 1i.
a . is the reguirement of the men in the 20-29 age group
for nutrient i.
Weighted average daily nutritional requirementis were calculated
for all the nutrients described in Chapter 2, using the daily per
capita requirements for 20-29 year old males and females as shown

in Appendix.2. These weighted requirements are shown in Table 8.1.
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Table 8.1 Weighted average caily nutritional requirements for 20 — 29 year old Thais.

Minimum weighted

Maximum weighted

Nutrient . . .
average rcquirements average requirements
Calories 2200 none
Protein (g.N) 9.53 none
Fat (g) 20% of calories 35% of calories
Fibre (g) 6.00 15.00
Calcium (mg) 500 1500
Phosphorus (mg) 0.8 x calcium 1.5 x calcium
Iron (nmg) 11.0 none
Vitamin C (mg) 30.0 none
Vitamin A (iu) 2500 none
Thiamine (mg) 0.4/1000kcals none
Niacin (mg) 6.6/1000kcals none
Riboflavin (mg) 0.55/1000kcals none
Vitamin B12 (mg) 0.002 nonc
Vitamin B6 (mg) 2.00 nonc
Folic acid (pg) 200 none
Pantothenic acid (mg) 8.00 none
Protein/calories 0.10 none

Amino acids egg pattern values (see Table 2.4)

8.2.2 The acceptability factors

The two factors COMPFAC and PREFAC, comprising the total
acceptability function ACCEPT, were prepared for the linear
programme as follows:

1. The compensatory factor (COMPFAC). The 3 scale values for the
spatial configuration of raw materials, obtained from the multi-
dimensional analysis, were punched as data values for each raw

material.

e.g., MILK DIM1 -0.633

This shows that the scale value of MILK on dimension 1 is -0.63%3,

Since the sum of the scale values in any single dimension could be
positive or negative, a procedure was required to convert this sum
to an absolute value. The procedure used was similar to that used

in Chapter 3 for the goal programming on nutrients. This procedure
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required the addition of two slack variables for each dimension.

n - +
€.8- DIFF1 HE T o A = N ook ¥
1 j=1 974 i 1

I
—

+
- Dy = yq + ¥y

.{. —
1 and j1

. = . ot o
computer prograrnmc, the slack variables y, and y, were defined as

where y arc the slack variables. For input to the IPS/1130

¥FDIM1 and GDIM1 respectively. Therefore:

DITFF1
and DIFF1

D1 - FDIM1 + GDIM1
0.0

The cards were prepzred for dimension 1 as follows:

D1 DIFF1 1.0
FDIMA DIFT1 -1.0
GDIM1 D1FM 1.0
FX THAIREQ DIFF1 0.0

imilar cards for diwensions 2 and 3.
Then COMPI'AC = TIDIM1+GDIM1+FDIM2+GDIM2+FDIM54GDIM?

2. The preference factor (PREFAC). The distances from each raw
material to the ideal point were calculated and punched on cards

as follows:
MILK PREFAC 1725

shows that the value of PREFAC for MILK is 1.125.

8.3 Linear programming solutions

A number of solutions were obtained from the linear
programme, including cost minimization subject to nutritional
constraints only and optimization of acceptability by minimization
of ACCEPT. Minimization of ACCEPT was performed parametrically by
varying the coefficients of COMPFAC and PREFAC. The nutritional
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r2quirements used in all computer runs were those listed in Table 8.1,
with the amino acid levels set at 80-120 percent of the egg pattern
values. A sunmary of the nutrient composition ef each solution is

given in Appendix 8.

8.3.17 Cost minimization subject to nutritional constraints only

A feasible solution was obtained at a cost of 4,20 baht.

The mix of raw materials is listed below.

banana 646.8
Chinese cabbage 259.3
bambecec shootc 2052
rice noodles 175.8
peanuts 8h.0
milk 66.7
pinsapple 55.7
mungbean curd 33%.9
swectened condensed milk 3.2
Total weight of mix 15%0.6

The nutrient composition of this mix is showr in Appencdix &. The
limiting nutrients werc protein, vitamin B6, pantcthenic acid and
calories, all at their lower limits of daily requirewcnt. The
limiting amino wcid was methionine at 80 percent of its egg pattern

requirement.

The combination of raw materials obtained from cost
minimization subject only to nutritional constraints was extremely
varied. The high level of fruit and in particular banana, was not
consistent wit» Thai eating habits for main meal food dishes. The
mix is predoriinantly of vegetable character with no meat or meat
substitute raw materials. This lack of balance and unacceptability
of the raw material mix was supported by the high values of PREFAC
and COMPFAC obtained for the solution.

PREFAC
COMPFAC

15.16
13.46



8.2.2 Optimization of acceptability
A total acceptability factor was defined as:
ACCEPT = a(PREFAC) + b(COMPFAC)

The lack of information on the relative importance of PREFAC and
COMPFAC on the value of ACCEPT presented a problem in the definition
of values for a and b. To judge the effects of differing levels of
these coefficients, a parametric run was made by varying the valucs

of a and b, The values chosen for 2 and b were as followe:

Run a b
1 1.00 0.00
g 0.75 0.25
3 0.50 0.50
b 0.25 0.75
> 0.00 1.00

At cach computer run the objective set for the linear programme was
to minimizce ACCEPT. As the importance of COMPFAC in the ACCEPT
function increased through runs 1, 2 and 3 its value declined to
zero. The further increases in b in runs 4 and 5 were therefore
unable to reduce the value of COMPFAC and as a result were unable
to reduce the level of ACCEPT. Runs 4 and 5 therefore prcduced the
same sclutions as run 3. The values for COMPFAC and PREFAC for the

3 runs are shown below.

Run COMPFAC PREFAC
1 5.61 10-10
2 0.04 10.67
3 0.00 10.68

The solutions to rurs 1, 2 and 3 are shown in Table 8.2.

Although the solutions to the parametric runs summarized
above do not conclusively prove the predictive powers of the
ACCEPT function, the nature of the raw material combinations does
help to substantiate this function. The following observations

were made from these solutions:
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Solutions from the parametric runs optimizing ACCEPT.

Run 1

a=1.00, b=0.00

Run 2

a=0,7%, b=0.25

Run 3

a=0.50, b=0.5C

White rice
Bananra
Chinecse ksale
Duck cgg
Chinese
calbbage
Butter
Pumpkin
Hog's liver
Mungbean
sprouts

14,6
77.2
56.0
28.4

19.8

Total weight 1128.9

Coest (baht)

8.21

Chinese cabbage
Duck egg
White rice
Mungbean
sprouts |
Banana
Snap beans
Milk
Butter
Garlic
Hog's liver

Total weight

Cosit. (baht)

238.2
200.9
137.8

130.1
128.5
9k.2
89.5
60.7
57.9
57.7

1175.5

10.80

Chinese cabbage
Duck egg
White rice
Mungktean
sprouts
Banana
Snap beans
Milk
Butter
Garlic
Hog's liver
Suger

Total weight

Cost (bhaht)

235.8
203%.6
1%2.1

130.1
128.8
97.3
87.3
60. 1
58.2
%8.6

4,8

1177.0

10.87

a. A1l weights of raw moterials are given in grams.

1. There is a definite improvement in the choice of raw materials

whe

the ACCEPT

funcliion is minimized.

Minimization of PREFAC in

the first parametric run reduced the level of fruits in the

solution by deleting pineapple and reducing the

level of banana from

42.1 percent in the solution to the nutrition problem to 9.6

percent.

further reductions in the

amount of fruit in the solution.

2. The solution obtained from cost minimization subject to

nutritional constraints only contained no meat or meat-like raw

materials.

of these raw materials,

Reduction of COMPFAC increcased the levels of these ingredients.

in particular duck eggs and hog's liver.

3. Reduction in COMPFAC brought increased levels of stronger

Decreases in the level of COMPFAC in runs 2 and 3 brought

Optimization of ACCEPT brought an increase in the level

flavoured ingredients into the solution, to prcvide a balance in

flavour.

Garlic was not present in edither the solution to the

nutrition problem or the solution to PREFAC minimization. As
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COMPFAC became part of the tontal ACCEPT function, garlic was chosen
for the solution at a level of about 7 percent. Sugar was also
sclected in the third parametric run at a Jevel of 0.4 percent.

L,  The choice of milk and butter for the solutions optimizing
acceptability was interesting. These were found to be the most
acceptable dairy prodvcts frcm previous studies. They were sclected
in small gnantities (milk at about & perccent and butter at about

5 percent) and were directly compatible with the other ingredients
in the solution, in particular eggs for the production of an
omelette.

5. Optimization of acceptability resulted in a decrease in the
weight of the selected mix from 153%0.6g in the nutrition problem to
just under 1200g in the parametric runs, minimizing ACCEPT. This
feature of the minimization of ACCEPT procedure would prove useful
where a non-bulky, nutritious and acceptable diet was required.

6. As wculd be expected, improvemeni in the acceptability of the
mixes was accorpanied by an increase in coct, from 4.20 baht in the
nutrition problem to just under 11 baht for the parametiric solutions.
7. The parametric procedure, varying the relative contributions of
PREFAC and CCHMPFAC to the total ACCEPT function, showed the ease of
obtaining a zero value for COMPIFAC and the small effect on PREIAC

in doing this. Hence it was suggested that rather than define
values for the coefficients & and b that COWMPFAC be set at zero

and the process of acceptability optimization be perforned by
minimizing PREFAC, In effect this procedure would achieve the most
acceptable mix of raw materials by selecting those materials which
are most preferred in food dishes in order to obtain an optimum

balance at COMPFAC=0.0.

8.4 A summary of the total model

The lincar prcgramming model designed to meet nutritional
requirements and to maximize corsumer acceptability is summarized

as follows:
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n
Minimize % dl.ogo
joq 373
= )
subject to £ a x. b. for i = 1,24¢..m (1)
j=1 ij Jd q €
P n
and 2 I. -2 V..X.[ = 0 (2)
jeq |5 =1 D

That is, the object of the model is to minimize PREFAC subject to
two sets of coustrsints. The first sel represents the nutritional

requirements where:

aij is the content of nutrient i in raw material j.

X,
J

b is the daily per csrita requirement of nutrient 1i.

is the ewmount of raw material Jj in the solution.

is the numter cf nutrients.

Y is the numver of raw materials.

The second set of constraints represents the compensatory facter

iPFAC) y whiich must egual zero,

Ii is the scale value of the ideal point in dimensicn i.
vij is the scale valuve of raw material j in dimension 1i.
P is tle number of dimensions chosen frowr the multi-

dimensional scaling analysis.

8.5 Validation of the model

The model described above for the selection of acceptable
combinations of raw materials for food dishes and the assumptions
rmade in lhe development of this model have not been completely
proven. Two methods were used to obtain evidence which would
support the model. Firstly, variatlions on the levels of COMPFAC
and PREFAC were performed using the parameilric procedure and the
solutions were compared. Secondly, the acceptability of various
combinations of raw materials obtained from taste panels in Thailand,

were compared with the predicted acceptability from the model.
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8.5.1 Variations in COMPI'AC and PREFAC

Solutions were obtained from the linear programming model
by varying the level of one of the acceptability factors (either
COMPFAC or PREFAC) and holding the other factor at a fixed level.

The objective in all cases was to minimize cost.
J

PREFAC was varied parametrically from 10.679 to 14.679 in
steps of 2 units, while holding COMPFAC at zero. This procedure
had the effect of maintaining bslance in the raw material mix by
choosing increasingly less acceptable raw materials. The solutions

are shown in Table 8&8.3.

Table 8.3 Solutions to parametric changes in PREFAC with COMPFAC at zero.
PREFAC="10.679 PREFAC=12.679 PREFAC=14.679
Chinese . Cabbage 332.8 Cabbage Lgz,2
cabbage 235.8% Milk PO5.1  Milk ELLI
Luck egg 203.6 Bamboo shoots 150.8  Bamboo shoots 258.2
White rice 132.1 White rice 136.7 Rice noodle 176.0
Mungbean Mungbean Sugar 88.3
sprouts 130.1 sprouts 85.0  Peanut 66.2
Banana 128.8 Chinese cabbage 75.7 Duck cgg 48,7
Snap bean 97.5 Duck egg zZe. Green gourd 38.7
Milk 87.% Rice noodle 61.6  Butter 34.8
Butter 60.4 Banana Lo,3 Mungbean curd 15.3
Garlic 58.2  Peanut bs5,1 Mungbean sprouts 1.1
Hog's liver 38.6 Butter L,y
Sugar 4,8 Green gourd 21,5
Mungbean curd L,o

Total weight 1177.0 Total weight 1382.4  Total weight 1564.7

Cost (baht) 10.87 Cost (baht) 7.52 Cost (baht) 6.73%

a. All weights of raw materials are given in grams.

The increase in PREFAC brought about a replacement of the
more expensive and more acceptable raw materials by the less
expensive and less acceptable raw materials such as milk. Milk
increased from 7.4 percent of the solution at the lowest PREFAC value

to 22 percent at the highest PREFAC value. Duck egg, on the other
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hand, decreased its contribution from 19.5 percent to 3.1 percent
of the solution in a corresponding increase in the value of
PREFAC. The increase in the preference factor also brought about
a replacement of rice, a widely accepted ingredient as the basis
for food dishes, by the less used rice noodle. Overall, there was
an increase in the weight of the raw material mix reguired to
achieve the nutriticnal requirements and a corresponding decrease
in cost. This was in keeping with the traditional forw of
nutritional food products which were generally inexpensive, but

bulky and unacceptable.

COMPFAC was varied parametrically in steps of 5 units from
O to 10 while holding PREFAC at 10.679. This procedure had the
effect of decrecasing the balance of raw materials but maintaining
the same level of acceptance of the individual raw materials ir the

solvution. The raw material mixes are shown in Table 8.h.

Teble 8.4 Solutions to parametric changes in COMPFAC with PREFAC at 10.672,
COMPFAC 0.0 COMPFAC 5.0 COMPFAC 10.0

Chinese Banana 242,6  Banana 215.3
cabbage 235,8% Chinese cabbage 208.8 Chinese kale 285. 4

Duck egg 20%.6 Duck egg 174.5  Rice noodle 1549.0

white rice 1%22.17 Rice noodle 137.8 Duck egg 145, 9

Mungbean White rice 110.0  White rice 74.8
sprouts 130.17 Chinese kale 101.2 Butter 60.4

Banana 128.8 Butter 572.1 Pumpkin 42,0

Snap bean 97.% PRamboo shoots 34,5 Hog's liver 26.7

Milk 87.3 Peanut 26.9  Peanut 26.6

Butter 60.4L Hog's liver 20.5

Garlic 58.2 Pumpkin 18.2

Hog's liver 38.6

Sugar 4,8

Total weight 1177.0 Total weight 1127284 Total weight 1126 .1

Cost (baht) 10.87 Cost (baht) 7.34 Cost (baht) 7.2k

a, All weights of raw materials are given in grams.

The scale values on each dimension which made up the total

value of COMPFAC in the parametric solutions were as follows:



199.

Dim.1 Dim.2 Dim.3
COMPFAC 0.0 0.000 0.000 0.000
COMPEFAC 5.0 0.024 1.507 3.469
COMPFAC 10.0 0.238 2,836 4,125

The solution to COMPFAC=0.,0 resulted in a 'perfect' btalance of all
three dimensions. In dimension 3% the wealk flavours of rice and
banana were compensated for by the strong flavour of garlic. 1In
dimension 2 the raw materials which are normally used in small
quantities (milk, butter, banana, garlic and sugar) were balanced
with raw materials which are normally used in larger quantities in
food dishes (Chinene cabbage, hog's liver and snap beans). 1In
dimension 1 the balance cf nutritional properties in the raw
material mix was brought about by the incilusion of some raw
materials which arce ccnsidered as nutritious, e.g., milk, butter,
hog's liver and duck egg, and some raw materiels which are not high
on nutritjon and are normally used as fillers e.g., Chinese cabbage,

snap beans and mungbean sprouts.

As the value of COMPFAC increased, dimensions 2 and 3
became increasingly out of balance and contributed most to the value
of COMPFAC. These dimensions were identified as 'level of use' and
strength of flavour, respectively. Dimension 1 (nutritional value)
contributed only a small amount to thc level of COMPFAC. As thre
value of COMPFAC increased, the flavour of the solution mix became
more bland thrcugh the addition of greater quantities of banana,
Chinese cabbage and rice noodles and reduction in the levels of
garlic and milk. There was also an increase in the imbalance of
the raw materials from the point of view of their levels of ﬁse.
This came about through the addition of extra quantities of banana,

Chinese kale and rice noodlecs.

The variations in PREFAC and COMPFAC resulted in solutions
which, to a large extent, substantiated the total linear
programring model. Further validation is, however, required
through selection of a greater number of raw material mixes using

similar parametric procedures to those employed above and testing



of these mixes by a statistically designed method based on the

procedure outlined in Section 8.5.2.

8.5.2 Validation through taste panels

Twenty one combinations, each containing % raw materials,
were selected to give a representation of most of the 40O available
raw materials. The 271 ccmbinationc and the percentage of each raw
material in these combinations are shown iun Table 8.5. Each
combination was prepared to simulate a Thai food dish, by cooking
the raw materials for a short period of time in a small amount of
water containing fish sauce. No other garnishings were used and
in all cases, other than butter and cheese, the raw materials
retained their identities in the final dish. A rank ordering of
the acceptabilities of the 21 raw material combinations was oltained
using a panel of &4 students at Kasctsart and Chulaloungkorsn

Universities in Bangkok.,.

Due to the inability of human sukjects to rank 21 items, a
Youden array was used to obtain a set of incomplete rankings (99).
In a Youden array, n objects are presented k at 2 time and each is
ranked m times in the experiment. The number of blocks of objects
is mn/k. Within each block there are 2k(k-1) comparisons between
pairs and hence the total number of comparisons is %mn(k-?). The
number of blocks in whkich a given comparison occurs is termed )\

where

')\ ~ m(k-1)

n-1

The description of the Youden array design used to obtain a set of

incomplete rankings of the raw material combinations is as follows:

n = 24
m = 20
A= 3
kE 5

The raw material combinations were presented to each subject 5 at

time and the subject was asked to rank them in order of
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Table 8.5 Raw material combinations used in Thai taste panels.

e . B. C.

Beef 33,3 Crab 45,0 Chinese cabbage 33.3
Chicken 33.3 Striped mackerel 45.0 Chinese kale 33.3
Fork 3%.5 Chicken egg 10.0 Green gourd 59,3
Mungbean sprouts 15.0 Chicken 25.0 Tork 20.0
String beans 80.0 Rice noodle 70,0 Banana Lo,0
Chilli pepper 5.0 Sugar 5.0 Pineapple L40.o
G. H. I.

Shrimps 4L0,0 Beef 20.0 Pork 50.0
Peanuts 30,0 Chinese kale 4G.0 Checss 20.0
Shallots 30.0 Chinese cabbage 40,0 Milk 20.0C
i K. L.

Milk 20.0 Cheese 40,0 Rice 60.0
Condenscd milk 4o.0 Coconut cream 20.0 Chinese cabbage 20.0
Stiring beans 40.0 Green gourd 4L0o.0 Chinese kale 20.0
M. N. 0.

Rice 60.0 Rice 60.0 Ricc 60.0
Mango (green) 20.0 Crab 20.0 Crab 20.0
Watlermelon 20.0 Duck 20.0 Mango (grcen) 20.0
p. Q. R.

Rice 60.0 Rice 60.0 Pork 30.0
Serpent hd. fish 25.0 Chinese kale 20.0 Ranana Lo.0
Milk 15.0 Beef 20,0 Chinese kale 50.0
S. T, u.

Pork 20.0 Pork 40.0 Pork Lko.5
Banana 60.0 Banana 20.0 Banzna 50
Chinese kale 20.0 Chinese kale 4LO.0 Chinese kale k2.5

a. The composition of each raw material in the combination expressed
as a percentage.

acceptability. Each of the 21 combinations was ranked 20 times in
the experiment. The number of blocks was 84 and 84 subjects were
used. A total of 840 paired comparisons were made and each
comparison occurred in 3 blocks. The rank order of the 271
combinations was derived from the sums of ranks obtained in the

experiment (see Table 8.6).
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Table 8.6 The actual and predicted acceptabilities for 21 raw material mixes.

. EEnE COMPFAC PREFAC COMPFAC PREFAC
Dish panel a a
a rank rank score score
rank
A | 20 6% 1.49 0.92
N 2 14 11 1.21 0.99
i 3 L 5 0.46 0.91
F L 16 19 1.25 1.08
5 5 11 2 1.06 0.87
Q 6 5 9 0.70 0.96
B Vi 21 16 1.60 1.04
E 8 17 21 1.30 1.15
0 9 2 A 0.25 0.92
U 10 1 3% 0.06 0.88
G 11 J 8 0.73 0.94
R 12 3 10 0.4 0.97
J 13 8 174 0.77 1.06
C 15 18 34 1.33 0.88
0 15 9 133 0.81 1.02
S 15 12 133 1.08 1.02
M 173 15 175 1.24 1.06
p 174 10 135 1.07 1.0°
D 19 19 1 1435 0.83
K 20 6 20 0.72 1.12
I 21 13 133 1.09 1.02

a. A lower rank indicates greater acceptability.

The coefficient of concordance W was calculated to be
0.521. The significance of this value was tested by comparison of
the calculated X2 statistic with the tabulated value (sec Kendall
(99)).

X? = 114.6 with 20 degrees of freedom

which shows significance of W at the 0.071 percent level hence

showing agreement among the subjects.

The values of tke compensatory factor (COMPFAC) and the
preference factor (PREFAC) were calculated for each of the 21
combinations of raw materials (see Table 8.6). The rank orders

for each of these factors were correlated with the acceptability



203.

rankings obtained from the teste panel. The Spearman rank

correlation coefficients were as follows:

Correlation e
Taste panel - PREFAC 0.194
Taste panel - COMPI'AC -0.03%1

No significant correlation existed with either PREFAC or COMPFAC,

This taste panel was planned to coincide with a Massey
University staff member's visit to Bangkok to enable her to
gupervire the organization of the tasting sessions. Unfortunately
the panels preceded the application of the acceptability data to
the linear programme and the selection of the raw material
combinations was therefore made before the proposal of the final
nodel., The results of the taste panels show that no correlation
exists between the actual acceptability of food raw material
combinations and the values of either PREFAC or COMPFAC. It is
still possible and more likely that a combinaticr of the twe factoeors.
rather than either one or the other, is capable of predicting

acceptability.

Figure 8.1 shows the relationship between COMPFAC,
PREFAC ard taste panel acceptability ranks. This figure indicates
a trend for taste panel acceptability to decrease with an increasing
PREFAC, over restricted ranges of COMPFAC. The problem of the inter-
action of COMPFAC and PREFAC and their combined effect on consumer
acceptability of raw material combinations prevented further
conclusions from the data. It is suggested therefore, that further
taste panel experiments are required to validate the model. In.
these experiments raw material combinations should be chosen with
a constant COMPFAC (probably zero) and over a wide range of PREFAC.
The consumer acceptability of the raw material combinations as
simulated Thai food dishes could then be correlated with the levels
of PREIFAC.  Ar outline of the prbposed procedure is as follows:
1. Derive various raw material mixes by varying the levels of
PREFAC and fixing the level of COMPFAC at zero. These mixes should
be selccted to meect the nutritional requirements of a specific age

group.
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2. Develop these mixes into food dishes which resemble as closely
as possible the presentation of normal Thai food dishes.

5. Design an expceriment to obhtain the relative acceptabilities of
these food dishes. Such an experiment should allow for the
consumer to choose and eal the dishes within a normal meal time
environment e.g., a restaurant or cafeteria.

i, The aztual acceptability ratings obtained from this experiment
would then be compared wilh the predicted acceptabilities from the

values of PREFAC,

8.6 The flexibility of the model

The model for selection of acceptable and nutritious raw
material combinations is extremely flexible. It allows for a
number of variaticns to be made depernding on the emphasis reguired
in the solution. Some of these variations are outlined below:
1. Goal vrogramming could he performed to achieve a raw material
mix of 'optimum' nutritional balance. The cost and/or acceptability
factors cowuld then be varied parametrically and the effect on
nutritional balance observed.
2. The effects of increases or reductions in the nutritionral
reguirements on the acceptability of the solution could be tested.
5. Cne or more raw materials could ke fixed at a svecific level
in the solution and the other raw materials selected by the linear
programming model e.g., a level of 200g of beef cculd be specified
for the solution mix.
L, The ¢ffects of cost changes on the level of acceptability, as
described by COMPFAC and PREFAC, could be setermined.

The model, as des:zribed above, was used to select raw
material mixes which would be acceptable in a general type of Thai
food dish. A single dish only was considered and the raw materials
were selected to give an acceptable mix which would meet the daily
nutritional requirements of 20-29 year old Thais. Although a
single food dish wight be accepted and liked once, twice or even
three times in a row, it is unlikely that it would be accepted

as the sole source of nutritional requirements. Rather, it is
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more logical that a menu planning system ke adopted where a choice
of dishes is avallable from which specific combinations could be
selected to meet dailly nutritional requirements. Such a system
could be envisaged using the linear programming model, where the
model was extended to the selection of raw matcrials for specific

food dishes.

It would be possible to derive a raw material space
which related to a specific food dish. This could be achieved by
obtzaining measures of raw matcecrial substitutability for that food
dish., An ideal point could be located in this space from the
relative acceptabilities of the raw materisls in the food dish.

A number of such spaces could ke derived for separate food dishes
and a system devised whereby specific combinations cf these dishes
satisfied the daily nutritional requircments of the Thai consumer.
This would allow for a variety of dishes to be presented and «
cheice to be mzde by the conmsumer. Such a system would prcvide an

acceptable, nutritious anc varied diet.

8.7 Summary and conclusions

A linear furction, relating the raw material propertiecs
to the acceptability of a food dish, was derived from the metric
scale values obtained from the multidimensional analysis of raw
material similarities. Two factors contributed to this
acceptability furction. Firstly, a factor which accounted for the
prefercnce of raw materials in food dishes (PREFAC) and secondly,
a factor which recognized the need for a belance of raw materials
in food dishes (COMPFAC). The total accentebility function was
used in the linear programming model, in association with
nutritional consiraints, to select raw material combinations which

are nutritious and acceptable.

Two attempts were made to substantiate the linear function
of acceptability. Firstly, a number of variations to the linear
function were made to evaluate the effects on the solution. The

raw material content of these solutions was, to a large extent,
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predictable from the values cf PREFAC and COMPFAC. Secondly,
taste panels were used to obtain a rank order of acceptability of
271 comrbinations cf raw materials which was correlated with the
values of PREFAC and COMPFAC. No significant correlation existed
with either factor. It was concluded that acceptability is a
function of both factors, rather than each acting separately.

Further experiments were suggested to validate the model.

A total linear programming model was therefore presented
which would select raw material combinatione for a nutritious and
acceptable food dish. This model was specific to the selection
of raw materials for a general type of Thai food dish and hence
allowed for nn variation in the diet of the consumer. A menu
planning system, based on the linear programming model, was
presented. This system would permit the consumer tc select from
& menn of available dishes and hence provide an acceptable,

nutriticus and varilied diet.
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CHAPTER 9

QUANTITATIVE PRODUCT DESIGN IN PERSPHCIIVE

Food procduct development has been more of an art than a
science, where experience and intuition have taken precedence over
logical and quantitative thought. The formulation of new procducts
has been largely on a trial and error bhasis wherc raw materials
are selected, developed into a vrcduct and tested for acceptability
by a particular segnent of consumers. Arter several modifications
to the product and more consumer tests, the product is finally
marketed. This thesis formed part of a larger research prog-amme
aimed at quantiflyiug the process of food produclt deveiopment. In
particular, the zim of this thesis was to develop a quantitatlive
procedure for the selection of raw materials for nutritvious and
acceptable food dishes. The basis of the guantitative mocdel was
linear programming and the consumer group chosen was the Thai

pocpulation.

The inclusion of nutritional constraints in a linear
programming model for raw material selcction has been well tried
and prcven by a number of researchers. Gencrally, however, these
applications have used only small numbers of raw materials and
nutrients. In the application of linear programming to the
selection of raw materials to satisf{y the nutritional requirements
of the Thai-population, 151 raw materials were considered and 26
nulrients provided the constraints for the model. Almost all
nutrients in the problem were constrained at their lower levcls of

daily requirements, with very few having specific uvper levecls.

Although the traditional linear programming approach
satisfies the specific lower levels of requirements, some nutrients
can be present in the solution at levels far in excess of the levels
required for adequate nutrition. There is a growing feeling among

nutritionists that such a diet, comprised of a gross imbalance of
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nitrients, is unsatisfactory. Rather, it 1s suggestcd that a
balance of all nutrients at or near their lower levels of require-
ment may result in better health. It is possible to set range
constraints on all nutrients to ensure a balanced diet, but previous
studies have shown that this procedure may result in infeasible
solutions. IEven if a feasible solution is achieved by this method

it will not necessarily contain the 'optimum' balance of nutricntc.

Goal programming was introduced as a technigue for selection
of raw materials to achieve a balanced nutritional diet. Goal
programming is an extension of linear programming, where the
objective is ore of minimizing the deviation from a set of pre-
specified goals. In the nutrition problem the goals are the lower
levels of requirement for the nutrients. The technique can be used
to provide a balarce of all nutrients in the diet or of souwe subset
of these nutrients. In this thesis, the essential eamino acid
balance wes 'optimizced' by achieving levels as close to those of
egyg protein as possible. A sclection of raw materials was also
made to achieve a balance of all 26 nutrients. Both procedures
resulted in a large increase in the cost of the solution. 1n future
research the necessily to balarce any nutrient should be based on
sound information and the need for a balanced diet should be weighed

against the cost of that diet.

Both goal programming and linear programming may provide
solutions of raw materials with incompatible propertics, both from
the point of view of processing into a food dish and the consumer
acceptability of that dish. The prokblems of developing a product
from raw materials selected solely on nutritional criteria have
been established in previous research. Edwardson (41) found it
difficult to develop a product from raw materials selected by linear
programming with only nutritional constraints. His prccedure of
development of a food product from these raw materials relied more
on technologists' ingenuity and the ready availability of
flavouring compounds than the inherent characteristics of the raw
materials. A filtering procedure is required in the linear
programming model which selects raw materials on the basis of

their predicted acceptability in combination in a food dish.



A function relating raw materials and food dish
acceptability for the linecar programme requires not only the
definition of the important sensory properties of the raw
materials and their interactions in food dishes, but also requires
that the variables in the linear function have metric scale values.
The conventional methods used by food technologists to evaluate
sensory properties and to predict consumer acceptance are not
readily applied to the solution of this problem. Not only are the
methods of classification and measurement of sensory properties
unresolved but there is almost no recorded research on the inter-
action of these properties. A technique was required which could
untangle the multiple relationships existing among the scnsory
properties of raw materials and to provide data in an acceptable

form for the linear programming modecl.

Nonmetric multidimensional scaling showed the greatest
potential of a number of mullivariaste techniques to resolve the
problems of sensory property definition and interaction in food
dishes. It also haes the c¢spability te supply metric data on the
raw materials which can be used in the linear programming model.
Nonmetric multidimensional scaling has becn appliea to food product
development in the past. These applications have emplcyed the
technigue mainly as a 'diagnostic' rather than a 'predictive' tool
through the location of 'holes' or 'geps' in existing product
spaces and the formulation of new prcducts which filled these
holcs. No use has been made of the metric information contained
in the scale values of the existing products in the formulation of

rew products.

Nonmetric multidimensional scaling was used in this thesis
as a totally predictive tool. Simple questionnaires on the relative
similarity and acceptability of raw materials provided data which
were transformed into a multidimensional space containing the raw
mazterials and an ideal point. The dimensions of this space
represent the important properties of the raw materials in
determining food dish acceptability and the ideal point is defined
as the 'optimum' combination of these raw material properties

required in a food dish. The metric scale values for the raw
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materials and the ideal point provided the basis for a linear
function relating raw material properties to food dish acceptability.
This function was used in the lincar programming model in
association with nutritional constraints for the selection of raw
materials which in ccmbinaticn would provide nutritious and

acceptable food dishes. This total model is described below:

n
Minimize PHENG I 7
421 9
& )
subject to Y oa..x. 7 b. for 1 = 1,2456.em
. i i
J=1
P n
and B I, = Ev_..x‘ = 0
. . Bl
i=1 Jj=1 J
where di is the dictence from raw material J to the didezl point,
xj ic the @mount of raw wwilerial j in the scolution.
aij is the level of nutrient i in raw materizl j.
bi is the rcguirement for nutrient i.
Ii is the scale value of the ideal point in dimension I.
vjj is the scale value of raw material J§ in diwmension 1.
n 1s the number of raw materials.
m is the number of nutrients.
b is the number of dimensions reguired to display the

raw materials and the ideal point in a multidimensional

space.

The model, therefore, seeks to sclect raw materials so as to
maximize the combined acceptabilily of these raw materials i.e.g

by minimizihg their combincd weighted distances from the ideal point.
Optimization of acceptability is achieved subject to specific
nutritional constraints and to the selection of an optimum balance

of raw material properties, equal to those of the idcal point.

Although the model was applied to the selection of raw
materials for a general type of Thai food dish, its rcal value
lies in the extension to a system of menu planning. Under such a
system a menu, consisting of & number of different types of dishes,

could be generated using the linear programming model. The consumer
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could then choose his own meals for the day and hence obtain a diet

which would be nutritious, acceptable and varied.

The overall model provides a systematic and objective
approach to the design of food dishes for the Thais. The selection of
the raw materials to be used in these dishes is made on the basis of
nutritional and consumer acceptance criteria. The resultant food dishes
could be seen as fulfilling the need for a more nutritious diet

without upsetting normal eating habits.

The structure of the model allows for its complete generalization
to other developing countries through revision of the list of available
raw materials, the nutritional requirements and the raw material scale
values based on consumer acceptance. Although it was the object of
this thesis to develop a model for the design of nidtritious and
acceptable foods for developing countries, the resultant model might
easily be applied in the broader area of product design in develope&
countries. In almost all societies, malnutrition is becoming a problem.
It is the responsibility of the food processor, and hence the product
developer, to offer processed food products which provide a balanced
diet for the consumer. The need for an objective system of product
design based on nutrition and consumer acceptance is becoming greater.
Already some food companies are using linear programming for raw
material selection in food formulation, both in original product design
and on a day by day basis. The inclusion of constraints based on the
predicted consumer acceptability of raw material combinations, as

described in the research, would prove invaluable,

A more complete study of certain problem areas is required
before commercial application of the linear programming model. Although
the model is quite robust against raw material compositional variations,
a more complete study of the effects of such variations on selected raw
material mixes is required, A further problem exists in the definition
of nutritional requirements. Should these be weighted average
requirements, should upper limits be specified to prevent oversupply of

nutrients, is a balance of nutrients necessary to the well-being of the
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consumer? There are also problems to be solved in using the nonmetric
multidimensional scaling, for example the location and definition of
the ideal point; the identification of axes, the requirement for
extensive judgements by consumers and the difficulties in reducing the
number of judgements required. The thesis has, however, provided a
basis for further research into the use of quantitative procedures for

the selection of raw materials in food product design.

During the application of the quantitative methods to food
product design certain observations were made on the state of knowledge
in food science, nutrition, sensory evaluation and consumer acceptance
of foods. There was found to be a definite lack of reliable information
on the composition of food raw materials and on the variability of
composition. The recently published compositional tables, which
collected together compositional data from various countries, have
provided useful information but more specific data are required from
individual countries. Nutritional requirements are generally well
documented for minimum levels but even these levels are subject to
controversy for some nutrients, for example, fat and crude fibre. Very
little information is available on the effects of overdoses of most
nutrients, although concern about overdoses of nutrients such as calcium
and vitamin A has been stated by individual nutritionists and FAO/WHO
committees. Similar concern has been shown over the requirement for a
balanced diet, but very little research has been done to demonstrate
the effects of nutritional imbalance in the human diet. Before there
can be extensive use of the linear programming model in the design of
human foods, there must be more knowledge of nutritional requirements.
There is also a need for more information on the relationship between
sensory and other properties of raw materials and consumer acceptance of
foods. The major problems in the linear programming model were the
definition of the important raw material properties and the interrelationships
of these properties influencing the consumer's acceptance of foods. In
addition to these extremely complex interrelationships of the dominant
sensory properties, there is the problem of differing importance of
individual properties in different foods. Nonmetric multidimensional
scaling was shown to be on technique which could identify the dominant
raw material properties. It is also able to provide information relating

these properties to the consumer acceptance of foods.
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This study has used Thai information and a theoretical model
has been developed for the selection of raw materials to be used in
Thai food dishes. Although the model described in this thesis considered
only the rather hypothetical general food dish it might be preferable
in future research to use the model for selection of raw materials for
a specific food dish, for example a meat curry. The generalization of
the model has brought together the composition of raw materials,
indigenous to Thailand and also the nutrient requirements for different
age groups in Thailand. It has provided the basis for more specific
models catering for the requirements of individual age groups and market

segments.

The model for selection of nutritious and acceptable combinations
of raw materials for Thai food dishes requires further validation before
it is applied on the industrial scale. Completion of the model will,
however, provide a much needed quantitative basis for the selection of
indigenous raw materials tobe used in food dishes not only for Thailand
but for all other developing countries. The model is seen as identifying
the most important raw materials in the design of nutritious and
acceptable food dishes. A direction might then be provided in farm
production to provide an overall plan for optimal land use in the
provision of the most desirable food raw materials. It can also be used
to evaluate the use of imported foods, as can be seen by the study of

dairy products.

This thesis has sought to provide a more quantitative basis
for food product design. It took three operations research and social
science techniques and applied these in an integrated model for the
selection of nutritious and acceptable raw materials for Thai food
dishes. The continuing evaluation of such techniques will eventually
result in the total concept of food product development being based on

processes of objective decision making rather than subjective judgement.
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APPENDIX 1

RAW MATERIAL COMPOSITION TABLES

A complete list of the nutrient composition data used for
the linear programming application to the nutrition problen is
given., Compositional datea on each of 26 nutrients is included for
151 row materials.

The compositional data is divided into % parts as follows:
1. Cost, proximste anslysis and minerals.

2. Vitamine.

3. Essential smino acids.

Within each part a complete listing of the 144 indigenous raw
materials is given in alphabetical order. The 7 daicy products

are included at the end of the list of indigerous raw materials.
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PART 1.

FOOD CosT WEIGHT CALORIZS PRCTEIN FAT FIERE CALCIUM PHCSPHCRUS  JRON
BHAT/10GG 1006 KCAL/1206 G/inN0G ‘G/10CG G/10CG MG/100G MEVERSE MG, 1JCG
EGGHEN 1.0700 1,00CC 169.J0G0 2.030C 11.20C0 0.0000 76.C200 186.CC%9 Q
€ CGPLANT 0.20C0 1.0000 L4,C000 041620 Ce2000 C.80C0 20.0CQ0 2742200 el
FRCG 2.25C0 1.0C00 $2.0000 2.350C Ce600 ¢.00C2 45.02C0 166.CC0O2 Le8CC2
GARLIC 1,6CCO l.0CCO 68.0CCO Cets200 Ca0020 Z.0000 $4.0000 532.0000 242000
G INCER C.5500 1.0200 37.00C0 C.1760 C.5002 1.0C00 2.0020 23.CC00 2.2020
GCCSE .5C00 1.0CCC 151.0c00 26200 2.5000 2« LCOO0 5.0000 144,0000 2.0000
GCCSET 345000 1.0000 354,00G¢C 2.6200 31.2000 0.0GQ00 10.50u0 175.2000 1.46000
GLuRSS 0.2000 1.0000 17.000C0 C.0960 c.12¢C0 0.40C0 i19.CC00 16,0200 Ce 520
GLYRLWX 0.2000 1.0C920 15,0000 C.06.0 0.20C 0.7GCO 18,0070 17.00C0 0,2C02
O RARE 1.2500 1.0000 7640000 C.06eD 0.40C8 <.3C00 5.0009 190000 C.2C%0
GUAVARD C.5CQ0 1. G200 A2a.0CT0C C. 1602 C.n000 57000 32.0C000 28,0000 C.e0CC
SUAV AW 0. 5000 i.ceec 99.0000 Ceigque LetiOCTO 5.,0QC00 22 .0000 24,8700 Cloemls
HERRING 1.0000 1.0000 101.0000 2,2540 1.2000 0.C002 191.0000 22" » 00O 1.4300
HORSE l.7CCC l.CCcCQ 123.09C0 3.21C0 4,1000 0.00C9 16.0000 S3.0000 247520
JACKFRT 0.8000C 1.0Cn0 100.00C0 C.1900 0.4000 0.80%0 22.0000 2C.C00C iaCC000
JCKFRTSD 0.4000 1.0002 263,0000 2.89C0 0.6C00 1.4000 23.2200 8u.CCCC C.EZ00
KALE «25C0 1,0000 38.,00C0 C.t750 C.52C0 «20C0 179.02¢C0 73,2030 2,25C80C
LEEX 09000 1.0000 29.CCC0 °.2202 C.T000 1a6002 73.2CC0 245000 TeoC22
L EvON 0, 7500 1.0C0¢C 32.45900 J.0640 1.5C¢0 C.1C20 12,0000 12.2009 . 80090
LETTUCE C,500° 1.C0%0 23,0000 C.120 3.4000 C. 5000 83.0200 24.0000 5.-CC0C
LIe 047500 1.C0C00 4340000 G.128C 2.4000 0.3000 17.0000 11.0200 @
LCEZSTER 4.7590 1.0C200 §1.C2u0 2.7000 1.9200 C.0NGJ 29.03800 1823,0C9Q 2
MpCKSP 0.90C0 1.C000 25,0000 2.8.00 1.10C0 0.C000 23.C000 236.0CC0 1.0000
MAMNGO 1,5C00 1.0000 574CCJ0 0.0800 0.,2000 G.~000 3.CCO0 17.¢6000 0.5320
MELCN 0.3C00 l1.0000 2i.C000 0.0«390 0.6C2 C.9000 3C.2000 18.002¢C Ce&30
M1 LYEUFF 2.30060 1.0000 105,0000 N.73C2 7.900C0 0., 0000 164.,9000 99.000¢C 0.2202
MILKFISH 2+50C0 1.022 125.2G00 2.2150% 5o 15D c.ccoC 51.2200 l6l.0200C 100002
MILKGCAT 0.5890 1.00C0 75.0C00 C.6180 63000 C.C0CO 53.02C0 T8.C200 2e 2
SN £ 2.253C 1e020C 94, 2Ul0 3.2C00¢C 1,000 0.02CO 42,00C0 160 s [SFE- ot
MUNZ3EAN O.420C0 o SR 30,0000 3. 50090 L. 00C0 4e3CC0 12540003 3¢0,C000 5.7C23
MU SHROCM 1.1200 1.0C00 10,3200 Q2840 G.2C2C C.3cue 9.0030 11843838 1435000
MUSSEL 0.2C00 1.0009 52.0000 1.2900 0.9000 C.1000 25.0000C 184.,0000 15468C2
ocCichrus 047500 1.0000 2.0000 2.1200 0.60C0 C.C209 42.0000Q 103.0000 16020
ONTONBUY C.S000 1.02C0 45,0200 0.1760 0.2000 1.0000 4C0.00N0Q0 39.00200 Ce5C00
0 I2NGR 0.5J00 1.0090 27.0CCO 0.25¢0 1.4000 1439200 5£.0000 29,0008 2.2800
ORANGE 0.9200 1.0000 «5.0000 Celbaad Cle ZRI0E) 0.4C20 33.00cCC 2.202C8 C.42C0
PAVAYA Ca330 1.00920 43.0C10 QaC9%50 o. 20 Cet 220 23-3220 iu.L000 Ce7050
PEZACH 2.5000 1.002C 2 80 EBEE Qe2960 c C.5020 2.0000 15.000°2 C.522¢C
PELAC~ICK C.56500 1.00CO 3.2000 6 246000 10640002 346054 5CCH 3. &50D
PEANUT C.5009 *.Cd00 T 7O 4 2.4000 69.C0CO 4010000 2.1CCO
PEARIG Ce 3000 1.0000 102200 ® 5. CO0C 77.090C2 192.,05000 1.7052
PEASAT l1.9CC 1.0 Cabesl c 1.20C50 76.0uCC el | 1.4000
PEPPERGR 0.350¢0 1.0G0C 23,0020 0.1120 C 1.5C00 12.C000 18.0G00 Ceul0D
PEVPERRD C.322C 1.C002 22.0000 0.0800 0 { 1.6020 25.03100 45,002 C.5C00
FERIR Cl.82C0 1.0000 76,0050 2.74300 0 8] C.LCuwu 130.0000 156.00C0 0.63500
PIC 2.1C0C N DS Cl 87,0000 1.9IC0 &5 e 0.026 7.2200 117.600C 1.43020
PI5L2CO C.cCCO l.ge02 57.0000 1.8700 0 10 S CTOC 242000 2%.02C2 1e1307C
Pl=-ZaRT 2.2500 l.C0C0 12C.000 2.62C0 5.380C C.C000 6,000 129.03C0 1e90C0
Pislvhy 2.35CC 1. 00 1100000 ; «.32500C C.002 12,2000 29l 9n 5.1C00
PlLInT 242500 1.00090 83,0000 2.2200 0. €200 12.3000 39.8200 Le1CCO
PILIVER R43500 l1.0000 121.020C 3.7000 0.020v 10,2000 356.0C0C 19.2C00 .
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PART 2. PAGE 1.

FOOD VITeA THIAMINE RIBOFLAVIN NIACIN VIT,C vITBe viTB12? PANTO.ACID FOLIC ACID

1U/100G6 MG/12CG MG/100G MG/ 10006 MG/1004 MG/ 1005 MG/100G MG/100G MG/L0CT
ANCHOVY 137.0000 0.020:2 0eC400 0+6000 J.0C00 001440 00002 ++0000 509004
B AMSHOOT 040GC00 0.C3C0 C.0500 0.2000 3.0C00 0.1530 0.0000 0.62C0 1002500
B ANANA 540.0001 0.0290 C.230C 002900 12.0000 0.510C 0.0090 02600 10.C000
8 EANBRD 2 ..C000 0.3200 0.1400 3.,0C00 26.0000 0.0800 0.0009 5.4000 12.0000
3 EANSANAP 525.00"" 0.0700 C.1000 0.7020 i5.0000 0.0800 0.0090 C.19CO 20.L0C00
8 EANYDRO 275.C0000 0.1200 0.10%0 1.1000 20.0¢C00 0.4610 0.00C0 0.5C00 12.0G600
BEEF 4C.L0CO 0.0800 0.170C 4.520C 0.0C00 C.2200 C.COlu 0.4700 10.28CO
8 F83L0Q0D 108.00C00 C.C052 0.0220 1.2000 0.5000 0.0000 0.0000 0.1820 2.00C0
BFBRAIN 2.0000 0.13090 C.i600 3.80CC0 18.0C00 0.1500 0.0043 2.6000 00000
3F rEART 20.0cC00 O.48C0 0.5700 6.8C00 14.0000 0.2500 0.01323 2.5C00 3.0C00
8FXIDNEY 6¢0.C0C1 0.23002 3.3C00 6.2000 15.00C0 0.4300 0.0163 5.8500 60.0G00
SFLGINT 3C.CCO00 040500 C.3200 1,7000 4.00C0 0.00C0 0.C062 0.0000 C. 0500
BFLIVER 24946C,.CC39 0.1700 0.7600 6+4UGC0O 31.00C0 C.uCO 0.0526 7.7000 200.000C
BFLUNG 4C.Cc00 0.1000 0.2700 3.59000 10.0000 C. 0000 0.0047 1.0000 2.00C0
BFS™INT 20.0000 0.Cecd 0.1920 2.5000 16.00C0O 0.00C0 0.C040 0.00C0 0.0030
3FSPLEEN 195,C0C0 0.18C C.6400 4.7000 2%.00CC 0.1200 0.00C6¢& 1.2500 3.030C
3FSTC™ 55.0C00 0.,0«090 C.1730 1.£90290 3.4050 0.0000 0.0C2¢4 0.CC00 0.C0CC
3 FTONGUE 5.0CCO 0.0900 0.1800 3.6000 0.0000 Ce 1250 0.0017 2.0000 3.0C00
B8RCFRUIT 5543000 0.0990 C.ub30 1.5000 45,0000 0.0200 0.0099 0.4570 040022
dUFFALD 40,0000 0.0£00 C.1700 447000 0.00CO C.33C0 C.001¢ 0.4700 1C.0000
JUEKAIN C.CCGO 0.1600 0.20C0 2.7000 12.0C00 0el15C0 0.005¢ 2.6C00 C.0%00
YUHEART 30.00C0 0.24CO 1.2000 6.9C00 6.00C0 0.2500 0.007« 2.50C0 3.C3C0
BUKIINEY 335.0000 0.2290C 2.6700 6.2020 15.0000 0.4300 0.0271 3.85C0 60.0CCO
BULCIANT 30.CCC0 0.C3cCC 0.2000 1.2CCO 4,00C0 C.0000 c.CcO1l1 0.0000 0.C000
BULIVER 49735.C0079 0.1700 1.5400 11.2000 22.C000 0.2400 O.02¢6 7.7000 300.0G00
BUSHINT 30.0C00 0.CTLC 0.1690 3.0C00 16,0000 0.C000 0.0C4e 0.0000 0.020C
JUSPLEEN 95.C0CO 0.1200 0.4600 4.5000 30.00C0 C.1200 0.C036 142500 3.¢000
ausTO «C.CC00 0.C29C . 1290 3.5020 0.50C0 0.0000 0.0019 2.0000 0.235C0
CABlHI 36CC.00Cs 0.0700 1309 1.C000 74,0000 0.1600 0.000°0 0.2050 2C. 0500
CAEBCOv 1320.C000 C.C5C0 «0530C 0.2009 47.00%0 0.1600 0.0030 0.2050 20.CC00
CARP 17C.29cC 0.0100 0.90400 1.5000 1.C0CO 0.20C0O ° 0.0C02 0..500 5040000
CASHFRT 25,C000 0.0200 0.Cl00 04000 197.C000 00200 0.0cC00 0.Q760 2.00900
CASHANUT luc.00C0 C.49C0 C.2200 1.70C2 c.C0CO 0.06C0 0.900CC 1.3000 448000
CASSLVS 1¥155.0C39 0.2500 0.4300 2.0000 127.00C0 0.C700 0.0000C C.1C00 20.C0C0
CASSAVA 25C.,0C00 C.04CO c.01C0 0.63C20 41.0CC0 0.1100 0.009C 0.5210 0.0G0C0
CATFISH 1245.C002 0.0300 C.04cC0 0.8000 c.COCC ¢.2000 0.0025 Ce20090 50.0C20
CACLI 0,300V U.1100 0.1000 0.7000 78.C0C0 C.2100 0.,00008 1.C020 30.0C00
GHECERIY 2685.0006 0.0200 0.12uC C.c¢U0 49.0000 0.0600 0.000C 0.4290 7.C0G00
CHICKEN «12.00C0 0.vR00 1600 8.17020 0.0000 0.5CC0 0.00C4 C.9000 3.035C0
CrGl22 . 2000 Q.ue0" 0.2L00 H.EUDu «.00CC 0.0300 0.0019 C.7%C0 00400
CHUIVER 32200.0039 C.31090 444200 1.2000 35.C0000 Ce75C0 0.0270 HeCCON 27C.u000
CCCTVEAT «C000 0.0500 0.0230 0.3C00 3.20°0 0.0440 2.0000C 0.20.v 28.505000
JCCClILK 0.0C00 0.0300 0.C020 0.8u00 2.0CCO C.0320 0.0200 C.0500 C.3200
CQOCONUT C.CO00 C.0%02 0.,03C2 0.4G00 3.0000 0.0440 G.000C C.2200 26,0500
JCRMw 5.0000 0.2202 C.liCO 1.90C0C 5.C20C00 0.425CO 0.0000 «2800 35.C000
CORNY 43%,0000 0.2600 C.1200 1.5C00 16.00C0 C.2500 2.0020 C.58CO 35.CLC0
CRAS 30C.CCCO C.C70C 0.14902 241000 2.0C<C0 C.36000 c.Ccl0or 0.6230 C.C300
cucuv Z50.C000 V.C3C0 Ce 0600 0.2000 11.3000 0.C420 0.v00C 0.2500 6+0500
oUCK C.0000 C.16C0 Ca28S0 E.LCOO0 C.0002 0.50C0 0.G0Cs 0.3002 «CC00
FI e ot C.Cu00 €.08C0 G.1%00 647200 c.20C0 0.5C0C C.0004 C.9000 3.2000

£GOSLCK 2845.0004 0.270C 0.560C0 0.1C00 0.50C0 C.1100 0.0C67 1.4000 8.0000

‘He2
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t.Ccoco
&C0C. 0004
10,0000
425.C0J0
1320.0002
15,0000
35.0000
}. COC0
305.00C0
269.0050
473. 0000
0.0000
C.2000
87.,C000
a5.00cCC
121.Cul0
3000590
1coLZ.0ll

THIZMINE

MG/1C035

0.NeN0
0.1000
0.C60C
0.0900
0.0400
0.1.00
0.C800
0.6400
0.05C3J
0.0600
0.06090
0.C7CO
0.0100
0.C700
0.C960
0.22900C
0.1C00
0.0700
0.0200
0.0600
0.C220
C.0«C0O0
0.c200
0.0920
0.06200
0.0400
0.Cl00
0.0500
0.01C00
C.6600
¢c.1C000
0.0200
Q0.C200
0.0500
0.C700
0.0800
0.0300
0.0200
0.13C0
1.1400
0.420C0
Uel400
0.0800
0.0520V
0.0200
0.54C0
0.01C0
0.2200
0.38C0
C.08C0
0.3CC0

RIBOFLAVIN

¥G/200S

0,4¥0C
0.0500
0.1200
C.1000
0.05%00
0.3%C0
0.1200
0.0200
0.C0600
0.C200
C. 0400
C.3400
0.,07C0
0.1200
0.0500
C.C600
0.7600
0.1100
0.0120
0.1200
0.C290
C.050C
c.eco
C.C520
0.0200
0.1800
0.0400
0.2700
0.1C00
€.2200
C.4400
0.1500
C.Cv%00
0s4LO
0.1C00
0.0300
0.2300
0.05C0
0.16C0
0.1300
C.1600
c.Cgolc
0.C300
0.0600
C.31200
0.1300
0.0100
1.5600
1.7100
02400
3.03¢C0

NIACIN

M3/1C02G

0.1000
0.6000
9.0009
0.8000
0.60C0
$.5000
6.7C00
0.4GCO
0. 3400
0.2000
2.10090
l.6C00
7.5009
4.3CC0
C.9000
0.63C0
1.0300
0.8000
0.2020
0.4C00
0.2000
1.50900
5.7000
0.7C00
043000
0.1000
6.9000
0.1000
5.7C00
2.4000
44,9000
1.5000
2.0C00
0.4C00
c.6CCO
0.2CC0
0.400C
1.00C0
1.2000
1742000
1.4000
C.9C00
0.5300
C.9C00
3.7000
2.9200
0.3C900
5.20C0
9.7000
1.7000
16.4CCO

viT.C

MG/1006

1.0000
5.0000
0.0200
33.0000
4.00C0
0.0C00
0.C000
10.0000
22.0C00
3.0000
126.C000
104.9C00
3.0000
C.CCCO
4.0000
10.C000
120.0000
25.0000
45,0000
21.0C00
52,0090
C.CCO00
0.5C00
47,0C0C
21.C000
1.0000
0.5000
1.3000
0.09200
10,0000
5.0000
0.CCC0
0.0000
25.0000
51.CC(0
49.00C0
89.0C00
7.0039
0+%0C0
11.0000
28.0G0)
77.0000
Bul.C0CCO
18.0000
0.0000
0.0000
0.3600
4.00C0
12.0000
4.0000
23.0C00

v

™.

iTBe

o

/7100

0.%100
0.0810
0.1200
0.1300
0.0750
0.5000
0.5000
0.0680
0.0680
0.0800
0.0170
0.0170
0.37¢C0
0.3200
0.C200
1.2500
G.3500
C.2CCO
0.0800
0.0550
0.0430
0,2100
0.500C
2.02C0
0.0400
0.0400
0.2000
0.0450
Qeu200
2.5800
C.1250
0.020¢
0.3600
0. 1000
0.1000
0.0600
0.0200
0.0240
0. 9400
0.s00C
e 30100
0.1600
042600
02500
C.2000
0.3500
0.0020
0.3900
0.4500
0.00C0
0. 6500

viTtelz2

MG/10CG

0.0040
0.00C0
0.0020
0.0000
0.0C00
0.0C04
C.0004
0.G000
0.0000
0.0000
0.0020
0.0000
0.0100
0.CQl4
0.0000
0.C020
0.0000
0.0090
0.0020
0.0000
0.0020
0.0005
0.0C23
0.9C00
0.000C0
0.0004
0.003%
0.06001
0.0C86
0.0000
0.c000
0.C012
0.0320
0.0CUO0
0.COLO
0.0050
0.0000
0.0009
0.00CO
0.C0L0
t.00CC
C.0C0O0
0.0000
0.0COLU
0.00L0
0.0005
0.0000
0.00.2
0.0121
Ca0d28
C.0cbi

DAG

PANTDLACID rOLIC ACID

MG/ 100G

1.600C
0.2200
0.37CO
2.1300
0.2020
0.9C00
0.9C00
0.30C0
0.3020
0.0759
0.1500
C.1500
0.9700
Ces7020
046570
1.4200
0.3000
0.120C
0.19C0C
0.2000
C.1380

1.50C

CG.24C0
c.1600
0.2300
0.24CO
0.20CC
C.320C
0.7500
0.9750
2.2000
0.12290
C.29000
(«10CO
C.1009
0.2500
0.2180
C.1700
1.25900
Z2.8000
1.5000
Ce /.20
C.230C
C.2710
0.2000
0.6C00
0.C320
2.5000
3.2000
0.000C
6.,600C

MG /190G

740070
10.0C00
10.00C9O
10.CCCO
1C.0CC0

<200
3.CC0O0

2.0200

248000

6.0V

2.LGCC0
2.38C09
£Cc.Co00
10.02922

2.0020

0.uC00
50.0500
10.0600

7.003C
20,9020
7.00C0

2.0000
50.00GC0

2.00C0

6.2000

0.2500
50.0C50

C.3000
50.¢C00
20.43500
20.0000

Z2.03500
i0.0000
1C.000C
10,0009

5.0000
20.03500

2.u000
20,0000
55.0000
200000
27.0000

0.0CC0
0.00G00
50.G000

3.0000

2.5300

3.0000
60.0GC0

C.C200C

22044000

3
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+ART 2.
FOO0n

P I LUNG
PISVINT
P1SPLEEN
PISTOM

P I TONGUE
PIANEAP
POMELO
PCTATO
POTSTWH
PQOTSwWY
PRAWN
PUMPKIN
RAD!ISH
RICEBR
R!ICEGL
RICEwWH
SAKDINE
SESAME
SHALLCT
S MARK
SHRIMP
SNAPPER
S ORCHUM
SOYSEAN
SUGAR
SUGCANEY
SUNSEED
TAMALVS
T AMARIPE
TANGS6
TANGS?

T ARV
THBREAST
TKOI22
TKLIVER
TCVATO
WHEAT
~HEATER
anEATFL
wHEATGM
~ TELON
YAM
BUTTER
CASEIN
CHELSE
LACTALB
03 If IS
Sup

aMP

VIiTeA

Tusi006

71.CC00
30,9200
195.0000
40,0000
540000
15.0000
10,0000
C.0000
60.C0C0O
900.C0C1
250.0C00
1650.0002
0.COCU
0.0000
0.0CCO
C.0VC0
50,2000
25,0000
5.00C0
c,.,00C0
36.0000
5.00C0
0.0900
8C.C0CO
C.CCOD
J.CCR0
50.0C00
2715.0C04
Cc.00C0
50,0000
42C.0000
5.0000
0.0000
0.03CV
177C0.C039
900,C001
1068.0000
C.CCuLC
C.000¢C
C.0000
360,0000
140.,0000
2930.,0004
0.CCOL
1320.0u02
0.0C00
180.600C
50.0L00
1220.0002

THIAMINE

16 /1006

0.1100
0.1700
0.2100
042900
0,1700
0.C200
0.02C0Q
0.10C0
0.G320
0.1C00
0.G700
0.0400
0.C200
0.32800
0.1200
0.1020
0,000
0.5C300
0.040C
0.0200
0.0500
0.,0500
0.3€00
l.10C0O
0.0C00
0.010C
1.9600
Osl80C
0.3200
0.1100
0.0700
0.1800
0.08&20
0.0700
0.2400
0.26290
0.5420
C.72CC
0.2¢00
2.0100
0.C200
0.C400
0.GCCO
0.0820
c.c2co
0.070

O.UelC
0.4170
0.298C

RIECFLAVIN

MG/100G

0.4100
0.3300
0.4100
0.29C0
0.2100
0.0400
0.0100
0.C400
0.C400
0.C400
0.U4LO
0.0520
0.0300
0.1800
0.C6CO
0.C500
0.1C00

+1000
0.,0200
0,C300
0.14CO
0.0300
0.1500
0.2100
0.CCO00
0.0100
0.2300
0.1500
0.1C00
0,02¢0
0.03200
C.C400
0.1490
0.2400
2.4€00
0.0-00
Cel209
0.3500
C.0700
0.680G0
C.03200
0.,0200
0.0100
0.2€00
0.4200
C.4550C
0.170C
1.9700
l.4100

NIACIN

MG/100G

3.1000
2.9C00
444000
2.4C09
3.,4000
0,200
0.2000
1.5000
0.5000
0.€C00
36000
0.60CC
0.22CO
6.6000
2.6CCO
2.,40020
8.1000
Le5CC2
0.3GCO
6.6002
3.1000
3.7000
3.900Q
242000
0.0cC0¢
0.1C00
5.,4000
1.700GC
1.000¢C
0.200C
0.2000
0.9000
8.0CCO
5.900C
15.5000
¢.70:C
5.000%
21.0C00
2.0800
4,200C0
0.20C0
0.500C
0.1co0
Ce240C
0.05C0
C.2C00
0.l0C0
1.1000
c.800C

VIT«C

MG/100G

10.0000
14.0000
29.C0CO
2.00C0
0.0000
17.0CcCO
58.0000
20.C000
£3.0000
25,0000
Q0e0C00
12.0020
25.0C00
0.00920
0.00CO
0.0020
0.5000
0.0000
2.0090
0.0000
0.0C00
1.0C20
0.0000
0.5000
0.0CO00
0.0000
0.00cC0
9.0000
4,0000
20.C0CO
31.000C
10.0009
C.0C00
4.0000
35.0000
23.000.
C.u000
0.0200
0.0030
0.0C2CO
6.0000
22.0000
0.0000
0.0C00
0.0002
0.0C00
1.0009
0.0009
0.C000Q

V1186

MG 100G

0.0000
0.0C00
0.1200
0.0C00
0.28€00
0.0880
0.0600
0.2500
0.2800
0.2180
0.L200
C.0560
C.1l00C
0.55C0
0.1700
0.1700
0,2400
1.2500
0.1000
0.2000
0.10C00
0.200C0
0.32C0
0.8100
0.0000
0.0000
1.25C0
Q. 0700
0.0200
0.0670
0.C670
0.11C0
043250
0.0300
C.7500
0.1000
0. 3409
C.82C0
041000
1.1500
0.0680
0.1100
0.CC40
0.2790
0.0750
0.1200
C.C64C
0e4500
0.39900

viT81l2

MG/1006

0.C007
0.0007
0.0055
0.2C99
0.0028
0.000C
0.0000
0.0000
0.0000
0.0000
Q.00l2
0.0000
0.0000
0.0000
C.0C00
0.00C0
0.00i8
0.0000
0.0000
0.0010
0.0080
0+1000
0.0C00
0.00GC0
0.0CO00
0.0C00
0.CC20
0.00090
0.0G00
0-0000
0.0000
0.0000
040006
0.00L9
0.0279
0.0000
0.20C0
0.000C
0.0000
0.0000
0.0000
0.0000
0.0000
0.0C71
c.0013
0.v050
0.0C0¢
0.CC34
0.0026

PAGE 23,

PANTO.ACID FJLIC AJID

MG/1C0G

1.00C0
0.CCO0
1.2500
¢.0000
240000
Ce1600
02500
0.3800
C.8200
C.B2CO
061323
04000
C.1800
1.1000
0.55C0
0.5500
1.00090
2.7600
0.1000
G.2CCO
0.2800
0.2009
1.1000
1.7000
C.0000%
0.0000
1.40G0
02000
Celt30
0.2000
0.2C00
0.5210
0.7480
0.9090
6.0000

3300
1-100C0
2.5000
0.8000
1.2000
0.3C00
046290
0.2300
0.3€00
0.2700
C.72CO
0e3469
2.8800
247300

MG/L1O0G

3.0000
0.0C00
3.0C00
0.0C00
3.0000
5.0000
3,8000
6.C000
10.00C0
12,2000
240000
6400600
1C.CC00
10.0C00
10,8000
C.00C0
5C.0C0¢C
0.3GC02
10,0080
5C.CC00
2.0000
50,0000
10.36C0
55,0000
0.0500
0.C0G00C
0.%0020
20,0000
0.0000
0.03000
0.0000
10.6509
2.0000
C.0000
72060000
5.0C00
39.06000
14,0000
14,0000
14,0000
2.0000
2.0000
C.03500
34,0600
9.5009
27.0G%0
C.2e¢22
4euCRO
146000

*9¢e



PART 3.

FCOD

ANCHOVY
3 AMSHOOT
B ANANA

B EANBRD
8 EANSHAP
B EANYORCE
YEEF

8 FaLceo
BFBRAIN
3 FHEART
BFr1DNEY
BFLGINT
BFLIVER
B FLLNG
BeSINT
SFSPLEEN
3FSTLM
B8 F TCNGUE
BROFRUIT
JUFFALO
BUBRAIN
BUREART
BUSIDNEY
BULGINT
BULIVER
BUS™INT
BUSPLEEN
BUSTOM
CAEBCH]
CAuCCH
CARP
CASHIRT
CASHNLT
CASSLVS
CASESAVA
CATFISH
CAUL!
CELERY
ChrICKEN
CrnGlae

G RIL INER
COCLMEAT
CoCOMILK
CuConuT
CCRNuWH
CCkny
CRrRAR
CuCum
bDucCk
DUCKT

2 G6I0UCK

ISOLENCINE  LEUCINE

MG/G M.

33040000
162.0000
181.0000
250.0000
271.2000
144,0C0C0
301.0CJ0
79,0000
297.00C0
297,C000
297.0800
257.2C00
297.CC00
297.CCCO
297.0C00
297.0000
312.0¢C00
297.0000
419,00C0
23,0000
297.C000
297.,0000
297.09000
297.20C0
2%7.8000
297.C020
297.00C0
312.0000
350.C000N0
193 0eld
2€9.CC0C
54,0000
3240080
3vz2.cccc
175.CCC0
239.CCC0
302.0000
246,3CCO
334.C0000
2200000
AV CLCC
244 .CCO0
131.0u00
23C.L0%0
227.0000
230.00C0
291.000
1964.00050
L14.L000
417.3C00
350.0¢C0C

MG/G te

551.0001
281.0000
29440000
443.0000
«ge,C000
21e.2Cu¢e
507.000G
1115.0002
543.C0C1
543.,0001
543.0001
$43.0001
562,001
543.CC01
£43,0001
€43.00V01
549.CC01
543.G60C1
463.,0CCO
425.C000
543.C001
542,0001
543,0CC1
542.0001
542.0001
5643.C0001
543,0001
549.C001
352.0000
331.0000
499,C0CC
1z2E.0000
512.0001
536.C001
ZaTaCCCO
499.CCCO
635.0000
425.0C00
463.CUCH
S60a 000
592.CL01
wl9.8CC0
435,C0¢C
450.0000
745.0001
783.,39001
542.C001
263.0000
575.C001
57%.L001
605.,0C0Q1

LYSINE

MG/C N

563.00C1
281,000
256.0000
404.00090
465.CC00
32,0000
556.0001
77C.0G01
454,C000
454.0000
4564.000C
45440000
4. ,0C00
&54.CC00
Lc4,0000
45440000
«1C.0CU0
454,0CC0
36€3.000¢C
465.0000
454,0000
4564 .,0C00
454,0000
656.CC20
«54.,00C0
454,800
«84,0C00
410.000C
369.0000
194.,0CC0
552.0CC1
lie.0CCU
287.0C00
39C.CCUV
259.0C20
§52.0CC1
356.000C
150.0000
£97.0CC0
472.00C9
512.0000
229.CCC0
250.0CC0
223.0L00
313,000
167.0000
493.0C20
273.0000
621.L001
£oC.0C01
6485.00C0

METHIONINE

MG/G Ne

19440000
81,0000
125.0000
46,0000
69.C00C
6€.ULID
169.0000
97.000C
225.0000
114,000
225.0C00
114.0000
300.0L00
114,CC00
181.L000
1l4.0000
162.00L00
250.0000
75.00CC
141.0000
229.0C00
114.0000
225.00CC
1€2.0000
303.C200
182.CCCO
114.0000
162.0000
37.0000
65.00C0
231.000C

C.000C
94,0020
105.C000

2.0C00
231.0000
$9.0000
13b.0000
157.000C
127.00C0
1560006
12u.LCCOo
75.8CCU
11C¢.0000
142.0000
123.0200
182.0000
53.0000
1 9[58R TR0
196.0000
301.0000

CYSTINE

MG/S Ne

76.0C00
56.00C0
169.0C00
50 2CC0

S0
19,9290
80.uLC0
136.0000
9e.0C0O
9e.0C00
98.0000
98.C000
ge.ceeo
98.¢Loo0
S€.0C00
98.C000
23.0000
98.20u0
54.0C00
67.C000
98.CLOO
98.0CC0
98.C000
9L.C0OCO
98.C002
98.CLO0
98.0CCO
23.0C00
70,0000
70.0000
77.0CC0
36.0C00
250.00C9
69.0C00
9C.CLBO
77.02C00
50C.Vu00

6.Cu00
82.C00C0
v3.ul09
125.c0C0
76.CL00
110.0LC0
110.0v00
39.2.00
97.9C00
79.2C00

60U
102.0000
103 ..000
106.0C00

PH/ALANINE TYROSINE

MG/G Na

289.0000
162.0000
244,0000
270.000C
337.C000
387.C000
275.C000
59C.LC01
282.0000
2%2.0000
282.0000
252.0000
263.0C00
252.0C00

27.0020C
252.0000
274.0000
212.2000
519.CC01
23%.0000
282.C000
292.CC00
282.0000
237.C000
264.CC0C
235.C200
252.0C00
274.0000
187.0000
189.0000
226.0030

ee.0C00
266.00C0
34540000
156.0C00
224.0000
225.00C0
281.0000
250.7000
32747000
281.,0000
223.0C00
c80.0000
25040C00
318.0000
30540900
25240090
las,.0000
313.0020
313.0CC0
3ee,Ccon0

MG/C N

242.0000
131.00C0
163.0000
2C00.0000
163.C0C00

8l.0LC0
225.0000
350.C0C0
194.2000
194.CCULO
19440CC0
194.C000
1944C0CU
1944C000
1%4.0000
194.000C
2595.000Q0
194.0000

48.,000C
188.0000
154.0000
194.0000
194.00C0
194.C000
194.2¢0D
194,000
194.0000
255.L00C
115.C0u0
115.CCL0
2G7.0000

26,0000
l6a0.CUUT
245,0020
102.C000
297.0000

88.00C0

8l.0c00C
209.0000
188.0000
205.C009
167.CC00
167.0C00
167.0000
107.0CG0
239.0000
227.0000

81.00C0
26140000
262.0000
J36.060C0

THREONINE TRYPTOPHAN VALINE

MG/S Ne

321.000C
175.0000
213.0CC0
22C.2050
256.00C0

34,0000
287.,0000
#55.0000
250.0000
220.000C0
250.0000
250.0000
250.0000
250.0C00
250400C0
250.0C00
30040000
250.0000
425.0000
24140000
250.0000
250.0000
25C.0000
250.C000
250.2000
250.0000
250.0000
30040000
206.0000
225.00¢C0
274420600
107.0000
203.0CCO
292.2C00
165.0C00
274.0000
2640000
212.0002
2648.0000
3020000
370.400C¢C
212.00C0
l06.000¢
19040000
370.0000
225.0000
285.0000
163.0000
311.0000
310.0000
«33.,0000C

¥G/G Ne

67.0000
7440000
74.CC00
5C.00CO
63.20C0
75.COCC
7C.00C0
146.0000
94.0C00
86.0000
88.00C0
86.0000
1n0.00C0O
86.0230
69eISICR9
86.0C00

0.CO00
82.0030C
111.0000
59.0C00
94,0000
86.0CC0
94.C0CC
£9.00C0
100.060%9
69.00C8C
86.0000

0.0000
63.C000
46,0000
64,0000
1840020
115.00C¢C0

1.2000
72.C029
64.CC00C
862000
81+00G0
644C000
63.00C0
£8. 0070
68¢5C350
69.00CO
13¢.G060
37.0000
44,0000
72.0030
«8.0000
80.0000
20.0000
8l.CLCO

M#o/C Ne

3540000
231.,0000
250.5000
275.0C00
256.0500
1724.C00CC
313.C000
750.0C01L
398.CC00
298.0CC

358.50C0
378.C0C0
368.0000
398.C0CC
298.6009
32948.,06C000
356.00C00
39£,00C0
428.C5003
262.G0C0
398.C000
398.000C0
398.0CI0
292.090u2
36840252
298.,500C
398.35000
356.5000
275.50C00
263.60C0
4C4«T200
134.5000
35240000
358.22C0
20%.06020
43440000
3647.COD

305.00C20
318.€000
37445000
37C.07%00
335.2000
275.0C00
35045000
387.0000
303450020
299.5000
213.3000
3G6.CC00
392.50C

467.CG000
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PART

FOO0D

E GGHEN

E GGPLANT
F ROG
GARLIC

G INGER
GQCSE
GOCSET
SOLRrRDYR
GCOURDWX
GRAPE
GUAVARD
GUAVAWH
HERRING
HORSE
JACKFRT
JCKFRTSD
KALE
LEEX

L EMON
LETTUCE
LIME
LOSSTER
MACKSP
MANGO
MELCN

M1 LXAUFF
MILRE]SH
M ILNGOAT
MULLET
MUNGSEAN
MUSHRUCM
PUSSEL
QCTCPUS
OANTCNBY
JANITONGR
ORANGE
FARPAYA
PEACH
PEACHICK
P EANUT
PEAPIG
PEASHT
PEPPERGR
P EPRERRD
PEPCH
PIG
P1PLOCD
P wEART
PIKIDANEY
PILGINT
PILIVER

w

ISCLEUCINE LEUCINE
MG/G N MG/C Ne
393.00C0 551.0001
270.0000 38ue0CO00
319.0000 489.C000
923.C000 169.C000
2.0CC2 0.0CU0
339.,0000 460.0000
427.C0C0 S575.cCC01
50.0000 120.00C0
50.0000 130.0000
50.¢C00 130.00090
180.C000 25C.00CD
18(¢.C000 250.0000
330.,0C00 551.0001
£J6,0LCY 5%4.0C01
27.0C00 63.0000
300,0CCO 331.0CVLO0
375.00C0 413.0000
4264C0C0 375.0000
168.0L00 328.06000
238.00C0 394.0000
195.C030 328.0000
256.,C000 535.C001
2T77.CCCC 425.CC00
75.9C00 175.0000
50.0000 130.0C00
33440000 631.0001
230.2000 551.0C01
328.00200 529.0001
293.0000 446.0C00
€7.0000 4SC.00V0
lat,.CCO0  232cC.CCu0
295.0CCO0 «83.0CC00
231.C00C 270.C000
93,0CC0 1€9,0000
93.00C0 169.0000
180.0C00 170.000C
63,000C0 146.0000
100.0000 220.040C
277.0000 46E.QUOO0
211.0CI0  4U00.0L00
194.C0C0  394.3003
26C.TCCL  435.0C0)
239,C000 239.00C0
239.0000 239.0000
293.0000 446.0000
256.9CCO0 563.0C01
5649000 1160.00C2
30C.,C0CCL soC.CCGC
275%.C000 H2u.COUV]
225,0000 321.000C
325.,000C 60C.%C01

LYSINS

MG/G N

£26.0%00
232.0000
620.0001
288.C000
C.0000
497.0000
€20.0C01
127.0C000
137.003390
160.C000
1€€.0000
188.00CO
563.C001
€25.00C01
63.0C00
363.C000
287.0000
40C.0000
219.0C00
22E.0000
117.0000
591.C0001
539.0C01
651.00C1
169.0009
459.0000
563.0001
327.0000
59C.0001
45640000
28v.CCCO
498.C009
530.0001
2€5.0C00
223.0C00
330.0900
292.,0000
230.0000
428.0000
221.0000
4H81.0000
456.0C00
260,6000
260,0000
590L.00CL
£25,0001
743.0001
£55,00C1
439,Q000
LEB.0000
425.C000

METHIONINE

MG/G the

z2iC.C000
71.0000
207.0000
7442000
0.0000
157.0000
19¢.c00C
50.00C0
50,0000
210.0C00
60.0000
60.0000
1G4,0000
175.0C00
9.0060
50.0000
56.000C
100.00920
94,0000
112.0C€00
16.0000
200.L000
152.0C00
63.0000
l12.0000
167.0C00
194.0000
€4.00C0
17t.0UC00
69.0000
29.0C00
171.CC00
150.0000
74,0090
74,0000
94.00900
10.0000
240,0000
65.0C00
72400900
32.0000
58.0C00
£3.0000
83.0CCO
178.CCCO
l1eg.00C0
2.9000
164,0000
146,C000
144.02000
150.0000

CYSTINE PH/ALANINE TYROSINE

MG/G Ne

152,90000
33.0C00
54,0000

400.000C

2.0C00
82.0G600
103.00CC
6C0.0u01
600.CU01L
10C.00L00
£4.0000
54,0000
76.0000
elr.oo0co
18.00C0
63,8000
6.0000
406.0LC0
157.C300
6.0900
78.CCCO

144,0000
68.0000
5C.CUCO
54,0000
8¢.00C0
7642000
45,0000
7440000
38.UL0U

2.0000
99,0000
52.00C0

400.0L00
320.C500
75.00C0
42.00L0
59,0000
7440000
78.0L0U
&i.3000
€0.0U000
86.0000
88.0000
74.C000
ge.lvov
112.50C0
63.50CC
63.0000
£l.0000
E9.00C0

MG/G N

358.0000
26040002
244,0000
175.0000
0.0000
250.0000
312.0000
100.2200
100.6000
130.0000
150.0000
150.0000
299.0000
238.0000
45.0600
25640000
356.00C0
2C0.00C0
1e8.0200
319.0000
195.0000
293.0009
212.0C90
125.0000
100.0U0CU
281.0000
2%99.7000
236.0000
235.0000
3¢9.000V
130.0CC0
259.0000
162.0000
175.0000
56.0000
230.0920C0
104.0000
1400000
3:8.0000
3)1.00C0
S17.0001
275.0000
285.0000
28%.0000
23%.0000
288.5C00
592.2001
288.0:000
2E8.C000
262.0000
2E8.0000

'4G/G Ne

26040000
240.0C00
375.0000
200.C000
0.0000
209.0000
262.0C00
300.0C00
300.0800
110.0000
240.0CC0
240.0000
242.0000
231.0000
18,0000
118.C000
81.0uv0vV
155.CL00
265.0000
159.0000
133.0¢CCO
381.C000
224.CC00
50.00u0
48.00JU0
313.0000
262.,0GC0O
<01.090v0
229.0C00
106.0000
120.0L00
260.000C0
188.0000
20C.0000
156.00C0
132.000Qu
42.0000
16C.0u0U
183.C0C0
26440000
125.0000
194.0000
238.,0000
233.0000
229.0000
267.9000
315.0000
121.0000
152.0000
169.0000
205.0U00

THREODNINE

MG/G Ne

320.C000
230.CL00
2570000
93.0000
0.0000
248,.,0000
310.000690
3¢9.00CC
300.0000
170.0C00

51.0000"

51.00C0
321.0000
2446 .0000
S4.C000
269.,09Nn0
287.0000
194.0000
183.0000
256.0000
196.0000
275.0000
26 7.0000
150.CC00
944000
358.00C
321.C000
2% 20060
2644000C
213.0000
170.Q200
293.0000
194.,0000
93.0000
155.0002
94,0000
125.0000
212.0000
235.0000
163.0000
182.0C00
235,900
260.0000
260.0000
264,0069
319.0000
418.0000
257.0000
269.0600
287.0000
3260000

TRYPTO"'HAN

MG/G N

92.€370
64,0030
63.0000
93.00C0
0.0000
64.0000
8C+C000
38.00¢CC
38.0000
25.0000
60.0000
6C.900C0
$7.0000
63,0000
13.0000
€69.0CCC
75.C020
56.C0C0
A3.00CC
50,0020
23.00C0
560000
74.0000
119.0020
25.C000
92.05C0
67.9000
75.C00C
58,0200
37.0200
644CO20
81,0060
69.00C0
92.008
93.00C0
44,0000
83.00C0
29.2000
54.C0CC
65,0020
35.0000
€3.0100
42,0020
4240000
68.00C0

89,0002

136.002¢C
56.0000
8840000
65.C000
69,0000

.

VALINE

¥G/G N

428.00CO
32060000
3C64C000
138,2000
C+0000
318,000
392.3500¢C
30C.0000
3C¢0.C000
170.06000
250.0000
25C.10U9
384403500
313.0000
67.3000
413.05200
325.00C0
254.50C00
26%.303C
338.2000
2¢€5.00C0
282.3000
413.002C0
167.C0C0C
147.02C0
3804500
384.2C00
4C4.5000
405.5000
32C.C000
160.50GC
391.5030
642.5001
128.5000
925400201
242.50L9
154.3000
21C.0000
28445020
2€1.000C
225.GCC0
266.20C0
166.6000
165.GC0C0
45540000
388.35CC0
72546001
362.C0C00
414.3000
338.3C0
3e7.0C00

*g¢c
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¥000

P ILUNG
P1SMINT
P! SPLEEN
PISTCM

P I YONGUE
P INEAP
PCMELO
PCTATO
PQOTSTuH
POTSWY
PRAAN
PUNMNPCIN
RAD!ISH
R1CEBR
RIJEGL
R1CEwWH

S ARUINE
S ESAME
SHALLOT
SHARK
SHRIMP
SNAPPER
SCRGRUV
SCY2LAN
SUGAR
SUGCAANEYD
SUNSEED
T AVALVS
T AMARIPE
TALGSE

T ANGS7

T ARO
TKHREAST
TXGI122
TrLIVER
TCvATO
whEAT
wHEATHR
WHIATFL
WHEATGH
a TwELON
Y AM
SUTTER
CASEIN
CHEESE
LACTALS
B
SvP

NP

IS0LEUCINE

MG/G M

378.,0000
225.7C00
378.0L000
378.0CCO
3.2.C000
94.0CCO
200.000¢C
236.0000
230.C000
239.00C0
200.00L0
2ol.0CCC
20u.C0C0
238.0000
232.0C00
262.9000
361,0000
226.8GU0
93.000C
434,000
220.C000
293.CCQ0
245.CC00
286.0000
0.C000
63.C000
267.CL00
331.0CcCQ
50.0CC0
160.3C00
160,CCO0
219.8000
319.200C
3le.0CCO
250.00C0
112.,00C0
20440000
2C9.CCCO
228.2CC0
22%.7000
T5.000C
22440000
370.0C00
345.0000
329.C0000
450400090
3¢¥.00LC
Je8.CLCO
35060000

LEUCINE

MG/G Ne

520.0001
331.C000
520.00C1
520.00C1
462.2000
218.0C00
337.00cC0
377.03C0
340.,00C0
340.00C0
420.00LC
325.0000
L19.0C00
514,0CC1
544.,0C01
514.0001
606.0001
419.00L0
169.3C60
534.0001
418.CuC0
L45.0000
g32.0c0l
485,0000
G.0500
63.CCCO
4Cl.CCCO
581.0¢C1
130.00C3
14C.0002
140.00L00
460.2000
475.20090
538.0001
565.0CC1
169.0000
1740000
415.00C0
4L«0.0UCC
4322.,0000
175.0000
“«06.,0000
706.0001
6C7.C00C1
66£1.0001
722.0001
6T7T8.0001
59C.2001
61v%.0001

LYSINC

~

MT/G N

C

529.0001
488.00C0O
£29.0C01
€29.C001
638.0001
225.0C0C0
212.0¢00
269.0G920
214.0C00
214.0090C
5C¢5.000C
270.LC30
269.0C0C
237.00C0
243.,0000
226.0000
618.0801
171.3C00
288.0000
603.0C01
393.0CG0
590.0001
12¢6.0000
359.CCCO
0.CCN0
63.CC00
225.C000
369.0CC0C
312.0000
300.C000
3GU.0CU0
24140000
570.0001
475.,0000
505.00C0
175.0000
179.7000
27040000
130.0000
«Cl.0c0C
25.00C0
255.0000
502.0000
518.0001
5£3.C0001
tlz2.CCcl
£35.0000
45,0000
453.0000

METHIONINE
MG/G N MG/G Ne
159.0000 85,0000
146.,0000 81.0000
159.00C9 85.C000
159.0000 85,0000
119.v000 94,0000
47.CCCU 63.0V0Q
87.0000 125.00C0
81.00350 37.C000
106.020¢C 69,0000
106.0030 69.20C0
188.0000 75.0000
Y4.0000 330.0000
54,0050 116V.00C2
145.0000 67.20C0
137.060¢C0 75,0800
133.0000 96.2000
2.3.06000 83.0000
176.0000 13,0000
74,0C30 &00U.0UCO
173.0000 57.0000
187.0C00 17%.00C0
178.0000 76440000
87.0000 944000600
79.900¢C 83.72CC0
0.C000 0.00C0
0.G000 Q«C000
119.0000 93.00C0
L44,0000 56400G0
31,0000 54400C0
17¢.9000 5640000
170.0L00 5640000
66,5000 163.0000
163.93500 653.CC00
137.2000 63,2000
156,0000 125.00C0
37.00C0 27.0000
Pa.LHEN  HPLTTOC
102.0000 14B.0CCO
91.0GCO0 159.CCC0
122.0000 1132.00CO0
Ge0000 50.0000
10C.0000C 72.0000
214.00C0 64.0000
178.C000 23.0u00
18%.0000 2745000
156.00C0 237.300¢
le3eLile 434CUDL
169.CU00 69.C00C
161,020 59.00C0

MG/G Ne

302.0000
262.0000
302.0C00
302.0000
288.0C00
156.GC00
2C0.C000
251.02000
261.0000
261.20C0
388.0C00
2C%,0000
2¢€9.ccC0
322.0000
337.C000
303.5000
317.0000
277.0000
175.0000
25840000
237.0000
23%5.0000
3C6.0C0C
309.0090
c.CCO00
£3.0000
278.5000
388.,0C00
100.0000
180.9000
180.CCCO
316.2000
226.0700
324.,0000
280.0000
11..0C0¢C
287..0C00
263,000
204.0CC0
257.0cC00
125.C000
300.6000
396.,0000
332440000
337.0000
3%GeL00U
350,000V
3070000
303,000V

CYSTINE PH/ALANINE TYROSINF

MS/G Ne

215,0000
169.C000
215.C000
215.0000
19440000
63.00C00
212.0G600
171.0¢00
146.C6000
145%5.0000
150. 00V
El.utuv
125.CCC0
218.9000
212.0C00
20C.0CU0
265.0060
195.0000
200.0CCO
231.C000
231.0C00
229.Cuv0
167.0000
196.0C00

0.0000
63.0000
118.,0000
219.0C00
48.000U
81l.000V
81.0u00
22649000
94.0500
187.0000
206.0CC0
81.0600
187.0000
197.0000
165,0000
194.0000
50.0CC0
2C1.0000
L5U.0000
371.C00C
245.0009
32U.00U0
318.0ulv
282.C000
311.0000

THREONINE TRYPTOPHAN VALINE

MG/G Ne

282.0000
387.0000
282.0000
282.C0200
305.0C00
187.80C0

2560.0000 |

235.0000
236.0000
236.0000
27040008
169.8000
231.€002
264.0C00
243.00C0
207.00020
352.0C00
223.0000
93.000°0
257.0000
26343000
2€4.0C00
189.0500
261,0CC0
2.0000
125.0000
230.0000
288.00CY
9440000
110.00600
110.9000
257.0000
2556.0C00
3¢L.ClCCO
368.,0000
138,0000
183.0000
223.C0000
16840000
265.0000
150.0020
225.0000
2892000
297.0020
«57.CC00
338.0000
269.00C0
275.0000
263.00C0

MG/G N

81.2070
69.0030
3140000
21.0029
87.03C0
78+0300
52.0000
102.00C0
107.00C0
107.2600
112.90CC0
70.00CC
23.0030
78.C000
81.0200
8440000
73.9000u
84.00C0
93.203¢C
7C.C000
4L6Le0200
58.0C200
76.20C0
€EC.2CCO
0.00020
0.0030
85.000CC
91.0C00
37.0000
75.0000
75.000C
88.0000
56.0000
63.00300
88.002¢C
52,0000
58,0000
80.0C0"%
sv.0c.C
66.C000
12,0000
30.0CCC
76.0000
1630000
77.0009
156.0030
92428000
8840000
89.00C0O

MG/G Ne

372,00C0
338.G0CO
372.5000
372.G0C00
350.08090
22440000
76,0000
2%2.03500
2¢2,5009
283.G0G0
252.5020
308.02403
294,C2CD
346409000
337.0200
26l.00C0
42045000
288.5009
125.00C0
346400060
250.500¢C
405430302
313.0000
39C.00L0

0.0009
125.G0C0
317.5000
36245000
147.6CCO
293.5300
252.G0C0
382.00GC0
217.06C9
368.5000
268.0000
131.00C0
276.4000
315.060359
2.8.,0000
31¢.5000C
167.00C0
2914800
511.0200
43C.00200
494.72009
«21.50C0
4475950
34€8.%5020
£02.0CL0
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APPENDIX 2

DAILY NUTRITIONAL REQUIREMENTS

The nutritional requirements of the Thai population for
each of 26 nutrients are given in Table A.1. The requirements

are given by sex and age group.

The weighted average nutritional requirements for each
nutrient were calculated from the daily requirements quoted in
Table A.1 and the 1970 population data shown in Table A.3 (see
Appendix 4).



Table A.1. Nutritional Requirements by Age Oroup

Children Males Fenales
fiutrient Unis
0-1  1-3 4.6 7-9 10-12 12-15  16-19 20-29 30-39 L0-b9 50-59 69-69 70+ 13-15 16-19 20-29 20-39 40-h9 50-59 60-69 70+  pregnant lactating

Protein g 10.2 17.5 25.8 30.8 36.0 50.0  63.5 ¢ 6.7 N 52.8  58.4 55.5 1 25
lalnries Kcal 660 1200 1500 1900 2300 2800 3300 2550 2450 2350 2200 200 1750 2355 2200 1800 1700 1650 1500 150 1250  200° 1000
Calciuz og 600 500 500 500 700 7200 500 " 500 » 7200 500 4 500. 200° 200
Iren cg 6 4 4 4 g 11 11 ¢ 6 16 16 P 16 6 2¢ 3-
Yitamin A iu 1000 850 1000 1350 1900 2400 2500 2s00 & 2500 d 1500
Vitasin 3 cg 20 20 20 20 20 " 30 20 20% 20
\itazin B6 og 0.4 0.6 0.9 1.2 1.4 .6 1.8 2.0 > 1.6 1.8 2.0 » 0.5° 0.5
/itazin Bi2 ng 0.3 0.9 1.5 1.5 2.0 2.0 " 2.0 N 0.5
Fartotheaic acid mg 2 3 4 bl 6 + 3 > 8 d a
Folic acid rE 50 100 100 100 100 < 200 < 200 s 200% 100
Fat® g 0.2 { 9 FAT/CAL { 0.35 4 d
cibre® g 6 { Fidre { 15 d d
Riboflavin® ag greater than 0.4/1000 Kcals d d

azine® zg greater than 0.55/1000 Kcals d d
iacin® og greater than 6.6/1000 Xcals I3 d
Fnoa:horuae cg 0.8 $ CA/2 S 1.5 2 d d
Azino acida® og/g.N egg pattern valuea d L d

a. extra allowance for 2nd and 3rd tricestres only.
b. extra allowance for 3rd trimestre only.
c. extra allovance for total pregnancy.

d. no extra allowance.
e. standard allowance for all acev groups.

‘Lhe
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APPENDIX 3

RAW MATERIALS USED IN THE NUTRITION PROBLEM

A complete listing of the 1571 raw materials used in the

linear programming application to the nutrition problem is given

in Table A.2.

The order of the raw materials in Table A.2 is the same as

the order used for the compositional tables shown in Appendix 1.
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Table A.2., Complete listing of Inaigenous Thail food raw materials and N.Z. milk
products used in uutriiion problem.

Anchovy
Bamboo shoots
Banana

Eroad becan
Snap bean

Yard long bean
Beef

Beef blood
Beef brain
Feef heart
Bzef kidney
Beef large intestine
Keef liver
Beef lung

Reef small intestine
Becf spleen
Reef stomach
Beef tongue
Breadfruit
Buffalo
Buffalo brain
Buffalo heart
Buffalo kidney

Buffalo large intestine

Buffalo liver

Buffalo small intestine

Buffalo spleen
Buffalo stcmach
Chinese cabbage
Common cabbage
Carp

Cashew fruit
Cashew nut
Cassava leaves
Cassava
Catfish
Cauliflower
Celery

Chicken
Cricken gizzard
Chicken liver
Coconut meat
Coconut milk
Coconut (whole)
Corn (white)
Corn (yellow)
Crab

Cucumber -
Duck (meat)
Duck (whole)

Egg (duck)
Egg (oen)
Zoeplant
Frcg

Garli:

Ginger

Goose (mcat)
Geose (total,
Gonrd {wax)
Gourd (bottle)
Greape

Guava (red)
Guava (white)
Herring

Horse
Jackfruit
Jack fruit seed
Kale

Leek

Lemon
Lettuce

Lime

Lobster

Mackerel (sperish)

Mango

Melon
Buifaleo milk
Milk fish
Goat's milk,
Mullet
Mungbean
Mushroom
Mussel
Octopus
Onion (buib)
Onion (green)
Orange
Fapaya

Peach

Chick pea
Peanut

Sweet peas
Pig peas
Greeu pepper
Red pepper
Bezeh

Pig

Pig blood
Pig heart
Pig xiduey

Pig large intestine
Pig liver

Pig lung

Pig small intestine
Pig spleen

Pig stomach

Pig tongue

Pineapple

Pomelo

Potato

Sweet potato (white)
Sweet potato (yellow)
Prawn

Pumpkin

Radish

Rice (brown)

‘Rice (glutinous)

Rice (white)
Sardine

Sesame

Shallot

Shark

Shrimp

Snapper

Sorghum

Soybean

Sugar

Sugar cane juice
Sunflower seed
Tamarind leaves
Tamarind
Tangerine 56
Targerine 57
Taro

Turkey breast
Turkey gizzard
Turkey liver
Tomato

Wheat

Wheat bran
Wheat flour
Wheat germ
Watermelon

Yam

Butter

Casein

Cheese
Lactalbumin
Milk

Skim milk powder
Whole milk powder
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APPENDIX 4

DISTRIBUTION OF THE THAI POPULATION (1970)

The age groups used in nutritional requirement tables and
demographic tables were not in agreement. The population numbers
within each nutrition age group (see Appendix 2) were derived
from the population distribution given in the U.N. Demographic

Yearbook (1970).

The derived estimated 1970 population distribution is
given in Table A.3 together with the method used to obtain these

estimates.



Table A.3.

245,

Demographic data - the calculation of the population

distribution of Thailand.

Estimated

Age Group Derivation from age group in U.N. 1970
(years) Demographic Yearbook (1970) population

x 1000
0-1 no change 796
1-3 0.75(1-ky) 3545
-6 0.25(1-4y) + 0.4(5-9y) 6807
= 0.6(5-9y) 3120
10-12 0.5(10-1b4y) 2012
13-15 male 0.5(10-14y)males + 0.2(15-19y)males 1018
13-15 female 0.5(10-14y) females + 0.2(15-19y)females 994
16-19 male 0.8(15-19y)male 1317
16-19 female 0.8(15-19y) female 1290
20-29 male (20-24ky)male + (25-29y)male 2913
30-39 male (30-34y)male + (35-39y)male 2053
Lo-49 male (hko-bhy)male + (45-L9y)male 1383
50-59 male (50-54y)male + (55-59y)male 9432
60-69 male (60-6Lky)male + (65-69y)male Lop
70+ male no change 232
20-29 female (20-24) female + (25-29y)female 2930
30-%9 female (30-3Ly) female + (35-39y)female 2018
Lo-49 female (Lo-Lhy) female + (45-49y)female 1363
50-59 female (50-5khy)female + (55-59y)female 967
60-69 female (60-69y) female + (65-69y)female 529
70+ femal? no change 321
T (796 + T35 x 1000 120
ng;zﬁing (22%§§_§) x 1000 531
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APPENDIX 5

SOLUTIONS TO THE LINEAR AND GOAL PROGRAMMING
APPLICATIONS TO THE NUTRITION PROBLEM

The levels of raw materials and nutrients in each solution
from the linear and goal programming runs are given (see Chapter 3

for a full description of these computer runs).

The solutions are given in 4 tables as described below:
Table A.4 gives the levels of raw materials in the solutions to the
linear and goal programming runs using only indigenous raw
materials.
Table A.5 gives the levels of raw materials in the solutions to
the linear and goal programming runs using indigenous raw materials
and N.Z. dairy products.
Table A.6 shows the levels of all nutrients except amino acids in
the solutions to the linear and goal programming runs.
Table A.7 shows the levels of the essential amino acids in the

solutions to the linear and goal programming runs.



Table A.4.

Food Raw Materials in Solution (grams)

Amino Acid Bounds

Indigenous Thai Food Raw Materials Only

(% of Egg Pattern)

80-120%

85-115%

0-110%%

95-105%

Goal Prograz

on amino
acids

Goel Progran

on whole
problen

Glutinous rice
Pumpkin

Banane

Cocoirut ueet
Celery

Xale

Broad beans
Bamboo shoots
Shank

Beef liver

Lo,z
250.1
154.6
112.1
101.2
53.8
31.6
£5:7)
11.8
3.3

Glutinous Rice
Pumpkin
Banana
Coconut meat
Celery

Kale
Tangerine 56
Broad bheans
White corn
Shark
Coconut

Snapper

L49.6

198.7
169.3
108.1
95.4
81.0
L42.8
35.2
34.9
10.2
L,7
17

Glutinous Rice

449.1

Chinese cabbage 220.6

Tangerine 56
Banana
Coconut meat
Broad beans
Xale

White corn
Pumpkin
Shark

Secame

Beef liver

Snapper

2141
135.7

98.2
38.5
33.5
30.0
25.2
11.4
10.4

1.6

0.9

Tangerine 56
Fed pepper
Coconut

White rice
Chinese cabbage
Duck egg

Sugar

.Cuava red

Clutinous cice
Radish

Sesame

Shark

Broad beans

Buffalo liver

276.7
215.7
171.5
154 .2
119.8
73.3
58.2
27.1
2057
20.2
14.7
14,7
12.6
6.5

Sugar

Hen's eggs
Celery

Guava white
Lirme

Red pedpar
Peach

Leek

Chinese cabbdag-
Tangerine 56
Buffalo liver

White sweet
potato

Lemon
Peanut
Coconut

Sesame

Fgg rlant
Vhite rice
Goe.l milk
Sagar
Tangerine 56
Bamuco shoots
Ceef tongues
leach

Cceonuc

Radish

Red pepper

Broad beans

284.4
229.8
188.3
124.2
115.5
98.4
93.4
71.1
1:7.14
37.3

20.2°

18.3
14.5
11.5

6.5
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Table A.5. Food Raw Materials in Solution (grams)
Inclusion of Dairy Products
Goal Progran Goal Program
Amino Acid Bounds (% of =gg Patiern) OZ:?§:° zx;ggg;
20-120% 85-115% 90-110% 95-105%

Glutinous rice 3291.8 Glutinous rice 364.7 Glutinous Rice 409.7 Tengerine 56 279.9  Sugar 3nT.Q Sta~ilized whole
Banena 333.2 Banana 285.7 Chinese cabbage 207.8 Red pepper 229.8 Hen eggs 2L3 .1 AR 306.5
Puzpxin 155.1  Pumpkin 142,7 Tangerine 57  202.1 White corn 197.9  Celery 203.8 “hite rice 265.2
Kale 106.7 Cocorut meat 94.0  Banana 185.6 Coconat 172.2  Guave white ey  1EEREseNEheers 126.5
Coconut meat  100.3 Kale 71.5 Coconut meat 0.5 Vhite rice 161.7  Lina 1i0.8  vengesine 56 123.6
Bro:.d beans 3!.3 White corn 6.6 White corn 46.8 Sugar 98.9 Peach 99.0 2l HOR=D
Calery 27.1  celery 58.5 Kale 291 Cgg glant S4.7 Red pepper HokE [Feooee Ghagad) e
Skim milk Coconat 24.8  3road beans 37.8  Skim ailk Leek 8.0 Ped pepper 2l
NRUECH 20.5 Broad beans 22.6 Coconut 19.1 ESEcer 46.3 Chirese caboage 63.9 ERERE 7o
Cocents 1646 skim milk Skim milk P2k S0  wrmET SR i< o
Snapper 12 porder 17.9 powéier 14.2 Bottle gourd 26.6 potato 60.7 Broad beans 33.6
Snapper 1.2  Radish 8.7 Chinese cabbage 18.8 Buffalo liver 51.6  Radish 31.4
Snapger 1.4  Guava red iS5 Tangerine 56 33.8 Coconut 18.3
Shark 0.4  Buffalo liver 10.2 Lemon 25.9 Sesame 8.0
Broad beans 6.4 Yard long red Sugar cane juice 7.4

Racish @,  EeER (2-8 P e

Sesane 7.5 powder 6.8
Butter 7/ Jackfruit seed S0
Bzef tongue 1.6
Lactalbumin 0.5

‘ghe



Table A.6.

Nutrient Levels in Solutions

Indigenous Foods only

Inclusion of Dairy Froducts

Nutrient goal goal goal goal
Amino Acids on on Amino Acids on on
(amino whole amino whole
80-120% 85-115% 20-111% 95-105% acics) problem &u-120% §5-115% 90-11C% ©5-105% ecids problen
Jost (baht) 2.652 2.8c7 3.258 4.387 12.405 8.275 2.618 2.776 3.202 b7k A28 9.672
Proteir. (gN) 8.40 8.40 8.40 8.40 8.L40 8.40 8.L0 3.0 8.u4c 8.40 g.h0 8.Lo
rat (g) L6.€7 46,67 L6.67 74 .86 L6.67 L6.67 L6.67 46.67 46.67 Lo st L6.€7 L6.67
Calories 2100 2400 2100 2100 2100 2100 2100 2100 2100 21¢0 2100 2100
Fibre (g) 10.95 11.73 9.67 15.00 15.00 7.124% 1C. 554 11.922 11.602 15562 15.0 6.C
Calciun (mg) 651.% 674.2 701.7 888.7 1500.0 732.8 755.3% 765.0 761.7 123%.9 1500.0 801.8
Phosphorus (mg) 84,2 842.8 577.1 1110.8 10L40.7 915.9 9Ll .1 956.3 952.2 1292.3 1008.8 10C2.2
Iron (mg) 27.1 27.7 21.5 22.9 68.0 13.90 16 6 21.1 10,8 15 .5 65.7 13.2
Vitamin B6 (mg) 2.114 2.440 2.407 2.253 1.65 1.65 3.C13 2.8L42 2.523 2.025 1.65 1.65
Vitamin B12 (ug) 1.85 1.85 1.85 6.C0 23.0 1.85 1.85 1.85 1.85 4,00 2.40 1.85
Folic Acid (ug) 175.0 175.0 175.0 175.0 219.13 175.0 175.0 175.0 176.52 181.01 232.87 175.0
Pantothenic acid (mg) 6.8 6.8 6.8 6.8 10.22 6.8 6.8 6.8 6.8 6.8 10.68 6.8
Niacin (eg) 17.45 17.29 18.49 15.35 13.86 13.86 14.45 14.73 16.51 13.86 13.856 13.86
Riboflavin (mg) 1.29 1.54 1.22 1.19 2.56 1.6 2.32 1.98 B(5E] 1.7 2.63 .16
Thiarine (mg) 1.C4 1.10 1.34 1.43 0.93 1.07 1.01 1.08 1.24 1.44 0.89 0.89
Vitamin C (mg) 173.3 204.5 282.7 228.7 L64.9 68.1. 211.8 196.8 304.2 166.6 LE8. 4 69.3
Vitamin A (iu) 9716 9227.8 10603 10840 38755 2100 8097 7606 10497 8305 L1115 210
teight (Diet) (g) 1183.4 1237.5 1275.6 1285.3 1560.3 1365.6 1183.7 1225.6 1270.1 1258.7 1553.9 1234, 4
To%al Percent
difference - - - - 6.20 L52.97 - = = = 5.73 3721.89
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Table A.7. Aminn Acid Levels in Solutions

Indigenous Foods Oaly

Ianclusion of Dairy Products

goal goal

Nutrient program program soal goal
Amino Acids on of Amino Acids on on
(amino whole amino whole
80-120%  &€5-115% 30-119% 935-105% acids) srablen 80-120% 85-115% S0-117% 95-105% acids problem

Cystiae 119.9 115.00 0.0 9s. 1092.0 100.0 120.0 115.0 30.0 5.0 110.0 100.0
Vaiine 96.9 101.37 102.9 99.2 100.0 109.9% 9Lt .8 97.6 102.5 100.¢ 10C.0 101.1
Isolencine 80.0 85.00 90.0 95.0 93.8 90.0 80.0 85.0 G3.0 25.C 94,22 90.0
Phenylulanine 119.2 115.00 110.0 105.0 100.0 95.5 110,43 115.9 116100 105.0 100.0 100.0
Ty-csire 84.7 35.94 90.0 95.0 100.0 1C4.2 87.5 20.0 ©C.0 Js.0 1C0.0 106.9
VMethionine 80.0 85.00 90.0 35.0 102.0 9C.0 80.0 85.0 30.0 95.C HOCE 2C.0
Tyyntophan 106.3 109.19 110.0 105.0 100.0 106.2 106.2 109.2 1MORD 705.0 100.0 102.3
Threonine 97.6 103.65 100.7 105.0 100.0 120.7 J2.8 106.2 101.5 ©03.C 102.0 92.u
Lysine 89.2 95.09 1¢8.5 105.0 100.0 110.0 93.3 94.8 107.8 105.0 100.0 110.0
Leucine 110.8 115.00 11C.0 105.0 100.0 110.0 106.1 115.0 110.0 105.0 110.0 110.0




APPENDIX 6

THE DATA FOR MULTIDIMENSIONAL SCALING ANALYSIS

Five sets of data were collected from surveys in Thailand
in 1974, Each set of data was analyzed using the nonmetric multi-

dimensional scaling programme, KYST.

The sets of data are shown in 5 tables as follows:
Table A.8. Averaged raw material similarities data.
Table A.9. Averaged raw material association data.
Table A.10. Derived proximity measures from the 'raw material
by use' survey.
Table A.11. Averaged food dish similarities data.
Table A.12. The matrix of raw material acceptability in 15

categories of food dish.
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Averaged raw material association data.
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Table A.
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Averaged food dish similarities data.

Table A.11.
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Noodles

Soup

Vegetables
and sauce

Fried
o vegetables

Hot
soud

Sour
SCuD

Curry

p Sweet and
sour

Chop
suey

ish.

4

Porridge

Stewed
pork

talls T

Fried Meat
meat

Salad

Omelette

Table A.12, Raw material acceptability in 15 categories of food d

Raw material
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APPENDIX 7

DESCRIPTION OF 20 FOOD DISHES USED IN THE
FOOD DISH SIMILARITY SURVEY

A 1list of the 20 food dishes used in the food dish
similarity survey are given below. The dishes are divided into 15

categories used as the basis of the 'raw material by use' survey.

1. Meat balls
Fish balls. A fried product containing minced fish, onion
spices and herbs, with a delicate flavour. They are normally

served with rice but can te eaten as a snack.

2. Meat curries

Beef curry. Contains mainly beef with possibly some egg-
plant, chillies and onion. The dish has a hot flavour mainly
derived from the small chilli peppers. It is generally served
with rice or noodles.

Chicken curry. Much the same as beef curry but based on

chicken, either on or off the bone. It is usually more expensive

than beef curry and as such is considered a better dish.

5. Chop suey
Chop suey. Contains a variety of vegetables, cabbage,

celery, kale and bamboo shoots with small amounts of meat, usually

pork. It has a mild and predominantly vegetable flavour.

4, Sour soup

Shrimp sour soup. This dish is similar to shrimp hot

soup but often contains mushrooms. It still has a very <trong

flavour which is a combination of hot, spicy and sour.

5. Omelette

Plain omelette. A plain.omelette resembles scrambled
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eggs. 1t is made from eggs with no added milk and has a very mild

flavour.

6. Sweet and sour

Sweet and sour fish. This dish is based on fish with a

sweet and sour sauce made from sugar and vinegar. The fish may be
either whole or in battered pieces. It usually contains cucumber,
spring onions, tomatoes and chillies.

Sweet and sour chicken. This dish is based on chicken

with a sauce similar to that used for sweet and sour fish.
Cucumber, tomato and onion are often added and the dish is served

with rice.

7. Hot sou

Shrimp hot soup. Contains shrimps and long green beans,

flavoured with ground chillies, onion and garlic. The flavour is
a combination of hot and sour.

Fish hot soup. Similar to shrimp hot scup but with more of

a sour flavour and containing more meat. Chillies, dried pepper

and possibly mushrooms are added to fish and boiled in water.

8. Fried meat

Fried Chinese kale. Contains beef with added Chinese kale,

fried in o0il. Garlic is normally added to give the dish a mild
and beefy flavour.

Fried beef witk oyster sauce. Beef and oyster sauce are

fried with garlic and spring onions. The dish has a mild and oily

flavour.

9. Fried vegetables and sauce

Fish with green vegetables and sauce. Contains whole fish

(usually striped mackerel) which is fried in oil. A sauce made
from shrimp paste, garlic and chillies is added to the fish with

green vegetables such as cucumber, green beans and cabbage.

10, Fried vegetables

Fried pork with green snap beans. Contains pork with green

snap beans, fried in cil. The dish is normally flavoured with

garlic and served with rice.



259.

11. Soup

Green gourd and pork soup. Contains minced pork in the

form of balls, green gourd, Chinese cabbage and frequently other
green vegetables. All the ingredients are boiled in water to form

a thin and bland soup.

12. Thai salad

Cucumber salad. This dish contains mainly sliced cucumber

with some sliced pork, Chinese cabbage and chillies. Usually it
has a dressing made from lemon juice, sugar and salt. The Thai

cucumber salad has a very strong hot and sour flavour.

13. Stewed pork

Stewed pork with boiled egg and soy sauce. This dish is

made from pork, boiled egg with soy sauce and mixed spice. It
has a liquid consistency with a fairly bland flavour &and is served

with rice.

14. Porridge

Pork porridge. Normally served in the morring or through-

out the day to sick or elderly people. The dish is based on
broken rice and is slightly thinner than Scottish porridge. Some
stock is added, together with pork and possibly liver. Small
amounts of ginger and spring onions may be used but the overall

flavour is bland.

15. Noodle dishes

Pork noodles. This dish is tased on rice noodles with

added pork,_ onions, bean sprouts and Chinese cabbage. Garlic is
usually added to give the dish a mild flavour. It may be served
either wet or dry, that is either in the form of a soup based

on water or without the water.

Beef noodles. This is similar to pork noodles containing

rice noodles, beef, onions and bean sprouts. It usually contains

a little more meat than pork noodles.
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APPENDIX 8

L.P. SOLUTIONS WITH NUTRITIONAL AND
ACCEPTABILITY CONSTRAINTS

Table A.13 shows the levels of nutrients in the solutions

to the L.P. problem with the inclusion of COMPFAC and PREFAC.

The first solution was obtained subject to only nutritional
constraints. These corstraints were the weighted average daily
requirements of 20-29 year old Thais. The other three solutions

show the effect of parametric changes in COMPFAC and PREFAC.

COMPFAC PREFAC
0.00 1.00
0.25 0.75

0.50 0.50
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Table A.13. Solutions to the L.P. problem with inclusion of
COMPFAC and PREFAC

Nutritional —ppppac =1.0 PREFAC =0.75 PREFAC =0.5

constraints

only COMPFAC=0.0 COMPFAC=0.25 COMPFAC=0.5
Cost (baht) 4,201 8.210 10.795 10.866
Protein (gN) 9.53 9.53 9.53 9.53
Fat (g) 48.89 85.56 85.56 85.56
Calories 2200 2200 2200 2200
Fibre (g) 11.24 6.43 6.00 6.00
Calcium (mg) 705.3 747.8 787.9 789 .4
Phosphorus (mg) 881.7 934 .7 984 .9 986.7
Iron (mg) 23.7 2h.9 29.7 29.9
Bitamin B6 (mg) 2.00 2.87 2.08 2.08
Vitamin B12 (ug) 2.00 27.0 35.0 35.0
Folic acid (ug) 429.5 276.2 355.7 357.4
Pantothenic
acid (mg) 8.00 8.00 9.87 9.92
Niacin (mg) 19.28 14.52 14.52 14.52
Riboflavin (mg) 2.28 4,25 3.42 3.46
Thiamine (mg) 1.63 1.17 1.31 1.31
Vitamin C (mg) 298.5 378.7 260,2 259.2
Vitamin A (iu) 13046 22036 22365 22458
Calcium/ _
Phosphorus 0.80 0.80 0.80 0.80
Protein/calories 0.11 0.11 0.11 0.11
Weight (g) 1530.6 1128.9 1175.5 1177.0
Cystine® 119.9 80.0 82.6 82.5
Valine 96.8 90.1 91.6 91.4
Isoleucine 82.2 84.3 86.6 99.9
Phenylalanine 104.2 98.4 98.7 98.6
Tyrosine 99.7 85.5 100.6 100. 4
Methionine 80.0 80.0 80.0 80.0
Tryptophan 119.9 91.0 99.2 98.8
Threonine 10%.8 98.6 100.2 100.2°
Lysine 113.8 101.4 120.0 120.0
Leucine 102.5 97.3 105.4 105.1

a., amino acids expressed as percent of egg pattern values.
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