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ABSTR�CT 

A quant ita tive model was deve lope d for th e sys te ma tic 

s e l e c t ion of raw ma teria ls for nu tritious and a c c e ptable Tha i 

f o o ds . The bas is for the quantita t iv e  mode l was l inear 

pr o gramming . Unlike most  o ther  applications of this t e c hnique 

which  c ons idered only nu tritional ne e ds , th is mode]. a ls o  took int o 

acc oun t th e c onsumer ' s  requ irement s  for an a c c eptable f oo d .  The 

deve lopment of the �o del  formed  part of a r e s earch  pro gramme in 

the Food Tcchcology Department of  Massey  University  whi c h  is 

inv e s tiga t ing quantitative produ c t  development  t e ch niques. 

The linear program�ing model was used f irst ly to select 
raw materia l mixes wh ich  w ould sa t is fy the da ily nutr i t i onal 

requ irements of the Tha i  pecple . S e le ction was made from a lis t 

of 1 5 1  available raw materials - 144 �ndigenous Thai raw materials 
and 7 New Zealand da iry produ c ts . The requirements for 26 nutr ients 

were  sa t is f ie d .  The s e  inc lu de d pr o te in ,  fa t , ca lorie s , fibre , 

3 m inerals ,  9 v itamins and 1 0  e s sential  amino a c ids . The lack of 

sp e c i fic  upper limits on most of the n u tr ie nts  resulte d in 

s o lutions w i th a gross nu tritiona l imba lance . Rec ent investigations 

indicate that such imbalances may be de trimental to human hea lth 

and it  is sugge s t e d  th a t  a more  s a t is fac tory diet ie one where a ll 

nutr ie nts are ba lanc e d , a t  or near the ir low e r  re qu irement  leve l s . 

C ons i derable �r oblems exis t in achieving a ba lanc e d  die t using 

range c ons traints in the linear programme �ae to the probab i lity 

of s o lut ion infeas ibilitie s . 

Goa l programming , an extens ion o f  l j near pr ogramming ,  ha s 

b e e n  used  in other  f ie lds o f  research  t o  minimize  the devia t ion of 

s o l u t ion var iab le s  from spec i fic goals . This tec hnique show e d  

p o t e n t ia l  in a t ta ining a balanc e d  nutritio na l  diet  wher e  the goals 

represented the requ irements for spe c if ic nutr ie n t s . A goal 
programming mode l was devised which fir s t ly a chieve d a ba lance  of  

e s s e n tial  amino a c ids as  c lo s e  to  tha t of e gg pro t e in as  pos s ible . 

Sec ond ly , a so lution was obta ined  where  a l l  26 nut r ients were  a t  
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the ' op t i mu m ' balanc e .  The achiev ement of  a balanc e d  nutritiona l 

die t r e s u l t e d  in a large inc r e a s e  in cos t and indica t e d  th e 

impor tanc e of  care ful de finit i on o f  the requirements  for  

nutr i t i ona l balance  in future r e s earch whe re cost  minimiza tion is 

a pr i or i t y . 

The raw materia ls s e le c t e d  by both goal nnd l inear 

programming were t o ta lly una c c e ptable  as ingre d ien t s  in a Tha i food 

dish w i thout  ext e ns i ve pr o c e s s ing to change both flavou r  and texture 

o f  the m ixture . It was mor e logical to prov ide a proce dur e for 

raw ma ter i a l  s e le c t ion on the bas is of the ir combine d a c c e ptab i lity  

in a Tha i fo od dish . Nonme tric mu lt i d imens iona l  s c a ling was u s e d  

t o  der iv e  a 3 dimen siona l c onfiguration of 40 raw ma ter ials  fr om 

c onsumer inf orma tion on the us e o f  thes e raw materia ls in Tha i food  

dishe s .  The  axes  of thi s s pac e r e presente d  the domina n t  pr orerties  

o f  raw  mat e r ials in determining f o od dish a c c eptability . An ide a l  

point w a s  located  in th is space . This p o int was de f in e d  as  the 

' opti mum' c o mbinat ion of raw ma t e r ial pr operties required in a Thai 

food  d ish . 

Nonme tr ic mu ltidimens iona l scali�g provi ded  th e bas is for 

der iva tion of  me tr i c  s ca le va lue s for the 40 raw mate r ia l s  and the 

ideal  point . The s e  values  w e r e  u s e d  to  derive a l inear fu�c t ion 

r e la t ing r a w  ma terials to  food  dish  a c c eptability. This fun c t ion 

was use d in  the linear programming model toge ther with nutr it j_ onal  

c ons tra ints to  provide a sys tema t i c  me thod of  raw mater ial s e le c t i on 

for nu tr i t ious and a c c e ptable Tha i food dishes . The raw ma terial 

mixes se le c ted by th is mode l showe d a marked improvement ov e r  those 

ch osen by the linear programme sub j e c t  to  only nutri tional 

c ons tra int s . 
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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 based more in intuition 

than on objective judgement. There has, however, been a gradual 

infiltration of quantitative techniques in recent years in an attempt 

to brin g greater objectivity into the system of product development. 

Some examples of tWese techniques are: 

Idea generation by systematic methods 

Market evaluation based on Bayesian decision tree 

methods or cost benefit 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 a 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 research 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 w�th the application o.f 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. 

ln 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 product�. 

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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mode l ,  raw material mixes were s elected to m eet the nutritional needs of 

the general Thai population . 

Goal programming , which is basically an extension of linea r  

p rogramming, wa s applied in the selection o f  raw mate ria l mixes t o  give 

nutritionally balanced diets . This tec hnique was a l so used to evalua te 

dairy products as  complements to indigenous raw materials in p roviding 

firstly an ideal balanc e o f  essential amino acids and se condly a balance 

of all 26 nutrients which were considered in the model. 

A procedure for raw materia l se lection based on their 

acceptability in combination in food di shes was obviously required in 

the 1 inear progrannning model . A reviet., of the literature relating to 

sensory evaluation and consumer a c ceptance o f  f oods f ailed to provide 

any procedure which might be used dir ectly . The problems of de f inition 

and mea surement of the raw materta l prop erties wh ich influence the 

acceptability of food dishes di re c t ed the research t oward a study of 

multivaria t e  techniques. Nonmetric multidimensional scaling was 

i d entified as a technique which could not only resolve the properties 

but could also provide metric scale values for these p roperties which 

might b e  used directly in the linear progrannning model. 

A subset o f  the original list of raw materials wa s selected. 

Proximities data on these raw m ate r ia ls were obta i ned from consumer 

surveys in Tha i l and and were subj ected to multidimensional scaling 

analysis. A J dimensiona l s patial configuration o f  the raw materials 

wa s derived and the axe s of this space were identified as the dominant 

p rope rties o f  the raw materia l s  in dete rmining their acc eptability in 

Thai food dishes . A linear function was derived re lating these raw 

mate rial propertie s to the a c ceptability o f  food dishes in which 

the raw mate rials are used. The function wa s included in the linear 

programming model together with nutritional c onstraints to p rovide a 

quantitative model for the selection of raw material mixe s  for nutritious 

and a c c e ptab l e  Thai food dishes. 




