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i i  

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. 



C HAPTER 1 

THE ENVIRONMENT AN D THE MODEL 

1.1 The  e nv ir onment 

1 • 

The K i ngdom o f  Thailand was known as S iam u nt i l 1 939 whe n  

the t it l e  o f  Tha i land ( la nd o f  the fre e )  was ado p t e d .  A kingdom 

throu gh ou t  i ts h is tory , Thai la n d  ha s ne ver e xp er i e nc e d  c o l o nial 

rule . The c ountry  w i th an area o f  200,000 s quare m i le s  has a 

popula t i o n  verging on 40 million , h e a de d  by a c o ns ti tu t iona l  

monarch y , His Ma j e s ty K ing Bhumibol  A4u lya de j exerc is ing nominal 

power . A c tual r e spons i bi l i t y  for public  affairs is  taken by 

the counc i l  of minis ters  w i th th e r;;r ime minis ter at the hea d .  

1.1.1 The p opula tion  

A c c or ding t o  the 1 9 70 c e nsus ( 130 ) ,  the population o f  

Thai land s tood a t  34.4 million p e ople . W ith an annual grow th 

rate  o f  3.3 perc e nt th is f igur e would be nearing 40 mill ion  by 

the e nd o f  1 975 .  

In  19 70, less  than 1 0  p e r c e nt of  the na tion  live d in 

urban communit ies . The Kingdom ' s  capital , Bangkok , was  the o nly 

c i ty o f  sub s tantial  size  w i th a p opula tion c l os e  to 3 million . 

Only two o ther  c it i e s  ha d popu la t ions exc e e ding 50,000, the s e  

w e r e  Chie ngma i and Nakhon Ratchas ima . 

A pproxima t e ly 85 pe r c e nt o f  the popu lation  are of  Tha i 

e thnic or igin an d 12 percent of Chine se de s c ent . The r e maining 

3 percent  inc lude Ma lays ( in the S outh ) , a var i e ty o f  so calle d 

hill tribe  p e ople a l ong the border with Burm� and Lao s  and a 

s izeable group of  Vie tname s e  r e fugees in the North e a s t  al ong the 

Mekong River . 

.. 



Age dis t r ibuti o n  w i thin the p opula tion  is marke d by  a 

high ratio of ch i ldren t o  a du lt s , largely due to a ri s ing b i r th 

rate  and  a dro p  i n  the infant mor t a lity rate . The 1 9 70 c e nsus 

indica t e d  tha t 46 per c e nt of the popula tion is und e r  f i f t e en 

years o f  age , 4 9  percent  is b e tw e e n  f i f teen and s ixt y , and  only 

5 per cent is over s ixty ye ars of a ge . 

1.1.2 H e a lth a n d  w e lfare  

2 .  

By S outh e a s t  A s ia n  s tandards , living conditions are 

r e la tively high . I ncome le v e ls are  low by Wes tern s tandar ds but 

th ere  is lit tle  s tress  b e cause o f  la ck o f  cash . Average per  

capi ta  i.�ome is e qu iva le nt t o  about US$200. This, however, 

bears lit tle  s i gn if icanc e to the s tandard  of liv ing b e c ause o f  

the lar ge rur al p opula ti on w i th it s s e l f  suffic iency� bar t e r i ng 

sy stem and low e mphasis on  a c cumula tion  of wealth . 

I n  times  of  n e e d , Thais ha ve tra ditional ly turn e d  to 

c lose  frie nds and neighbours or relied on the  loca. l  Buddh ist 

S ince the end of World War II , huwever, �y�teruatic 
government a c t iv i t ies an d pr ogrammes  conducted by the Ministry 
o f  Public H e a lth and by th e Depar tment o f  Publ i c  Welfa r e  have 
assu m e d  a greater pa r t  o f  the loa d .  I n  the area  of public health, 
ope rations by the s e  a ge n c i e s  inc lud e the constru c tion of new 
hospitals , programme s to control c ommu nic able diseases, the 

e s tabl i shment o f  health c en t r e s  to br ing me dical servic8s t o  

rural areas , th e e xpans i on o f  ins t i tu t ions to train medical 
personne l and the  ins titu tion o f  a nati o nw ide programme of  h e al th 

e duc a t io n . In the &rea of pub lic w e l far e , the go vern ment is 

ac tive in the prov is i on of  hous ing for low income fam i l ie s , th e 

devel opment a nd improvement o f  p o table  water supplie s ,  the 

c on s tru c tion of  s ewage and san i t a t ion  pro je c ts, and the operation  

o f  a numbe r  o f  pr o j e c t s  cateri ng t o  the a ge d ,  young , d isable d 

and o ther  needy c i t izens . The he al th a nd welfare a c t iv i tie s o f  

the goverLment  ar e Ruppl e me n t e d  b y  m or e  tha� fifty pr iva t e  

char i table or gan i z a t ions an d by various e xterna l  we lfare  

organ iza t ions , par ti cu larly  spe cial ize d a gencie s of  the  U n i t e d  

Nat ions . Desp it e t h e  c ons iderable a dvan c e s  i n  th e fie ld o f  



public he a lt h ,  san it atio n  and w e l fare , much s t i l l  ne e ds t o  be  

done . Many  parts o f  the c ountry , e spe c ially the  Nor theas t 

Khorat P la te au regi on , su ffer  from chr o�ic wa ter  shor t a ge s  and 

s ewage disposal is inadequa t e  in mos t  areas . 

1.1.3 D ie t and nu tr ition 

The  supply o f  food in mos t areas o f  Tha.:i.la nd  is goo d . 

A l though the  Tl;.a i people c an be c onsid e r e d  as be t t e r  o·f f  from 

a nutr i t io na l  po int of  vie w than many o ther S outhea s t  A s ian 

c ountrie s ,  the var ie ty of  fo o d s tu f fs is of ten limi t e d  and the 

re liance  o n  a prac tically all-r i c e  die t pr ovides inadequa te 

pr o te in , v itamins and ca lcium . Nutr itiona l  diseas e s  are  there­

for e preva lent in many areas . 

3. 

A lthough s e veral s mall s c a le nu tr iti ona l s tu di e s  hav e  

been  carrie d out, few na tional  su rveys have been ma de c overing  a 

broad spec trum o f  nu trien ts  and nutr itiona l probl ems . The l a s t  

maj or s tudy , carrie d out in 1 9 60 b y  a n  int erde pa r t menta l 

commit tee o n  nutrition (90 ) , summarized ita findinga as foJ.low6: 
1. To t&l c al orie  intake for the popula tion fell  100k c a ls be low 

the e s tima t e d  average requireme n t s  of 1 87 1 kcals . 

2 .  The r e  w a s  di etary and bioche mical e v i denc e  o f  th iamine 

deficie n c ie s , bu t c l inic al signs o f  beri  beri were  n o t  obs erve d .  

3 .  A de f i c i t  of  riboflav in exis t e d  in the popu la tion  but c linical  

s ignificanc e o f  th is defic i t  was  not  clear . 

4. Nia c in s e e me d  adequate  in a l l  r espe c t s . 

5· Pro t e in malnutr it ion appeare d  limit e d  to the infant and sma ll 

chil d .  

6. Vitamin A malnutrit ion probably exis te d ,  par t icu larly i n  the 

infant and th e small child . 

7. Fa t int ake was general ly low . 

8; Vitamin C intake was adequa t e . 

A lthough th is s tu dy is now four t e en years o ld i t s  

f indings a n d  recomme nda tions a r e  fo r the mos t pa r t  r e l e varit 

t o day . I n  1971 nutritiona l  mal-adjus tment s  account e d  for dea ths 

o f  9 . 1  per 1 00 , 000 p e ople and ranke d e ighth on the· l is t o f  caus e s  



4 .  

o f  death . The Repor t o f  the Interminis terial Working Group for 

the De velopment of  Nationa l Food and Nut r it ion P o l icy Gu id e lines 

for Tha iland ( 9 1 ) a ls o  r e c ogn ize d malnutrition  a s  "one o f  the 

maj or pro blems a ffe c ting  th e life  and we ll-bei ng of  th e popula tion  

of  Thai la nd" . Table 1 . 1 show s the  o c curr ence  o f  nutr i t ional 

defic iency  among pat ients  a t t ending 62 hospita ls in 57 pr ovinc e s  

o f  Tha ila n d  i n  1 9 70 . The s e  f igur e s  a r e  likely t o  be  � gro s s  

under-est ima te  o f  the malnu t r ition c ases  du e t o  th e und e r ­

repor t ing by hos p itals and t h e  many pe ople wh o ne ver  r e a c h  

hosp ita ls . 

Table 1. 1 Occu rrence of n utritiollal deficiency among patients attend i ng 

62 hospitals in 57 provi nces of Thai land ( 1970). 

Diseases 

Prote in-calorie malnutr i t ion 
a )  kwashi orkor 
b )  mara smus 
c )  unsp e c ified  

V i tamin de ficiency  diseases  
a) v itamin A defic ienc y 
b )  vitamin B 1 defic iency  ( be r i  ber i) 
c )  vitamin B2 de f ic ie n c y  
d) niac in d e f i c ie nc y  (pe lla gra ) 
e) vi tamin C defic iency ( s c urvy)  
f) vitamin D de f i c i e ncy  ( r icke ts ) 
g )  vitamin K defic iency ( he morrhagic disease  o f  

infants ) 

Dia b e t e s  meJlitus 
S imple goitre  
Anemia  ( iron defici ency ) 
U r i nary c a lculi  
Obe s i ty 
S prue 

TOTAL 

Number o f  
pa t ients  

'i23 
2 8  

1043 

��86 
355 6 
1 5 9 8  

2 6  
1 76 

85 
4 

4oo8 
334 7 
92 1 9  
6 7 1 2 

2 1 8  
295 

3 0 , 824 

a .  T aken from the Report of the I nt erminis terial W orking Group 
for the Developmen t of Na tiona l  Food a nd Nutr i t io n  Gu id el ine s 
for  Thaila nd , Febru ary , 1 9 73 ( 9 1 ) . 

Henc e , a lthough food intake can be c ons id er e d  h igh b y  

S outheast  A s ian s tandar ds , the lack o f  nutrit iona l  balance  is 

leading t o  diseases  of ma lnutr it ion in many areas . R ic e ,  which 

.. 
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supplie s  about 80 perc e nt o f  the da ily intake , is the basis o f  

almo s t  a l l  meals , a t  e very inc ome le vel . T o  the maximum extent  

tha t the budge t wil l  allow , the  basic ric e die t is supp l e me n t e d  

b y  f ish , me a t , eggs , poultry , v e ge tabl e s  and a var ie ty o f  fru its . 

F ish is a ma j or sour c e  of  pr o t e in al though it is o f ten . 

u navailab le in the N o r th and W e s te�n mountains and the  Northea s t  

Khorat  P la t e au. The f is h  may b e  salt e d ,  drie d ,  p ickle d ,  

ferme nt e d ,  b o iled  or e a t en raw . P ork , b e e f  and poultry a r e  

availa ble i n  limit e d  amount s a n d  are  ea ten , par t i cular ly in 

urban areas , as often  as they can be a ffor de d .  M os t  c ommo n  

gar den v e ge tabl e s  a r e  plentiful and are eaten indiv idua lly or in 

s a lads . The r e  is an abundan c e  of fru it s inc luding banana s , 

papayas , pineapple s ,  mango s , limeE , rambu t tans , mangos te e ns and 

pome los , to  nam e  a few . 

Eating habits v�r y o�ly s l ightly b e tween urban and  ru ral 

ar eas . In  ur ban areas , mor e v e ge tables  and mea t  pr oduc ts are  

e a t en and canne d goods  are  mor e in deman d .  In  t h e  c ou ntrys ide , 

pecple usually eat  two me als  a day but hav e  fr eque nt sna c ks . 

Eve n  in the urban areas th e r e  is a t e ndency to e a t  lit t le but 

o f t e n ,  esp e c ially among th e low e r  class e s . M ost o f  t h e s e  'snacks ' 

are  obtained  from a var ie ty o f  r e s taurants where  urban Thais 

u t ilize  about 1 0  per c e n t  o f  their total hous eh old expenditur e  or 

approxima te ly one quarter  of th e ir t o tal expenditure  on food  

( s ee Table 1 .3 ) . 

1 . 1 . 4 H ouseho ld income and e xpend itur e 

In  mos t S outhe a s t  A s ian c ountrie s , �arked  var ia t ions in 

inc ome e xis t b e tw e en r e gion and b e tw e e n  t�pes  o f  r e s iden c e  

wit h in a s ingle r e gion . The same is true o f  Tha iland. The mos t  

marke d  diffe r e n c e s  in h ousehold inc o me s  occur b e tw e e n  the  urban 

and rural areas . In rur a l  areas  over  ha lf the popu la t io n  earne d 

le s s  than 6000 baht per year , w�ereas  in urban areas o nly 4 . 6  

percent  earne d less  than 6000 baht per year (131). Over the 

whole K ingdom , the average inc ome in urban areas is approximate ly 

thre e  t imes tha t  of the rural areas. I n  spit e  of this marke d 

difference  in inc ome , lt w ould  be  foolish to  conclude tha t the 



s tandard of  l iv ing o f  the rural p opula tion is c or r e sp ond i ngly 

lower than tha t o f  the urban dwe llers . The r e l ian c e  on a cash  

e co nomy is  s t ill  much  lower  in  the  rur al  areas , h en c e  the  ne e d  

for  a high mone tary inc ome is less  tha n in the c itie s .  

Differenc e s  in inc o me may b e  co mpar e d  with more validity  b e tw e en 

urban or rur a l  r e s id e n c e s  in di f fe r e nt r e gions . Whe r eas the  

v il la gers of  Nor the a s t  Tha i land earne d on  avera ge about 3000 

bah t in 1 969 ( 1 3 1 ) , the avera ge inc ome of the villagers in the 

c e ntra l  r e gi on was about twi c e  this amoun t ( s e e  Table 1 . 2 ) . 

6 .  

Tab le  1.2 Cumulat ive percentage of households having income less than a specific 

class, munic ipal area and v i l lage a. 

Income  c la s s  

Munisipal  ar eas  
le s s  than bht . 3000 

If If If 6000 
If 
If 
If 
If 
If 

If 

If 
If 
" 
If 

If 1 2 , 000 
If 1 8 , 000 
If 30 , 000 
I f  ItS, 000 
If 60 , 000 

baht 60 , 000 or mor e 

V i l lages  
l e s s  than bh t . 3000 

If If If 6000 
If 
t1 
If 

baht 

If If •]2 , 000 
If If 1 8 , 000 
If 1 1  33 , 000 

33 , 000 or mor e 

Whole 
K ing­
dom 

0 . 9  
4 . 6  

22.7 
43 . 8  
7.3 . 3  
8?. 2 
9 1 . 7  

1 00 . 0  

2 6 . 7  
53 . 0  
80 . 3  
90 . 6  
97 . 6  

1 00 . 0  

North 

1 . 7 
1 2 . 7  
4 0 . 3  
5 9 . 2  
80 . 5  
93-5 
94 . 8  

1 00 . 0  

1 8 . 0  
5 1 . 9  
82 . 2  
93 . 5  
99 . 2  

1 00 . 0  

C e n·­
tral  

1 . 2 
6 . 1 

23 . 9  
49 . 7  
80 . 5  
90 . 4  
93 . 6  

1 00 . 0  

7 . 0  
25 . 0  
63 . 3  
8 1 . 1  
94 . 3  

1 00 . 0  

North 
east  

1 .  3 
5 . 0  

2 7 . 3  
4 8 . 0  
7'7 . 6 
87 . 6  
92 . 2 

1 00 . 0  

50 . 3  
73 . 2  
89.8 
95 . 0  
9 8 . 7  

1 00 . 0  

S outh 

0.9 
7 . 2  

34 . 7  
5 6 . 5 
80.0 
9 1 . 0  
9 1+ . 8 

1 00 . 0  

1 6 . 6  
53 . 8  
8;i.9  
93 •1� 
99 . 1  

1 00 . 0  

Bangkok­
Thonburi 

0.5 
1 .7 

1 5 . 0  
35 . 0  
67 . 0  
84.0 
89 . 6  

1 00 . 0  

1 • 1 
1 0 . 0  
3j. O 
5 9 . 6  
84 . 4  

1 00 . 0  

a .  Take n from S o c i o -Ec onomic Sur vey B . E . 25 1 1 -25 1 2  ( 1 968 , 69 ) . 
Report  by the Nati onal S tatis tical  O f f i c e  of  Thaila nd (1 3 1 ) .  

In  1 969 , the average e xp en diture per  h ous eh o ld in the  

urban areas  was 'i99 6  baht per month , as  compare d  to  669  baht  p e r  

month for a rural  h ouseh old . By far t h e  h ighe s t  pr opor tion  o f  

this inc o me i n  bo th areas  was d e vo t e d  t o  foo d ,  4 7 . 73 per c e n t  i n  

urban areas and 4 8 . 43 per c ent i n  rural  areas  ( 1 3 1 ) ( s e e  Tab l e  

1.3). 



Tab le 1.3 Percent expend iture per household a for consumer goods and services b. 

Municipal 
area 

Food  47 . 73 
1 • prepar�d a t  home 36 . 55 
2 .  away from home 1 1 . 1 8 

L o dgin g ,  ele c tric ity, fue l 1 2 . 40 and water 
C lo thlng 8 . 1 2  
Transportat ion 6 . 90 
R e c r ea tion and e ducation 6 . 76 
M e dical  and persor..a 1 car e 5 . 44 
G i ft s , taxes and misc e llane ous 7. 1+8 e xp e nses  
T o ba c c o  and alcoholic be verages  5 .  1 8  

a .  H ousehold sizes :  rural  - 5 . 7  pe rsons 
munic ipal - 5 . 8  persons 

Rural 
area 

4 8 . 43 
4 1 .1 4  

6 . 29 

9 .  1 6  

1 2 . 07 
5 . 54 
3 . 36 
7.46 

8 . 5 1 

5 . 48 

b. Tab le taken fro m  S o c i o -Economic Survey B. E . 2511 -25 1 2  ( 1968, 69 ) .  
R ep or t  o f  the Na tional S ta t i s t i cal O f f ice of T haila n d ( 13 1 ) .  

Of  t he ne ar 5 0  percent o f  total household exp enditure  

spent  on foo d ,  about 40 perc e nt is  us e d  to  pur ch a s e  r ic e, 30  

perc e nt f or meat and  poultry  and  the  r e maining 30 perc ent for  

frui t , vegetable s , beverages  and prepar e d  me als . C ons iderable 

varia tion  exists  in th e distr ibution of e xpenditur e on food 

be tw e e n  towns and village s . Pr obably the mos t marke d differenc e s  

o c c ur i n  the e xpenditur e o n  r i c e , wh ere  a c c or ding t o  th e 1 9 62 -63 

h ous eho ld exp enditur e survey  ( 1 2 9 )  4 6 . 4  percent  of the t o t a l  

e xpend i tur e on fo o d  went  o n  r i c e  a n d  c er e als i n  th e v i lla g e s  

compa re d  w i t h  23 . 2  per c e n t  i n  the t owns. Anothe r marke d 

d i f f e r e nc e  o c cu rs in the amount spent on pr epar e d  me als. In  

1 962-63 , 20 . 5  pe�cent  of  total  e xp e nditure on food  w en t  t o  the  

pur chas e  of prepar e d  meals  in towns as  c ompare d  w i th 7.2 pe r c en t  

i n  vi l la ges  ( 129 ) , ( se e  Tab l e  1 . 4 ) . 

Over the wh ole K ingdom 70 percent  o f  the bulk intake 

of fo o d  c onsume d is r i c e ; fru i t  and v e ge tables  a c c o unt for  

15 pe r c e n t ,  while meat  and poul try c ompr ise d  only  a bout 8 perc ent 

of a ll food co nsume d in 1 962 -63 ( 1 29 ) . Once
. 

a gain c ons iderable 
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Tab le 1 . 4 Househo ld expenditure. Percent d istribution of expend itu re on  -- -
various food groups a. 

Group T otal  Bangkok- Towns V illa ge s K ingdom Thonburi 

A l l  foo d and be verage 1 00 . 0  1 00 . 0  1 00 . 0  1 00 . 0  
R i c e  an d c ereals 37 . 8  1 4 . 9  23 . 2  4 6 . 4  
Meat , poultry , fish 

and e ggs 30 . 3  3 1 . 6  33 . 5  29 . 0  
Fruit  and vege table s 1 1 . 2 1 1 . 7  1 3 . 7  1 0 . 5  
Beverages  1 .  6 5 . 0  2 . 8  0 . 7  
Prepare d mea. lE: 1 2 . 8  3 0 . 3  2 0 . 5  7 . 2  
Other f o o ds 6 . 3  6 . 5  6 . 3  6 . 2  

a .  Taken fr om the H ouseh o ld Exp e nd i tur e Sur vey for Tha i land 
1 9 62-63 ( 1 29 ) . 

var ia t ion exists  b e tw e en t owns and villages  in th e rela t i ve 

amounts o f  fo ods c o ns ume d .  I n  1 9 62 - 63 , v i l lagers cons ume d 1 8 . 7  

percent  more r i c e  than town pe ople and 43 . 5  percent  more  than 

dw e lle rs  in the Bangkok-Thonbur i are a  ( 1 2 9 ) . Town people , how e v e r , 

c onsum e d  a lmos t thr e e  times  the amount o f  me at c onsume d by 

villa ge r s . M or e  e ggs and vege tab l e s  w e r e  a lso e a t en in towns than 

in villages  ( se e  Table  1 . 5 ) . 

Tab le 1 . 5  Quantities of foods consu med by food gro ups ( 1 962-63) a. 

Fo o d  group 

R i c e  and c e reals 
M e a t  
P oultry 
F ishb Eggs 
V e ge tables  
Fruits 
O ils and fats 
Sugar and sweets  
Salt ; s p ic e s  e tc . 

A ll 
K ingdom 

1 67 . 2  
8 . 2  
3 . 0  
9 . 3  
2 . 3 

1 9 . 7  
1 4 . 4  

1 . 0 
2 . 4 
3 . 1  

kg . cons ume d pe r c ap i ta 

Bangkok- Towns V il la g e s  Thonburi 

99 . 1  1 34 . 5 1 77 . 8  
1 6 . 4  1 6 . 0  6 . 3  

5 . 4  3 . 2  2 . 8  
1 5 . 8  1 0 . 8  8 . 5  

5 · 7 3 - 7 1 .  7 
36 . 4  37 . 0 1 7 . 2  

7 . 8 1 5 . 2  1 4 . 9  
2 . 5 1 . 6 o . 8 
3 . 2  2 . 4  2 . 4  
0 . 9  2 . 0  3 . 4  

a .  T �ken from the H ousehold Expend i ture  Survey f or Thailand  
1 962 - 63 . 

b .  Es t ima t e d  a t  55g per  e gg .  
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The us e o f  r ic e  c harac teriz e s  r e giona l food  c onGump t ion 

pat terns an d d is ti ngu ishe s the Nor thea s �  and Nor th from the r e s t  

o f  the King do m .  I n  the s e  two r e gions over  1 80kg o f  r i c e  was  

c onsume d per capita  pe r year in 1 962-63 ( 1 2 9 ) , o f  wh i c h  a b ou t  

two thirds was glut inous r i c e . I n  other  re gions , r i c e  c o ns umpt ion 

was nearly 1 60kg pe r capita per ye ar w ith only s mal l quan t i t i e s  

o f  glut inous r i c e  being use d .  The N or t h  an d Nor theas t regio ns 

also  c o nsume d le s s  mea t , poul try , fish and e ggs than o the r 

r e gi ons with a ye ar ly per cap ita c onsumption of 1 9kg in 1 962 - 63 

c ompare d with 32kg in the Eas t ,  2 6kg in c entral r e gions an d 22kg 

in the S outh ( 1 2 9 ) . 

1 . 1 . 5 A gricultu r e  and indus try 

Agricultur e tra d itiona lly has b e en the ma ins tay o f  

e co no mic life  i n  Thailand . This is like ly to r em & in s o  for some 

t ime de spite the s t eady increase  in t he value of  the i n dus trial  

c omponent o f  the e c o nomy . The r e  has been  a de crease  in the 

K ingdom ' s  dependenc e on a gricu ltur e ,  par t icular ly s inc e W o r l d  

W ar I I . To a lar ge exten t , the rap id e xp ansion i n  indu s try 

has b e en planne d to  ut ilize  the a gricu ltural and mine ral 

r e s our c e s  that pr e v i ously had b e en mos t ly expor te d .  Emphasis 

has b e en pla c e d  in th e las t �e c a de on the food pr oc e s s ing 

indu s t r ie s  and on p ow e r  a nd cons tru c t ion indus tr ie s .  ¥'hereas  

in 1 95 9 , agr i c u l tur e a c c ounted  for  37 . 9  perc ent o f  the gro s s  

dome s t ic  produ c t  ( G . D . P . ) ,  i n  1 969 i t  ha d droppe d t o  a n  e s t ima t e d  

29 . 5  p e r c e nt , while manufa c turing r o s e  i n  the same period  from 

1 1 . 9  perc ent to  1 6 . 0  per c e n t  o f  G . D . P .  I �  1 969 , the food and 

b e verage ind�s try a c c ount e d  for 4 1  p e r c e n t  of manufac turing 

e s tabl ishments  employing ten pe ople or mor e . The r e c eipts  from  

the s e  indus tri e s  a c c ou nt e d  for  3 8  percent  of  the  r e c e ip t s  from  

manufac tur ing indus tri e s  ( 1 32 ) . 

The ma j or food  crops inc lude ric e ,  c or n , gr oundnut s ,  

sugar cane , cassava r o o t , c o c onut s ,  mungb�ans and soybeans . The 

mos t important liv e s t ock  a r e  buf fa lo es ,  c a ttl� , p igs and poultry . 

For e s t s  and grass lands c ou ld support man y  mor e anima ls and the 

e xpansion  of l ive s to ck rais ing for e xpor t i s  an e s s e ntial par t 

• 
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o f  a p la n  to improve  e c onomic c ondi tions thro u ghout  Tha i la nd 

and pa r t icularly in the Nor th e as t .  A t  pr esent  the ma i n  buffalo 

and c a t t le rais ing area is the Nor theas t .  The an imals  are  

gene r a lly us e d  for dra ft buffaloe s in the ric e pa dd ie s and 

c a t t le on dr ier farms . P igs are  rais e d  e verywh er e , some for 

sale i n  Bangkok and other urban marke ts . Mos t poultry  is  

rais e d  for  family us e exc e p t  for some c omme r c ia l  du c k  farms 

around Bangkok . Fish is a popu lar  food for m os t  Tha is . In 1 972 

the to tal  catch of marine and fre shwater  fis h was in e x c e s s  of  

3 million tons ( 37 ) . Most  of  the fish marke t e d  in Bangkok and 

o ther  urban areas is s old fresh  to the c onsu me r j th e r ema inder 

is smoked ,  dr ie d ,  p ickle d or  ffia de into sauce  or pa s t e . The  ma j or 

var ie t ie s  o f  marine fish inc lu de  chub ma ckere l ,  shark , rays , 

cuttle f ish , shr imps and crab , while the ma j or fre sh water  

var i e t i e s  are  serpent  he ad f is h , cat  fish , cl imbing pe r c h  and 

c arp . 

1 . 1 . 6  I n t ernal and exte rnal trade 

Fo� th e most  pa r t  Th a i land ' s  for e i gn trade  po lic i e s  are 

lib era l . M os t  ar t i c le s  ma y be impor t e d  and exp or t e d  fr e el y  with 

mos t na t ions . 

I n  1 969 , the value o f  e xpor ts was 1 4 , 890 m i l lion bah t , 

an incre a s e  o f  9 percent  over  1 9 68 ( 1 32 ) . A s t e a dy increas e in 

expor t r e turns ha s been  e xp e r i en c e d  s ince  W orld  War I I . From 

1 957 to  1 96 7  e xp or ts almos t doubled  in value . C ommoditi e s  

e xpor t e d  a r e  ma inly o f  a gricult ural  o r  m ine ral or i g in and are  

n ormally s o ld in e i ther  the  raw ma terial o� sligh t ly pr oc e s s e d  

f orm . F o r  th e mos t par t ,  the c ompos i t ion o f  e xpor t s  h a s  n o t  

c hang e d  s inc e the e ar ly 1 950 ' s ,  a lthough the rela ti v e  valu e s  o f  

the indiv idual c ommodities  have var ie d s ligh tly . I n  1 969 , s even  

ma j or c ommo ditie s ,  r i c e ,  rubber , maize , t in ,  tap ioca  produc ts , 

k e na f  and t e ak ,  a c c ounted  for 78 . 3  percent  of  the  t o ta l  e xport  

value in c o ntra s t  to  80 . 7  per c e n t  in 1 95 7 .  Oth e r  c o mmo d i t ie s 

expor t e d  include kapok fibr e , c a s tor b eans , cattle , mungb e ans , 

p eanu ts ,  shr imps , c emen t , hides  and skins , t oba c c o  leaves , 

s t ick lac ,  fre sh e ggs . sorghum and  sugar . 



O f  Tha iland ' s  impor ts , ap proxima t ely 40 pe r c en t  o f  t he 

v a lue is in the for� o f  fo o d  produ c ts and raw ma te r ials . I n  

1 969 , 5 per c en t  o f  the value o f  impor ts  was a c c ount e d  for b y  

da iry pr o du c t s . O th e r  s ign i fi cant impor t s  inc lude fer t ilizer s , 

pes t i c ide s ,  a ircra f t s , c l oth ing an d foot  w ear , t extile f ibr e s  

and  pape rboar d .  

1 1  . 

Dome s t ic trade is mos t ly carrie d out by pr iva te  e nt e r ­

pr ise . A c cor ding to  the 1 966  C ensus of  bus ine s s  trade and 

s ervic e s  ( 79 ) , 97  per c en t  of  th e total of 290 , 4 87 c omme r c ia l  

e s tabl is hmen ts in the whole K ingdom were  individual propr i e t o r ­

sh ips . M o s t  e s tabl ishme n+, s  t ende d t o  b e  small  in s iz e  o f  employ­

ment  wi th only 98 e s tab l ishme n t s  emploj ing one hund r e d  persons  

or mor e . Trade is carr i e d  out  by  a wide  varie ty of  c omme r c ia l  

or ganiza t io ns , some d e v o te d  e x c lus ively t o  who le sale trade , 

o thers  exc lu sively to  the r e tail  trade and s t i l l  o thers  engage d 

in both forms of trade . Who lesale  firms loca t e d  in th e Bangkok 

and Thonbur i areas are agents  for the s a le of  mos t impor t e d  goods 

wh i le in s o me ins tanc e s  impor t ing firms themse lv e s  a c t  as  who le ­

s alers . Dome s tica lly l manuf a c tu r e d  go n ct s  a r e  usu a l l y  dis tribu t e d  

through who lesaler s , a lthough the y may some time s b e  marke t e d  

d ir e c tly by the manufac tur er . The c o l le c t ion o f  agr icultural 

produc ts fro m  rural a r e a s  is  normally c o n du c t e d  by middle men  

who send them to commissi on mer chants in  the  urban c en tr e s  whe re 

they  are s o ld to  expor t e r s  or pro c e s sors . Retail  go o ds ar e 

dis tribu t e d  by ou t l e t s  that vary from high ly soph i E t i cate d su per­

marke ts  t o  s mall  general  s tore s , it ine rant pe ddle rs and  do or - t o ­

d o or traders  s e l ling f o o d . Trade i s  enc our age d and informa t io n  

c on c ern ing markets  is spr ead by several me ans . Adverti sing i s  

c arr ie d  o n  thr ough th e pr e s s , radio , t e le v ision , mot ion pic tur e s  

a n d  ou tdoor s i gns a nd is  or gan i z e d  b y  any of  the numb er o f  

a dv e r t izi n g  agenc i e s  ba s e d  i n  Bangkok . 

1 . 1 . 7 The Thai fo o d  proc e ssing industries  

F o o d  pro c e s s in g  indu s trie s are  inc reasing throughout 

T ha i land in s iz e , numb e r s  and diversity . A wide range o f  

indu s tri e s  e xis t in c luding pr eparing and pr e serv � ng mea t ,  fru i t  
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and v e ge table pr e s e r va tion , f ish pr oc e s s ing and su gar pr c du c t i o n .  

In 1 972 the r e  w e r e  2 9 1  re gis tered  s laugh te r ing c o mpa nie s 

in Tha i land . In a ddition the r e  w e r e  40 co mpa nie s e ngaged  

pr imar ily in  pr epar ing and  pr e s erving meat  pr o duc ts . The ma j or i t y  

o f  m e a t  a n d  meat produ c t s  ma nufa c ture d i n  Thailand is for l o c a l  

c onsump t ion , with o nly a smal l  amount of  fro zen me a t  b e ing 

e xpor te d .  Each year Tha i la nd impor ts  about 5 million bah t s  

worth o f  m e a t  inc lud ing b e e f  and mut ton , ma inly fro m  the USA . 

C anning and o th e r  f orms o f  fruit an d vege table pr e se r ­

vatioL are  carr ie d o n  by about 300 fac tor ie s  th r oughout the 

c ou ntry ( 6 ) . A lmo s t  200 of the a e , how e ver , canno t properly b e  

c lass i f i e d  a s  operat ing o n  a n  indu strial l e ve l .  Rath e r , they are  

c o t tage -type operati ons run  by a s ingle person or fam i ly . Mos t 

o f  the pro c e s s e d  fru it an d v e ge tab le produc tion is d om i . na t c d by 

7 firms w ith a total  r e gis t e r e d  c ap it al o f  207 million baht in 

1 9 72 ( 6 ) .  The main produ c t  is  canne d p ineapple , wh ich  �ot o nly 

s upplies  the local ma rke t but also had an F . O . B . e xp or t  value o f  

o ver 55 million bah t i n  1 9 7 1  ( 6 ) .  Other  c anne d produc ts  inc l u d e  
mushrooms , asparagu s , toma t o e s , papaya , baby cor n ,  p i c kle s and 

f inger bananas . 

Th e fish ing indus try in Tha i land ranks ne xt t o  agr icu ltur e 

b o th in e x t ent and  value and a c c ounts for about 4 percent  o f  G . N . P . 

I t  was e s tima t e d  tha t 53 , 45 6  hous eholds w e r e  enga ge d in wharf 

opera t ions r e la t e d  to the f is h ing indus try in 1 9 72 ( 6 ) .  Despit e 

a ll th is ac tivity , the supply of  fi sh and o ther s eafoods is not  

yet  sufficient to  me e t  local  demand . The c ons i derable fish 

pr o c e s s ing industr y  in Thai land i s  domina t e d  by 5 large f irms 

which are  invo lved  i n  the  canning , dryin g ,  salt ing and &making o f  

f ish and s eafoo d .  One of  the mos t int e r es ting branche s o f  th e 

f ishing indus try i s  the  produ c tion o f  fish sauce ( nam p la ) . Tha is  

d o  not s eason the ir food  with  ordinary salt  but r a th e r  us e nam 

pla in co oking an d also  as a condime n t .  A total  o f  30 million 

l i tr e s  o f  this extrac t  o f  fish fermen te d  in brine is  c o nsume d 

e a ch year . 



One o f  Tha i land ' s  la r ge s t  food pr ocess ing indus tri e s  is 

the sugar  indus try . In  1 970 th ere  were 34 sugar mills , al l of 

wh i ch w e r e  pr o du c ing raw or s o - ca lle d plantation wh it e sugar ( 6 ) . 

M o s t  o f  the sugar is der iv e d  from cane , w i th a small  a mount from 

the flowers  of  the c o c onut and o ther palm tre e s . In 1 972 it  was 

e s t ima t e d  tha t 400 , 000 tonne s of sugar wa s exp or t e d  at a va lue of  

about 1 , 000 million baht . 

O ther food indu s tr ie s  include  the pr oduc tion  o f  vege table 

and an ima l o ils and fats ; r ic e  m i lling ; s o f t  drink a nd alcoholic 

beverage produc tion ; and the ma nufac ture o f  conf e c t i ona ry . 

1 . 1 . 8 The pr odu c tion an d c o nsumption o f  dairy pr o du c t s  

M i lk pr o du c ts pr e par e d  i n  Tha i la n d  are ma inly ba s e d  on 

impor t e d  skim milk powder and bu t ter fa t .  Da iry farming is , 

however , increas ing . The 'rha i ·· Danish d a i ry farm ·1:a s  o n e  of the 

f irs t lar ge  scale  dairy farms in Tha iland . I t  was  e s tabl ished  as 

a j o int governme nt ventur e in 1 9 62 and pr o du c e s  bot t le d  milk a n d  
cream for the  Bangkok marke t .  I n  1 969 it  r e c e iv e d  2272 litres  o f  
milk per  day ( 6 ) . The Th a i -G e r ma n  dairy farm is a c o operative  

e ffor t b e tween  the  Tha i Depa r tment  o f  L iv e s tock Deve lopme n t  and 

the German governme nt  and was s e t  up in Chieng M a i  in 1 96 7 .  I n  

1 9 74 i t  r e c e iv e d  approx ima tely  1 300 litres  o f  milk pe r day and 

produ c e d  l iqu id milk , cr eam , c o t tage ch � ese , but ter  and buttermilk , 

mainly for mark e t s  in N or thern Th aila nd . Two groups o f  independent 

da iry farms also e x is t .  One a t  A yu t thaya , with a t o t a l  ontpu t o f  

5 , 000 litr e s  per day , supplie s the Bangkok Dairy P lant C o .  L t d . 

The s e c o nd group a t  Ra t chabur i produ c e s  about 1 300 l it r e s  per day , 

mainly for the Kase tsar t Univ e rs i ty Dairy Pr o j e c t .  

The Foremos t Da iry C ompany ( Bangko�) Ltd . was  the fir s t  

c ompany t o  s tart pr o duc ing m i lk pro du c t s  o n  a large s ca l e  in 

Tha i land  in 1 95 6 . This fa c tory has a c apa c ity o f  1 2  m illion  

ga llons of  pla in an d flavour e d  milk and 4 million  gallons o f  i c e  

cream p e r  ye ar . The Kas e tsar t Univers i ty Dairy Pr o j e c t  is 

pr imari ly c o nc erne d w i th tra ining and demons tra t i on , but a c t s  as 

a c ollec t i n g ,  proc e ssing and dis tribu ti on c entre  for b o t tl e d whole  
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milk . I n  1 9 73 e ight fac t o r i e s  w e r e  produc ing canne d miJ k .  S ix 

o f  the s e  produc e d  only swe e t e n e d  condens e d  m ilk and o nly one  

utili z e d  local fresh m ilk as the  raw material . N o  m i lk pow der 

is manu f a c ture d in Thailand e xc ept  a t  a small plant s e t  up by 

King Bhumibol .  

The consumption o f  a l l  kinds o f  milk and m ilk produ c ts 

has been  increasing a t  an e s t ima te d rate  of  1 5  p e r c e n t  per ye ar 

and was  pr e dic t e d  to  reach 2 2 ,000 tonne s by 1 9 74 ( 6 ) . By far 

the gr e a t e s t  pr opor t ion of th is co nsu mption is c o nd en s e d  and 

e vapor a t e d  milks . Of the o t he r  pr o du � ts , only bu t te r  is in 

much demand.  Be tween 1 962 a nd 1 968  the demand  for bu t t e r  was 

incr easing at  a rate  o f  45 perc ent  pe r ye ar ( 6 ) . C he e s e , c r eam 

and yoghur t only appea l  t o  the f or e ign community and hence the 

marke ts f or the s e  pr odu c ts are very sma ll and supplied  mos tly by 

impor ts . 

1 . 2 The model 

The r e sear ch discuss e d  in this the s is forme d par t of  a 

larger r e s e arch pr ogramme o f  the Foo d  T e chnology De par t ment  a t  

Massey U n ivers i ty . This pr o gramme a j ms a t  study ing the  application 

o f  ma th e ma t ical t e chnique s in  an a t tempt to quant i f y  wha t is 

large ly the art of fo o d  pr oduc t de ve lopment . W ork on the programme 

was ini t ia t e d  by E dwar dson ( 4 1 ) w ith his s tudy of  th e d e sign of  

nutri t ional pr o du c ts for the Philippine s . In d e s ign ing su ch 

produc t s , E dwar ds o n  c onside r e d  the main cr iteria t o  b e : 

1. Low c o s t  ?f pr o duc t s . 

2 .  Balanc e d  nutrit ional cont en t .  

3 .  Use  o f  indigenous raw ma terials  in the formula t i on . 

4 .  Organo leptic  and cu ltural a c c e ptability 0f pr oduc t s . 

5 .  Ease o f  dis tr ibu t ion o f  pr o du c ts in t erms of  a d e qua t e  s torage 

life , physical dis tr ibution sys t e m  and channe ls . 

6 .  A daptability t o  exis t ing manufac turing fa cilities  for  smo o th 

introdu c t ion of the pr odu c t  into indu s triai p�oduc t ion . 
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E dwardso n  fur the r  sugge s te d  tha t raw ma t e r ia l  s e lec tion 

was a c en tral c ons iderat ion in the pr odu c t  developme n t  m e th o d  

( se e  F igur e  1 . 1 ) .  Such s e l e c t io n  i s  dependent o n  t h e  fo llowing 

pr oper tie s :  

Nutr itiona l , e . g . protein , c a l or ie s  

Func t i o na l , e . g . vis c osit y , pH 

C onsume r a c c e ptab ility , e . g . flavour , textur e .  

A lth ough Edwardson  s tu di e d  a ll the criteria l is te d  above , 

e mph a s is was p la c e d  on  the  s e l e c t ion o f  raw ma t eria ls  to  pr o vide 

a balan c e d  nutr itiona l die t at a low c os t .  The ob j e c tive  was  the n  

one o f  c o s t  minimizat ion , sub j e c t  t o  sp e c ific r e s tr i c tions on 

nu trients  repre senting the nut r i ti oual r e qu ir e ments  o f  the 

Filip ino p e ople . 

M inimize  the c o s t  func t ion 

n 
L: 

j = 1  
c . x .  

J J 

wl·1 e l' f:  c .  re:pr e o e n t s  Uw c u .:; t jJ(j J" u n i t  w�;; i ght o f  e a ch item or fo o d  
J 

raw ma ter ial and x .  the w e i ght of  each o f  the n raw ma terials 
J 

available for the for mu la t i o n : subj e c t  to  the r e s t r i c t ions 

n 
L: 

j = 1  
a . .  x .  1 b .  

� J  J l 
i = 1 , 2 ,  • • •  k 

whe r e  a . .  repre s ents the content  o f  e a ch nutrie nt pe r unit w e igh t  � J 
o f  e a ch raw ma t e r ia l  and b .  the m inimum r e qu ir eme n t  for each � 
nut r i e nt in th e m ixtur e , for k nutr ients . 

E dwardson c onc lu d e d  tha t th e problem description  ou tline d 

above f i t t e d  the s tandar d c o nd i t ions of th e linear progr amming 

m6de l ,  and he  applie d th is t e chnique  to the s olu t i o n  of the 

nu tr i t ion  pr ob le m . I t  was the intenti on o f  the  r e s e arch disCUb S e d  

i n  th i s  thes is t o  both c omplement  and extend Edwards on ' s  w or k .  

The ob j e c t iv e  w a s  t o  pr ovide a quant itative  basis for the 

s e le c t io n  of food  raw ma terials  in f ormu la ting nu t r i t ious food  

.. 
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produ c t s  with chara c t e1· is ti c s  ac c e p table t o  the Thai c onsu me r . 

The r e s ear ch  was the r e f or e  d iv id e d  into tw o are a s . The f ir s t  

area was the app l ic a tion o f  the linear pr ogramming model  t o  the 

s e l e c tion  of  low c o s t raw mater ial comb ina tions with a balan c e d  

nutrit iona l content  for Thai consume r s . To  some extent  this  

work overlappe d tha t  o f  E dwardson , in as  much a s  the bas i c  

linear programming m o d e l  u s e d  w a s  the same . Emphasis was , 

how e ver , pla c e d  o n  the  value o f  supplement ing indigenou s  raw 

ma t e r ia ls w i th New Z e aland dair y produ c t s . An  a dap t i on o f  the 

bas i c  lin ear pr ogramming t e chnique - goal  pr ogramming - was a l s o  

s tudie d  as  a method  f o r  optimiza tion  o f  t h e  nu tr i tional balance 

from sele c te d  raw ma t erial c o mbina ti ons . The s ec ond ar ea of  the  

r e s earch aime d a t  the inc lusion o f  or ganoleptic  and c u l tural 

a c c e p tability criteria into th e basic  l ine ar pr ogramming model . 

H ence , it was tntend e d  t o  s e t  up  a m o d e l  fo r r�w ma t e r i a l  
s e le c t ion , w ith the ob j e c t iv e  of  minimizat ion of th e cos t func t i o n :  

n 
l:: 

j = 1  
C . X . 

J J 

sub j e c t  to  the two s e t s  o f  r e s tr i c tions : 

( 1 )  n 
L: a . .  x .  � b

J.
. 

j = 1 l. J J 
i - 1 , 2 ,  • • •  k 

wnere , as be fore , a . .  r epr e s ents the c ontent  of  e a ch nutr ie nt p e r  
l. J  

unit w e ight or" each i t e m  and b .  the minimum r e qu irement  for e a c h  J. 
nutrie nt in the mixtur e , for k nut ri ents 

n 
( 2 )  � a  . .  x . � b .  

j =1 l. J  J J. 
i = k+1 , • • •  m 

where  a . .  represents  s o me fac t0r r e la t e d  t o  c onsu me r  a c c ep tability 
l. J  

p e r  unit  we ight input o f  each i tem and b .  th e minimum r e quirement  
J. 

for  th is fac t or in the mix tur e ,  f or ( m-k ) factors . The 



r e s tr i c t ion on posi t ive c ontr ibut ion o f  raw ma t er � a ls a ls o  

r emains : 

1 .  3 S ummary 

X .  � 0 
J 

j - 1 , 2 ,  • • •  n 

17 . 

The environment of  Tha i land was studi e d .  Thailand is a 

c ountr y r ich in na tural r e sour c e s , w e ll capab le o f  suppor t ing its  

popula t i o n .  In spite  of  th is , ma lnu tr ition s ti l l  e x i s t s  through ­

ou t mo s t  o f  the c ountry a n d  pa r t icu larly in t h e  rura l areas o f  

the N or th an d Nor theas t .  I t  was c onsider e d  tha t  through proper 

use  o f  indigenous fo od raw ma t er i a ls and su pplementa t i on w i th 

impor t e d  ma ter ia ls , par t icu la r ly dairy produc ts , nut r i t ionally 

adequa t e  food pr o du c ts c ould be des igne d .  Such pr o du c ts were to  

be  no t only nu tr it ious but  also  ine xpens ive  and generally 

a c c e pt a b le to the c onsumer . 

A s  the }_Jr u c e s t>  o f  l' i:J. W  ma c t: x.· i a l  ::; e le c t ion it> ont:: o f  the 

central c ons iderations in f o o d  pro du c t  developme n t , the o b j e c tive 

chosen f or the r e s earch was the de velopment  of a mathema t ical 

bas is for s e l e c tion  o f  raw ma ter ials for input to  nut r i t i ous food  

pr o du c ts a c c e ptable to the Tha i c onsumer . The  r e le vanc e o f  this  

ob j e c t i ve was  discus s e d  in the context  of a larger r e search 

programme init ia t e d  by Edwar ds on ( 4 1 ) ,  who pr opos e d  and u s e d  

linear pr ogramming for s e l e c t ion of  food raw ma terials  a s  the 

bas is of nu tr i t ious fo od f ormu la t ioris for the Ph ilippine s . The 

curr e nt r e sear c h  c omple men t s  and extends E dwa1· ds on ' s work as it 

applie s l ine ar programming to  th e s olu tion o f  raw ma terial  

s e l e c t io n , fir s t ly on the  basis  o f  nu trit iona l  ne e d s  and s e condly 
• 

on the  basis o f  c o nsumer r e qu irements . 

.. 
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CHAPTER 2 

L INEAR PROGRAMM ING AND NUTRITION 

The fir s t  area of research conc ern e d  th e a pplicat ion of 

the linear programming mo del to  the s o lu t ion of the nu t r i t i o n  

pr oblem  - tha t  is t h e  s e l e c tion o f  low c o s t  c omb ina t ions o f  food  

raw  ma teria ls w i th an  a c c eptab l e  nu tri t i ona l  balanc e .  This 

chapter  pr e s en t s  a brie f review of pr e vi ous applic a t i ons o f  

linear progr amming t o  the solutions o f  nu tritiou p rob lems , 

showing the ir r e la t ionship to the curr ent  applic a tion . 

The da t a  for th e model w ere  c o l l e c t e d , inc lud ing raw  

mat e r ial  c ompos it i ons and  c os ts and  Thai  nu tr i tiona l  pe r c a p ita  

r e quiremen ts . The sour c e s  an d d e r ivati ons o f  the s e  da ta are  

pr e s e nte d ,  t oge th er with  the c o nversion  of the or igina l  data  to  

a su itable f o r m  f or input to  a n  I HM pa c kage l inear  pr ogramme . 

2 . 1  A br i e f  r e v iew of  l ine ar pr ogramming a.E_Elic a t ions in the 

food indus try .  

Linear programming i s  a mathemat ical t e chnique us e d  to 

determine the optimum a lloc a t ion  o f  a l imited  supply o f  r e s our c e s , 

to  e i ther maximi z e  or minimize a spe c if i e d  ob j e c tive. I t  is 

c ommonly b e lie v e d  tna t  the fir s t  concepts  of l inear pr ogr amming 

were  laid by V o n  Neumann in 1 92 8 , w i th th e mathema tical  the ory 

be ing pr opos e d  b y  Danzig in 1 949  ( 35 ) . Dan�ig ' s  w ork le d t o  the 

de f inition of the S imple x me thod of s o lu t ion , wh ich is us e d  a s  

the basis for mos t hand  and c omputer  a lgori thms t o da y . S inc e 

that time the sub j e c t  has r e c e i ve d  w idespread  a ttention i n  su c h  

diver s e  fields a s  Lutr i t ion , e ngine ering , e conomi c s  and 

a gr iculture . 

The f ir s t  appl .ic a tion o f  the t e c hnique in the fo o d  a r e a  

.. 
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WRs d e s cr ib e d  by S t igler  ( 1 92 )  in 1 949 , be for e  the d e v e l opme nt 

o f  the s o lution meth o d .  H is ' c os t o f  sub s is t e nc e '  problem  

de s c r i b e d  th e r e quir emen t s  for  9 nutrients  of  a moderate ly 

ac t iv e  man which were  t o  b e  supplie d b y  th e cheape s t  mixtu r e  

fro m  a l is t o f  77  fo o ds . S o lu t ion was on a trial  and error  

bas is . S t igle r ' s  prob lem  was  s o lv e d ,  us i ng the S implex me tho d , 

by S mi th ( 1 80 )  in 1 95 9 .  E dwar dson ( 4 1 ) r e vie w e d  th e literatur e 

per taining to  ap plic a t ions o f  l inear pro gramming t o  the s o lution  

of  food  formula t i on pr ob lems . He  c ons idered  the s e  applic a tions 

as falling into thr e e  ma in areas . 

M e nu planning . P eryam ( 1 42 ) m o difie d Smith ' s  ' die t pr ob le m ' to 

the ' me nu plann ing pr ob le m ' . L ine ar pr ogramming was us e d  to  

s e le c t  th e opt imum mix tu r e  o f  inst i tuti onal meals , at  l ow c o s t  
o r  p o s sibly maximum a c c eptabilit y ,  su b j e c t  t o  r e s tr i c t ions o n  

minj mum nutr itiona l  c o mpo s ition , fr e quency  o f  rep e t i t i on o f  

dishe s , su itabi lity o f  d ishe s for different meals and the ir 

a c c e p tab ility rat ings . 

P lanning o f  food supplie s o n  nat ional and gl obal s c al e� . llruby 

( 86 )  u s e d  l inear pr ogrRmming t o  e s timate  le as t c os t  a l lowanc e s  of  

spe c i f i c  food  groups to  m e e t  the  nutritiona l r e qu ir e me nt s  o f  the 

C ze ch pe ople . Sukha tme ( 1 94 )  in 1 961  calcula t e d  th e r e qu ir e d  

incr e a s e  in the s upply o f  1 0  f o o d  groups ne c e s sary t o  bring  the 

quant i t y  a nd quality  o f  t he die t o f  the wo1 ·ld up t o  a defined  

targe t le vel  at  the mj _nimum c os t .  

Food f ormula t i o n .  This h a s  b e e n  probably the mos t c o mmon area 

o f  applic a tion . The  pr obl em is to formu late a fo od produc t 

e ith e r  a t  the l ow e s t  c os t  or t o  maximize prof i t , sub j e c t  t o  

spe c i f i c a tions o n  bo th raw ma t e r ials and the fina l  p r o du c t .  

M inimum c o s t  formula t ions · o f  bakery produ c ts w e r e  d e s i gne d w i th 

r e qu ir e d  mois ture , pro tein  and r aw mater ials ( 5 ) ; fru i t  salad  

and  sausage formu la tions were  d e s igned bas e d  o n  l e ga l  r e gu la tions 

and organoleptic  quality  ( 1 77 ) . 

E dwar dson ( 4 1 ) pr e s ent e d  a s ummary of linear programming 
appl i c a t i ons to the nu trition  problem ( se e  Table 2 . 1 ) . No 
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Table  2. 1 Summary of l i near programmi ng models i n  nutrition prob lems a. 

Y e ar A u thor 

S t igler ( 1 9 2 )  

1 959 S m i th , V . E .  ( 1 80 )  

1 96 1  S m i t h , P . E .  ( 1 78 )  

1 96 1  Sukha tme ( 1 911 ) 

W ir t h s  e t  a l . ( 22 2 )  

W i r ths e t  al . ( 2 2 3 )  

d e  l·l oor _e t al . ( 1 2 5 )  

Hruby ( 8()) 

I n gle t t  et a l , ( 89 )  

1 S' 7 1 Fa t r ick e t  a l .  ( 1 1t O )  

1 9 7 1  P i n t o  ( 1 5 6 )  

1 9'12 Cavins et al . ( 2 4 )  

a .  Take n from Edwafdson ( 4 1 ) 

A r. ea 

u . s . A .  

tr . S . A .  

u . s . A .  

W orl d 

Gc rrr.any 

Devel oping 
nations 

B e l g ium 

C u� c h o s  1 cva k :i :1 

gene r a l  

Bra z i l  

Brazil 

gen eral 

Nu!llber o f  
foods 

'/7 

73 
83 

) 72 

4 00 
30 
40 

� a  
food 
g-r:-oups 

38+3 
v i. t 'l m i n  
ti.:. b :.e tE: 

1 0  
foe>d 
gre- c. ; s  

n . a .  

1 6  
f<>Od 
{'TOUpS 

6 

n . a .  

n . a .  

6 

Nu mber o f  
n u t r i e n t s  

9 

1 2  
1 2  
1 2  

8 
8 
8 

3 

1 2  

8 

1 0  

1 1  

7 

n . a. .  
n . a .  

1 1  

Nutr i e n t s  

c a l or ie s ,  pr o t e i n , e a , 
Fe , v i t A ,  t h ia m in e , 
r ib o f la vi n 1 n ia c i n , v i t  C 

as S t i g l e r  
plus carbohydra t e , f � t , P 

i n c lu d e d  res tr i c t i ous o n  
foods 

a s  S t igler less c a l or i e s ; 
plus v i t  E 

calori e s ,  animal pr o t e i n , 
vege t a b le pr o t e i n  

a s  S t iG l e r  plus t ot a l  fa t ,  
v e g e t a b l e  f a t a n d  an imal 
prot e i n  
calorie s ,  pr o t e i n , animal 
protei n ,  i s o l e u c j n e ,  
lysine , me th ionine , 
threon i ne a n d  t r y p topban 

a s  S t i g l e r  plus fat 
a s  S t i gl e r  plus o n ima l 
pro t e i n  and f a t  

prot e i n , lysi�e , S -amino 
ac i ds , i s o l e u c i n e , 
th r e o n i n e  tryp t o ph a n , 
val ine 

n . a .  

. inc l u d e d  e s s en t ia l  a m ino 
a c i d s  

pro t e i n  an d 1 0  e s s e n t i a l  
amino a c i ds 
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furth e r  ap plica tions ha ve b e e n  not e d  s inc e the r e cor di n g  o f  th is 

summa r y .  

The work discu s s e d  i n  this the s is me rged  na tiona l foo d 

p lanning , menu planning and f o o d  f ormula t ion , a s  i t  a ime d a t  the 

s e le c t ion  of low c o s t  raw ma terials for i nput to  nut r i tious food  

produ c ts a c c eptable t o  the Thai c onsume r . 

I n  previous models  for s e l e c t ion of raw materia ls  of  a 

s pe c ifie d combine d nu t r it i ona l  compos ition , generally less  than 

one hundr e d  raw materia ls w ere  included ; the mod e ls by Smith 

( 1 30 ) , S m ith ( 1 78 ) , and Edwar dson ( 4 1 ) be ing e x c ep t ions . In  th is  

pro j e c t  15 1  raw ma terials w e r e  c ons idere d ,  inc luding indi genou s 

Tha i foods  and New Z ealan d dai ry pr o du c ts . T o  pr ovi de a ba la n c e d  

d ie t , a w i de spe c trum o f  nu trients  was  c o ns i de r e d .  A ll nu trients  

r e gu la r ly found in c ompos i t ion tab les  were  inc luded ,  t o talling 

twenty s ix - calor ie s , pr o te i n , fa t ,  fibre , c a l c ium , pho sphorus , 

iron , v itamin A ,  vitam in C ,  th ia mine , r ib o fla v in , nia c in ,  four 

tra c e  v itam ins and ten e s s e n t ia l  am ino a c i ds . 

2 . 2  The da ta requ ir e d  

The gene ral l inear programming model  a s  app l i e d  t o  th e 
nutrition prob lem c an b e  e xpr e s s e d  a s  fo l low s : 

minimi z e  c 1 x 1 + c2 x2 + . . . + c X n n 

sub j ec t  to  
< 

a 1 1  x1 + a1 2  x2 + . . . . . + a 1 n  X > b .... n I 
a2 1  X + �2 x2 + . . . . . 

+ a2n X < b �  1 n 
> 

c 
. 
• 

ak1 x 1 + � x2 + + < bk 
. . . . . akn X n > 

x1 � 0 
x2 � 0 

and 

• 

� X 0 n 



where 

k is the  numb er of  nutri e n ts or r ows 

n is the number o f  foo d raw ma t e r ials or columns 

a . . is the number o f  units of i th nutrient in one unit  o f  food  
� J  

raw ma t e r ial  l 
b .  is the s p e c i f ie d  numb er of units  o f  nutrie nt i r e qu ir e d  � 
c . is the c os t  of  one unit of f o o d  raw materia l 1 

J 

22 . 

x . is the number o f  uni ts o f  fo od raw ma teria l 1 in the solut ion . 
J 

The da ta r e qu ir e d  for pr oblem s o lu t i on was the n :  

1 .  A c o mple t e  lis t o f  ava i la b le raw  ma t erials . 

2 .  The cos t o f  each raw ma teria l .  

3. The c ompos it ion o f  each  raw ma t e r ial with r e sp e c t  t o  each 

nutrient . 

4 .  A lis t o f  nutri e n ts cons i de r e d  n e c e s sary in ob taining a 

balanced  die t .  

5 .  The requ ir e d  le v e l  of  e a ch nutr i e n t . 

2 . 3  The raw ma t e r i � ls 

FAO a gricu l tural a nd f ishery s ta t istics  publ i c a t io n  

( $ 7 , 56 )  and informa tion from t h e  Tha i Departme n t  o f  S ta t i s t i c s  

( 1 1 9 )  pr o v i d e d  a list  of  t h e  ma j or food  r a w  ma ter ia ls 

indigenous t o  Tha iland ( s e e  Appe ndix 3 ) . This lis t inc lud e d  

meats , fish , fruit s , v e ge tabl e s , spices  a n d  deriva tiv e s  o f  the s e  

materials f o r  e xample liver  a n d  kidney f r o m  me a t  a nima l s  o r  milk 

and cr eam from c o c onut s .  A ddit i ona l to  this list of 1 44 

indige nous raw ma ter ials w e r e  s e ven c ommon New Z e a land dairy 

products  inc luding but ter , che e s e , c asein , lac talbumin , wh o l e  

m i lk pow der , s k i m  milk pow der and s t er ilized  who l e  m i lk . 

2.3. 1 C osts  

Mark e t  pr i c e s  for each of  th e indigen ous raw ma terial9 _ · 
.. 

were  suppl ie d by a s ta f f  memb e r  o f  C hulalongkorn Universit y , 

Bangkok (29 ) . The s e  1 972 c o s t s  c ou ld only be c o ns i dere d  

approxima te but  a t  the very lea s t  pr ovi d e d  an or de r e d  scaling 
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o f  the  ma ter ia ls w i t� r e s p e c t  to the ir r e la tive  pr ic e s �  Such 

pri c e s  are , o f  c our s e , s ub j e c t  to var ia tion from one marke t pl.ac e  

t o  another and t o  s e asona l  fluc tuations . The la tter  pr oblem 

c ould  be ove r c ome by ob taining s e ts o f  pr ices  for spe c ific  

s ea s o ns . The  pr oblem o f  marke t  plac e variat ion could  b e  taken 

int o ac count by inc lud ing s ome e s timate  o f  th e pr i c e  range s o f  

e ach raw ma ter ia l . T h is w ould r e qu ir e  quadr a t i c  pr ogramming for 

s o lu t ion . I n  th is pro j e c t ,  it was cons idere d r e as onable to  us e 

average pr i c e s  and linear programming for the fo llow ing r easons : 

1 .  I f  such a pro j e c t  was  carrie d out by the Tha i go vernme n t  or 

some  private  or ganiz a tio n ,  quo ta t ions of c os ts f or each raw 

ma t e r i a l  w ould be  obta i ne d .  Such quotations w ou ld n o t  be sub j e c t  

t o  e i ther o f  t h e  above variations . 

2 .  The  ou tputs  from mos t c ompu ter algor ithms o f  line ar 

pr o gr a mming indi cate  the range of pr ic e s  over wh ich e a ch ma t e r ial  

w i l l  r emain par t  of  a c e le c t e d  m ix . 

Prices  for the da iry pr odu c ts were  ob taine d from the New 

Z e a la nd Dairy Board ( 1 3 4 ) , e xpr e s s e d  en  a C . I . F . Tha i land bas is . 

A ll c o s ts were  u onver t e d  t o  baht/1 00g to  two s i gnificant  figur e s , 

for  input t o  th e linear pr o grammin� mode l .  

2 . 3 . 2  Nutr iti onal  comp o s i t ion da ta 

Data was s ought  on  the  c ompos i t i ons of the 1 5 1  raw 

ma t e r ials for the 26  nutr i e n ts lis te d in  Table 2 . 2 .  In  a l l  cas e s , 

e rt ib l e  por tion c ompos i t i o ns were  u s e d  s o  tha t the  s o lu t i o ns to the 

pr oblem  would give th e nut r i tiona l  c omposition of a mixtu r e  of r aw 

ma terials pr epar e d  for pr o c e s s ing . 

The ma j or s ou r c e  o f  the data was in a Tha i  M inis try o f  

H ea l th public at ion ( 1 20 ) , wh ich pr ovide d corrpo s i tions of  th e local  

ma t e r ia ls f or proxima t e  anal yse s ,  m inerals  an d v i tamins A ,  C ,  B 1 , 

B2 , and niac in . USDA food  com�os i t ion tables ( 1 07 , 1 3 7 ,  2 1 5 )  

pro v ide d some data o n  vitam i ns B6 , B 1 2  and  pan t o thenic  a c i d  and  

Br i t ish  tab le s pr ovid e d  fo l ic a c id data . Amj.no a c id da ta w e r e  

tak e n  mainly fr om a r e c e n t  FAO public a tion ( 54 )  and  a C ommonw e a l th 



Table 2. 2 

Proxima t e  
analysis 

pro t e in 
calorie s  
fat  
f ibre 

The nutrients :;onsidered in  the problem. 

M inerals 

calcium 
phosphoru s 
iron 

V itamins 

v i tamin A 
v itam in C 
r iboflavin 
thiamine 
n ia c in 
vitamin B6 
v itamin B 1 2  
pantothenic 

a c id 
f o l ic a c i d  

Amino a c ids 

isoleuc ine 
leuc ine 
lys ine 
me th i onine 
c ys ti ne 
phe nylalan ine · 

tyros ine 
thr eonine 
trypt o phan 
va l ine 

24 . 

A gricu ltur a l  Bureaux bulle tin ( 78 ) . The comple te  l is t o f  sour c e s  

and their fre qu enc ies  o f  u s e  i s  show n  in Table 2 . 3 .  A f t e r  th is 

mod e l  was s e t  up � compos ition table s f or S outhe a s t  Asia  w e r e  

publishe d ,  but  i t  w a s  de c i de d  tha t l it t le would b e  ga ine d a t  

that time by updating the data ( 5 8 ) . 

For approxima t e ly 7 p e r c ent o f  the  c ompo s i t ion  ma tri x �  

da ta were  a s su me d or calcula t e d  from c omposit ional da ta o f  

r e la t e d  ma t e r i a ls . T h e  bas e s  for the s e  assumpt i ons were : 

1 .  Was the ma t erial in qu e s t ion an obvious me mbe r  o f  a w i der 

c la s s  of  raw ma terials? I f  s o ,  did  this ma teria l r e semble  o the r 

c lass me mbers  in o th e r  asp e c ts o f  nutrient  c ompo R i  t :i. on '! I f  bo th 

cr i t eria were  r e aso�ably me t ,  then a minimum value o f  the 

c ompos it i onal e l ement  was chos en from the document e d  da ta o f  

other cla ss members . For example , the  folic  a c i d  c o nt ent o f  r e d  

beans was a s sumed  t o  have th e minimum  valuA recor ded  f or a l l  bean 

var i e t ie s .  

2 .  I f  th e o the r me mbers o f  the raw ma teria L c la s s  di f f er e d  

marke dly i n  c o mp os ition from the w.at erial i n  qu e s tion , the n a 

m inimum va lue was assume d from a broader grouping o f  ma t e r ia ls -

fruit s , vege tabl e s , meats or f ish . For e xample , the cys tine  

va lue of  fro g  meat  was assume d t o  b e  the low e s t  r e c o r d e d  value 

o f  all the meat8 cons id ere d in th is pr o j e c t .  

3 .  The ma j or i t y  o f  unr e corded  f ibre le vels were for non-plan t 

materials - e ggs , me a t s , milk . Z ero  e ntries  were  r e c o r d e d  for 

these  ma terials . 



Tab le 2.3 Sources of raw material compositions. 

R e ferenc e Da ta inc luded  Fre qu ency  
o f  use  

Edwardson ( 4 1 ) 

Tha i c o mpos ition 
tab les ( 1 20 ) 

FAO publication ( 5 4 )  

C ommonw ealth A gri­
c ultural Bureaux 
bulle t in ( ?8 )  

M cC ance  and 
W iddowson ( 1 09 )  

Orr ( 1 3 7 )  

W a t t  a n d  Mcrr ill ( 2 1 5 )  

Bow e s  an d C hurch ( 1 4 )  

American  Dairy 
S c ience  
A sso c ia tion ( 77 )  

Du ckworth ( 39 )  

N . Z .  Da ir y .Boa r d  
Exp or t  Pur chase  
Handbook ( 1 33 ) 

N . Z .  Da iry R e s earch 
I ns t i tu t e  ( 1 35 )  

C h ild ( 2 8 )  

a ll 2 6  nutr ients 

pro t e in ,  fa t ,  calori e s  
c a lc ium , phos phoru s ,  
iron , nia c i n , rib o ­
flavin , th iamine , vita ­
min C ,  v i tamin A 

a l l  am ino a c ids 

all amino a c ids 

fo lic a c i d  

pantothenic a c i d ,  vita­
min B6 , v i tam in B 1 2  

pr o te iH , fa t ,  calor j e c: , 
f ibre , calcium , iro n ,  
phosphoru s ,  r iboflavi n ,  
niac i n ,  th iamine , v ita­
win C 9  v itam in A 
pr o t e i n , fa t ,  calor ies , 
fibr e , calc ium , ir o n ,  
phos ph orus , ribo flavin , 
nia c in , th iamine , vita ­
min C ,  vitam in A 

v itamin A ,  th iamine , 
ribofla vin , niac in , 
vitamin C ,  v itamin B6 � 
vitamin B 1 2 ,  folic acid , 
pan t 0 thenic  a c i d  

fo l ic a c i d  

pro t e i n , fat ,  calor i e s  

calc ium , phos ph orus , 
iron , vi tamin B6 

fo lic a c id , r iboflavin 

J e nnes and P a t ton ( 94 )  phosphorus 

Da ta  not ava i la b le 

A ssume d and 
c a lcula t e d  data 

1 1 44 

959 

803 

305 

92 

79 

32 

30 

1 4  

8 

2 

1 

6 9  

279 

3926 

25 . 

P e r c ent  
o f  total 
matrix 

29 . 1 4 

24 . 42 

20 . 45 

7 . 78 

2 . 01 

1 .  8 1  

0 . 97 

0 . 82 

0 . 76 

0 . 35 

0 . 2 0  

0 . 05 

0 . 03 

1 . 76 

7 . 1 1  

1 00 . 00 . 
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4 .  Whe r e  ma terials w e r e  do cume nted  a s  c ontaining tra c e s  o f  

nu tr ients , and no fur th er  da ta was available , a zero  l e ve l  was 

r e c or de d .  

5 .  I n  a few cases  da ta value s w er e  c a lcu la te d .  For example , 

the c al orie le vels  o f  casein  an d la c talbumin w ere  e s t ima t e d  by 

mul ti plying the fat le ve ls by th e fa c tor 9kcal/g and pr o te in 

and c arbohydra t e  leve ls by the fac tor 4kcal/g . 

A ppr oximate ly 2 per c e n t  o f  th e ma trix e l e �e nts w e r e  

blank . T h e  ma j ority  of  the se  were  for trace v itamins - v i tamin 

B6 , pant o thenic and f o l i c  a c ids . In the compu t e r  s o lution , all  

miss ing e le ments were  asEigned  z ero value s .  

Nu tr ie r. t  units  were  e xpressed  per 1 00g o f  food  raw 

ma teria l . The a c curacy o f  e xpress ion of the se  units  and some 

descr ipt ion o f  the der iva tion  o f  the nutrient  c ompos j. t j.ona J d a ta 
is given be low . 

C alori e s : 

Protei n :  

near e s t  kilocalor i e  ( kca l )  

near e s t  t e nth o f  a gram ( g )  
o f  nitrogen 

Fat : near e s t  t enth o f  a gram ( g )  

Fibre : near e s t  te nth o f  a gram ( g )  

C a lc ium : ne ar e s t  milligram ( mg )  

Phosph orus : near e s t  mill igram ( mg )  

Iron : ne ar e s t  tenth o f  a 
milligram ( mg )  

calcula t e d  u s i ng 
phys i o lo gic a l  en e r gy 
fac tors  fo r fa t ,  protein 
and c arbohydrate  ( 9 , 4 , 4 ) 
where othe rwis e u nknown 

where n itr ogen was 
assume d to form 1 6  pe r ­
c en t  o f  pr o te in i n  mos t 
foo ds . Other fac tor s  
used  f o r  c e r e al s , beans , 
nut s and milk 

by extra c t io n  e s tima tion 

by extrac t ion e s t imation 

total ( no c orre c t ion for 
oxalat e  or p�ytate  salts  
wh ich make s ome of  the 
mine r a l  una va i la bl e  to 
the b o dy )  

total ( no c or r e c t i on for 
pr esence  as c omb ine d 
�hytic  a c i d )  

total ( no c or r e c tion  for 
phyta t e  unava ilability  
or  absorp t i o n )  



Vitamin A :  near e s t  ten interna t ional 
unit s ( iu ) 

Thiamine : near e s t  o ne hundre dth o f  
a milli gram ( mg )  

R iboflav in : ne ar e s t  one h undr e dth o f  
a m illigram ( mg )  

Niac i n : near e s t  t e n th o f  a 
milligram ( mg )  

Vi tamin C :  near e s t  milligram ( mg )  

Vitamin  B6 : near e s t  th ousandth o f  a 
milligr am ( mg )  

Vitamin B 1 2 :  near e s t  thousandth o f  a 
milligram ( mg )  

Pantothenic  nea r e s t  thousandth o f  a 
a c id :  milligram ( mg )  

Fo lic a c i d :  near e s t  micro gram 
( pg )  

Amino a c ids : near e s t  milligram ( mg )  

whe r e  " tra c e " , 5 iu 
r e c o r d e d  

2 7 .  

o . 6u g  carot ene = 1 iu 
1 . 2ug  o the r car o t e ne s  

= 1 iu 
0 . 3ug r e tinol ( V it A 

a lc oh o l )  = 1 iu 

wh er e " tra c e " . 0 . 005mg 
r e c o r d e d  

whe r e  " trace " ,  0 . 005mg 
r e c o r d e d  

1 mg nia c in = 1 n ia c in 
e qu iva le n t  

= 60mg tryp t o ­
pha n 

tr ypt ophan c ontribu t�on  
not cons idered  

r e du c e d  form o f  ascorbic  
a c i d  from  US DA , t o tal  
as c or o1c  acid  from 
Tha iland Food Table s 

pyr i doxa l ,  pyr idoxa l and  
pyr odoxamine conten t ;  
hydrochlor ides  c or r e c t e d  
to  fr e e  bas e:: 

mic r o bi o logical  e s t ima t ion  

pant o thena te e s t ima t i o ns 
corr e c te d  to  pan t o thenic  
aci d 

gene rally to tal fola te 
mea sur e d  

average value s o f  s e veral  
independent a ssays for  
each  amino  a c i d ; chroma ­
togr aph i c  e s timat ions � s e d  
whe r e  availa b le 

A s  i n  the case  of  c os t s , considerable varia t ion exis t s  in  

the  raw  ma terial c ompos itions due to  s ea sonal e ff e c ts , area of 

pr odu c ti on , time o f  harves t i ng and varie tal  differ en c e s . The 

e xistence  of th e s e  variat ions was r e c o gniz e d ,  bu t no  a c c ount  o f  

them was take n .  T o  have done this w ou l d  have r e quir e d  
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spe c ific a t ion  of  the varie ty o f  raw ma ter ia l  t o  b e  u s e d , the area 

of pro duc tion  and gr owi n g  s eason . A c curate  da ta would then  have  

b e en requir e d  on the average c ompos it ions of each raw  ma t e r ia l  

and the na tural varia tion o f  the s e  average s . I n  th is pr o j e c t , 

the use o f  wha t might be cons ider e d  ap pr oximate  data was  

justi fie d be c ause it ma de pos s ib le the development of  the 

nutriti ona l mod e l .  A lth ough the c o mb ina t ion o f  raw ma t e r ia ls 

o b ta ine d from the mo del cannot be  r e garded as the lowe s t  c o s t  

c ombina tion in  Tha i land  a t  any one t ime , i t  can giv e l ow c o s t 

c ombina tions o f  raw materia ls . The da ta can be upda t e d  easily  

t o  me e t  any  par t icu lar raw ma teria l  co mpo s itions in  Tha i land . 

2 . 4  Nutr i t i ona l c ons tra ints 

It was c o ns i der e d  mor e w o r thwh i le init ia lly to develop  a 
food  for mula ti on f or cons ump t ion by the wh ole family than for any 

par t icu la r  a ge gr oup . Raw ma terial s e l e c tion ha d the n  t o  be  ma de 

t o  satis fy the nu tr itiona l r e qu ir em e n t s  of  al l wem bers  of the 

fami ly . S erv i ngs to  each me mber  would  b e  ma de in pro p or t i o n  to  

his  age and hence as sume d to s a t i s fy his nutrit ional r e qu ir em e nt s . 

This assump ti o n  r e l ies  on an inc r ease  in c onsump t ion  w i th a ge 

propor ti onal t o  the chang e in r e quiremen t s  for each nu trient . 

For example , a ch ild  in the 1 0 - 1 2  age group shou ld c o ns ume morG 

than a child in  th e 7-9 age gr oup . This a ddi ti onal  c o nsu�p t i on 

i s  e xpe c te d  to  supply the extra nutr itiona l requ ir e ments  o f  the 

o lder age group . W ith the e x c ep t i o n  of infants  and very  young 

children , ther e is a clos e t o  line ar r e lationsh ip b e tw e e n  

nu tr itional r e ��ireme nt and age , s uppor t ing the u s e  o f  the w e igh t e d  

average appro� Gh t o  the deve lopment  o f  constraint s . I n  t h e  fir s t  

part o f  the pr o j e c t ,  tha t c onc erne d so le ly with nut r it i on , al l 

age groups ha ve b e e n  inc lud e d  t o  provide a c omple t e  genera lization 

of the mod e l . I t  was r e c o gniz e d  tha t gr ea ter ac curacy  wou l d  b e  

o b taine d if mor e na rrow age group ings were cons i dere d .  This was 

done in the s e c ond part of  the pro j e c t  whe r e  a c c e ptan c e  c r iteria 

for a dults  only were  c ons idere d and henc e only th e nut riti onal  

r e qu ireme n t s  for  this group were  us e d .  
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1 able 2. 4 Weighted average dai ly per capita nutritiona l  requ i rements. 

Nu tr ient 

C alories  
Protein  ( gN )  
Fa t ( g ) 
Fibre ( g ) 
C a lc ium ( mg )  
Phos phorus ( m g )  
I r on ( mg)  
Vitamin C ( mg )  
V itam in A ( iu ) 
Th iamine ( mg)  
N ia c in ( mg)  
Ribo flavin ( mg )  
V itam in B 1 2  ( mg )  
V itamin B 6  ( mg )  
Folic  acid  (pg )  
Panto thenic a c i d  ( mg )  
Prote in/c alor i e s  

Amino ac ids 

I s o leuc ine ( mg/gN 
LP.u cine  ( ntg/ gN ) 
Lys ine ( mg/gN ) 
Phenylalanine ( m g/gN ) 
Tyrosine ( mg/gN ) 
Cystine ( mg/gN ) 
M e th ionine ( mg/gN ) 
Thr e onine ( mg/gN ) 
Trypt ophan ( mg/gN ) 
Va line ( mg/gN ) 

M inimum w e igh t e d  
average 
r e qu ireme n t  

2 1 00 
7 - 75 
20% o f  cal or ies 
6 
5 85 
0 . 8  x c a lc ium 
8 . 70 
2 8 . 0 
2 1 00 
o . 4/1 000kcals 
6 .  6/'WOOkc a ls 
0 . 55/1 000kcals 
0 . 001 85 
1 . 65 
1 75 
6 . 80 
0 . 1 3 

e gg pa t tern  values  

4 15 
553 
403 
365 
2 62 
1 49 
1 9 7 
3 1 7 
1 00 
454 

Maximum w e i gh te d  
average 
re quirem e nt 

none 
none 
35% of ca lories  
1 5  
1 500 
1 . 5 x c a l c ium 
none 
none 
none 
nonP. 
none 
none 
none 
none 
none 
non� 
none 

Nutr itional requ ir ements for ind i vidua l age groups w e r e  

taken ma inly from re comme nda t ions b y  t h e  Thai M inis try o f  H e al th 

( 1 2 1 ) and exper t  gro ups o f  FAO ( 46 ,  4 8 , 49 , 50 , 55) . The or igins 

of  the r e qu ir e�e n t s  for individual  nu tri e n ts are diccus s e d  in 

the f o llowing s e c ti o n . In  a lmo s t  a l l  c a s e s  only low e r  nu trit ional 

requ ireme nt s were  us e d  due to the la ck of informa tion  on the i l l  

e f fe c t s  of overdos e s  of mos t nut r ients . 

Nu tritiona l  c o ns traints w er e  d e t er mine d a s  w e i gh t e d  a verage 

r e qu ir ements for e a c h  nutr ien t over  the entir e  Thai popula t io n . 



W e ight e d  average requ iremen t , nutrient j 
n 

= 1:: 
i=1  

p . a . .  
J.. J. J 

where  P .  J.. is the propor tion o f  the to tal popula tion  in a ge 

group  .?:_ .  
a .  . is the r e qu irement  fo r nutri ent j by age gr oup i .  l J 
n is the numb er o f  age gr oups . 

The der ivat ion o f  the popula ti on di s tribu t i on is inc lud e d  in 

S e c tion  2 . 5  and the f ina l calcula tion o f  the w e i ghted  avera ge 

requir e ments  in A ppendix 4 .  A summa ry o f  the weigh te d  average 

requ ir e ments  is  given in T a bl e  2 . 4  

2 . 4 . 1  Energy r e qu ir ements  

30 . 

The dai ly c a lorie al lowanc e s  r e c o mme nd e d  by th e rha i 

M inis try of  Health ( 1 2 1 ) w e re us e d  ( see  Ap�e ndix 2 ) . fhe s e  w e r e  
found to  be in a gr e e ment w i t h  the  levels  r e c o mme nde d by  th e Food  

and A gr icu ltur a l  Organiz a t ion o f  the Un it e d  Na t i ons ( 55 �  wh en 

ac count was take n o f  th e varia ble  fac t or s  affe c t ing energy 

r e qu ireme nts . 

1 .  Phys ical  a c t i v it y . The FAO r epor t ( 55 ) use d  an estima t e  o f  

average a c t ivi ty base d on the r e ferenc e man and w oma.n . 

Re ferenc e man ( 65 kg in  wei gh t ) r e qu ir e s  3200 kca l/day . 

Re ference  woman ( 55 kg in weie;h t )  requir e s  2300 kcal/day .  
-.. Body s i ze . A f ormu la c. .  to e s t i ma t e  the ener gy r e qu ir em ent s p e r  

unit o f  body w e i ght w a s  develope d ( 55 ) . A simplifie d vers ion o f  

this formula is : 

M en E = 1 52 w0 • 73 

W omen  E = 1 23 . 4  w0 • 73 

whe re  W is bo dy w e ight  in kg .  and E is t he da ily c a lor i e  r e qu ir e ­

ment . 

3 .  E f fe c t  o f  a ge . The FAO group recomm ende d  a decrease  in calorie  

intake of  3 per c en t  for the de c a de s  25-35 and  35-45 years , and 

7 . 7 pe r c en t  for each de cade  thereafter  tc  65 ye ars . A ft e r  65 years 

th e c al or ie intake should r e main c o ns tan t . 

4 .  C lima t e . The group r e c o mmended a decrease  in c al or i e  intake of  
0 0 5 perc ent for e a c h  1 0  C above t he base level  o f  1 0  C for the  



re ferenc e man and woma n .  For e a ch 1 0°C dro p  below this l e ve l ,  

an inc r ease  of 3 pe r c e n t  is r e c omme nde d .  

3 1 . 

The s e  fac tors w e r e  u s e d  to c a lc u late  th e re quir eme nt s o f  

th e Tha i people  by age group an d s e x . For e xample t he r e qu ir e ­

ment  for 20-29 year o l d  me n was calcula t e d  as  follow s :  

1 .  No a l lowanc e was ma de f or di ff e r ing le vels  of  a c t iv i t y .  

T h i s  w a s  taken as  tha t o f  the r e ference  man w i th a r e qu ir e me nt 

o f  3200kca l/day . 

2 .  A llowan c e  for w e i ght was ma de us i ng the s i mplifie d formu la . 

E = 1 52 w0 • 73 

E = 1 52 X ( J4 ) 0 • 73 

= 2 850  kcal 

whe re  the average w e ight o f  20-29 ye ar o ld men was 54kg . 

3 .  The a vera ge t e �pe ratur e for Tha iland is approxima tely  30°C 

wh ich is 20°C above the ba s e  le v e l .  H en c e  th e c a lor ie r e qu ir e me nt 

was  redu c e d  by 1 0  pe r c e nt . 

E = 2850 - 2 85 

= 253.:J kcal 

= 2550 kcal ( round e d  t o  the ne are s t  
50kcal ) 

This rounded f igure  of 2550kca l  c orresp o nd s  w i th the allow an c e  

r e c o mme nded by the Tha i M in is try o f  H ea lth ( 1 2 1 ) .  

4 .  The r e qu iremen t for 30-39 year old  me n was c a lcu l a t e d  by 

r e duc ing the a llow an c e  f o r  20-29 y ear o lds by 3 perc ent . 

E = 2535 - ( 0 . 03 X 2537 )  
= 2459 kcal 

= 2450 kcal ( round e d  to  the nea r e s t  
50kcal ) 

The r e qu ir ements  outline d b y  the FAO group ( 55 )  f o r  infants 

and ch ildren are giv e n  in Table 2 . 5 .  In  general  the r e  is agr e e ­

me nt  be twe en these le vels  and th os e put forward by the Tha i 

Depar tmen t o f  H eal th . S ligh t  varia ti ons e xis t in  the all')w an c e s  

f or ch ildren from 1 - 1 9  years . These  arP. generally o f  the or der  

of  1 00kcals  and are probably du e to  s ma l l  dif ferenc e s  in b ody 

w e i ght . 
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Tabl e  2.5 Recommended da i ly calorie al lowances for infants and ch i ldren a. 

Age  group Dai ly allow a n c e  

1 -3 months 1 20 kcal/kg 
4-9 " 1 1 0 " t l  

1 0- 1 2  t l  1 00 t l  1 1  

1 -3 ye ars 1 300 kcal/day 
4-6 1 1  1 700 " t l  

7-9 " 2 1 00 1 1  " 

1 0- 1 2  " 2500 1 1  1 1  

1 3 - 1 5  years ( male ) 3 1 00 " t l  

1 3 - 1 5  1 1  ( female ) 2 600 1 1  1 1  

1 6 - 1 9  " ( ma l e ) 3600 tl  tl  

1 6 - 1 9  t l  ( fe male ) 2400 kcal/day 

a .  R e c ommended by the FAO commit tee  on c a lori e s ,  1 957  ( 55 ) . 

P r egnancy . Extra ene r gy is ne e de d  for growth o f  the foe tu s , the 

plac en ta and aGs o c ia t e d  ma ter ial  tissues and f or the increas e d  

c o s t  o f  mov eme n t  of  th e he avier moth e r .  The FAO c o mmi t t e e  ( 55 )  

r e c o mmended  an allow an c e  o f  40 , 000kcals per pre gnancy . 

Lac tat ion . Energy is requir e d  for milk prod� c tion  an d for milk 

c onst ituents . The FAO c ommit t e e  ( 55 )  r e c omme nd e d  an e xtra 

1 000kca ls/day for 6 months cf lac ta t i o n .  The s e  r e c ommendat ions 

have  b e en a dopt e d  by the T h a i  M inis try o f  Health . The calorie  

r e qu ir ements for each age gr oup are summariz e d  in  Appe ndix 2 .  

2 . 4 . 2  Pr o t e in r e qu ir emen t s  

Th9-i Health M inis try ( 1 2 1 ) and FAO/WHO r e c ommenda t ions 

( 4 8 )  are not in c omple t e  a gre ement  on daily pr o t e in r e quir emen ts 

( s e e  Table 2 . 6) .  The allowances  for a dults are  almo s t  the same 

on the basis of a pr o te in u t i l izat ion ( NPU ) of 60 , wh ile  those 

for infants an d c hi ldren  are  higher in the Thai r e c omme nda t i ons . 

Pr egnancy . The FAO/WHO group ( 48 )  e s t i ma te d  t he e xtra amounts o f  

p r o t e i n  la id down i n  the formu la t i on o f  t he foe tus and foe tal  

m e mbrane s .  The s e  increas e d  deman ds were  6g/day in the s e c ond and 

thir d tr ime s ters . 



Lac t a t ion . An e xtra a�lowan c e  o f  1 5g/day is requir e d  ( 4 8 ) . 

The FAO/WHO r e c o mme ndati ons were us e d  and the pr o t e i n  

r e qu ir ement le ve ls  for e a c h  a ge group and spe c ia l  c a t e gories  

were  calcu la t e d  a s  grams nitro gen us ing the conv e r s ion fa c to r  

6 . 25 grams pr o te in per gram nit rogen ( se e  Append ix 2 ) . 

Table 2. 6 Recommended da i ly protein  a l lowances. 

Tha i H e a l th Dep t . a 
FAO/WHO

b 
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Age gro up ( g/kg body weigh t )  ( g/kg b o dy we igh t ) 

M e n  20 1 . 00 0 . 98 
W om e n  20 1 . 00 0 . 98 
I n fants  0- !  2 . 33 1 . 70c 

Children  1 -3 1 .  70 1 . 4 6  
4 -6 1 . 3 1  1 .  34 
7-9 1 .  20 1 . 2 8  

1 0 - 1 2  1 . 2 8  1 . 20 
Boys 1 3 - 1 5  1 • 1 1  1 . 1 6 

1 6 - 1 9  0 . 90 1 . 06 
Girls  1 3 - 1 5  1 . oo 1 .  1 6  

1 6- 1 9  0 .  8 1  1 . 06 

a .  Divis i on o f  Nu tri t i on , M inis try of  He alth , T h a i l a n d  ( 1 2 1 )  
b .  R e p or t of  j o int FAO/WHO e xp e r t  group ( 48 )  
c .  A v eraged  over  r e c omme nd e d  al lowances  for four age gr ou ps 

b e tw e en 0 and 1 year . 

2 . 4 . 3  Fa t r e quir ements 

Be aton  and McHenry ( 1 1 )  ma inta ine d tha t  the only human 

obligat ory reason  for inc luding fat in the di e t  is to supply the 

e s s en tial  fat ty a c ids . The y a dde d , how e ver , tha t fa t was als o 

de s ir a b le as a me ans o f  inc r easing palatability o f  fo od due t o  

its  lubr icating func tion and slow absorp tion rate  c au s ing h i gh 

satie ty  and as  a p os sible s our c e  o f  fa t solub le v i tamins . The 

Br i tish  M e di c a l  Associat ion ( 1 1 8 ) were unaware of any eviden c e  

for a minimum da ily intake o f  �at  r e qu ir e d  t o  maintain the health 

and w e ll bei n g  o f  the huma n bo dy .  A lthough no s tr i c t le vels of  

fat intake are  r e c u mmen d e d  in na tiona l  nutrient  r e qu ir emen t  table s , 

desirable  fat le vels  in t e rm s  o f  perc entage o f  t o t a l  calor ie s  as  

fat are  sugges t e d :  



United  K i ngdom 

C ana da 

H o lla nd 

South A fr i c a  

25 -35% 

gr eater than 25% 

less  than 30% 

20-300/o 
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Davidson and Passmor e  ( 36 )  in r e c omme nding fa t int ake s mai nta ine d 

tha t " any c ommunity wh ich w ishe s t o  f e e d  well  in a c iviliz e d  

tradit ion ( ea s t  or w e s t )  mus t obtain a t  le ast  20 pe r c ent o f  its  

energy from fa t ,  and that individua ls in pr osper ous c o mmunities  

who  lead  se dentary lives  and  ha ve reache d  mid dle a ge would b e  well  

advis e d  to  l imit  th e ir fat  inta ke to  25-30 percent of total  energy . "  

The fa t c ontr ibu tion t o  total calorie s i s  gene ral ly muc h  

low er in ERs tern c ount r ie s  than th ose  r e c ommend e d  abo ve ( s e e  

Table 2 . 7 ) . 

Table 2.7 Calo ries fro m fat in Eastern countries a. 

Fa t 
C oun try avai lable 

g/day 
------- �....--•--" 

C e yl on 4 4  
Ta iwan 5 '+ 
Ind ia 24  
J apan 4·8 
Korea 1 5  
Pakis tan 33 
Phil ipp ine s 30 
Tha iland 32 

C a lories  Percent b 

available calories  
kca l/day from fat 

2 1 50 1 8  
25 1 0  1 9  
1 900 1 1  
24 60 1 8  
2430 6 
2230 1 3 
201 0 1 4  
2 1 00 1 4  

1 96 8  T 
1 96 8  T 
1 96 6/6 8/69 T 
1 96 8  T 
1 967 T 
1 967/68 T 
·1 96 8  T 
1 964-b6  F 

a .  C alcula t e d  from  data in FAO produ c t ion yearbook 1 96 9 , F�O , 
Rome , 1 970 . 

b .  R ounde d t o  the near e s t  int e ge r . 
c .  T i s  tenta t i ve , F is FAO e s tima te .  

I t  was de c ided  to  limi t the range of c alor i e s  fro m  fat  

t o  20-35 per c en t , where fat  c ontrib� te s  9kcal/g . The  lower limit 

pr ovides  enough fat for satie ty and pala tability fac to r s ,  while 

the upper limit prevents pos sib l e  h e al th dangers due t o  e x c e s s iv e  

fat  intake . 
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2 . 4 . 4 Fibre requ irements 

Fibre is r e c o gnized  as an e ssential die tary c ons t itu e nt , 

giving bulk a nd consis tency  t o  fae cal ma t ter in the body t o  

maintain laxa t ion , but a lmos t n o  da ta is  availabl e  o n  r e c ommended 

J e ve ls .  I n  1 956 Robins o n  ( 1 60 )  r�ported  tha t  the da ily r e qu ir e ­

ment for crude f ibre ha d b e en e s t i ma te d  i n  1 932 t o  b e  about  

90- 1 00mg/kg o f  body wei ght . Hu t c h ins on ( 88)  s ta t e d  tha t 

approxima t e ly 40kcal/day from h e m ic ellulo ses and 20kcal/day from 

c e llulos e s  c o u ld be absor b e d  by int esti nal or gan isms , after  an 

a llowan c e  for ma ter ial loss  dur ing fermentatio n .  This  is  

e qu iva lent t o  60kca l/day , wh ich at  the rate of  4kca l/g fro m 

c arbohydra t e s  would b e  a va i lable  fr om 1 5g/day of mixed p o ly­

sac char id e s . 

I n  this s tu dy 1 a crude fibre  range  o f  6 - 1 5 g/day was s e t  

for a l l  age groups . I t  was r e c o gn ized  tha t spe c i f i c  c omponents  

o f  crude f ibr e inc luding c e l lulos e s , hem i c e llulos e s  and  l ignin , 

may have spe c i fic func ti ons in th e huoan body , bu t the s e  c ou l d  

n o t  be us e d  be cause  o f  the la ck o f  compositi ona l  da ta in th is 

area . 

2 . 4 . 5  Calc ium and pho sphorus 

C a l c ium and phosphorus are the chief  e lem en ts in  build ing 

skele tal s tru c tur e s  of  the body . C a l c ium also a c t s  in blood 

c lo t t ing , absorp tion of v it amin  B 1 2  from the inte s tina l  trac t ,  

r e gula t e s  c ontra c t ib ility o f  mus c le and he lps mai nt a in normal 

c e l l  permeability e s s ential  to  osmotic  pr e csur e c ontro l . 

Phosphorus is impor tant in anabo l ic and � 3 t�bolic reac t io ns a s  

ATP and ADP . In the inor ga11 ic f orm i t  h elps r e gu la t e  ion  

c onc entra t i on of the body . 

R e c ommended  requir eme n � s  for calc i um vary c o ns i derab ly .  

Sherman ( 1 74 )  sugge s ted  the minimal requ irement t o  b e  680mg/day , 

wh ile M i t c h e l l  anci C urzon ( 1 22 ) found tha t  9 • 75mg/kg b o dy w e i gh t  

per  day was r e quir e d  t o  maintain  e qu il ibrium . The FAO/WHO 

expert  c ommi t t e e  on c a l c ium ( 46 )  and  the recomme nda t i ons o f  the 
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Thai M inis try o f  H e a lth ( 1 2 1 ) are show n in Table 2 . 8 .  The 

FAO/WHO gro up - su gge s te d  a range t o  inc lude the low e s t  a c c e p ta b le 

intake of  calc ium � e cau s e  o f  t he w i de differ e nc e s  in  re qu ir em e nt s  

from a r e a  t o  area . 

Table 2. 8 

Age group 
( years ) 

0-1  
1 -6 
7-9 
1 0 - 1 2  
1 3 - 1 5  boys 
1 6 - 1 9 boys 
1 3 - 1 5  girls 
1 6 - 1 9  girls 
adult me n 
adult women 

Recommended da i ly calc ium al lowances. 

FAO/WHOa 

( mg/day )  

500-600 
400-500 
408-500 
608 -700 
600-700 
500-600 
608- 700 
500- 600 
400 -500 
4 00-500 

a .  J o int FAO/WHO e xpe r t  g r o u p  on c al c ium , 1 96 2  ( 4 6 )  

T ha i H e alth 
Dept . b 
( mg/day ) 

500 
4oo 
500 
600 
700 
600 
Goo 
500 
500 
400 

b .  Div i s ion of N u tr i t i o n , �1 inis try of H e al th , Thai lan d , 1 9 70 ( 1 2 1 ) 

A dditio::J.a l intake s were  r e c omme nded  by the FAO/WH O group  

( 4 6 )  dur ing the  t h ir d  tr ime s t e r  of pre gnancy t o  pr ovide for 

gr ow th of  the  f o e tu s ,  and in th e lac ta t io ::J. period  to c ompe nsat e  

for los s e s  in human milk . The s�gge s t e d  le v e l  o f  int ake f or b o th 

periods was between 1 000 and 1 200mg/day . 

A l though th e group did  not d e f ine an upp e r  limit for 

calcium  intake , it did sugge s t  tha t le vels  in exc e s s  o f  1 500mg/day 

may lead  to  kidne y s t one f orma t i on . 

I n  th is pro j e c t  the upper le ve l o f  the range o f  calc ium 

allo"lm nc e s  re commend e d  by the  FAO/WHO gr oup were  a dop t e d  as  tl"e  

a c c eptable  minimum levels of  intak e .  A n  uppe r l imit o f  1 500mg/day 

was also  de fine d for  a ll a ge groups . 

No  allowanc e s  for phosphorus are r e c ommended  - b y  th e T ha i  

M inis try  o f  Health . The FAO/WHO gr oup o n  calc ium r e qu irements  ( 46 )  
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f e l t  tha t var ia tions i n  the c a lcium t o  pho sphorus ratio  in 

habitual  die ts are of  no pra c ti ca l  s ign ificance  in r e la t i on to the 

utiliza t i on of th e minera ls . Sherma n  ( 1 74 ,  1 75 ) , h ow e ver , s ta t e d  

tha t when th e r a t i o  o f  th e two minera ls i s  grea tly imbalanc e d ,  

the mineral in the sma ller  amount i s  not well  absor be d .  Beaten 

and M c H e nry ( 1 1 )  be lie ved  that phosphoru s le v e ls up  to 1 50 

per c e n t  those of  cal c ium  were  satisfac tory for the A merican people . 

I t  was c o ns ider e d  tha t some r e s t�ic t i on should  b e  pla c e d  

on the ra tio of  calci um t o  phosphorus . The range chos e n  was : 

0 . 8  � C a/P � 1 . 5 

2 . 4 . 6  Iro n r e qu ireme nt s  

I ron � a s  a c e ntral func t ion in oxygen transp or t i n  th e 

blood  a nd has a r o le in haemoglobin format ion . On the basis o f  

t ote. l  b o dy tur nvver s tudie s ,  the FAO/WHO c ommit t e e  o n  i r o n  
re quirements ( 49 )  calcula t e d  the total  loss of  ir o n  per  day to  be 

0 . 9 "'1 mg for the average ma n ( 65kg in w e i gh t )  ancl 2 . 8mg for the 
average w oma n ( 55kg in w e i gh t ) . The c ommit te e ' s  r e c ommenda t i ons 

for ch ildren from birth to 1 6  years were c alcu la te d  on t h e  
assump t i o n  tha t girls b e gan mens trua t i on a t  the age o f  13  ye ars 

w ith an u pper limit  on mens tru al loss of 1 . 4mg/day .  T o  provide 

for the needs o f  the fo e tu s  and plac enta an a ddi t ional al low an c e  

o f  1 000mg was sugge s t e d  f o r  the  f i r s t  and s e c ond halves o f  

pre gnanc y . Dur ing la c ta ti on a n  e xtra 2 . 4mg/day w a s  sugge s t e d  t o  

a c c ount  for  b lo o d  los s e s ,  milk ir on los ses and basal los s e s .  

The FAO/WHO recomme:nd e d  allow an c e s  for iro n  a r e  summa r iz e d  i n  

Table 2 . 9 .  

The r equ ireme n ts a s  s e t  by the Tha i M inis try o f  H e a lth 

are c l o s e  to the FAO/WHO r e c o mmend e d  allowanc e s  for di e t s  

c ontaining  1 0 -25 per c e n t  cal or ie s fro m  animal sour c e s . Varia tion  

e xis ts in the l evels for pr e gnan t  and  lac tating w omen with the 

Thai f igure s  being higher  than thos e of the FAO/WHO group . I n  

this pro j e c t  the Thai M inis try of Heal th allowanc e s  w e r e  us e d  

for a l l  groups excep t  pre gnant  a nd la c tating w omen . I n  the s e  
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c a s e s  FAO/WHO figu re s  w e r e  c o nsidered  more realistic i n  view  of 

e vidence  pr esented  in tha t  report  ( 49 ) . 

Table 2.9 Recom mended dai ly al lowances for iron. 

Age  , group 

I nfants 0-4 months 
5 - 1 2  months 

Ch i ldren 1 -9 years 
1 0 -1 2 

Boys 1 3 - 1 5  
1 6 - 1 9  

Girls 1 3 - 1 5  
1 6 - 1 9  

M e n  20 
W omen 20-49 
W omen 50 

:t'r e gnan t  w ome n 
1 s t half 
2nd ha l f  

Lc... c tation  

R e c o mmende d intakes 
a c c ording to  p er c en tage c a lor ies  

from  an ima l fo od 

< 1 00;6 
( mg/day)  

Supplie d by 
1 0  
1 0  
1 0  
1 8  

9 
24 
28  

9 
2 8b NA 

an e xtra 
an extra 
a.n e xtra 

1 0-25% 
( mg/day )  

> 25% 
( mg/day)  

br e a s t  feeding 
7 5 
7 5 
7 5 

1 2  9 
6 5 

1 8  1 2  
1 9  1 4  

6 5 
9 1 4  

NA NA 

o . 8mg/day c 

3 . 0mg/day 
2 . 4mg/rlay 

Thai 
H e a l th 
Dep t . a 

( mg/day ) 

k g  X 1 . 0 
kg  X 1 . 0 

4 
8 

1 1  
1 1  
1 6  
1 6  

6 
'1 6 

6 

2 6  
2 6  
2 6  

a .  Division o f  Nutrit ion , M inistry of  H e a lth , Tha ila nd , 1 970  ( 1 2 1 )  
b .  Not  given in th is r ep or t 
c .  A dditiona l t o  each  category 

2 . 4 . 7  V itamin C r e qu ireme nts 

R e c omme nda t ions o f  the j o int FAO/WHO commi t t e e  on vitamin 

C ( 49 )  and o f  the  Tha i M inis try of  H e a l th are  in almos t total 

agr e ement ( s e e  Table  2 . 1 0 ) . 

W ork carr i e d  out  b y  Bake r e t  a l  ( 1 0 )  and Hodge s e t  al ( 84 )  

indic a t e d  tha t  a n  a du lt can  ma inta in hea l th , a s  de fine d b y  the 

abs e nc e  of  s curvy , on 6 . 5mg/day . Baker ( 9 )  c la ime d tha t  w e l l  f e d  

young m e n  metab o l iz e d  o n  average 2 1 . 5mg v itamin C p e r  day . On  th e 

bas is of  thes e  and o ther s tudie s ,  the FAO/WHO c ommit t e e  ( 49 )  

de c ide d tha t  a l e ve l o f  30mg/day should b e  sufficient t o  me e t  the 

r e qu irements o f  a du lt s  o f  e i th er s e x . From inf ormat ion put forward 
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by Mar tin  e t  a l  ( 1 1 1 )  and S mith ( 1 79 ) , the c ommi t t e e  de v id e d  o n  

a daily a llowance  o f  50mg f or pr egna nt and lac tat ing w omen . I t  

was c ons idered  tha t infants up to s i x  months would  obtain a l l  

the ir v i tamin C requirements  through breast  f e e ding . 

For th is pro j e c t ,  Thai M inis try o f  Health r e c ommended  

leve ls were  us e d  ( s e e  Table  2 . 1 0 ) . 

Table  2. 1 0  Recommended d ai ly a l lowances for vitamin C. 

FAO/WHOa Tha i Age grou p  H ea l th Dept  
( mg/day )  ( mg/day ) 

Infants 0-6 months c 20 
6 - 1 2  f l  20 20 

C h ildren 1 -9 years 20 2 0  
1 0- 1 2  f l  20 30 

Males  12  + 30 30 
Fema l e s  1 2  + 30 30 
Pregnant w omen  50 50 
Lac tating women 50 5Cl 

a .  J o int FA O/WHO exp e r t  group on a s c o1· bic  a c id , v itamin D ,  
v i tamin B 1 2 , fola t e  and  iron , 1 970 ( 49 )  

b 

b .  Nu tr i t ion Divis ion , M inis try o f  Health , Thai lan d , 1 970 ( 1 2 1 ) 
c .  Supp lie d t hrough breast  fee ding . 

2 . 4 . 8  V itam i n  A r e qu ir ements 

V e ry lit t le i s  known abou t the a c tion  o f  v i tamin A o the r 

than its  r ole  in vis i o n . An  int erminis taria l work ing group o n  

nu trition gu i de line s f o r  Tha i land ( 9 1 ) ind ic a t e d  tha t v i tamin 

deficienc ie s , espe c ia lly  vitamin A ,  was one of the f iv e  ma j or 

nu trition  problems . This c la im was suppor t e d  by M igas e na ( 1 1 6 )  

who sugge s t e d  tha t low intake o f  th is v itamin asso c i a t e d  w i th 

pr o t e in-calor ie malnu tr ition may re tard grow th o f  childr en . 

I n  a r eport  by the Br it i sh M e di Ga l  R e se ar ch C ouncil  ( 1 1 3 )  

i t  was f ound tha t 390yg of r e tinol was re quil· e d  t o  c orr e c t  for  

de fe c tive  dark adap t i on while 750pg was suffi cient t o · mai ntain 

c onstant p lasma le ve ls . The  j o int FAO /WHO · c o mm i tte e on  v i tamin A 
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r e qu irements ( 50 )  r e c omme nded 750pg/day o f  r e tinol  for th e norm a l  

adu l t . N o  extra al lowanc e w a s  c o ns id e r e d  ne c es sary f o r  pre gnan c y . 

To a c c ount for the 49]1g/1 00m l o f  human m i lk , an intake o f  1 200p g/ 

day o f  r e tinol was  sugge s t e d  dur ing la c ta tion . The r e c ommende d 

allowanc e s  of  th e Tha i M inis try o f  Heal th ( 1 2 1 ) are gi ven i n  

inte rnationa l  uni ts o f  v it amin A .  When c onv e r t e d  t o  pg r e ti�ol  

the s e  a l lowanc e s  are  c los e to those  o f  the FAO/WH O  gr oup ( s e e  

Table  2 . 1 1 ) . 

1 iu v itamin A - 0 . 3p g r e ti no l  

I n  th is p ro j e c t , the Thai M inis try o f  H ealth a ll owanc e s  

were  us e d  in the form int e rna tional units  o f  v it amin A .  The s e  

units w e r e  ch os e n  b e c au s e  mos t c o mpociti onal table s r e c or d  

vitamin A levels i n  th i s  form . I n  t h e  case  of  da ta b e i ng g iven 

as P caro tene th e c o nversion  to vi tamin A was made as fo llow s :  

1 p g  (3 caro tene 

1 iu vi to.min .A 

Table 2. 1 1  Reco mmended d ai ly al lowances fo r 

Age group FAO/WHOa 

p g r e t inol 

Infants 0-6 months c 

6 - 1 2  " 300 
Children 1 -3 ye ars 250 

4-6 " 300 
7-9 " 400 

1 0- 1 2  " 575 
1 3 - 1 5  1 1  725 

A du l t s  1 6+ ye ars 750 

Pre gnant women 750 
La c ta ting wome n 1 200 

0 . 1 6 7 pg r e tinol  

o . �  pg r e b no l  

vita min A. 

Tha i H e a l th Depar tmentb 

pg r e tinol  iu v itamin 

300 1 000 
300 1 000 
255 850 
300 1 000 
405 1 350 
5 70 1 900 
720 2400 
750  2500 

750 2500 
1 200 4 000 

a .  J o int FAO/WHO e xp e r t  gro up on r e qu ir e ments  for v i tamin A ,  
thiamine , r ibo f la v in and niac in , 1 96 7  ( 50) . 

A 

b .  Divis ion o f  Nut r i t ion , M inistry o f  H e al th , Thailand , 1 970 ( 1 2 1 ) .  
c .  Supp l i e d  by bre a s t  fe e d ing . 
d .  Calc ulated  from v i tamin A r e qu irement s ( iu ) , whe r e  1 iu � 

0 . 3pg r e t inol .  
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2 . 4 . 9  Th iamine requiremen t s  

C ons iderab le wor k has b e en done on the a c tion  o f  th iamine 

in the human body , par ticu lar l y  its role in the form of th iamine 

pyropho sphate as  a coen zyme in c arb ohydra te me tab o l is m .  Thiamine 

de ficienc ies throughout  Tha i land were  repor t e d  by the 1 960 

nut r i t ion su rvey ( 90 )  and suppor t e d  by more r e c ent work  in the 

Nor th and Nor the a s t  ( 1 1 6 ,  202 ) . 

A lthough absolu t e  dai l y  r e qu ir eme n ts are  included  in 

several r e commendations , inc luding those of  the Thai M inistry of 

Health , it is mor e common to  r e la t e th iamine intake to c al or i e  

leve ls . The FAO/WHO expe r t  group  on th iam ine ( 50 )  sugge s t e d  

0 . 33mg/1 000 ca lorie s wi th a safe ty fac tor of 20  perc e n t  ( f or 

popu la t i on varia tion)  le a d ing t o  0 . 4mg per 1 000kc a ls . This 

figur e was  c ons idered  � d e quate  for a l l  age groups inc lu d ing 

children a nd pr e gnant and la c ta t ing women . This r e c o mmende d daily 

allowan c e  was adop t e d .  

2 . 4 . 1 0  N iacin r e qu iremen t s  

Niacin i s  us e d  by the b o dy pr imarily in th e form of  nic o ­

tinamide a denine dinu c le o tide t o  form the pros the t i c  group o f  

c ertain enzyme s that take par t  i n  e le c tron transfer  r e a c t ions i n  

the r e spira tor y c hain an d i n  oxidative pho sph oryla tion . 

A s  w ith th iamine , it  i s  c ommon to  link niac i n  r e qu ir ements  

t o  c a l o'ri e  intake . The  leve l r e c ommended  by the  FAO/WHO exp e r t  

group o n  niac in ( 50 )  was 6 . 6  niac in equivaJ �nt per  1 0 00kc als , wh ere 

1 nia c in e quivalent  is e qual  to  1 mg niac j.n . This  a l l owan c e  was 

c ons id er e d  ade quate  for a l l  a ge groups and pr e gnan t and  la c ta ting 

wome n .  

The term nia c in e quiva1ent i s  used  to t ake a c c ount o f  

trypt ophan a s  a s ourc e  o f  the vitamin : 

1 niacin e qu ivalent = 60mg try p t ophan 
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The r e co mmende d a l l owanc e s  of  6 . 6mg/1 00kcals was  adop t e d  in th is 

s tu dy . No a c c ount was taken of the p os s ible c ont r ib u t io n  o f  

tryp t ophan due t o  c onf usion i n  the literature ov er th is c o nv e r s io n .  

Negl e c t  o f  th is sour ce  o f  nia c in c o u ld only le a d  t o  an exc e s s  of  

the v i tam in whic h ha s been shown to have  no i l l  e ffe c t s  in large 

doses . 

2 . 4 . 1 1  R iboflavin r equ irements 

A defic i t  o f  ribo f lavin was r epor ted by the  1 960 nut r i tion 

surve y ( 90 ) . Much work has been  done in the Nor th and N o r the a s t  

of  Thailand t o  suppor t th is c lai m ( 1 1 6 ,  202 , 203 ) a lthou gh 

aribo f lavinos is  is no t c ons idere d an impor tant publ ic  health 

proble m .  

R ibo flavin func ti ons a s  par t  o f  a group o f  enzyma t i c a l ly 

ac tive c o mpounds c a l led  f lavopr o te ins which  c o n ta in e ith er  

flavine mononu c l e o t ide or  f la vine ade nine dinu c l e o t ide  as  pros­

th e t ic gr oups and  a r e  inv o lv e d  in th e r e spira tory cha i n  and 

oxi dative phosphoryla tion . Because  o f  this as s o c ia tion with  

pro t e i n  me tabolism r ibo flavin requir ements  are  s ome time s l inke d 

w ith protein  intak e . I t  is now more c ommon t o  spe c i fy r ib o f lavin 

a llow a nc e s  in t e rms  of calorie intake . The FAO/WH O expe r t  group 

on r ib o flavin ( 50 )  r e commended an al lowan c e  of 0 . 55mg per 1 000kcals . 

This le ve l was c o ns i dered adequate  for a l l  age groups and for 

pr e gnant and la c ta t ing women . 

2 . 4 . 1 2  V itam�n B 1 2  requ irements 

V itamin B 1 2  is  impor tant in fo la t e  me tabo lism an d may have 

a s igni f i c ant role in carbohydra t e , fa t and pr o t e in me tabo lism . 

In India and o ther parts o f  S o u the as t A s ia low v itam in B 1 2  intake , 

usua l ly in asso c ia t i on with f o la t e  defic iency , frequently  c au s e s  

c omp l i c a t ions i n  pre gnancy and ma y l e a d  t o  de fic iency and anaemia 

in brea s t  fed infants .  

No r e c omme nda tions are ma de by the Tha i M inistry o f  H e al th 

for v itam in B 1 2  intake . The FAO/WHO e xp e r t  gr oup ( 49 )  s u gge s te d  



a da ily a llowanc e  of 2p g for  a du lt s . A n  a llowanc e o f  0 . 3p g/day 

was s u gge s t e d  for infants on the basis of th is b e i ng the amount 

supplie d by breast  milk . V e ry l i t t le information  is available  on 

the r e qu irements of children for the vitamin s o  the FAO/WHO group 

ca lcula t e d  le ve ls in pr opor tion  t o  the c alor ie int ak e  o f  the  

different age  groups . To  a c c ount f or the  dra in of  vi tamin B 1 2  to  

the  f o e tus an intake of  3 . 0p g/day was  r e c omme nd e d  during pr e gnanc y .  

For th e la c ta t ion period a level  o f  2 . 5pg/day was sugge s t e d  to 

make up for a loss of ab out 0 . 3p g/day in breast  milk . The s e  

r e qu irem ents w e r e  ado p t e d  f or this pro j e c t  and a r e  · summa ri z e d  in 

Table  2 . 1 2 .  

Tab le  2. 1 2  Recu m mended da i ly a l lowances for v itamin B 12 a. 

Age  group 

0 - 1 2  months 
1 -3 years 
4 -9 1 1  

A dults  o v e r  1 0  ye ars 
Pregnant  women 
La c ta ti ng women 

Allow an c e  
(p g/day ) 

0 . 3  
0 . 9  
1 . 5 
2 . 0  

a .  J o int FAO/WHO e xpe r t  group on v it amin B 1 2  ( 49 ) . 

2 . 4 . 1 3 V itam in B6 r e qu ir e me n ts 

Vitamin B6 ha s a r o l e  in the  me tabolism o f  ne r v ous  t is su e . 

De f i c i e ncy o f  this v itam in is  rare  but  c an lea d  t o  inc r e a s e d  

irr i tability a n d  c onvuls ions . 

Da il y a l lowances  adop t e d in this s tu dy are  th os e 

r e c o mme nde d b y  the 1 968  NRC r epor t ( 1 2 8 ) , in the  a bsenc e o f  da ta 

in e ither FAO/WHO or Thai M inis try 0f  H e alth s our c es ( se e  Table  

2 . 1 3 ) . 



Table 2. 13 Reco mmended da i ly a l lowances fo r v itamin B 6 a. 
--------------�-----------------------

Age  group 

0 - 1  year 
1 -3 " 
4 -6 " 
7-9 " 

1 0- 1 2  " 
1 3 - 1 5  " 
1 6 - 1 9  " 
A du lts over 20 ye ars 
P r e gnant women 
La c ta ting women 

a .  NRC i epo� t ,  1 968  ( 1 2 8 ) . 

2 . 4 . 1 4 Folic acid  r e quir eme nts  

Allowance  
( mg/day ) 

0 � 4 
0 � 6 
0 ! 9 
1 . 2 
1 � 4 
1 � 6 
1 .  8 
2 . 0  
2 . 5 
2 . 5  

4 4 . 

Folic  a c i d  exis ts in two forms , ' free ' fo late  and ' to ta l ' 

f o late . I t  has been  su gge s t e d  tha t only ' free ' folate  is 

avai lable for absorpt ion in h':) a l  thy i nd ividuals and tha t only 

80 percent  o f  this form is eventua l ly absorbe d ( 3 ,  93 ) .  The 

j o int FAO/WHO c ommit t e e  o n  f o l i c  a c id ( 49 )  cons idere d this  to  be  

an  over s implifica t ion as mor e ne e ds t o  be  known about  the  f orm 

of f o la te s  in foods and th e ir a c t io n  in t he human bo dy . The r e  

i s  a folic  a c i d  de f i c ie ncy i n  Nor theas t Thailand which may b e  

r e la t e d  to  the ma lnutrition disease s  i n  th is area ( 2 1 1 ) . 

Work  by Herbert  ( 82 )  u s ing p teroyloglu tamic  a c i d  ( PGA ) 

sugge s t e d  tha � between  50  and 1 00pg of  fo late  per day was ne e de d  

t o  pro du c e  a haemo talogical  r e s pons e i n  fola te de f ic ient  patient s . 

This evide nc e  led  the FAO/WH O gr oup t o  r e co�mend a da ily a llowance 

of 200pg o f  ' free • f o late  for normal adu l t s .  An a l lowanc e of 

·40p.g/day was su gge s t e d  for infan t s  u p  to 6 ruonths a nd 6 0y.g/day 

b e tween  6 and  1 2  months . In  the acs enc e of  su fficient informa tion 

a n  allow anc e o f  ! OOp.g/day was su gge s t e d  f or ch ildren up  to  12  ye ars · 

o f  age , th is be ing a f igur e interme d ia te b e tween  infant s  and a du l ts . 

These  r e c o mmenda tions toge ther w ith thos e · for pr e gnant and 

la c ta t ing women are summariz e d  in Table 2 . 1 1� .  



Table 2. 1 4  Recommended d ai ly a l lowances for 'free' folate a. 

Age group 

Infants 0 - 6  months 
7 - 1 2 " 

Childr en  1 - 1 2  ye ars 
A dults above 12 " 
Pre gnant women 
Lac ta ting women 

A llowanc e 
( p.g/day ) 

40 
60 

1 00 
2 00 
400 
300 

a .  Deri v e d  from r e c ommendations by the FAO/WH O e xpe r t  group on 
f olic acid  ( 49 ) . 

C ompos itiona l  table s c ontaining da ta on folate  are 

frequently non -spe c i fi c as to tte form of  this f o la t e . I n  the 

absenc e o f  subs tant ial e videnc e  on the  pro por tion  o f  ' to t al ' 

folate  ava i labl e to  the human body and in cons ideration of  the 

probable overstatement  o f  the FAO/WH O r e c o mmende d allowanc e s  the 

d i s t inc tion  be twe e n  ' fr e e ' and ' to tal ' fola te was ignor e d  in 

this  pro j e c t .  

2 . 4 . 1 5 Pantothenic a c i d  r e quirements 

Pantothenic  a c i d  is a c ons tituent of c o e nzyme A and is 

present in all living ma tter . De ficienc ies  are  unlike l y  e xc ep t  

where  proc e s s e d  fo ods  form a la rge par t  o f  the d ie t . I t  is 

probably for this r ea s on tha t no r e comme nde d dai ly a llowan c e s  

a r e  ma de by FAO/WHO or  the Tha i  Minis try o f  H ealth . S inc e 

pantothenic acid  de f i c iencies  are s t ill possib l e , al though 

unlike ly , daily a llowan c e s  for the v it amin w ere  inc lude d .  The  

NRC report  ( 1 2 8 )  ind i c a t e s  le v e ls of  intake i n  the  Uni t e d  S ta t e s  

o f  America  which appear t o  b e  satisfa c t ory . C h ildren and a dults  

ob tain b e tw een 5 and 1 0mg/day and infants r e c e ive  appr oxima te l y  

2mg/litre of  breast  m ilk . W illiams ( 220 ) e s tima t e d  tha t  a 

typic a l  die t c ontai ning both p lant and anima! fo o ds , supplying 

2500kcals/day provides  1 0mg panto thenic  a c �d .  
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A s  no cas es  of  pantoth e ni c  acid  de fic iency  had  b e en 

r eported  a t  le vels o f  intake o f  5mg/day , this level  p lus a 50 

perc ent safe ty fac t or giving an al lowanc e of 8mg/day was adopt e d  

i n  this· s tudy . A n  allowanc e o f  2mg/day was us e d  for w eaned  

infants , with  the  level  b e ing inc reased  gradua lly w ith age  t o  

1 3  years , w h e r e  a dult  s ta tus  i s  a ch ieve d .  O n  t h e  bas i s  of  

sugge s t ions by  Chaney and Rosa  ( 25 ) , no e xtra a llowanc e s  w er e  

made for pr e gna nt and la c ta t ing women ( se e  Table 2 . 1 5 ) . 

Table  2. 15 R eco mmended da i ly al lowances for pantothen ic acid. 

A ge A llowanc e group ( me/day ) 

0 - /1 years 2 
1 -3 " 3 
4 -6 " } o  T 

7 -9 " 5 
1 0- 1 3  1 1  6 
A dults  above  1 3  years 8 

2 . 4 . 1 6  A mino a c i d  r e quirements 

Amino ac ids c an b e  divide d into two categor ie s :  

1 .  The e s s e n t ial am ino uc ids which  cannot be synth e s i z e d  by the 

human bo dy and mus t  b e  obtained  from the die t .  

2 .  The non - e s s ential amino ac i ds wh ich can be synth e s i z e d  by the 

b o dy given a sour c e  of nitrogen , e i ther  o th er am ino ac ids  or an 

inorgan ic s ourc e .  

R e c o mruer.da tions on e s s e n tial amino ac i ds hav e  b e e n  ma de 

e i ther  on the  basis of absolut e allowanc e s  for each a c id or  o n  a 
pat t e rn o f  intake relating all e s sent ial amino ac ids . The  1 9 65 

FAO/WHO c ommi t t e e  on prot e in r e qu ir eme nt s ( 48 )  s tat e d  t ha t  " when 

pr o t e in-c ont ain ing foods are  fed at th e le ve l ne e de d  t o  me e t  the 

t o tal pro t e in r e qu irements , the o v e r -all pattern of ava i la ble  

amino a c i ds is mor e impor tant i n  de t ermining quality  tha n s imply 

the  absolu t e  amount of each o f  the e ssentia ls" . The  1 95 7  FAO/WHO 



g�oup on pro t e in ( 47 )  su gge s t e d  a pr ovis i onal pa t tern  for 

ess e n t ia l  amino ac ids . This pa t t e r n  was crit i c i z e d  for i t s  h i gh 

lys ine , m e th ionine , cys t ine and trypto phan le v e ls and the 1 9 65 

co mmit te e cons id e r e d  tha t e gg or milk prot e i n  pre s e n t e d  mor e 

suitable pat terns ( s e e  Table 2 . 1 6 ) . 

Tab le  2. 1 6  Selected essential amino acid patterns a. 

mg :eer g to tal n itrogen 

A mino a c i d  1 95 7  FAO C ow ' s  Human Hen ' s  
pr o v isional m i lk m i lk e gg 
pa t tern ( whole ) 

I s oleu c ine 2 70 40? 4 1 1 4 '1 5  
Leucine 306 630 5 72 553 
Lys ine  2 70 4 96 402 403 
Phenyla lanine 1 80 3 1 1 29 7 365 
T yrosi n e  1 80 323 355 2 62 
Cys tine  1 2 6 5 7  1 34 1 49 
Jvi e th i on ine 1 44 1 �5 1+ 1 40 1 9 7  
Threonine  1 80 292 2 90 3 1 ? 
Try p t ophan 90 90 1 06 1 .50 
Valine 2 70 4LJ o lt20  Lr5L:. 

a .  Taken from the j o int FAO/WH O report  on protei n , 1 965 ( 4 8 ) . 

Egg pro t e in was us e d  a s  the re fer e n c e pa t t e rn for th is 

s tu dy . A c c ount was  a lo o  taken of  the r a t io of  e s s ent i a ls to  

t o tal  amino- a c ids t o  prevent the se l e c tive conv er s ion o f  exc e s s  

e s s en tials  t o  DOL-e s s en tia ls thus des tro y ing t h e  balan c e  o f  

e ssen tial amino a c i ds . R e qu ir emen t s  were  exp� e s s e d  in t e rms of  

mg/g t o ta l  nitr �gen t o  ensure an a c c e ptable ra t io o f  e s s e ntial  to  

non-e s s entia l  amino ac i ds . 

2 . 4 . 1 7  The rati�  o f  pr otein  to  cal ories  

Protein-calorie  malnutrition has  b e e n  r e c ogniz e d  a s  o ne 

o f  the fiv e ma j or rutrit i on prob lems in Tha iland ( 91 ) . I t  was  

shown by Valyasevi e t  a l  ( 2 1 0 )  to  be r e la te d  t o  th e high 

inc i denc e rate  o f  vesical  ca lcul i  or b ladder s tone among the 

popu la t i on of  Nor th and Northea s t  Thailand . 
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The FAO/WHO c ommi t te e  o n  prot e in requ ir ements  ( 4 8 )  c onside r e d  

t hat a die t provi ding l e s s  tha n 5 per c e nt of  c alories  i n  t h e  form 

of u t i l izable ?r otein is incapable o f  rre e ting  the nee ds o f  a dults  

and  a die t supplying less  tha n  8 pe r c en t  o f  c a lor i es as  

u t il i zable pr otein is inc apable of me e ting  the ne e ds of  young 

i n fants . To obtain a level of 8 p ercent cal or ie s  from pr o t e i n  o f  

I\TPU = 60 r e qu ir e s  1 . 6 7  t i m e s  the int a ke of  pro t e in o f  NPU = 1 00 

or a th e ore t ical r e tur n o f  1 3  pe rcent of calor ie s from the t otal 

pr o t e in intake of NPU = 60 . 

C al ori es  from pro t e i n  = N x 6 . 25 x 4 

whe r e  N is g ni tro ge n a n d  the me tabo l izable ene rgy o f  prote in 

is  4 k c a ls . 

then  pro t e i n  � a loriei p e r c en t = 
N X 6 . 25 X 4 Y, 1 00 ) 

1 3  t Pe r c e n  To tal c a ls . '/ 

2 . 5 The w e igh t e d  §l-��.E�� c apita da i ly requ i re men ts  

T o  c alcu late  th e w e i gh t e d  average dai l y  r equ ir ements f or 

e a cl 1  :u u t.r ient . the Thai popula t i o n  by a ge gr oup was r e qu ir e d .  

Unfor tuna t e l y  the age c la s s if ic a tions us e d  i n  the Unit e d  Natio ns 

demographic  ye ar·book ( 20 8 )  and in th e nutritiona l  r e c o mwenda ti ons 

w e r e  not in a c c o r d .  The data from the demographic tables were  

mo d i f i e d  t o  provide e s t ima tes  of  th e popula ti o n  in  each  o f  th e 

nu t r i t iona l a ge groups dur ing  1 9 70 ( s e e  A p p e n d i x  4 ) . T he c e data 

w e r e  applie d to  the r e c o mmend e d  daily al lowan c e s  for each age 

group to ob tain a w e i gh t e d  average popula t ion r e qu ir e ment  for e ach  

of  the  fo llowing nut r i e nts : 

p r o t e i n  
calori e s  
iro n 
calc ium 
v itam i n  A 

vi tamin C 
fo lic a c i d  
v itamin B 1 2  
vitamin B6 
panto the nic a c id 

The  r emaining 1 6  nutrients  were  e ithe r  related  to c alorie s a s  in  

the case  o f  th iarr i�e , r ibo flavin , niac in  and · fa t ;  r e la t e d  to  

pr o t e in as for  a ll the e s s entia l  amino ac ids ; r e la t e d  to  another 

nutri ent like phosphorus to  calc ium or fix e d  at  one le vel  f or all 

a ge groups a s  for fib�e . 



Extra a llowances  for mos t nut rients were r e qu ir e d  du ring 

pregnancy  a n d  la c ta t ion . The  nut r ie nts in  th e s e  c a t e gor i e s  are 

s ummari ze d i n  Table 2 . 1 7 .  

Tabl e  2. 1 7  N utrients requ i r ing extra a l lowances d u ri ng pregnancy and lacta ion. 

1 s t  trime s t r e  

c alori es 

iron 
vitamin B6 

Pr egnancy 

2 n d  tr ime s tre  

calorie s 
pro te i n  
iron  
vitamin B6  
folate  
vitamin B 1 2  
v i tamin C 

3r d trime s tr e  

calor ies 
pro t e in 
iron 
vitamin B6 
fola te 
vi tamin B 1 2  
vitamin C 

c'alcium 

Lac tation  

calorie s 
pr o t e in 
iron  
v i tamin B6 
f o la t e  
v itamin  B 1 2  
vitamin C 
v i t am i n  A 
-:;alc ium 

Es tima tion  of the numb ers  o f  pregnan t and la c ta t ing women 

was  ma de as  in mo s t  11'fiO/WT-Tn .,., � y' "' "' t "' on nu t� l· + l. � '1 '  ...._ " - , , .,  ... ._., ..&.. "" )'-' V .£. U .L .L V V� • 

1 .  W h e n  the numb er o f  pr e gnan t  women  in a p o pu la t i on is not known 

then  it is a s sumed  tha t there  are 1 0  pe r c e� t  mor e pr e gna n t  women 

than infan ts from 0 - 1 2  mon th s  o f  age . 

pre gna n t  wome n  = 
p p X 1 0  

+ 1 00 

whe re  E is the number  of  infan t s  from 0 - 1 2  months . 

2 .  The numb e r  o f  la c tating  w omen i s  r e la te d  to  the dur a t i o n  o f  

lac tatio n . This  was assume d t o  be  8 month s and the numb er  o f  

lac ta t i ng w o me n  calcula ted  a s  follow s : 

la c ta t i ng women  = 
p X 8 

1 2  

where  P i s  the numb e r  o f  i n fants  from 0 - 1 .2  month s . 

I n  the special  case of  i n fa n t s  up to 1 2  month s  o f  age , 

a llowance was  ma d e  for supply o f  nutrients  rro� breas t m i lk dur ing 

the f ir s t  8 m o n ths . Therefo re , a c count  was �nly tak e n  of one  third 

of the infa n ts i n  the 0 - 1 2  month c a t e gory f or the c a lcula t i o n  o f  

the w e igh t e d  a verage r equireme n t s . 



2 . 6  S e t ting up the da ta fo r c omput e r  s o lution 

50 . 

A descr iption o f  the l ine ar programming ma trix is  shown 

in F igure 2 . 1 .  This matrix , inc lu ding raw material c ompos i ti ons , 

c o s ts and nu tr i t iona l  c ons train ts , was prepared  as  a card  d e c k  

f o r  input to  the IBM Linear Programming Sys tem/1 1 30 ( LPS/1 1 30 )  

package pro gramme , de s i gne d for use  o n  the 1 1 30 s e r i e s  o f  I BH 

c omputers . A t  Massey Univers ity , the 1 1 30 c ompu t e r  had a & i n gle 

disk  s tora ge d r iv e  and was linke d to a 1 442 card r eader punch and 

a 1 1 32 line pr int er . Prepara t i o n  o f  the data de ck  was a c c or ding 

to the meth o d  d e s c r i b e d  :i n  the IBM LPS/1 1 30 programme d e .s cr i pt ion  

manual ( 92 )  us ing 80 c o lumn cards . 

2 . 6 . 1  The raw material corr.p o s i t ions and c os ts 

Each e lem ent o f  th e c ompo s it i o n  matrix was e xpr e s s e d on  

s e para te cards  dis�laying the raw  ma te rial and rele vant nut rie nt . 

ANCHOVY 
ANCHOVY 
ANCH OVY 

CAL 
PROT 
FAT 

C o s t  data was s imilar ly expres s e d .  

ANCH OVY C OST  

75 . 00 
2 . 88 
0 . 30 

1 .  25 

In  all cases  the c olumn var iable was punch e d  fir s t  follow e d  by 

the row variable  and the data va lu e . All var iable name s w e r e  

r e s tr ic t e d  t o  e igh t a lphanumer i c  symbo ls . In  s ome c a s e s  a n  

abbreviation  o f  raw ma terial o r  nu trient  names was r e qu ir e d .  

The s e  abbre� ia t e d  nam e s  are i n  the r ow and c o lumn summary sh own 

in Figur e 2 . 2 .  

2 . 6 . 2  The c ons traint& 

Restric t i o ns on  nutri ent  le ve l s  were eithe r  at an upper 

and/or lower limi t , or  a prespe c ifie d c o� s tant leve l .  The  

opt ions available  to the  LPS/1 1 30 user  are : 



"T1 
tE' 
s::: .... 
I'D 

!'J 
... 

c :J I'D Q) .... 
"C 
0 c.c .... 
Q) 
3 
3 
:J (,Q 
3 
Q) ..... .... 
x· 
0' .... 
..... ;;r ctl 
-1 ;;r 
�. 
:J 
c: .... .... 
a: 0 :J 
"C 
0 0'" 
(i) 
3 

Raw materials 
C o lumns ( 1 5 1 c o lumr..s )  

Rows 

O bje c t iv e ,  c o s t  

C A L  
PROT 
?AT 
F I B  
C A  

lP F E  
V ITA 
VI�C I THIA 
NIA I 
R I BO riu trient I 
V ITB.12 c o�J:' o s i  t iou 
'JIT3G ma trix 
FOLit: 
PA NTCA j rso 
I
LEU 
LYS 
PHS 
TYR 
C YS 
�-1 £TH 
THREO 
TRYP 
VAL 
liT 
LOFAT 
H IFA'l' 
LOCA/P 
n iCA/P 
LOR I BO 
LONIA 
LOTH IA 
?ROCAL 
C ISO Z e r o  
C LEU matrix 
CLYS 
CPHE 
CTYR 
C C YS 
C>�STH 

. C T REO 
CT YP 
C V  L 

I 

----------· 

E-< <! 0 
H 0 E-< H <! CQ 0 
<! 0:: <! <! ::,;:: H y u; u 0.. "" u 0.. E-< z 0:: H 

1 . 0 
1 . 0 

1 . 0 

1 . 0 
1 . 0 

1 . 0 
1 . 0 

1 . 0  

1 . 0 

-0 . 2  9 . 0  
-0 .35 9 . 0  

- 1 . 0  0.8 
- 1 . 0  1 .5 

-0·0 001'5' 
-0 · 0 0 4  .. 
-- O • O O Oft.,. 
- 0 . 1 1 . 0 

.J-+1 5 1 . 0 
-553 
-403 
-365 
-262 
-149 
-19 7  
-31 7  
-100 ..il54 

- 0 
C- o ns traints 8 �· ' "'  ::::> Ul ii< 0:: Ul 0:: >< H 

ii< >< ::,;:: >< >< ii< :I: 0:: < LB UB H H 0.. E-< u ::: E-< E-< > 

2 1 00 oiJ 
7 - 75 oO 

0 oO 
6 . 0  1 5 
585 1 500 

0 CO 
8 . 70 CO 
2 1 00 oO 
2 8 . 0  oO 

o ·  oO 
(' oO 
0 oO 

0 . 00 1 85 oO 
1 . 65 <)(' 
1 . 75 oO 
6 . c  ('0 

c oO 
" . 0 c; oO 

1 . 0 0 oO 
1 .0 (; oO 

1 . 0  (; ., I 1 .  0 0 oO 
1 . 0 :) A 

1 . 0  0 00 
1 . 0 0 oO 

1 . 0 0 0() 
0 oO 
0 <>I) 

·- oo 0 
-o<J 0 

0 oO 
0 0 
0 0 
0 0 
0 .., 
0 0 

1 . 0 0 0 
1 . 0 0 0 

1 . 0 0 0 
1 . 0 0 0 

1 . 0 0 0 Vl 
_,. 

1 . 0 0 0 

1 . 0 0 0 "1 . 0  0 · o  
1 . 0 0 0 
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C OLm1 N S UHHARY 

28 A NCH OVY 1 1  PROT 2 FAT 7 C A L  
1 F I B  1 C A  1 p 1 FE 
1 V I TB6 1 V I 'l' B 1 2  1 FOL IC 1 PA N'J'O A  
1 N I A  H }  �0 Tl! IA 1 V ITC 
1 V I  'I' A C Y S  1 VAL 1 IS O 
1 PHE TYR 1 HE'l'll 1 TRYP 
1 T llREO 1 LYS 1 LEU 28 BAMSH OOT 

28 BAilANA 2 6  i:EANB17D 2 J  BEA NS NAP 28 BEA NYDRD 

28 BEEF ? ?  BFBJ .. �QI) 2 7  BFBRA I N  2 8  BFHEART 

28 BFl< I DNEY 25 BFLL: I N::' ? 8  BFLI VER 2 7  BFLU NG 
25 BFS M I N T  2 8  BFSFLEEN 25 BFS'l'OM 2 7 BFTONG UE 
2 8  BHDFR U I T  2 8  Bl:JCF.I,LO � 7  BU BRA I N 2 8  BU H EA RT 
2 8  B U K I DNEY 25 BULG I JII'r 28 BU LI VER 25 BU S!H N'l' 

28 BUSPLEEN 25 BUST0i·� 2 8  CA BCH I 2 8  C A BCOM 
28 CARP ? P.  Ch.SH�"RT 2 8  C A SH NUT 28 C A S S LVS 
27 CASS A VA 2 8  G A 'l'F'I SH 2o CAU LI 28 CI:L ERY 

28 CH I CKEN 2 6  C I J G :,: �� Z 28 CH LIVER 2 8  COCONEAT 
28 C OCO!HLK 2 8  C X ONU'J:· 2 8  C ORNI'!ll 2 8  C OR NY 
28 C RA B  2 &  C UC J.;H 2 8  DUCK 2 8  DUC KT 
2 8  EGG DUC K  2 8  EGG HEN 2 8  EGGPLANT 2 8  FROG 
2 8  GAR L I C 1 8 GI NG:�H 28 GOOSE 2 8  GOOSET 
2 8  GOURDB 2 8  GOUR .ii''! X 2 8  GRAPE 2 8  G U A V A R D  

28 GUA VA\'IH 2 8  HERRI NG 28 HORSE 2 8  J AC KFRT 
2 7  J AC KFR'r S D  2 8  KALE 2 3  LEEK 2 8  LEHON 

2 8  LETTUCE 28 LHl t;  2 3  LOBSTER 2 8  !1AC KSP 
28 NA NGO 28 H ELOi< 2 8  V.JLKBUFF 28 M U.KF IS F  
2 8  M I LKGOAT 28 M U I.LEI 2 8  V. U N G BEAN 28 M U S H RO OI-1 
28 OCTOP U S  2 8 OC TOPuS 2 8 O N I ON B  2 8  O N I ONGR 
28 ORANG I:: 2 8  PAPAYA 28 PEACH 2 8  PEAC!! I C K  
2 8 PEA N UT 28 P E A P I G  2 8 P EASV/T 27 PEPl'E};GR 
2 7 PEPPERRD 2 8  PERC!! 2 8  P I G  2 7  P IG BLOOD 
28 PIHBAP.T 28 F I K I DNr:Y 25 P I LGINT � o  P I  LIVER C:: () 
27 P I L U NG 25 P IS M J NT 2 8  P I  SPLEEN 2 8  P I STOl'> 
2 8  P I TONG U E  28 PI NEAP 2 8  P OI1ELO 28 POTATO 
2 8  POTSTWH 2 8  POT STY 2 8  P RAWN 28 PUMPKIN 
28 RADISH 28 R I C EBR 2 8 R I C EGL 28 R IC E\'iH 
2 8  S A R DI NE 2 7  SESAHE 2 8  S H A LLOT 2 8  S H A R K  
2 8 SHRH'IP 2 8  S NAPP ieR za sor�Gl!UH 28 S OYBEAN 
25 SU GA R 25 SUGC A N.SJ 2 7  S U NSEED 2 8  TA MALVS 
2 8  TANA R I P E  28 TANG 56 2� TA NG57 28 TA RO 

2 8  TKBREAST 26 TKG I Z Z  <:8 TKLIVER 2 8  TOMATO 
2 8  V/HEAT 2 8  Y! !:fEA'l'BR 2 2  1'/H EATFL 2 8 VIHEA 'rG:-1 
2 8  WTMELON 2 8 Y M1 23 BU'rTER 2 8  C A S EI N 
2 8  C H EES E 2 8  LACTA LB 2 8  HILK 28 SMP 
2 8 WHP 

ROW SUHMARY 

1 5 1  COST 1 5 1  PROT 1 5 1  FAT 1 5 1  GAL 
1 5 1  FIB 1 5 1  C A  1 5 1  )! 1 50 FE 
1 3� VITB6 1 5 1  VITB 1 2  1 30 FOLIC 1 110 PA NTOA 
1 5 1  N I A  1 5 1  R I BO 1 5 1  TH I A  1 5 1  VI'l'C 
1 49 VITA 1 50 CY3 150 V A L  1 50 ISO 
1 50 PHE 1 50 TYR 1 50 MET I! 1 50 TRYP 
150 THREO i50 LYS 1 5 0  LEU 1 5 1  WT 2 LON I A  2 LOR I BO 2 LOTH IA 2 LOFAT 

2 H IFAT 2 LOCA/i' 2 H ICA/P 2 C IS O 
2 CLEU 2 C L � S  2 CPHE 2 C TY R 
2 CCYS 2 CHETH 2 CTHREO 2 CTRYP 2 CVAL 2 PROCAL 

Figure 2. 2 Row and col u mn summary for nutrition problem. Li sted by the 

SUMMARY procedure L PS/1 1 30 



UB upper b ound 
LB lowe r bound 
FR free  
FX f ixe d or define d 
GT de fine d va lue to + oO 
LT de fine d va lu e  to - o0 
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1 .  Upper limi t s . The se  w e r e  rarely s e t  in th i s  pro j e c t  du e to  

the lack o f  inf orma tion on  the ill e f f e c ts of o ve r do s e s  of 

spe c i fic  nutr ie nt s . One exc ep t i o n  was c a lc ium where  an upper 

limit o f  1 50Cm g/day w a s  de f ine d . 

CA � 1 500 

or in c ar i  f orma t , 

UB M I X J.  CA 1 500 

where  U B  denot e d th e imposi t i on of  an uppe r limit of 1 500mg/day 

for CA in M IX l . 
2 .  L o w e r  limit s .  M o s t  nut r ie nts were  ass igne d a minimum 

a c c e p table da ily a l lowan c e . For e xample calcium  w a s  not permi t t e d  

to  f a l l  be low 5 85mg/day . 

CA � 5 85 

or in card  format , 

LD CA 

where  LB de not e d  a l ow e s t  a c c ep table leve l of 5 85mg/day of  CA in 

t1 I Xl . 
3 .  Equa liti e s . Th e ne e d  to de f ine the dai ly a l l o� Rn c e  o f  a 

nu trient  a t  one spec ifj_e d le v e l  is rar e . In  the s pe c i f i c a t i o n  o f  

an  amino a c id pa t tern i dent ical t o  egg pr o t e in the s e  c ons tra i n ts 

are r e qu ir e d . The  deriva ti o n  of  the se constraint s ba s e d  o n  int e r ­

r e la t i onsh ips w ith o ther  nu trients is d iscu sse d b e l ow . 

2 . 6 . 3  Interrela te d  variable e xpressions 

Line a� 0 qua tions were  se t up  t o  e xpress the r elati onsh ips 

b e tw e en sp e c i f ic nutrient s .  A new variable nam e  was  a s s i gne d t o  

th e l e f t  hand s id e  o f  the e qua t ion f orm ing an a dd i ti onal row i n  

t h e  l in�ar pr ogramming ma trix ( s e e  Figure 2 . 1 ) . For e xample , a t  

least  2 0  per c e n t  of  calorie s w a s  t o  come from fa t .  
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9 x FAT � 0 . 2  C AL 

LOFAT 9 x FAT � 0 . 2  = 
CAL 

or LOFAT = 9 x FAT - 0 . 2  x CAL 

wh ere  LOFAT � 0 

For e xpr e s s ion  o f  this l ine ar e qua tion  two s eparate  c ar ds w e r e  

u s e d ,  the f ir s t  showing the r e l a t ions h ip of  FAT to LOFAT a n d  the  

s e c ond of  CAL to  LOFAT . 

FAT 

CAL 

LOFAT· 

LOFAT 

9 . 0  

-0 . 2  

The ro w variable LOFAT was r e qu ir e d  t o  be greater  th an z e ro . 

LB LOFAT M IXl  o . o  
A s im i lar situa t i on existe d w i t h  the  e ssentia l  a mino a c id s  in 

the ir r e lations h ip t c  t o tal pr ot e in int ake . For c xa m p l e 1 c x� c t ly 
1 1 9mg cys tine pe r gram of  n itrogen  was r e qu ir e d  t o  du plic a t e  the 

level  o f  th is amino a c i d  in th e egg  pa t tern . 

CYS 1 1 9 mg X PROT ( gN )  --
g . N  

CYS = 1 1 9  X PROT 

then d e fine CCYS = CYS 1 1 9PROT 

where  CCYS = 0 

I n  c ar d  fo rmat this was wr i t t e n  as  fo llows : 

CYS CCYS 1 .  0 

PROT CCYS - 1 1 9 . 0  

FX CCYS M I X l  o . o  

2 . 6 . 4  I nput f < • •' computer  s o lu ti o n  

The d a t a  w a s  or ganize d f o r  c ompu ter s o lu ti o n . A l l  data 

was s tored  on  disk for qu ick a c c e s s , and  allow e d  for rap id 

modifications a nd re visi ons to  b o th raw ma terial c o mp os iti ons and 

nu t r ie n t  r e quireme nts . When  r e qu ire d ,  the c o mple te  linear 

pro gramming ma trix was m oved  from disk for c ompu t er s o lut i o n . 

Chap t e r  3 inc l ud e s  a discussion o f  the s olu tion to  th is pr oblem  

and  demons trat e s  some of  the pr o gram ming opt ions available  and  

their  u s e . 
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2 . 7  S u.mmar� 

A br i e f  review  of linear programming applications in the 

food  indu s try s h ow e d  tha t the s e app l ic a t ions f e l l  into  thr e e  m ain  

areas - menu p lanning , plann ing o f  food supplie s on na t i ona l and 

global s c a l e s  an d food formula t ion . I t  was c o n c lu d e d  tha t the 

c urrent  research  was an amalgama tion  of  all thr e e  areas . The 

r e s earch was s e en as both c omplemen t in g  and extending a model  

developed  by E dwar dson ( 4 1 ) for  solu t i on of  nu trition  prob le ms 

in  the Ph ilippine s ,  to s o lu t ion of s imilar pr ob le m s  in  Tha i land . 

The f0 llow ing data w e r e  c ol le c te d  for so lu t ion  o f  the 

Thai nutr iti on  pr oble m us ing E dwar dson ' s  mod e l : 

1 .  C ompo s i t ions and c os ts o f  1 5 1  indige nous T ha i  f o od raw 

materials an d New Z e a l::m d dairy pr o du c ts .  

2 .  The r e qu ire ments  by age  group f o r  26 selec t e d  nu tr ie n t s . 

3 .  The 1 9 70 population di s tr ibut ion in Thailand . 

U si ng th e nutritiona l  re qu ire me nts  by a ge group a nd the popu lati o n  

d is tr ibution  da ta , we igh t e d  average nu trit iona l requir e me nts  were  

calcula t e d  f o r  the Thai  popula ti ori . The  raw da ta was c o nver t e d  

t o  the f orm of  a line ar pro gramming ma trix with th e c o mpos i ti onal 

da ta forming th e b ody of th e ma trix , the nutr iti ona l r e qu ir ements  

a s  the  c o Ls traints and cost  a s  t he ob je c tive fun c t i o n . This 

matrix was further c onver te d t o  the  c ard format r e qu ire d f or 

solution  by the  IB� LPS/1 1 30 c o mpu t e r  programme . The  s o lut ion 

t o  th is pr oblem is  d iscuss e d  in the ne xt chapt e r  toge ther w i th 

s o lut ions t o  c.pe c ific  modific a t i ons o f  the pr o ble m .  
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C HAPTER 3 

SOLUT IONS TO THE NUTRITION PROBLEM 

The linear pr ogramming ma trix , inc luding raw ma terial  c o s ts 

and c ompos it ions and nutr i t i ona l  r e quirements , was u s e d  t o  f ind a 

le a s t  c os t  mix of  raw ma t e r ials to b e  us e d  in f or mu la t ion  o f  a 

ba lanc e d  nu tritiona l  food  pr odu c t  for Tha i land . Var iati ons in 

the ma t r i x  w ere  a lso ma de  to f ind the e f fe c t s  on the c ompo s it ion  

a n d  cost  of the se le c t e d  mixes . These  varia t ions were  f irs tly , 

the inc lusion  o f  dairy pr odu c t s  and  s e c ondly , change s in  the amino 

a c id pa t tern . Two spe c i fi c  s o lu t ion me thods were  use d ,  the 

conv e n t iona l linear pr0gramm i n �  approach des igne d t o  s a t is f y  

nu t r i t iona l r e quire� ents  a t  the least  c o s t  and a n  adap t ion  o f  

th is basic  appr oach - goa l  pro gramming . Goal programming was  

des igne d t o  ' opt imize ' the  balance  o f  nutr ients  in any s e l e c te d  

c ombin� ti on o f  raw ma t e r ia ls . C omparis ons w e r e  ma de be tw e e n  the 

s o lu t i ons ob taine d u s ing e a c h  me thod , w ith and w i thout the 

inc lu s ion of da iry pr o du c t s  in the lis t of  avai la b le raw ma t e r ia ls . 

3 . 1  The linear pr ogramming approach 

The bas i c  linear pro gramming model for the  nut r it ion 

pr oblem  was s o lv e d u s ing the LPS/1 1 30 pa ckage pr o gramme . The 

amino acid r e qu irements were var i e d  t o  fin� the e ffe c t  on  c o s t  

o f  a t t a ining the ideal  e gg pa t t ern . I n  a ll c a s e s  s o lu t ions were  

obtaine d with a nd w i thout  dRiry pr o du c t s . 

3 . 1 . 1  Amino a c ids a t  e gg pa t tern levels 

The linear pr ogramming ma tr ix as des c r ib e d  in Figur e  2 . 1  

was  i npu t to  the IFS/1 1 30 programme but it  was  imposs ible t o  

o b ta i n  a feas ible solu t io n . S e veral nu trie nts  were  a t  the ir 

low er  limi ts inc ludin6 calorie s ,  pantothenic a c id , thiamine , 
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n ia c in a n d  fa t .  Fibr e a n d  calc ium w e r e  a t  the ir upper limi t s . 

The am ino ac ids ha d a s trong e f f e c t  on the compu t a t i ons 

b e c ause  of  the tight r e s tric tion of the e gg pa t tern e quality 

c ons tra ints and b e cause they  ma de up appr oxima t e ly one  th ird  o f  

the t o tal c onstra ints . T o  r e move this t i ght restric t i on o n  the 

amino a c i ds and a t  the same t ime t o  e va luate the c os t  o f  

impr ov ing the ir balan c e , s o lut ions w e r e  obtaine d b y  sys tema t ica lly 

changing the desired  amino a c i d  pa t t e rn . 

3 . 1 . 2  S tepwise  variat ion in amino a c id na ttern 

The  param � tr i c  pr o c e dur e of  the  �PS/1 1 30 pr ogramme was 

u s e d  to  sys temati cally change the amino a c id cons traints . This 

was done by s imu ltane ously inc re asin� the requ ir e d  low er le ve ls  

from 80 per c ent  tha t o f  e gg pa t tern a n d  de creas ing t h e  upper  

le v e ls from  1 20 perc e n t  tha t  o f  e gg pa t tern , each  by s teps  o f  

5 percent . S olu t i ons w e r e  then obta ine d a t  four r ang� 3 o f  a mino 

a c i ds : 

80 - 1 20 perc ent  e gg pa ttern 
85 - 1 1 5  f t  1 1  1 1  

90-1 1 0  f t  1 1  f t  

95 - 1 05 f t  f t  1 1  

A l l  o ther nu trient  r e quirements rema ined  the same . 

Feasible solu t ions were  avai lable at  a ll f our s tages  o f  

improvement o f  the  a mino acid  balance  ( s e e  Appendix 5 ) . The  c o s t  

o f  the 95 - 1 05 perc ent s o lu t ion was a lmos t double tha t o f  the 

80- 1 20 percent  s o lutio n .  The c os t  incre �ents in mov ing t owards 

an improv e d . ba lanc e grew pr ogr e s s ive ly larger ( s e e  Figure  3 . 1 ) .  

Folic a c id ,  pantothenic ac id a n d  calor ies  r ema ine d a t  

the ir lower limits  o f  r e quirement  through all  f our s tages  o f  

amino a c id ba lan c e .  Protein  remained  c onstant a t  a l e v e l  o f  

1 3 percent total  calor ie s . Fa t r emained  at  i t s  lower li�i� in 

a l l  but th e 95- 1 05 pe r c e nt s o lu t ion . The level o f  c a lc ium 

incr eased  pr o gr e ssive ly w ith improvement  in the amino a c id p a t tern 

taking pho sphorus w i th it  to  ma inta i n  a C a/P ra t i o  o f  0 . 8 .  

I s oleuc ine and me th ionine were  limiting  in a l l  f our s o lut io ns and 
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w e r e  the  o nly two amino a c ids a t  the lowe r  l e v e l  o f  the 80- 1 20 

perc e nt range . As the limits b e came tighter tyr o s ine and c ys t ine 

j o ine d th em  at  the low e r  levels of  th e accep �able range s .  Leuc ine 

and tryptophan were in plenti ful supply and gene ra lly at the upper 

limits  o f  the spe � i f i e d  ranges . 

The we ight o f  the s e le c te d  mixture inc reased  w i th improve ­

m e n t  in the amino a c i �  balanc e .  This a ddi tiona l  w e i ght inc lud e d  

.. 
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a w ider varie t y  and a gr eater  numbe r  o f  raw ma ter1als  tha n  

s o lu tions w i th p o orer a mino a c i d  pa t te rns . At  the 80 - 1 20 p e r c ent  

leve l , the re w e r e  10  ma teria ls in the  solut ion while at  the 9 5 -

1 05 p e r c e nt lev e ls , t h e r e  were  1 4  ma t e r ia ls . T h e  gre a te r  numbe r  

o f  r a w  ma terials i n  a solu t ion w o u l d  prov ide obvious problems i n  

t h e  formu la t ion o f  a s ingle fo o d  pr o du c t . 

3 . 1 . 3  Addi t ion  of  da iry pr oduc t s  

T h e  7 N e w  Z e a land  dairy pr o du c ts w ere a dde d t o  t h e  lis t of  

1 44 indige nous Thai food  raw  ma ter i a ls . It  was s t i ll imposs ible  

to a c h ieve a f e a s ib le solution  w it h  the  amino a c ids e xa c t ly 

e qua l l ing the ir ideal e gg pa t t ern val�e s . The a mino a c i d  r e qu ir e ­

me nts  were  a ga in var ie d parame trica lly t o  obta in f e as ible  

s o lu t ions a t  the  f our range s as  discusse d in  S e c t io n  3 . 1 . 2  ( s e e  

Appendix 5 ) . 

Only skim milk powder  was  s e le c t e d  from the da� r y  p1 · o du c t s  
a t  leve ls ranging  from around 2 p e r c e nt of the  to ta l  w e igh t in 

the  �0- 1 2 0  p e r c e nt c o lu t ion t o  abou t  ' •  perc ent in t h e  95 - 1 05 

p e r c e n t  solu t ion . As would be  e xpe c te d ,  this addition  t o  th e mix 

did  not  have a marke d e ffe c t  on its  c omp osit ion . A s l ight dro p 

o f  0 . 1 bah t was  r e corded  ovor  a l l  parame tric solut i o ns . Pro t e i n ,  

fa t ,  calorie s a n d  pant o thenic  a c id show e d  no chanBe froM the 
s o lu t i ons us i ng ind i ge n ous m 9 t e r i � ls a nd were s t ill a t  the ir 

low er limits . Folic a c i d  c ea s e d  t o  b e  l imitirg a t  the 90- 1 1 0 and  

95 - 1 05 pe r c e nt s olutions . The t r e nd o f  increase d c al c ium w ith  

improved amino  a c id balanc e was  a ga i n  ev�dent . Absolute  l e ve ls 

o f  c a l c ium  �ere  gene ra lly h i ghe r than in the indigenous raw 

ma t e r i�l  solu t i ons wi th the dif f e r e nc e b e c oming mo r e  ma rke d w ith  

impr oved  amino  acid  balanc e . This may b e  due t o  the ili c r e a s e d  

le v e ls o f  skim milk powder . S li gh t  d i :ferences  w er e  a l s o  e vi d e n t  

in v it amin l e ve ls .  N ia c in w a s  genera lly a t  low e r  l e v e l s  in all  
• 

solut ions us ing dairy pr oducts , w�ile ribo flavin and  thia�ine 

were s light ly h igh er . V itamin A show e d  a mor e marke d di f f e r e nc e  

and  was  a t  le ve lG o f  1 000-2000iu l ow e r  in the solu t i o ns c o ntaining 

dairy pr o duc t� . Ther e  was lit t le c ha n ge in the  ra t i os o f  

e s s e n t ial amino a c i ds , w ith is o le u c ine a n d  me thiunine s t ill 
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limit ing a nd leucine and  tryptophan a de qua te ly supplie d .  

The a ddition  o f  dairy pr oduc ts ha d li t t l e  e ff e c t  o n  w e ight 

a t  the fir s t  three le vels  o f  amino a c i d  balan c e , but a n  increase  

o f  a ppr oxima t e ly 1 00g was  r e c o r de d  in the 95 - 1 05 per c e nt solut ion . 

The a ddit ion o f  dairy pr oduc t s  to  the l i s t  o f  available  

raw  ma terials r e sul t e d  in very  lit t le c hange in the  s o lu t ions . 

I t  wo uld o e  wrong , how e ve r , t o  c onc lude  fro rn  the  r e su lt s  of  this 

s tu dy tha t dairy pr odu c ts are  not suit able as nu trit i ona l 

supplemen ts . The s e l e c t ion  of  only smal l amounts of  the s e  

pr o du c ts d o e s  no t ind icate  a r e la tively low overall  nu tritiona l 

val�e as  co mpare d w i t h  indigenous ma teri 3ls , but  ra the r an 

inab i lity to c ompe te w i th theae  ma terials  for the Ru pply of 

limiting nu t r ie nt s . 

3 .  2 The applic a t ion o f_g_o J. l  pr og:rammJ-.E_g 

G oal programming is  a modification  and extension of  linear 

pr ogramming . The  goal pro gramming approach a llows  for a 

s i mu ltane ous so lu t ion o f  a sys tem  of  c omplex ob j e c t iv e s  rather  

than  a s ingle ob j e c t i ve . Charnes  and  C o o pe r , who pla y e d  a ke y 

ro l e  in intr o duc ing linear programming to  industria l  prob le ms , 

f irs t deve lope d the c onc e p t  of  goal pr ogramming in 1 9 6 1  ( 2 7 ) . 

The technique is  a r e la t i ve ly new one an d applica t ions 

are scarc e .  Lee ( 1 06 ) re viewed  the his t ory of goal pr ogramming 

and  applica� ions to various func tiona l  ar eas inc lu ding academic 

planning , finan c ial  plann ing , e conomic �lanning and hospital  

a dm inis tra t ion . No pr e v i ous s tu di e s  on  the applicat ion to  the 

s o lu tion of nu trition  pr oblems w ere  found . 

L ine ar programming s olu tions to  nutr i t i on probleLs o f t e n  

r e su l t  in  a gross imbala n c e  o f  nutrients i n  s e le c t e d  mixes .  This 

i s  par t i cularly obv i ous  in  s itua tions wh ere  only low e r  limit s are 

impose d .  For e xample , impr ovemen t  o f  the amino a c id balan ce  a s  

• 
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d�sc ussed  in S e c tion 3 . 1  r e su lt e d i n  marke d inc reas e s  in  th e 

l e ve ls of v i tam in A ,  v itamin C a nd iron , far in e x c e s s  o f  the ir 

lower leve ls o f  requ ir e men t . The  95 - 1 05 pe rcent  e gg pa t tern  

s o lu t ion using  ind i ge nous raw ma t e r i a ls shows the s e  h i gh levels  

of  c e r ta in nut r i e nt s . 

Nu trie nt 

V i tamin A 
'.Ji tamin C 
Iron  

Requ ir e d  leve l 

2 1 00 
2 8  

8 . 7  

S o lu t io n  l e v e l  

1 0 , 840  
229  

22 . 7  

A l though c onsiderable w ork has b e e n  done i n  the area  o f  min imum 

sa t is fac tory intake s of sp e c i fic  nu trie nts , little  i s  known 

abou t the e f fe c ts of  many of  th e s e  nu trients  in e xc e s s . 

H ypervitaminos i s  D and excess ive c a l c ium i ntake ha v e  be e n  

a s s o c i a t e d  w i th ki dney s tone forma t ion  ( 4 9 ) , w h i l e  h igh l e v e ls 

o f  v i tamin A may cau s e  ser ious injury to  health w j th sympt om� 
inc lu ding loss  of hair , pain in long bone s and dr·y okin ( 1 23 ) . 

One FAO/WHO expert  group on nu t r i t io n  has shown c onc ern abou t the 

ill  e ff e c t s  of nut r i e n t  overdo s e s  in r e c o mmending fur the r  r e s earch 

on  the  e f f e c t s  of h i gh and low levels  o f  v i tam ins . Another  FAO/ 

WHO c ommi t t e e  ( 45 )  sugge s t e d  tha t the r e la t ive ly ne wly devclJped  

r e search fie ld of nu t r i t iona l  t o x i c o logy b e  ade qu a t e ly suppor t e d  

b y  governme n t  ins t itu t i ons , indu s tr i e s  and  int e rna t i onal gr oups . 

As  w e ll a s  th e eff e c ts of  overdo s e s  o f  indiv idu a l. nut r ients , 

c o nc ern ha s b e en exp r e s s e d  about the  int errela ti onsh ip o f  

nu tr ients  an d the ne e d  for a bala n c e d  inta ke . P ike and Brown 

( 1 50 ) give e xample s o f  the r e la t i onsh ip o f  pr o t e in an d ene rgy , 

n iac in  and t ryp tophan , and calcium a nd magne s ium . They e mpha s ize  

the  change in  t� , e c oncept  of  the indepe nde nt and r e la t iv e ly 

i s o la te d  nut r i e nt func t ion to the  c o nc ept  of  inter depende n t  and 

�nterrela t e d  func t ion  and r e qu ir e me n t . 

" I f  the me tabo lic ma c h inery o f  the  c e ll is  visnal i z e d  as 
a delica t e ly �alanced  s e c t ion  of a la rge mobi l e , minor 
s tress  .of one point  might b e  c ompe n .3a t e d  for  at  one  or  
s e vera l �ther po int s , thus e s tabl ishing a ne w balanc e :  
but  � su� t a ine d and cumula t i v e  s tress  would be s o  
d isrup t iv e  tha t c ompensa tory e ff e c ts w ould b e  ine ff e c t i v e . " 

There  is  then , a ne e d  f or d ie ts to  contain nutr i e nt s  

w h i c h  a r e  n o t  only above  the ir r e c ommende d levels o f  r e qu irement 
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b11. t a. lso  w e l l  balanc e d .  Goa l pr ogramming , in i t s  r o le a ::.> a 

mo dification o f  l ine a r  programming , was  used  to a c h i e ve a good 

ba la n c e  of nutr ients  in s e l e c t e d  c omb ina t i ons o f  raw mat e r ia ls . 

Th e te chniq�e  was f ir s t  appl i e d  t o  the  pr oble m of  obtaining an 

ideal  e s s ential  amino a c i d  pa t tern and se condly to the a chieveme n t  

o f  a g n o d  balance o f  a l l  2 6  nutrie nt s . 

3 . 2 . 1  A n  e xample o f  go a l  pr ogramm ing 

A simple e xamp l e  is u s e d  to show how goa l programming can  

be  appl i e d  a s  a n  e x tens i on o f  l ine ar pr o gramming . For  definit i ons 

o f  the bas ic l ine ar programming t e rm ino l o gy , r e f e r e nc e should b e  

ma de to  s tandard t e xts o n  th e sub j e c t  ( 6 1 , 62 ) .  

C ons ider the follow i n g  pr ob lem : 

.. A" .  0 0 l"J l !1 l JUlZe  

s ub j e c t  to 

and 

x, 

2 x ,1 
3x 1 

x , ' 

+ x2 + 

5x
2 � 

+ x2 � 
x2 � 

1 0  

6 

0 

The graph ic al repr e s e nta t ion of  the pr oblem  an d the f e a s ib l e  

r e gion f or s o lu t i o n  i s  show n  i n  F i e; u re  3 .  2 .  

A s  i t  s tands , the problem c ou ld be s o lv e d  b y  s tandar d 

l ine ar pr ogramming me thods . But wha t if min imiza tion  o f  

e x, + x2 ) ceases  t o  be  a pri ority an d it  be c ome s n o t  only  

impor tant  to me e t  the two  c ons tra i nt s , bu t also  t o  ensur e tha t  

the c on s tra int ,.-alu e s  are  e x c e e d e d  b y  a s  lit t le a s  possible?  

There  are  the�  tw o go als t o  a im f or , sub j e c t  t o  two  c ons tra int s .  

A fur ther goa l is a dde d t o  the pr ob lem to make i t  more r e a l i s tic 

and t o  e nable a discuss ion o f  all the si tuat ions  wh ich arose  

in the application  o f  goal  pr ogramming t o  the  nut r it ion  problem . 

The third  goal i s  de f ine d by the equation  4x 1 + 3x2 = 1 2 .  The 

o ve ra l l  ob j e c tive  is  t o  minimiz e the total  devia ti o n  from the 

thr e e  goa ls ,  subj e c t  t o  the  two or igina l c on s traints . 
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Figure 3. 2 Graph ica l  representat ion of an L.P.  problem 

Minimize  C l 2x 1 
+ 

5x2 - 1 0 1  + l 3x 1 + x2 
- 6 ! + l 4x 1 

+ 
3x2 - 1 2  I ) 

sub j e c t  t o 2x 1 

+ 
5x2 � 1 0  

3x 1 + x2 ·� 6 

and X 1 , x2 � 0 

The pr oblem  now ne e ds t o  b e  s o lv e d  using goal programm ing , where 

the goals are de f ine d as : 

.I I 2x 1 

+ 
5 x2 - 1 0 1  = y 1 

l 3x 1 + x2 6 1 = y2 

l 4x · + 3x2 1 2 1 + 
- = y3 + y3 1 

where y 1 , 
+ and s la c k  variables . I n  the  of  the y2 , y3 y3 are case  

firs t two  goals , only one  s la c k  var iable is  r e qu ir e d ,  whe r e as for 
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the third go a l  two slack varj able s  are  ne e de d  t o  al low for bo th 

p o si tive and n e gative devia t ions . The  pr ob lem the n b e c o me s : 

M inim i z e  
+ 

y1 + y2 + y3 
+ y3 

sub j e c t  to 2x1 
+ 5x2 

- y 1 
= 10  

3x 1 
+ x2 + y2 

= 6 

4x 1 
+ 

3x2 - y3 + y = 1 2  3 

and + � 0 x1 ' x2 , y 1 , y2, y3 ' y3 

A s o lu t j.on can  b e  obtained  us ing c onv ent iona l l i near programming . 
+ The v e c tors a b s o c ia t e d  with y3 and y3 are linear de p e ndent and 

as such only one  will  oc cur in a so lu tion basis . The o b j e c t iv e  

func t i on w i l l  then se rve  to  minimize the sum of  y 1 , y2 and  

e ither 

This s imple e xample demons tra t e s  the  us e of goal 

programming in o nly one area �n d does  not examine the  gr e a t  numb er  

o f  possible va ria tions i n  applic ation  of the te chniqu e . Goal 

pr o gramming , as  me ntioned earlie r ,  lends  itself  to the  par t ial 

s o lution  of pro b l ems  infeasible t o  l inear pr ogr amming . I t  also  

allow s for  the w eight ing of ind iv i dual  goa ls a c cor ding t o  

r e la t ive leve ls of  impor tanc e ,  perm i ts t h e  o c curren c e  o f  n o n  
homoge ne ous u nit s in an  ob j e c tive  fu nc tion  an d in mor e  c ompl e x  

e xampl e s  can e ve n  b e  us e d  for t he so lution of  pr ob lems r e qu ir ing 

the e s tabl ishment o f  a hierarchy of impor tanc e  among incompatible  

goals . The e xamp le should , howe ve r , suffice  a s  an introduc t io n  

t o  the conc ep t s  o f  goa l programming a s  i t  l S  u s e d  i n  th i s  s tudy .  

3 . 3  Goa l programming o n  the amino a c i ds 

One o f  the  ma j or aims u f  the nut rit ion pr oblem was t o  

obtain a n  e s s e n t i a l  am ino a c id pa t tern a s  c lose  to  tha t o f  e gg 

pro t e in as possible . This was done us ing goa l pro gramming where  

the  o b j e c tive was  t o  minimize the  de via tion o f  s o lut i on l e ve ls 

for each  amino . a c i d  from its correspond ing e gg pa t t e r n  value . 



TOT DEV 
1 0  

= z:: 
i = 1 

D .  1. 

where  TOTDEV is  the t o t a l  de viation  o f  the 1 0  am ino a c ids from 

th e ir e gg pa t tern valu e s  an d D .  is the de via t io n  o f  th e i th amino 1. 
a c i d .  For example : 

= ISO - 4 1 5PROT 

where  D 1 is the differ e n c e  be tw e e n  the a c tua l leve l o f  i s o leuc ine 

in the s o lution  and the amount r e qu ir e d  to me e t  the e gg pattern  

v a lue of  4 1 5mg/gN . 

Ths va lues o f  D .  w er e  e ither pos itive  or nega t iv e , which  1. 
l e d t o  the possibility o f  ca ncelling of  large differenc e s  w i th 

the t o ta l  de via tion s t il l  be ing smal l .  I t  was th ere fore n e c e ssary 

to  c o n s i d e r  thR diffe r a nc e s  a s  a b s o lu t e  v a lu e s :  

TOTDEV = 
1 0  

z:: 
i=1  

The use  o f  a b s o lu t e  di fferenc e s  r e qu i r e d  th e assi gnment 

of  two s la ck variables  to  each c ons tra int and re l ia nc e  on the  

pr inciple of  s e le c tion of only l inear independent  variables  in a 

so lu tion bas i s , as  discus s e d  ear l ie r .  

n 
z:: 

j = 1  
a . . x .  

l. J  J 
+ 

y .  1. 
+ = b .  1. i = 1 , 2 ,  • . . •  1 0  

w h e r e  a .  . is th e amount o f  amino a c i d  i per unit o f  raw ma t e rial  j .  
l. J  

x .  is the l e v e l  o f  raw ma teria l  j � .n the  s olu t ion . 
J 

y: and y� are the s lack  varia b le s . 1. 1. 
b .  is the r e qu ir e d  l e ve l of amino a c i d  i .  1. 

For example in the case  o f  is oleuc i ne : 

ISO 
+ 

4 1 5PROT y .  + yl 
= 

1. 
t h e n  4 1 5PROT ISO 

+ 
0 + y 1 - y 1 

= 

For input to the LPS/1 1 30 programme , the  slac k  variabl e s  w e r e  

de fine d as  GISO and FIS O r e spe c tive ly .  The i s o le uc ine e qua t i o n  
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was then r e c orded  as : 

where  

C ards for c ompu ter 

FX 

AA1  = 4 1 5PROT - ISO + GIS O  - FISO 

AA 1 = 0 

inpu t w e r e  prepare � as follows : 

PROT AA 1 4 1 5 . 0  

I S O  AA 1 - 1 . 0  

FIS O  A A 1  - 1 . 0  

GISO A A 1  1 . 0 

THA IREQ AA 1 o . o  

wher e AA 1 is fixe d  a t  0 . 0  in th e bound s e t  THA I REQ . S im i lar 

e qua tions were requ i r e d  f or th e r e � � i n ing 9 amino a c ids , and  c ar ds 

prepared  for c omputer  input a s  de s c r ib e d  a b ov e . 

For s o lution  o f  the goa l pro gramming pr o b le m , a l l  da ta 

and cons tr a ints were as  de s c r i � e d  i n  Figure 2 . 1 , wi th the to tal  

deviation variable r e p la c ing c oa t  in the ob j e c tive  func t ion . 

TOTDEV = FISO + GISO  + FLEU + GLEU + • • • • •  + FVAL + GVAL 

where the ob j e c tive  was to  minimize  TUTD1V . This o b j e c t ive s e r v e d  

to  minimize  t h e  de via tion f r o m  th e e gg pa t tern bu t i t  did  not  

a c c ount for  the differenc e in ma gn i tudes of  the  e gg pat t e rn valu e s , 

ranging from 1 00mg/gN for tryptophan to  553mg/gN f o r  le uc ine . The 

perc entage de v ia tion was conside r e d mor e  rele vant in this  c a s e . 

Percent  de via t io n  i = 
D .  X 100 l 

EP . l 

where D .  is the devia tion i f  am ino a c i d  � from  its  e gg pattern l 
value and E� i is the egg  pa t tern va lue for amino a c id �· 

The frac tion  1 00/EP . was us e d  as  a w e igh t ing fcc t or for l 
each  de via t io n  in the calculation  o f  th e TOTDEV variabl e o f  the 

ob j e c tive func tion . 

TOTDEV = 0 . 24 1 FISO + 0 . 24 1 GISO  + 0 . 1 8 1 FLEU + 0 . 1 81 GLEU 
+ • • • • i • •  + 0 . 2 2 1 FVAL + 0 . 22 1 GVAL 

w i th the o b j e c tive to  minimi ze TOTDEV . The card  inpu t for this 

ob j e c t i ve func tion is shown in F i gure  3 . 3  indicat ing th e pe r c e ntage 

w e ight ings for each amino a c i d  deviat ion . 



FISO TOTDEV 0 . 24 1  
GISO TOTDEV 0 . 24 1  
FLEU TOTDEV 0 . 1 8 1 
GLEU TOTDEV 0 . 1 81 
FLYS 'rOTDEV 0 . 24 8  
GLYS TO'rDEV 0 . 248 
FPHE TOTDEV 0 . 2 74 
GPHE TOTDEV 0 . 2 74 
FTYR TOTDEV 0 . 382 
GTYR TOTDEV 0 . 382 
FCYS TOTDEV 0 .  671 
GCYS TOTDEV 0 . 6 71  
FMETH TO'rDEV 0 . 508 
GME'rH TOT DEV 0 . 508  
FTHREO TO'rDEV 0 . 3 1 5  
GTHREO 1.'0TDEV 0 . 3 1 5  
FTRYP TOT DEV 1 . 000 
GTRYP TO'rDEV 1 . 000 
FVAL TOTDEV 0 . 220 
GVAL TO'I'DEV 0 . 220 

MINIM IZE TOTDEV 

Figu re 3. 3 Card i nput for object ive funct ion of goal programme 0 1 1  amino acids 

3 . 3 . 1 The s olu t ion us ing indige nous raw ma t e r ia ls 

The solut ion t o  the  goa l pr ogramming on the  e s s en t ial 

amino a c i ds us ing indi ge nous fo o d  raw ma terials o�ly is s hown 

in Appendix 5 .  Th� to tal de via t ion of am ino a c i ds fro m  th e egg  

pat tern  was  6 . 2 pe rcent  as  c ompare d t o  about  46  pe r c e nt in  the  

f inal parame tric s olu t ion ( s e e  S e c tion 3 . 1 . 3 ) . This  total  

perce ntage devia t i on was a c c ounted  for e ntirely by  a deficit  o f  

isole u c ine , w ith a l l  o ther amino ac ids a t  e xa� t ly the ir e gg pat tern 

valu e s . 

Pro t e in , fa t ,  calor ie s ,  fo lic  acid  and pa n t o thenic a c i d  

were  a t  the i r  low e r  l imits o f  r e qu iremen ts . V itamin C ,  v i tamin A 

and iro n  leve ls show e d  a marke d inc rease  w ith the impr ovem ent  i n  

amino a c id balan c e . C a l c ium cont inue d  t o  r i s 3  f r o m  i t s  l e v e ls in 

the parame tric solu t i ons to the  uppe r l imi t of  1 500mg . Fibre  was  

also  at  its  upper le v e l  o f  1 5 g .  The  w e ight o f  the f inal mix also  

increas e d  marke dly t o  give a r e qu ir e d  level  o f  i ntake o f  1 560g 
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per day . Impr ovement in the am ino a c i d  balanc e c ontinu e d  to  

r e qu i r e  a greater  numb e r  of raw ma t e rials , sixteen in all , with 

a w ide range of  funct iona l  and organo leptic  prope r t i e s ; 

su gar 3 1 3 . 8g Chine s e  c abbage 5 8 . 4 g 
hen ' s  e gg 243 . 8g tange rine 50 . 1 g 
c e le ry 234 . 2g bu ffalo liver 4 6 . 6g 
guava 1 3 8 . 0g whi te swe e t  
l ime 1 08 . 3g p o ta t o  39 . 8g 
r e d  peppe r 1 05 . 9g lemon 36 . 0g 
pe ach 88 . 1 g  peanu t  5 . 8g 
le e k  8�· . 5g c oc onu t  5 . 5g 

se same 1 . 7g 

A lthou gh maybe not imposs ib l e , i t  would be  extreme l y  d i f f i c n lt t o  
c omb ine these  ma teria ls int o a s ingl e  product o r  f o o d  dish . Th e 

high qua n t i ty of  sugar , the mix ing o f  frui ts and v e ge table s  and 

the us e o f  high leve ls o f  ingr e d ient s unc ommon in f o o d  dishe s , 

such a o  lime and guava , would  present  pr- ob lemo in the  form u la t ion 

of  an a c c e p table pr oduc t .  

Tha c os t  of  th is  opt imum ba lanc e o f  amino a c i ds wa s 

1 2 . 4bah t or over tw i c e  t ha t o f  the 95- 1 05 per c e nt parametric  

solu t io n . This emphas izes  th e impor tan ce  of s e t ting s ensible  

l imits  o n  amino a c id r e qu ire me nt s . Whene ver pos s i ble , th e value 
to the c onsumer ' s  hea lth in impr oving the am ino ac id balan c e  of  a 

die t should be  w e ighe d agains t the c o s t  o f  a ch iev ing th is impro v e ­

ment . For example , the c os t  of  changing the amino a c id balance  

from  80 - 1 20 per c e nt to 95 - 1 05 p e r c ent  tha t of e gg pr o t e in , 

r e su l t e d in an almos t tw o fo ld increase  in c os t .  This c os t  may not 

be  j us t i f iable in t erms o f  the impr ov e d  he alth of  th e c onsu me r .  

3 . 3 . 2  The adui t i on o f  dairy pr o du c t s  

The  addition of  da iry produ c t s  to the l i s t  of  available 

raw mat er ia ls r e su lt e d  in a s l ight improvement of the amino a c id 

pat tern to  give a total devia t i o n  o f  5 . 78 pe r c e nt ( se e  Appendix 5 ) . 

Th� only dairy pr oduc t s e le c te d  was bu tter , a t  a leve l o f  less  

than 0 . 1 pe r c e n t .  Onc e a gain the  e nt ir e  devia t ion from  the  ide a l  

e gg pa t te r n  was due t o  a d e f ic i t  in is o leuc ine . Pro t e in , fat , 

calorie s ,  pantothenic  a c i d  and  fo lic  a c id were a gain  a t  the ir 



lower limits , while  fibre and cal c ium  w e r e  at  their  upp e r  l im it s . 

Vitamin C and vi tamin A levels  show e d  a fur the r  r is e  w i th the  

improvement in amino ac id balan c e . 

I n  this e xample , c os t  minimiza t i on was no longer th e 

pr ime ob j e c tive a n d  henc e the r e  is no r e ason to  a t tribute  the low 

leve ls o f  dairy pr o du c ts t o  the i r  h i gh pr j_ces . The high l e v e ls 

o f  calcium in dairy pr o du c ts and  the uppe r limit on this nut r i ent 

could be one r e a s o n  for the ir re je c t io n .  A more likely r eason , 

how e ver , is s imply th e inability  o f  the s e  pro du c ts to  supply amino 

acids  in propor t io ns which would  c omple ment the ir supply from o ther  

s our c e s , to a chieve  a pa t :ern a s  c l o s e  to  tha t of e gg pa t te rn as  

possible . 

As in the  parame tric s o lut ions , there is no reason  t o  

discount da iry pr o du c ts a s  nu tr i t ious foods on thP basis  o f  the ir 

per formance s  in th is s tu d y .  The ir s e l e c t ion was determ ine d n o t  
on th e basis o f  their abs olute  nutri ent value but  rath er o n  th e i r  

ability to  c omplement t h e  supply o f  amino ac ids f r o m  o t h e r  raw 

materia l s  sub j e c t  to th e c o n s t r a i nt s impos ed on th is par t i c u lar 

pr ogramme . 

3 . 4  Goal programming on all  nutrients  

Goal  pr ogramming was  used  t o  ' opt imiz e ' the  balan c e  of  all 

2 6  nu trients in the pr ob lem . The  w or d  opt imize is  us e d  w i th some 
\ 

cau tion here a s  a ma thema t ical ob j e c t i v e  only . Op timiza t i o n  

implie s onl� the achie vement o f  the b e s t  poss ible balance o f  

nu trients , sub j e c t  t o  the le vels  o f  r e qu ir eme nts de fine d in the 

pr o gramme . In th is s tu dy , the ob j e c tive of the goal pr ogramme 

was t o  minimi z e  the t o tal devia t i o n  of all nutr ients  from the ir 

low er leve ls of re qu ir e men t ,  sub j e c t  to these r e quir ements  b e ing 

m e t  and the amino acid  pa ttern b e ing b e tween 90 and 1 1 0 p e r c ent  

tha t o f  egg pro t e in . The c ons traints on al l nutr ients  othe r than 

amino ac ids and pro t e in were  th ose  d e s crib�d  in Figu r e  2 . 1 .  The 

amino a c i ds w e r e  within the 90- 1 1 0  p e r c ent e gg pa t te r n  range , 

while the low e r  l imit for pro t e in was  s e t  at  8 . 4gN/day , the  
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low e s t  level  which  c ou ld b e  a ch i e v e d  w i th a c ons traint o f  

2 1 00kcals  and a r e quir e d  protein  c ontr ibut ion t o  total  calories  

o f  1 3  p ercent . The pr oblem  was the n :  

1 6  2 6  
z:; z:; ( + y-: ) y . + y .  + 

i = 1  l i = 1 7 l l M inimize  

n 
sub j e c t  to z:; a . .  X .  + y . = b .  i = 1 · , 2 , • . . •  1 6  ( 1 ) l J  J l l 

and 

wher e  

j = 1  

n 
z:; + b .  i 1 7 , 1 8 ,  • • •  2 6  ( 2 )  a . .  X .  y .  + y . = = 

j = 1  l J  J l l l 

e qua tion s e t  ( 1 ) r e presents  the e quati ons f ormed  f or a l 1  
non-amin o a c i d  c o ns traints b y  the addi t ion  o f  s la ck variab le s . 

Equa t ion  s e t  ( 2 )  represent s  the e quation form e d  for the 

amino a c id c ons tra ints  by addi t i on o f  s lack  vari ab l e s . 

n is th e numb e r  of food  raw materi a ls . 

a . . is the numb e r  of  units  o f  nu trient i i n  raw ma ter ial _j .  l J 
b .  is  the spe c i fi e d  numb er  o f  un its  of  nutri ent i re qu i r e d .  l 
x . is  the numb er of units  of  raw materia l j i n  the c o lu t ion . 

J 
+ y 1. ,  y . , and y .  are  slack  variables . l l 

Two type s of goa ls were  u s e d  as r epre s e n t e d  by  e quation  

sets  ( 1 )  and  ( 2 ) . The  firs t sought t o  r e du c e  the t o t a l  deviation 

above  the  min imum r e qu ir e ment  levels o f  s ixte en nu trients  and  

ne e de d  only one  slack var iable . The  s e c ond set  app l i e d  to the  

amino  ac ids where  devia t ions above  or  b e low the  1 00 p e r c e n t  egg  

pa t te rn value s were  permit te d , hence  requiring two s lack 

variables  as  diocus s e d  in  S e c t i on 3 . 2 . 1 .  

As  in the goal pr ogramm�ng on  amino a c i ds , s ome 

c o ns i deration  wa3 ne e de d of  the wide var ia tion in the ma gni tude  

of  indiv idual goa ls , r anging from 0 . 00 1 85mg for vitam in  B 1 2  ' to  

2 1 CJiu for vi tamin A .  Deviations were  again c a lcula te d  on  a 

p e r c entage bas is , with the  obj e c tive o f  minim i z ing the t o ta l  

p e r c e ntage d e v ia t ion . 

per c e nt devia t ion = 
1 00y . l 

b .  l 



M inimiz e 
1 6  

E 
i = 1  

1 00y . 1 
b .  1 

2 6  
+ E 

i = 1 7 

( y: + y � ) x1 00 1 1 
b .  1 

3 . 4 . 1  The s o lu t ion us ing indi genous raw ma teria ls 

7 1 . 

The  t otal  pe r c entage de via t ion from the 26  nut r i e nt go�ls 

was 453 pe r c ent , a t  a c o s t  o f  8 . 3bah t . Over half th is t o t al  

devia t ion came from  vitamin C and ir o n ,  both a t  l e v e ls in excess  

o f  tw ice  the ir requirements . O th er nutri ents show e d  smaller  

devia tions and  e leven  were  a t  e xa c t ly the ir requ irement  l e vels 

( s e e  Table 3 . 1 ) .  Is oleuc ine and me thionine were  a gain the  

limiting amino a c i ds at  90 percent  egg  pat tern value s .  

The w e i gh t  o f  the s e le c t e d  mlx was n o t  fa1· i n  e x c e s s  o f  

the w e ight s for th e parametr i c  s o lut ions and sh ow e d  a c on s i derable 

drop from tha t of the goal pr ogramme on amino a c ids . A lth ough 

t� ere  was s t i l l  a large numb e r  o f  raw ma t erialR in the s o lu t ion , 

f i f t e en in a l l , a far mor e a c c ep table s e le c t ion w a s  e v i d e nt 

( s e e  Appe ndix 5 ) . 

A c o mpa rison b e tw e e n  the l e ve ls o f  cer tain  nu trien t s  in 

t h e  90-1 1 0  p e r c ent parame tric  s o lu t ion , the goal pr ogramming 

s o lution to e s s e ntia l  am ino a c i d  improvement and the goa l pro­

gramming s o lu t ion t o  balancing a l l  2 6  nu trients , emphas i ?- e s  the  

va lu e of  the goal programming appro a ch . 

R e quirement  90 - 1 1 0  Goa l Goal  
Nu trient  p e r c e n t  programme pro gramme le vel  parame tric  amino a c i d  2 6  nu trie nt s  

V i tamin C ( mg )  2 8  2 82 4 64 6 8  
V itamin A ( iu )  2 1 00 1 0603 3 8755 2 1 00 
I ron ( mg )  8 . 7  2 1 . 5  6 8 . 0  1 8 . 9  
F irre ( g ) 6 . 0 9 • 7 1 5 -. 0  7 -. 1 

C o s t  ( baht )  3 . 2 6 1 2 . 40 8 . 2 8 



Tabl e  3. 1 Percent deviat ion of nutrients from goal programme on 

ind i genous raw materials. 

Nu tr ient 

Prote in ( g N )  
Fat ( g ) 
C a lor ie s 
Fibre ( g ) 
C a l c ium ( mg)  
Phosphorus (m  g )  
Iron  ( mg )  
V i tamin B6 ( mg)  
V i tamin B 1 2  ( mg )  
Fo lic  acld  (}lg )  
Pantothenic  A c i d  ( mg )  
N ia c in ( mg )  
Riboflavin ( mg )  
Th iamine ( mg)  
V i  ta.m i n  C ( o:g )  
V i tamin A ( iu )  

C ys tine b 

Va line 
J so J P. l l  r. :i_ne 
Phenyla lanine 
Tyr o s ine 
M e thionine 
Tryptophan 
Thre onine 
Lys ine 
Leuc ine 

Re quir e da A c tu a l  
amount  in amount in 
mix mix 

8 , 40 8 . 40 
4 6 . 67  4 6 . 67 
2 1 00 2 1 00 
6 . 0  7 .  1 
5 85 733 
5 85 9 1 6  
8 . 70 1 8 . 92 
1 . 65 1 .  65 
0 . 001 85 0 . 00 1 85 
1 75 1 75 
6 . 8  6 . 8  
1 3 . 9  1 3 . 9  
1 .  1 6  1 • 1 6  
o .  84 1 .  07  
2 8 . 0  6 8 . 1 
2 1 00 2 1 00 

1 00 . 0  1 00 . 0  
1 00 . 0  1 09 . 9  
1 00 . 0  90 . 0  
1 00 . 0  96 . 5  
1 00 . 0  1 04 . 2  
1 00 . 0  90 . 0  
1 00 . 0  1 06 . 2  
1 00 . 0  1 00 . 7  
1 00 . 0  1 1 0 . 0  
1 00 . 0  1 1 0 . 0  

To tal perc entage de via tion 

72 . 

Perc ent  
de via t i o n  

o . o  
o . o  
o . o  

1 8 . 3  
25 . 3  
5 6 . 6  

1 1 7 . 5  
o . o  
o . o  
o . o  
o . o  
o . o  
0 . 0  

2 ? . 4  
1 43 . 2  

o . o  

o . o  
9 . 9  

1 0 . 0  
3 - 5 
4 . 2  

1 0 . 0  
6 . 2  
0 . 7  

1 0 . 0  
1 0 . 0  

a .  C a lcula t e d  as the min imum level  of r e qu i , e ment for all  nu tr ients  
exc e p t  amino ac id s . 

b .  Amino a c id le vels  presente d as  a percentage o f  the c orre sponding 
e gg pa t tern values . 



Table 3. 2 Percent d eviat ion of nutrients f rom goal programme using 

al l raw materials a. 

Nutrient 

Prote in ( gN ) 
Fa t ( g )  
C alor i e s  
Fibre ( g ) 
C a l c ium ( mg )  
Phosphorus ( mg )  
Iron ( mg )  
V i tamin B 6  ( mg )  
V itamin B 1 2  ( mg)  
Folic a � i d  ( pg ) 
Pantoth e n i �  a c id 
N ia c in ( mg )  
Riboflavin ( mg)  
'I'hiamine ( mg)  
V itamin C ( mg )  
V i tamin A ( iu )  

C y s t ine c 

Val ine 
I s o leuc ine 
Phe nyia lard n e  

Tyrosine 
Jl1e thionine 
Trypt ophan 
Threonine 
Ljs ine 
Leuc ine 

( mg )  

Re quir e d  A c tual 
amount in amount in 
mix mix 

8 . 40 8 . 1tO 
46 . 67 4 6 . 67 
2 1 00 2 1 00 
6 . 0  6 . 0  
5 85 802 
5 85 1 002 
8 . 70 1 3 . 2 
1 . 65 1 .  65 
0 . 00 1 85 0 . 001 85 
1 75 1 75 
6 . 8  6 . 8  
1 3 . 9  1 3 . 9  
1 . 1 6  1 . 1 6  
0 . 84 0 . 89 
2 8 . 0  69 . 3  
2 1 00 2 1 00 

1 00 . 0  1 00 . 0  
1 00 . 0  1 01 . 1 
1 00 . 0  90 . 0  
1 00 . 0  1 00 . 0  
1 00 . 0  1 06 . 9  
1 00 . 0  90 . 0  
1 00 . 0  1 02 . 3  
1 00 . 0  92 . 0  
1 00 . 0  1 1 0 . 0  
1 00 . 0  1 1 0 . 0  

Total  perc entage devia t i on 

a .  Dairy pr o ducts  and  ind igenous Thai raw ma terials  

73 . 

Perc e nt 
de v ia t ion 

o . o  
o . o  
o . o  
o . o  

3 7 . 1 
7 1 . 3  
5 1 . 7  

o . o  
o . o  
o . o  
o . o  
o . o  
o . o  
6 . 0  

1 4 7 . 5 
o . o  

o . o  
1 • 1 

1 0 . 0  
0 . 0  
6 . 9  

1 0 . 0  
2 . 3  
8 . 0  

1 0 . 0  
1 0 . 0  

3 7 1 . 9  

b .  C a lcula t e d  a s  the  minimum le v e l  o f  r e qu�rement  for a l l  nut r ients  
exc ept  a m ino a c ids 

c .  Amino a c i d  leve ls pr e s e n t e d  a s  a per c en t�ge of  the c o rr e sp o nding 
e gg pattern  value s .  



The  improv ement of  the overall  nu tritiona l bala n c e  was � xpensi ve . 

The c o s t  o f  the s o lu tion t o  the goal pr o gramme on a l l  2 6  nutrients  

w i t h  amino acid  leve l s  a t  90- 1 1 0  per c e nt thos e of  e gg pro tein , 

was over  twic e tha t of  the equ .Lva lent  90-1 1 0  percent  parame t r i c  

s o lut ion . Onc e aga in , howe ver , the high cos t o f  �mpr ove ment o f  

the amino a c id balan c e  i s  s how n .  In the goal pro gramming s o lu t io n  

t o  the  amino a c id pr ob le m ,  a devia t ion f r o m  the  e gg pa t tern  o f  

6 . 2  perc ent was obta ine d a t  a c o s t  o f  1 2 . 4bah t a s  c ompar e d  with  a 

de v ia tion o f  64 . 8  perc ent  a t  a c os t  of  8 . 3bah t in the s o lut ion 

ba lanc ing all  26  nut r ient s . The total  devi� ti o n  fr om the  targe t 

l e ve l s  for a l l  nutrients  i n  the amino a c id so lu t ion was over  5000 

p e r c e nt as c ompare d  with  only 453 pe rc ent  in the total  goal 

pro gramming s o lu t ion . H e n c e , when achie vement  o f  nut r i t i ona l 

ba lance  is a priority , a mino a c i ds are v ery e xp e nsive  nu trient s . 

3 . 4 . 2  The a ddi tion o f  dairy pr o du c ts  

The a ddition o f  dairy produ c ts to th e list  of  avai la ble  

raw  ma terials  in  th e go a l  programme for a l l  nut r i e nt s , pr o du c e d  

a t o ta l  de viation o f  3 72 p e r c e n t , a n  impro vement o f  8 1  p e r c e nt o n  

the s olution us ing only indigenous raw ma teria l s . The gr e a t e s t  

p a r t  of  this impro veme nt w a s  d u e  t o  a de creas e i n  the iron , fibre  

and  thiamine leve ls ( s e e  T able s 3 . 1  and  3 . 2 ) . S light inc r e a s e s  

in  the  leve ls of  ca l � ium a n d  phosph orus w e r e  r e c o r de d . I s o le u c ine 

and  me thionine were again  limit ing and the to tal de v ia tion from 

e gg pa t tern was 5 8 . 3  per c e nt ( s e e  Tab le  3 . 2 ) . 

I mpr ovement  in  the nu t r i t iona l  ba lanc e was  a c c ompanie d  

b y  a de cre a � e  in we ight , a lthou gh a greater  numb e r  o f  raw ma t e r ials  

was  inc lude d in the  s e le c te d  m ix . Appr cxima t e ly 25 p e r c ent of  

this mix  was  dairy pr o du c t s , mos tly s te r i li ze d  whole  mllk . 

Dairy pro duc t 

S te r i l i z e d  wh ole m ilk 
S kim milk powder  
Lac talbumin 

P e r c ent in mix 

24 � 79  
C . 55 
o . o4 

The  c o s t  o f  th is improve d mix was 9 . 7baht or 1 . 4baht mor e than 

the s o lut ion using only indigenous raw ma ter ia l s . The we igh t o f  
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the mix was 1 h owever , 324g le s s  than the indigenous s o lut ion a nd 

was r ough ly equiva J ent to  th e w e i gh t  of  the 90- 1 1 0  p e r c e nt para­

m e tr ic s o lu t ion . 

The addition of dairy pr odu c ts he lped to  pr ov ide  a mor e 

balan c e d  d i e t . The ir supply o f  a n  e ven balance  o f  nu tr ients 

r e sulted  in not  only nu tri t iona l  improv ement , as  de f ine d by th is  

pr oble m ,  but a lso a s e l e c t e d  mix w i t h  a we ight muc h  less  than 

e qu iva lent  so lut ions using only ind igenous ma terials . I t  shoul d  

b e  s ta t e d  onc e agai n ,  how e ver , tha t the r e sults fro m t h i s  s tu dy 

can only be  u s e d  to  draw c onc lus ions about the c o ntr ibu ti ons o f  

individua l raw ma t e r ials w i th in the cont ext  o f  th is  par t i c ular 

pr oblem  and as  such , it  wou ld be unwise to make sw e e p ing s tate ­

ments abou t the general value o f  dairy pr odu c ts from t he s e  r e sults . 

3 . 5 Summary and c o�c lu s i ons 

Two basic  appro aches  w e r e  u s e d  to the s o lu tion  o f  th e 

11utr i tion pr o b le m .  Line ar pr o gramming was applie d t o  the pr oblem  

w ith the  o b j e c t  o f  c o s t  minimizatibn  a nd �mpr o ve men t in  the 

e ssential amino a c i d  balanc e .  Goal pr o gramming was  pr e s e nt e d  as 

an ext ens ion to l inear programming and used  t o  ' opt imi ze ' th e 

balanc e o f  firstly th e amino a c i ds and s e cond ly a l l  2 6  nu tr ients  

in  the pr o b le m .  Both  t e chnique s a r e  very comple x a nd the inte r ­

r e la t ionships of variables  doe s not  a llow for a r igorou s  

discus s io n  o f  the r e sults . S ome c o nc lus ions from the  s o lu t i ons 

ob taine d are p�e sented  b e l ow . A gain  it  should be empha s i z e d  that 

e xtreme caution shou ld be exer c ize d in  the � xtens ion of the s e  

c onc lus ions  beyond the r e a lm o f  the se  pr o� le ms a nd the ir asso c ia t e d  

da ta and c o ns tra int s .  

1 .  I mpr ovement �n the nu tr i t i onal va lue o f  a s e l e c t e d  mix 

generally r e sulte d in an increase  in c o s t .  This was pa r t ic u lar ly 

obvious for amino a c i ds , where gra dual  improvement in the balanc e 

towar ds tha t o f  egg  pa t tern r e sult e d  in a rap id inc rease  in c os t ,  

a f inding suppor t e d  by Edwar ds on ' s  work ( 4 1 ) . #her e  c o s t  

minimiza t i on i s  a n  impor tant c r i t e rion , the ne e d  for improvement  

in the  amino acid  pattern shoul d  a lways be w e i gh e d  a ga ins t th e 
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c o s t  o f  tha t improvemen t .  

2 .  Pro tein , calor ie s , v it amin 8 1 2 , vitamin B6 , fo lic a c id and  

pantothenic  a c id were genera lly a t  their lower bounds in a l l  

s olu tions where c o s t  minim ization  w a s  an o b j e c tive . T h e y  could , 

therefor e , be  c ons idered  e xpensive  nu trie nts and a decrease  in  

the ir r e qu ir ement  le vels ma y result  in  a s igni fi 8ant  decrease  

in the c o s t  of  the  solution . 

3 .  C a l c ium and phosphorus le ve ls t e nd e d  to increase  with  impr ove­

ment  in the  amino acid  balanc e , a s  d id v i tamin A .  At  s o lut ions 

near ing the e gg pa t tern , v i tamin A was present at nearly forty  

time s its  spec ifie d requirement . 

4 .  I s o leuc ine and me thionine w ere  gene rally l imit ing . Eve n where 

c os t  was i gnor e d  and ' op t imizat ion ' of  the am ino a c i d  balan c e  was 

a prior i ty , i t  was imposs ible t o  br ing th e isoleuc ine level  up to 

its c orresponding e gg pa t tern valu e . 

5 .  A n  improvement in th A nu t r i t iona l value of  a so lu t i on gene rally 

r e sulted  in an  incre ase in w e i gh t ,  a larger numbe r  and  a gr e a ter  

var iety o f  raw ma terials . The s e  mixes were  generally c on s idered  

to  have le s s  a c c e pt able func t ional and  organo lept i c  proper tie s . 

6 .  Where c o s t minimiza t ion wac an  ob j e c tive , d a iry pr o du c ts 

usually pr o ve d  too expen sive a s  a �our c e  0f nut r ie nt s  when in 

c ompe t it i o n  w ith the less cos tly  indigenous materials . Even whe re 

the  ob j e c t iv e  was to impr ove th e am ino a c id pa ttern , only small 

amounts o f  dairy produ c t s  w e r e  s e l e c te d ,  indicating an inability 

to  c om�lement  o th er ma terials  t o  a c hie ve  an �mina � c i d  pa t t ern a s  

c l o s e  t o  e gg protein  as  poss i b le . Da iry pr odu c t s  were  shown t o  

have gre a t  value i n  the a c hie vement  of  a bala n c e d  nu tritiona l 

die t .  H e r e  tb e y  supplie d nu tri ents in pr opor ti ons c l os e t o  those 

requ ir e d  for ' op t imum ' bala n c e  a s  w e l l  as . .  omplementing  o ther  raw 

ma terials . 

7 . Both  l inear and goa l  programming have some thing t o  offer  in 

the s olut ion of  the nutr ition pr oble m . · Where -o p t imizat ion  o f  

some s ingle variab le , for e xample c ost , is r e qu ire d ,  l inear 

programming would be use d .  Ge neral ly , s olu t ions obtaine d  in th is 

way would not  con tain balance  o f  nu tr ie nts unle s s  very  s tr i c t 

upper and lo� er c cnstra ints are  s e t ,  in  wh ich  c a s e  s o lu tion  

infea s ibilities  are  like ly . If  the balanc ing of  a l l  the  nutrients , 

or some sub s e t  o f  the� , is  a pr iority , then goal programm ing wou l d  
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prove u s e fu l . I n  this c as e  c 0 s t  may cease  to  b e  part o f  the  

ob j e c t ive func t i o n , but its  relationship to  nutrient bala n c e  

c ou l d  be  ob tained  by s e t ting a n  uppe r limit o n  c o s t  and vary ing 

this  us ing the parame t r ic te chnique . S ome opt imum c omb ina t ion  o f  

c o s t  a n d  nut r i e nt ba la n c e  migh t  t h e n  b e  chos e n . 

Line a r  program ming was u s e d  to so lve the nu tr it ion pr oblem , 

but  in doing s o , no r e gard  was pa id t o  the raw ma ter ials s e le c te d .  

M any solu t ions pr ese nte d  raw ma terials  wh ich wou ld  no t b e  dir e c tly  

a c c e p table in  c ombina t i on . A c c eptability  may be  a ch i ev e d  through 

extens ive pro c e s s ing to trans f orm the raw ma teria l  pr o pe r t ie s .  I t  

was  c o ns ide r e d  more  r e asona ble t o  pr ov ide a basis for raw ma t e r ial  

s e le c t ion , wh ich  would ensure a c c e p tability wi th minimum p r o c e ssing . 

The r emainder o f  this thes is considers  this pr oble m wi th th e 

ob j e c t ive o f  add ing c u l tural and  or ganoleptic  c ons traints to  the 
existing nu t r i tion  pr oblem and t he r e for e to ob tain nut r i t ionally 

a de quate  raw ma t er ia l  mixes whic h would be  a c c e p table  to the  Thai 
c onsumer . 
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CHAPTER 4 

FOOD CHARACTERISTICS  AND CONSUMER ACCEPTABILITY 

The aim of this th esis  was t o  d e ve lop a qu an t it a t ive mod e l  

ba s e d  on linear programming f o r  the s e l e c tion o f  food  raw ma t e r ials 

which  in c ombination would  form a nut r i t ious and a c c ep table food  

pr o duc t .  The  research  was  there for e  divided  into two  s tages . The 

first  s ta ge , tha t of inc lusion of nutr itiona l c ons traints in the 

linear pr ogramming mod e l , ha s a lready b e e n  discusse d .  The 

ob j e c tive of th e s e c ond  s tage was to inc orpora t e  int o th e linear 

programming model a system for s e l e c tion of  raw ma t e r i a ls w h i c h  
when  c ombined toge th e r  i n  a pr o c es s e d  food pr o du c t  w o u l d  be 

a c c ep tab le to  th e Thai c onsumer . 

I n  Tha iland only a small par t of  the popula t i on c onsu me s 

c omme r c ia lly pr o c e s s e d  food  pr oduc ts . S u c h  pr o c e s s e d  p r o duc ts 
rarely form part  of meals  e i th er at  home or in the r e s tauran t .  

Usually , food  dishe s are  pre pared  dire c t ly from the raw materials 

w i th only a short c o okj_ng period s o  tha t  th e f ina l dis h r e t a ins  

mu ch o f  the  chara c teris t j c s  of the raw  ma terials . M e a l  times  a r e  
s o c ial o c cas ions and inv o lve  the  bhar ing of  a number of  sma l l  

d ishe s .  A n y  numb e r  o f  dish es  ma y b e  s erved  a t  o n e  m e a l  d e p e nd ing 

on  the number of people  pr e s en t , the o c c asion , the wealth of the 

c onsu me r and the t ime o f  day .  I t  was thP r e fore  cons i d e r e d  mor e 

r e le vant  to . the Tha i s itua t i on t o  make the a i m  o f  the s e c ond s tage  

of  the  r e s e arch the d e v e lopment of  nutr j tionally a de qu ate fo od 

dishe s . These  fo od d ish e s  would fit in with  exis ting �ea l  pa tte rns 

w ith the  least r e s is ta nc e . 

A me th o d  was th e r e fore  r e quir e d  t o  S l lpply da ta on  the 

tela t ive ac c eptanc e o f  var iou s food  dishes by  Thai c onsumers · and  

to r e la te this  a c c e ptance  to the raw  ma teria�s  in the dis h e s . 

This da ta was ne e d e d  in a form which c ould b e  us e d  dir e c tly  in 

the l inear programming model to s e l e c t  c omb ina t i 0ns of  raw ma t e r ials 
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which would  be accep table in 3 food  dish . The litera tur e  was 

r e v iewe d to find m e th o ds wh ich m ight be us e d  to o b ta i n  t h is da ta ; 

The follow i ng areas were exam ine d :  

1 �  Wha t i s  c o nsume r a c c e ptanc e ?  

2 .  The c la s s ifica t i on o f  s e ns ory  pr oper t i e s  - taste , o d our , 

appearance  and texture . 

3 .  The measureme n t  of s ensory  prope r t i e s  of fo ods . 

4 .  The measurement of c onsume r a c c e ptance  of  foods . 

A numbe r  o f  problems be came e vi dent  from the lit e ra tur e  r e view . 

There was a lack of ade qua te c l a s s ifica t ion schemes  fo r s e ns o ry 

proper t i e s  and quant itative measur e s  of the se  prope r t i e s  were  

difficult  to  ob tain . L i t t le wo �k was repor t e d  on  the  intera c tion 

o f  s e nsory  pr ope r ties . Probably the  mos t critical  pr ob lem was  the 

inabili t y  o f  c onve ntiona l  te chniques  t o  pr e c i s e ly d e f in e  wh i c h  

sensory proper t i e s  of r a w  ma t e r i a ls are  impor tant t o  th e c onsume r 

in his  a c c e ptanc e of a food  pr o duc t . Th i s  pr ob le m w a s  largely 

due t o  the  multiple r e la t ionsh ips e xis t ing among t h e  pr oper ties  

o f  th e r aw ma terials . A t e c hn ique was  therefor e  r e quired  to  

untangle these  int errela t i onsh ips and  to  de fine the  domina n t  

pr·ope r t ie s  o f  t h e  raw ma t e r i a ls a s  t h e y  influence  the a c c e p tance  

of food  dishe s .  A numb e r  of  mu l t ivariate te chnique s  w ere s tudie d 

to  es t ima t e  the ir potentia l  t o  untangle the int e ra c t ion  of  the raw 

ma t e r ia l  prope r t ie s  and t o  s upply da ta in a r e as ona b l e  fo rm for  

the linear  pro gram ming mode l , that  is a linear fu nc t ion r e la ti n g  

raw ma t e r ial properties  and f o o d  dish ac c ep tanc e .  N o nme tric  

mul t i d ime nsiona l scal ing showe d the grea t e s t  potential  and a more 

extensive s tu dy of the th eory and applicati ons o f  this  t e chnique 

was ma de to a E c ertain its value  tb the sec ond s tage  of  the r e s earch . 

4 . 1  What  is c onsumer a c c eptance?  

C onsumer a c c eptanc e  of  food  is  the  appr oval of  and willing ­

ne s s  t o  buy and ea t that fo o d . This definition  ma y be extended  t o  

inc l u de degr P. e s  of a c c ep t a nc e , which ma y be thought o f  a s  de gre e s  

o f  l iking o r  appro va l .  
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Inte r e s t  in th e reasons for a c c ep tanc e · or re j e c t ion o f  a 

fo o d  produ c t  gene rally leads th e s tu de nt to a s tudy o f  c o nsume r 

behaviour analys is . The a im of  c onsumer b ehaviour ana lys is is  to 

e xp la in c onsume r behaviour . If a c o nsumer decides  to a c t  in a 

c e r ta in way , wha t  are  the reas ons behind his de c is io n? C o nsumer 

behaviour ana lys is  a t tempts  to e xp lain the ' why ' of  c onsumer  

behav iour and to  answer such  que s t i ons a s  "why are  sales  sens it iv e  

to  advertizing ? " , " why is a pr odu c t  p r i c e  e lastic ? " , or " why i s  

one produ c t  a c c e ptable and another not ? " . C onsume r b eha viour 

ana lys is s e eks to  r e veal the int e l le c tual and emoti ona l  pr o c e s se s  

tha t  under lie a pur cha s e  de c is ion . W e n t z  ( 2 1 8 )  lis te d  four u s e s  

o f  b ehav ioural analys i s : 

1 . T o  disc over th e pa t t ern o f  pur cha s e  proce s s , tha t i s , t o  

inv e s t iga te the s e q u e n c e  o f  e vents  leading to the e ve ntu al  

a c c e p tanc e or re j e c ti on o f  a pr o du c t . 

2 .  To  s tudy psychogenic  dri ve s  tha t may play a signifi � ant  r ole  

in th e behavioural proc e s s  as so c ia t e d  w i th a part icula r  brand or 

produ c t .  

3 .  T o  search out attitudes tha t encourage or pr e vent  th e pur cha se 

o f  par ticula r  pr odu c t s  or brands , or tha t enc ourage o1· pr e ve nt 

the a c c e p tance  o f  par tic ular pr om6t iona l  �e ssage s . 

4 .  T o  look for consu me r nee ds tha t  a r e  not s a t i s f i e d  by pre s en t  

p:t.' o duc  ts . 

Many interpr e ta tions of c ons umer behaviour hav e  b e e n  put 

forward .  P s ychologists  ge neral ly b e l ie ve tha t c onsume r b e ha viour 

ana lysis should be base d on psyc hoge nic  needs . The s e  a r e  learne d  

ne e ds tha t a n  individual a c quires  early in life  b y  observa t ion 

and interact ion w ith his  env iro nme n t , su ch as  the ne e d  for 

r e c o gni tion , a ggress ion and a ffilia t ion . TP e s e  ne e ds e x i s t  in 

addit ion to  the bas i c  human dr iv e s  o f  hunger , th ir s t , pa in a vo idance  

and s e x .  A l i s t  of  psychogenic  ne e ds was given b y  H ilgard  and 

A tkins on ( 83 ) . · Freudia n  ps ychologi s t s  on the  o the r hand b e l ie v e  

that every ind ividual h a s  an  I d ,  a Supe r Ego and an Ego . The I d  

is a bundle o f  ind tinc tive ne e d s  o f  which s e x  is the gr e a t e s t . 

The Super Ego is a co llection o f  so c ia l  values  in c onf lic t w ith  

the I d .  The  Ego is a me dia t ing devi c e  tha t balan c e s  th e Id  and  

the Super  Ego . Anot her  c o mmon interpr e tation of  c onsume r behavi our 
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is base d on s o c iology and s o c �al psycho logy . ·  H ere  th e c onsume r 

is  perce ive d a s  a pr odu c t  o f  his  e n vironme nt , primarily  h is 

c onta c t  w i th o ther pe ople . The r e  a r e  also e c onomic m o de ls o f  

c onsume r  behav i ou r . 

The s e  the or ies  and int e rp�A tati ons of  c onsumer behaviou r , 

al though b a s i c  in concep t , a r e  di fficult to  apply t o  c onsu me r 

a c c eptan c e  o f  foo ds . Inde e d  in mos t case s , food i s  se en  only 

as the fac tor  wh ich satis fie s th e basic drive  of hung e r , ignor ing 

the pos sibility  of choic e b e tw e e n  c ompe t ing bran ds and produc t 

type s in t he consume r ' s  s e l e c t io n  o f  foo d .  To help  e xplai n the 

c o mplex na tu1· e of c onsumer behaviour in a mo r �  s impl i s t i c  manne r ,  

a numb e r  o f  m o d e l s  have b e en pr e s e n t e d  in th e l i t e ra ture ( H oward 

( 85 ) , N i c os ia ( 1 j b ) , W e nt z  and Eyr i c h ( 2 1 9 )  and Enge l e t  a l  ( 43 ) ) .  

Par t of  t his c o mple t e  mode l o f  c o nsume r  behaviour is  shown in 

Figure 4 . 1 .  

Figure 4. 1 

r Personality  

- - - ;;k - - --1 I 
I Arousal 1 I I 
L - _1 _ - _ _  , 

C harac teri s t ic s  [� I 
Valu e s  and  
c-lt t i  t u d e s  

S t o r e d  
I nforr:1at:i.on 
a n d  pas t 

Part of a consu mer behavioural model ( Engel et a/ [43, p 46] ) 
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Each individu a l  ha s Cdr tain ways o f  behaving and  re sponding 

tha t c hara c te r i ze him in a u niq ue way . The s e  persona l i ty 

chara c teris tic s intera c t  w i th s t or e d  information from pa s t  

experience  t o  f orm a s e t  o f  value s o r  att itudes  wh ich are  s tored  

in  th e c entra l unit  or t ra i n . Values or a t t itu des  stored  in the 

c e n tr a l  unit can  be us e d  to mod ify s tore d infor ma t ion a nd persona lity 

c ha r a c ter is ti c s , and  vic e v ersa . 

Everyone is c on tinu ally bombarde d with s t imuli  of  a l l  types 

from his e nvirorment . The s e  s t imuli  or  inpu ts are  o f  two basic  

type s , physical  and  s o c ia l .  One impor tant s timulus input is  the 

array of  ava i la ble pr o duc t s  and s e rvic e s . Anothe r is the d emands 

o f  family memt2rs  and behaviour o f  friends . O the rs are phys ical  

fa c t ors such a s  w ea the r . The s e  inputs  are  r e c e ived  by  the  5 senses  

or s e nsory perc e ptor s  and  can  r e sult  in  arous a l  o f  a n e e d-sa t isf ying 

a c t i on . Because  the numb e r  of s t imu li rea ching th e indiv iJu a l  is 

so great , he cannot a t t e nd t0 ea c h  one on a c o ns c ious leve l . This 

implie s th at  he  pe rce ives  or ' s i ze s  up ' inputs  s e l e c tively through 

a pro c e s s  o f  c ompariso n ,  whereby inpu ts are compa r e d  with a ll tha t  

i s  s t o r e d  in memory . I f  the indiv idua l is able to a c t  ( ha s the 

f inancial  means e tc . )  the11  he is sai d to r e c o gn i ze the prob lem and 

d o e s  s ome th ing about it . O th erw is e the pr oc � s s  ha lt s at this p o int . 

In the food ma rke t ing c oncept  o f  the behavioural m o d e l , the 

inpu ts  are food  pr odu c t s w i th phys ical  and s o c ia l  a t tribu tes  wh i ch 

a r e  rece ived  by th e s ensory pe r c eptor s . The y i n  tu rn  ar ous e the 

c entral  c ontrol  uni t t o  make a c omparison of the pe r c e iv e d  s ensory 

propertie s with a c c eptable  c r i t e r ion for the pro du c t , bas e d  on 

pers ona l i ty c h arac ter i s t i c s  and s tor e d  inf c�ma t ion from pas t  

e xperienc e .  The resu l t  o f  the c ompa r ison i s  a c c eptanc e o r  r e j e c t ion  

of  the  pr odu c t .  O f  imme d iH te  impor tanc e , ther e fore , is the r e sult 

of  food pro duc t-Gons ume r intera c t ion . Ame rine et  a l . ( 1 )  l i s t e d  

the  c omple x  fec tor s  w h i c h  c ombi ne t o  i nf luen c e  c on sumer a c c ep tanc e  

o f  food . 



A t tribu te s  o f  
f o o d  pr o du c t  

Availa b i lity 
U t ility 
C onv enienc e 
Pri c e  
Uniform ity , depe ndab i lity  
S tabili t y , s tora ge 

requireme nt s  
Safe ty , nutritiona l  value 
S e nsor y  prope r t ie s  

A t tr i bu te of 
c o nsumer 

Re giona l  pr e ferenc e s  
Na t i ona lity , race  
Age  and  sex  
Re l igion 
Educ a tion , s o c i o e c onomics  
Psycholog ic a l  m o t iva t ion  
Phys iological  motiva t ion  

T o  s implify this  pr oblem  of  produ c t -c ons ume r int e ra c t ion 

in the pre s e n t  r e s eRrch , the  c o nsur�r  a t tributes  were  cons ider e d  

c ons tant  a nd spec ifie d a s  be ing those  o f  the Tha i popula t ion . The 

only  conc e rn the n was w i th the a t tr ibu tes  of the f o o d  produ c t s  and 

the ir e f fec t on c onsumer a c c e p t a nc e .  The s e  are c o ns id e r e d  b e l ow , 

w i th r e fer enc e to the propos e d  l ine ar programming mo del f or food 

pr oduc t devel opme1 1  t .  

A vailabi l i ty is a func t io n  of pr o d u c tio n ,  marke t ing and raw 

materials . The choice  of raw ma teria ls in the deve l opme � t  of a 

produc t may influenc e the pr oduc t ' s  avai lability du e t o  the 

seas ona lity or the total pr o duc t i on  o f  the raw ma te ria ls . 

C ons traints  can b e  p lac e d  on the l imit ing raw ma terials w i thin the 

linear pr ogram ming mode l . 

U t ility or u s e fu l n e s s  i s  general ly impor tant as  a func t i on o f  a 

par ticular pr odu c t  or pr o du c t  c la s s . Ha ving de fine d the pr oduc t ,  

the n unle s s  the en tire c oncept  o f  the pr o duc t is chan ge d ,  i t s  

u ti lity b e c o mes  a factor in  the or iginal  cho i c e  o f  t h e  p ro du c t  

rather than the raw ma teria l  inpu � .  

C o nvenienc e " is a ls o  prima r i ly a fu nc tion of th e pro du c t  or pr o duc t 

c lass  chos e n  fo r d e velopmen t .  

Price  is  depende nt  on  r aw m� teria ls , pr ocessing and  ma rke t ing 

( where marke ting inc luu e s  physi c a l  dis tribu ti o n ,  s t or ag e  and 

sell ing ) . I n  the pre s e nt mod e l , t he e ffect  of  raw ma teria ls 0n 

pr ice  is dealt  w i th in the o b j e c t ive o f  the l inear pr o gramme . I t  

is intended  tha t  c ompe ns a t ion  for  the e ffects  o f  th e o t he r  fac tor s 

be inc lud e d  in the model  a t  a la ter  da t e . 

S tability i s  dependent on  the raw ma terials , proc e s s ing and s t orage . 
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Once  a pr o du c t  or  pro du c t  c la s s  ha s b e en de fine d the n  norm a l  

s t orage conditions are  a ls o  de fine d .  Devia tions fr om the se  nor rral 

s t orage c o nd itions cann o t  be  controlle d eas ily a nd minimiz ation  of  

the e f fe c ts of  such d e v iations thr ough cho ice  of  the best  raw 

materials w i ll no t b e  c ons id e r e d  he r e . 

Nutrit iona l value is a func tion  o f  r aw ma te ria ls and pr oc e s s ing . 

A t  pr e s e n t  only the raw ma t e r ia l  c ont r ibution is b e ing cons j dered  

and it  is  int e nded tha t the e f f e c t s  of pr oc e s s ing w i l l  be inc l u de d  

a t  a la t e r  da te . 

S e nsory pr ope r t i e s  a r e  the prope r ties  o f  th e fo od s ens e d  b y  the 

c onsume r .  It  is t he s e  prope r t i e s  wh ich play a ma j o r  par t  in 

d e termining a c cep tan c e  or  r e j e c tion o f  a fo od  pr o du c t . Hav ing 

s p e c ifie d a food pr o d u c t  or produ c t  cla s R , th e n  a c er ta in s e t  o f  

s e nsory properties  should b e  de fine d f o r  pr oduc t a c c eptanc e . The 

prope r t ie s  of  the produ c t  are  de pendeht on the raw ma terials  and 

pro c e s s ing . In  th is s t u dy e x t e r na l  s e n sory  prope � t i � G , su c h  a s  
packaging , w ore  ignor e d .  O f  great er conc ern was th e e ffe c t  of raw 

ma terials on  the s e ns ory prope r t i e s  of  fo od pr odu c ts , �hich a r e  

in turn r e lated  t o  the c onsumer  a c ceptanc e of  the s e  pr oduc t s . 

Th ere  is s ome dis agr e e me nt in the lite rature as  t o  the 

r e la t ive impor tanc e of  various s e ns ory  prope r t ie s . Ame r ine e t  a l  

( 1 )  sugge s t e d  tha t appearanc a pr obab ly ha s the gr eate s t  ini t ia l  

influe nc e ,  sinc e  v is u a l  pro perties  c ontrol  consume r s e le c t i on of 

a produ c t .  Fos ter ( 5 9 )  t e s t e d  th e impor tanc e of c o lour and 

appearanc e in food s e l e c t ion by a sk ing women  to wear t int e d  gl a s s e s  

whe n  shopping i n  a supe rmar k� t . S hoppe r s  were  s urpr is e d  a t  th eir  

s e le c t i on of  foods . Amerine et  al  ( 1 )  s�i d tha t a f ter food  had  

been t a s te d ,  th e c o lour and  t e xture bec ome s e c o ndary to  flavour . 

Flavour is me ntione d by an ov erwhelming propo r t io n  of c onsumers  a s  

the r e a s o n  for ov erall  pr e ferenc e  a n d  co ntinu e d  u s e  of  a pro du c t  

( Pangborn and Le o na r d  ( 1 39 ) , Valdes  an d Ro e s s le r  ( 209 ) ) .  A s tu dy 

by Hall  and Hall ( 74 ) show e d  tha t th e r eason mos t · of t en c it e d  for 

d is liking a food wa s  tha t it  1 1 do e s  not  taste  good 1 1 • Word  

asso c ia t ion t e s t s  c a rr i e d  ou t by S z c zesniak and  Kleyn ( 20 1 ) an d 

S zc ze s niak ( 1 9 7 )  sh owed  t e xtur e to be  menti one d mor � often  than 

flavour or colour in describing foods . The s e  fi ndings w e r e  

suppor t e d  b y  Yoshikawa e t  a l  ( 234 , 235 , 23b ) . 



A lthough lis t s  of sensory  pr ope r tie s , such a s  the one 

propos ed  by Ame rine e t  a l  ( 1 ) , can be ma de , it appears tha t  c lear  

d e f ini tion  of  desirable  pr cper t ie s may be  difficult  b e cause  o f  th e ir 

interac t i on . The depth s tu di e s  through word ass o c a t io n  do no t 

n e c es sari ly a gre e w i th c onsume r o pinion in evalua t ing the mo s t  

impor tant d e terminants  o f  c ons umer a c c eptanc e or pre f e r e nc e .  I t  

may w e l l  b e  tha t th e consume r is incapable  o f  c l e ar ly de f ining or 

s e para t ing out  the a t tribu t e s  or proper t ie s wh ich inf lu e n c e  his 

l iking f or a f o o d ,  be cau s e  h is opinion , and henc e his a b i lity to 

e xpre ss th is  opinion in wor ds is  c onfu s e d  by th e int e ra c t io n  o f  

a l l  the sensory pr opertie s ,  i n  a n d  ou t o f  h is mouth . 

The  bas ic  pr oblem in the s tudy o f  the s en s ory pro p e r t ie s 

o f  food  is the de f inition and c lassi fic a ti on o f  the s e  pr ope r ti e s .  

A number o f  workers ha ve a t tempt e d  to � e s o lve this pr oblem  an d 

some me thods of  c la s s i fi c a t i o n  a r e  ou t line d in th e n e xt s e c t i o n . 

4 . 2  The class ific a tion  o f  sen � o ry pr ope r ti es  of  foods  

4 . 2 . 1 Taste  

Boring ( 1 3 )  has given  a his tory o f  tas t e  c la s s i fi cation  

( s e e  Table  4 . 1 ) . 
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Tabl e  4. 1 A h istory of taste classif ication  ( Boring [ 1 3 ] ) . 

Bravo Linnaeus Haller Halle r Wundt 

( 1 952 )  ( 1 75 1 ) ( 1 75 1 ) ( 1 763 ) ( 1 9 1 0 ) 

swe e t  sw e e t  swe e t  swe e t  swe e t  
spir itous spir i t ous 
aroma ti c  

a c i d  a c i d  a c i d  a c i d  a c i d  
astringent 

sharp sharp sharp sharp I 

punge.n t  pungent 
harsh harsh 

vicc ous 
fa t t y  fa t ty 
bi t te r  bit ter bit ter bitter  b i t ter  
ins ipid  ins ipid ins ipid 

aqu e ous 
sal ine saline saline saline sal ine 

urinous 
nauseous putrid 

a lkaline 
metal lic  

M o d e r n  the ories o f  tas te  arc  bas e d  on the four way c la s s i f i cation  

sys tem fir s t  sh own  by Henning ( 8 1 )  in h is tas t e  t e trah e dr om ( s e e  

Figu r e  4 . 2 )  

sal ine 

swe e t  b i tter  

.· s our 

F igure 4.2 The taste tetrahed ron ( H en ning [8 1 ] )  



Th e four bas i c  ta stes  are sh own a t  th e e xtreme point s o f  the 

te trahe dron , w i th int e rme dia te qua lities  ly ing o n  the  e dg e s  or on 

the sur fa c e s . 

P fa f fma n ( 1 47 , 1 4 8 )  ha s b e e n  r e spons ible for mos t o f  the 

re search into the the ory of  f our ba s ic tastes w i th h is w or k  on 

ra ts , ca ts  and r abbit s , invo lving th e dis s e c t ion of s ingle tas te  

nerve fibr e s  and rec or ding the e J.e c trical a c t ivit y in r e sp o ns e to  

vari ous s o lu t i ons dr opped on  the tongu e . 

Wenger e t  al ( 2 1 7 ) gave th e f ollow ing summary  o f  da ta in 

favour o f  the four ba s ic tas tes : 

1 .  I ntrosp e c tive  evidenc e : the ability o f  normal indi v idu a l s  whe n  

deprived o f  a s ense o f  sme ll t o  d e s c ribe their gu s t a t ory s ensa t ions 

in terms o f  the s e  four qual it ie s .  
' 

? .  Differ e n t ial dis tribu t i on o f  taste  qua l itie s on th e su r fa c e  o f  

th e tongue . T h i s  s e e ms t o  indic a t e  dif ferent s ensory sys t ems . 

3 .  Different ial e ff e c ts of  na r c o t ic s .  

4 .  Fibr e s  s en s i tive to c e r tain tas te s . 

5 .  Intera c t ion  of tastes  to c ha n ge each  others thr e sh o ld s . A 

subliminal c o nc entra t i on o f  a c id o n  one side of  the to ngue b e c omes 

intensely a c i d - tast j .ng whe n th e oth e r  side  is c oa t e d  w i th sublim inal 

conc e ntrations of su c ros e . 

4 . 2 . 2  Odour 

Boring has given a his tory of  odour c la s s i f ic a t i o n  ( s e e  

Table 4 . 2 ) . 
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T ab l e  4. 2 A h istory of odo u r  class ification ( Boring . [ 1 3 ] ) .  

Zwaardemaker Henning 
L innaeus Halle r ( 1 <:S95 )  ( 1 9 1 6 )  

( 1 752 ) ( 1 763 ) 
Type Example Type Example 

aroma t ic  ar oma t i c  camphor spicy clove  
c i tral anisaldehyde 

fragrant fragrant van i l lin flow e r s  he liotr ope 
( ba lsamic ) fragrant c oumarin 

a mbrosa i c  swe e t  or ambrosia l musk r e s inous pinene 
ambr osa ic  turpe ntine  

a ll iaceous a llia c e ous onion 
mPrcap tan 

h ir c ine h ir c ine s trong 
che e s e  

( c apryl ic ) caprylic 
a c i d  

foul stench el·· f o u l  some putr· i d  hydro gen 
( r epu lsive ) night- ( foul ) su lphide  

shades  
b e dbug mercap tan 

nauseous  nauseous  fae c e s  
s k a t o l  

int e r - e thereal  fru i t  fruit fru it 
me dia te a c e tic  e thereal c itral 

a c i d  
amyl e ther  

e mpyreu - phenol 
ma t i c  pyr idine 

( buree d ) 

H e nning ( <:SO )  propos e d  a sme ll prism , showing six princ iple 

c lasses  o f  odour s ( s e e  Figur e 4 . 3 ) . 



sp icy l _ _ _ _ _ _ 

r e s inous 

F igure 4. 3 The smel l pr i sm ( Henn ing  [ 80] ) 

The s ix basic sme llE  are shown a t  the e xtreme po int s o f  the prism 

and int erme dia te qual it ie s lie  on  the  e dges or th e sur fa c e s o f  the 

pr i sm . 

A f our modu lar c la ss i fica t i o n  o f  odour 1 w i th e i gh t  degrees  

or  int ens i t ies fo r each modu le , was  propos e d  by C ro cker  and  

Henderson  ( 33 ) . A de finit e ch e mical c ompound w a s  g iv e n  f or each  

intens it y . Four e xample s of  the bas ic type s o f  o dour and the ir  

repre sen ta tive chemical  c o mp ounds are  giv en bel ow : 

Bas ic  odour 

fragrant 
acid  
burnt 
caprylic 

Example 

me thyl sal icyla t e  
20% a c e tic  a c id 
guaia c ol 
2 , 7  dime thyl oc tane 

This sys t e m  ha s b e en r e j e c t e d  b e caus e its r e lia bility  has not b e e n  

e s tablis h e d  b y  intensiv e  physiological or  psych o logical e xperimen ts . 
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W e nger e t  al  \ 2 1 7 ) c onc lude d tha t  th ere  was no a de qua t e  

c lassifi ca tion o f  odour s on the basis tha t w e  d o  not know h ow 

many separate  odour s c an be  perc e iv e d ,  how many c la s s e s  or e ve n  

whe the r the re a r e  c l a s s e s  o r  several broa d bands . The problem o f  

o dour c la s s ific a t ion i s  s ti l l  no t r e so lv e d  but much w ork is  s t ill 

b e ing carrie d out with the emphasis on the use o f  fac to r  analys is 

in the a t t empt t o  r e s olve the pr inciple o dour c la s s e s  ( Wo skow 

( 225 ) , Wr ight ( 22 6 ) ) .  The la t e s t  e ra in t h e  search f or odour 

c lassifica t ion was s tar t e d  in J apan by Y o shida ( 22 7-233 ) w i th an 

e xperimental examination of th e r epresenta t ive the or ie s  o f  

o lfa c tion , for e xample th ose  of He nning , Z vaar demaker and o th e r s . 

The r e su lts show e d  tha t none o f  the th e or ie s  e xam ine d was  

satis fa c t ory , so  th e c lassi fica t ion s cheme of  K a inoshow l 9 � )  was  

applie d in s emantic  diffe r en tial scales  for 2� b ipolar and  20  

monopo lar odours , yielding fa c t ors o f  sens o ry p le asur e , harshnes s  

and v ividness  ( Y osh ida ( 232 ) ) .  A mo ore  ( 2 )  developed  a s t e r e o ­

chem i ca l  the ory of  olfac t ion . Br ie fly , th i s  the ory  s ta te s  tha t  

mo lecula r  s i z e  and shap e a r e  imp or tant de terminant s o f  the qua l i t y  

of  a n  o dour . Th e r e  se ems to  b e  a dis tinc t gr oup o f  ' pr imar y  

sme lls ' ,  o f  perhaps 2 0  o r  30 , tha t are the foundations of  all 

• 

odours known t o  man .  The s e  primary o dours ha v e  mole c u la r  s tru c tu r e s  

tha t exa c tly f i t  o dour de t e c tor s in t h e  o l fa c t ory r e gion , thu s  

pro du c ing the sens a t ion o f  smel l .  Whe n two o r  mo r e  pr ima r i e s  

combine to s timu l a t e  s e veral de t e c tors a t onc e , a ble n de d  s e n sa t i on 

is pr odu c e d .  This me ch anism giv e s  rise  t o  a l l  non-pr imary  sme lls . 

Von  S ydow ( 1 95 )  su gge s t e d  th at w e  s ti ll do  not  know how 

many dif ferent odour qua l it ie s there  ar e or whe the r  there are  a 

discre t e  number a t  a l l .  H e  beli e v e s  tha t of th e ma ny  odour 

c lass ifica tior. s ys tems tha t ha ve b e en publ ish e d  pr obably  none are  

�oolpro o f , bu t sug ge s ts tha t one o f  the  b est  is  tha t of  Harpe r e t  

a l  ( 76 )  which is c ompr is e d  o f  44 ba s i c  o dour des cript ions such  a s  

aroma t i c , mea ty an d s i ckly . 

The whole area of  o dour c lassific at i on and olfac tory s tudy  

appears to  b e  c o nfus e d .  The  proble ms involv e d  were  well  summa riz e d  

b y  T ilgner when  h e  s a i d  " the  difficu lt ie s  inv o lve d i n  inve s ti ga t i ons 

o f  th is na tur e b e c ome apparent if w e  c o ns id e r  the fac t  tha t  r e a c t ions 



<) 1 . 

aris ing on a psych o logi cal  b a a is also  di f fer  and t ha t  int e r ­

ac tions are  difrer6nt  in different  peopl e .  Peo ple a r e  very much 

mor e than biochemical and e le c tr opsychological mach i ne s  and  

sensory s c ien c e , simila r  to  f o o d  s c ie nc e , mus t inc lude the  s tudy 

of  e thno l o gy and anthropology in addition to  bioc h e m is try , 

phys io logy and ps ychology" (. 204 ) . 

4 . 2 . 3  A ppearance 

A ppe aranc e ma y be  de fine d as  th e inte gra t e d  e ffe c t  of  al l 

visual proper tie s of  a f ood inc luding si ze , shap e ,  c o �our , t exture 

and c o nforma tion . Alth ough all th ese  fac tors c o nt r i bute  t o  overall 

appe aranc e ,  th e w ork of Fos t e r  ( 59 )  sugge s te d  tha t c o �our is the 

mos t s ignificant . 

S i z e  and sha pe c a. n  b e  c lass ifie u using c o n v e n t i o na l  me thods 

of me a surement . Textur e re f�rs  t o  t h e  sur !ace  textura l  pr operties  

for e xample ro u ghne ss , which  a s  ye t r emain unc las s i f i e d . The  

remainder of  th is s e c t i on dea ls only  w ith colour class ifica t ion . 

I n  speci fying the c o lour of a fo od , w e  a r e  mos t int e r e s t e d  

i n  th e energy c oming t o  th e e y e  from th e illumina t e d  sur face  or , 

w ith transparent foods , through the ma teria l .  The c o lour perceived  

by th e e y e  from  an  illumina t e d  ob je c t  depends on  the spe c tral 

c ompos ition o f  the light sour c e , the  na tu re of  the b a ckground 

informat ion and the spe c tral  s ensitivity of the eye view ing the 

obje c t .  

Kramer and Twigg ( 1 00 )  define d  c o l c'..lr a s  " a n  appe aranc e 

prop erty attr ibu table to  the spe c tral dis ';!·ibu tion  o f  ligh t . "  

Gloss ine s s , transparenc y , hazine ss an d turbidity a r e  proper ties  o f  

ma ter ia ls attributable t o  t h e  ge ome tr ic ma nne r  in wh ich the light 

is  r e f le c ted  a nd transmit te d .  Phys ica lly , c o lour is a cha rac teris t i c  

o f  ligh t , measurable i n  terms c f  int ensity ( ra diant energy ) and 

wave l e ng th . I t  arises  from the pr e s e nc e  of �igh t  in gre a t e r  

int ens i t ie s  a t  som� wave leng ths tha n a t  othe r s . P s ycho logi c a lly , 

i t  is fur ther lim i t e d  t o  the  band o f  the sp e c trum from 380 to 770mp , 
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s in c e  the human eye  is prac t j . cally inse ns i ble  t o  o the r wave lengths 

of ra diant ene rgy . 

C o �our c a n  be c lassified  by thr e e  items , ligh t n e s s  or 

value , hue an d chroma . Llghtness  re fers  to  the r e la ti onship of 

r e f le c t ion to  absorption w i th r e ge r d  t o  spe c ific  wave le ngth s . l f  

radiant energy i s  absor b e d  a t  c e r ta in wave lengths t o  a gre a t e r  

extent  tha n a t  o thers the n  th e human obse rver s e e s  wh a t  i s  commonly 

termed  ' co lour ' , but wha t lS mor e  a c cur a t e ly re ferr e d  t o  a s  the 

dominant wave le ngth or  hue . The amount o f  r e fle c t ion or l i gh t  a t  

a given wave le ngth i s  te rme d pur i t y  or str ength , intensity  or 

chr oma . 

When l i ght is r e f le c t e d  from a surfa c e  at  a l l  a ng l e s  then 

the surface  appe ars du l l  or flat ( d i f fuse  re f le c tanc e ) , whe reas  if  

r e f l e c t a n c e  is dire c t i 0na l then  the sur fac e  appears glo s s y . S ome 

o f  the phys i c a l  and sensory t e rm s  u s e d  to denote  di f fe r e nt c o lour 

attribu tes are summa r i z e d  b P- low : 

Phyo i c a l  measur e ment  

radiant e nergy 
r e fl e c tanc e 
domina n t  wavelength 
pur ity  

dire c ti ona l r e f l e c tanc e 

S e ns ory t e r m  e qu iv a le n t  

light 
lightne ss 1 va l ue 
hue , c o lour 
chr oma , lntens it y ,  

s trength 
gloss , s he e n  

The fa c t  tha t  a c o lour can b e  d escribed  b y  thr e e  numbers 

has b e en well e s tab lished  psy cho logically by  Judd ( 9 7 )  who f ound 

th a t  norma l c o lour vision  ma y be thr e e  aim� ns iona l .  I t  the r e r ore  

fo J_lows tha t any colour may b e  d e s c r i b e d  by thr e e  numb ers  and tha t 

a spe c tr opho tome tric  curve 0f  percent  r e fl e c tanc e  a ga i ns t wave le ngth 

may b e  re du c e d  to thre e  numb ers wh ic h a de qua t e ly d e s c r ib e  the 

c olour o f  any s ubstan c e . This i s  th e basis o f  the  s tandar d tri­

s t imu lus system  set  up by the  � nt e rnational C ommission  on 

Illumlna ti on \ C lE ) . Th e C IB s ys tem  is based on a ' s tanda r d  observer ' 

wh ich can b e  thought o f  as · a  s t imula t e d  eye , cons l S ting o f  thr e e  

pr imary c o luur filters , X ,  Y and � ,  whe r e  X i s  essen tially  amber , 

Y is gre e n  and  Z ls b �ue . A sp e c tropho tome tric  c ur ve of  r e f le c tanc e 



ob t a ined  from the sur fa c e o f  an ob j e c t  can be  int e gra t e d  ln t e rms 

of X ,  Y and Z ,  and chroma t i c ity x and y ob taine d and p lo t t e d  on a 

chroma t i c ity dia gram . The c olour of a t e s t  ob j e c t  ma y thus b e  

lo c a t e d  1 n  a c o l our spa c e  1 n  terms of the int e rnationa l ly r e c o gn1 z e d  

c olour sp e c ifications . 

LJ- . 2 . 4  Texture 

The mo s t  w idely u s e d  sys tem of te xture  c lass i fi c a tion is 

pr obably the one pub lishe d by S z c zesnia k  ( '1 9 8 ) . This sys t e m  

c la s s i t ies  t e xtural  chara c teristics  o f  f o o d  in me chanical  a n d  

ge ome tr ic a l  qualitie s ,  a n d  int o pr operties  re la t e d  t o  ta t and 

mois ture . R e lationsh ips to  popular nomenc la tu r e  are  a ls o  given 

( s e e  Ta ble 4 . 3 ) . 

Table 4. 3 A systam of texture class if ication (Szczesn iak [ 1 98] ) .  

P r imary Parame ters 

M e chan1 c a l  Chara c �e r is � i c s  

Hardness 
C ohe s ivene ss 

V i s c osity  
Ela s tic ity 
A dhes ivene s s  

G e o me trical  Charac teristics  

Particle  s i z e  and shape 

:) e c ondary 
Parame ters  

Br i t tler.e ss  

Chewine s s  
Gummine s s  

Par ticl� s i z e  and or ie nt a tion 

Other C hara c te r is t i c s  

M o isture  c ontent 

Fa t c ontent  Oiline ss 
Greasin e s s  

P opu lar T e rms 

.:i of t - )  firm- ) ha r d 
C rumb ly -- ) c runchy-) 

brittle  
T e nde r - )  chewy-) tough 
Shor t - ) me a ly - ) pa s ty-) 

gummy 
Th in- ) v iscous 
P la s t i c -- )  e las t i c  
S ticky - )  tacky--) gooe y 

Grit ty , grainy , coarse  
e t c . 

Fibrous , c e llular , 
crys talline e tc . 

Dry - ) mois t -M e t ­
watery 

O ily 
Greasy 
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Krame r a n d  Twigg ( 1 00 )  c la s s i f ie d sensory c ha ra c t e r i s t i c s  

r e lat ing t o  t e x ture into t w o  c a t e go r ie s , finger  fe e l  a n d  m ou th 

f e e l . 

F inge r  f e e l  

f irmne s s  
s o f tness  o r  
yie ld ing qua l i t y  
j u i c iness  

M ou th fe e l  

chewiness 
f ibrous ne ss 

gri t tine ss 
mea  line s s  
s t ickiness  
o iliness  

Y os hikawa et  a l  ( 234-23 6 )  de s c r ib e d  a me th o d  of  c o ll e c �ion 

o f  w or ds u s e d to  describ e  te xtur e , bas e d  on work by S z c z e sniak and 

Kleyn ( 20 1 ) and  S z c z e sniak ( 1 9 7 ) . For ty of the mos t c orrmonly us e d  

words were  chosen  for the development o f  te�tur e pro f i l e s  o f  numbe r  

o f  foods . A c o rr e la t i o n  ma t r i x  w a s  c omput e d  from th e r a ting  s c or e  

ma trix a n d  mul tiva r ia te analys is proc e dures  use d t o  y i e ld e igh t 

or thogona l fac tors . They c o n c lu d e d  th a t  the most  impor tant  

dimens ions of  textu r e  were : hard  - s o f t , cold  - wa rm , oily � j u i c y ! 

e lastic , flaky , heavy , v is c ous , smo oth . 

Brandt e t  a l  ( 1 5 ) d e s igne d a texture pr o f i le me thod based  

on  th e f la vour profile de s c r i b e d  by C a irncross a n d  S j os t ro m  ( 1 8 )  

and u s j ng the c lassification  system  of S z c zesni ak and  K le yn ( ?.0 1 ) 

a s  ' ' a  l o gi c a l  and well  d e f in e d  basis  on which t o  bu ild a 
c omprehens iv� sens or y  me thod f or e valu a t ing t e x tur e of  a giv e n  food . ' ' 

S zc z e snia k  a nd K l e yn gav e  a proc e dure  for evalua t i ng t e x ture wh ich 

is  shown i n  F igure 4 . 4 .  
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I ni t i a l  (perceived  on  fi r s t  b i t e ) 

/ 
Me cha nical  Geome tr ical 

h ar dneCv is l o s i�r i t tleness 
I 

any , depend ing on  pr odu c t  
s truc ture 

Mas t ic a tory (pe r c e ived  dur ing chewing) 

/ 
M e chanical Geome tri cal 

/ I � I 
gummine ss  chew iness  adhesiven�ss any , d epending o n  pru du c t  

s truc tu re 

; 

R e s j_ dua  l ( c ha nge s  ma de  ' . ' . .  \ during rnas -c l c a -c ='-C?.£2. 

I 
type o f  

br eakdow n  
/ '  

rate  of  breakdown mois tur e 
absorption  

� 
mouth c oa t ing 

Figure 4. 4 A proced u re of evaluat i ng texture (Szczesn iak and Kleyn [201 ] ) 

4 . 2 . 5  T empe ratur e , p a i n  and s o und 

These  may be c lasse d as  m inor s e nsory pr ope r t i e s , bo t h  i n  

so  mu ch  a s  they appe ar to  c o n tr ibu te lit t le t o  t h e  d e gree  o f  

a c c eptance  o f  the average fo o d ,  and l it t le r e s earch ha s b e e n  done 

into the ir c la ss ifications and e ff e c ts . 

Temperatur e . Four e f f e c ts of  tempe ratur e are g iv e n  by  Amerine e t  

a l  ( 1 ) : 

1 • I ts ow n e ffec t ,  e . g .  ice  cream . 
-

2 .  Our e xpe c tat ion  of  certain tempera tur e s  w i th c e r tain f oo d s . 

3 • I ts e ff e c ts on  the  volatility of odorou s  subs tanc e s . 

4 .  The change - in s en s i tiv ity to the pr imary tas tes  with  variation 

in tempe ratur e . 
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Th� tempe ra ture o f  food can b e  c la s s i f i e d  us ing the c o nv en t iona l  

s cales  o f  t emperature  measurement . 

Pain . Pain  i s  di ff icu lt t o  de fine . I s  i t  stri c t l y  a n  unple asant  

s e nsation? There  is  a w i de va ria t ion in  r e spons e to  pa in . S o me 

pe ople qppa r e ntly derive pleasu�e  from a certain degr e e  o f  pain , 

a s  in the e a t ing o f  exc e s s iv e ly hot  currie s ,  dr inking hot  c of f e e  

or  wh isky ' s traigh t ' .  A c e r ta i n  d e gr e e  o f  adap tion  t o  the s e  foods 

i s  involve d , besid e s  pcychological  differences  in the d e gr e e  of  

d e s irab i l i ty o f  pa i n . A lmos t no work ha G been  done on  pain  

c lassific a t i o n . Hardy et  a l  ( ?5 )  believe d that  tra ine d obs ervers  

c ou ld di s t in gu ish  2 1  di fferent de grees  o f  pa in a r is ing from  

ra diant hea t , whe r e a s  Arms trong e t  al ( ? ) , u s ing a chem i c a l 

exc itant found 8 and poss ibly  up  to 1 6  levels o f  pa in int e n s i t y . 

S ou n d . S ound or au dition  as  it  ma y be r e ferr e d  to , appears  n o t  t o  

have been  c la s sifi e d .  Ther e  i s  l i t t le d oub t t h a t  c er ta in s o u n ds 
are  as s o c i a t e d  wi th eati ng spe c i f i c  foods . For e xample the ' snap ,  

crackle and  pop ' o f  r ic e  bubble s ,  or th e ' fi z z ' o f  c ha�pagn e . 

S ound may a ls o  inf luo hce  the  a c c e ptability o f  c e r t� i n  pr o du c t5 ,  for 

e xample th e s na p  of raw c e le ry , the  crackle of potato  ch ips or the 

c r ispine s s  o f  le t tu c e . In sorre c a s e s , a sound ma y caus e r e j e c t ion 

of a food , f or example raw f is h  is said  to be una t tra c t i v e to  

Europeans b e c ause i t  ' s qu eaks ' wh en ch ewe d .  In  most  c a s e s , howeve r , 

i t  wo uld s e em like ly tha t  s ound o r  au d i t ion is  la rgely  de t ermine d 

by te xtur a l  chara c terist ics . H e nc e ,  a de quate de fin i t i o n  o f  pr odu c t  

t e xtu re sh ould a ls o d e f ine t o  a large extent the sound c�ara c teris t i c s  

o f  the pr o du c t . 

4 . 3 The measurement  o f  the sen s o ry properties  o f  fo ods 

4 . 3 . 1  Flavour 

The co ncept  of fla vour  e mbra c e s  at le a s t  two ph·e nomena � 

tas te and  aroma . Whe n  a person  s ays a food  t a s t e s  goo d ,  he 

a c tually means it has a good tas t e  an d a goo d aroma . Even th ough 

taste  subs tanc e s  a r e  impor tant fo r the t o ta l  flavour o f  a f oo d ,  
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the aroma c ompounds d is tinguish one f o o d  from another  and cau s e  

similar f o o d  i t ems to  taste  s o  dif ferent  ( Von S ydow ( 1 95 ) . 

Two ba sic  me thods of  fla vour analys is ha ve  been  u se d ;  

che mical  me thods a n d  de s cr iptive s ensory me thods . 

Chemical  me tho d s . C he m i cal  a na lys is o f  aroma inv olv e s  the fo llow ing 

s teps : 

C oncentra tion  e . g .  by extr a c tion o r  d is t illa tion  

S epara ti o n , g ene rally by gas  chr omatography 

I dent i f i c a tion  e . g .  by ma s s  spe c trome try . 

The - f ir s t  tw o steps  mus t b e  nonde s truc tive and c au s e  no quant i t a t iv e  

o r  qua l i ta t ive  chan ge s , so  tha t the results  pr e s en t the a c tua l 

situa tion in a nd aro und the f o o d .  For  th is r e as on , i t  is de sirable  

to carry out  the c omplete  analys is in one s te p . This  is do ne u sing 

the HS -PCC -GC -MS pro c e dure or Head  S pa c e  - Pre  C o lu mn C onc ent r a t i on -

Gas C hromatography - Mass Spe c tr ome try P r o c e dure (Anderson  and V o n  

Sydow ( 4 ) ) .  In  t h i s  sy s t e m  t h e  v o l a t i l e  comp ounds i n  a lar g e  h e a d  

spa c e  g a s  sample are  c onc e ntra t e d  in a short pre -column o r  trap ; 

separ a t e d  by gas c hr oma t o graphy on a very  long , ope n tubular c o lumn ; 

and id entifie d  in a c losed  on -line sys tem  parallel  t o  a FID s ta nd ­

ard de t e c tor . 

Much work ha s been done on the ctemic a l  is ola t i on and 

i de n ti f i c a t ion of flavour c ompounds . W or k  on choco late  aroma date�  

back  to 1 9 1 2  ( Rohan ( 1 6 1 ) ) . T ilgner ( 204 )  sugges t e d  tha t the  t ot a l  

numb e r  o f  pos s ible flavour c ons t i tuen t s  for choc ola t e  s t o o d  a t  over 

200 . I n  roas t and ground c o f fe e , 1 5 8  c ompounds w ere identi f i e d  

( S t o f f e lsna e t  q l  ( 1 93 ) ) .  A t  t he C ampb e ll S oup C ompany , C a mden , 

New Jers e y ,  chicken f lavours have b e en inve s t iga t e d  since  1 95 6 . 

No t only are the r e  more than 1 00 c hicken fla vour c omponent s ,  but  

f la vour changes  continua lly from  the t ime th e c hicke n is  

e v is c erate d ,  through pr oc essing , s t orage , c o oling and s erving . A nd 

so the  lis t go e s  on , ever  expanding w i th more a nd mo re  new flavour 

c ompounds . Many o f  th e same c ompounds o c cur in a varie ty of f o ods 

wh ic h , however , have no s imilar ity  ( T ilgner ( 204 ) ) .  For e xample , 

a c e ta t e s  and propiona te s  have been found among th e vola t i le 

c o ns t i tuents o f  b r e a d , c o ffee , apple s an d milk . 
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As the search for mor e chemical c ompounds goes  e n  w e  may 

tend t o  forge t our u lt ima t e  a i m  - " to  impr ov e f o o ds for huma nity" 

( � aul ( 23 ) ) .  Our aim should b e  to  i dent ify f lavour components and  

c orre la t e  the se  w i th sensory data . Unfor tuna t e ly there  are  very 

few  e xamples o f  su c c e ssfu l  c or r e la t ions b e twe e n  s ensory and 

ins trumental me th ods of e va lua t ion o f  the flavour of foods . Two 

e xamp l e s  are toma to pr odu c ts and C o c a  C o la (M ilu t inovic e t  al ( 1 1 7 ) ; 

Young e t  al  ( 24 1 ) ) .  The prob l ems associa t e d  w i th such c orrela t ions 

ar e :  

1 .  The very  large nu mb e r  o f  c hemic a l  c ompounds pr e s ent . 

2 .  The  poss ibility of int e r a c tions o £  th e s e  comp ound s e i ther 

chemi c a lly  or through ps y c ho logic a l  s timula tion of  the olfac t ory 

r e c ep t or s . 

3 .  Even  w i th modern and more sophis tica ted  ins trumen t a tion , the 

in abi lity in s ome cases to  s e parate and i dent ify extreme ly sma ll  

quan t i t ies  of f la vour c o mponen ts , s ti l l  dcte c tabl�  by s ensory me thods . 

4 .  The fa c t  tha t the ch emica l technique s  are  gene ra lly s e para tor s , 

whe r e a s  the taste  and o l fa c to ry r e c e ptors  ar e int e gra tors o f  bo th 

ar oma and taste . 

S e ns ory me tho ds . P faffman and S chalsberg  ( 1 4 9 )  gave  three  general 

qu e s t ions that  s e nsory t e s t s  s e e k to answer . Firstly , is the r e  a 

de t e c table differenc e  be tw e e� two food  sample s ?  D i f f e r e nc e  t e s ts 

fa ll in this c a t e gor y  and are  c l os e ly r e la te d  t o  psych ophys i cs . 

S e c o n dly , how well  Jo pe ople like th e pr odu c t ?  Two general  

appr oaches to th is que s t io n  are  pr e f erence  t e c ts or ratings ma de  

by la rge  c onsu me r  groups a n d  qua lity rat ings ma de  by a s mall  pane l ,  

s e le c t e d  and tra ine d for e valua t ing the cene ral a c c ep tability  of  a 

c lass  of foqds . This group is c los e ly r ela t e d  t o  psychome tri c s . 

Th ir dly 1 wha t is f lavour ? The  flavour profile  falls into th i s  gr our . 

M e thods  in this group are in th e f i e ld o f  phe nome nolog�cal 

de s c r ip t ion . 

The b e s t  known me th o d  o f  de scr iptive  s e nsory analysis is 

the f la vour prof ile de ve lope d by the Arthur D .  Lit tle  C o .  an d f ir s t  

d e s c ri b e d  b y  C a irncros s  and  S j ostrom ( 1 8 ) .  C au l  ( 22 )  r e vi e w e d  th e 

profile  me th o d  a s  well  a s  ou tlining the h is tory  o f  de s c r ip t iv e  

a nalysis  w ith applicat ions , a dvantages and disadvantage s o f  th e 



99 . 

ma j or technique s . As  the name impl ies , the flavour pr ofile  me thod 

is  design e d  t o  give a prof ile of the o v erall f lavour o f  a fo o d , by  

describ ing  and  de termining the  r e lative magnitudes  o f  i t s  c o mp onents . 

The te chniqu8 involves the tra ining of  a panel , us ually  4 - 6  people , 

presentation  of th e test  pr o du c t  t o  each indiv idua l ,  d e f init i o n  o f  

suitable o d our and taste  c la s s i f i c a tions and he n c e  t h e  des cription  

of  ' chara c t e r  note s ' ( gene rally d one th rough pa ne l discus s ion , w ith 

re ferenc e to re c ogn i z e d  c lassi fi c a tion  sys tems ) . Ea c h  pan e l  member 

is asked to grade the t e s t  produ c t  w i th r e fere n c e  t o  each charac ter  

note , on a s pec i f ie d s c a le ( usually  5 p o int ) . C la s s i f ic a ti o n  by  

each  ind i v idua l is followe d  by a group discussion  w i th one  p e rson  

a c ting as a modera tor . The  gr oup a t tempts t o  reach  a gr e ement on 

e a ch point  under c o nsidera t i o n . A r a t i ng for each cha r a c t e r  no t e  

i s  d e c id e d  o n , a n d  h e n c e  t h e  flavour profile for the pr oduc t 

d e s c r ibe d .  The f la vour profi le p ane l c an be us e d  to  gather  such 

inform a t i on as pe r c e p t8 b l e  a ro ma , tas t e  and flavour , de gre e  a nd 

int e ns it y  o f  each factor , the or der  in wh i ch fac tors  a r e  perc e i ved , 

a fter-ta s t e  and  overall impr e s s i on of f lavour and  aroma . 

The a dvantages a nd disa dvant ages  o f  the pr o fi l e  m e th o d  

have b e e n  l isted  by Amerine  e t  a l  { 1 ) .  The a dvantages  inc lude  its  

repro duc ibilit y  and  its  ability  to  pr odu c e a breakd own of  fla vour 

and ar oma c ontr ibu t ors , e v e n  i f  o nly o n  a de s cript ive b a s is . 

Among the disadvantages are  th e t ime an d expense  inv olved  i n  

s e le c t io n  and trai ning t h e  pane ls , the danger i n  e x c lus ive u s e  o f  

ope n di s cu s s ion t e chniques a n d  t he di f ficulty i n  quant ifying 

indiv idua l sensit ivity to  s p e c i f i c  odours , ta s t e s  and  flavo ur s . 

4 . 3 . 2  C o lour a nd a ppearanc e 

S c o fi e ld ( 1 64 )  lis t e d  f o ur po ints  wh ic h are  a pplic a b le t o  

mos t me thods  o f  c o lour me asur ement  o f  f oods : 

1 .  The d i f f iculty in rela t ing wha t is norma lly s e e n  t o  wha t  th e 

spec troph o t ome ter measures . 

2 �  The me n tal pr 0c e s s e s  b y  wh ich c o lour ma tches  are  ma de�  

3 .  The v isua l spa r. ing o f  s ta ndards on  an emp ir ical  ba sis , w i th ou t  

underlying th eor y .  

4 .  The m e ntal c or re c t i o n  for d e pth . 
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The eye judges  c ompos ite  vis ua l  appe aranc e ,  whereas  

instruments  only r e c or d  d iffus e r e f le c ta nc e  c ha rac teris t i c s  

re la t ive t o  a s t anda r d , and cannot de t e c t  c o l our dif feren c e s  when 

the same proportion o f  inc ide n t  light is  re tur ned t o  the de t e c t or . 

A s  dis cu ss e d  earl ier  under c o l our c la s s ification , thr e e  

d imens ions are ne c e s sary t o  sp e c i fy c o lour pr e c is e l y . The r e  a r e  

basica lly two type s of  me asurement t e chniques us e d  t o  de te rmine 

the  c o lour of an ob j e c t , pr e c i se me thods me asur ing all thr e e  

dimensi ons of c olour and abr idge d me tho ds wh ich me asur e less  tha n 

three  dimens i ons . Examples  of the pre c is e  me th ods are  the 

r e i l e c tance  spe c tropho t ome t e r , the Muns e l l  c o lour sys tem  and t h e  

Hunter c o lour sys tem . 

The r e f l e c tanc e spe c trophotometer  measures  th e am ount o f  ligh t 

r e f J e c t e d  from the sur fac e of  an ob j e c t  a t  e a ch wave lE n gth i n  the 

v is ib l e  range of  appr oximately  380- 770mp . The ins trument c ons is ts 

of one o r  more pho t osensitive  c e lls which trans fbrm ra diant energy 

into  e le c trical  ene rgy , indic a t e d  on some form of  millivoltme t e r . 

In or der to conv e r t  th e s e  data int o more meaningful valu e s , the  

spe c trophotome tr ic  curve c a n  be inte gra t e d  by the weight e d  

or dina t e  me tho d ,  i n  terms o f  X ,  Y ,  and Z o f  the  C . I . E . sys tem  a nd 

henc e t o  chroma t ic i ty  c oordina te s  x ,  y ,  a nd z ( Krame r  and Twigg 

1 00 ) ) .  

The Muns e ll colour sys tem is bas e d  on  the u s e  of  thr e e  or f our 

co lour discs , e a ch of  which  has b e e n  c a l ibra t e d  for hue , v a lu e  and  

chr oma . Ea ch of th e s e  terms is  e xpr e s s e d  on a 1 0  point  s ca l e  

exc e p t  for chrc !�a which may exc e e d  1 0  in th e cas e  o f  s trong c o lour s .  

An e xample o f  th � Muns ell c o lour notation  is 5G 8/3 . The 5 G  r e fers  

to  the  dimension o f  hue , wh ich i s  midway b e tw e en blue -gr e en and  

yellow -gre en . The  8 r e fers  to  the  valu e or  lightne ss and me ans a 

ligh t grey . The · /3 r e fers to chr oma or dep th of  c o lour , in this 

case  rath e r  weak . A not a tion o f  2G3/9 would desc ri b e  a gre e n  

c olour · near t o  ye l low-gre e n \  whi ch is dark i n  value and s tr o ng i n  

chroma . The Muns e ll colour sys t e m  us e s  thr e e  o r  four c o l our d i sc s , 

two o f  wh i ch c o ver  the hue and c hroma for the pr odu c t  t o  b e  

exam ine d ,  a n d  th e r ema ining one o r  t w o  are  gre y , giv ing the 
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d imension o f  value . Rap id  sp inning of th e d is c s  b le nd s  th e m  into 

one c o lour , wh ich , thr ou gh vary i ng the frac tions o f  e a c h  dis c 

show ing , c an b e  ma de t o  ma tch  th e c o l our of th e t e s t  ob j e c t . The 

hue , value and chr oma of  e a c h  d is c , and the per c en ta g e  o f  each  disc  

show ing are  us e d  to  ca lcula t e  the  ch roma t ic ity c o or dina t es . 

The Hunt e r  colour sys tem c ons i s t s  of thr e e  sepa r a t e  c ircuits  and 

carefully s e le c t ed  filters a nd pho to c e l ls whic h pr o v i de 

approxima t i ons t o  th e X ,  Y ,  a n d  Z func t ions of th e C . I . E . s ys t e m .  

Hunt e r  Rd ( diffus e re fle c tanc e )  or L ( l ightne s s ) values  are 

dir e c t ly c omparabl e  w ith the  Y of the C . I . E . s ys t e m . Hunt e r  a 

va lu e s  are  measur e s  o f  re dne s s  or gre e nne ss and Hunt e r  b valu e s  are 

measur e s  of ye llowness or b lu e n e s s . The a values  are  func t io ns o f  

X and Y ,  while the b value s are  func t ions o f  Y and z .  Toge ther a 

and b provide results  e qui v a l e n t  to thos e ob taine d w i th th e hue and  

chroma dime ns ions of  th e Muns e l l  sys t em . Hunt e r  ( 87 )  gave  

equa t i o ns for the conversion  o f  Hunt er value s to  C . I . E .  

The abr idged me th ods inc lude firs tly the e xtra c tion  of  the 

colour f r om a pr o du c t  by u s <:: of s o lv e 11 ts and th e me asuremen t o f  
th e e xtra c t  i n  a spe c tr ophotome ter i n  terms o f  pe r c e nt tran s ­

mit tanc e o f  light at  a s p e c i fi c  wave le ngth . O t h e r  e xample s are  t h e  

ma tch ing co lour systems such a s  the use  o f  c o lour e d  p la s t i c  b locks 

by the USDA in grading raw ma terials . 

4 . 3 . 3 T e xtur e 

Measurem ent  of  te xtu r e  can be  di� ide d into two c a t e gori e s  -

s e ns ory t e s ts and ins trum� nta l tests . T ilgne r ( 204 ) cons i de r e d  

tha t t o o  ma ny meaningle ss tne asurem e n ts c f  te xtur e h a v e  b e e n  made 

be caus e each branch of the food indus try has t e nde d  to dev e lop  its  

own  ins trume nt or , mor e fre qu ently , a mul t i tude  o f  ins trume nts , in  

an a t t e mpt t o  measur e c e r ta i n  pr ope r t ie s . S zc ze s niak ( 1 99 ) divided  

ins trume ntal measure me n t s  into  fundame ntal or  rhe ologica l , 

e mpir i c a l  and imita t ive . M ohse nin ( 1 24 ) us e d  t h i s  c lass i f i c a t io n  

a n d  dis cuss e d  ins trumen t s  w ith in each  c lass . 
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Fundame nta l  rhe ologi c a l  t e s t s  measure the fundam exi tal rh e o lo gical  

prope r t ie s  o f  a ma t eria l  and  r e la t e  the na ture  of  t he t e s t e d  

pr odu c t  to  two bas i c  rhe o lo gic a l  pr o t o type s : a dashpot for a 

Newtonian liqu id a nd a m e t a l  spr ing for a Hookean s o l id . S inc e 

mos t fo ods are  c omplex , the f ina l mod e l  will  c ons ist  o f  s e v e r a l  

dashp ots  a n d  spr ings c o nne c te d  in serie s and/or para lle l .  B e c au s e  

of  the ir complexity and th e n e c e s s it y  to  r e la t e  t h e  results  to  

func t i ona l  pr ope r t ie s , the fundamental  t e s ts have only l imit e d  u s e . 

They can , howeve r , serve to  de f ine the sy s tem and pr ovi de  a mo r e  

s c i e n t i f i c  ba s is for  e mp ir ical  and  imitative t e sts . Mohsenin ( 1 2 4 )  

c i t e d  e xample s o f  fundamental t e s t s  which ha d b e en correla t e d  

suc c e s s fully w ith  sens or y  measur eme nt . The sp readab ilit y o f  bu t t e r  

has b e e n  shown  to  ha ve a h igh de gr e e  · o f c orrela t i on with  t h e  for c e  

ne e de d  t o  extrude but ter  through an or i f ic e  a t - a s tandard r a t e . 

The ' b ody ' of  c h e e s e  can be  e va luated  using a c o ns tant c r e e p  t e s t  

( S c o t t -Bla ir ( 1 65 ) ) .  

Empir i c a l  tests  me asure charac t e r is t i c s  related  t o  the te x tu ra l  

qua l i ty ( S z c z es niak ( 1 99 ) ) .  S z c zesniak believed  tha t w h i le such 

t e s ts are  very us e ful , caution mus t be  t a k e n  in int erpre tat ion o f  

the r e sults . Examples  o f  emp iri c a l  t e s ts are th e pene trome t e r � 

wh ich measur e s  th e for c e  r e qu ir e d  to  pene tra t e  a mater ial , or the  

depth of  pene trat ion after  impa c t  and sh earing devic e s  which re c or d  

the f or c e  neede d t o  shear  the t e s t  ma t e rial . 

Imita tive t e s t s  a r e  per forme d u n d e r  c ondi tions simu la t ing those  t o  

which the ma terial  is subj e c t e d  i n  pra c tice . Devic e s  und e r  this 

heading  can be divided  into two  c a t e gories , thos e th a t  imitate  

handling of _ fo o d  an d th o se tha t imi t a t e  th e pr ope r t ie s of  the  food  

dur ing c onsump t ion . In  the  first  group are ins trume nts  s u c h  as  

bu t t e r  spreaders , a lv e ographs , a mylogr aphs and  farinogr aphs wh ich  

measure the handl ing pr ope r ti e s  of  flours , doughs and s im ilar 

farina c e ous ma t er ia ls . In  the s e c ond group are  ins t�ume nts  which 

a t t empt to imitate  the  che wing a c tion  o f  te e th .  The fir s t  such 

ins trument was described  by V o lodke vich  ( 2 1 3 ) . The M IT Denture  

Tenderome t e r  and the  G . F . Texturom e t e r  are r e fine d v ersi ons o f  

th is general  pr inc iple (Pro c te r  e t  a l  ( 1 57) : Frie dma n e t  al ( 60 ) ) .  

Voisey  ( 2 1 2 )  gave a r ev iew o f  r e c en t  textur e  me aour i ng d e v ic e s  and 
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liste d five  e s s e ntial  c ompone nts  of  a text ur e  measu ring devic e :  

a m e c hanical  me cha n ism  for d e f orming the sample ; a means o f  

recor d ing the for c e ; a me ans o f  r e c o rding the de forma t io n ; a 

me th o d  of  r e c o rding t ime dur ing d e f orma t ion ; and a t e s t  c e l l  t o  

hold  th e samp le . 

The s e cond c a t e gory o f  t e xture measur em e n t s  are  th e s ens ory 

t e s t s . S z c z e sniak ( 1 9 6 )  c o mme nt e d  tha t mos t of  the work on s e ns ory 

e valuation of food  t e xture up to tha t time , us e d  an arbitrary 

s c oring sys tem  and was limi t e d  to  one produc t or produc t c lass . 

She  pr o c e e d e d  to  de s c ribe  th e deve l opment  of s tan dard rating 

s c a l e s  for hardness , br i t t l e ne s s , c he w ine G s , gummine s s , v i s c os ity 

and a dhe s iveness . Ea c h  po int on the r a ting s ca l e s  was r e pr e s e n t e d  

by a f o o d  pr oduc t .  T h e  s ca l e s  w e r e  claimed  t o  b e  int erval , a nd 

were  s e t  up by a pa nel  trained  in sensory tes t ing an d the de f in itions 

of  S zc zes niak ' s t exturR l pA.ram e ters , The .se  sca le s  w e r e  c l aime d 11 to  

o ffer  a basis  for quant it a tive or ganoleptic  te xture e v a lua t ion in a 

rati onal and relativ e ly c o mple t e  ma nner . The r e sulting se t of  

numbers  giv e s  a t exture pr of ile " . 

A t exture pr of ile  me th o d  was d e velop e d  b y  Brandt e t  a l  ( 1 5 ) ,  
bas e d  on the Ar thur D .  L i t tle flavour profile me tho d .  The y d e fined  

a t e x ture pr of ile as  " the or gano leptic  analysis of  the t e xtu r e  

c omplex o f  a f o o d  in  t e rms o f  i t s  me chani cal , ge ome tr i cal , f a t  and 

mois tur e chara c t er is t i c s , the d e gree  of each pr e s ent , and the 

manner in which  they  a ppear from the f ir s t  b it e  thr ough c omple t e  

mas t i c a t ion . "  Exampl e s  o f  dry f lake c e reals , r ic e , wh ippe d  t oppings 

and chemic ally levene d b is cu it s  w er e  given . 

O ne o f  the mo s t  r e c e nt applica tio�s o f  the f lavour pr ofile  

was by  Y o shikawa et  al  ( 234 -236 ) .  They  described  the  c ons truc tion 

of  texture  pr o f ile s us ing 40 t e xtur e descr ibing wo � ds and 79 foods . 

The c ons tant -sum me thod was e mploye d ,  wh ere  sub j e c ts were  r e qu e s t e d  

t o  r a t e  the de gr e e  of  r e la ti onship b e tween  s t imulus it e ms and the ir 

a t tribu t es , as se c by the  re searcher . I ns tru c t ions were  given t o  

r e spondentG as  .fo llow s : "The wor ds ( a t tribu t e s ) l i s t e d  in t h e  l e f t  

c o lumn 1 -40 are fairly . of ten u s e d  t o  describe  the s ensati ons in the  

mouth , on th e tongue �n d on  the t e e th of  th e f o od given  b e l ow . 
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S t e p  1 ,  choose  about 1 C  words wh ich  you think are mos t su i t a b le 

for  the foods  pr int e d  in the top  r ow and c ir c le  th em . S te p  2 ,  

allocate  1 00 po ints a mong them a c c or ding  to the degr e e  of 

assoc iation be tw e e n  the  wor d  and the food" . Texture pr o f i l e s  for 

a l l  79 foods w e r e  de s c r ib e d  by  the average ra tings o v e r  each  of 

the  40 te xtur e describ ing words . U nl ike mos t pro f i l e  me th o d s , 

the 200 su b j e c ts us e d  were  untraine d .  

Two a dvanta ge s of  th e t e xture pr o fi le me thod  w e r e  give n 

by Brandt e t  a l  ( 1 5 ) . Firs t ly , i t s  flexibility of app l i c a t ion 

to  any fo od pr odu c t  or te xtural charac teris tic and s e c ondl y , its  

o b j e c t ivity th rough r i gidly de f ine d po ints of r e ference  a nd 

nomenc la �ur E .  The l imit a tions o f  the  me thod were  s e e n  as  being 

r e la t e d  to th e degr e e  of  pr o f i c iency  of  th e pane ls a pp lying the 

me thod . 

The me th o ds o f  c lassifi ca tion  and measurement of  sens ory 

prope r t i e s  are  s t i l l  c onfu s e d  in spite  of  the extensive  r e s e arch  

in the are a .  This ind ic a t e s  the  extremely  c omple x na tur e o f  f oo d  

proper t ie s  and the w ays i n  w h i c h  th ey a re sens e d , b o th individually 

and in c o mb ina t ion , by human r e c e p t or s . The lack of a universal  

c lass if i c a tion  and  henc e t he la ck of  s tandar d me th o ds of  me a s�r e ­

ment w o u l d  pro� ide pr oblems in t h e  defin ition o f  the o verall  

prope r t i e s  of  c ombina tions o f  raw ma teri als . W i th ou t  the ability 

t o  c le 8 r ly def ine the s e  c ombine d pr ope r t ies i t  would b e  almo s t  

impos s ib l e  t o  pr e d ic t c o nsumer a c c ep tanc e o f  a c ombination  o f  

raw ma te rials . 

4 . 4  The measur'ement of  c onsume r a c c epta� of f o od 

The me asurement o f  c onsumer a c c eptanc e ,  l ike the measur e ­

ment o f  s e nsory pr opertie s ,  ha s b e en s tud ie d e xtens iv e ly and a 
number o f  di f fe rent  me thods have  b e en propos e d .  T o  a large 

extent  the me thod chos e n  for a ny par t i cular c o ns umer  r e search 

depend s  on the  form in w h ich  the results are r e quir e d . Thr e e 

broad c la s s i f ications o f  the me thods of measur e me n t  o f  c onsume r 

a c c e ptanc e are  d is cusRe d be l ow - the his torical approach , the 
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o b s ervat i o nal  appr oach and  the que s t ionnair e  appr oach . By far the 

mos t widely  used  is the  que s ti o nna ire appro a ch . 

4 . 4 . 1  The histori cal approa c h  

A c c eptance  o f  fo o d  can  be pr e di c t e d  through r e f e r en c e  t o  

s t a t i s t i c s  of  f o o d  d i s t r ib u t ion , sa les  r e c or ds and  turnover ra te s . 

For e xample the sales  o f  a f oo d  pr odu c t  which  has  b e e n  a c c ep t e d  

b y  c o nsum s rs , and has been  o n  the marke t for a numb e r  of  years , 

may be  u s e d  to pr e dic t th e sales  of  a new pr o du c t  w ith s imilar  

prope r t i e s . Diary and pantry surveys may also be  us e d  to  pr e d i c t 

c ons ume r  a c c e pt an c e  of  new pr odu c ts .  

4 . 4 . 2  The observa t i ona l approach 

H idden observe rs , pe ople , came ras e t c . may be  p la c e d  in 

pos iti ons t o  r e c ord  the  b ehaviour of  c o ns umers i n  s tores  a n cl.  

supermark e ts . Fle ishman ( 53 ) us e d  a c ombi�a t ion  of  observation  

and  qu e s tionnaires  to  e s tablish c ons ume r pre fe:ren c e s  for s i x  

brands o f  b e er . 

4 . 4 . 3  The qu e s t ionna ir e appr oach 

A me r ine e t  al ( 1 )  lis t e d  7 me th o ds u s e d  by the Mark e t  

Res earch  C orpora t i o n  o f  America  t o  ga i n  ins ight into food  hab i t s : 

de p th int erviews , w or d  a s so c ia t ions , r o le play ing , recorded  group 

discussion , s e n t e n c e  c omple tion  and pre t e s t  que s tionnair e . They  

sugge s t e d  tha t th e mos t c ommonly us e d  method was  the  qu e s t i onnair e . 

The  se le c t i on o f  the  que s tionna ir e to b e  u s e d  wh en 

e xperimenta l  food  produ c ts ar e t o  b e  j u dge d depends on  the  number 

of  trea tment s , the s e n s ory intens ity  o f  th e fo od and th e infor ma tion 

r e qu ir e d .  Amer ine et  a l  ( 1 )  gav e  e xamples  of  pr e s entat ion  me thod s , 

suitable  for c o nsumer survey purpos e s .  

S ingle -sample pre s enta t i on inc luding ac c e ptable  or una c c e ptable , 

de gr e e  of  l iking , des c r iption a nd nume ri cal s co ring . 

P a ir e d-sample pr e se nt a t ion 9 f or e xample the iden t i fi e d  produ c t  

paire d c omparison  in wh ich a s ample o f  known qua l ity i s  c ompare d  



with a samp le of  u ne s tablish e d  q ua lity , and the blind p a ir e d  

c ompar i s o n  i n  which the qua l i ty o f  ne i th e r  sample has  b e en 

e s tablish e d  pre vious ly . 
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Thr e e  sample pr e s entation such as  the triangle t e s t a nd the duo ­

tr io . T h e  samp le s  can a ls o  b e  ranke d or score d o n  the basis  o f  

qua lit y . 

More  than th r e e  s ample s including ranking , s c or ing or s ca l ing  and 

de gr e e  of liking . 

By far the mos t c ommonly us e d  technique o f  measuring 

consumer  a c c ep tanc e over the past  tw enty years has b e en the he donic 

s c a le , d e ve lope d  by P e ryam a nd Girardot ( 1 43 ) . The t e chnique has 

r e c e i v e d  many applicat ions ( W e cke l e t  al  ( 2 1 6 ) ; Valdes  and 

Roess ler  ( 209 ) ; Pangborn and l · e onard ( 1 39 ) ) to name a few . A 

br ief  h is tory and ou tline o f  th e t e chniqu e  was  giv e n  by P e ryam and 

P ilgr im ( 1 44 ) , who c ons i.d e r e d  the he donic s c a l e  to  be  a spe c ia l  

appl i c a t ion of  the rating s c a l e , r ep r e s en ting a dir e c t  ap�� oa c h  to 

the measurem e n t  of  p sycholog ical  s ta t e s . 

Br i e f ly ,  the he donic s cale is bas e d  on the a s sump t i on o f  

a c on t i nuum o f  pr e fe renc e a n d  the d e fini t ions o f  c a t e gor ies  o f  

respons e  i n  terms o f  l ike a n d  dislike a long th i s  c ontinuum . The 

mos t w i dely  u s e d  s cale  is th e 9 po int like e xtreme ly to dislike 

extr e m e ly scale , a s  shown in Figur e 4 . 5 .  

Figure 4. 5 

Like e xtremely 

L ike very muc h  

L ike modera t e ly 

L ike s l ight ly 

N e i the r l ike nor dis l ike  

Dislike s l ightly 

D is like modera t e ly 

D is l ike very muc h  

D is l ike extrem e ly 

The 9-po i nt Hedon ic Scale 
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The sub j e c t  i s  a ske d t o  state  his  opinion o f  the food  i �  one o f  

the 9 c a t e gor ie s o f  r e spons e . 

J one s e t  al  ( 96 )  carrie d out  an extens i ve s tudy o f  the ·  

he do n i c  s cal ing t e chniqu e  and  lis t e d  c onclus ions , b e l ie ve d  to be  

th e mo s t  per t ine nt to food  te chnologi s t s : 

1 .  D escrip t iv e  phrases  may differ  gre a t ly in amb iguity . 

2 .  They a ls o  d if fer in the l e v e l  of pre ference  imp lie d ,  and this 

c a nnot  always b e  pr e dic ted  o n  a n  a priori  basi s .  

3 .  Increas ing the  J . ength of a scale , u p  t o  9 int e rvals , is 

r e la te d  to only n e gligible increase s in  t he t ime requ i re d  for 

c omple tion . 

4 .  T e s t -r e t e s t  r e l iab i lity , w i thin  th e range of 5 t o  9 int e rvals � 

i s  r e la t iv e ly invarian t .  

5 .  Longer s c a l e s , u p  t o  9 int e r vals , tend to b e  mo r e  s e n si t ive 

to di f ferenc e s  am ong fo ods , 

6 .  Elimina tion of  tl1e ' neutra l '  c a t e gory se ems t o  b e  b en e f ic ia l . 

7 .  Ba lR nc e , i . e .  an e qual numb er of  pos i t ive  and  ne eat i v e  int e r ­

va ls is not  a n  essen t ial  f e a tur e o f  a ra ting s c a l e . 

P eryam and P ilgrim ( 1 44 ) b e l ie ve d  the h e donic  s c ale to b e  

u s e fu l  i n  a broad ran ge of  s i tuati ons and w i th any prob lem where  

e valuation  on  the criterion o f  human pr e feren c e  is  r e qu ir e d .  

The y b e l ie v e d  i t  t o  b e  e qua lly u s e fu l  fo r the c onsume r panel  an d 

traine d tas t e  pane l a like . C ov e r  ( 32 )  po int e d  out t ha t  the  he donic 

s cale  is u s e fu l  for me asuring co nsumer a c c ep ta n c e  of foods , bu t it 

is  not d e s i gn e d  for follow ins quan t ita tive chan ge s  in fo o ds . H e  

no te d ,  f or e xample , tha t h e donic  r e spons e s  t o  me a t  w i l l  di f fe r  

b e tw e e n  j u dges  w ho l ike r a r e  an d thos e w h o  l ik� w e l l - do ne s teaks . 

Quant itative  scale s of j u i c ine s s  an d tenderne s s , howeve r , c ou l d  b e  

u s e d  by b o th groups o f  judge s . Ame rine e t  a l  ( 1 )  sugge s t e d  tha t 

the me thod s hould be  u s e d  t o  de t e c t small differ e n c e s  in degr e e  o f  

l iking for s imilar foods ; t o  d e t e c t  gro ss differen c e s  i n  degr e e  o f  

liking o f  f o od s 9 e ven wh e n  t ime , s ub j e c t s  and t e s t  c o ndit �ons are  

allowe d to  vary ; and to  r e veal di f fe renc e s  in  group pre ferenc e 

a t t itudes  towards foods  in fie ld  que s t ionnair e sur v e ys . The y felt  

tha t a lthou gh the  t e s t  ha d b e en u s e d  both b y  e xperts  and by  

untrai ne d consumers , i t  was more  applicable to  t�e  lat te r . The 
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var iab ility  i n  ratings fro m  a group o f  o b servers  tends t o  b e  high 

and t his sugge s ts tha t the scale  is  not  suit e d  for  us e with small  

pa ne ls . S e a to n  and Gar dner ( 1 6 6 ) us e d  he donic o c a l ing for  

d e termining th e a c c eptab ilit y  of  new  or  unusual foods  whe r e  there  

w er e  no simila r  pr odu c ts for  c o mpariso n .  

For analys is o f  data ob taine d w ith the he donic me th o d ,  

numbers 1 t o  9 are ass igned t o  the d e s c r ipt iv e  c a t e gor ie s  and  th e 

fo llowing c an be  calcula t e d :  means , s tandard de via tion , s tandard 

e rr ors of me ans and t he s i gnif icanc e of dif feren c e  b e tw e e n  means 

( Amer ine e t  al  ( 1 ) ) .  P e ryam and P ilgrim ( 1 44 ) said tha t  one 

l imitation mus t be r e c o gniz e d  in apply ing ordinary  s ta t i s t ic s  o f  

variable s , and tha t is  the s c a l e  cate gor i e s  a r e  known t o  b e  o f  

u nequa l w idth psycholog ic a lly . They sugge s t e d ,  however , tha t  

u sually interval scale s can b e  as sume d without running int o to o 

much tr oub le . Cha pman and W ig f ie ld ( 2 6 )  b e l ie ve d tha t th e 

as sumpt ion  o f  e qua l int erval  was unwarrant e d .  They gav e  t ·;J o ways 
of overc o m ing error from thi s as sump tion . Firs tly , non-par ame tric  

s ta t i s t i c s  c an be used  wh ic h do  no t mak e the as sumpti on  o f  e qual 

interval s caliug in the d a ta ( e . g .  chi s quar e analy s is ) .  S e co ndly , 

e xa c t  nume rical valu e s  for the scale itemG can  b e  de termine d and 

parametric  statist ics  us e d  on the s e . The t e chn iq ue d e s c r i b e d  by 

Snell  ( 1 82 )  was su gge s te d  f or c o nversion of  a n  or d ina l scale  to  an 

int e r v a l  s ca le . 

The a dvan tage s and limita t ions o f  h e donic s ca l ing ha ve 

been ou t l ine d by P eryam and P ilgrim ( 1 44 ) . I ts a dvan tages  

inc lu de it s s impl i c i t y  whic h makes  it  su itable f or a w i de range  o f  

popu la tions , and a l lows sub j e c ts t o  re s pond meaningfu lly wi thout  

previous e xperience . The  data can  be  har. �le d dir e c tly  or  ind ir e c tly  

by the  sta tistics  o f  var iable s .  Finally , in c ontras t to  other  

m e th o ds the  results  are mean ing ful for ind ic a t in g  general  l e v e l s  of  

pre f e r e nc e .  Among its  limitations is i t s  susceptabi l it y  to a 

numbe r  o f  ' e ff e c t s ' .  Fir s t ly ,  the contrast  e f fe c t  wh e r e  an a verage  

qual i ty sample w ill  tend  to rate  low  whe n pr e c e ded  by  a g oo d  

quality  sample o f  t h e  same type , and t o  ra t e  h igh w h e n  p r e 6 e d e d  by  

a poor qu al ity sample . S e condly , the  c ontamina tion e ff e c t  where  

the  rating for  a n  a ve;:age qua lity sample w i ll t end  t o  mov e in the  
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same d ir e c tion as  those  w i th wh ich it appear s .  Thirdl y , the 

posit ion e f fe c t  where the  f ir s t  sample o c cupies the  b e s t  pos i t ion 

pre feren c e  w ise , and the la t e r  s ample s tend to be r a t e d  low e r . 

Other limita tions inclu d e  the inequality of  the s c a l e  int ervals 

and the lack o f  a zero  po int . I t  also  doe s no t d is c r iminate a s  

f ine ly b e tween  s ample s a s  pa ir e d  c omparisons . 

4 . 5  The pr oblems i n  using c o nv ent iona l sensory m e thods  

The a im o f  this l it e ra tur e s earch was  to f i nd i f  produ c t  

a c c e ptabi lity o f  Thai foods  c o u ld b e  rela t e d  t o  th e c �a ra c teristics  

of the  raw  ma teria ls us e d  in the s e  foods . The ma j or par t of  the 

s tudy w a s  concerned  with s ens o ry proper ties  - appearanc e , flav our 

and t e xtur e - a s  it wa s c o ns i d er e d  tha t  th ese  were  the qua li ti e s  

in the raw ma teria ls mos t d ir e c tly r e la te d  to  c o nsume r ac c ep tan c e  

o f  f o o d  pr odu c t s . I t  was  hop e d  tha t a d ir e c t  r e la t i onship  b e tween  

raw  ma t e r ia ls a nd food  pr o du c t s might be  found  which  cou ld b e  us e d  

i n  the  linear pr ogramming mo d el . 

The lit era tur e r e l a t ing t o  senso ry analys is is e xtensive , 

but  i t  fails t o  offer  any sugge s t ions as  to the r esu lts  of  c o mbining 

sensory  propertie s .  On ly two  r e ferenc e s  to th e a ddition  and int e r ­

a c t i o n  o f  s ensory pr ope r t ie s  were f ound . Eindhoven and P eryam ( 42 )  

sugge s t e d  tha t  pre fe ren c e s  for  food  c ombina t io ns i n  the f or m  c f  

meals might not b e  pr e d ic table from any sum or we ig h t e d  a ve rage 

of  pr e ferenc e s  of  the c ompone nts . Blended  f o o d s , such as s t ews , 

w e r e  exc lude d  from th e i r  de finition  o f  a f o o d  c ombina t ion . Fabian 

a n d  B lum ( 44 )  s tudie d th e c ompe t i t iv e  and c ompe ns a tory e f fe c ts o f  

s ome basic  taste c ons t itue nts . The ir resu lts  indica t e d  a high 

de gre e of int era c t ion  b e tween  the bas ic taste  c omponent s of sal t , 

s o ur , sw e e t  and bitter . The s e  interac tions w e r e  di fficult  to 

ge ne ralize  and were  depen dent not  only on the basic  t a s te s ,  bu t 

a l s o  on the compounds c lassi f ie d w ithin each b a s ic ta � te . 

The me tho ds o f  c l a ss i f ic a t ion and measurement o f  senso r y  

prope r t i e s  a r e  n o t  well  d e fine d .  S ome o f  t h e  problems in a dopt ing 

a quant ita tive approach i n  r e s e arch involv ing s en sory pr oper t i e s , 
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the ir interac tion  an d e f fe c t  on the  a c c ep tance  o f  f o o ds are  l i s t e d  

be low : 

1 .  The lack o f  a de qua t e  c lassifi c a t io n  sys tems fo r s en s ory 

prope r t ies . 

2 .  The d if fi cu lt i e s  in me asuring s ens or y prope r t ie s  o n  a n  

ob j e c t iv e  bas is and  o f  c orrela ting the s e  results  w i th those  from 

sub j e c t ive or pane l me tho d s .  

3 .  T h e  c ompl ic a te d  natur e o f  t h e  int e r a c tion o f  s ens ory  proper t ie s .  

Such interac tions c an be bo th intra- pro perty , tha t is c omb ina t ion 

o f  like prope r t ies , for e xample  flavour , and inter-prope r ty , tha t 

is  c omb ina t ions of  unlike pr operties  su ch  as f la vour a n d texture . 

4 .  The pr ob lem o f  de fining the pro p e r ti e s  r e qu ir e d  for c onsumer 

a c c e p tanc e  of a food . There is dis agre ement a mong r e s e ar c he r s  on 

the r e lat ive impor tan c e  o f  s ensory pr oper ties . This disagr e e ment  

is  pro bably du e to the c onsu mer ' s  inab ility to e xpr e s s , in  words , 

h i s  re asons for l iking o r  dis l ikj.n g a f o o d  pr G du c t .  

5 .  The difficu l t ie s o f  measuring c onsumer  a c c e pt a nc e us i ng 

c onventi ona l h e do nic  s calinc te chniq u e s . No t o nly are these  

t e c hniqu e s  lim i t e d  by the ir la c k  of  a spe c ifi e d  zero  po int , 

r e qu ir e d  for ratio s c a l ing , but also  t he diffic�l ty o f  de fin ing a 
c o n t inuum for the judgement o f  a c �ept an c e . W ith ou t  th e d e finit i on 

of  s p e c ific  b a s e s  for a c c ept an c e , i t  would b e  d i f fi c u l t  t o  r e la te 

raw ma teria l  pr operties  t o  fina l  pr o du ct cha r a c teris t i c s  and hence  

to  c on& ume r a c c e p tanc e of  this pr o du c t .  

6 .  The pr obl e ms o f  pr e di c ting changes  in raw mu terial  prope r ti e s  

through pro c e s s ing , an d hen c e  t h e  e f fe c t  o f  t h e s e  pr ope r t i e s  o n  

t h e  chara c t e r is t ic s o f  the f i n a l  produc t .  

A s urface  view of  t he pr ob lem of  s 2 le c t ing c omb ina t ions 

o f  raw ma teria l s  for accep table  f e e d  dish� s migh t  indica t e  a 

r e la tively  s imple s o luti on . A s e t  o f  attrib u t e s  r e qu ir e d  for fo od 

dish a c c e p ta nc e  would  be define d ,  pr obably f la vour , te xtur e and 

appearanc e .  The levels o f  �ach  a t tr ibute in e ach  r aw ma t e r ial  

would b e  d e t er mine d and  r aw ma �eria l  s e l e c ti o n  would  be  based  on  

obta ining the opt imum set  o f  a t tr ibu tes  r e qu ir e d  for food  dish 

a c c eptan c e . The pr ob lems outl ine d a bove made this a ppro a ch 

impossibl e . Not only is interval s cale measurement o f  s e ns or y  

proper ties  difficult t o  o b tain , but definitio n  of  the s e  pr operties  
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in raw materia ls , a s  they inf lu en c e  c onsumer  a c c e p tan c e  o f  food 

dishe s ,  is  far from c lear . A sy s te m  was the r e fore  r e qu ir e d  which 

f ir s t l y  identi fie d the r aw ma teria l  pr ope r t ie s which  inf luenc e  

the a c c eptan c e  o f  food dis he s . S e c ondly , the levels  o f  each 

dominan t prope r ty in each  r aw ma t e r ia l  was r e qu ir e d ,  and  fina l ly 

a me thod for  s e le c tion of  c ombina ti ons of raw ma t e r i.al s was ne e d e d  

t o  a ch ie v e  l e ve ls of  the s e  pr ope r t ie s  which w e r e  a c c e pt able in  a 

food  dish . 

The first  pr oblem  was then to de fine the raw ma t e r ia l 

prope r ties  wh ich are  impor tan t  in the forma t i on o f  food  dish 

chara c t eristic s a�d in par t icula r  th ose  charac t e r i s t i c s  whic h 

inf lue nc e c o nsume r a c c ep tan c e  o f  the food  dish . A number o f  raw 

ma t e r i al s w ere the r e fo r e  a va i la bl e , each with th e pote ntia l  o f  

c ontr ibu t ing t o  food  d ish chara c ter is tics . The mult iple r e la tion­

ships  e xisting a mong the s e  r aw ma teri a ls an d t h e i r pr oper t i e s in  

c ombina tion caus e d  the ma in pr ob lem in  d e f ining th e d ominant  

proper tie s . The me thods o f ten r e ferre d to  c ol le c ti v e l y  a s  

' mul t ivaria t e analys is ' i s  a growing s e t  o f  s ta t i s t ic a l t o ols us e d  

t o  ana lyze simultane ously  th e r e la t i onsh ips b e t� e cn two er mor e 

var iable s .  �1ul t iv ar ia t e  te chniques ha v e  been cJ.eveloped  t o  un tang l e  

the multiple rela t ionsh ips o c c ur ring i n  most b eh avioural pr ob lems . 

A numb er  of these t e chniques w e r e  s tu d i e d  to  a s c erta in th eir  value 

w i th re spe c t  to  the fo llow j_ng c r i t e r ia : 

1 .  The ir ability t o  indic ate  the dominant pr ope r tj.e s  of  raw 
ma ter ia ls as th ey influ en c e  f ood d ish a c c eptan c e . 

2 .  The ir abi lity t o  ac cept  nonme tric  ( ordinal ) data , wh ic h is 

the m os t c ommon form of c onsumer infor mation , e i th e r  about the 

s ensory pr ope rties  or the a c c ep tan c e  of fovds . 

3 .  The ir poten tial t o  suppl y , e i ther  dir e c tl y  or ind ire c t ly , 

data f or the  line ar pr ogram ming mod e l  to  e nable the s e le c tion  o f  

raw mate ria l c omb ina ti ons t o  gi ve  a n  acc eptable f ood dis h .  Tha t 

is , i t  mu s t  lead  t o  a linear func t ion re la t ing the a c c ep tability 

of a food  dish t o  i t s  raw ma terials .  
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A br i e f  des c r ip tion o f  each mult ivar ia t e  t e c hn ique is  

given  b e l ow a nd th eir potential  t o  me e t  the c r i te r ia lis t e d  above  

is  summar i z e d  in Table 4 . 4 .  

�. p l e  regr e s s ion invo lv e s  the us e o f  one c ri t erion  ( de p e nden t )  

var iab l e  anc one  o r  mor e pre dic t or ( independ e nt ) variabl e s . The 

crit e r i o n  variable is norma l ly as sume d to be e ither interval or 

ra tio  s c a le d , wh ile  the pr e dic tors ne e d  only b e  ordina l s c ale d .  

Multiple  regress ion is  u s e d  t o  f ind a l inear c omb ina t i on of the 

pr e dic t or s tha t ' best ' a c c ounts  for the  var ia t i on i n  th e c r it e r ion 

varia b l e .  

Mu ltipl e  d i s c r i m i na n t  analys i s  i s  an  e xt ens i o n  o f  mu l t iple 

regr e s s i o n  and is u6 c d  to  spe c i fy the r e la t i onsh ip b e tw e e n  a 

nonm e tric  criterion va r ia bl e  an d o ne o r  more pr e dic tor  variables . 

Both mu l t iple d is cr iminant ana l y s is a�d mu ltiple  r e gression  are 

generally  c onsidere d  to  b e  unt: a t is fa c tory with lar ge n1lmbers  o f  

pr e dic t or s  ( 1 8 1 ) . 

Mult i va r ia t e  a na lys i s  o f  var ian c e  is u s e d  whe re t w o  o r  mor e 

cri t e r i o n  variable s are  involv e d .  I t  i s  only appJ. i c a b le whe n 

the s e  variable s are  metric , and  is u s e ful in t e s t i ng h yp o the s e s  

concerning  mu lt ivariate  differen c e s  i n  group r e spons e s  t o  

e xpe r ime nt al manipula ti ons . 

C anonic a l  c or r e la t ion is an extension of  mult iple  r e gr e s s ion 

analy s is and is app l ic a b le to pr ob lems invo lv ing two or  more  

metric  or nonme tr ic crit e r io n  variabl e s .  It  s e r ves  t o  spe c i f y  

t h e  c o r r e latio n  b e tw e e n  t h e  c r i t e rion a n i  pre d i c t or variable s .  

I t  can a ls o . isola t e  th e pr e dic t o r  variables  c o�t ribu t i ng mos t 

s ign i fi c antly t o  the r ela t ionsh ip b e tw e en the two  s e t s . 

Fe.ctor an a lysi s  se eks t o  summa r i ze me t r ic da. ta in a m o:- e  c ompa c t  

form , while  r e ta ining i t s  e s s en t ia l  pr opertie s .  Thus , a n  obj e c t  

or a phe nomenon , describ e d  b y  a large numb er o f  variable s , may 

be  des c r ib e d  b y  jus t a few s ynthe t ic  variabl e s , c a l l e d f 8 c tor s , 

which r e tain the essenc e  of the or igina l  data . 

C luster  an alys is s e eks t o  iden t i fy mutually exclus i ve and 

exhau s t i v e  sets  of  o b j e c ts and to assign the me mbe r s  of the 

popula t i o n  to the appr opr i a t e  gr oup . C lus ter a n a lys is norma lly 
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u s e s  the t o o ls o f  fa c to r  ana lys is t o  r e duce  the data to  a 

manageable  numb er of  fac tors . The s e  fac tor s h e c ome t he data 

u s e d  in the  a c tua l c la s s i fi c a t io n  pr oc edur e . 

M u l t i d i m e n s i o na l  s c a l i ng me th ods b ear a c los e relat ionship  to 

fa c t or analysis in the s e nse  tha t the y also s e ek to summarize  

the  data  in  a more compa c t  form . Th ey  r e du c e  th e numb e r  o f  

var iables ( d ime ns i ons ) r e qu ir e d  t o  d e f ine th e or igina l  da ta . Tw o 

basic  c a t e gori e s  of  the t e ch nique e x is t .  Firs tly , thos e r e qu iri ng 

m e t r i c  da t a  an d se c ond l y  thos e r e quiring only nonmetric  da ta . The 

nonme tric  gr oup ha s th e a b il i t y  to  produ c e  a p i c toria l 

representa t i o n  o f  items w i th a m e tr i c  s cale . 

Tab le 4.4 Co mparison of the su itab i l ity of various m u lt ivariate 

tech n iques for the second stage of the resear.ch .  

M u l t iple  
rcgrec:;cion 

Mult iple  
discr iminant 
a na lysis 
M u l t i v a r i a t e  

anal ysis  o f  
var i&nce  

C anonic a l  
ana lys is 

Fac tor  
a na l y s is 

C lu s t er 
a na l ys is 

M u l t i ­
dime ns iona l  
s c a l ing 

Ab ility to  
show 
domina n t  
pr op e r t ie s 

Not 
dir e c tly 

Not 
d ir e c t ly 

No 

No 

Y e s  

Y es 

Y e s  

Ability  t o  
u s e  
nonme tric 
da ta 

Only f or the 
p r c.  di: t Ol' S  

Y e s  

No  

Y e s  

Y e s , bu t only 
by assumpt ion 
of inte rva l 
da ta  

Y e s , but  only 
by as sumpt ion 
of int e rval 
dat a  

Y e s  

P o t en t ia l  for 
thr:> L. P .  
mod e l  

Y e s , b u t  o nly for 
small  J J 1J lii l.> e J� s  o f  
pr edi c tors 

Y e s ,  bu t only f or 
s ma l l  numt ers  o f  
pr e di c tors 

No 

No 

No 

No  

Y e s  



1 1 '+ .  

Of  th e 7 mu lt ivar iate  t e chniqu e s  s tu die d ,  mul t irle  

r e gre s s ion , and par t icular l y  its  nonme tri c ve�sion o f  mu lt iple  

discriminant analys i s ,  show e d  ob v i ous potent i al  to pr odu c e  a 

l ine a r  fu n c t i on r e la t ing the  raw mat e rials or raw ma t erial  

prope rties  to the  a c c e ptance  o f  a f o o d  dish . The  main  pr ob lem  in 

th e us e of the s e  t e chniqu e s  wou ld  ha v e  b e en th e i r  ina c c uracy w it h  

the la rge numb e r  o f  raw ma terials ( pre di c tor s ) in th i s  pro b l effi . 

M u l t i d im e n s i o na l  s c a ling was the only t e chnique whi ch was  a b l e  

t o  me e t  all  thr e e  criteria . I t  c o u l d  a c c ept  si mple nonme tric  

infor ma t ion  a bo u t  the  raw  ma teria ls and  transfo rm this into  a 

spa tia]  repr e s e nt a t i on of  the raw mat e r ia ls w i th me tri c s c a l e 

value s .  The se  m e t r i c  s ca le valu e s , c or re sponding to the r e la t ive 

leve ls of th e domina n t  raw ma teria l  p�o pe r t ie s , migh t  the r1 b e  

used  i n  the line ar  program ming mod e l .  S e l ec t j o n  o f  a n  a c c e ptab l e  

s e t  o f  raw ma teria ls could  b e  bas e d  o n  t h e  deri va tion o f  s ome 
pre spe c ifie d ' opt imum ' c o mh j na tion of the dominant p r o p e r t i e s .  

The a i rn o f  the s e c ond s tage o f  th e re search w as to  i nc lude  

in  t h e  l ine ar pro gramming m od e l  a system  for sele c t ion o f  raw 

ma t e r ia ls wh ich , wh e n  c o mbin� d toge the r  in a food  dis h , would  b e  

a c c e ptable  t o  the Tha i c ons ume r .  A r e view o f  th e lit era tur e 

r e la t i ng to the s ens o ry pr oper tieG  and c onsumer a c c e pt an c e  o f  

fo ods fai le d t o  f in d  any convent ional me thods whi ch c ou l d  supply 

da ta in  a suitable  f o r m  t o  b e  used dir e c tly or indir e c tl y  in  th e 

linear programming mode l . A numbe r  of problems w e � e  found . There  

was  a lack  �f  adequ a t e  c lassific a t ion  s ys t e�s for  s ens ory pro pe r tie s , 

and qu antitativ e  mea sur e s  o f  the s e  pro p e r t ie s  were  diffic u l t  to 

obtain . A lso , lit tle work was r epor t e d  on th e interac �ion  o f  

sensory pr ope r ties . Probably the most c r it ic al probl e m  was the 

inab i l i t y  of  mos t c onvent i onal t e chni que s  to  pr e c is e ly d e fine 

wh ich prope r ties  o f  the raw ma teria ls are  impor tant in th� c onsume r ' s  

ac c e pt a nc e  o f  a fo o d  dish . 

The c omplex i t y  of  the prob lem  o f  pre di c t ing c o nsumer 

a c c e pt an c e  of  a fo o d  dish from t he pr oper t ie s  of its  raw mat erials 
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was ma inly due t o  th e �any int e rac t ions o c curring  a mong t h e s e  

prope r t ie s .  A numb e r  o f  mult i variate  t e chni q u e s  w e r e  stu die d to  

de termine firs tly the ir capa c i ty to reso lve the  dom ina n t  prope r t ie s  

o f  raw ma terials w h i ch influ en c e  c onsume r ac c ep tan c e  o f  a f o od 

d ish ; s e c o ndly , th e i r  a b i l i ty to  ac c ep t  nonme t r i c  da ta ; and  f inally 

the ir potential  to  supply information  about the r aw ma t erials  

which  was suitable for the  l inear pro gramming mode l . Tha t is , a 

t e c hn ique was  r e qu ir e d  wh ich cou ld a c c ep t , fr oru c onsumers , non­

me tric  da ta about f oo d  raw ma te rials  and pro du c e  a me tri c ou tput 

with p o t ential t o  be us e d  in a l inear fu nc t i o n  r e la ti ng th e raw 

ma t e r ia J s  and food dish a c c e p t an c e . The only t e chniqu e  which  me t 

a l l  the r e qu ir ements  was nonme tric  mult idime nsi ona l sc al i ng . 

Nonme tr ic mu l t i d imenG i o na l  s c a l ing a c c ep t s  r e lativ e ly 

s imple nonme tric  informa t i o n  a b out i tems and tran s forms i t  into  

a spatial  representa t i o n  of  the s e  items , w it h  a metric  s cale . 

The  dimensions of the  mu l t i d ime ns iona l  space  s ta nd for the d o m i nant 

prope r t i e s  of the it e ms . H e nc e , a s pa tia l  model  of th e f o o d  raw 

ma t e r iu ls could  be deriv e d  from nonme tric  infor ma t io n  about th e s e  

ma t e � ia ls .  The u x e s  o f  the �pu c e  would repr e s e n t  th e dominant 

proper t i e s  of the r aw ma t eria l s . The de f ini t io n  of s ome ' op ti mum ' 

c omb ina t ion o f  thes e  dominant  prope r t i e s  requ ir e d  in a f o o d  di sh 

m i ght  then lead t o  a l inear fu nc tion  r e la ting the  �raw ma teria l s  

t o  f o o d  dish a c c eptan c e . S u c h  a fu nc t ion w ou ld t h e n  b e  in a 

s u i ta L l e  form for the  l i n ear pr ogramming mo de l t o  s e le c t  

c omb ina t ions o f  raw ma t e r i als , a c c e ptable in a food  d ish . 

The theory and appli c a t i ons o f  mul ti d ime ns ional scal i ng 

w e r e  r e viewe d to pr u vide  a basis for th e U 8 ? o f  the t e chniqu e  i n  

der iving a l inear func t i on  r e la t ing raw ma terial  a c c e p tan c e  t o  t he 

a c c e p tan c e  of Thai food  dish e s . 

.. 
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CHAPTER 5 

MULT I DIMENSI ONAL SCALING - THEORY AND APPLICATIONS 

M u l t idi me nsi ona l s c a l i n g , al thou gh da t i ng b a c k  to  1 938 , 

has only re c e iv e d  D i d e s pr e a d  r e c o gni tio n sinc e the e xp os i t i o n o f  

the nonme t :r i c  form of th e t e ch n i que by S hepar d ( 1 6 7 ,  1 68 )  and 

Krus ka l ( 1 02 ,  1 03 )  i n  the e a r l y  1 9 60 ' s .  Nonm e t r i c  mu l t i ­

diw ensio na l s c a ling has r e c e i v e d  much a t ten t i o n  f r o m  b o th t h e  

me thodo l o gi s t  and the appl ie d s c ient is t .  A gr e a t  deal o f  work 
h a s  pr o du c e d  impr o v e m e n t s  i n  t h e  me tho ds of c omp1zta t i on w i th more  

e ffi c i ent a n d  ve r s a t i le co mput e r pro gramme s .  I n  spite  o f  the s e  

c o mpu t a t i o na l  impr o ve o e n t s , s e veral limitati ons s t i l l  e xi s t , 

inc lu d i n g  the pr o b l e � s  o f  c h o i c e  o f  di � e ns i ona l i t y 1 a x i s  d e f i n i t i o n  

a n d  sub-op tima l  s o l u t i o ns . 

The l im i t a t i ons o f  nonme tric  mu l t i di m e ns i o na l  � c al inc 
h a v e  not  pr e ven t e d the b e ha v i our al s c i e n t is t from a pp ly ing it to  

a w i de va r ie ty of  pr oble ms .  I t s  a dv en t wa s par t ic u l a r ly w e l c omed  

by mar ke t r e search e r s  b e c au s e  o f  its  a b i l i t y  t o  pro du c e  a 
p i c t or ia l  r· e pr e s e n ta t i o n  o f  it e ms w ith a me tr ic s c a le fr om 

or d i na l  infor � a t ion abou t the itGms . Par t i c u lar emptas ic h a s  

b e e n  p la c e d  o n  th e l o c a ti o n  of pro du c t  brands w i th i n a mult i ­

dime ns i o nal spa c e . I de n t i f i c a tion o f  ' ho les ' or  ' gap s ' i n  t he 

sp& c e  ha s then b e en u s e d  to i d en t i f y  potent ial f o r  n e w  bran d s . 

Although s ome � � r k ers  ( 1 90 )  have rep or t e d  su c c e s s e s  i n  th is f orm 

o f  new pr o duc t de velopme nt , m os t  ha ve b e en c o nfront e d  w it h the 
problem o f  transform ing the psychological  sca le value s o f  a p o int 

in the p roduc t spa c e  int o the physic a l  prope r t ie s  of a new 

pro duc t . T h i s  the s is ov ercame  t his pr o ble m by  po si ti o ning food 

raw ma te r ials  in a mult i dimens i onal sp a c e  an d s e l e c ting raw 

ma teria l c ombina t i ons , as  a b as is f or new fo o d  dishe s ,  a c c or ding 

t o  the inhe rent a t trib utes of the materials as the y i nf luen c e  

foo d dish chara c teris t ics . Tha t is , raw ma terials w e r e  l o c a t e d  

i n  a mu l t i d ime ns io na l  spa c e  a c c o r ding t o  the r e la t i ve qua nt i t ie s  
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o f  th e domina nt a t tr ib�tes  ( s pa tial dimensi ons ) c ontaine d in  

e a ch . A point was i de nt i f i e d  in th e spa c e  r e pr e s enting the  ideal  

c ombina t ion  of  a t t r ibutes  as a bas is f or a food  d ish . Raw 

ma terials were then sele c t e d  t o  giv e th is requ ir e d  a t tribu t e  

c ombina t io n .  

5 . 1  Wha t  is mu l t i dimens iona l s c a l i ng? 

The t e rm mu lti dime ns ional scal ing is ra the r loos e an d 
inc J u de s  a l is t  o f  varie d a nd pow e rful te chniques  for the a nalys is 

o f  da ta of  s e veral type s c o l le c te d  in the  behav iour a l  s c i e nc e s . 

De spite  the �r d iv e r s i ty , the se  te chnique s share  the du a l  purp os e 

o f  der iving wha t e v e r  pa t te rn or s tru c ture  exists  in a ma trix o f  

e mpirical  data , and of repre senting tha t s tru c tur e  i n  n form tha t  

i s  mor e a c c ep ta b le to  th e human e y e  - name ly a ge ome tri c al or 

pic t or ial  mode l .  T h e  o b j e c ts under s tu dy are r e pr e s en t e d  a s  

points in th e spa tia l mode l in such a w a y  as to  reveal  their 

dominant  featur e s  through the geo me tri c a l  re l&. tions a mong the 

point s . T h e  r e su l t ing spa t ia l  r e pr e s e n t a t i o n  is j n  r� c t  a ' s c a le ' 

and r e s embles  mor e tra di t ional s c ale s  such as  llia s s  and t e mpera ture , 

in tha t it  at tempts to c aptur e  the fundament a l  prope r ti e s  o f  t h e  

ob j e c ts b y  s e t t ing them w ithin a sp2 tial  c ont inuum . l t  i s , in 

fa c t , an e xtens i o n  of t h e s e  more simple unidime nsiona l s c a l e s , a s  

the points are  allow e d  to  assume positions  with in a two-dime n s i ona l 

plane or e ven w i th in a thr e e , four or  h i gher dimens i onal spa c e . 

5 . 1 . 1  The pr ob l em o f  dime nsiona li ty and interpre ta t ion 

In  mos t cas e s ,  an  a t tempt is ma de to find a r epresenta t ion 

of the low e s t  d ime n s iona lity , c o ns is t e nt w ith the data . A low e r  

dimens iona l  r epresen t at ion dis pla ys the same d a t a  b y  me ans of  a 

sma ller  numb er o f  parame ters and  he nce  t o  the extent  tha t fewer  

parame t e rs are e s tima te d  from the  same da ta ,  great e r  stati s ti ca l  

r e lia b ility  will � e  obta ine d .  Perha ps the mo s t  impor tant 

c ons ide ration in the achievemen t o f  a low dimensi ona l c onf iguration 

is the inabilit y  o f  the human eye  to v isualize  pa s t  thr e e  

dimens i o ns . O n  t�e o +her hand , dimen s iona lity c anno t be de c r e a s e d  
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w i t h ou t s o me loss o f  informa tion abou t  t he or j gina l dat� . T h e  

number o f  d i me ns i ons sh ould a lways be  s u f f i c j e n t  to display the  

ful l c o mp l e x i t y  o f  t h e  r e la t i o ns i n  the  gi ven  d a t a . Gen e r a l ly , 

n o  mor e than three d i m e n s i o n s  ha ve b e e n  a dop t e d  in previous 

pra c t ic a l  applications . 

The p r ima r y  pu r p o s e  o f  t h e  r e pr e s e nt a t i o n  i s  t o e na b l e  

t h e  i n ve s t ig a t o r  t o  g a i n  a b e t t e r  und e r s t a n d i n g  of  t h e  t o t al 

u n d e r l y in g  pa t t e rn o f  i n t e r r e l a t io n s  i n  h i s  da t a . The ob tai ni ng 

o f  a sp a t i a l  c on f i gu r a t i o n  s h o u l d  no t be c o ns i d e r e d  a n  e nd i n  

i t s e l f . I n t e rpr e t a t i o n  o f  t h e  a x e s  c a n l e a d t o  t h e  de fi n it i o n 

o f  the d o m i nant p r o p e r t i e s  or c h a r a c t e r is t i c s  o f  t he ob j d c t s  

which ga v e  r is e  t o  the sp a t ial mo d e l .  A ga in , a low e r  dimension­

a l i t y  i s  mo r e  su i t a b le a s  the p r o c e du r e o f  f i n d i ng i n t e r p r e ta b le 
axes  b e c o me s m o r e  d i f f i cu l t and unc e r t a i n  w h e n  t h e  numb e r  o f  

d ime ns i o n s  e x c e e d s w h a t c an n or ma l ly be  appr e hen ti e d  iu a ll i c  t u  r e  

o r  mo de l .  

5 . 1 . 2 The d e v e lop me nt o f  mu l t i d i m e n s i o na l  s c al ing 

M u l t i d ime n s i o na l s ca l ing da t e s  back t o  1 938 when Y ou ng 

a n d  H ous eho lde r ( 24 0 )  la i d  s o me o f  th e m a the ma t i c a l  gr ou ndwo r k  

f o r  th e f u l ly me tr j c m o d e l s .  T h is w o rk w a s  e x tend e d  in th e e a r ly 

1 950 ' s  by T o r ge r s o n  ( 205 ) and l a t e r  by M e s s i c k an d A b e lson ( 1 1 5 )  

who fir s t  a c h i e v e d  a g e n e r a l l y  w0 r k a b l e  m e t h o d  for mu l t i d im e n s i o na l  

s c a ling pr o pe r .  T or ge r s o n  ( 20 7 )  g iv e s  a c ompr ehensive  

r e p r e s e n t a t i o n  of  t h i s  f ir s t  pha s e  of d e v e l o p m en t . The r e q u ir e ­

m e nt s o f  the s e  f ul ly me tric  m o d e l s  for a me t ri c input o f  ratio  

s c a le d  da t �  p r ov e d  t o o se ve r e for most  social  s c i e nc e app lica tions 

and  le d t o  th e d e v e l o p m e n t  o f  the nonme tric varie t i e s  o f  mul t i ­

d i m e n s i o na l  scaling . These  fa l l  into t w o  cate gorie s .  The fir s t  

group was  pr opos e d  by C o ombs ( 3 1 ) for th e spatial r epr e s e nta t ion  

of  or dinal or nonme tric  data . The s e  te chnique s h av e  no t been  

w i d e ly us e d .  One reason  for this  ma y be  tha t  the  me th ods lacke d 

s uffic ient forma liza tion  to b e  c onv e r t e d  in c o  c ompu t er programmes  

a nd are  n o t  manageable ,  except  with a r e lat ive ly smal l numb e r  o f  

o b j e c ts . A no ther reason  is the ir fai lure to  e xtrac t sub s tan tial  

me tric  i n f o r ma t io n  c o nt a ine d in  the or dina l date. ,  a de f e c t  whic h 
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ha s b e en largely ov ercvme by the s e c ond  group of nonm e t r i c  

technique s .  The basic c onc epts  for the s e  me th o ds were  pr esented  

by Shepard ( 1 6 7 , 1 6 8 )  in  1 962  and were  c losely follow e d  by 

c onceptual  and c omputationa l improveme n ts by Kru ska l ( 1 02 , 1 03 )  

in 1 9 64 .  The s e  nonme tri c  forms o f  mult idimen si ona l s c a l ing 

remove t he r e strict ion o f  a metric  input and require only or dinal 

da ta for t he der iva tion of a spa tial  repr e sen tat ion o f  o b j e c ts , 

whe r e  the spa c e  or ' s ca le ' c a n  b e  said  to have me tric  propertie s . 

5 . 2 Nonmetric mu l t id imensiona l  scal ing 

I n  �ehavi oural  s tudi e s , ordinal data ie much eas ier to 

c o lle c t  than interva l data . As a r e sult  of th is , all mult i ­

dimens ional s c a l ing ana lys e s  in th i� the s is were  carri e d  ou t 

us ing fu lly  nonme tr i c  algorithms based  on th e c o ncep t s  propose d 

by S h e pa r d  and Kru ska l .  T h e  G e  n ewer  me thods , unlike t h os e  
described  by C oombs ( 3 1 ) ,  are able  to yie ld tigh tly c o ns traine d 

me tric r e pr e s e nt a t ions . I n  spite  o f  this , they a re s t ill  re f e rred  

to as nonmc tr i c to indi c a te t ha t i n  contrast to  th 0 earl i e r  

me tric  me thods p er f e c t e d  by  Torge rs on ( 20 5 ) , th e y  a r A  abl e t o  

pro duc e a metric  ou tput from a stric tly nonme tric  input . Th is 

a b i l i t y  o f  the newer me th ods i s  par t icu larly a t tra c t iv e  t o  
worku rs in th e soc ia l s c ie nc e s , where  data gene rally c ome s from  

human sub j e c ts w h o  c an r eliably give  only  judgemeil t s  or r & t ings 
w i th or dina l pr ope r t ie s . 

A s e cond a dvantage o f  these  nonme tric me thods is t h e  c l o s e  

r e la t ioneh ip b e tw e en the f ina l r e s u lt and the o r igina l  da ta wh ich  

gives  a n  indic ation o f  how  well  the  fina l  spa tial representation  

f it s  the  initial  da ta . The m e th ods are  de s�gne d t o  give  s te pw ise 

improveme nt s in this fit through a n  itera tiv e pr oc e dur e . The 

goo dne s s  of  fit  and deriv a tion of a stress fa c tor as  a mea sure o f  

the depar tur e fro m the  pe r f e c t  fi t w as formalized  by Kruskal ( 1 0 3 )  

in 1 964 . 

A thir d  fea ture o f  the new approa ch  inc lud e s  the a b ility 

t o  ov erc ome a numb e r  0f problems , ins urmount a b le b y  the or i gi na l  
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me tric  t e chnique s .  Th0 se  include su ch pr oblems a s  c op ing w ith 

ordina l informa tion , miss ing da ta and cases  whe re some non­

Eu c li de an me tr ic is desir e d  for spa tial  repre s ent a t i on . The 

f orma l i za t ion o f  the  it erative  appro a c h  by  Kruska l  ( 1 03 ) has le d 

to its  e xtension  to  many r e la t e d  mu lti dime ns iona l  pr ob lems such  

as th os e of  nonme tric  fa c t or analys is , c onj oint measuremen t ,  

unfol ding analys is and cluste r  ana ly s is . An ov eral l taxonomy o f  

the many types  o f  da ta and me tho c s  f o r  analys i s  is pr e s en t e d  by  

Shepard  ( 1 72 ) . 

5 . 2 . 1  The basis of  nonme tric multidimensiona l  scal ing 

The aim o f  the s e  te chniques is to trans form nonme tr i c  

informa tion abo u t  o b j e c ts into a spa t i a l  repr e se� t a tion  o f  th e s e 

ob j e c ts , wi th m e tr i c  propertie s .  For e v ery two  ob j e c ts ( i  a n d  j) 
in some set n ,  da ta s .  is obta i ne d  represen t ing th e s imi la r i t y , - l J 
sub s t i t u ta b i J. it y ,  a f finit y ,  as soc ia ti o n , i n t e r a c t i o n , c or r · e la t ion 

or in ge neral , the proximity b e tw e e n  th e m . A c o n f i gura t io n  i s  

s ough t wh ere  th e £ points a r c  repre s e nt e d  in the spa c e  o f  th e 

smalle s t  d i m e ns j o n ,  sue� th at , t o  an a c c eptable degr e e  o f  

approximation , the resu lting interp o int  d is ta n c e s  d . .  a r e  l J  
mono t onica lly re la t e d  to  the given  pr oximity da ta in t h e  s e ns e  

that 

whe n ever  

where k and  l repres ent two other  ob j e c ts . 

The pro c e s s  of  i t erative improv e ment in the monotone 

r e la t ionship is by e ither the me th o d  o f  s t�epest  de s c e nt o r  the  

me thod of  grad ients . Through a d jus tme n t  of the  c oor dina t e s  a t  

each i t eration , the de gre e o f  mon o toni c ity  o f  interpo int dis tanc e s  

and origina l  proxi m ities  shou ld  b e  impr ove d .  The l e v e l  t o  which  

a goo d  fit  is  ob tained  ma y be ass e s s e d  by  c omput j.ng the f o l low ing 

r e s idua l sum of s quares , propos e d  by Kruskal ( 1 03)  and c a lle d 

' s tress ' .  
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where  d . . a r e  the c o mput e d  dis tances  b e tw e e n  l J A 
in the configura tion X ,  a n d  d . . a r e  a s e t  of 

a l l pa irs of points  

ratio  s � a l e d  numb e r s , - l J  
c hosen t o  b e  a s  c l ose  t o th e ir r e s pe c t ive d . . as poss ible , sub j e c t  l J  
t o  be ing monotone w i t h  the rank order  o f  original pr o xim i t ie s s . . • l J  
That  is 

whenever  s . . ( sk l l J 

I t era tion c on tinues  unt il th e mar ginal impro veme n t  in s tress  i s  
l e s s  than some  pr e -de termine d le ve l .  

The pr oc e dur e d e s c r ib e d  a b ove c il n  be c a r r i �: d out i n  ar. y  

spe c ified  dime ns i on . The star ting configura tion  for the 

i t erative  pr o c e dur e c an b e  ent ir e ly a rb itrary , randomly gene ra te d  

o r  c o n s t ruc t e d  o r.  the g "i. v e n  d a t 3. ,  fo r e xR T"l} l J C �) �/ u ::o inc :=: va rLlnt  

o f  th e c l a s s i c a l me tric  approa c h . Wha t e ver m e t h o d  i s  us e d , the 
s e l e c t i.on o� a good  s tarting c o n f i gura t ion m a y  ha ve advanta ges  

in  e ither r e du c ing the numbe r  o f  itera t io ns r e su i r c d  or  more  

imp o r t a n t l y  in a v o i d in g t h e  t r a p s  o f  l oc a l ffiin ima and sub -opt imal 
s o lu t ions where  smal l i t e r a t i v e  changes wi l l  r e su l t in no fur ther 
impr ovement in s tr e s s . 

5 . 2 . 2  The numb e r  of  dimens j o ns and axis orient a t ion  

I n  mos t appl ic a t i ons the  appr o pr ia t e numb er  of  dime n s ions 

i s  not  know n in advance . Be s t  f i t t ing c onfigur a t ions can b e  

o b ta i ne d in s pa c e s  o f  one , two , thr e e  or core d imens ions an d a 

choice  made  among the a l t erna t ive repr e se nta t i ons t o  ach i e ve a 

spa t ial  mode l wh i ch is s table  and  easil y visuali�e d o n  the one 

han d , and has an ov erall  goodn e s s  of f i t  to the data on th e other . 

S hepard ( 1 70 )  give s four considerati ons a s  r e le vant t o  the cho ice  

of  d imens iona li ty : 

1 .  The r e s i dua l depar tur e from  mono toni c i ty ( i . e . s tr e s s ) sh ould 
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n n t  be too  lar ge a nd sh ould not  cro p  too  abrup tly  a s  fur the r 

dimensi ons are  adde d . I deally , i f  s tr e s s  is plot t e d a ga i ns t  

number of  d imens ions the numb e r  o f  dimensions chos e n w il l  

c orrespond t o  an  ' e lbow ' w h e r e  t h e  c ur v e  fir e t  s t e eply approa c he s  

the dimens i o n  axis a n d  t h e n  de c l ines only very slowly thereafter . 

2 .  The r e pr e s e ntation sh ould b e  s ta tistical ly r e liable . 

S o lu t ions ob taine d s e par a t e l y from two independe nt  s e t s of data 1 

or from two  j ndepe n de nt subse t s  o f  the sam e data s e t  sh oul d  sh ow 

BOOd a gr e e me nt . This agr eeme nt w il l  bre ak down i f  r e pr e s e ntati ons 

ar e permi t t e d  to have more  dime n s ions and hence more de gre e s  o f  

fr e e dom than the data w il l  reasonably su p p or t . 

3 .  The rep r e s e nta t i o n should b e  interpre tab le . I f  the  axe s can  

b e  int e rpr e t e d  th e n  it  is r e asona b l e  t o  conc lude tha t  th e 
dime n s i ons are  real . I f  th e y  c a rtn o t , t he n  i t  may b e  b e caus e the 

parame t e r s of the r e pr e s enta t ion are  too numer ous and th e r e for e  
domj n a t e d  b y  error t n  th e data . I n  th is case a r�presen tati on o f  
a low e r dimens iona lity  should b e  t r ie d .  
4 .  Exc e pt in  the case  o f  sp e c ia l  me th o d s  tha t do  not  r e qu ire  

the ro ta ti o n  o f  axes  for interpr e tation , the  r epr e s e nt a t i on 

should b e  e a s ily v isual ize d ,  and s o  c o nfine d t o  t w o  er a t  mos t 
thr e e  spa t ia l dime ns ions . 

Shepard c o n c l ud e d  tha t  o f  the four c r it e r ia t h e  las t  two 

and par t icu larly the very last  ha ve o f ten been de c is iv e . Not  a l l  

research e r s  shar ·e S hepar d ' s  v ie w  tha t  axis iden t i fic a t ion is an 
impor tan t c r i t e r i on in the ac c e p tance  of a spa t ia l  mo d e l .  

Fenker ( 5 1 ) be l ieve s th a t  i t  i s  t ime tha t the co ncep t o f  a 

psychol o gi c a l  spa c e  be a c ce p t e d  a s  a u s e fu l  beha viour a l  c ons tru c t  

independ e � t  o f  �he ther or no t t h e  dime ns i ons h a v e  c le a r  c u t  

physical  int e rpre tations . H e  c on c ludes tha t  t h e  val idity  o f  the 

c ons tru c t  sh oul� b e  e valuated o n  the basis  o f  wh e th e r  the  

psych ological  spa c e s  have pot ential  in the pr e d i c t io n  of  b ehaviour . 

A numbe r  o f  workers ha ve pla c e d  c onsiderable  e mphas i s on 

the ma gni tude of  s tress  value s and par t icularly  the  rules  of  

thumb propos e d  by  Kruska l ( 1 03 )  f or e va lua ting s o lut ions : 

0 . 025 , e xc e l le nt ; 0 . 05, good ; 0 . 1 0 ,  f ai r ; a nd 0 . 20 o r  over , p o or . 

Young ( 23 8 )  conclude d  tha t  s t r e s s  sh ould not b e  t ak e n  t o o  s e riously 
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as a mea su r e  of indic a i ing c o nfiden c e  in the r e sults  o f  an 

analys is , bu t should be  used a s  a pur e ly de s c r ip t iv e  s ta t is ti c . 

H e  pr opos e d  a me asur e of  me tr i c  de term inancy as  an  ind i c a tor o f  

the c onfidenc e i n  a n onme tric s c aling so l ut ion . Y oung fur th e r  

c onclu de d th a t  if  t h e  r a t i o  o f  th e degr e e s  of  fre e dom o f  t h e  data 

t o  tha t of  the coor dina t e s  i s  suffic ien t ly la rge , then  metric  

informa t ion is  r e c ov e r e d  e v e n  whe n rand om e r r or is pr e s en t .  

When  the number of po int s being  s cale d increase s ,  the s tr e s s  o f  

the so l u t io n  increas e s , e ven though the d e gree  o f  me tr j c 

de termi nancy impr ov e s . 

S p e nc e  and Ogilvie ( 1 88 )  develope d a table  o f  exp e c t e d  

s tress  va l1 ze s for ran dom rankings i n  nonme tri c mult idimens iona l  

sca J inB  t o  a s s i s t  worke rs  t o  d e c ide wh e ther empir ic a l ly o b tained  

data  se t s  are the result  o f  a random pr oc e s s . The table  c ov e r s  

1 2 -4 8  ob j e c ts ( po int s )  f o r  c ne t o  f i ve dimens ions . A Monte  C a r l o  

e xper ime nt  by S p e n c e  a n d  Gra e f f  ( 1 8 6 )  led  t o  a c ompl e t e ly  au t c ma t i c  

pro c e dure f o r  de termin ing  th e u nderlying dime ns iona l ity o f  a n  
empir ically  obta i ne d ma t r ix o f  proximi tie s .  A prog�amme call e d  

M -S PA C E  wac deve lope d b y  the same au thors to de t er mine t h e  under ­

lying dime n s ional ity o f  emp irical  'd a ta and to giv e an indic a ti on 

o f  the error pr esent  i n  the data ( 1 8 7 ) . 

I n  spite  of  the  a t tempt s b y  many wo rke rs  ( 1 8 6 , 1 87 ,  1 88 ,  

2 1 4 )  t 0  prov i de a qua n t i ta tive basis for choic e of d ime ns ionaJ. i ty , 

i t  would be  unwise  t o  use  any one o f  the s e  me th ods  a s  the only 

c r i t erion . C ertainly a s  in dica tors and i n  association  w i th the 

c ri teria  prop0s e d  by S he par d ( 1 70 ) , they provide a s trong 

founda tion  for c onfi den c e  in the choic e  o f  th e dime ns ional ity  o f  

nonme tric  mul t idime ns ional scaling solut j ons . 

Axis ident i f ic a t i o n  is  a problem tha t fa c e s  mos t r e s earche r s  

develop ing spatial mode ls . Generally , this is  d o n e  sub j e c tively  

by not ing the changing prope r ties  o f  the  obj e c t s  a long e a ch axis . 

An  a t tempt is  ma de to identify a pr ope r ty , common t o  all ob j e c ts , 

which changes by e i th e r  increas ing or de creasing in magn i tu d e  

w ith movem e nt along t h e  a xis . A t tempt s a r e  some time s ma de  t o  

c or r e J. ate  pro j e c t ions o f  the p o int s o r  o b j e c ts o n  a par t i c u lar 
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axis w i th know n pr operti e s of  the obj e c ts . The s e  pr ope r t ie s may 

be  e it her phys ical and me asur e d  ob j e c tively or less  tangible ! in 

whi c h  case  the y  may be  mea sur e d  a long a pr espe c if ie d unidimensional 

continuum us ing a human pane l .  

5 . 2 . 3  The dista nc e  metric  

Mos t non1ne t r i c  mul t i dime n s ional s c a ling algo r i thms have 

the c a pa b ility to  s c a le data in Minkowski me t r i c s  o th e r  th an the 

fami l iar  Eu c l idean . A lmos t aJ l a pp lie d s tud ies  ha ve , howeve r , 

u s e d  th e b e t te r  know n Eu cl i d e a n  me tric . This ma y be par tly du e 

t o  the  lack of  fam il ia r i ty o f  mos t us ers  w i th o th e r  me tri cs  but  

also  to  th e incr eas ing awar eness  o f  the r obus t ne s s  o f  the  Euc li dean  

me t r i c  in r e c ov e r ing s truc tures  unde r  3imu late d c o n d it ions in 

wh icL  s imilarities  were  c o mputed  in sbme me tri c otte r than 

Eu c l i dean ( 65 ) . S h c pa r d  ( 1 71 )  r e p o r te rt on a s tu d y c a r r i e d out 

w i th a random arra ngem en t o f  50 p o in ts i� a square . A J l Eu c l i dean 

int e rp o in t  dis tanc es were  th e n  change d  to  a t ype of s i�-lob e d  

c los e d  curve , ra ther  than t h e  c ircular isos imilarity  c o nto ur o f  

the Euc lidean m e t r ic . The s e  tra ns forme d d is ta nc e s  w e r e  s cal e d 

us ing nonme tric  mu ltidime �si ona l s c a ling w ith a Euc l i de an me tric 

r e su lt i ng in an  almos t pe r f e c t  r e c overy of  th e or ig inal two ­

dimens iona l  configur a tion . 

Green ( 65 )  repor te d  on e xp lora t io n of  Eu c li dean 

approxima t ions t o  othe r M inkowski p - va lue s , b o t h  w ith real  and 

art i f ic ial  da ta . On the b a s is of these  s tu di e s , he c o n c lu d e d  

that unless  one ha s s tr o ng the or e ti cal rvasons f o r  s e le c t ing 

s ome o t h e r  p-value , th e Eu c li dean me tri c  is not  o nly w e l l  under­

s to o d  but  a lso appears t o  re c o ve r  solut ions based  o n  oth e r  

M inkowski metr i c  qu ite  w e l l  ( at leas t in  t h e  range 1 � p � 3 ) . 

5 . 2 . 4  The i dea f point and unfol ding analys is 

C oombs ( 30 )  fir s t  intro duc e d  the c or.ccpt o f  a j oint 

spac e o f  people and s timu l i  in 1 95 0 .  Each i ndividua l ' s  posi t i on 

can b e  interpr e t e d  as  his ideal  p o int , repr e s e nting the par ticu la r  

c ombina tion o f  a t tribute  s c or e s  that · he would pr� fe r  above all 

o th e r  c omb ina tions . The indiv idual ' s  de creasing rank or der o f  
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pr e f e renc e s  for r e a l  s t imu l i  wo u ld r e f le c t  th e in�r eas ing 

psycholo g i c a l  d i s ta n c e  from his i d e a l  poin t , i . e . , r e a l  s t imulus 

p o ints nearer  the ideal  w ou l d  be pr e fe rr e d  t o  s timulus p o int s 

further  from the idea l . C o ombs applie d th e co nc ept  in the  uni­

dimensiona l  c a s e and called  i t  the ' un fold ing ' mo de l b e c au s e 

" • • •  an  individua l ' s  pre ferenc e ordering wou ld  c o rr e sp ond 
to th e order ing of s t imu l i  obtaine d  by pick ing up th e 
plane a s  i f  i t  w e r e  a handke rc h i e f at  the ideal  po int and 
c o mpr e s s j ng the ha n d ke r c h i e f i nt o  a l ine . The su c c e s si v e 
order o f  the s t imulus points  on this l ine c or r e sponds t o  
the ir s u c c e s s ive or der in dis tan c e  f r o m  the idea]  p o int i n  
the p la n e " ( 30 ,  p . 1 4 1 )  

Benne t t  a nd Rays ( 1 2 )  gene r a l i z e d th is m o de l  to the  mul t i -

dimensi ona J  c a s e  wh e r e  b o t h  & t imul i a n d  ind i v idu a l s are  

represen t e d  i n  th e s a m e  mu l t i di m e ns iona l spac e .  The  p o i nt s f o r  

ind ividua ls repr e s e n t  i d e a l  s t imul i , o r  op t imal s E ts of  s t imulus 

value s ,  for  thos e ind i v i c.ual s .  The fu r th e r  a :=; t i rnu lu :=;  :i s  away 
from a n  i n di v i d ua J. ' s  i deal  p o int , th e l e s s  t h a t  in d iv i du a l  l ike s 
tha t s t imu lus . This le ads t o  the deve lopme n t  o f  ' is opre f e r e n c e  

c ontours ' o r  c o nc e ntr ic c ir c le s  i n  t w o  dimensi ons , c onc e nt r i c  

spheres in thr e e  dime ns ions and hyp e r c ph c r e s  in h i gh e r  d ir:1e ns ions 

indi c a t ing r e  la t i  ve pre f e r e nc e of an ind iv i dua l for s t :i. mu l i  

l o c a t e d  a t  var ious p oint s through a mu l t i dimens iona l  s pa c e . 

The m o d e ls propos e d  by  C o omb s ( 30 )  an d extende d b y  

Benne t t  and Rays ( 1 2 )  form pa r t  o f  t h E  group o f  fu l ly nonm e t r i c  
pr o c e dur e s . Tha t is , they a c c ep t  a nonme tric or or dinal input . 

bu t pro du c e  only a rank or der  s ol u t i o n , i . e . ,  only the rank or de r  

o f  the point pro j e c tions on e a ch d ime nsi0n c o�ld  be d e t e rm ine d 

and not  the . c onfigura tion i ts e l f .  The s e mode ls were  a ls o  s pe c ific  

for  pr e ferenc e data . The more r e c e n t  nonme tri c  algor ithms are  

a b le to produ c e  unfolding s o lut i ons with me tri c  properti e s .  

T orgerson and  Y oung ( 237 ) take a dvantage o f  the passive  c e l l  

feature o f  th e ir pr o gramme , TORSCA . Here a n  ( mxn) r e c tangu lar 

ma t r ix of � i t e ms ( indi vidua ls ) b y  n s t imuli is e xpande d t o  an 

( n+m ) by ( m+n ) s quare ma trix .  The or iginal rectangu lar ma trix 

forms one  c orner o f  the  larger s quare ma trix with t he remaining 

subma tr ic e s  trea te d as missing data . The ( n+m ) p oint s a r e  

p o s i t ione d in the multidime ns iona l space  b y  the �orma l i terative  



pro c e dures as outline d  previousl y , w ith ! ide a l  ( ind ivi1ua l ) 
p o i n ts and � s timulus p o int s .  Kruska l ' s  newe s t  programme s ,  

inc luding KYST ( 1 05 ) and  M -D-SCAL 5M ( 1 0 1 ) r e qu ir e  only tha t 
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w i th in row co�pari sons o f  all  s t imuli  be  o btaine d f or each  person  

i.n tu r n . 

The future for the re wer  fo rmG of  unfold ing ana lysis 

r e ma i ns a lit tle unc e r tain . Past  app l i c a t ions ha ve s e e - s aw e d  

b e tw e e n  suc c e s s  a nd fa ilure . P e r c y  ( 1 4 1 ) and M oskowit z ( 1 2 7 )  

r e p or te d  qui t e  good s o l u t ion wh ile  Green and Rao ( ?0 )  an d Green  

an d W ind ( 72 )  ob taine d generally  unsa tis fa c t ory  results . Kr uskal 

a n d  Carrell ( 1 04 ) prov id&d  a go o d  su mma ry o f  mode rn unfold ing 

a na lysis  in saying tha t  " the  me th o d  rr.a y  he  go o d  enough to  be us e d  

su c c essfully  w i t h  s ome da ta in s ome cas e s . "  

5 . 2 . 5  The limita t ions o f  nonme tric  mult idim e ns i o na l  s c a l i n g  

S inc e the in t r o du c tion o f  nonme t r i c  mu l t i d ime n s ional 

s ca l ing by S hepa r d ( 1 6 7 , 1 69 )  and Kruska l ( 1 02 , 1 03 ) , m1.1 c h  
pub l i sh� d work  o n  the the o r y  a nd a p p l ic & t i ou o f  the t e ch niqu e has 
appe ared  in the lit e ra tur e . This ha s probably be en du e to  a large 

e xtent  to th e intu i t iv e appe a l  o f  the me tho d , but a l s o  to the 

h i ghl y  su c c e s s fu l  a t te mpt s by various work ers  at Be ll L a b ora t o r i e s  
to p opulariz e the te chnique . C e rta inly the bulk  of the  re search  

i n  t he area  has been the ore t i c a l  and par t icularly th e deve lopme n t  

o f  a gr ea t ma ny c omput e r  pr ogrammes  for t h e  s o lution o f  s cal ing 

proble ms : Kruskal ' s  M -D-SCAL ( 1 0 1 ) ,  Gu ttman -Lingo e s ' SSA - 1  ( 73 ) , 

Y ou ng-Torgersons ' TORSCA ( 237 ) , M cGe e ' s �MD ( 1 1 0 ) � Roskam and 

L ingoes ' M I�ISSA - 1  ( 1 63 )  and KYS T b y  Kruskal e t  a l  ( 1 05 )  c o mpr ise  

s o me of  the b e t ter  known programme s . Althou gh all  the s e  

pr o gramme s a r e  des igne d to  a c c o mplish essent ia lly the dame 

ob j e c tive , the y repr e s en t  a numb e r of apprca ch e s  to  overcome the  

c omplex c o�pu tationa l  pr oble ms . There  h� s been  l it tle  publish e d 

informa tion on the c ompar& tive per forma nc e  of  the d i ffere�t 

a l gorithms . S pe n c e  ( 1 83 )  c ompa r e d  the pe rform anc e  o f  M -D -SCAL , 

SSA - 1  a nd TORSCA , wh ile  Lingoes  and Roskam ( � 0 8 )  e xami ne d in 

d e ta i l  th e SSA - 1 , M INISSA - 1  and M -D-SCAL a lgor i thms . P erha ps 

the mos t  c ommonly us e d  pr ogrammes are TORSCA a nd M -D -SCAL . Mo� e 
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r e c e nt l y  a new pr ogramme KYST , ha s b e en dev e lop e d r e pr e s e nt ing 

a merger of TORSCA 9 and M -D -SCAL 5M , wh ich c laims t o  inc lud e  th e 

b e s t  fea t ur e s  o f  the s e  a lgor i thms a s  w e l l  a s  some new featur e s  o f  

inter e s t . 

I n  sp it e o f  the s e  nume r ous s tudies  many problems  s t i l l  

e x is t  in t h e  c o mpu t a t i o na l me t h o ds o f  nonme tric  mult i dime ns ional 

s c a l ing . V ir tual ly all pr o c e du r e s ar e sub j e c t t o  th e ir own 

par t i cu la r  type o f  d e g e n e r a c y  - c o n f i gura t i o ns tha t c a n  b e  

marke dly  c h a J t ge d w i t h o u t  a f fe c t ing th e rank or der  o f  t h e  int e r ­

point  d i s tance s .  Another  pr ob le m  c onc e r n s  t h e  r obus t ne s s  o f  

s olu t i on s  to no isy da ta . T h e r e  i s  a ls o  t h e  pr o s pe c t  o f  s u b ­

o p t i m a l s o lut i on ,  i . e . , l o c a l  minima . C er tain a l gor i thms a r e 

b e t t e r  than ot h e r s  a t ov e rc o m i ng th is pr ob le m ,  wh ic h appe ars t o  

b e  c l os e ly rela t e d  t o  t h e  qua l i ty o f  t h e  s tart ing c o nf igura t i o n .  

S p e r c c  ( 1 83 )  c la ims tha t TORSCA is pr ob ably th e m � s t r e liable  

prosrnmme a n d  pro du c c c  sub-opt ima l s olut ions le s s  than 3 o r  4 
p e r c e n t  o f  the t i m e . T h e  n e w e r  KYST pro gramme w o u l d  n l s o  b e  

re la t ively  robus t agains t l o c a l  m i ni mn pr ob lems a s  i t  permi t s  th e 

user  t o  t ak e  a d v a n t a g e  of the TORSCA b tar t ing c o n f igura l i o n . 

The rela tive  imbala n c e  o f  t heor y and applicati o ns o f  non­

me t r i c  s c a l i ng m e t h o d s  ha s l a d  to  many subs t a n t i v e  p1· o b l e m s , th e 

ma j or o n e  b e ing th e lo c atio n  a n d  i d e n t i f i c a t i o n  o f  axe s . Uniform 

e xpa n s i o n s  and c ontra c tions o f  a c o n f i gur a t i on a r e  n o t  o f  inte r e s t  

t o  the r e s e arch er as  th ey w i l l  not  change t h e  r ank or der o f  inter­

point dis tanc es . Rotat ions , h ow e ver , are  of  sub s tan t ive inte r e s t  

s inc e t h e  r e searcher may wan t t o  asso c ia � e  trai t s , a t t r ibut e s , 

dimensions qr fac tors with t h e  a xes  of  the spa c e . C er ta i n  

programme s inc luding KYST and TO RSCA per form  a x is ro t a t io n  

a c c or d ing t o  t h e  varimax c r i t e r i o n .  This is o nly o ne way i n  

which t h e  p os i t ion o f  t h e  axe s c an be  d e t e r mine d .  G iv e n  a mul t i ­

dimensi o na l  scal ing s o lu t ion , t h e r e  se ems t o  b e  no  universally 

ac c ep t e d me th od of  per forn1 ing a x is rot a t ion . The or ienta tion  of  

the  axe s is a prob lem which the user o f  nonme tric  mul t i di mens ional 

s caling mus t  answer . H is s o lu t ion c an b e  e ith e r  to a c c ep t the 

r o ta t e d  c on figur a t ion a s  pr o du c e d  by h is pr ogramme or to  make some 

sub j e c t i ve r otation  to align th e axes w ith iden t i f ia b le d imensions . 
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A n  a t t e mpt t o  overc ome t hi s  problem  ha s b e e n  made by Carrell  and 

C hang ( 20 )  in the deve lopment  of the I NDSCAL pr ogramme wh i ch does  

not  r e qu ir e  axis r o t a t ion . The  unrota t e d  axes ha ve tu rne d o u t  to  

be  na tu rally a nd d ir e c tly interpr e table . Even  a f ter  axis  

rota t i o n , the  researcher is fa c e d  with the  prob lem of  ide n t i f i c a t ion  

or  lab e l l ing o f  the  axes . The  na ture of  the psycholog i c a l  

dimension  i s  d e t ermined  sub j e c ti v e l y  e i th e r  thr ough p1· i o r  knowle dge 

o f  the r e s e arch e r  or  the use of s ome t ype of  open -ende d r e s pons e 

by the sub j e c t  ( 1 9 ) . 

Even though multi dime nsional  s caling ha s often  b e e n  

referr e d  t o  a s  a conc eptu a lly s imple te chnique , many fundam e n ta l  

prob lems  still  e x is t  regar di n g  the me an i�gs o f  such t e rm s  a s  

' s imi lar i t y  1 and 1 pr e fe r e nc e  1 •  Laboratory e :>..1J erimen t s  by S he pard  

( 1 69 ) , A t tneave ( 8 ) and Torgerson ( 206 ) indic a t e d  tha t dif ferent  

sub j e c ts m n y  adopt  d i f f e r e n t  s trR t e eies  i n  assess ine overall 

simila r ity . M or e o v e r 9  the  crite ria by  wh ich o v e rall  s �m i la r i t y  

judgements  a r e  m a d e  may int era c t  w it h  th e s t imu l i . The r e  is  a lso  

the pr ob lem of  han dJ. ing cas e s  of  nonline a r  da ta s tru c tur e s . 

Pr o c e dures  are now b e ing develope d to rec over such  d a ta s tru c tures  

( 1 73 ) • 

The pr oble ms and limita tions o f  nonme tric  mul tidimensiona l  

scaling  would , th en , appear to  pr e clude i t s  applic a t ion to 

prac t i c a l  pr obl e ms w i th any cha n c e  of r e c o vering a s e ns ib le  

spc:l t ial repr e s enta t ion . I n  sp i t e  of  t h e s e  lioi t a  tions or  rather 

in the light  o f  the m ,  the  t e c hnique ha s been put  t o  go o d  us e to  

obtain ihforma t i o n  unob tainable by other  me th o ds . A r e v ie w  i s  

now pre s e nt e d  of  t h e  applic a t ions o f  nonme tric mul t i d ime nsiona l  

s c al ing t o  marke t i ng r e s earch pr ob le m s  &nd t o  prob lems re la t e d  t o  

the c ur r e nt area o f  res ear c h . 

5 . 3 Applicat ions of  mu l t id imens iona l  scaling 

I n  just  over  ten years s inc e S hepard ( 1 67 , 1 68 )  and 

Kruskal ( 1 02 , 1 03 )  f irs t pro pos e d  nonme tric mul tidimen s ional 

sca ling the applica tions of th e t e ch n ique ha v e  been many and 
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var ie d .  W ish e t  a l  ( 22 4 ) lo oke d a t  the ways di f f e r e n t  f e op l e  

c onc e i ve na tions a n d  the r e la t ions h ips be twe e 11 the s e  na t ions . 

They s tu di e d  the  c ondit i o ns which giv e  rise  to d i fferent  type s o f  

conc e p t i ons . Mau ser  ( 1 1 2 )  c ons ider e d  the  pr ob lems o f  pr e dic ting  

the e ff e c t  tha t  a new  c a ndida t e  wou ld have on the e le c ti o n . 

Rosenb e r g  and S e dlak ( 1 62 )  ob ta ine d e o -oc c urren c e s  among s e le c te d  

sample s o f  personal ity tra i t  t erms and u s e d  mu lt idimensi ona l  

s c al ing t o  pre s e nt the s e  p e r c e ive d trait e o -occurrenc e s  a s  a 

s truc tura l  r e pr e s entat ion . D ' Andrade  e t  a l  ( 34 )  inv e s t j.ga t e d  

t h e  c onc eptual  organ ization of d is e ase  cate gor i e s  f or English­

spe ak ing A me r i cans and  S pa n i sh -s peak ing M e xi cans w i th r e s pe c t  to  

a w i d e range o f  prope r ti e s ,  Perhaps the mos t a c t iv e  s ingle 

organ ization has b e en Bell  Labora tories  in the USA , The ir 

inter e s t  in the formula t ion  of  di ff erent  c omput e r  algorithms 

( 1 0 1 , 1 05 )  has b e e n  w i th a view to d e f inition  of c o nsumer 

pr e f e re n c e s  a n d  he nc e t o  t h e  u s e  o f  th is inf m· ma L i on in the 
de v e lopment of new pro du c ts . Carre ll and W i sh ( 2 1 ) c o r s i der e d  

tha t the pre ferences  o f  cus tome rs w e r e  mor e impor tant i n  the Bell 

Sys t e m  than in many o the r indus tries  - th e enormous inv e s tmen t s  

in r e s e arch an d deve lopme n t  make it  impor tant tha t t h e  cu s to me r  

ge t s  what h e  want s . 

The de s ir e  to pro du c e and ma l'ke t goods a c c or d ing to  

c o nsumer requ ir ements  a n d  the appar e nt ability  of  mul t idimen s ional 

s c al ing to iden t i fy th e s e  r e qu ir e m e n t s  has ma de  the t e ch nique 

app e a ling to  th e p ro duc t d e s ign er  and mark e te r . I t  i s , thRr e fore , 

not  surpr is ing tha t  marke t ing res earchers ha ve b e e n  a c t i ve in the  

de v e l o pment of  me tho dology and the appli�ation of  mu lt idime n sional  

s c a l ing . 

5 . 3 . 1  Marke ting applicat ions 

Very f ew bu s ine s s  applications o f  nonme t r ic mul ti dimen si ona l 

s c al ing have b e en publishe d ,  poss ibl y du e to  the newne s s  ,) f  t h e  

te chnique a n d  to the unw il l ingne s s  of  c ompan i e s  t o  widely  publ i c i z e  

th e ir marke t i ng me thods . G r e e n  ( 66 )  repo� ts , h ow ever , t h a t  a 
· ;'4, 

number o f  c onsult ing f irms in the USA . �a�ij � t�r t e d  t o  o f f e r  such  

s c a ling servj.c e s  and  tha t a t  l e a s t  a s c ore  o f  large  c orporations  
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a r e  be ginninG t o  condu c t  mult idimen s i o na l  s c aling s tu d ie s  - the 

DuP ont C ompanj has b e e n  usi ne nonme tri c scaling me thods s in c e  1 963 

in the me asurement of buyer percept ions and pre ferenc e s  ( 38 ) . A 

number of  r e s e a rch w orke rs have looked  a t  th e pot ent � a l  marke ting 

applica tions o f  mu l t i dimens i o na l s c a l ing ( 64 ,  66 , 68 , 71 ) .  Gre e n  

( 6 8 ,  71 ) lis ts a numb e r  o f  su c h  app l i c a t ions inc luding pro du c t  

life - c y c le ana lys i s , ma rk e t  s e gment a tion , v endor evalua t i o ns , t e s t  

marke ting , sa le sman a n d  s t o r e  image , a n d  brand sw itch ing . 

M o s t  pub l is he d work on th e appl ica tions of th e t e chnique 

in  the fie l d  of  ma rke ting have been  w ith sma ll sample s , generally 

b e tw e en 5 and 40 re spondent s , wh e r e  the  r e s earch has  b e en c onc e rne d 

pr imarily w i t h  me thodology . I n  m os t cases , per c ep tu a l  an d 

pre f e r ence  maps have  been  appl ie d to  a pr odu c t  c la s s , o f t e n  w it h  

one or mor e o f  the follow ing que s t ions i n  mind ( 64 ) : 

1 .  Wha t a r e  th e ma j or pe rc eptual  and e valua tive d ime n s i o n s  o f  

the produc t c lass?  

2 .  Wha t exis t ing brands are  p e r c e i ve d  a s  similar t o  wha t  ot he r 

e xisting brands? 

3 .  Wha t arc the ma j or pe r c ep tua l p o ints o f  view a mong c o nsume r s ?  

4 .  Wha t  n e w  brand possib i l i t ie s  are  su gge s te d  b y  th e c o n f igu r a tion  

o f  e xis ting brand s ?  

5 .  H ow a r e  r e sponde n t  i d e a l  p o int s o r  pr e ference  v e c tors  

dis tribu t e d  in the vari ous pe r c e p tu � l  s pa c es? 

6 .  H ow c ompa tible are  var ious adve r t i z i ng me ssage s , s l o gans or 

o ther  type s of pro motional ma terials  w i th brand perc e p t i o ns ?  

A l th ough s ome earl ie r s tu dies  ( 67 ,  70 , 95 ) may have b e e n  

performed w i th � h e  s o le ob je c tive  o f  gaining ins ight to  the ma j or 

perceptual an0 e va lua t iv e  dimens i o ns of  a pro du c t  c l a s s , th ere  ha s 

� e e n  a te ndency  in r e c e nt r e search t o  utilize  this know l e dge in 

the  desi gn o f  new pr odu c t s . W ind  ( 22 1 ) us ed  multidimensiona l  

s ca ling a t  the produ c t  c on c ep t  t es ti n g  le ve l .  S ix new dr ink 

c oncep ts w e r e  pos itione d in the same  c onc eptu al spa c e  as 2 8  

e xis t ing dr ink produc ts . The pr oximity o f  the new dr ink s  to  

suc c e s s fu l  e xis ting dri nks was  us e d  a s  an  indi c a tor o f  their  

marke t po t e n tia l .  J ohns on  ( 95 )  us e d  mu lt iple d i s c r im inant 

ana lysis t o  d e term ine a c onfigura t ion o f  e xist ing brands o f  b e er 
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acd d e s c r ipt ions . I de a l  pr odu c t  points were  loca t e d  a c c or d ing  t o  

c onsumer re spons e on  a s e t  o f  pre spe c i f ie d  s c a le s . 

S ignif icant a dvan c e s  in the a pp l ic a tion  o f  mu l t i d imen si onal 

s c aling to produ c t  deve l opme nt w e re ma de b y  S te f f lre ( 1 90 )  and 

M organ a nd Purne l l  ( 1 2 6 ) . Bo th sugge s t e d  the iden t i fic a t i o n  of 

' ho l e s ' or  ' gaps ' in a pr odu c t  a t tr j bu t e  spa c e  a s  lea ding to  the 

developme nt of potent ially s u c c e s s fu l  new pr odu c t s . S t e f flre  i s  

one  o f  th e f e w  people  who have claime d t o  have ac tually de v e lope d 

new i de a s  from an a t t r ibu t e  spa c e  into ma rke ta b l e  produ c ts ( 1 90 , 

1 9 1 ) . H is pr o c e du r e s  inv o lv e  the s e arch ing of pro du c t  

c onfigur a t ion to f i n d  ' h ole s ' wh i ch id e n t ify t he loc a t ion o f  

possib le ne w produ c ts . New pr od� c t  d e s c r i pt � ons are  formula t e d  by 

sub j e c t ive  c ons ideration  of the charac t e r is t i c s  o f  surrou nding 

pro du c t s , ra the r tha n  by a ma thema tical  rE, t iona le . 

M or e  r e c ently  Shocke r  and S rinivasan ( 1 76 )  a n d  P e o s cm ic r  

Rnd R o o t  ( 1 46 )  pre s e n t e d  soph is ti c a t e d  mode l s  t ha t employ mu lti ­

dimens iona l sca l ing pro c e du r e s  for ne w produ c t  desi gn and  

e va lua tion . Sho c ke r  an d S r  inj_ vas  an ( 1 7G )  de s c l' i b (;d  H. m e thod  
based  on  mu l tidime nsional  s c al ing and  l inear programming for the 

i de n t i f i c a t ion o f  ne w pr o du c t  ideas . The b as i s  o f  this  me thod  is  

a LINMAP pr o c e dur e ( 1 8 9 )  fo r se arch ing a pr odu c t  s pa c e  for th e 

mos t a c c ep table comb i na t io n  o f  ' ac t ionable ' a t t :c ibu te s �  i . e "  " tho .s e  

a t tribu t e s  which indic a t e  spe c if ic a c t io ns th e ma nufac t u r e r  mus t  

take to build su c h  a pro duc t" . Unfor tuna t ely no pra c t ic a l  

appl i c a ti ons a r c  g j v e n  a n d  no su gge s t i ons offere d on h ow t he 

trans forma tion o f  ps y ch ologic al dime ns ions - a c t ionab le or not  -

int o ob j e c tive r ,roduc t dimens ions  c ou l d  b e  carri e d out . 

P ercy ( 1 4 1 ) pr e s e n t e d  a new a pproach  t o  the a pplic a t i on o f  

mu l tidimensiona l scaling t o  pr o duc t de s i gn or , m or e  cor re c tl y ,  t o  

me nu p lanning . A n  unfold i ng ana lysis u s ing  M -D-SCAL 5M was  

perfo rme d on profile da ta relati ng the c o mmon us a ge of  c er t a i n  

m�in d i s h e s  a nd po�ato  side  dishe a . P e r c y  s ugge s t � d  thR t the  

a c c e p t abilit y of ma i n  dish -s i d a  dis h c ombina t ions was  pr o po r t i onal  

to thA ir int e rpoint dis tanc e s  in  a 2 -dimensio na l  spa c e . 
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M o s t s tudies  empl oying mul t i dime n s iona l scal i ng ha ve , the n ,  

te nde d t o  us e pe� c ep tua J maps i n  rath e r  a d  hoc ways t o  s e e  what 

c omb ina t ions of  a t tribu te s  might  be us e ful for new pro duc t de ve lop­

me nt . G r e en ( 64 )  sugge s t e d  tha t al though deve lope d inde pen dently , 

the mo d e ls for c y s tema t iz ing t h e  pr o c e ss of  n e w  produ c t  gen eration  

and  e va lu a t ion are  s imilar in the  following r e spe c t s :  

1 .  Emphas is on deve loping pr o du c t -s e rvice  spa c e s by the  us e o f  

consu m e r  ra tings on  pr e spe c i fi e d  attr ibu te  s ca le s . 

2 .  The g e neral a s sumption of  h omogene i t y  of pe r c ep tual spa c e s  

across  consume rs . 

3 .  Fi t t ing o f  pre ference  da t a  int o  pr P v ious ly c on s tru c t e d  

per c ep tu a l  spac e s  v i a  e xternal  ( re gression-typ e )  me thods i nvo lving 

ideal p o int an d/or v e c tor repr e s entat ions o f  pr e fe r e n c e s . 

4 .  Inc orpora tion of some fu n c t i on for rela t ing pr ob abi lity  o f  

cho i c e  to  we ighte d  d is ta nc e  f r o m  ideal po int . 

Many prob lems s t ill  e xi s t  w i t h  th e us e  of the s e  mod e ls . The 
tes ting of r e ally new pr o du c t  ideas may inv o l v e  n e w  dimensi o ns out ­

s i d e  the c ons u m e r ' s e xperi e n c e .  C onc ep t test ing a s  des cr i b e d  by 

W ind ( 2 2 1 ) ,  fac e s  not only this  pr oblem but a lso th e unc G r tainty 

of the c o n s u m e r about the c ha r a c teris t i c s  of th e new pr o du c t  fro� 

a verbal descript �on wh ich for c e s  h im to _ sons i cier t he new pro du c t  

w i thin the bounds o f  h is know J.e dge o f  e xist ing pr o du c t s of  a s imilar 

type . P r o bably th e m o s t  serious  drawback in exis t i n g  mo d e l s  i s  

th e ir i nabi l it y  to pre dic t psyc ho log ical respons e  t o  phys i c a l  

change&  i n  the stimuli  ( pro du c t s ) . Even s uc h  s ophis t ic a t e d  models 

as  the c ne propos e d  by  Shocke r  and S rinivasan ( 1 76 )  are  m or H  

diagno s t i c  than pre dic t ive . A lthou gh su ch  mod e ls ha v e  le d t o  

su c c e s s fu l  prcduc t deve lopme n t ( 1 9 1 ) ,  mor e res earch  i s  r e qu ir e d  to  

ov erc ome the pr ob lems e nc ount e r e d  in th e ir appl i c a t i on , in  

par t i c uJ.ar the s ub j e c ti ve na tur e of a t tri bu t e de fin i t i o n  for new 

produc t s .  

5 . 4  S u mmary and c o n c lus ions 

Mul  t idime r:.s ional  s ca l ing da tes  back to 1 93 8  wh e n  Y oung 

and Hous eholder ( 24 0 )  first  laid  t he math ema t i c a l grou ndwo rk  for 

fully  me tric  models . Few applica tions o f  the  t e chnique were  s e en 
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unt i l  1 962 whe n  S h epard ( 1 67 , 1 6 8 )  p ropos e d  the  r onme tric  f orm o f  

mu l t i d i me nsiona l  s caling r e qu ir ing o nly an or dina l inpu t o f  da t a  

to  g i v e  a spa t ia l  model having ratio  pr ope r t ie s .  S inc e 1 962 a 

gre a t  w ealth o f  wor k  on the th e o ry a nd appl ication o f  th e 

t e chnique ha s b e e n  publishe d .  Emphasis  ha s b e e n  pla c e d  largely  

on me thodology w i th the developmen t o f  many c omputer  pro gram me s 

and the t e s t ing o f  the s e  pr cgramme s u s i ng s mal l groups o f  

re spondents . 

I n  spite  of  the e x t e n t  of  this  research , prob lems s t i l l  

e x i s t i n  the application  of  nonme tr i c  mult idimen s i onal s c a l ing . 

The s e  i nc lu de subE tantive pr oble ms e . g . a xis ro tat ion and  

labe l l ing ; c oP c ep tual pr ob lems e . g .  the  mean ing s of such  te rms a s  

1 s im ilarity 1 and ' preferenc e  1 ; computa tiona l pr c.b le eJs e .  g .  

de generacy and l o c a l  minima . The fac t  t ha t  the s e  pr oblems a r e  not  

insur mountable is e v idenc e d  by th e c o n v i c t i o n  o f  r e 8 e R r c h e r s  i n  
the  val idity and wor thfu lne b S  of  �u l t idimens iona l s c a l ing s o lutions . 

The a ppli c a tions of  the  t e ch n iqu e have  b e en many and 

var i e d ,  b y  r e s earchers in a numb e r  of  d iscipline s . Not the lea s t  

o f  th e s e  ha ve b e en marke ting r e s e �r ch e r s  �ho have pub l ishe d 

numer ous r epor t s  on the us e o f  mult idi mens ional scal ing . M os tly  

th e s e  h a v e  s tu di e d  me thodo logy w i th smaJ. l  samples  o f  re sponden t s . 

There  hav e b e en r e por ts , however , of w i despr e a d  u s e  o f  nonme t r i c  

s c al ing t e c hnique s i n  bus i ne ss e s  through out the  U S A  ( 6 6 ) . A large 

propor t ion of the  e f fo r t  o n  the  a pp l ic a t ion of mult idimensiona l  

s � aling  t o  mark e t i ng problems has  b e e n  i n  the rec ogni t ion and 

de velopme nt o f  new produ c t s .  Gener a ll y this w ork has  u t i l i z e d  

perce ptual o r  e valuative maps o f  a pro du c t  group to  e ithe r f in d  

' holes ' o r  ' g3ps ' in the s e  maps or  to  loc a t e  some p o int w h i c h  

r e pr e sents  a n  op t imal  c o mbi rJ.a t ion o f  a t tr ibu t e s  which m ight b e  

u s e fu l  in new pr o duc t developme n t .  A l th ough ue e ful a s  a dic-; gnos tic  

tool , the se  mod e ls have  failed  to be  pr e dictiv e  du e t o  the ir 

ina bi lity to r e l a t e  psych o logi � al re s ponse to phys ical  a t tr ib u t e s  

o f  a pro du c t , They  have prov en succ essfu l  i n  s ome c a s e s  ( 1 9 1 ) 

whe r e  sub j e c tive j udgements were  made o n  the phys ical  chang e s  to  

the pro du c t ,  h e n c e  indic a ting th e po ten t ial  of  a ful ly o b j e c ti ve 

and pre dic ti-v e  m o de l .  



1 34 .  

The aim o f  the r e s e ar c h  dis cus s e d  in t h e  second  hal f  o f  

th is the s is was t o  us e mul t id imens ional s c al ing a s  a tool  for 

pr e di c tion  of a c c eptable raw ma t e r ia l  combina t i o ns w i th out t h e  

ne c e s s i t y  for axis de fin it ion for any other purpos e  than to 

substantia t e th e mode l . E i th e r th e en tir e lis t or s ome sub s e t  of 

th e l i s t  of  raw materia ls u 8 e d  in the nut r i t i o n  pr oblem was t o  b e  

loc a t e d  in a mu l t i d i me n s i o na l  spa c e  by the us e of pr oxi m i ty 

me a sures  of sub s t i tu t a b i l i t y  o f  the raw ma t e r ia )_s a s  ingre dients  

in c o mmonly used  food d i s he s .  An ide a l  point  would  the n b e  

l o c a t e d  i n  th e sa.me pe r c ep t ua l  spa c e  fr o m  da ta  relat ing to  the 

r e la t ive pre f eren c e s  for t he raw materials  as  ingredie nts in 

e i t he r a sp e c i fic  food dis h or food  dish e s  in g e n e r a l . This ide a l  

po int  w ou ld t he n r e pr e s e n t  the opt imum c �mbina t i o n  o f  desirable 

food  r aw material a t t r i b u t e s  a s  define d b y  t h e  a xe s  o f  the s pa ti a l  

c o n f i gura tion . C orre c t  s ele c t i on of  a m ix of  r a w  ma terial s  m i gh t  

l e a d  t o  a comb ine d s e t  o f  a t tr ib u t e s  a t  or near the i d e a l  p oint . 

The p o t e ntial  to  s e le c t  raw ma terial mixes in o r d e r  to maximi z e  

t h e  a c ceptability of  d i s he s bas e d o n  the se  mixe s ,  w a s  to  be us e d  

i n  the  l inear pr og ram m i ng m o d e l  i n  asso c i a t ion w i th th e nu trition  

da t a . 

Surveys were  c ar r ie d  ou t in Tha i land  t o  c o l l e c t  suitable  

d a t a  for the  der i va t ion o f  the raw ma t e r ial spa c e  a n d  ideal po int 

loc a t i on .  A numb e r  o f  sur v e ys , e mp loying different  me thods o f  

d a t a  c o lle c tions , w e r e  p e r form e d  to  pr o vi de su pplementary 

inf orma tion to suppor t the c la i ms and pr e d ic t i o ns of  th e general  

a c c e p tability  model . Mul t i � ime n s i.onal scaling ana lys is was 

p e r f orme d us ing the nonme tric  pr ogramme , KYS T .  This pr ogramme was 

chos en b e c ause of its  f le xibility  an d robus tne s s  a ga ins t sub­

opt ima l soluti ons . KYST - is basi cal ly au ama l gam a t ion o f  TORSCA 9 

and  M -D-SCAL 5M , c omb ining th e w e l l  proven c ta r t ing c o nf igura t ion 

o f  TORSCA  9 with the versa t ility  of  input and ou tput of M -D-SCAL 5M . 
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C H AP'fER 6 

DATA C OLLECTION FOR MULT I DIME NS IONAL SCALI NG ANALYS IS 

The data for mu l t i dimen s ional s cal ing analysis  was 

c o l le c t e d  in Thailand du ring a 3 month v is it t o  t ha t  c ou nt ry 

b e tw e e n  March  and J une o f  1 9 75 . A wide  vari e ty o f  s urveys for 

da ta  c o l le c t i on were designe d to n vo i d  th e ne c e ssity  of e ither a 

re turn v is i t to Tha i la nd or  fur ther sur veys b y  c orre sponden c e . 

The s ur v e y s  w e r e  designed  and t ransla t e d  i n t o  Tha i  with the 

he lp of  s ta ff a nd s tu d e n t s  from Chu lilongkorn U n i v e r s i t y .  The 

sub j e c t s w e re  c hosen I r· c !1: C hu l a l o ngkon1 a nd K a s e  tsar t Univ e r  s i  t i e s  

in  Bangkok . The da t &  c o lle c te d  from the surve ys were  �ntende d to  

supply inforrra tio r1 abo u t IJ .o c o mmonly us e d  food  raw ma t ..; r i a l s  and 

20 food disho c .  The spe c i fic  data co lle c t e d  w ere : 

1 .  The general s imilar ity or s ubs ti tu tability of a l l  pa ir s  o f  t h e  
� 0  raw ma terials as  ingredients  in  food  dishe s .  

2 .  The a c c ep tab ility o f  e a ch raw ma terial a s  an ingr e dien t i n  

spE c if i c  categories  of f o o d  dis h .  

3 .  The a c c cp ta1i l i ty o f  pair e d  c ombina tions o f  the 40 raw 

ma teria ls as  ingr e d ie n t s  in the sawe food  dish e s . 

4 .  The genera l s imila r i ty o f  a l l  pairs  of  20 c ommonly  e a t e n  Thai 

food dishe s .  

5 .  The r e lative a c c e p tabilit i e s  for the 40 raw ma t e r ials  and the 

20 food  d is·h e s . 

The five s e ts of  da ta w e r e  c ol le c te d  from  samples  o f  

b e tween  2 0  and 30 Tha i s tu d en t s .  In  e ach sur v ey the  data w er e  

average d o v e r  a l l  sub j e c ts . The  average d d a t a  f r o m  the  fir s t  4 

surve ys were  us e d  to  ob tain  spa t ial  r e presen ta tions o f  t Le raw 

ma teria l s  and the f oo d  di she s  from the mult idime ns i ona l  s c al ing 

programme , KYS T . The da ta from  the f i f th su rvey  w e r e  us e d  t o  

lo c a t e  ideal  points in the raw ma ter ia l  and fo o d  dish  spac e s .  
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A l l  se ts  o f data ha d c e r tain f a c t ors c ommon to  th e i r  

c o lle c ti on and analysis . I n  a l l  c a s es , t he same 40 fo o d  raw 

materials  wer e  c ons i de r e d ; the choic e of sub j e c ts a nd th e  s a mp le 

de s i gn w e r e  s i m j. la r an d the me thod o f  ob tain ing rank or der ings o f  

pr oximity me asure s across  s ub j e c t s vi a s  t h e  s am e . 

6 . 1 . 1  The f o o d  r a w  ma t e r ials  

A sma l l e r  samp l e  o f  raw ma t e r ia ls was  c o ns id er e d th a n  i n  

th e nu trition  s e c t i on .  O n ly 40 r aw ma te r ials  were  chos eu ,  this  

being a numb e r  which ga v e  su f f i c ie n t  repr esent a t i on o f  a l l  

c a t e gor i e s  o f  raw ma teria ls , wh i l s t s t i l l  r e ma i ning w ithin  the  

limits  of data c o l le c t i on a n d  o f  ana l ys i s us i ng mu lt idimen s i ona l 

s c a l ing t e chniq u e s . The 40 raw ma terials w e r e  c h o s e n  w i th t h e  

a i d  o f  a staff  me mb er from  C hu l a l o � E k o r n  U n i v e r s i ty . S e l e c t io n  
was b a.s e d  fir s t ly o n  th e c ommon u s e  o f  the r a w  ma t e r ia l s a s  
in gre die n ts i n  food  dish e b  an d s e c o ndl y  o n  o b t a ining a 

r e p r e s e n t a t i o n  of a l l  f o o d  c a t e g or i e s  inc lud ing meats , ve ge table s ,  

spic e s , fruits  and dair y pr odu c ts . Almo s t  a l l  the 40 r aw material s  

came from the o ri g i na l  l i s t  us e d  i n  th e nu trit ion pr ob l em . N e w  

r a w  ma t e r ials su ch a s  serpen t head  fish and swamp cabba ge w er e  

a d de d ,  as fur t h e r res earch  i n  Tha i l a nd show e d  t h e s e  t o  b e  v e r y  

co mmon ingr e dients  i n  f o od d i sh e s . Th e comple te  l is t  o f  raw 
ma terials  is sh own in Table 6 . 1 .  
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TDble 6. 1 Raw materials used i n  the mu !t id i mensional sca l ing analyses. 

V e ge t a b l e s  and 
c e r e a l G  

bamb o o  sho o t s  
cabbage 
C h i ne s e  c a b b a ge 
C h ine s e ka le 
cu cumb e r  
gr e e n  gou r c  
mungb e an curd  
mungb e an 

spr ou t s 
peanu t  
rice  
r i c e  noodle  
sha llot.s  
s tring b e a ns 

swamp c abbage 

Meat  and 
fish 

b e e f  
ch i c k e n  
c r ab 
du c k  
h o g ' s  

l i v e r­
pork 
s e r p e n t  

h e a d  fish 
shr imps 
s t ripe d 

macke r e l  

Fr u it 

b a n fl na 
ma ngo 

( gr e e n )  
papaya 

( gr e e n ) 
p i n e ap p le 

pumpk i n  
w n  t e rr:1 e l o n  

6 . 1 . 2 The  s ubj e c ts a n d  t h e  R a mp l e s  

Milk an d 
e ggs 

bu t ter 
ch e e s e  
c h i c k e n  

egg 
c oc o nu t 

cream  
d u c k  e g g  
m i lk 
sw e e tened  

c onden s e d  
m ilk 

Mis c e llane ous 
spic e s  e tc .  

chilli  
p ep pe r 

c or i a nder 
gar l i c  
sugar 

A ll sur v e ys for c o l le c t i on o f  d a t a  for mu l t i dime ns iona l 

scal ing ana l y s is w e r e  in Ba ng k o k . The s ub j e c ts w e r e  s tu d en t s  from 

1 8 -25  year s  of  a ge , s e le c t e d  from the t e c h n o l o gy d e pa r tme n t s  of 

Chula longkorn and Kase tsar t Univ e r s i t i e s .  For each  s u r v e y , a 
sample o f  b e tween  20  a nd 30 s t uden t s  was c h os e n . For the purpose 

of this e xploratory r es e arch  ob ta ining la rge sample s was n o t  

c o ns i de r e d  wor thwhile a s  i t  w ou ld have b e en impo s s i b le t o  s e l e c t  
a s t a t i s t icall�  random sampl e  w i th the facilit ie s a va i labl e and 

w i th i n  the li�i t s  o f  the r e s earch  b udge t .  The 20 -30 s tud e n t s  

chos e n  a lth ough not  repr e s e n t a t ive o f  the  Tha i popu la tion  shou l d ,  

however , b e  sufficie ntly r e pr esenta t ive o f  the university  

populat ion to a llow for fur the r s tu die s on  the sam e group to  be  

cor r e la te d  w i th the  f i nd ings o f  this the s is . 

6 . 1 . 3 Organ iz a tion o f  the surveys  

The problem o f  ob t a ining pr ox imity da ta i s  co mmon to  all  
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r e searchers  who use mu lt idime�si ona l scal ing te chnique s o n  lar ge 

numbers  of s t imuli , an d are fac e d  wi th e xc e s s ive lab our and c os t  

o f  obtaining n ( n- 1 ) /2 ju dgeme nt s f o r  e a c h sub j e c t .  Th e r e  is very 

l i t t le in the  l i tera tur e , how e ve r , t o  gui de th e us e r  who wi she s t o  

re du c e  the numb e r  of judge men t s . 

Rao and Ka tz  ( 1 59 ) dis cu ss e d  and e xamine d a numb e r  of  

me th ods wh ich c an b e  us e d to deal w i th large numb ers  o f  s t imu l i ,  

but found tha t no  me th o d  r e c ov e r e d  the c onfigura tio ns pe r f e c tly . 

Fenker  ( 5 1 ) s u g ge s t e d  a me thod re quiring prox imit y e s t im a t e s  

be tween e a c h  o f � ' e xp er imenta l s t i mu l i ' and e a ch o f � s tandards , 

as w e l l a s  be tw e en a l l  pos s ib le c o m b i na t i ons o f  the s tandards . 

The s tan dards r e pr e s ent  a co llec t i o n  o f  � s t imu l i , s e le c te d  s o  a s  
t o  c ompre hens i ve ly e xhau st  the  und e r ly ing di me nsi ona l ity o f  th e 

mu ltidimensiona l sp a c e .  S pe nc e and Do mone y ( 1 85 )  l ook e d a t  single 

s tl b j e c t  inc omple te deR �-EnA f n r  nonme tric  mul t id imens iona l  s c al ing , 

u s i ng th e c apa b i l i t y  o f  mos t  nonme t r ic s c a ling a lgo r ithms to  deal 

w i th i n c o mp l e t e  da ta ma t r ic e s . 

N o h e  o f  th e me th od s  su gge s t e d  by the s e author s h a s  b e e n  

e x tensively t e s t e d  an d v e r y  l it tle  i s  kno�n about the s ta t is tical  

ram i f ications of the ir e f fe c ts on f i na l  confi � ra tions . The 

s�rveys in Tha i lacd w e r e  d e s igne d to give a ll pos s ib le p a ir e d  
c ombina tions o f  s t imu J . i t o  e a ch subje c t .  In some ca s e s  a f e w  

pairs were mis s ing due to  e rr or s  in  survey d e s i gn an d typ ing . 

The pr e s e n t a t i o n of s u c h  long lis t s o f  pa i r s  o f  s t imu li  ( 780 in  

some c ases ) ran  the  r i s k o f  dub i ous r e liabi lity  of  the  r e sults  

cau c e d  by  sub j e c t  fatigue an d d isintere s t .  Th is ris k  was  

m inimized th rough s e l e c tion of  e n th u s iastic  s ub j e c ts , toge ther 

w i t h checks o �  th e r e l iabil ity and r e peatnhility  o f  j u dgemen t s . 

T h e  fact  th a t  many of the n ( n- 1 ) /2 j udgeme n t s  ma y be  r e du ndant 

( 23 9 )  may ha v e  le d to  a degree  of  ove r de termina tion and h en c e  

c ompensated  for some error . 

The que s tionnair e s  were designe d an d d is tribut e d  w i t h  

the ai d o f  t w o  r es0arch assis tan ts  from C hulalongkorn U n iv e r s i ty . 

Four gro ups o f  s tud ent s were  us e d  a s  subj e c t s .  The fir s t  group 

was giv e n  the raw ma terial similarity , the raw ma terial a s s o ciation 
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and the raw ma terial a c ceptatility que s tionna ir e s . The s e c ond 

group was giv en the ' raw ma terial  by us e in f ood dish ' que s t ionna ir e . 

The th ir d group was giv en the  food  dish s imilarity  que s t ionna ir e 

and the final group was gi v e n  the food  dish a c c e p tability  

que s t i onnair e . The  qu e s t i onna ir e s  were  di vide d am ongs t four  groups 

of r e s pondent s because  answe ring all would have been  too mu ch work 

for one pe r s on . Each que s t ionna ir· e was in Tha i ,  intro du c e d  with 

e xp l i c i t  ins tru c tions folJ ow ed  by th e l is t  of pairs of s t imu l i  

( raw materials o r  food d ishes ) .  I n  mos t  cas e s  t h is lis t  was  

c ar r ie d on over  a numb e r  of pages . The s e  pa ges  were  ran d omly 

shu f f l e d  and pr esen t e d  in a d i f ferent or der t o  e a ch sub j e c t  in an  

a t t emp t to c ompe � sa te for  sy s tema ti c  e rrors du e t o  tir e dness  and  

dis i n t e r e s t  o f  th e subj e c ts . The  s t u d e n t s  were  a llow e d  to  t ak e  th e 

surve ys home and were  give n 3 day s to c omple t e  th e que s tionna ire s .  

I n  a lmost  all cases  th e y  w e r e  r e turne d the same d ay . A c omple t e  

d e s c ript i on o f  each su� vey is given i n  later � e c ti ons o f  t h is 
chapt e r .  

6 . 1 . 4 Or gan iz ation for data  ana lysis 

The data from a ll s urveys  was pre par e d  f o r  mul ti dimensiona l  

s c a ling analysis b y  c alcu la t ing t h e  average rank or dering o f  

pr o xi m i t i e s  a cr oss  a l l  s ub j e c ts in t h e  sample .  To  j u s t i f y  this 
c a l cu la t i o n  and th e use  o f  ave rage d data , two m e a sures  o f  subj e c t  

agr e e m � n t  and  r e l iabi lity  were  us e d  - the Kud e r -R i c hardson  

r e l i a b ility ratio  ( 1 1 4 )  and Kendall ' s  c oe ff i c ient  o f  c o nc or da nc e  

( 9 9 ) . 

The re liabi l i ty ratio  ( r )  is a mea�ur e of  th e ratio  o f  

true s c ore  va rianc e to tot a l  or ob served  

62 62 
- 62 

t 0 e 
1 r = 

62 
= 

62 
= 

0 0 

whe r e  6� is the true s c or e vari anc e wh ich 

th e t o tal vari3 nce 62 a nd the e s t ima te o f  0 
error  varia n c e  is e qual  t o  the sum o f  the 

s c or e s . 

s c or e varia n c e . 

62 
e 

62 
0 

is the dif feren c e  b e tw e en 
. 62 Th error  varlan c e  • e e 

varian c e s  o f  th e sub j e c ts ' 
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wh ere m is th e numb er  o f  sub je c ts and  n the numb e r  of s t imu l i  be ing 

judge d .  Th e to t a l  var i anc e 62 is c a lculated as fo l low s : 0 

1 
= 

n 

n 
L; 

j = 1  

m 

L; 
i = 1  

2 X . .  ) � J  
1 

- 2  n 

n m 
( L; L; 

j = 1  i= 1  

2 X . . ) � J 

A h igh value  of  the re liabi l i t y  r a t io r indi c a t e s  a low error  

var iG.nce  du e t o  be tw e e n  sub je c t  varia t ion , r e la t i ve to  the  var ia nc e 

of  the total  s c ores , h en c e  indic a t ing r e lia b le s c or i ng and a h i gh 

l e v e l  of a gree�e n t  among the  judge s .  

The c o e f fi c ie nt o f  c o n c ordance  ( W )  w a s  us e d  t o  te s t  the 

w 

wh e r e  W is the c o e f f i c ient of  c o n c o r dance , m is th e numb er of 

sub j e c ts and 22 th e numb er of ob j e c t s ( pro �:imity r �nks ) .  S i s  the 

sum of the s q uares  of the  de via tion  o f  rank totalR  acros s a l l  

sub j e c t s ,  for  each  ob j e c t , from t h e  mean sum of  r a nks . T h e  mean 

s u m  of  ranks mus t a lw a ys be  m ( n+ 1 ) /2 .  

Large numb ers  of  t i e d  rankings w e re observed  in the data  

s e ts and  a modi fied  for mu la was u se d  for  calcula t ion o f  the  

c o e f f i c i e n t  of  c oncor danc e .  

w = 

1 
1 2  

s 

where  T '  = 1� L: C t3 -t ) and t is  the  numb e r  of r anks in e a c h  tie d 
t 

s e t .  

The s ignif ican c e  o f  the  value o f  W was  t e s t e d  u s i ng the  

chi  s quare value . 
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w i t h  ( n - 1 ) degr e e s  of f r e e dom . A s i gn i f icant  c o e ffi c i e n t  o f  

c o n c ordanc e s e rve d t o  r e j e c t  the  nul hypoth e s i s  o f  disagreement  

among the sub j e c ts , a n d  to  c onc lude tha t  agreemen t  e xis te d .  

A s  a further che ck  on the  r e l iability  an d consistency  o f  

s c o r i ng , repeat  ob j e c t s ( pa irs o f  s t imu l i )  w e r e  inclu d e d  i n  mos t  

s u r v e ys . For e xample in t h e  su r v e y  o n  the ge neral  s i mi lar i ty o f  
th e r aw materia ls , th e pair mungb e an cur d -p ine apple w a s  i nc luded  

tw i c e  thr ough ou t  the  lis t o f  raw  ma terial pair s . 'I'he  rank or de ring 

o f  s c ores  a c r os s  the su b j e c ts was determine d for e a ch r e pe a t  

j udgement  and t h e  Spearman rank correla t ion c o e f fi ci e nt 

c a l cu la t e d .  

::: 

") 
whe r e  m is the numb er  of rankings ( subj e c ts ) , S ( dc ) is  the sum of  

the s qua r e s  o f  rank  dif f e r en c e s  and T '  and U '  r e la t e  t o  th e number 

of t ie s  in e a ch list  o f  ranks . 

T '  1 E C t3 - t )  ::: 
1 2  t 

U '  1 E C u3 -u ) ::: 
1 2  u 

wh ere  t and u typify th e s e t s  o f  t i e s  in  the �wo  r anking s . 

The s ignif ic a nc e  o f  E> was de termine d by c alcula t ing th e 

numb e r  of s ta ndar d err ors  inc lude d in th e valu e  of r- . The 

s ta ndard error of  \l is calcula t e d  a s  fo llow s : 

SE(> ::: J m� 1 
S ign if icant value s of (? indic a t e d  good r e pe t it i on in s c o r ing 



of  the repe a t e d  ob j e c ts by the sub j e c ts . 

6 . 2  Raw ma teria l s imila r i ty da ta 

1 42 .  

The ob j e c t  o f  this fir s t  survey  was t o  c o l le c t  data  wh ich 

r e la te d  t o  the  s imilar j_ ty of the � 0  raw ma terials a s  th e y  are  u s e d  

in  Tha i food dis he s . S imilar i ty i n  t his case  w a s  i nt e rpr e te d a s  

a measure  of  s ub s t i tutability  o f  th e raw ma terials in  f o o d  dish e s  

wher e  th e se w e r e  de fined  as  mai n  m e a ls , eaten  generally a t  lunch ­

time or in t h e  e ve ning a n d  pro v i di n g  a substan t i al c ont r ibu t ion  to  

the  daily di e t .  A Th a i  phrase  was a vai lable t o  pro vi de a dir e c t  

trans la ti on o f  th i s  de finition  for u s g  i� the qu e s t ionnair e s . 

A l i s t  o f  769 of th e pos s i b l e  780 pa ire d  comb ina t i ons of  

r a w  ma t e r i a ls was pr e s ent e d to  e a ch o f  28 sub j e c t c . Th e y  were  

aske d to rate  the  s imila r i ty ( subs t itutab ilit y )  of  e�ch  pa ir o f  
raw ma teria ls on a s c ale  from  0 t o  1 0 , wh e r e a la rger E c o r e  

represen te d  gre a t e r  s imilari ty . Each sub j e c t  was given  e xplic it 

instruc t ions on how t o  comple te  t h e  q ue s t i u nna � e a nd on the 

interpr e ta t io n  o f  the w or d  ' s imilar i ty ' .  A n  Engl ish t r an s la t ion 

i s  given b e low : 

' ' You have b e en pre s en t e d w i th a list  o f  pa ir s o f  f o od raw 
materia ls . Look at each p a ir c a r e fully and j ud ge how 
w e l l  one c o uld su b s t i tu t e  the o the r as  an ingredient  i n  
c ommonly e a t e n  Tha i f o od d ish es . Mak e  your j udgeme n t  on  
a s cal e from 0 to  1 0 .  A s c or e  o f  0 sh ould indic a t 0  
c omple te l y non-subs t itutable  raw ma teria l s . Increas ing 
s c ores  fr o m  0 t o  1 0  sh ou ld i ndic a t e  an incre asing 
a c c ept ability  o f  subs t i tu tion  o f  the raw ma teria ls ' ' · 

A care fu l  che ck was  ma de by the  Th a i  research assistants  o n  e ach 

of the 28 sub j e c t s  to e nsur e c omple t e  und e rs tanding of the 

que s t ionna ir e . 

A s  a c h e ck on errors aris i ng from fat igue an d dis int e r e s t  

i n  comple ting the large numb e r  o f  j udgements , 3 pa ir s o f  raw 

ma t e r ials were included  twi c e  throughout the �u e s t io nnai r e . The 

r e p ea tability o f  s c ori ng was e s t ima t e d  by applying the cal culation 

o f  Spearma n rank c orrelation c oe ff ic ient  e 

s c or e s  for each  du plic a t e . 

to  the s ub j e c ts ' 



R e peat  pa ir s 

mungbean  c ur d  - p ineapple 
r i c e  noodle  - c or ian d e r  
mungbean s p r ou t s  - s u g a r  

o .  72 
0 . 65 
0 . 6 8 

�/SEe 

3 . 74 
3 . 3 8 
3 . 5 3 

The  r e su l t s  s h ow tha t the r e  is no r e as on t o  a s su me inc o nsi s t en c y  

i n  t h e  s c or i ng by the  2 8  sub j ec ts . 

The agre ement in  s co ri ng a mong  the 2 8  sub j e c ts w a s  tes t e d  

u s in g  th e Ku d e r - R i c ha r d s o n  r e l iabi lity ratio  r a nd Kendall ' s  

c o e f f ic ie n t  o f  c oncorda n c e  W .  

r 0 . 992 

w = 0 . 4 5 9  with  

2 
w h e r e  t h e  t a b u la t e d Y v a l u e  a t  th e 0 . 0 1 per c e n t s i gn i f ic anc e 

l e v e l  w a s  8 74 . Bo th me asure s ,  there for e , p o in t  t o  a high l e v e l  

o f  a gr e e m e n t  among su b j e c t s . 

A v e rage s c ores  for each  pa ir w ere c a l c u l a t e d  o v e r  the  2 8  

s u b j e c t s . The s e  a v e r a ge s c or e s , sh ow n  in  Append ix 6 ,  w e r e  us e d  a s  

j _nput f o r  the nonme tri c mu lt i d i m ens i o n a l s c a l ing p r o g r am rr e , KYST . 

6 . 3 Raw ma t e r i a l  a s s o c j a t io n  da t a  

This s e cond sur v e y w a s  carrie d out w it h  t h e  ob j e c t  o f  

fi nding  the r e lativ e a f f in it ie s o f  th e 40 raw ma terials � s 

i n gr e d i e n t s  i n  food  dishe s . Tha t is , t o  e s t ima t e  the r e la ti ve 

a c c e ptab i l i t i e s  of th e various ma t er ials :i n  c o mbina t io n  a s  par t  

o f  the  same dis h .  The t e r m  f oo d  dish re tains the same definit ion  

as for  the  raw  ma teria l  s imila r i ty da t a .  

The same sample o f  2 8  s tudents was us e d  a s  for th e 

s i m ilar i ty sur vey . Each sub j e c t  w a s  given � l is t  of  771  of  the 

p o s s ible 7 80 pairs of  r aw ma teria ls and aske d to  r a t e  the  

ac c eptabi l i ty o f  e ach pair a s  ingre dien ts in the s ame  f oo d  dish . 

The j udgemen t s  were  ma de  on  a s c a le o f  0 to 1 0 ,  whe r e  a larger 
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s r. or e  indic a te d  a more a c c eptable  c on:bi na tio n .  No mention was  

made  o f  the  levels  o f  e a ch ma terial  and the s tud ents  were  e xpe c t e d  

t o  judge  the a c c e ptabilit y  o f  c omb in a t ion bas e d  o n  th e c o mmon 

l e v e ls o f  us e of each raw ma t e r ia l .  All sub j e c ts per for m e d  the 

ta s k  w it�out pr ob le m s  a nd all apfeare d to co mpr eh en d the task in 

th e same way , as ind ica t e d  t y  the m e asur es  of  agr e e men t given 

b e l ow . Instru c tions w e r e  g i v en to each  s tudent in Tha i a c cor ding 

to the Engl ish transla tion  be low : 

" You have be en pr e sen te d w i th the  same lis t o f  food  raw 
ma terial s a s  in the  pr e vious qu A E t ionna ire . Look a t  
e a c h  pa ir c a r e fu l ly and this t ime j u dge how a c c ep t a bl e 
t he r aw ma t e r ials  in tha t pa ir w ou ld t e  as ingr e dien t s  
in the s ame f o od dish . Mak e  your judgemen t on a s ca l e  
o f  0 t o  1 0 . A s c ore  of 0 s h o u ld indic a t e  tha t th e 
n:a teria ls  would  be  t ot a lly una c c e ptablP  in c omb ina t ion . 
Increas ing s c or e s  from 0 t o  1 0  should  sh ow a n  i nc r ea s i ng 
a c c epta b i l i t y  of the raw ma t e r ia ls as  ingr e die n t s  in the 
same fo o d  d i s h " . 

A car e ful  c h e c k  was a gain  ma de t c  en su r e tha t e a c h  su b j e c t  w a s  

fu l l y  aware o f  tho r e q u ir e m e n t s  o f  the s u r v e y . 

Duplicate  pa i.r s w e r e  in c lu de d to t e s t  the c o n s is ten c y  o f  

s c o r i ng by th e s u b j e c t s . The Spea.rman rank c or r e la t i u n  
c o e f f ic i ents t> w er e ca lcu la t e d  from th e rank or dering of s c or e s  

f r o m  t h e  2 8  sub j e c ts f o r  th e duplica t e  pair s . 

Repec. t pai rs 

mungbean curd  - pine apple 
r i c e  noodle - c o r ian der 
mungbe a n  s prouts  - su gar 

0 . 5 7  
0 .  75 
o .  73 

2 . 9 6 
3 . 90 
3 . 79 

The r a t ios o f  ejsE indi c a te a s ign i f i c a nt c o rr e la tion a t  the 0 . 0 1 

per c ent le v e l ,  he n c e  sh ow ing c o ns is t en c y in t h e  s c o r ing by  the  

2 8  s ub j e c ts .  

The r e su l t s  of  the  c a l cula ti ons of the Kud e r -R ichar dson  

re liability ra t io r and the c o e f f ic ient  of concordan c e  w w e r e  as  

fo llow s : 

r = 0 . 993 

w = 0 . 39 7  w i t h  x
2 

= 8559 w 



where  the tabu l a te d x
2 value a t  the 0 . 0 1 pe r c e n t  s ign i f i c an c e  

le v e l  was 872 . A high level  o f  a gr e e me nt was a ga in indi cate d 

among sub j e c ts . 

The average s c o r e s  for the 77 1  pa ir s were  c a lcu la t e d  

across  the 2 8  sub je c ts . The s e  average s cores  a r e  sh own i n  

Appe ndix 6 and were  us e d  d ir e c tly as  input to  the  nonme t r ic 

mul t i d i me n s j ona l s ca l ing pr o gramme ; KYS T .  

6 . 4  ' Raw ma teria l by u s e ' data 

Da ta v.; e re c o lle c t e d  tc r e la t e  the le v e l  o f  use  and the 

a c c e ptability  o f  input o f  th e 40 raw ma ter ia ls to e a ch of 1 5  

cate gor ie s o f  Thai food dishes . ·  The � c c e p lab il ity d a t a  w e re u s e d  

to der ive a s e t  o f  pr o x itt! i t y  me a s u r e s  f o r  the r aw m2, t e r ia l s  v;h ic h 

w e r e  la t e r  a nalyzed  using mult i dimensi ona l  scaling . T h e  ' l e ve l  

o f  use ' data w e r e u E e d  t o  sub s tan t i a te axis d e finit J o n o f  multi ­

dime ns i onal spaces  for th e raw ma t e rials in C ha p t e r  7 .  

6 . 4 . 1  The a c c eptability o f  u s e  

M or e  spe c ifically this da ta re la t e s  t o  t h e  a c c eptability 

of input o f  eac� raw ma t e r ia l  t o  c e r tain c a t e gorie s  o f  fo od  di sh e s . 

W i th the a i d  of a s ta f f  member fro� Chulalongkor n Univ ers ity , 1 5  

c a t e gories  o f  food d is h e s  w e r e  d e f ine d t o  b e  r e pr e s e nt a t iv e  of  

almos t all c o mmonly eaten Tha i fo o d  dishes . Each o f  th e 1 5  

c a t e gorie s ,  t he n ,  repre s e n t e d  a nu mb er oi spe c i fic  fo od di she s ,  

e . g .  the  c a t e gory meat  curry e nc ompass e d  a ll ty pe s of me a t  base d 

curr i e s . A lis t of  the 1 5  c a t e gor ie s  o f  fo o d  dishe s is show n  in 

Tabl e  6 . 2 .  Descriptions o f  food dishes  from e a ch of  the 1 5  

c a t e gories  are gj_ven in Appe ndix 7 .  I n  s ome c a se s , no e xa c t  

Engl ish tran s la t io n  was avai lab le and t h::: lis t e d  na me s erves  

more  as  a de s cript ion o f  t he c a t e go ry of  food  dish rather tha n a 

dir e c t  t rans lation of the Tha i na me . 
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Table 6. 2 The 15 Th a i  food d ish categories used i n  the ' raw material by use' survey. 

me a t  balls 
mea t curry 
chop -suey 
s our  soup 
omelette  
swe e t  and  so c;.r 
h o t  s oup 
fr ied  mea t  

vege tables  a nd sauce  
frie d vEO ge tables  
soup 
Tha i s a la d  
s t e w e d  p o rk 
porr idge 
noodles  

Each of 2 4  sub j e c ts was  a s ked  to  j u dse th e a c c ep ta b i lity  

of  the 4 0  raw  ma t e r ia ls as  ingre d ients in each  o f  the  1 5  
c a te gor i e s  o f  food  dishe s .  The a c c eptability  was  j u dge d o n  a 
s c ale o f  1 to 5 ,  where  a larger s c or e  represen t e d  a h igh e r  

a c c e ptabi li ty . A n  E ngl ish translat i on o f  th e ins tru c t i on s  giv e n  

t o  each  sub j e c t  is g iv e n  b e l ow : 

"You  ha v e  b e e n  g iv e n  a nu mber o f  forms � each d ivi de d into 
::; quar e s .  Down the l e f t hfl n ri !:' j _d>:> o f  e A  r.h f o r m  Y C' U  w i  J. l  
not ic e  a lis t o f  fo o d  raw ma terials and a l ong th e top  a 
list  o f  c lass e s  o f  food dish e s . P lease  look  a t  each  raw 
ma ter ial in tur n and work from l e f t  to r ight  along the 
fo od  dishes , ju dging how a c c e pt able that raw ma ter ia l  
w ould be as a n  ingre d ient in  e a ch c lass  o f  d ish . Mak e 
your j ud gem e n t  pn a s c a le o f  1 to 5 .  I f  a raw ma t e r ia l  
would b e  t o t a lly unac c e p ta b le a s  a n  ingr e dient  i n  a 
par t i c u l a r  c lass  o f  fo od dish then p la c e  1 in the 
c or r e spond ing s qu ar e . Increa sing s c or e s  from 1 to 5 
should i nd icate  increasing a. c c eptabilit y 1 1 • 

The  a gre ement  am ong sub j e c ts was  a ga i n  e s tima t e d  by 

c a lcu la tion ·  o f  the  r e lia bility ratio  r a nd the c o e f f i c i e nt o f  

c o ncordance  W .  

r = 0 . 756 

w = 0 . 5 9 8  wi th 8590 

2 
w he r e  a X value o f  663 was r e qu ir e d  f o r  s ignificance  a t  th e 0 . 0 1  

p e r c e nt le vel . H e nc e , a lthough th e reliability ratio  is no t a s  

h i gh a s  w i th pre vious da ta , the  r e su lt in c omb ina tion w i th t h e  

c o e ff i c ie nt o f  c o nc o r dance  s till  ind ic a te s  a gre �men t among j u d ge s . 



A proximity matrix was gen e ra t e d  for the  food  r a w  

materi a ls bas e d  on their  c ommon ac c eptabi lit ie s of  inpu t to the 

15 cate gor ie s of f o od d is he s .  Th e  deriva tion o f  this pr oximi ty 

matr ix was based  on a f ormu l a  us e d  b y  S t e fflre ( 1 9 1 ) . 

I I 
r o r  0 + r 0 r 0 l J l J S o  = 

l j  I I 
r o r o  + r o r o  l l J J 

where  s o  0 is  th e me asur e o f  pr ox i m i ty b e tween raw ma t e r i a ls i l J  
an d j .  

r o  is the row v e c tor  of  inpu t a c c eptabil i t y  s c o r e s  for l 
raw ma t e r ial i .  

r o  is th e row v e c t or of  inpu t a c c e ptability  s c or e s  for 
J 

raw ma terial  _j .  
I 

r o  and r o  are the transpos e s  of r o  and r o  r e s p e c t i v e l y  t o  l J l J 
c olumn v e c ::; c r s . 

6 . 4 . 2  The level  o f  use  

The  same 2 4  sub j e c ts were  ask e d  t o  judge the le v e l s  tha t  

e a c h  raw ma t e r i a l  wo u l d  c om m o n l y  b e  us e d  i n  e a c h  o f  th e cate gor ies 

of fo o d  dish e s .  The leve l o f  input was judge d on a s c a le of 0 to 
3 ,  wh ere  a s c or e  o f  0 ind i c a t e d  tha t  a r aw ma ter ial w a s  never  us e d  

i n  a par t ic u lar  c a t e g o ry o f  food  d i sh . I ncreasing s c or e s  from 1 

to  3 show e d  increasing amounts o f  r a w  ma terial us e d .  H e n c e  

c ondime nts a nd spi c e s  w e r e  gen e ra ll y  given low s c or e s  o f  1 ,  wh ile  

m e a ts an d v e ge table s ,  for ming a ma j or part  o f  food  dish e s  were  

given h igh e r  s c ores  o f  e ither 2 or 3 .  

A v e ra g 3  & c or e s  for le vel of use  o f  each raw materia l  we�e  

Galcula t e d  fro m th e 2 4  su b j e c t s  a cross  the  15 c a t e gor ie s of  fo o d  

dishe s .  The s e  s c or e s , ind i c a t ing th e average leve l o f  u s e  o f  

e a c h  raw ma t erial , are  shown in  T a b l e  6 . 3 .  



Tab le  6. 3 Average level of use in  food d ishes for 40 raw mater ials. 

Raw ma ter ia l  

Bamboo shoots  
Ca bbage 
C h ine se  ea  bbage 
Chine s e  kale 
Cucumb e r  
Gr e e n gour d 
Mungbean c u r d  
Mungbean s prout s 
Pe anut  
Ihc e  
Rice  noodle  
Sha llots 
S tring bean.s 
SwEl.mp cabbage 

Be e f  
C h ic ke n  
Crab 
Duck 
H og ' s  l iv e:::· 
P ork 
S e rpent head f i sh 
Shr imps 
S tr l pe d  mackere l 

Average  
le vel  
o f  use  

1 • 1 1 
1 .  1 0  
1 . 20 
0 .  85 
1 • 1 0  
0 . 5 7  
0 . 6 0  
0 . 86 
0 . 4 7  
0 . 63 
0 . 11 3  
o .  64 
1 .  1 2  
1 . 06 

1 .  5� 
1 . 6 7  
0 . 97 
1 . 03 
1 . 2 6  
1 .  95 
1 . 07  
1 . 76 
0 .  81 

Raw ma ter ia l 

Banana 
M ango ( gr e en ) 
Papaya ( green ) 
P ineapple 
Pumpkin 
We. termelon 

But t e r  
C he e s e  
Chicken  e gg 
C o c onut c ream 
Duc k  egg 
M i lk 
Swe e t e n e d  conden s e d  

milk 

Ch illi p e pper 
C o r iander 
Garlic;  
Suga r 

1 4 8 . 

Average  
l eve l 
o f  us e 

o .o 4  
0 . 3 1  
0 . 36 
0 . 4 1  
0 . 4 1  
0 . 1 2 

0 . 1 2  
o . o8 
0 . 9 6 
0 . 4 6 
0 .  9Lf· 
0 . 03 

0 . 0 1 

1 . 2 0  
0 . 90 
0 . 92 
0 . 8 7 

-------·· ----------------------

6 . 5  Food dish s i m i la r i ty data 

Da ta show ing the r e la t ive similar i t ie s of 20 food d ishe s 

was c o lle c te �  with the o b j e c t  of d e term in i n� th e most  impor tant 

dime nsj_ ons of  Tha i .f oo d  d is i1e s . S imilarity  was int erpr e t e d  a s  

subst itutabi lity i n  t h e  same w&y a s  fo r t h e  raw ma teria l 

s imilarity  survey . The food  d is he s , shown in Table 6 . 4 ,  inc lud e d  

re pr e sentatives . of  a l l  of  the 1 5  cate gories  listed  in Table 6 . 2 . 

A de s c r ip t ion of  each d ish is  given in Appe ndix 7 .  



Table 6.4 The 20 food d ishes used in the food d ish s i m i larity su rvey. 

f ish balls fr i e d  b e e f  w ilh ka l e  
b e e f  cu rry 
ch icken curry 
ch op suey 
shrimp s our soup 
plaj_n ome le t t e  
s w e e t  and s our fish 
sw e e t  and s our ch i cke n 
shr imp hot s oup 
fish hot soup 

fri e d  b e e f  w i th oyster  sau c e 
fish with gr e en v e ge table s and 

sau c e  
f r i e d  pork w i t h  gre en  sna p b eans 
gr e en gourd and pork soup 
cucun,b er sala d 
s t e w e d  pork w i th b o ile d e gg and 

soy  sau c e  
p o r k  p orr idge 
p ork no o dles 
b e e f  noodles 

A lis t  of 1 8 7 f r o m  t h e  pos s ib l e  1 90 p a ir s  of  f o od dishe s 

was eiven to each o f  2 7  subj e c ts .  The sub je c t s were  a&ke d to  

j u dge the s imilar ity o f  eac h pair  o f  d is he s o n  a scale  f r o m  0 t o  

1 0 ,  where  a larger s c or e  repr e s en t e d  greater  simila ri ty . A n  

English transla t i on o f  t he ins truc t ions for t h e  que s t i onnaire i s  

given be low : 

"Y ou have b e en pr e s e nt e ci  w i th a l j ,':> t  of pa irs o f  c ommo n ly 
e a t en food di s he s . Look a t  each  pair car e fully a n d  judge  
how w e l l  one  c ould substitute  the  o t he r . I ma g ine your s e l f  
t o  b e  a t  a r e s tauran t or dering  o ne o f  the d i s he R ,  I f  this  
dish was not avai lable the n how su it able would th e other  
di sh in the  pa ir b e  a s  a su bs ti tut e . Make  y our j udgemen t 
on a s cale of 0 t o  1 0 . A s cor e o f  0 shou ld ind ic a t e  
c omple tely  non -su bs t itu t�bl e  dishe s .  Inc r eas ing s c ores 
from 0 t o  1 0  shou l d  indic a te inc reasing a c c e pt abi l i ty of  
sub s t i tu tion o f  the  dish e s " .  

Once  again , duplicate  pair s  were  inc luded in the l i s t o f  

p a irs of  dishe s .  The S pearman rank c or r e la t io n  c o ef fi c ien t s  a s  

c a lcula t e d  from t he s c or es o f  the dupli c a te pairs are shown  

b e l ow : 

Repea t pa ir 

sw e e t  and s our c h icken  - b e e f  noodle 
b e e f  cu rry - frie d b e e f  w ith Chines e  ka le ' 

T h is shows good repea tabi lit y .  

0 . 71 
0 . 65 

3 . 62 
3 . 3 1 
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The r e sults  o f  the cal c u la t i ons of the re i iab i l i t y  ratio  

r and the  c o e ffic i e nt of  concordanc e W were  as fo llows : 

r = 0 . 98 8  

w = 0 . 1 55 w i th 
2 V = 7 78 J> w 

where a x
2 value o f  225 was r e qu ir e d  for sign i fi canc e a t  the 0 . 0 1  

percent  le v e l . There  was , th ere fore , a greement  a mo ng t h e  judge s . 

Aver a ge s c or e s  w ere  c a l c ula t e d  a c ross the 2 7  sub je c ts . 

Th e s e  are sh own i n  Appe ndix 6 and  were  us e d  a s  inpu t to  the 

nonmetric  mul tidime ns i ona l  s c a l ing pr oeramme , KYS T . 

6 . 6  Raw ma t e r ial a nd food  d i sh a c c epta b ility 

The r e la ti v e  a c c eptabi l i t j e s  of  the  4 0  raw mG t e r i a l s  a n d  

the 2 0  food  dishe s  w e r e  c o lle c t e d  from two s e pa r a t e  s a�ples  o f  

s tuden ts . The raw ma te rial  da ta were  ob taine d from  th e same samrJ. e  

o f  2 8  sub j e c t s us e d  in the r a w  ma teri� l s imila r it y  a n d  a s so c i a t i o n  
surveys . The  food  dish data w e r e  c o l le c ted  from a s eparate  sample 

of 30 s tude nts . 

6 . 6 . 1  Raw ma teria l a c c e p tabi l i ty 

The 2 8  sub j e c ts were  a sk e d  to rate the a c c ep t a b i l i ty o f  

each o f  th e 4 0  raw ma te rials i n  fo od dishes in  gene ral . The 

judgeme n t  was ma d e  on a s cale  of  0 to 1 0 , whe r e  a h igh e r  s c or e  

r e pre s e n t e d .  greater  a c c e p tabilit y . The agre eme nt o f  t h e  su b j e c ts 

was tes te d by  calculation  o f  the c oe f fi cient of  c oncor dance  W .  

w = 0 . 2 32 w i th x2 = 2 5 3  w 

where a x2 value o f  4 6 . 9  was r e qu ire d for s ign i fi c a n c e  a t  the 0 . 0 1  

percent  le vel . There  was , the r e fore , agre eme nt among t he subj e c ts .  

The a c c e p ta b il ity s c o r e s  were  average d o v e r  the 28 subj e c ts .  

The rank or der o f  a c c e p tability  o f  th e raw mate�ials , calcula t e d  
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from the s e  average s c or e s , i L  shown in Table 6 . 5 .  L ow er ran ks 

in dicate  greater a c c eptabi l ity . 

Tab le 6. 5 Rank order of raw material acceptab i l ity .  

Raw ma terial  

S h r imp 
C hi c ken 
C h icken egg  
C rab 
P ork 
M i lk 
H og ' s  l iver  
Swamp cabbage 
Duck e gg 
C h ine .s e  ka le  
S tr ip e d  ma ckere l  
C h ine s e  e a  bb a ge 
Be e f  
Green  gour d 
W a terme l o n  
S tr ing bean  
G o c onu. t c r nam 
Du c k  
Mango ( gr e e n )  
R i c e  

A c c e ptability  
rank 

1 
2 
3 
4 
5 
6 
7 
8� 
8-� 

1 0  
1 1  
'l e-;-
1 2-J;-
1 4  
1 5  
1 6  
'j '( 
1 8� 
1 8� 
20 

6 . 6 . 2  Foo d  d i sh a c c eptab ility 

Raw ma teri a l  

Mung b ean curd  
Papaya ( gr e e n )  
P j neapple 
Bambo o  Gh o o t s  
Mung b e an sprou ts 
Cabbage 
Sugar 
Chilli  peppe r 
C ucumber 
R i c e  noodle  
S e rpent he a d  fish 
Pumpki n  
Banana 
Peanu t  
C or iander 

A c c e pt a b i l i t y  
ran k 

2 1  
22 
23  
24  
25  
26 
2 7  
2 8  
2 9 
30 
3 1 ..1 2 
3 1 �  
3 3  
34 
35 

Sv_r � e t e ne d  c o nde ns e d 
m i lk 36 

Garlic 3 ? 
Sha ll c t .s 3 8  
Bu t t e r  39 
Che e s e  40 

The 30 sub j e c t s  were  asked to j u d ge the a c c ep tab i lity  of 

e a c h  o f  the 20 feed dishe s .  The j udgem e nt wa s ma de on a s c ale  of 

0 to 1 0 ,  whe r e  inc r ea s ing s co r e s  sh ow e d  incr easing a c c e pt a b i l i ty . 

The c o e f f i c ie nt of  c o nc or dan c e  was  calcu late d .  

w = 0 . 22 1  w j.th = 1 26 

where a :t.2 va J.ue o f  4 9 . 6  was r e qu ir e d  for si gnifican c e  a t  the 0 . 0 1 

percent le ve l .  The r e  was , t he r e for e ,  agre eme n t  am ong the sub j e c ts . 
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Average a c c eptabilit y  s c o res  for each f o o d  dish w ere  

ca lcu la t e d  a cros s the 30 su� j e c t s .  The rank or der of  a c c e p tability 

o f  the d ishe s ,  der iv e d  from th e s e  s cor e s , is sh own in Table 6 . 6 .  

Lower ranks indicate  gre a t e r  a c c e p tability . 

Table 6. 6 Rank o rder  of food d i sh acceptab i l ity. 

Food di s h  

Shr imp hot  s oup 
Beef  noo d le s  
Fish w i t .n  gre en 

vege table s and 
Fish balls 
C h ic ke n  c urry 
S t e w e d pork w i th 

s au c e  

A c c eptab i l i t y  
rank 

1 
2 

3 
4 
5 

boile d  
e g p; and  soy  s a u c e  6 

Frie d b e e f  w i t h  kale 7 
Be e f  c urry 8 
P la j n  ome le t t e  9 
Fish hot  s oup 1 0� 
Green gou r d  and pork soup 1 0-} 

6 . 7  S umma ry a nd c onc lus j ons 

Food dish 

Fried b e e f  with  
oyster sau c e  

Sw e e t an d sour 
chicken 

Fri e d  pork w i th 
snap b eans 

Sw e e t a nd s our 
P o rk n o o d l r-o �:; 

A c c ep tability 
rank 

1 2  
1 3 

gr e e n  
1 4  

fish  1 5  
1 6  

Shr imp s our s oup 1 7  
Chop  sue y  1 8  
P ori� porridge 1 9  
Cucumber  sal a d  20 

Dat� were  c o lle c t e d  in Tha i land to r e l� t e  r aw ma ter ia l s  

and food  d i sh e s , us ing mu lt idimens iona l s cal ing . A numbe r  o f  data 

c o l le c t i on methods were use d to o b tain  differing measu r e s  of raw 

mater ial and food dish prox imi t y . Each survey was tran s la te d  into 

Thai and  a dm inistered  w ith the he lp of Thaj r e s earch a s s iG ta nt s .  

Between 2 0  and 30 s tudents from Bangkok univ e r s i t i e s  were  s e l e c t e d  

for e a c h  sur vey . 

The sur ve ys generally r e quir e d  each &u b j e c t  t o  mak e a 

judgeme n t  o n  th e proximity ( s im ilari ty or asso c ia t i o n )  o f  pa irs of 

s timuli , e i ther r R w  ma terials or food  dishes . Each survey  w a s  

designe d w ith � h e  intention o f  o btaining judgeme n ts o n  all  possible  

pairs o f s ti muli from e a ch sub j e c t .  In  mos t cases  s ome pair s were  

m is s ing  due to  errors  in design a nd typing . The s e  were  a lway s le s s  
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than 2 p e r c e nt o f  the tot a l  r umbe r  o f  pos sible pairs . Pre s e nt a ti o n  

o f  the f u l l  lis t o f  pa irs of  s t j_mu l i  w a s  c ons ider e d  pre ferable  t o  

s ome subs e t  o f  pairs , due t o  th e la c k  o f  infor ma tion  o n  th e 

s ta t is t ical ram i f i c a t ions o f  spatial c o nf igurat ions , r e su l ti n g  

from th e various me thods for s e le c tions o f  s u c h  subse ts . T h e  

requ ir emen t f o r  a la rge  numb e r  of  j udgemen ts by  e a c h  sub j e c t  migh t  

hn ve l e d  t o  fRt igue a nd d is int e r e s t  but e rrors from th e s e  s o ur c e s  

were re duc e d  thrcugh s e le c t ion  o f  e nthu s ia s t ic and willing s tu� ents . 

Rank corre lat ion c oe f f ic ients  w e r e  calcu la ted  from the s c or e s  for 

repea t e d  pairs of s t imuli , to e s t ima te  the l e v e l  of repea tabi lity  

of  s c or ing and  h enc e the errors ari sing from fat igue and dis int e r e s t . 

In  all  cases  go od repe a tab i l ity was ob taine d . 

The agreeme n t  among sub j e c t s  was  de termine d by calc�la t i o n  

o f  K e n da ll ' s  c oe f fi c ie nt o f  c o n c ordanc e W and the  Kuder-R ich a r ds o n  

relia b i l i t y  rati o £ •  �he s e  measur e s  indicate d a h igh l e v e l  o f  

agr e e me n t  in a l l  sur veys . The da ta from e a ch sur vey were  a v e raged  

a c r oss a l l  sub j e c t s . The c o mple t e  s e t  o f  ave r· aged  da ta is  sh ow n 

in Appendix 6 .  Th e s e  average scores  w e r e  us e d  tc gene rate  r aw 

ma teria l  aDd f o o d  dish  spa c e s  t� ough the mul t i dj_me nslona l s ca ling 

pro gramme , KYS T . T he s e  spa c e s  fiis t ly s uppli e d  inf or m� t i o n  a b o u t  

th e c o ncepti ons o f  the  Tha i c onsu me r  c o nc ern ing  the  us e of  r a w  

ma t e r i a ls in food diete s . S e c ondl y �  metric  d a t a  were  de r iv e d  from 

the spa t ial  c onfigu r a t ions f or maximizing a c c ep tability of f o o d  raw 

materi�l c omb ina t i ons sele c t e d  in  the l inear pr ogramming mod e l .  
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C HAPTER 7 

MULT I D I M ENS I ONAL S C A LING ANALY S ES 

The  ob j e c t iv e  of this s tage of th e re s e ar c h  was t o  deriv e a 
linear fun c t i on rela t ing r�w ma teria ls to food  d ish a c c e ptability . 

Nonm e tr i c  mu l t i d imens i ona l s c a l i ng w a s  chosen a s  a t e chniqli e to  d e r i v e  
metric  s c a le va lu e s for the raw ma terials and food d i sh e s  wh ich migh t  

b e  u s e C  in th is func t ion . For this purpose a numbe r  o f  d if f e r e n t  

me th � ds o f  da ta c oJ.le c t ion w e r e  employed  in Tha iland t o  obta i n  

pr oximity me a s u r e R  for b o t h  the  raw ma ter i a ls and f o o d  d is h e s . The s e  

da ta w e r e  as  follows : 

1 .  Raw ma t e r ia l  s imilar i t i e s  - show i ng the r e la t ive s u b s t i t u t a b i l i t i e s  

o f  pa i1 s o f  the 4 0  raw ma t c r ia lc . 
2 .  Raw ma terial  ass o c ia tion - show in g the r e la t iv e  a c c e p t a b i li t ie s 

o f  pa irs o f  the raw ma ter ia ls  in  assoc iat ion  i n  the  same f o o d  d ish . 

3 . ' Raw ma t e r ia l  by uGo ; in food  d ish e s - s h o w ing t he a c c eptability  

o f  e a ch o f  the  �0  r a w  ma t e r ia l s  as  a n  ingredient i n  e a ch of  1 5  
ca t e gor ie s o f  food  d ish . 

4 .  Food  dish s imilarities  - showing t h e  rela t ive  s im ilar i ti e s  of  pa i r s  

of  20  Tha i food d i s h e s . 

Ea ch set  o f  da ta was s c a l e d i n  5 throu gh t o  1 d imens i ons us ing 

the non me t ric mul t idimens iona l s caling program me , KYS T . Th e point o f  

' e lbow ing ' in  the p l o t  o f  s tr e s s  ve r s us d imen s i on toge ther  w i th a 

graph ic a l  meth c �  des c r ibe d by S penc e and Grae f ( 1 8 7 )  were  us e d  t o  

choose  the  underlying dime n s i onality  o f  the da ta . P l o t s  of  the i t e�s 

( raw ma t e r ia ls or food dishe s )  w ere obtained in th e s pa c e  of the 

chos en dimens ionality . 

I n  e a c h  case , a t te mpt s w e r e  made to  ide n t i fy the axes of the 

spa t ia l  c o nfigur a t ion . Axi8 i d e nt ific a tion was  done e i ther  ob j e c t ­

ive ly b y  c orre la t i on with e x t e rnal information o r  sub j e c t iv e ly using 

the pr ior  know le dge of the  r e s e archer . In  a l l  cas e s  the c onfiguration 

o f  i t e ms was sencible  within the  con t e x t o f  the  c o lle c t e d data . 
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A l though the s e parate s pac e s  of  raw ma teri a ls ani f o od 

dishes  pro v e d  i n te re s t i ng in interpr e ta t ion , there was no means 

of  tying the two  t o ge th e r  int o a s i ngl e l inear func t ion a s  r e qu ir e d  

for the l ine ar pr ogramme . T o  this end , a n  unf old ing ana lys is was 

per forme d on the ' raw m� terial  by us e '  data in an a t tempt  to dis ­

p lay the r aw ma t c r ia J s  and food di sh e s  i n  the same mul t i dimens ional  

s pa c e . U n f or tu n a t e l y the  solu t ion to  t h is ana l y s i s  was d e ge nera t e . 

A fur the r  a t tempt was ma de t o  pr ovide a c om mon ba sis  for 

th e r a w m3 t e r i a ls and food dish e s  by l o c a t ing an i deal point in 

a raw ma te ria l spa c e .  This po i n t w a s  de fine d a s  r e pr e s enting  t h e  

opt imum c o mb i n a t i o n o f  r a w  ma t e r i a l  pr ope rties  re qu ir e d in a f o o d  

d i sh . Although thr e e  mu l t i d i m e n s i o n a l  s pa ces  were  deri v e d , o nly 

the one obta ine d from th e s im ila rity  measures  show e d  s pa tial  

d i n1 e ns i on s  w h i c h  w e re r e la te d s o le l y  t o  the raw  ma ter ial pr o p e r t ie s . 

The sp� c e s  d e r iv e d  from the a s s o c ia t io n and ' raw Ma t e r i a l  b y  use ' 

data w e r e  r e la t e d  t o  bo th t h e  proper t i c G  of the ruw ma t eria ls and 

the chara c te r i s t i c R  of th e food dis h e s  in whi c h  the r aw ma t e r j a l s  
ar e c o �monly us e d . Henc e , t h e  s pa c e  d e r i v e d from  th e simila r ities  
m e a s u r e s  w a s  c h o s e n  a s  the  ba s i s  fo r l o c a t i o n  o f  t h e  ideal  p o i nt . 

The a v e r a ge d s c or e s  for the gen e ral u s e  o f  the 4 0  r a w  ma t e ri a ls in 

Th a i fe e d  dis he s pr ovid e d  the bas is for i d e a l  f e int l oc a ti o n . 

7 . 1 Th e appl i c a t i on o f  ffi u l t i dime nsiona l  s c a l ing 

A ll mul t idime nsi onal s c a ling a na ly s e s  w e r e  pe r fo r me d us ing 

the c omputer pr ogram�e , KYS T ( 1 05 ) , and �he Burrough ' s B6700 

c omputer . �YST was chosen be cause  o f  i ts versa t i l it y  in u s e  and 

robus tness a ga inst  sub - optima l s o lut i ons . I t  i s  an amalgam a t i on 

o f  two w e ll known a nd pr oven programue s ,  TORSCA 9 and 1 1 -D -SC AL 5M . 
I t  gives the user  a numb e r  of  opti ons , b o th i n  th e input of da ta , 

i t s  analys is a nd the output o f  result s . S ome o f  the s e  opt i o ns 

are  d e s cribe d b e l ow : 

1 .  I t  gives the choice  of  5 me thods for  pro ducing a s tar t ing 

c o nf igura t i on . 

2 .  I t  has 2 s e p arate f ormu la e for s tr e s s  cal cu la t ion , de pend ing 

on the form of the da ta and the ty pe cf analys is r e qu ir e d .  



3 . I t  a l l ow s  f o 1· s p l i t t in g  of the data int o su bl j s t s  and pe r forms 

r e gre s s i o ns on e a ch li s t . 

4 .  I t  p er for ms u n fo l d ing analyses . 

5 .  J t  p e n;: i t s  t h e  u s e r  t o  ob tai n  s o lut ions in a number o f  

M in k o w s k i  me tr i c s . 
6 .  I t  giv e s  s e v e r a l  op t i ons on out put inc l u d i ng a h is tor y o f  

c a lc u l ? t ions showing t h e  pr o gr e s s  o f fu e  it era t iv e nume r i c a l  

c a l c u l a. t i o n a n d  a n u mb e r  o f  p l o t s , su ch a s  the spa t ia l c o n f i gu r a t i o n  

o f  p o i n t s , dis t a n c e s  a n d  f i t t e d  d i s t a n c e s  v e r s u s  da t a a n d  s tr e s s  

v e r s u s  d i tn8 n s i o n . 

The s e  a r o  on ly a f e w o f  t h e  gr e a t  ma n y  o p t io n s a v a i l a b J e .  

F o r t u ca t e l y , th e u s e r  is n o t  cb l i g e d t o  s e l e c t  f r o m e a ch  o p t i o n . 

Wh e re v e 1· s e v e r a l  al t e rn a t i v e  p o s s i b i l i t j e s are avai labl e ,  one is 

a lw ays s e le c t e d  to he t h e  ' s t a nda r d ' or ' de fau l t '  ch o i c e . In the 

a b s e nc e o f  any i n d i c a t i on from the u s e r , t h e  pro g r a mme u s e s  th e s e  

s tandar d c h o i c e s . ( Fu r · th e r  d e .s c r i p t :i o n o f  KYS T is gi v e n  i n  t h e  
c o mpu t e r  ope r a t ions ma nua l ( 1 05 ) . )  

Mu l t i d i m e n c i o na l  s c a l i n g  a na l y s e s w e r e  p e r f or m e d o n  th e 

da t a  o b t� j uc d  fro m t� s cur v c yo in Thai la Ld .  T h e s e  da ta w er e  
ba � ic all y o f  t wo t y pe s . F i r � t l y , pr o xi m i ty m e a s u r e s  o f  t he r a w  

ma t e r i a l s  an d f o o d d is h e s  in c l u d i n g  a s s o c i a t i o n , s i� i la r i ty a n d  
d e � iv e d  s i.m i la r i t y .  The d e r i v e d  s imila r i t i e s  w e r e cal cu l a t e d  

f 1· o rn t h e  ' r a w  ma t e r ia l  b y  us e '  sur v e y us ing S te ff lre ' s  m e t hod ( 1 9 1 ) . 

T h e  c e c o r d  type o f  data w a s  a r e c �angu lar o� t r i x  show i ng th e 

a c c e p t a b i J i t y  o f  t h e  4 0  raw ma t e r i a ls in 1 5  c J .ass e s  o f  food dish . 

The me thod re qu i r e d t o  d i s p la y  the r aw ma t e :c i a ls an d c lasses  o f  

f o o d  d ish i n  th e s am e  s pa t ia l  c o nf igur a t � .on w a s  un fo ld ing anal y si s . 

Fur the r des �r ip t io n  of  th i s  ana ly s is is gi v en i n  S e c ti o n 7 . 7 .  

A l l s c a l ing ana l y s e s  o f  th e pr ox imi ty ma tr ic e s  w e r e  

perfo rme d u s i ng the Mink o w s k i - 2  metri c ,  i . e . , i n  Euc lidean s pa c e . 

Th e data  w er e  pr e p ar e d  on  cards in the  form o f  a n  upper  tria ngular 

ma trix w i th miss ing d ia g o na l . S olut ions w ere  ob taine d in 5 through 

t o  1 d ime ns i ons ac c or ding t o  the c ontro l s ta t emen t s s h own in 

F i gu r e  7 . 1 ,  
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Figure 7. 1 l<YST contro l  cards for scal i ng solut ions i n  5 through to 1 d i mensions 

Card  1 indicates  tha t  the initial c onfiguration w a s  gene ra t e d  using 

the TORSCA pro c e dure . C ar ds 2 and 3 sh ow tha t th e da ta was in th e 

form o f  an upper half ma tri x  with the diagona l absent . Card  4 

s t a t e s  tha t a ma ximum o f  3 i t era t ions were us e d  in th e TORS C A  

pr o c e dur e . Card  5 shows tha t the  s ca l ing w�s  done from  a ' dimension 

maximum ' of  5 d own to a ' dimen sion  minimum ' of  1 .  Card 6 spe c ifies  

th a t  th e fina l c onf igur a t i o n  for e a ch dime ns iona l ity was to  be  

r o t a t e d  to pr inc ipal c o mponent s . C�rd  7 sta t e s  tha t  no mo r e  tha n 

50 i terations were to  b e  per fo1·me d in any s ing le s c a l ing s o lut ion . 

Cards 8 and 9 sp e c ify tha t no plots  e ithe r o f  d is tan c e s  versus da ta 

or of the f ina l spatial c onf i gura t i on were re quir e d .  C ar d  1 0  

indi c a t e s  th a t  the r e gr e ss i on o f  dis tan c e s  e n  da ta  va lu e s  were  t o  

be ' monotone descending ' r e gress ion . C ard 1 1  i s  a t it le c ar d .  
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C a r d  1 2  indica t e s  the numb e r  of  row s ( and c o lumns ) of  e a ch ma trix 

( name l y ,  40 ) , th e numbe r  of value s prov ide d  for each  ma tr ix en try 

( name ly ,  1 ) ,  and the numb e r  of su ch ma tr ices  inc lu de d in the data 

deck  ( namely 9 1 ) .  Card  13  describes  the  form a t  of  the  input da ta . 

A l l  othe r opti ons avai labl e from KYS T were  chosen by the de fau lt 

pr o c e dur e .  

The s tr e s s val ue s in e a c h  dimension , from 5 th rough t o  1 ,  

were  de termine d a nd a p lot o f  s t r e s s  v e rs us dimens i o n  ob tai ne d . 

Th e  p o int of ' e lbow ing ' in this plot  was us e d  in the ch o ic e  o f  

dime ns iona l ity  o f  the fina l  c o nf i guration . To  fur th er substan tiate  

the ch oice  o f  dimensi onality  th e me thod pr esent e d  by Spence  and 

Graef  ( 1 87 )  was us e d .  The y d e s cr ibe d a graph ical pro ce dur e for 

de term �ning t he underly ing dimen s i ona l ity  of an empir i c a lly 

o b tained  ma trix o f  proximiti e s , wh ich · ma y be  app l i e d  t o  ma tri c e s  

o f  or der 1 2  to 36  inc lus iv e . The pr o c e dur e for 3 6  po int s w a s  us e d  

as  an approxima t ion for t he de t crmina tj on  o f  the und e r ly ing 

dime ns j_o nal ity of  the ma trices  o f  40 r a w  ma t e r i als . 

A furth e r  s ca l ing a na l y s is w a b  per form e d  in th e c ho s e n  

d imens i ona l ity  t o  ob tain p lot s of dis tance  and fi tte d di s tanc e s  

v er sus da ta and o f  the spa t ial  c o nf i gurat ion o f  p o int s .  Th e  

c o ntrol cards us e d f o r  th is pr o c e dur e w e r e  t h e  same as d8 s c r i b e d  

in Figure 7 . 1 ,  bu t w ith t h e  de le ti on o f  c ards 8 and 9 .  

7 .  2 Rav1 ma ter ia l s imila r i t i e s  analy.s is 

The . average d da ta of  r aw ma t e ri al s imilari t i e s  w e r e  

ana lyz e d  us ing KYS T .  S ca l e d  s o lu t i o ns were obta ine d i n  5 through 

to 1 dime nsions w ith  a s tr e s s  versus  dimens ion plot as shown  in 

F i gure 7 . 2 . An ' e lbow ' in  this plot  oc cur e; at 3 dimen s i ons . 

'I'h e  choice  o f  3 dime n sions fo r the f inal c onfiguration  was  suppor t e d  

by Spence  a n d  Gra e f ' s  ( 1 8 7 )  graphj. c a l me thod for de term in ing u nd e r ­

ly ing dimen si ona lity . A 3 - dimen s i o na l  c onf igur a t io n  o f  t h e  40 raw 

ma terials  was  therefore  ob tained . The s cale valu e s  are  shown in 
Table 7 . 1  a nd the plots  shown in Figure  7 . 2 . 
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Table  7. 1 Scale val ues for the raw material s imi larity space. 

S c ale values  
Raw ma teria l  

Dime n s  j. on 1 D imens i o n  2 Dimen s i o n  3 

Ba mb o o  shoots  0 . 4 76 - 0 . 446  0 . 1 84 
C abbage 0 . 4 ?9 -0 . 490  0 . 085 
C h ine s e  cabba ge 0 . 59 7  -0 . 35 1  -0 . 1 49 
Ch ine s e  ka l e  0 . 5 1 8  0 . 532 -0 . 02 4  
C u c u mb e r  0 . 608 -0 . 34 9  0 . 1 59  
Gr e e n  gour d 0 . 635 -0 . 50 1  -0 . 236 
Hu ngb e an cur d.  -0 . 344 -0 . 09 7  - 0 . 699  
Hung b e an sprouts  0 . 40 1  -0 . 3 82 -0 . 342 
P e a nu t  0 .  1 1 2 0 .  2 6L f  -0 . 890 
Ric e -0 . 39u 0 . 370  0 . 90 1  
R i c e  noo dle -0 . 4 78 0 . 240  1 . 1 69 
S ha llots  0 . 72 1  0 . 333 -0 . 9 1 5  
S na p  b e a n s  0 . 500 -0 . 463  -0 . 1 89 
Swamp cabba ge 0 . 5 92 -0 . 3 85 -0 . 062 

Ba nana 0 . 433 0 . 765 0 . 752 
Man go ( r,r e e n )  0 . 898  0 . 52 8  0 . 477  
P ap a y a ( gr e e n ) 0 . 799 -0 . � 1 2  0 . 524  
P in e a p p l e  0 . 79 1  0 . 254  o . 737 
Pumpkin 0 • 1� 55 -0 . 1 04 0 . 395 
Wa t e r m e l o n  0 . 769 0 . 30 i  0 . 902 

Be e f  -0 . 779 -0 . 459 0 . 3 1 3  
C h i c k e n  -0 . 74 1 -0 . 453 -0 . 1 1 2 
C rab -0 . 762 -0 . 5 62 0 . 227  
Duc k  -0 . 735 -0 . 69 1  -0 . 24 7  
H ogs lj_v er -0 . 706 -0 . 562 -0 . 233 
P ork  -0 . 736 -0 . 452 -0 , 0 1 0  
S er p e n t  he ad  fish -0 . 676 -0 . 67 1  0 . 1 20 
Shrimp s  -0 . 6 1 1  -0 . 5 1 8 -0 . 043 
S triped  ma cke r e l  -0 . 81 4  -0 . 707 0 .  1 1 8  

But t e r  -0 . 736 0 . 909 -0 . 22 4  
C h e e s e  -0 . 7 1 7  0 . 883 -0 . 495 
C h i c ken e gg -0 . 724 -0 . 1 0 1  0 . 009  
C o c o nu t  cream -0 . 4 1 1 1 . 1 57 -0 . 25 1  
Duck e gg -0 . 8 1 5  -0 . 1 20 -0 . 053 
M i lk -0 . 633 0 . 95 1  -0 . 323 
S w e e tened  c ondensed  milk -0 . 593 1 . 1 5 1  -0 . 1 02 

C h illi peppe r 1 . 1 36 0 . 266  -0 . 52 1 
C or iander 0 . 949 -0 . 1 6 7  -0 . 507 
Garlic  0 . 835 0 . 604 -0 . 545  
S ugar -0 . 32 8  1 . 1 50 0 . 2 70 
I deal  po int o . ooo 0 . 087  0 . 022 
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7 . 2 . 1  Axis i de ntifi c a t ion  

A t tempts were  ma de t o  identi fy each  of  the 3 axes  and to  

c or r e late  the  lo cation  o f  the  raw  ma terials on each a xi s  w ith 

indep ende nt inf orma t ion . 

The fir s t  axis  was  cons i de r e d  t o  b e  r e la t e d  to nu tr i t i on , 

r anging from low nutri t i. on  w ith ch illi  pe ppers t o  high nu trition  

w i th duck e gg .  The rank  order  o f  raw ma terials  al ong th is  a xi s  

was  c or r e la te d  w i th the  rank or der  o f  s p e c i f i c  nu tr i ents  in th e s e  

raw ma terial s ,  na mely pro te in , c a lories  an d t he produ c t  o f  pro t e in 

a n d  c a lor ie s .  The Spe arman rank c orrelat ion c o e ffic i en ts  are  

s h ow n  be low : 

C or r e la t ion (? QjSE 

w i th pro t e i n  o .  7 1  4 . 4 1  
w ith calor � e s  0 . 6 3  3 . 95 
w i th pro t e i n  X calor i e s  0 . 75 4 . 70 

A l l  rank correla t ion c o e f fi c ie nts are  s i gn i f i c an t  a t  th e 0 . 01 

p e r c en t  l e v e l ,  hen c e  ind icating a re lati onsh ip b e tw 8 e n  a x is 1 and  

nu t r it ion or mor e s p e c i f i cally  prot e in an d c a l or ie s .  

Th e s e c ond a x i s  was i de nt if ie d  a s  1 le vel  o f  us e 1 • That is , 

th e quanti ty of raw ma t e r ial  which  is  norma l ly  u s e d  1n f o od d i sh e s . 

The rank or der of the  1 le ve l  o f  use • o f  the raw ma t e r i a ls w a s  

de t erm ine d from t h e  averaged  da ta f r o m  t h e  1 raw ma t e r ia l  by u s e 1 

survey . The rank or der  o f  the raw ma terials a long a xis 2 was  

de t ermine d and '; orre la t e d  aga ins t the  1 le ve l  o f  use  1 ranks . The  

Spe arman rank c c rrc la t i on c o e f f i c i e nt was  0 . 6 8 or  4 . 2 7 t imes  it s 

s ta ndar d  error � i . e . ,  

= 0 . 6 8 wh e r e  (' = 4 . 2 7 S E  

Axj s 2 extends fro m l o w  le�e l o f  u s e  w i th sw e e tened  c ondens e d  milk 

and  sugar t o  high l e v e l  of use  w ith s tr i pe d  mackere l and s e r p e nt 

head  f ish . 

The third a x is was l e s s  c l e ar i n  i t s  interpr e ta tion . I t  
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was la b e l l e d  s t r e n g t h  o f  flavour . Raw ma t e r i a l s  su ch a s  nood le s , 

wa terme lon and r i c e  contribu t e  v e ry l i t t le �o the fla vour o f  f o od 

d ishe s . C h e e s e , pe a nut s , mungb ean  cur d ,  garlic  and  sh allots  a t  

the other  e n d  o f  the s c ale  ha ve far mor e  int ense  fla v ou r , wh ich  

c arry over  into  di sh e s  c ont a i n in g  the s e raw  ma t e ri a l s .  No 

indepe ndent s cale  of  flavour s t r e ngth was ava i la bl e  for  c orrelation  

w i t h  axis  3 .  

7 . 2 . 2 The c lustering o f  raw ma terials 

A numb e r  of c lus t e rs o f  raw ma teria ls e x i s t  i n  th e spatial  

c o n figura t i on . ( For s c a l e  valu e s s e e  Tabl e 7 . 1 ) .  Th e i r existence  

helped  to substan t ia te  the mo de l ,  bo th th rough the  l o c a ti o n  o f  r a· .. , 

ma teria l s  r e lative  to each other  w itt in a single clus te r and the 

r e lative  l o c a ti ons of the d i f fe r e n t  c lu s ters throughout  the spac e .  

The fir s t  c lus ter c ompr i E:i e s  mea t  or mea t - l ik.e raw wa t e r  ir.tls . 
The se  can be  d ivi de d i n t o two  gr o u p s . 

M e a t  gr oup 1 

mungbean cur d  
c h i c ke n  
duck  
h o g ' s  liver  
p ork 
shrimps 
du c k  eggs 

Heat  gr oup 2 

b e e f  
crab 
serpent h e a d  f ish 
s tripe d mac ke r e l  
c hi c k e n  e ggs 

The mai n fac tor d i f fe r e ntia t ing b e tw e en the two groups is  s t r e ng th 

o f  flavour , with group 2 b e ing  ge nerally s tronger than group 1 .  

The di ffe r e nce  is not very d is t i nc t  in some c a s e s , for e xamp le 

c hicke n e ggs and du ck eggs . The c lus ter  of r aw ma t e r ials  as  a 

whole is  generally one of h i gh nutrit i o n , me dium f la vour and h igh 

on the s c a l e  o f  level  of u s e : 

The  se cond clus ter  is one  of  dairy pr odu c ts a nd vege table 

m ilks inc lu ding bu t te r , che e s e , svJ e e tene d condens e d  m ilk , milk  and 

c oc onut c r e a m .  Of part icu lar not e in this group is  the proximity 

of  c ow ' s  m ilk to c o conut cream wh ich might i nd ic a t e  the w i l li ngne s s  

of  Tha is to  a c c e p t  the su b s t i tution  of  c oconut cre am b y  c ow ' s  m i lk 



i n  c e r ta in dishes , fo r example  in curri e s . The l o c a ti o n  of  th is 

group o f  dairy pr oduc ts in th e 3 - dimens iona l s p a c e  ind i c a t e s  

t h e m  t o  be  pa r t i cu la r l y  nu tr it ious , hi gh in fla vour but us e d  a t  

v e r y  low le v e ls . 

A c l us t e r  o f  v e ge table raw ma t e r i als can a l s o  be d i vi d e d  

into t w o  gr oups a s  f o l low s : 

V e g e table group 1 

c abbage 
C h ine se  cabbage 
gr e e n gour d 
mungbcan sprou t s  
s na p  be ans 
swamp cabbage 
c or iander  
C h ine s e  kale 

V e ge table group 2 

bambo o shoo ts 
cucumber 
papaya 
pumpkin 

The two gro ups d i f f e r  ma i nly in the ir s tr eng th of f la v our , w i th 

th e ma t e r ia ls in group  1 ha ving s l igh t ly stronger fla vo ur s than 

group 2 .  Genera l ly , the c l us t e r of ve ge table s is me d i u m  to l ow 

on nu tr i t i o n ,  me dium f la vour an d tends to  have a m e d iu m  t o  h igh 

level  of  u s e . 

Th e  fourth c luster  inc lu d e s  only fru it s  - banana , ma ngo , 

p i neapp l e  a n d  w a te r me l o n . The only othe r raw m a t e r i a l which might 
have b e e n  c lasse d as a fru i t  is papaya . ln its  gre en form papaya 

is o f ten us e d  in s a la ds and h e n c e  has a h igher l evel  of us e in 

fo od  dish e s  than other  fru its . I t  i s  th e re fore  c la s s e d  w i th the  

vege tabl e s . The fruit  c lu s t e r  i s  low on nu tr ition , me dium t o  l ow 

on flav our and na s a low level  o f  us e i n  food  d i sh es . 

C ondime nt s , spices  and  herbs , c ompr ise the f i f th c lus t e r  

peanu ts , shallot s , c h i l l i  p e pper an d gar l i c . Th is c lus t e r  is 

genera lLy low on nutri tion a nd ha s a very high level  of  f lavour 

wh:ch pr obably a c c ount s for the low le vel  of  us e of its r aw 

ma terials . 

The f ina l c luster  inc lude s  r i c e , r ic e  noodle and sugar . 

R i c e  and  r ic e  noo d le exist  very c lose  to  e a ch o ther  in the spa t ia l  
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c 0nf igur a t ion and are w e l l  r emoved  f r om mos t other  raw ma t erials . 

This i s  probably due t o  the i r  func ti ons as  bas e s  for food  dishes  

ra ther than ingre die nts in them . They  are  both  r e garded  a s  me dium 

to  h i gh on nu trition , low on flavour and at  a me diu m leve l of us e .  

Sugar is  s imilar to r ic e  and  r i c e  noodle  w ith r e gard  t o  nut r i t ion , 

but is v e ry much low e r  on l e v e l  of  u s e  and stronger in fla vour . 

7 . 3  Raw ma t e r ia ]_ a s s oci a t i o n  ana lys is 

The average d da ta s howing the  r e la t i ve a c c e ptabil it ie s  o f  

pa 1r s o f  r aw ma t e rial s i n  co mbina t i on , were  analy z e d  us ing KYS T .  

S o lu t i ons were  derived in 5 thr ough t o  1 dimens ions and a plot  o f  

s tr e s s  v e rsus d ime ns i onal ity o b taine d a s  show n i n  F i gure 7 . 3 .  

The ' e lbow ' in th is p lot o c curs  a t  3 dimens ions , henc e ind i c a t i ng 

t ha t 3 dimen s i ons ar e su f f ic ie nt to dis p la y  the raw ma terials . 

The ch o i c e  of 3 dimensions w a s  suppor t e d  by S pe nc e  and Gra e f ' s  

( 1 8 7 )  graphic al  me th od of de t erm i ning underlying d i m e n s i o na l it y .  

A 3 - d ime nsional conf igura tion  o f  the 4 0  raw ma t e r ia ls was ob tai ned  

using KYS T .  The s c a le � a l u e s  are shown  in  Table  7 . 2  an d the 

configura t ion in F igure 7 . 3 .  

7 . 3 . 1  Axis iden t i fi c a tion  

I n  t h i 8  � pa c e , the  interp o int di s tan c e s  are  pr opor t i ona l  

t o  the a c ceptab ility  o f  two raw ma terials in a s s o c i a t i on i n  th e 

same f o od dishe s .  Henc e , the axes  o f  the spa c e  t e n d  to  be  dir e c tly  

r e la t e d  to  the typ e s  o f  f o o d  dishes  ma de from th e raw  ma terials  

and only indir 0 � tly r e la t e d  t o  th e raw  materia l  pr o pe r t ie s .  In  

int erpre t ing �he  axes , raw  mat e rials  were  r e la t e d  t o  the  t ype s o f  

foo d  d i shes  i n  wh ich they are  mos t c o mmonly u s e d .  T h e  axes w e re  

the �  iden ti fi e d  a c c or ding to  the  chara c teris t i c s  of  the s e  f o o d  

dish es . 

The f ir s t  axis is  r e la t e d  t o  the ' generality  o f  u s e ' o f  

the r a w  materia l s .  The axis ranges from raw ma t e r ia ls s u ch - as 

garli c ,  C hine s e  ka le  and s tr ip e d  ma c ke r e l  which ar e u s e d  in a 

wide var ie ty o f  dishe s , thr ough mango , papaya , w a t e rmelon , c o conu t  



Table 7. 2 Scale values for the raw material  associat ion space. 

S c ale valu e s  
Raw ma terials 

Dimens ion 1 D imens ion 2 Dime ns i o n  3 

Bam boo sh o o ts -0 . �-42 0 . 008 0 . 523 
Cabbage -0 . 1 88 -0 . 220 -0 . 545 
C h i ne s e  cabbage -0 . 69 1  -0 . 3 1 9  -0 . 220  
C h i n e s e  ka l e  -0 . '736 -0 . 303 - 0 . 203 
Cu cumber -0 . 334 0 . 1 05 -0 . 722 
Gr e e n  gour d -0 . 706 -0 . 005 - 0 . 71+2 
Mungbean cur d -0 . 322 0 . 799 - 0 . �- 6 1  
Mungb ean s p r o u t s  - 0 . 5 4 1  0 . 388 -0 . 536 
P e a nu t  0 . 5 90 -0 . 1 1 6  0 . 75 8  
R i c e  -0 . 06 1  0 . 338 0 . 343 
lh c e  noo dle -0 . 50 1  0 .  744 0 . 243  
S haJ .lots  -0 . 306 -0 . 202 1 .  036 
S nap  b ean -0 . 54 8 -0 . 403 -0 . 4 84 
S v,;amp cabba g e  -0 . 6 L1- 8  - 0 . 1 63 -0 . 2 79 

Banana 1 . 6L r2 -0 . 6 1 8  0 . 025 
i�Ja ngo 0 . 25 7  - 1 . 1 5 6  0 . 88? 
Papaya -0 . 077  - 1 . 1 �5 -0 . 6 70 
P i ne a p p l e  0 . 5 89 - 1 . 0 75 0 .  1 _)6 
Pumpki.n 0 . 3 75 -0 . 1 95 -O . G2 1  
Wa terme lon 0 . 952 - 1 . 393 -0 . 6 6 8 

B e e f  -0 . 1 73 -0 . 057 0 . 1 64 
Chi cken -0 . 089 0 .  3 1  � 0 . 009 
C rab -0 . 6 88 0 . 259 0 . 2 1 8  
Duck -0 . 2 L1 2 o .  723 0 . ?? ()  
H o g s  l i v e r  -0 . �- 81-l 0 . 365 -0 . 20 8  
Pork -0 . 200 0 . 087 -0 . 1 1 5 
S e rp e n t  head fis h -0 . 53 1  -0 . 607 0 . 1 1 lt 
Shr imp s  -0 . 1 3 1 -0 . 08 1  - 0 . 0 � 0  
S tr ip e d  ma c ke r e l  -0 . '7/+ 6 -0 . 482 0 . 6 1 8  

Bu t te r  1 . 062 0 . 772 0 .  1 71 
C h e e s e  1 . 259 0 . 71 9  - 0 . 4 1 8  
Ch icken egg  0 . 058 0 . 455 -0 . 1 33 
r:: o conut  cream 0 . 563 0 . 1 95 0 . 459 
Du c k  e gg 0 . 0 75 0 . 5 76 -0 . 252 
H i lk 1 . 433 o .  702 0 . 1 33 
S w e e tened  c ondens e d  milk 1 .  706 0 . 509 -0 . 02 7  

C h ill i peppe r -0 . �-32 -0 . 3 1 ($  0 . 531  
C or iander -0 . 64 8  0 . 379 0 . 706 
Garlic  -0 . 842 -0 . 082 0 . 053 
Sugar  0 .  71+8 -0 . '1 00 0 . 003 
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crea m ,  suga r ,  pi ne app le an d pu mpkin which are us e d  in a m o r e 

l im i t e d r an g e  o f  f o od d ish e s . F i na l l y , a t  th e far e n d  o f  the axis 

are the da ir y pr o duc t s an d ba n a na w h ic h ar e s e l do m , if  e v e r , us e d 

i n  f o o d  d is h e s  o f  a n y  k i n d . 

The bu n ching o f  2 7  o f the 40  raw ma t e r ia l s  a t  t h e  w i d e s p r e a d  

u s age e n d  o f  the a x i s , i n d i c a t e s  th e h igh le v e l  o f  a c c e p t a b i l i t y 

o f  most  r a w  ma t e r ia l s in a w i d e  va r ie ty o f  dishe s . Tha t i s , the r e  

i s  a lack o f  s p e c i f i c i t y  o f  mo s t  r a w  ma t e r i a l s f o r  f o o d  d i sh e s . 

The r e su l ts o f  t h e  ' r aw ma t e r i a l  b y  u s e ' s u r v e y  supp or t th is 

c onc lus i o n showing a larg e nu mb e r  of the raw ma terials to  b e  h igh ly 

a c c eptable  i n  mos t  o f  the 1 5  c l a s s e s  of f o o d d i sh . F o r  e xa m p l e , 

m o s t  m e a t s  an �  ve ge tab l e s are  a c c e ptab l e  a s  ing r e d i e nt s  in a var i e ty 

o f  d i s h e s  r a n gi ng f r o m  Thai sa la ds t o  h o t  c u r r i e s  a nd s o u r s o ups . 

I n c lu d e d  i n  t h e  gro u p  o f  1 3  raw ma t e r ials which arc n o t  w i d e l y u se d 

a r P  t h 2  f r u j t s  R n d  d a j � y p r o du c t s . Fru i t s  a r e  s P l d o m  u s e d j n  ThR i 
f o o d  d i s h e s  a n d are qu it e s p e c i f i c  t o  s a lads . Da iry p:r o d u c t s  a r e  

s e l d o m  us e d  in Tha i c o o k i n g , ma inly du e t o  t h e ir u n fam i l ia r i t y . 

The s e c o n d  a x i s  sh ow s a g r a da t i o n  i n  t he c on s i s t e n c y of the 

d i s h e s  i n  whic h th e  r aw ma t e r i a l s a r e  u s e d .  T h e s e  r a n g e  f r o m  l i qu i d , 

s o f t  t e x t u r e d  or j u i c y , t h r o u g h  t o  f ir m  t e x tur e d  a n d  dry d i s h e s .  

M 0 ngb e an c u r d ,  no o d l e s , d u c k  e g gs an d  ch i ck e n  e ggs a r e c o mmo n l y 

u s e d  i n  s o u p s an d om e l e t t e s which  a r e  o f  a l i q u id o r  s o f t  co n s i s te n c y . 

Towards the c en tre o f  the axis  are  the raw ma t e r i a l s  w h i c h  a r e  u s e d 

i n  bo th s o f t  and firm t e x tu r e d d i she s ,  for e xa mp l e , b e e f ,  p o r k , 

gr e e n  gou r d  a n d  swamp c abbage . Fru it s ,  inc l u d i n g  p a p a y a , ma ngo , 

wa term e l o n  a n �  pi n e a p p le a re qu i t e sp � c if ic t o  th e m o r e  f ir m  t e x t ur e d  

d i shes , su ch n s  sala d s . 

The th ir d axis sh ow� a re la t i onsh i p t o  th e u s e  o f  the raw 

ma t e r ial s in s tr o ng f lavo u r e d  aishe s . Raw Ma teri als su c h  as sha ll o t s , 

mangoe s , p e a n� t s  and c oriande r  a t  one  end of  the axis  are al m os t 

i n var iab l y  a s s o c i a t e d wi th s tr�n g f la vo ur ed dishe s ,  in c lu d ing Tha i 

sa la ds , curr ie s  an d s our s o u p s . The la r g e  gro up of  raw ma terials in  

the c entre  o f  the axis inc lud e s  mos t  o f  the mea ts and  the  m ore  

c ommonly u s e d vegetable s . The  m e a t s  follow a gra da t i o n  f rom b e e f  

wh ich  is  us e d  mos tly  in s tro ng flavour e d  dish e s , thr ou gh t o  c h icken  
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and pork wh ic h are us e d  in s trong and weak f la v our e d  dishe s .  A t  
the other  end o f  t he scale  are  papaya , wa terme lon , gr e en gour d and  

cucumber wh ich in  the mse lv e s  ha ve  w eak f lavour s  and  are asso c i & t e d  

w ith b l a n d  fla vo ur e d  fo o d  dishes . 

7 . 3 . 2  Raw ma teria l c lusters  

�he wi despr e a d  usage  of  mos t fha i raw ma teria ls in a 

varie ty of food d is he s  is su ppor ted  by th is  spatial  configur a tion . 

A ma j or c luster  exiets  a l ong the  ' ge nerality  of  u s e ' axis , 

c ompr i s ing 2 7  of the  40 raw ma terial s .  Th e  1 3  rema i ning r aw 

mater ia l s ,  i nc lud ing mo s t  o f  th e fru i t s , pean� ts , su gar , c o c onut  

c r eam and  t h e  dai r y  pr o duc t s ,  repr e s e nt those  r a w  ma terials  which 

ha v e  a mor � r e s tri c t e d  use . Either th e y  are u s e d  qu i t e  sp e c i f ic a lly 

in c er t a in d is he s  s u c h a s  th e use o f  fru i ts in Tha i sala ds or fri H d  

v e ge ta b le s � or the y are  r�rc ly , i f  e ve r  u s e d ,  a s  in th e c a s e  o f  the 

da iry pr oduc t s . 

T h e  n o n - s p e c i f i c i t y  o f  mos t raw ma ter ials could pr o v e  u s e fu l  

in  t h e  d e s i gn o f  nu t r i t ional fo od di sh e s . Having de f ine d a s e t  o f  

raw ruo t e r ia ls w i th a c c eptable  c ombi ne d pr ope r t i e s ,  the s e  r aw 
ma teri a ls co uld b e  u s e d  as  the basis for mos t types  of  Tha i f o o d  

dishes  w ithout  f ear of  re j e c ti on . 

7 . 4  ' Raw material  by us e '  ana lysi s  

The ma trix o f  pro xi m i t ie s ,  der ive d using S te f f lr e ' s  me tho d 

( 1 9 1 ) , w a s  ana l yze d b y  KYS T .  S caled  so lu ti0ns were  ob tai ne d in 5 
thr ou gh t o  1 dime n s ions . The s tr e s s  v er s �  d imens i on plot  is  sh own 

in Figu r e  7 . 4 . The p o int of ' e lbow ing ' in th is plot , t oge th er w i th 

Spenc e and Grae f s ' graph ical m e thod a ga i n  indic a t e d  3 d ime n s i ons t o  

b e  suff i c ie nt t o  d isp lay the raw ma +. eri a ls . T he s c a l e  valu e s  

obta i n e d  from KYS T a r e  s hown ih Tab le 7 . 3  an d the 3-dimensi ona l 

plots i n  Fig�re  7 . 4 .  



Tab l e  7 .3  Scal e  val ues for t h e  ' raw material  by use' space. 

S cale valu e s  
Raw materials 

Dim ens ion 1 Dimens i on 2 D i me n s ion 3 

Bamb oo shoots 0 . 4 6 8  0 . 200 0 . 429 
Cabbage 0 . 453 -0 . 1 0 7 0 . 4 6 9  
C h ine s e  cabbage o .  735 -0 . 1 72 0 .  LJ-94 
Ch ine s e  ka le  0 . 4 1 8 -0 . 686 0 . 524 
Cucumber 0 . 5 77 0 .  46LI -0 . 3 78 
Green g our d -0 . 1 80 -0 . 2 72 0 . 737  
Mungb e e n  cur d - 0 . 4 83 -0 . 293 -0 . 1 35 
�1ungbean  s pr ou ts 0 . 352 -0 . 4 h9 0 . 2 96 
P e anu t -0 . 2 8 1  0 . 3 8) -0 . 549  
R i c e  -0 . 366 -0 . 065 -0 . 5 8 1  
Rice  noodle  -0 . 253 - 1 . 1 Oi+ - 0 . 008 
Sh a l l o ts o .  1 5 6  0 . 708 -0 . 1 53 
S na:r-, b e an 0 . 4 5 _5 0 . 4 1 1 0 . 355 
S w a my_. cabbage 0 . 35 7  0 . 04 1  0 . 507 

Ban ana - 1 . 65'+ -0 . 1 Olt -0 . 099 
M a n g o  -0 . 77!; o .  75 8 -0 . 504 
:fapaya - 0 . 85 1 0 . 2 1 0  -0 . 090 
r i n e c> pple -0 . 825 ,..... """ " ?  v . c c r_ 0 . 3 5 7  
Pumpkin - 0 . 671  -0 . 1 3 7  0 . 45 9  
W a te r me lon  - 1 . 349 0 . 1 07 0 . 1 45 

Beef  0 . 9 75 -0 . 023 0 . 025 
C h :i c k e n 1 .  248  -0 . 1 23 -0 . 049  
Crab  0 . 325 -0 . 1 82 -0 . 2 62 
Du c k  o .  _3 8G -0 . 3 75 0 . 00 1  
H o gs l iv e r  0 . 799 -0 . 39 7  -0 . 1 06 
P ork 1 .  364 -0 . 1 98 -0 . 2 1 4  
S erpent  hea d fic:h 0 .  Lr98  0 . 596 0 . 290 
Shrimps 1 . 1 33 0 . 201  -0 . 032 
S tripe d ma cke r e l  -0 . 1 0 1  0 . 595 -0 . 092 

But t e r  - 1  . 1 39  -0 . 2 2 6  0 . 02 1  
Che e s e  - 1 . 4 67  -0 . 2 1 6  - 0 . 034 
Ch i cke n e gg 0 . 520 -0 . 607 -0 . 723 
C o c onu t cr eam -0 . 4 1 0  0 . 789 0 . 4 1 6  
Du ck e gg 0 . 374 -0 . 54 7  -0 . 658 
M ilk - 1 . 592 -0 . 093 -0 . 06 1  
Swe e t e ne d  c ondens e d  milk - 1 . 685 -0 . 1 50 -0 . 0 83 

C h i.lli pepper 0 . 964 o . 64 o  -0 . 053 
C or iander  0 . 590 -0 . 04 6  -0 . 4 7 7  
Gar l i c  0 . 650 0 . 05 7  -0 . 007 
Sugar 0 . 464 0 . 2 1 1  -0 . 1 76 
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? . 4 . 1  A xis i de nt i f i c a t i o n  

The pr o x i m i t y m e a s ur e s  w e r e  de r i v e d  f r o m  th e v e c t o r s  o f  r a w  

ma t � r i a l  a c c e pt a b i l it y i n  t h e  15 c a t e gor i e s  of f o od d i sh . T h e  

d e gr e e  o f  s i m i l ar i t y  o f  t h e s e  v e c t o r s  is de p en de n t o n  t w o  f a c t or s ,  

f ir s t J y th e c o mm o n  u sa g e  o f  the r a w  ma t e r i a ls a n d  s e c o n d l y  th e 

s u b s t i t u t a b i l i t y  of t he r a w  m a t e r i a l s . On t h e  o ne h a n d ,  t w o  

e x t r e m e l y d i s s im i l a r r a w  ma t e r i a l s  m ight b e a c c e p t a b l e  i n  t h e  s a m e  

f o o d  d i sh e s  an d h e nc e  h a v e  s i m i la r  a c c ep t ab i l i t y v e c t o r s , a n d  a 

h i gh pr o x i m i ty m e a s u r e . O n  t h e  o t h er ha n d , t w o  r a w  ma t e r i a ls wh i c h 

a r e  a l m o s t  i d e n t i c a l ,  t o  t h e  e x t e n t  of b e i ng h ig h l y  s u b s t i tu t a b l e , 

w o u l d  a J so h a v e  s i m i la r a c c e p t a b i l i l y v e c t or s a nd a h i gh p r o x i m it y  

m e a s u r e . il x i s  i d e n t i f i c a t i o n  i s  t h e r e f o r e  s l i gh t l y c o n f u s e d  b e c a. u s e 

o f  t h e  d e p e n d e n c e  o f  r a w  ma t e r i a. l  l o c a t i o n  o n  b o t h th e raw ma t e r i r• l 

p r o pe r t i e s  a n d  t h e  c h a r a c t e r i s t i c s  o f  t h e  dis he s i n  w h i c h  t h e s e  

mn t G r in ls a r e  u e e d .  

A x i s  1 s h o w s  a h i g h  c o 1 - r e l a t i o n  w i th t h e  l e v e l o f  u s e  o f  th e 

r a w  ma t e r ia J s .  A S pe a r m a n  rank c o r r e la t i o n c o e f f i c i e n t w a s c a l c u la t e d  

b e t w e e n the o r d e r  o f  r a w  ma t e r i a l s on a x is 1 an d t h e  a v e r a ge l e v e l o f  

u s e  o f  t h e s e  r a w  ma t e r i a l s  a s  s h o w n  i n  T a b l e  6 . 3 .  

� := 0 . 95 w i th � /SE = 5 .  94 

Th i s  a x i s r an ge s f r o m  p o r k , c h i c k e n  a n d  s hr i mp s w h i c h  h a v e  h i gh l e v e l s  

o f  u s e , through t o  m i lk , banana , c h e e s e  and sw e e t e n e d  c o n d e ns e d  m i lk 

w h i ch a r e  s e l do m  u s e d  i n  T ha i  f o o d  d i sh e s . 

Th e  s 3 c o n d  a x i s  sh ow s a g o o d  r e l a t i o n sh i p  t o  t h e  t yp e s  o f  

d i s h e s  i n  wh ic h t h e  raw ma t e r i a ls a r e  u s r! d  d.n d i n  p ar t i cu la r t h e  

s t r e n gth o f  f la vour o f  t h e s e  d is h e s . A t  o n e  e nd o f  t h e  a x i s  a r e  

c o c o nu t c r eam , ma n g o , sh a l l o t s  a n d  c h i l l i  p e p p e r s , al l o f  w h i c h a r e  

u s e d a l mo s t  e xc lu s j v e l y  i n  s t r o ng e r  f la vo u r e d  d i s h e s  s u c h a s  c u r r i e s  

a n d  s om e  Tha i s a la d s . M e a t s  an d m o s t o f  t he c o m m o n  v e ge t a b l e s a r e  

l o c a t e d  m i dw a y  a l ong t h e  a x i s , h e n c e sh o w i n g  t he i r  v e r s a t i l i t y  o f  

u s e  i n  w e ak a nd s t r o ng f la v o ur e d  d i she s . E g g s  a n d  n o o d l e s  o c c u r  a t  

th e w e a k f la vo ur e d  e nd o f  t h e  a x is and a r e  us e d  pr e d om i na n t l y  i n  

s ou p s  and b la n d n o o d l e  b a s e d  d i s h e s . 
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Axis  3 appears to  a gai n b e  rela t e d  t o  the f o o d  Jis he s  in 

whi ch the raw ma teria ls c o mmonly o c c ur an d in par t i cu lar wh e th er 

the se  dish e s  a re me a t  or v e ge ta b l e  b a s e d .  A t  one end  o f  the axis 

are mos t  of  th e common v e ge ta b le s inc luding c abbage , gr e en gour d ,  

C h inese cabbage , swamp c abbage a nd C hine s e  ka le . A l l  o f  the s e  raw 

ma ter ials a r e  m o r e  c ommonly s e e n  in d i she s c o nta ining pre domina ntly 

v e ge table s an d h e n c e  ha v i ng s tro n g l y  v e ge table chara c te r i � t ic s , f or 

exa mple , f r i e d  ve ge table � a n d  c h op sueys . Progre s s i o n  a l o ng the 

a x i s  go e s  f r om o ther  vege tabl e s  su ch as s nap beans and pumpk in , t o  

fish , mea t s an d f i na lly e ggs and  r i c e . 

7 . 5  C ompa r i s o n  o f  r a w  ma terial  spa c e s  

The re s u lt s o f  t he t hr e e  d� f ferent me th ods  u s e d  t o  de r i v e 
s pn t i a J . c o n f iEura t io n s  o f  the 4 0  raw ma terials , e ill phas l � e  th e 
i m p o r t a nc e o f  the for� o f  the r a w  d a t a in the int erpr e � a t ion  o f  the 

f i na l  c o n f i gu r a t i o ns . A l th ough a ll thr e e  spa t i a l c o n f� gur a t i o n s  

w e r e  obta i ne d  from pr o x imi ty me a sures  of  the raw  ma teria ls , the s 3  

m e asur e s  o f  pr ox i m i t y  w e r e  d e r i v � d  from d l f i e r e n t  p sy c h o l o g i c a l  

spa c e s . 

I n  th e case  of  the s im ilar i ti e s  d a t a , the sub j e c ts were  

aske d dir e c tly  to j u d ge th e s i m i l a r i t y of  t h e  raw mat e r i a ls in t erms 

of th eir r e l a t iv e  su bs t i t ut ab il i t i e s  in food dish e s . The dimensions 

o f  the spa t ia l  c onf igura t i on derive d from th e se measur e s  o f  pr oximity  

w e re c learly relate d to the  pr ope r t ie s  of  the raw  ma terials  wh i ch 

the sub j e c ts c o ns i de red  t o  b e  imp or tant  ln the ch o i c e  of the s e  raw 

ma t e r ia ls a s  ingredients  in f o o d  d ishe s . The a xe s  o f  this space  

were  ident ifie d a s  nutr i t ive v a lue , level  of us e and  s tr e ngth o f  

fl�vour o f  the raw materia ls . 

The s e c o nd raw ma terial  spa c e  was  ob taine d from proximity 

measures  r el a t e d  to the �egree  of  a c c e ptability o f  pa irs  o f  raw 

ma terials  i n  asso c ia t ion i n  the same f o od dish . Here , th ere  was  a 

t e ndency for  the sub j e c t s  to j ud ge th e a c c ep �a b i l ity  o f  the p a irs of 

raw ma teri a ls in term s  of  th e f o o d  dishes in which they  commo nly 

o c cur t o ge th er , rather tha n  the ir ind ividual pr ope r t i e s . The 
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d i m e n s i o n s  o f  this s pa t i a l c o nf i gur a t i on the r e for e de s cr ibe d t he 
chara c t e r istics  o f  the f o o d  d i s he s in whic h  t h e  raw ma t e r ia ls a r e  

c o mmo nly use d , ra th e r  tha n  th e  r · aw ma teri a l pr ope r t i e s .  The a xe s  

were  ident ifie d as th e ' gene ra l i t y  o f  uE e '  o f  th e  r a w  ma t e r i a l s  in 

fo o d d is h e s , t h e  s t r e n gth o f  fla vour o f  t he food  di sh e s  and the  

c o ns is t e nc y o f  t h e  f o od d i s h e s  i n  which the raw ma te ria ls arc  

c o mmonly u se d .  

The pr ox i m i t y measur e s  derive d f r o m  the ' r aw ma terial  b y  

u s e ' da ta w er e de pe nd e n t  o n  t w o  fa c t or s .  Fir s t l y , the si milarit y 

o f  t h e  r a w ma teri a l s  an d se c o ndl y , t h e  e x t e n t  t o  wh ich  the r a w  

ma t e r i a ls o c c u r  i n  th e s am e  f o o d dishe s . A hi� pr o x i m i t y  measu r e  

c ould b e  ob ta ine d  f o r tw o s i mi lar or h i gh ly subst itu t a b le raw 

ma terials and for t w o  d i s s i m i la r  or n o n - su b s t i tu t a b le ra w m a t e r i a l s 

w h i c h  o c c u r  fr e qu e nt l y  to ge the r  i n  th � sam e f o o d  dis h .  The sp a t i al 

c o nf igur a t ion o f  th e r a w  ma t e r j a l s w a s , t h e r e f o r e , a f 11 n c t i o n  o f  
b o t h s i m i l a r i ty a n d  a s s o c i a t io 11 . The a xe s  w e r e  i d e n t i f ie d  as  th � 
le vel  o f  us e o f  the  r aw ma t e r i a l s , the s tr e ngth o f  f la v o ur o f  th e 

f o o d  dis he s in wh i c h th e raw  ma t e r i a ls a r e  c o m m o n l y  u s e d  a n d  the 

bas is o f  t h e  f o o d  d is h e s ,  e i t he r m e a t  o r  v e ge ta b le s .  

The thr e e  d if ferent  types  o f  pr oximity measure s  for th e 4 0  

r a w  ma t e r i a ls the r e fore  r e su l t e d  i n  spa t i a l c o nf i gu r a t i o ns w it h 

di f f e re nt i n te rpre ta t i o ns . The spa c e s d e r i v e d  f r om the asso c ia tion  

a n d  ' raw ma terial by us e ' da t a  r e su lt e d  in  s pa t ial  d i me n s i o ns wh i c h 

w e r e  r e la t e d  to b o t h  the  pr ope r t i e s  o f  t he raw ma t e r i a l s  a n d  t o  t h e  

c hara c te r i s ti c s  o f  the fo o d  di she s in wh ich the r aw materials are  

c ommonly us e d . I n  t h e s e  cases  the in t er�r e t a t i on o f  the  axes  was  

c onfuse d by . th is in t e rac t ion . Only the spa c e  der ive d from the 
s imilar it y me asures  w a s  dir e c tly r ela t e d  to the raw ma t erial  

prope r t i e s . 

7 . 6 Food dish s im ilarities  analys is 

The average d food  dish simila r i t i e s  were  a na l yz e d  u sing 

KYS T .  S ca l e d  s o lu t io ns were  ob taine d in 5 through t o  1 dimens i ons . 

A plo t of  s tress  v ersus dimens i o na l i t y is sh own  in F i gur e 7 . 5 .  
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The p o int of ' e lbowi ng ' in t h is plot was  a gain a t  3 d imens i o ns . 

The 3 - dimens ional scale  va lu e s  of the  food dish e s  ar e shown i n  

Table 7 . 4  and the plot s i n  Figu r e  7 . 5 . 

7 . 6 . 1 Axis i de n t i f i c a t i o n  

A n  attempt was ma de  to  d e f ine t h e  axes o f  the 3 - di men s i onal 

spa t i a l  c o n f i gur a t i o n  in t e r ms o f  o b v i ou s  phys ical  pr op e r t i e s  of 

th e food di sh e s .  The axis 1 was ide n t i fied  as ' le ve l  o f  me a t i ne s s ' ,  

tha t is the pr e do minanc e  of  me a t  c omponent s in t h e  food  dish e s . 

At  th e ' n o n -m e a ty ' end o f  th e a xis are  b e e f  noo d le s , pork noodles  

and  c h o p  su e y ,  a J l of wh i ch may  b e  described a s  more  v e ge table  

than 1ne a ty i n  c h a r a c t e r . On the o t he r hand , f i sh balls , b e e f  

curry and frie d b e e f  w i th oyster  sau c e  a r e  ob vi ousl y b a s e d  o n  meat . 

A xis 2 shows a g r a da t i o n  in  t h e s treng th n f  f J. n v ou r  o f  the 
dishes  fr om t h e  w e ak f la vour of por r i dge , chop  � u e y  �ud ome le t t e , 

to t h e  v e ry s t r o ng f l a v ours  of  s hr �mp hot soup , shrimp s o u r  soup 

and swe e t  and so ur f ish . 

Axis 3 was c onsi d e r e d  to be  r e la t e d  t o  t h e  c ons is t en c y  o f  

the d ishe s , r an g i n g  f r o m  t h i n  o r  runny thr ou gh t o  s o l i d  or f irm i n  

t e xtu1· E .  rl' h e  t h i n  o r  runny dish e s  include gr e en g our d a n d  por k  

soup , fi sh ho t s o u p  a n d  p o r k  noodl e s , a l l  o f  wh i c h  have a h igh 

p r o p o r t i on of water  m t h e m . The s o l i d  dishe s a r e  cucumb er s a la d � 

fr ie d  be e f  w i th ka le and fish with gr e e n  ve ge ta b l e s  an d s au c e .  

The food  dish spa c e  th e r e fore  ha s axes in c o mmon w ith  thos e 

of  the r aw ma tc· · · ia l  spa c e s  d e r iv e d  from the measur e s  o f  a s s o c ia t i on 

and ' raw ma te�ia l  by us e ' . The raw ma t e r ia l  a s so c ia t ion spa c e  ha s 

two a x e s  which are  r e la t e d  t o  food  dish chara c t e r i s t i c s  -

c o ns i s t e ncy and streng th o f  f lavour . The two axes  o f  the ' raw 

ma t e r i a l  by us e ' spa c e whic h  are r e la t e d  to f o o d  d i sh charac te r i s t i c s  

are  me a t ine s s  and s tr e ngth of  fla vour . 
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Table 7.4 Scale values for the food d ish space. 

S c a l e  value s 

F o o d  dish 
D i me ns i o n  1 D i me n s i o n  2 D ime n s i o n  3 

F i s h  b a l l G -0 . 632 0 . 3 1 3  -0 . 089 

Be e f  c ur ry - 0 . 824 -0 . 493 0 . 1 23 

C h i c k e n c ur r y  -0 . 438  -0 . 4 03 - 0 . 040 

C h op s u e y  0 . 5 2 4  0 . 780 0 . 1 42 

S hr imp s o ur s ou p  -0 . 222 -0 . 72 0  -0 . 032 

P l a i n om e l e t t e -0 . 1 34 0 . 554 -0 . 343 

S w e e t  an d s o u r  f i s h  0 . 7 1 3  -0 . 705 -0 . 1 80 

S w e e t  a n d  s ou r  c h i c k e n  0 .  79 1 -0 . 4  87 -0 . 3 85 

S h r i m p  h o t  s o up -0 . 1 55 -0 . 65 1  -0 . 2 6 1  

F i sh h o t  s ou.p 0 . 2 4 0  -0 . 1 8 1 - 0 . ?69 

Fr i e d  b e e f  w i th k a l e  -0 . 2� 2  0 . 233 1 . 1 .52 

Fr i e d  b e e f  w i th o ys t e r  
s au c e  -2 . 0 1 1  -0 . 1 5 7  -0 . 1 76 

F i s h  w i th gr e e n  
v e g e t a b l e s  a n d  sau c e  -0 . 1 44  -0 . 1 2 7  0 . 932 

F r i e d  p o rk w i th gr e e n s nap 0 . 2 7 1  0 . 1 93 0 . 365 
b e a n s  

G r e e n go ur d a n d  p o rl� s o u p  -0 . 055 0 . 35 7  -0 . 92 1  

C u c u mb e r  s a la d 0 . 5 70 -0 . 560 0 . 642  

S t e w e d  p o r k  w i th b o i le d 
e g g and s o y  sau c e  0 . 4 8 1  0 . 503 0 . 4 1 6  

P or k  p o r r i d g e  -0 . 544  1 . 1 77 -0 . 22 6  

P o r k  n o o d l e s  0 . 85 2  0 . 01 9  -0 . 379 

Be e f  n o o d l e s  0 . 959 0 . 356  0 . 024  

I de a l  p o i n t  -0 . 08 7  0 . 042 0 . 02 7  
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7 . 6 . 2  F o o d  dish c lu s ters  

A nu mb er o f  s ma l l  clu s te rs  of fo od dish e s  e xi s t  in  the 

3 - dimens i o nal spatial conf i gur a tion . The exis tence  o f  the s e  

c lus ters and the di fferences  i n  f o o d  d is h e s  b e tw e en c lus ters  can 

be  expla ine d in t e rms of the i d e nt i fi e d  a xe s . 

The first  group cons is t s  o f c h i ck e n  c urry , s hr i mp sour 

soup , sh r Lmp hot soup  and fri e d  b e e f w i th oys ter  sau c e . The s e  

d i shes are  a ll s tro ng f lavoure d ,  wi th me a ty chara c te r is ti c s .  

S l ight dif ferences  o c cur  in the c o nsis tency , w i th the sour s oup 

and chicken c urry b e i ne; s l igh t l y th ic k er and b or de r i ng on the food  

dis h  pair o f  "b e ef  curr y  and fish  w i th e;r een vege ta bl e s  and s au c e . 

Fish balls , p o rk porr idge , e;re en gourd a nd pork s oup  and 

ome le t t e  for m a n o the r  � r o u p  wh i c h  is qu ite  me a ty , w e ak fl a v o ur e d  
a nd w l th a light o r  ru nny  c onsis tency . T h e r e  is not a s tro ng 

a f f in i t y  b e tw e e n the me mb e r c  o f  t h i s group . Fish balls  h a v e  a 

f irmer co n s i s t en c y wh ile the s ou p  has a far le s s  mea ty 

c h a r a c t e r is t i c . The pr esence  o f  omele tte  in  this g r o u p , in s p i t e  
o f its lack  o f  me a t  ingr e die nts , is  pr ob a�ly due  to  the h igh 

degree  o f  a s s ociation  o f  e ggs w i th me a t  which wa s found  in th e 

spa t i a l  c o n f igu r ·a t i on o f  raw ma t e r i als bas e d  on the ir s imilar ity 

me a su re s . 

Ano ther gr oup c o ns is ts o f  f ish ho�  soup , sw e e t  and  s our 

chicken an d swe e t  and sour fish . The s e  dishe s are  s tr o n g  flavour e d , 

non-me a ty w ith a ru nny c onsi c t en cy . Pork noo dl es verges  on th is 

group but t e n cl.s to be  much  weake r in f la v m  .. ..:..· . 

C u cu mber s a lad  and f r ie d b e e f  with Chinese  ka le e xis t 

s e para t e ly in  thd spatial  c on f igur a tion  and each is d i v or c e d  from 

all  other dis� es ,  henc e indic a t ing �u ite  unique cha ra c t e r is t i c s .  

The cucumb e r  sala d is s trong f:a voure d , non-me aty  and w it h  a s o l i d  

c onsis te nc y , unlike mos t o th er s trong fla vour e d  dis h e s  which  tend 

t o  be  of  a liqu id c onsis ten cy . Fri e d  b e e f  wi th C h ine s e  ka le is 

quite mea ty , of  a th ick c o ns is tency with a fairly w e ak f lavour . 

I t  is unl ike mos t  o ther me at  d is h e s  which are e i ther s trong 
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f la vour e d  and ' runny ' su ch a s  currie s ,  or weak f la vour e d  and o f  a 

s o f t  c ons is ten cy , such a s  pork porr idge and ome l e t t e . 

The final group c ons ists  o f  ch op suey , frie d pork with  

green  sna p beans , s te w e d  por k w ith b oi l e d  e gg and s oy sau c e  a n d  

b e e f  n o o d le s . The s e  d i s h e s  a r e  not  very meaty , w eak f la vour e d  a n d  

a r e  qu i t e  s olid , e x c e p t  f o r  b e e f  n oo dles  w h i c h  is o f  a f a r  mor e 

l iq u id  c o ns is tency . 

7 . 7 U n fo l di ng a na lys is on the r a w  ma t eri a ls a nd f o od dish e s  

S e parate  raw ma t erial an d f ood dish s pa c e s  were der i v e d  b y  

various me th ods a s  de s c r i be d  a bove . A lt h ough c o mmon a xes  e x i s t e d  

in  some of  the raw ma t e r ia l  s p a c e s  a n d  t h e  f o o d  dish spa c e  there  

was  no f a c i l i ty fo r a dir e c t  l ink be tween  raw ma t � r ia l s a n d  f o od 

d is h e s . I f  a fu n c t i on r el a t i ng the r aw ma teri al3 t o  f o o d  d i s h  

a c c e ptability was  to  b e  derived  then i t  was  ne c e ssary t o  der ive  a 

j o int mul ti dimens iona l  s pa c e  o f  raw ma ter ia ls an d f o o d d i s l1o s ,  For 
th is purpos e ,  an unf o l di ng a na lys is w a s  per form e d  on t h e  av e�aged  

a c c e pt ab i l ity data  fro m  th e ' raw ma ter ia l  b y  us e ' s ur vey , tha t is , 

the  r e c tangular ma trix show ing th e a ve ra ge a c c e pt a b i l i tie s o f  each  

o f  the 4 0  raw ma t e r i a ls in  e a c h  o f  the 1 5 c a t e g or i e s  of food  d ish 

( s e e  Appendix 6 ) . The KYS T  pro gramme was  aga i n  us e d  for  th e 

u nf o l d ing ana J. y s is . 

7 . 7 . 1 Organiz a t ion  for unfolding ana lys is 

The c ocple t e  input l is t  r e quir e d  t o  pe r form an unf old ing 

a na lys i s  on  the ma trix  o f  r aw ma terials by  food  dishes is  sl 1ow n 

in Figure  7 . 6 .  

Cards 1 to 4 ha ve  s im ilar interpre ta ti ons to  tho s e  us e d  f or 

the  normal multid imens i o na l  analysis ( se e  S e c t ion 7 . 1 ) .  The 

analysis was perfo rm e d  us ing the TORSCA  me thod to d e r iv e  th e 

init ia l  c onfi8ur a t ion us ing 3 itera t ions . The s o lu t ion was 

ob taine d in 3 spa t ial d imensi ons only , and the  fina l  c onf igura t i on 

was r o t a t e d  to pr inc ipal c o mpone n ts .  Card  5 indi c a t e s  tha t the 
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1 5 40 1 1 
( 5X , 1 5F5 . 1 , / , 5X , 1 5F5 . 1 , / , 5X , 1 0F5 . 1 ) 
I I I 

I 
C OMP UTE 
S TOP 

Data m a t r i x  
I I 
I I 

l<YST contro l  cards fo r the unfo id ing analys is  of raw mater ia ls  

and food d ishes 

s tr e s s  f o r mu la 2 was u s e d .  K Y S T  has two  opt i o na l  formu la e  for 

calcula tion  o f  s tress , whe r e  s tr e s s  fo rmula 1 is the d e fault  option 

used  in m o s t  scal ing analys e s .  

MM 
DHNI' ( i1 ) ) 2 L: ( DI S T ( M )  -

S TRESS M = 1  ( 1 )  = 
MM 

L: ( DI S T ( M )  - d ) 2 

M = 1  
0 

Equa t i o n  1 shows t h e  gene ral f ormula for calcu la t ion  o f  s tr e s s  

where d i s  equal t o  zero in s tr e s s  formula 1 an d the arithme tic  0 
average o f  the D I S T  value s f or s tress  formu la 2 .  The  wri ters  of  

KYS T  ( 1 05 )  c laim that  if  unfold i ng is to  be  do ne nonme tric al ly ,  it  
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is  in the o r y  vital to  us e SFORM 2  and t o  SPLIT BYROW S , a s  o th e r ­

w is e  a meaningle s s  zero -stress  s o lution  ma y be  possi ble . C ar d  6 

spec i f ie s  t ha t  the da ta is to  be  s p lit by ro w s  and a separate  

regre s s io n  perform e d  on  each row . C ards 7 , 8 , 9 , 1 0 and  1 1  ha ve the 

same de finit i ons ao th e e quivalent cards in Figure 7 . 1 .  Card  1 2  

spec ifies  th e number o f  rows  ( name ly , 1 5 ) , the numb e r  of  c o lumns 

( name l y , 40) � the numb e r  o f  val ue s pr ov i d e d  for each  ma trix e n try 
( namely , 1 )  and the number o f  s u ch ma tr i c e s  inc lude d in the data 

d e ck ( name ly ,  1 ) .  C a r d  1 3  des cri t e s  the form a t  o f  the inpu t data , 

follow e d  by the card deck . 

7 . 7 . 2  The unfolding s o lut ion  

The pr e s e nt anal ys is fail e d  t o  reach  minimum s tr e s s  a f ter  

50  iterati ons ; the plots  of distanc e and fi t t e d  dis tanc e versu s  

the or iginal data w e r P.  f l a t ; an d a large numb e r  o f  po i u t s  a ch ie v e d  

th e s a me c 0 o r  d ina t e s  i n  t he 3 - d imen s i ona 1 c onf i gur a t i on . Th e 

pr ob l e m w a s  there fo re  c ons ider e d  t o  be d e ge nera t e . H e n c e , the 

final 3 - d imen s ional c on figuration  of  raw mate ria ls and food dish c G  

w a G  m e a� intle s s , s i nc e r an dom mov eme n t  o f  th e po ints would  r e su l t  

i n  ne gligible chan g e s  i n  t h e  value of  s tress . 

Previous unfo l ding analysis  by other work ers ha va  s how n 

that the technique may no t b e  en t ir e ly r e liabl e .  Gre e n  an d R a o 
( 70 )  and G r e e n  and  W ind ( ?2 )  r e p or t e d  uns a t i s fa c t ory r e su lt s , while  

Moskow i t z  ( 1 2 7 )  and  Percy  ( 1 4 1 ) repor t e d  qu i t e  go o d  s o lu t i ons . 

Kruskal ha s b e en  qu o t e d  as  sugge s ting tha t the s e e ming p:>:-a c t i cal  

failure o f  unf o lding ana ly s e s  may  be a t tribu t e d  to  t he need  for  

many more  p o in t c  to  b e  de termine d than in norma l  nonme tric  mul t i ­

dimensi onal s c a l ing and t h e  lack of  s tren gth in  the  data t o  

e s t ima t e  th is ma ny parame ters  ( 1 4 1 ) . Kruska l ' s  e xp la na ti on is 

suppor t e d  in the pr e s e n t  analys is where  a ma trix o f  1 5  food dis he s  

by 4 0  raw ma terials ( or 600 da ta e le men t s ) was us e d  t o  l o c a t e  55 

points , as c ompare d t o  the us e of  780 data e le me n t s  to locate  40 

points in  the corresponding mu ltidimens ional sca ling ana lysis . I t  

appear s , there for e , that the  extension from mul t i dimens i onal s c a l ing 

to un fo lding analysis  requir e s  mor e r e se arch b e fo r e  i t  c an b e  

appli e d  to pr ac t ic a l  pr oblems w ith any certa int y o r  c onf ide n c e  i n  

th e r e su lt s . 



7 . 8 I de a l po i n t l o c a t i o n  

7 . 8 . 1  I n  raw m a t e r ia l s im i la r i t i e s s pa c e  

1 8 1 .  

The s pa t i a l  c on f i gu r a t i o n  o f  raw ma t e r ia l s , d e ri v e d from 

the  s i ill ila r i tie s da ta , was  c h o s e n  a s  a b a s is for i d e a l  p o i n t  

l o c a t i o n  f ir s t l y  l; e c au s e  o f  i t s  g r e a t e r  v a l ida t i o n  thr ough axis 

i n t e r pr e t a t i o n  a n d  s e c o n d l y  b e cau s e  of i t s  d ir e c t  r e la t i o n s h i p  t o  

the r a w ma t e r i a l  pr o p e r t i e s .  T h e  o t h e r  s p� t i a l  c o n f i gur a t i o ns o f  

raw ma t e r i a l s  w e r e  mo r e  c onf us i ng in the ir int e r p r e t a t i o n  d u e  t o  

t h e  c o m b i n a t i o n s  o f  t h e  e f fe c t s o f  r aw ma t er i a l pr o pe r t i e s  a n d  o f  

t h e  c ha ra c t e r is t i c s of t h e  fo od d is h e s in wh ic h t he y  a r e  c o mm o n l y  

us e d .  

Th e  i de al p o int was l o c a t e d  a c c o r d ing t o  t h e  me th o d  

d e s c r i b e d  b y  Fe r.. k e r  ( 5 '1 ) . The  c o c r d i 11a t e s  o f  th e � 0  r a w  m .;:. t. e r la J s , 
deri v e d  f r o m  t h e  m u l t id i m e n s i o na l s c a l ing an a l y s i s  o n  s i m i l a ri t i e s , 

w e r e  f i x e d  in the 3-dimens i ona l spa c e . The da ta ma t r i x  s u pp l i e d 

t o  KYS T i �c l u d e d  the s i m i l a r i t i e s da t a  ( a 40 x 40  ma tri x )  an d t h e  

a c c e p t a n c e  d a t a  ( fo r m i n g  t h e 4 1 s t  r ow a n d  c o lu m n ) . F i x i ng o f  t h e  

40 r�w ma t er i a l po ints al low e d  for a d j us tme n t in t h e  4 1 s t  p o int 

( i d e a l ) o n l y  t o  m in i mi z e  s tress  and h e n c e  ma xi m i z e  the m o n o t o n i c  

r e l a t i o nsh ip l.> e tw e e n t h e  r an k  or d e r  o f  a c c e p t a b i l i t ie s  ( s e e  Ta b le 

6 . 5 )  a n d  the d i s ta� c e s  from the i d e a l  p o i n t  to the raw ma t e ri a l  

point s . The c o n t r o l  s ta te me nts r e q u ir e d  to lo ca t e  th e i d e a l  p o i n t  

u s i n g KYST a r e  sh ow n  i n  Figu re 7 . 7 . 

T h e  l o c a t i o n  o f  the  idea l  p o i n t  in th e 3 - d imen s i o na l  

conf igur ation  c f  raw ma teria ls i s  s h ow n  in F i g ur e 7 . 2 .  

The ideal point , a l th ough l oc a t e d  in the raw ma t e r ia l  spa c e , 

w a s  int erpr e t e d  a s  the i d ea l  c o mb i na t i on of raw m a t e r i a l  pr o pe r t i e s  

r e qu i r e d  i n  Tha i f o o d  dis h e s . The reas ons f or th i s  in terpr e ta t ion  

w e ':' e  a s  follows : 

1 .  Th e raw materia ls were  l o ca t e d  in the 3-dime n s iona l spa c e  

a c c o r d ing t o  data r e la ting t o  t h e  similaritie s  o f  the s e  raw 

ma t e r ia ls as  the y are u s e d  in food  dishes . The s pa t ia l  dime nsions 

are , therefor e , r epre s e n ta t iv e  of t he r aw ma t e r ia l  pr opertie s 
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I 
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1 8  S TOP 

I 

Figure 7.7 K YST contro l cards fo r the ideal point iocation 

wh ich ar e impor tan t in food dishe s . 

2 .  The idea l  po i�t was loc a t e d  us ing data  rela te d  t o  the 

a c c eptability  of  the raw ma t e r ials  in food d ish A s .  The j udgement 

o f  a c c e ptability  was assumed  t o  b e  made using the s ame pe r c ep t ual 

dimens ions a s  for the judgeme n t  of raw material  s imila ritie s .  



The ideal  point , in th is cas e , repre s e n t s  th e b � s t  

c ombina t ion o f  r aw ma t e r ia l  pr oper t i e s  for Th� i f o o d  dishe s in  

genera l .  A s imilar pr oc e dure c ould b e  u s e d  in future r e s e ar c h  to  

l o c a te an i de a l  point for  a sp e c i fi c food dish j n  a r aw ma terial  

s pa c e . H e r e , the  raw  ma t e r i a l  spac e would  be derive d from 

s i mi larity measu� e s  r e l& t ing the subs t itu tabil ity of the r aw 

ma t e ria ls in a pa r t icu lar dish . The ideal  p o int would be loc a te d  

from th e a c c e p tabi l i t y  s co r e s  for the raw ma teria ls in tha t d is h . 

7 . 8 . 2  I n  th e f o o d  dish s pa c e  

A n  ideal point wa s loc a t e d  in the 3-dj. me ns i onal s pa t ia l 

c o n f igurat ion o f  food dis he s .  The same nr oc e dure  was  us e d  a s  

de s cribe d above  for th e raw materia ls . The locat ion o f  the ideal  

p o i nt is  sh own in  F i gure  7 . 5 .  Al tL ough th e loca t i on of  th e ide a l  

food  dish po int w a s  n o t  u s e d  i n  this t h e s is i t  m� y ,  however , b e  

u s e fu l  i n  fu ture r e search for the  d e c ign o f  a c c ep table f o od dishe s .  

This point  represents  th R 1 be s t 1 c ombi na t ion of  f ood d � s h  

c hara c te r is tics  as d� f ine d by the  a x c c  of the spa tial mo d e l . New 

and  a c c e ptable f o o d  dj. shes  m i gh t  be  d � s l gn e d  t o  hav e a s e t  o f  

chara c t er is t ic s  de fine d b y  the  i d e a l  po int . Such  a de sign pr o c e dure 

w ou l d  be  si� ila r to  the one  used by S t e f f lre  ( 1 9 0 )  for the deve lop­

m e n t  of  new pro du c t s  to  fill  1 gaps 1 or  1 hole s 1  in  a n  exis t ing 

produ c t  s pa c e .  S t e f f lr e  ue e d  th e e xis t ing pr oduc ts  which w e r e  c l o s e  

t o  the 1 gaps 1 o r  1 h o l e s 1 as  s tandar ds . He  the n  deve l ope d n e w  a n d  

improv e d  pr oduc t s  to  f i l l  th e gaps by compar ing the ir cha ra c t e r ­

is t i c s  w ith th os e of  t h e  s ta n dards . 

7 . 9  Summary a n d  c o nc lu s i ons 

S pa t ia l  c onf i gurat ions of th e 40 r aw mate ria l s  and the 2 0  

food  d is h e s  were  obtaine d in the  1 b e s t 1 dimens iona l i ty and  the  

axes  o f  e a c h  spa c e  were  id enti f i e d . The  c onf igur a t i on o f  f o o d  

dishes  was  derived  f r o m  s imila r ity measur e s  fo r pair s  of  t h e  d ishe s . 

Thr e e  c o n f igurati ons o f  the raw ma teria ls  w e 1 e obtained  using  thre e  

di fferent types of  pr oxi mity measure s :  



1 .  Raw materi a l s imilar ity . 

2 .  Raw ma t e rial  asso c i a t ion . 

3 .  Der ive d pr ox imity me asur es  from  the raw ma t e r ia l  

a c c eptability  in food  dish ma tri x .  
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The s e cond and  th ir d  s e t  o f  pro xi m i t y  measur e s  r e su lt P d  in spatial  

c o n f i gurat ions w i th a xes r e l a t e d  b o th to  the  raw material  

p1 · ope r ti e s  an d t o  t he cha ra c ter i s t ic s  of  the  f o o d  d ish e s in which  

the r a w  ma t e r i a ls are  c ommonly us e d .  The  configu r a t i o n  der i ve d  

from the s imilar i ty measu r e s  r e su l t e d in a xis int e rpr e ta t ion  in 

te rms of  s o le ly the raw ma teria l  pr ope r tie s . 

A l though the raw ma terial  a n d  food dish  spa c e s  ha d some 

c ommon axe s , there was no method  for  provi ding a d ir e c t  l ink 

b e tween raw  ma terials and food  dishe s for use in the  l i near 

pr ogram ming m o d e l .  Two me thods w e r e  us e d  to  a c h i e v e  th i s  l ink , 

b o th r e l y i n g  o n  the  l o c a t i on of t h e  r a w  ma t e r ia l& a n d  f o o d  d i sh e s  
i n  a c ommon multidimens j ona l spa c e .  The first  me thod was  an 

u nf o ld i n g a nal ycis , perfor m � d on th e ' raw ma t e r i a l b y  u s e ' data . 

The s o lu t i on to  th is ana ly s is pr ov e d to be degenerate . A s e c ond 

m e th o d  inv o l v e d  the loc a t i o n  of an ideal  poi nt in the r aw ma t e r ia l  

s imilar i t ie s  s pa c e . Th is point  was  de f iLe d  a s  r e pr e s e nt ing the 

' opt imum ' c o mb i nation  o f  raw ma terial  pr oper t i e s  r e qu ir e d  in a 

Thai food dish . 

The i deal  po int pr ovide d the ne c e s s ar y  l ink b e tw e en the 

raw ma t e r ia ls and �ood  d ishe s .  The metr ic s c a le values  for the raw 

materials  and  the ideal point  w e r e  used  to deve lop a l ine ar 

func ti on  re la �ing the  a c c e p ta b i l i t y  of  a food dish  t o  i t s  raw 

ma t er i al inpu t . The developme n t  o f  this f� nc t ion  and i ts use  in 

the linear pr ogramming mo d e l  are  dis cuss� d in the next  c ha pt e r . 



C HAP TER 8 

I NCLUS ION OF A C C EPTABI LITY FAC TORS I N  THE L . P .  M ODEL 

The raw ma t e r i a l  spa c e  ob t a i n e d  f r o m  t h e  s imila r i ty me a sur e s  
w a s  c h o s e n  a s  the bas i.s for the deri v a t ion  of a c c e p ta b ili ty fac tors 

to be u s e d  in th e l ine ar pr ogramme . The loc a t i o n  o f  t h e  ideal p o int 

a n d  its  r e la t ionship to the raw ma teri a l  po int s  in t h e  3 - d ime ns i . o na l 

s p� c e  w a s  11s e d  to d e r ive two fac tors  wh ic h c o ntribute  to the t otal  

a c c e ptabi lj _ty o f  a c o mbina t i o n  o f  raw ma terials in a Thai f ood dish . 

The f i r s t  f ac t or , t h e  c omp& n s a t or y  f a c t o r  ( C OMPFAC ) ,  a c c ount e d  for 

tl 1e r e qu ir emen t for a b a l a � c e d  raw ma te r i al c ontent  in a fo o d  d i sh . 
The s e c o n d fa c t or , the pr e fe r e n c e  f a c t or ( PREFAC ) ,  r e c o gn i z e d  the 
ne e d  f o r  the s e l e c t io n  of raw ma teria ls w h i c h  we r e  n o t  o n l y 

a c c e pta b le in c omb i na t i o n , but  w e re a l s o a c c e p ta b l e  i n d i v i d u a l l y . 

Tha t is , a ba l an c e d c o mb i n a t i o n o f  a c c e p t a b le raw ma t erials  w a s  
requir e d .  A t o t a l  a c c e p l a b i l i ty f u n c t ion ( ACCEPT ) ,  w � s  de f ined  as  

a lin e a r  c omb ina t i o n  of  PREFAC a n d  C OMPFAC 

A C C EPT a ( PREFAC ) + b ( C OMPFAC ) 

Th is l i near  func t i on of a c c e p tabilit y  wa s u s e d in the linear 

program m i ng mo del  i n  as s o c i a ti o n wi th nu tr i t i o na l r e qu ir e me nts . 

The r e qu ir ements w er e  ca l cu la t e d as  the w e i gh t e d average daily 

re q u i r e me n ts f o r  me n and wome n in th e 2 0 - 2 9  ye ar age group , th is 

being th e age gr oup of the sub j e c ts us e d  i� th e sur veys  fo r the 

mu l t i d i me n s i . o na l  s c a l ing an a l ys i s . 

The r e la t iv e  cont r ibu t i on o f  PREFAC a n d  C OMPFAC t o  the 

total  a c c e ptability  func t ion  was  var i e d  us ing the pa rame tric  

pr o c e dure  availab l e  in the  LPS/ 1 1 30 pro gramme , by  cha n g i ng th e 

value s o f  a a n d  b .  This pr o c e dure p o int e d  t o  t he e a s e  o f  a c h ie v ing 

a zero  va lue f or C �MPFAC and su gge s t e d  tha t opt imiz a t ion  o f  

a c c e ptabi lity  be  per forme d  by m inimi za tion  of  PREFAC su b j e c t  t o  

COMPFAC = 0 . 0 .  A f inQl l inear pr ogr a mrr. i n g  mo de l w a s  propos e d  
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c omb ining both nutr i t iona l c 0 ns t ra int s an d a c c epta b i l i ty fac t or s . 

This model  re qu ir e � t h e  minimizn t ion o f PREFAC s ub j e c t  to  c e r tain 

sp e c i f i e d  nutriti ona l  c ons traints a t  C OMPFAC = 0 . 0 .  

T w o  me t h o d s were  us e d  t o  su bstantia te  the a c c ep tab i lit y 

func t i o n .  F ir s t l y � par a m e t r ic c ha n g e s w e r e  ma d e in e a c h  o f  t he 

a c c e p t a b i l it y  f a c t or s  s e pa r a t e l y , w h i le h o ld i ng th a o t her c o ns ta nt . 

The n a t u r e  of t h e  r a w  ma te r ia l m i x e s  o b t a in e d  b y  t h is pr o c e du r e 

w a s  e xa min e d  and w a s  f ou n d  t o  b e  c o ns is t e n t  w i t h th e v a l u e s  o f  

PREFAC a n d  C OMPFAC . T h e  s e c o n d me thod invo lve d t h e  uG e o f  t a s t e  

p a n e l s i n  Tha j land t o  de t e rm ine th e r a n k  order of a c c e p t a b i l i t y  

o f  2 1  c c mb i.na t i o ns of  raw ma t e r i al s � pr e pa r e d t o  s imu la t e a Thai 

f o o d  d i s h . Th i s  r a n k  o r d e r  o f  a c c e p ta b i l i t y  was c or r e la t e d  w i t h  

t he pr e d i c te d rank or de rs from  C OMPFAC a nd PHEFAC . N o  c or r e l a t i o n 

exis t e d  w i th e i th e r f a c t or . Th e s e  t a s t e  pa ne l s w e r e o r ga n i z e d to 

c o in c i d e w it h  a Massey  U n i v e r s i t y  s t a f f  me mb e r • s  v i s i t  t o  Tha iland 

a nd pr e c e d e d t h e  pr c p o s a l  o f  the f i na l mo d e l . Tlt ey  were , the r e fore , 

n o t e n t ir e ly s a t i s f a c t o r y  a R  a va l i da t i o n  pr o c e dure f o r  the model  

but  did  s u e g c s t th e f o r mat for fu tur e e xp e r i m e n t s  w h i c h  m i gh t b e  

us e d  t o  su��ur t o r  r e f u t e  the m o d e l . 

1ha m o de l  is  e xtr em e ly a da p t a b l e  and m a y  b e  sub j e c t e d  t o  a 
n� mb e r  o f  e x t e n s i o n s  a n d  var ia t i on s , in pa r t i cu la r , t o  a t o ta l  

me nu p l a n n i n g  sys te m . S u c h  a s ys t e m  w o u l d  a l l o w  f o r  a cho i c e  o f  

fo o d d i s h e s  l o  b e  ma de b y  t he c o nsum e r , wh e r e  s p e c if i c c o mb ina t i ons 

wou ld e ns u r e  a var j e d ,  nu tr i ti ous and a c c e pt ab le di e t . 

8 . 1 The deriva t io n  of  a l in e a r fun c t ion • J f  a c c epta b i l i t� 

The ideal p o i nt in  �he raw ma terial  sp a c e  was  de fine d as  

repr e s e nt i ng the  opt imum c omb i na t i on of raw ma teria l  pr ope r t i e s  

for a Tha i food  dish . T h e  d is tanc e from the ideal  po int t o  e a ch 

raw ma te ria l is pr opor tiona l  t o  the ac ceptability  of that  raw 

ma ter i a l  in  a food d i s h . Th e i d e a l  point ther e for e links r aw 

ma t e r ia l s  and fooc d is he s in tw o ways . Firs t ly , through the 

ch o i c e  o f  su i tab le c ombina t ions t o  a chie v e  a good balan c e  of raw 

materials  in a food  d �sh and s e c ond ly ,  through the s e le c t io n o f  



raw ma terials which  are  ind i v id u a l l y  mo r e  a c c e p ta b l e  th�n othe rs 

in a food  dish . The s e  two r e la t ionsh ips of  t h e  raw ma teria ls t o  

the ideal  point w e r e  us e d  t o  d e r iv e  a l ine a r func t ion r e la t ing 

th e raw ma t e r ia J .s to the  a c c e p tabi lity  of  food dishe s . 

8 . 1 . 1 The balan ce  of raw ma terials 

The r e q u ir ement for a f ood  d i s h c on ta i n ing a balan c e  of  

in gr e d ie n t s  w a s  s a t i s f i e d t h r c u gh th e s e l e c t ion of raw ma te r ia ls 
w i t h  c o m b i ne d  prope r t ie s  a t  or near those  of the  ideal p o int . 

wh e r e 

Now if 

whe r e  

and  

I .  )_ 

I .  )_ 
V .  l j  
X .  

J 
n 

1?. 

D .  l 

D .  l 

n 
= � 

j = 1  

is th e 

is the 
is t he 
io the 

is t h e 

s pa c e  

V . . X .  
J. J J 

s c ale  

scale 

amCUY1t 

nu mb e r 

nu mh e r  

of raw 

n 
= I I i 

- L: 
j = 1 

i = 

va lue of the id e al p o int on a xis i .  

va lu e  of  raw · ma terial  ..i on a x is i .  

o f  T el.\�' ma t e r i a l  ..1 i n  the .s o lu t i o n . 
of  r o.w ma t e r ia ls . 

of d i m e n s i ons o f  the muJ t i d j �e ns i ona l 

ma t e r ia ls . 

v i j x j J i = 1 ,  2 . . •  p 

is th e abso lut e differen c e  o f  the i dea l s c ale v a l u e 

from the sum of the w e ighte d r a w  ma te r i a l  s c a l e  v a lu e s  
o n  a x i s  i 

C ONPFAC 
p 

= L: 
i= 1 

D .  l 

the C OMPFA� ( c omp e nsa tory fa c t or ) i s  e qua l  t o  the sum o f  t h e  

absolute  di f f e r e nc e s  o f  the i d e a l  po int s c a l e  va lue s  fro m t h e  

w e i ghte d raw materia l  s cale  valu e s  o n  each o f  1?. axe s . To  o p t imize  

the  balan c e  of  raw  ma terials , the  o b j e c ti ve was  to  minimi z e  

CONPFAC . 

In der iving this func t i on for COMPFAC , two as sump t io ns 

w e r e  made . F irs tly , tha t the raw ma teria l  p�ope r t i e s  de f i n e d  by  

the  mul ti d imensi onal scal ing m ode l are  l ine arly a ddi t iv e  and  
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s e c o ndl y , tha t each o f  the se pr c per ties  is o f  e qua l impor tan c e  

i n  t h e  ch o ic e  of  r 3W ma t e r ials for a f o o d  d i s h . 

8 . 1 . 2 The a c c eptab ility  o f  i n d iv i d u a l  raw ma te ria ls 

Th e  r e qu irement  for a f o o d  d ish  t o  c ontain the  mo s t 

a c c e p tab le raw ma t e r i a l s was a ch ie ve d  by m i n i m j z i n g  t h e  t o tal 

w e igh t e d  d is t a n c e  o f  the r aw ma t e r i a ls from th e id e a l  p o i n t . 

n 
PREFAC = 2:: d .  X .  

j = 1 J J 

where  PREFAC is define d a s  the pr e ferenc e  fa c tor . 

d .  is the d i s t a n c e  of raw ma terial j from the ideal po int . 
J 

x .  is the  am ount o f  raw ma te r ia l j i n  th e s o lu ti on . 
J 

S e le c ti on of  the comb i na tiou o f  mos t pre ferred  raw ma terials w a s  
th e r e f or e  a c h ie ve d  by minimiz ing PREFAC . 

8 . 1 . 3 Th e line ar a c c e p t a b i l i t y fu n c t i o n 

A l i n e a r  fun c t i o n of  a c c e p t a b i l i ty w a s  de fined  a s  the s u m  

o f  PREFAC a n d  C OMPFAC . 

ACCEP'l' = a ( PREFAC ) + b ( C OMPFAC ) 

wh e r e  ACC EPT i s  the to tal a c c e p ta b i l i t y  fac tor 

a and b are the c o e f f ic i e n t s  o f  PREFAC and C OMPFAC 

respe c t iv e ly in the  linear  func tion . 

To  optimize th e a c c e p tab i lity o f  a comb ina � i on of raw ma teria l s  th e 

o b j e c t ive wa c to minimize  ACCEP T .  I n  do j ng this i t  w a s  nec e s sary 

t o  a c c ount for the r e  la t i  ve impor tan c e  of  PREFAC and C m1PFAC in 

d e t e rm ining th e overal l a c c ep tance of a raw ma terial  c omb ina ti o n .  

That  is , values  for � and � were  re qu ir e d . The e f fe c ts o f  a and b 

o n  the ch o ic e  of raw ma teria le in a solut ion w ere  e xamine d by 

parame tri caJ ly  changing the ir value s .  



8 . 2  Da ta organ i z a t ion for a c c epta b j_ l i t v  ortimizat ion u s i ng L . P .  

Da ta w e r e  organ ized  for th e l inear programme t o  s e l e c t  

c ombina ti ons o f  raw mate ria ls wh ich would not only me e t  s pe c i fic  

nu trit iona l r e qu irements , but wh ich would  also  maximize the  

a c c ep tability  of a f ood d is h  in  wh i ch the s e  ma t e r i a ls were  used . 

8 . 2 . 1  The nu t r i t ional requ i rements 

We i ghte d average d a i ly nu t r i t i onal r e qu ir eme nt s w e r e  

ca l cula t e d  f o r  t h e  20-29  year o l d  a ge gr oup . This group w a s  chosen 

to  be  c o ns is t e n t  w i th a c c e ptability  fac tors w h i ch w e r e  o b ta ine d 

from s ub j e c t s  w ithin th is age c l as s i fi c a t ion . 

where 

R .  = p a - + r A . 
1 w w 1  m m1 

R .  is th e w e i ghted  average dai ly r e qu ir emen t f::n· .:1ut ri e n t  l 
p i s  the propor t ion  of  w o me n  in the 20-2 9 age group . w 
p is the pr opor t i on o f  m e n  in the  20-29  age gr oup . m 
a w i  is the r e qu ir e m e nt of the  women in the 20 -29  a g e  group 

f or nu trient i .  

a . i s  the r e qu ir e men t o f  the men in the 20-2 9 a g e  group ml 
for nu trient  i. 

i .  

W e igh t e d  a v e rage dai ly nut r it iona l  requ irements  were  c a l c ula t e d  

for  all  the nut r i en t s  describe d i n  C hap ter  2 ,  us ing t h e  daily per 

capita r e qu irements f or 2 0-2 9 ye ar o ld mdl es and fema l e s  a s  sh own 

in Appe n d ix . 2 . The s e  w e i gh t e d  r e qu ireme11 ts  are sh owr.. in Ta ble  8 . 1 .  
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Table 8. 1 Weighted average da i ly nutrit ional req u i rements for 20 - 29 year old Th ais. 

Nu t r ient  

Calor i e s  
P r o t e i n  ( g . N ) 
Fa t ( g ) 
F i b r e  ( g ) 
Ca lc ium ( mg ) 
P h o s p h o r u s  ( mg ) 
I r on ( mg) 
V i ta m i n  C ( mg ) 
V itamin A ( iu )  
Th iam j ne ( m g)  
N ia c in ( m g )  
R ib o f la v i n  ( m g ) 
V i tamin B 1 2  ( me; )  
V it amin B6 ( mg ) 
F o l i c  a. c id ( p g ) 
Pa n t o thenic  a c i d ( mg)  
Pro t e in/calor i e s 

M i n i mu m  w e i gh t e d  
average r e qu iremen t s  

2200 
9 . 53 

20% of c a l ori e s  
6 . 00 
500 

0 . 8  x c al c ium  
1 1 . 0 
30 . 0  
2500 

0 .  1+/1  OOOk c a l s  
6 . 6/1 000kc a l s  
0 . 55/1 000k c: a ls 

0 . 002 
2 . 00 
200 
8 . 00 
0 . 1 0  

Maximum w e i gh t e d  
average r e qu ireme n t s  

n o n e  
n o ne 

35% o f  calories  
1 5 . 00 
1 500 

1 . 5 x c a l c ium 
none 
none 
none  
none  
none 
none 
none 
n o n e  
n o ne 
n one 
none 

A m in o a c i ds e gg pat t e rn v a lue s ( s e e  Table 2 . 4 )  
---- . - --- --- --- · ----- ----

8 . 2 . 2  The a c c e p tability  fac tors 

·-------------- ---·------

The two fa c tors  C OMPF�C and PREFAC 1 c ompr i s in g  th e t o ta l  

a c c e ptability  fu nc t ion AC C EPT , w e r e  pr epared  for the linear 

pr o gr a mme as fo l lows : 

1 .  The c ompe nsa tory f a c tor ( C OMPFAC ) .  The 3 s c a le valu e s  f or th e 

spa t ia l  c on f i guration o f  raw ma t e r ia ls , ob+aine d from the mu l t i ­

dime ns i ona l a na lysis , w e r e  punc h e d  a s  data value s f or e a ch raw 

ma t e r ia l .  

e • g .  , M ILK DIM 1 -0 . 633 

Th is show s tha t  th e s cale  valu e  of M I LK on d ime ns ion 1 is -0 . 633 . 

S in c e  the sum o f  t te s c al e  valu e s  in  any s ingle dimen s ion  c ould be  

p o s i t i ve or nega tive , a pr o c e dure  was  required  to  c onve r t  th is  sum 

to an abs o lu t e  value . The pro c e dure use d was s imila r to  tha t . us e d  

in Chap t e r  3 for the �oal pr ogramming o n  nu trie nts . This pr o c e dur e 
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r e qu i r e d  the a ddi t i on o f  two  e la c k  var iable s  for  e a ch dime n s ion . 

e • g .  ' DIFF 1  = 

= 

+ I wh e r e  y 1 and y 1 a r e  th e s la c k  var ia b le s . For input t o  the LPS 1 1 30 

c ompu ter pro gra mme , the  s l a c k  var ia b l e s  y 1 and y� w e r e  d e f i ne d as  

FDIM 1 a n d  GDIM 1 re spe c ti ve ly . Ther e for e : 

and  

DIFF 1  = 

D I FF 1  = 

D 1  FDD1 1  + GDIM 1 

0 . 0  

The car ds w e r e pr e pa r e d  for  dim e nsi �n 1 as follow s : 

FX 

D 1  

FDIIVJ 1 
GDIM 1 

THA IREQ 

DIFF 1  

DIFF 1 

DlFF'1 

D IFF1 

1 . o  

- 1 . 0 

1 .  0 

0 . 0  

r; i tr.L c :L m i l 2 r  cc:rdo for d i u1cn  :;) i o n .s 2 a 1J rl 3 .  

Then  COMPFAC = F'D U1 1  +GDIM 1 +FDIM 2 +G D II12 +FDlt13+GDIM3 

2 .  The pr e f erenc e fac tor  ( PREFAC ) .  The dis tan c e s  from e a c h  raw 

m a t e r i a l  to the ideal  point were  cal c u la ted  and punch e d  on cards 

a s  f ol l ows : 

MILK PHEFAC 1 . 1 25 

shows tha t the value o f  PREFAC f or M ILK is 1 . 1 25 .  

8 . 3  Linear program mi ng s o lu tions 

A number of s o lu t ions w ere  �bta ined from  the linear 

pr o gramme , inc luding c o s t  m iniwization su b j e c t  to nut r i t iona l  

c ons traints  only a n d  opt imization  o f  a c c e p tabi lit y by minimization  

of  ACCEP T . M inimiza t io n  of  ACC EPT was  performed  parame tri c a l ly b y  

varying the c o e ffi c ients o f  C OMPFAC a n d  PREFAC . T h e  nu tritiona l  
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r -:= qu ir ements u s e d  in al l  c omputer  runs were  thos e l i s t e d  i n  Tab le 8 . 1 ,  

w ith th e amino a c i d  le v e ls c. e t  a t  80- 1 20 percent  of the e gg pattern  

valu e s . A su mma ry o f  th e nut r ient compos i t ion o f  each  s o lut ion  is  

given  in Appe nd ix 8 .  

8 . 3 . 1 C os t  m inimizati on su b j e c t  t o  nu tritiona l  c o nstra j nts  o nly 

A feas ible s olu t ion was obta ine d at a c os t  of 4 . 2 0 b ah t . 

The mix o f  r aw ma ter ia ls is lis t e d  below . 

banana 
Chinese  cabbage 
b amb o o  sh o o t c  
r ic e  noodles  
p eanuts  
m i lk 
p i n (': apple 
mungbean  curd 
s w e e t e n e d c ondens e d  m i lk 

Total we igh t o f  m ix 

64 6 . 8  
259 . 3  
2 05 . 2  
1 75 . 8  

84 . o  
66 . 7  
55 . 7  
3.3 . 9 

3 . 2  

1 530 . 6  

The nutrient c ompos ition o f  this mix  i s  sh ow n in A ppe n d ix 8 .  The 

l i m i t i n g  nu trient s  w e r e  pr otein , v it am in B6 , pant o th en i c a c i d a nd 
calor ie s , a l l a.t the ir low e r  l imits  o f  daily r e qu ir ern c n  t .  The 

limiting a m i n o  a c i d  was me th ioni n e  a t  80 pe r c e n t  of i t s  e gg pa t t e r n  

r e qu irement . 

The c ombina t ion  of r aw ma t e rials o b t a i ne d f r o m  c o s t  

min imiza t i on sub j e c t  only t o  nut r i t iona l  c ons traint s w a s  e xtremely 

var ie d .  The high le vel of  fru it and in particu J..a r bana na , was no t 

c onsist ent w it �  Thai eati ng ha b i t s  f or ma in meal  food  dishe s . The 

mix is pr e dor. j nantly of  v e ge table  c ha rac ter w i th no me a t  o r  meat  

substitute  raw  ma ter ia ls .  Th is l a c k  of balan c e  and u na c c eptability  

of the raw material  mix was  suppor t e d  by the h igh  value s of  PREFAC 

and C OMPFAC obta ine d for t he s olut ion . 

PREFAC = 

C OMPFAC = 



8 . 3 . 2  Optimization of  a c c ep ta b i lit y 

A total  a c c e p t a b i l i t y  f a c t or was de fined  as : 

A C C EPT = a ( PREFAC ) + b ( C OMPFAC ) 

1 93 . 

T h e  l a c k  of infor ma t i on on the r e la t iv e  impor tan c e o f  PREFA C a n d  

C OMPFAC on t h e value o f  A C C EP T  pre s e n t e d  a pr o b l em in t h e d e f i n i t i on 

o f  va lu e s  for a and b .  To j u dge th e e f f e c ts o f  d if f e r i n g l e v e ls o f  

th e s e  c o e f f i c i e n t s , a pa rame t r i c ru n w a s ma de b y  varying th e valu e s  

o f  a and b .  The va lue s ch o s en for a and b w e r e as  f o l l ow s :  

Run a b -

1 1 . 00 o . oo 
2 0 . 75 0 . 25 
3 0 . 50 0 . 50 
4 0 � 25 0 . 75 
5 o . oo 1 . 00 

A t  e a c h  c o mpu t e r run t h e ob j e c t i v e  s e t  for t h e  linear pr o gramme was 
to m i n j mi� o Al;C EPT . A s  t h e  impor tan c e  o f  COMPFAC j_n t h e  ACCEP T  
func tion  inc reased  t hr ough ru ns 1 ,  2 and 3 it s value d e c J. i ne d  t o  

z e r o . Th e further  inc r e ase s  i n  b i n  runs 4 and 5 w er e  the r e f o r e  

u na b le t o r e du c e the valu e o f  C OMPFAC and a s  a r e su l t  w e re una b le 

to  r e du c e  th e level  o f  AC C EP T . Runs 4 an d 5 the r e fore  pr c du c e d the 
same s o l u t i o n s  as r u n  3 .  The v a lu e s  f o r  COMPFAC a n d  PHEFAC f or th e 

3 runs are  sh ow n b e l ow . 

Run 

1 
2 
3 

c � P nc 

5 . 6 1  
o . o4 
o . oo 

PREFAC 

1 0 . : 0 
1 0 . 6 7 
� o . 68 

The so lut i ons to  ruLs 1 ,  2 a nd 3 are  s h ow n  j_n Table 8 . 2 . 

A l th ough the  s o l ut i ons t o  the parame t r ic runs summa r i z e d  

above d o  not conclus i v e ly prove  the pre dic tive  pow ers  o f  t h e  

ACCEP T  func tion , the na tur e o f  t h e  r aw ma teri a l  c omb i na tions does  

h e lp to  sub stant ia t e  this func tion . The  fo l low ing ob serva t i o ns 

were  ma de from th e s e  s olut i ons : 
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Table 8. 2 Solut ions from the parametric runs opti miz ing ACC E PT. 

Run 1 
a = 1 . 00 ,  b=O . OO 

Run 2 
a = 0 . 75 ,  b = 0 . 25 

Run 3 
a = 0 . 50 , b =0 . 50 

Whi t e  d c e 
Ba na n a  
Chine E e  ka le 
Du ck  e gg 
C h ine f:' e 

2 3 6 . 7a 

22 1 . 6  
2 0 7 . 9  
1 72 . 7  

Ch ine s e  cabbage 
I"u c k  e gg 

W h i t e  r i c e 
Jvlungbe a n  

23 8 . 2  
2 00 . 9  
1 3 7 . 8  

Ch ine se  cabbage 
Du ck e gg 
W h i t e  r i c e  
Mungbean 

2 35 . 8  
2 03 . 6  
1 32 . 1  

cal•bage 
Bu t t e r  
Pumpk in 
H o g ' s  l i v s r  
Mungbe a n  

1 1 1+ . 6  
7 1 . 2  
5 6 . 0  
2 8 . 4  

spr ou. t s  . 
Banana 
S nap  b e a l!S 
M i lk 
Bu t t e r  
Gar lic  
H o g ' s l iver  

1 3 0 . 1 
1 2 8 . 5  

9 4 . 2  
89 . 5  
60 . 7  
5 7 . 9 
3 7 . 7  

sprouts  
Bana na 
S nap be ans 
�1 i l k  
Bu t t e r  
Garlic  
H o g ' s l iv e r  
Su ge.r 

1 30 .  1 
1 2 8 . 8  

9 7 . 3  
8 7 . 3  
60 , I+ 

sprou t s  1 9 . 8 
5 8 . 2  
3 8 . 6  

4 . 8  

Total  w e i gh t  1 1 2 8 . 9  To t a l  w e i gh t  

C o ::: t ( bah t )  8 . 2 1  C os t  ( baht ) 

1 1 75 . 5  Total  w e ight 

1 0 . 80 C os t  ( bah t )  

1 1 7 7 . 0  

1 0 . 8 7 

a .  A l l  w e igh ts o f  r aw m� t e r ia l G  a r e  g ive n j n  grams . 

1 .  Th e r e is a d e f inite  impr ov e m ent in the ch o i c e  o f  raw ma t erials  

wh e n  th e A C C EPT func ti on  i s  m inimiz e d .  M inimiza t i o n  of PREFAC i n  

th e f ir s t  pa rame tr ic run  r e du c e d  th e level  o f  fru it s in  the 

solu t i o n  by de l e t ing pin eapple and r e du c i ng the l e v8l  o f  bana na from 

4 2 . 1  per cent  i n  the solu t i on to the nu trition prob le m t o  1 9 . 6  

pe1· c e n  t .  De creases  in  the  level  of  COHPFAC in runs  2 an d 3 brought  

fur the r  r e du c t ions i n  the amount of fruit in the  s o lut ion . 

2 .  The solut ion  ob ta ine d f r o m  c o s t  minimiza t i o n  su bj e c t  to 

nu tr i t io na l  c ons tra int s only c on ta i ne d no me a t  or mea t - l ike  raw 

ma teria ls . Optimiz a t io n  of ACC EPT brou ght an i nc r e a s e  in the  le vel  

of the s e  raw ma teria ls , in  pa r t i cu la r  duck e ggs an d h og ' s  live r .  

R e du c t i o n  o f  COMPFAC in crea s e d th e l e ve l s  of the s e  ingr e di e n ts . 

3 .  R e du c t i on  in C OMPFAC brought increas e d  le vels  o f  s tr o ng e r  

f la vour e d  ingr e dients  in t o  t h e  s olu tion , t o  pr c v id e  a balan c e  i n  

fla v our . Garlic  was no t pr e s e n t  i n  e it h e r  t h e  s o lut i o n  t o  the  

nu trition  problerr or the s o lu ti o n  to PREFAC minimiza t io n .  As  
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C OMPFAC b e c a m e  pa rt of  the to tal  A C C EP T  func t ion , gar l i c  w a s  cho s e n  

f o r  t h e  s o lu t i o n  a t a l e v e l of a b ou t  7 pe rc e nt . Sugar wa s a lso 

s e l e c t e d  in the thir d pa rame tr ic run a t  a l e v e l  o f  0 . �  p e r c e n t . 

4 .  The c h o ic e  o f  m i lk a n d  bu t t e r  for the solut i o ns opt imiz ing 

a c c eptabi l i ty was int e re s t ing . Th e s e  w er e f o u nd to be the mo s t  

a c c e pt a b l e  d a i ry pro du c ts frcm prAv i ou s  s tu d ie s . The y w e r e  se l e c te d  

i n  s ma l l  qu a n t i t ie s  ( m i l k  a t  a b o u t  8 p e r c e n t  and bu t t e r  a t  about 

5 pe r c e nt ) and w e r e  dir e c t l y  c ompa t i b le w i th the o th e r i n g r e d i e n t s  

i n  t h e  s o lu t i on , in par t i cu la r e ggs for the pro duc t i on o f  an 

om e le t t e . 

5 .  Op ti mi za t i on of a c c ep tability r e su l t e d  in a d e c r e a s e in the 

w e i g h t  of th e s e le c t e d  m ix frum 1 5 30 . 6g in the n u t r i t ion prob lem t o  

j u s t  unde r 1 2 00g i n  t h e  pa rame tri c ru ns , minim i z ing A C C EPT . Th is 

f e a tu r e  o f  the m i n im i � a t i o n  of A C C EPT pr o c e dur e w ou l d  prove  us e ful  

w h e r e  a n o n -- b u lky , n u t r i t :i ous an cl a c c e pt a 'u le di e t  w a s  r e qu ir e d .  

6 ,  A s  w c ulcl b e  e xpe c t e d ,  j _mpr ov e m e n t  i n  t h P  a c c e p t a b i l i ty of  the  

m i Y e a  w � s  a c c o x p a n i e d b y  a n  i n c r e a s e  in c o� t , from 4 . 2 0  bah t in th e 

nu t r i t i o n  pro b l e rr. t o  j u s t under  1 1  bah t fo:':' the pa .t·ame tric  c o lu U ons , 

7 .  The param e t r i c pr o c 0 du r e , v a ry in g t h e  r e l a t i v e  c o n t r i bu t i ons o f  

P REF'.l\C a n d  C: Oji1 P FAC t o  t h e  to t a l  A C C:t:PT fu nc t i o n , show e d  th e e a s e  of 

obtaining a zero v a lue for COMPFAC a nd tb e sma ll e f f e c t  o n  PREFAC 

i n  do ing th is . H e n c e  it w a s  sugge s t e d  tha t ra the r than d e f i n e  

v a lue s for the coe f f i c i e n t s  a a n d  b tha t C OMPFAC be  s e t  at z e r o  

a n d  the pr o c e s s  of  a c c eptability optimiza t i on b e  pe r fo r n e d b y  
m in i m i z i ng P REFAC . I n  e f fe c t  th is pr o c e dure  would ach ie ve th e mos t 

a c ceptable  m ix of raw ma t e r i a l s  by s e l e c t ing tho s e  m a t e r i a l s wh i c h  
are  mos t pr e fe rr e d  in f ood d ishes  i n  order  t o  o b ta i n  an o p t imum 

bala n c e  at C OMPFAC = O . O .  

8 . 4  A s umrna. ry o f  th e tota l. m od e l  

Th e  l inear programming model  designe d t o  me e t  nut r i t i ona l 

r e qu ir e m e n t s  and to maximize c or.sumer a c c ept abil i ty is summa r i z e d  

a s  follow s : 
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n 
H inimize  2:; d . x .  

j = 1  J J 

n > sub j e c t  to r, a X .  � b .  for i = 1 , 2 ,  • • •  m ( 1 )  
j = 1 i j J l 

p n 
a nd r, I I i 

r, v i j x j
j = 0 ( 2 )  

i :..: 1 j = 1 

Tha t J s ,  th e ob j e c t o f  the m o d e l  is  t o  m in imiz e P REFAC sub j e c t  t o  

two s e t s  o f  c o ns tra i n t s . The f ir s t s e t  r e pr e s e n t s  the nut r i t i ona l 

r e qu i r e me n t s  whe r e : 

a .  l j  is  the c o n t en t  o f  nu t r ie nt i in raw ma t er ia l j .  
X .  is the e. rn ount o f  r a \'.' ma te r i al 1 in  th e s olu t i o n . 

J 
b .  is the d a i l y pe r c a r ita re q l:.. i r em e nt o f  nu t r i e nt i .  

l 
m i s  the n u mt e r of nut r ie n t s . 

n is thG n·J t:Jb er o f  r a w  ma t e r i a ls . 

The se cond s e t  o f  c o ns tra :i n t s  r e pr e s en t s  th e c o tr p e n s a t o r y  fa c t or 

wh ich  mu s t  e qual z e r o . 

I .  is the s c a le value of the idea}  p o int in l 
V .  l j  is th e scale  va lue o f  raw materi a l 

E is tl:.e nu mb e r  o f  d im e n s i ons ch os e n  

dime n s i o n a l s c al i n g  a n a ly s is . 

8 . 5  Val i d a t i on o f  the model  

..i i n  

f r o n' 

d i me ns i o n i. 
dime n s i o n i .  

the mu l t i -

The  mo del  d e s cr ib e d  above for the  s e l e c t i on of  a c c ep table  

combina t i ons of  raw ma te ria ls for food  dishL s and  the a s su mp t ions 

made in the  devel opment o f  this mod e l  ha ve  no t b e en comple t e ly 

prove n . Two  me thods w e re  us e d  t o  ob tain evidenc e wh ic h w ou l d  

suppor t the mode l .  Firs t ly , varia t :ons o n  t h e  levels  o f  COHPFAC 

and PHEFAC were  par forme d us ing t h e  pa ram e tr ic proc e dure and the 

s o lut ions were  c ompar e d .  S e c ondly , the a c c ep tability  of  var i ous 

c omb inati ons of raw ma teria ls ob ta ine d from tas te panel s  in Thailand , 

were  c o mpare d w i th the pr e dic t e d  a c c ep tabi l ity from the model . 
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8 . 5 . 1  Var ia t ions in C OMPFAC a n d  PREFAC 

S o luti ons w e r e  obtai ne d from the  l inear pr ogramming mod e l  

b y  var y ing the leve l o f  o ne o f  the a c c ep tabi lity f a c t or s  ( e ither  

C OMPFAC or PREFAC ) a nd h o ld i ng t h e  o th e r  fac tor at  a fixe d le v e l . 

Th e  ob j e c tive in  a l l  cases  w a c  to mi n im i z e c os t .  

P R�FAC was var i e d  parame trica lly from 1 0 . 679 to 1 4 . 6 79 i n  
s t e ps of  2 unit s , while ho ld ing C OMPFAC a t  zero . Th is pr oc e dure  

ha d the  e ff e c t  of  ma intain ing ba lan c e  in the raw  ma terial  mix by 

choos i ng increas ingly less  a c c eptable  raw ma ter ia l s . Th e s o lu t ions 

are  shown in Table 8 . 3 .  

Table  8. 3 Soiutions to parametr ic  chan�es in P R E FAC w ith CO!v! PFAC at t.ero . 
- ----·-·---- - --

P REFAC o. 'J 0 .  679 P REFAC == 1 2 .  679 Pi�EF1�C == 1 4 . 679 

C h ine se C a bbage 332 . 8  C a bb a ge 4 93 . 2  
,�abbage 2 35 - Ra t,h l l{  ? 9 5 ' 1 f,1 :1 l k :>4[j . 2  

Du c k  e gg 203 . 6  Bamb o o  sh o o t s  1 50 . 8  Be :unbo o sh o o t s 258 . 2  
Whit e r i c e  1 32 . 1  White  r i c e  1 36 . 7  R i c e  no o d le 1 76 . 0  
M.u ngbean  Mungb e an Sugnr 88 . 3  

sprouts  1 30 .  1 sprouts  85 . 0  P e anu t  66 . 2  
Banana 1 2 8 . 8  C h inese  c abba ge 75 . 7  Du ck e g g 1+ 8 .  7 
.S n a p bean  97 . 3  Du ck e gg 72 . 4  Green gour d 38 . 7 
J' h lk 87 . 3  R i c; e  noodle  6 : . 6  Bu tter  34 . 8  
Bu t t e r  60 . 4  Banana 4 7 . 3 Mungb e ::t n  c u r d  1 5 . 3  
Gar lic  58 . 2  P e an u t  � 5 .  1 Mungbean  sprcut s 1 . 1 
Hog ' s  l i v e r  3 8 . 6  Bu t t e r  4 4  , I+ 
Su gar 4 . 8  Green  gour d 31 . 5  

Mungbean cur d  4 . 0  

Total  w e igh t 1 1 77 . 0  Total  w e i gh t  1 3 82 . 4 Total  w e ight 

C os t  ( bah t )  : 0 . 8 7 C os t  ( bah t )  7 . 52 C os t  ( bah t )  6 . 73 

a .  A ll weigh ts o f  raw ma t e ria ls are g iven in grams . 

The increase  in P REFAC brou ght  about a r ep la c ement of the 

more expens iv e and more a c cep ta b le raw ma t e r ia l s  by the le ss  

expens ive  a nd less  a c c e p table r aw ma terials su ch a s  milk . M i lk 

increase d from 7 . 4  p e r c ent  o f  the s o lution a t  the low e s t  PREFAC v alue 

to 22  per c en t  a t  th e high e s t  PREFAC va lu e . Du ck egg , on the o t h e r  
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hand , decrea s e d  i t s  c on�ribut�on  from 1 9 . 5  pe r cen t t o  3 . 1  p e r c en t  

o f  the solution  i n  a c orre sponding inc rease  in the  value of  

P REFAC . The incr ease  in the  pr e f e re n c e fac tor als o  b r ou gh t  a b ou t  

a repla c e m en t  o f  ric e , a wi dely a c c ep t e d  ingredi e nt a s  the  bas is 

for foo d d ishe s ,  by  th e less  us e d  r i c e  noo dle . Overa ll , there  was  

a n  incre ase in t he w e i ght o f  the  raw ma t e r ia l  m ix r e qu ir e d t o  

a ch ieve  the n u  t r i  t i c no. l  r e qu ir err; e n t s  and a c orr e sp ond "Lng  decrease  

in c o s t .  This was  in ke eping w i th the  tradi tiona l  form o f  

nu t r i t ional f o o d  pr od� cts  w h i ch w e r e  genero. lly ine xp e ns i v e , b u t  

bulky a nd una c c e ptable . 

C OMPFAC was varie d pa r a m e t r i c a l ly i n  s teps o f  5 u n i t �  from 

0 to 1 0  while ho lding PREFAC a t  1 0 . 6 7 9 . Th i s  proc e dur e ha d the 

e f fec t of d e c r e a s ing t h e  balaD c e  o f  r aw ma t er ia ls but  ma intaj_ n ing 

th e same level  of a c c ep ta nc e  o f  the ind iv idua l raw ma t e r ia l s  ir.. the 
s o lu t io n . The r aw rr.a te :' ial m ixes a r e  sh ow n  in T a b le 8 . 1 1 . 

Tr:blr. 8. 4 
.. .. .  ____ _ , 

COHPFAC o . o  COMPFJ\.C 5 . 0  COH.F'FAC 1 0 . 0  

C h ine s e  Banana 242 . 6  Ban a no. 3 1 5 . 3  
cabbage 235 . 8a C h ine se c abbage  2 0 8 . 8  C h ine s e  ka l e 2 85 . 4  

Du ck e gg 203 . 6  Duck e gg 1 74 · 5  R i c e noodle  1 Lt 9 .  0 
V/h i  t e  r i c e  1 32 . 1  R i c e  noodle 1 3 7 . 8  Duck e gg 1 45 . 9  
l'-1u ngbcA.n Whit e  r i ce 1 1 0 . 0  W h it e  r i c e  74 . 8  

sprou t s 1 30 . 1  C h ine s e  ka l e  1 0 1 . 2  Bu t ter  60 . 4  
Bana na 1 2 8 . 8  But t e r  5 7 . 1 Pumpkin  42 . 0  
S na p  b ean 9 7 . 3 Bamboo shoot s 34 . 5  H o g ' s liv e r 2 6 . 7  
M ilk 87 . 3  P e anu t  2 6 . 9  P e anut 2 6 . 6  
Bu t t er 60 . �  H og ' s  live r  2 0 . :; 
Garlic  5 8 . 2  Pumpkin 1 8 . 2  
H og ' s  liv e r  3 8 . 6 
Sugar 4 . 8  

T o t a l  we igh t 1 1 7 7 . 0  Tot a l wei gh t  1 1 3 2 . 1  Total  w e i ght  1 1 2 6 . 1  

C o s t  ( baht ) 1 0 . 87 C os t  ( baht ) '7 . 3 4  C os t  ( b ah t )  7 . 24 

a .  A ll we igh t s  of raw ma ter ials a r e  g iv e n  in grams . 

The s cale va lue s on e a c h  dime n sion whic h  ma de up the  total  

value o f  COMPFAC i n  the parame t r ic s olut ions were  a s  f o llow s : 
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D im . 1 Dim . 2  D im . 3  

C OHPFAC o . o  o . ooo o . ooo 0 . 000 
C mlPF!\C: 5 . 0 0 . 024 1 . 507 3 . 4 69 
C OI"1PF!\C 1 0 . 0  0 . 23 8  3 . 836  4 . 1 25 

T h e  solut ion  to C OMPFAC = O . O  r e sult e d  in a ' p er fe c t ' b a la n c e  of  a l l  

thr e e  dimensj onl3 . I n  dime n si o n 3 the weak f la vour s of r ic e  an d 

banana were  c ompe n s a t e d  for by  the str ong f lavou r  o f  garl i c . In  

d imens ion  2 the r a w  ma t e r i a ls wh i ch ar e nor mal l y  us e d  in  sma l l  

quanti t i e s  ( milk , bu t te r , banana , ga r li c  and sne;a r )  w e r e  balan c e d  

w i th raw ma te r ia ls whic h a l' e  normal ly  us e d  i n  larger qua n t i t i e s i n  
f oo d  dishes ( C h in e n e  c a b baee , ho g ' s l iv e r  a n d sna p  be ans ) .  In  

d imens ion 1 the ba la n c e o f  nu tr i t iona l propertie s in the r aw 

ma ter i a l m i x  was br ough t a b out by th e inc lusion  of  s ome raw 

ma t e r ia ls wh i c h  a r c  c o n s i d e r e d as  nu t r i t i ous , e . g . , milk , bu t te r , 

ho g ' s l i ver a nd du c k  e g g ,  and s ome raw m a t e r ia ls �h ic h arc  not  h igh 

on nu t r i t i on and n r e  n orma lly us e d  as f i lle r s  e . g . , C h ine s e  c abbage , 

s n ap b e an s  and mu n g b ean s pr o u t s . 

A s  the va lu e  o f  C OMPF!\C inc r e ase d ,  dim ens ions 2 and 3 

b e c ame i nc r eas i ngl y out o f  b alan c e  a n d  c ontr i b u t e d  mos t to th e va lue 

o f  C OM PFAC . The s e  dimensions  w e r e  i de nt i fi e d  a s  ' le v e l  of  u s e ' a n d  

stre ngth o f  fla v ou r , respe c ti vel y . D imens ion 1 ( nutritional valu e )  

contribu t e d  only a s m a l l  a mou nt t o  the l e v e l  o f  C OMPFAC . A s  t t e  

va lu e of COMPFAC increas e d , the f lavour of  the s o lu t i on m ix b e c am e  

more bland th rou gh the a dd i t ion o f  gre a t er qua n t i t i e s  o f  banana , 

Ch ine s e  cabbage and r ic e n o o dl e s  and r e d�c t i on in th e l e v e l s  o f  

gar l ic and milk . The re wa5 also an i n c r e a s e  i n  the imbalan c e  o f  

th e r a w  materia ls f r o m  the point of  v i e \'! o f  the ir l e v e l s  o f  us e .  

T h is c a me about t hr ough t h e  a d d i t i o n  o f  extra qu ant i t i e s of  b a nana , 

C h in e s e  ka le a nd r i c e  n o od le s . 

The var ia ti o ns in PREFAC and C OMPFAC r e su l t e d  i n  s o lu t i ons 

w h i c h , to a large e xt e n t , subs tant ia t e d  the t ot al l in e a r  

p r o gr amm ing m od e l . Fur the r va lida t i o n  is , h ow e ver , r e qu i r e d  

t h r o u gh s e l e c ti o n  o f  a gre a t e r  numb e r  o f  raw ma t e rial mixe s us i ng 

s im i l ar parame t r i c  pr o c e du r e s  to t ho s e  empl o y e d  a b o v e  and t e s t i n g  
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o f  th e s e mixes by a s ta t is t i c a ll y  d e si gn e d  me th o d  ba s e d  o n  the 

pr o c e du r e o ut l ine d in S e c t io n 8 . 5 . 2 . 

8 . 5 . 2  Val idation th r o u gh t a s t e  pa n e l s  

T w e n t y  o n e  c o mb i na t i o ns , e a c h  c ont a i n ing 3 raw ma t e r la l s , 
w e r e  s e l e c t e d  to g iv e  a r e pr e s e n t a t i o n  o f  me e t  o f  t h e  40 a va i la b le 

raw m a t e r ia l s . The 2 1 c omb i na t i o nc a n d  t h e  pe r c en t a g e  o f  e a ch r aw 
ma t e r i a l  i n  t h e s e  c o m b i na t i o ns a r e  sh ow n i n  Tab le 8 . 5 .  Ea c h 

c o m b i na t i o n  w a s  p r e p <� r e d t o  s i mu la te a Tha i f o o d  d i s h , by c o o k in g 

t h e  r a w  ma t e r i a l s  f or a s h o r t pe r iod o f  t i me i n  a s m a l l  amount  o f  

wa t e r  c o n t a i n i n g  fi sh s au c e . N o  o t h e r  ga r n i sh i n gs w e r e  u s e d  a nd 

in a l l  c a s e s \ o th e r  t h a n  b u t t e r  a n d  che e � e , t h e  r aw ma t e r i a l s 

r e t a i n e d th e ir i de n t i t ie s i n  t h e  f i na l  di sh . A r a n k  ordering of 

t h e  a c c e p t a b i l i t ie s of  the 21  r a w  ma t e ri a l c o mb i na t i o nc w a s  ob t a in e d 

u s i n g  a pane l of 8' 1  s tu d  en t .s  a t  1\ as e t s a r t  a n d  C hu 1a .Lougkorn 

U n iv e r s i t ie s  i n  Ba ngk o k . 

Due t o the i n a b i l i t y  o f  huma n s u b j e c t s  t o  r R n k  2 1  i t e m s , a 

Y ou d e n  a r ray w a s  u s e d  t o o b t a i n  a s e t  of i n c o m p l e t e  r an k i ngs ( 9 9 ) . 

I n  a Y o u d e n  a r r a y , E o b j e c t s a r e  pr e s e n t e d � a t  a t i me and e a c h  is 

r a n k e d m t i m e s  i n  t h e  e xpe r i me n t . The numb e r  o f  b lo c ks of ob j e c t s 

i s  mn/k .  W it h in e a c h  b lo c k  t h e r e  a r e  ik ( k - 1 ) c o m pa r i s o ns b e tw e e n  

p a i r s  and h e n c e  the t o t a l n u mb e r  o f  c o mpa r is o ns i s  �mn ( k- 1 ) .  The 

numb e r  of b l o c ks in wh ic h  a g iv e n  c o mpa r ison o c c u r s  is t erme d  A 
w h e r e  

m ( k- 1 ) 
n - 1  

Th e d e s c r ip t io n  o f  t h e  Y o u de n  a rr a y  design us e d  t o  ob ta i n  a s e t  o f  

inc omple t e  ra nkings o f  the raw ma terial  c omb ina ti ons io as  follow s : 

n = 2 1  
m = 2 0  
A. = 3 
k = 5 

The  r aw ma teria l  c o mb ina t i ons w e r e  pre s e n t e d  t o  e a ch s ub j e c t  5 a t  

t ime an d the s ub j e c t  was  a ske d t o  ran k  the c1 in o r d e r  o f  
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Table 8. 5 Raw mater ia! comb inations used in  Thai taste pane!s .  

A .  
Be e f  
Chicken 
F ork 

D .  

33 . 3
a 

33 . 3 
33 . 3  

Mungbean � pr outs 1 5 . 0  
S t r i n g  b e a ns 80 . 0  
C h illi  pe ppe r 5 . 0  

G .  
S hr i mp s 
Pea r,u t s  

Sha llo t s  

J .  
M i lk 
C o nde ns e d  m j lk 
S tr j ng b e an s  

!'!; .  
R i r. e  
lv1 ango ( p·e en ) 
VI ;:;. � c  nue Jo n 

P .  
.R ic e 
S e r p e n t  h d . f i s h  

th lk 

s .  
Pork 
Ba. nana 
C h in e s e  ka l e  

4 0 . 0  
30 . 0  
30 . 0  

20 . 0  
4 0 . 0  
4 0 . 0  

6 0 . 0  
2 0 . 0  
20 . 0  

60 . 0  
25 . 0  
1 5 . 0  

2 0 . 0  
60 . 0  
2 0 . 0  

B . 
Crab 4 5 . 0  
S tr ipe d  ma c ke r e l  45 . 0  
C h i c k e n  e gg 1 0 . 0  

E . 
Chicke n 
R ic e  noodle  
Sugar 

H .  
B e e f  
C h j n r:: s e  kale  
C h in e s e  c ab bage 

K .  
C h e e s e  

C o c o nut  c r e am 
G r e en gour d 

N .  
R i c e  

C rab 

D:1 ck 

� ·  
R ic e 
Chinese  ka le  
Beef  

T .  
P ork 
Banana 
C h i ne s e  ka le  

25 . 0  
?0 . 0  

5 . 0  

2 0 . 0  
4 0 . 0  
4 0 . 0  

4 0 . 0  
20 . 0  
40 . 0  

60 . 0  
2 0 . 0  
2 u . o  

60 . 0  
2 0 . 0 
20 . 0  

40 . 0  
20 . 0  
40 . 0  

c .  
C h i n� s e  c abba ge 33 . 3  
C h j ne s e  k a l e  33 . 3  
G r e e n  go ur d 33 . 3  

F .  
Pork 
Ban c.. na 
P i n e ap p l e  

I .  
P ork  
C h e e s e  
M ilk 

L .  

20 . 0  
40 . 0  
L� o . o 

50 . 0  
30 . 0  
2 0 . 0  

R ic e  6 0 . 0  
C h ine s e c abbage 20 . 0  
C h in e s e  kale 20 . 0  

0 .  
R ic e  

C ra L• 
M a n e  

R .  
P ork 

( gr o e n )  

Banana 

C h i n N � c  kal e  

u .  
Pork 
Ba na na 
C h ine o e  ka le 

60 . 0  
2 0 . 0  
2 0 . 0  

30 . 0  
40 . 0  
30 . 0  

a .  The c ompos ition of e c.. ch raw ma t e ria l in the c ombina t ion  e xpre s s e d  
as  a percentage . 

a c c e pt a b i l it y . Each o f  th e 2 1  c omb ina ti ons was  rank e d  20 t imes  in 

the e xp e rime nt . The numb er o f  b locks was 84 and 84 subj e c ts w er e  

use d .  A t o t a l  o f · 84o paire d  c 0mpar isons w e r e  m a d e  an d each 

comparison  o c curre d in 3 blocks . The rank o r de r  o f  the  2 1  

comb ina ti ons was deriv e d  from the  sums o f  ranks o b ta ine d i n  th e 

exp eriment ( se e  Tabl e  8 . 6 ) . 
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Table 8. 6 The actual and pred icted acceptabi l  ities for 2 1  raw material m ixes. 

T a s t e  C OHPFAC PREFAC C OHPFAC PREFAC D is h pa n e l  a a 
r a n k  

a rank r a nk s core  s c or e 

A 'I 20  6� 1 .  4 9  0 . 92 
N 2 1 4  1 1  1 .  2 1  0 . 99 
1 3 4 5 0 . 46 0 . 9 1  
F 4 1 6  1 9  1 . 25 1 .  08  
H 5 1 1  2 1 . 06 0 . 8 7 
Q 6 5 9 0 . 70 0 . 9 6 
B 7 2 1  1 6  1 . 60 1 .  04 
E; 8 1 7  2 1  1 .  30 1 .  1 5  
T 9 2 6} 0 . 25 0 . 92 
u 1 0  1 3.1_ 2 0 . 06 0 . 8 8 
G 1 1  7 8 o .  73 0 . 94 
R 1 2  3 1 0  0 . 4 1 0 . 9 7 
J 1 3  8 1 ?� 0 . 7? 1 .  0 �  
c 1 5  1 8  3� 1 . 33 0 . 88 
0 1 5  9 1 3_1 2 0 , 81 1 . 02 
s 1 5  1 2  1 3� 1 .  0 8  1 .  02 
M 1 7� 1 5  1 7� 1 .  24 1 .  06  
p 1 7j_ 'I 0 1 3i- 1 .  0? 1 .  0? . 2  
D 1 9  1 9  1 I . 35 0 . 83 
K 20 6 20  o.  72 1 . 1 2 
I 2 1  1 3 1 3� 1 .  09  1 .  02  

a .  A low e r rank ind ic a t e s  grea ter  a c c ep tabil ity . 

The c o e f f i c ient  of  concordanc e W was c Q l cu la t e d  t o  b e  

0 . 52 1 . The s ign i f ic an c e o f  t h i s  valu e  w a s  t e s t e d  by c ompa r i s o n  o f  

t h e  c a l cu la t e d  X2 s tatistic  w i t h  t h e  t a bu la t e d  valu e  ( s e e  K e n da ll 

( 9 9 ) ) .  

= 1 1 4 . 6  wi t h  20 d e gr e e s  o f  f r e e do m  

wh ich s h ow s  s i gn i f i c anc e o f  W a t  the 0 . 0 1  p e r c en t  le v e l  h e n c e  

show ing a gr e e me n t  am ong th e sub j e c t s . 

The v a lue s of tLe c ompens a tory fac t o r  ( COMPFAC ) a n d  t h e  

pr e f e r e n c e  fa c to r  ( PREFAC ) w e r e  c a lc u la t e d  f o r  e a c h  o f  t he 2 1  

c o mb i n a t i o ns o f  r aw ma t e r i a l s  ( s e e  T a b l e  8 . 6 ) . The r ank or de r s  

for e a c h  o f  the s a  f a c tor s w e r e  c or rela t e d  w i th t h e  a c c e p ta b i l it y  



r a n k i n g s  ob taine d from the te s t e  p a n e l .  The S p e a rman r an k  

c o r r e l a t i o n  c o e f f i c i e n t s  w e r e  a s  f o l low s : 

C or r e l a t i o n  

Ta s t e  p a n e l - PREFAC 
Ta s t e pa n e l  - C OMP:B'AC 

0 . 1 94 
-0 . 03 1  
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No s i g n i f i c a n t  c o r r e la t i o n  e x i s t e d  w i t h  e i th e r  P REFAC or C OMPFAC . 

Th is t a s t e  pa n e l w a s  p la nn e d  t o  c o in c i d e  wi t t a M a s s e y 

U n iv e r s i t y s t a f f  me mbe r ' s v i s i t  t o  Bangkok to e na b l e  h e r t o  
s u p e r v i? e th e organ iza t i o n  o f  t he t a s t i ng s e s s i ons . U n f o r t u na t e l y 

the pa n e l s pr e c e d e d  t h e  a pp l i c a t i o n  o f  t h e  a c c e pt a b i l i t y  da t a  t o  

t h e  l i ne a r  pr o g r amme a n d  the s e le c t i o n o f  t he r a w  ma t e ri a l  

c o :nb i na t i ons w a s  t he r e f o r e n12 de b e f o r e  t h e  pro p o s a l  of  t h e  f i na.l 

mod e l . Tric r e s u l t s  o f  the t . s t e  pa n e l s  s h ow th a t  no c o r r e l a t i o n  

e x i s t s  b e tw e e n t he a c tu a l  a G c ep t a b i l i t y  o f  f o o d  r a w  ma t e r ia l  
c o mb i na t i o ns an d t h e  v a lu e s  o f  e i th e r  P REFAC o r  C OMPFAC . I t  is 

s t i l l  n os s i b le a n d  m o r n  l i k e l y  tha t a c o m b i n a t i o n  o f  t h e  two f a c t o r s . 

ra t h e r  th a n  e i t he r o n e  o r  t h e  o th e r , is capa b le o f  pr e d i c t i ng 

a c c e p t a h t l i t y . 

F i gu r e  8 . 1  sh ow s  th e r e la t i o n sh ip b e tw c� e n  C OMPFAC , 
PREFAC aM1 t a s t e  pa n e l a c c e p t a b i l i_ t y  r a nks . Th i �> f i gu r e  i ll d i c a t e s  

a t r e � d  f o r  t a s t e  pa n e l  a c c e p t a b i l i t y t o  d e c r e a s e  w i t h  a n  i n c r e a s in g  

PREFA C , o v e r  r e s t r i c t e d  ran g e s o f  C OMPFAC . Th e pr o b l em o f  t h e  i n t e r ­

a c t i on of C OMPFAC a n d  PREFAC a n d  t h e i r  c o mb i n e d e ffe c t  on c o ns u m e r  

a c c e p t a b i l i t y  o f  raw ma t e r i a l  c omb i na t i o ns pr e v e nt e d  fur th e r 

c o nc l u s ions from the da ta . I t  is s ugge e te d  th e re fore , tha t fur ther  

t a s t e  pane l experiments  are  re qu ir e d  to v a l ida t e  the  mod e l .  I n . 

these  e xperiments  raw ma t e r i a l comb i na ti ons should b e  c hos e n  wi th 

a c on s t a n t  COMPFAC ( pr ob�b ly zero ) an d over a w id e  ran ge o f  PREFAC . 

The c o ns ume r a c c ep tability  of the · raw ma terial c o mb i na tionr:; as  

s imu la t e d  Thai fo o d  dishes  c ou ld then  b e  c orrela t e d  with  the l e v e l s  

o f  PRJi :FAC . · Ar ou t l ine o f  t he propos e d  pro c e dur e is as  follows : 

1 .  Derive  var i ous raw ma t e r ia l  mixes by varying the l e v e l s  o f  

PREFAC a n d f ixing the l e ve l of  CONPFAC at  zero . The s e  m ixes  shou l d  

b e  s e l e c t e d  t o  me e t  the nutritio nal  r e qu � eme n t s  o f  a spe c i fic  a g e  

group . 
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2 .  De v e lop these mixes  into food  dishe s wh i ch r e s emble  as  c l os e l y  

a s  pos s ib l e  the pr � sentation  o f norma l Tha i food  dishe s .  

3 .  D esi gn an expE: r i m ent to o b t a in the r e la tive  a c c eptab i l i t ie s o f  

t h e s e  food  dis he s .  S uc h  an e xpe r i ment  should a l l ow f o r  t h e  

c onsume to  ch oose and e a t th e d ishe s w i th i n a norm a l  meal time  

e nv ir onment e . g . , a r e s tau ra n t  o1· c a fe teria . 

Lr . Th e a c tu a l  a c c e p t a b i l i t y ra t in gs ob ta ine d f r o m  th is e xp e r i m e r:.t  

w ou ld the n b e  co mpa r e d w i th t h e  pr edic t e d  a c c ep t a b i l i t ie s  f r o m  th e 

values of  PHEFAC . 

B . G  T h e  f l e x ib i J i t y  of  the  model  

The  mode l for s e le c t ion of  a c c e p table and nu t r i tiou s  r aw 

mat er i a l  combina t i ons is extre mely flexible . I t  a l l ows for a 

n u mb e r o f  v a r ia t i on s  to  b e  m� d e  d e pen di nG on th e em ph�sis r e qu ir e d  

in th e s o lu t ion . S ome o f  th e s e v a r ia t i o n s  are ou t l in e d  be low : 
1 .  G o a l  p r o er a m m i ng c ou J d h e  p e r f o r m e d  t o  a c h i e v e  a r a w  ma t e r i a l  

m i x  of ' op t imum ' nu t r it i o na l balan c e . Th e c o s t  B n d/or a c c e p t � b ility 

fac t o r b  c o u l d  t h e n  b e  va r ie d  p a r am e t r i c a l l y  and t h e  e f f e c t o n  

nutriti onal balan c e  observe d .  

2 .  The e f f e c ts o f  inc rease s or re duc ti ons i n  th e nu t r i t i ona l 

r e qu ir e me � t s on t h e  a c c e p t a b i l i t y  o f  th e s o l u t i o n  c o u l d b e  t e s t e d . 

3 .  One or more  r a w  ma t e ria ls c o u ld b e  fi x e d  at  a 0 p e c i f i c  l e v e l  

i n  the s o l u t i on a n d  th e othe r raw ma te r ia ls s e le c t e d  by th e linear 

programming mo d e l � . g . , a l e v e l  o f  200g o f  b e e f  c ou ld be  spe c if i e d  

for the  s o l u t i o n  m i x . 

4 .  The e f f e c � s of  c o s t chan ge s  on t h e  l e v e l  o f  a c c e ptab i li t y , as  

descr ibed  by  C mlPF.i\C and PREF'JiC , c ould b e  �i e t e r m i ne d .  

The mo del , a s  d e s �rib e d  abov e , was us e d  t o  s e l e c t  raw 

ma t e rial m ixes  �h j ch w ould be  a c c e pt abl e in a gene ral ty pe o f  Tha i 

food  dish . A s ingle dish only was c ons id er e d  and the r aw ma t e r ials  

w e re s e l e c t e d  to  give  a n  a c c e p t a b le m ix wh ic h w ou ld me e t  the  da il y 

nu tr i t i ona l r equ ir eme n t s  o f  20-29 year old Tha i s .  .1\ lth ough a 

s ingle f o o d  dish �ight  be  a c c ep ted  and l ike d onc e ,  twi c e  or e v e n  

thr e e  time s i n  a r ow , i t  i s  unlike l y tha t i t  wou l d  b e  a c c ep t e d  

a s  the s o l e  sour c e  o f  n ut r it i o na l  r e qu ir emen t s . Ra the r , it is 
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m o r e  log ic a l tha t a m e nu p la n n i n g  s ys tem  b e  a do p t e d w h e r e  a c ho i c e  

o f  d i s h e s  i s  a va i la b l e  fro � w h i c h  spe c i fi c c o mb i na t io n s  c ou ld b e  

s e le c t e d  t o  me e t d a i l y  nu t r i t i o n a l  r e qu ir emen t s . S u c h a s y s t e m  

c o u l d  b e  e nv i s a E e d u s i n g the  l in e a r pr ogrammine m o de l , w h e r e  th e 

m o d e l  was e x t en d e d  t o  t h e  s e l e c t i o n  o f  raw ma t e ri a ls f or s p e c i f i c  

f o o d  d i s h e s . 

I t  would  be  pos s i b le t o  d e r · i v e  a r a w  ma t e r ia l sp a c e  

w h i c h  r e l a t e d t o  a s pe c i f ic fo o d  d is h . T h is c o u l d  b e  a c h i e v e d  b y  

ob tain j ng me a s ur e s o f  r a w  m a t e r i a l  sub s t i tu ta b i l it y f o r  th& t f o o d  

d i s h .  A n  i d e a l p o i n t  c o u l d be  lo c a t e d  i n  th i s  s pa c e  from  t h e  

r e l a t i v e  a c c e p ta b i l i t ie s o f  t h e  ra w ma t e r i a ls i n  t h e f o o d  d is h . 

A numb er  o f  s u ch spa c e s  c ou ld b e  deriv e d  fo r s e pa ra t e  f o o d  d i s h e s  

and a sys t e m  d e v i s e d  w he r e by sp e c i fi c  c o mb i na t io no o f  th e s e  d i sh e s  

s a t i s f i e d  the da i l y  nu t r i t i o na l  r e qu ir em en ts o f  th o:: T ha i  c o ns u me r . 

Th is w ou l d  a l l ow for a v a r ie ty of  d is r, e s to b e  p:r e s e n t e d  a nd r:. 

c h o i c e  t o  b e  made  by t h e  c o nsume r . Su ch a sys t em w ou l d p r c v i d e an 

a c c e p t a b l e , nut r i t i ou s and v a r ie d d i e t . 

8 . 7  S u mma r v  a n d  c o nc l u s i o ns 

A l ine ar fu nc t i o n , r e la t i ng the r aw ma t e r i a l pr o pe r t i e s  

t o  the a c c ep ta b i l i t y  of a f o o d dish , was d e r i v e d  f r om th e me t r ic 

s c a le v a lu e s  ob t a in e d  f r o m  th e mul t i dimens i ona l ana lys is o f  raw 

ma t e r ia l s im i la r i t i e s . Two f a c t or s  c o n t r ib u t e d  to this  

a c c e p t a b i l i ty fu r c ti o n . F i r s tl y , a f a c t o r  wh ich a c c ou nt e d  f o r  the  

p r e f e r e nc e  o f  r aw ma t e r i a ls i n  f o od d i s h e s  ( PREFAC ) a nd s e c o n d ly , 

a fa c t o r  w h i c h  r e c o gn iz e d  th e ne e d  for a b <" lane e o f  raw ma t e r ia ls 

i n  f o o d  d i she s ( C OMPFAC ) . The t ot a l  a c c e�tebility  func t i o n  w a s  

u s e d  i n  t h e  l in e a r  pro gramm ing mod e l , i n  a s so c i a t i o n  w i th 

n u t r i t i o na l  c o n s traint s , t o  s e le c t  r aw ma t e r i a l  c omb i na t i o ns w h i c h  

a r e  nu t r i t i ou s  a n d  a c c e p t a b l e . 

Tw o a t t e mp t s  w e r e  ma de to s ub s tan t i a t e  th e l i n e a r  fu n c t io n  

of a c c e pt a b i l i t y . Fir s t ly , a numb e r  o f  v ar i a t i ons t o  t h e  l ine a r  

f u n c t i o n  w e r e  ma de t o  e va l u a te the e f f e c ts o n  the s o lut i o n .  T h e  

r aw m a t e r i a l  c o n te n t  u f  th e s e  s o lu t i ons w a s , to . a la rge e x t e n t , 
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pre dic table from t h e  va lu e s  c f  PREFAC an d COMPFAC . S e c o n d l y ,  

t a s t e  pa ne ls were  � s e d  to ob t a i n  a r a n k  o r d e r  o f  a c c e p tab i l i t y  o f  

2 1  c o� b i na t i o ns c f  r a w  ma t e r i a ls w h i ch w a s  c or r e la t e d  w i t h  t h e  

valu e s  of  P REFA C a n d  COMPFAC . N o  s i g n i f i c an t  c o r r e la t i o n  e xi s t e d  

w i th e i t h e r  fa c t o r . I t  wa s c o nc lu d e d  t ha t a c c ep t. a b i l i t y  i s  a 

func t io n  o f  b o t h fa c t o r s , rath e r  th an e � ch a c t i ng s ep ara t e l y . 

Fur tb e r  e xpe r i me xd , s  w e r e  s ugge s t e d  to va li d a te th e ru o de l . 

A t o t a l  l i n e a r  p r o g r a m m i n g  model  wa s th e r e f or e  pr e s e n t e d 

wh i ch vJ O u l d  s e l e c t  r aw ma t e ri a l c o mb in a t i ons for a nu t r i t i ous and 

a c c ep ta b l e f o o d d i s h . Th i s mode l w a s sp e c i fi c  t o  t h e  s e le c t i o n  

o f  raw  ma t e r ia l s  f o r  a g e ne ra l  t y p e  of  Tha i f oo d  dish a n d  h e n c e 

a l l o w e d  for no va r ia t i o n  i n  t h e  d i e t  o f  the c o n su m e r . A m e n u 

p l ann i ng s y s t e m , b a s e d  o n  th e l i n e ar p r og r am m in g  m od e l , was 

pre s e n t e d . This s ys te m would p e r m it t h e  c o nsu m e r  t o  s e le c t  f r o m  

a m e n D o f  C'l v a i la b l  f: d ia b e .s  r1 11 d  h enc e p r- o v i d e  a n  a c c e p t a b l E:: ; 

n u t r i t i o u s  a n d v a r ie d d i e t .  
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C H APTER 9 

QUANTITATI VE PR ODU C T  DES I GN I N  PERSPl'� C 'l'I VE 

Food  pr o du c t de v e l opme n t  hus  b e en mor e o f  a n  art  tha n  a 

s c ience , where  expe r i e n c e  a n d  intu i t ion  have t ak e n  pr e c e d en c e over 

logical  and quan t ita tiv e thoue;h t . The  fo rmula t i o n  of  new pro c.uc t s  

ha s be e n  largely o n  a tria l  a nd error bas i s  whe r e  r a w  materi a ls 

a r e  s e l e c t e d ,  de v e l ope d i n t o  a pr c rl l J C t  a n d  t e s t e d  f o r  a c c e p t a b j_ l i t y  

b y  a par ti c u la r  se gment o f  c o n su me r s . A l t e r  s e ve ra l modifi c a t io ns 

t o  the pro duc t and more  consume r t e s ts , t h e  pr o d uc t is f ina l ly 

marke t e d .  Th is t h e s i s  f o r me d pa r t  of a lar g e r  r e a e a r c t  pro g ,·am me 

a i.me d a t  qu a n t i fy i il (!;  ch e px· u <.; v c; :::; o [  f o od p r o d u c t  d G v e l o p m e n t . I n  
par ticular , the a i m  o f  t h i s  t he s is was t o  dev e lop a qu u n t i t a t i v e  

pr o c e dur e for the s e le c t i on of r a w  ma t e ria ls for n u t r i � i ou s  an d 

a c c e p t a b l e  f o o d  dishe s .  The basis of t h e  q ua n t it n t lv e  �o d c l  w a s  
l ine ar pro gramming a nd t he c o nsumer g r o u p  c h o s e n  w a s  the  Tha i 

p opula t i on .  

The  inc lus ion o f  nu t r i t i o na l  c o ns t r a i n t s  i n  a l inear 

pr ogr a m m in g m o d e l  f or r aw ma t e r ial  s e l e c t i on has  b e e n  w el l  t r i e d  

and pr o v e n by  a numb er of r e s e arshe rs .  Generally , howeve r , t h e s e  

applic a ti o ns ha ve u s e d  only sm a l l  numbers o f  raw ma terials  a n d  

nu trient s .  I n  th e a pp lication  o f  l i ne a r  pro gramming to the 

s e le c tion  of raw ma t e r ia ls t o  sa tis fy the  nut r i t i ona l r e qu ir e me nt s  

o f  the Th ai · popula t ion , 1 5 1  raw ma teri a l s  were  c o ns i de r e d  a nd 2 6  

nu trients  pro vided  the co ns traints  for th e mod e l . Almos t a l l  

nu tr i e n ts in t h e  problem  w er e  c o ns traine d a t  the ir lower le v e ls o f  

daily r e quir emen t s , w i t h very f e w  ha ving spe c if ic upper le v el s .  

A l th ough t h e  tradit ional line ar prog ramm ing approach 

s a t is f i e s  the  spe c if i c  lower  levels o f  r e qu i r emen ts , s o me nut r i e nt s  

can b e  pr e s e nt in the  s olut i on a t  levels  far i n  e xc e s s  of  th e le ve ls 

r e quir e d  for ade qua t e  nutr i t i o n .  There i s  a gr ow i ng f e e ling among 

nu trit ionists tha t such a die t ,  c ompr is e d  of  a gr os s imbala n c e  o f  
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n'l tr ie nt s , i s  unsa t i s f a c tor y .  l�a th e r , i t  is s ug ge s t e d tha t a 

ba lan c e  o f  a ll nu t r i e n t s  a t  or near t h e i r  low e r  l e v e l s  of  r e qu ir e ­

m e n t  ma y r e s ult  in b e t t e r  h e a l th . I t  is p os s ib l e  t o  s e t  range 

cons tra i nt s o n  a l l  nut r i e n t s  t o  ensure  a b a la n c e d  di e t ,  but pr e v i ous 

s t u d i e s  ha v e  s h o w n  tha t th i s  p r o c e du r e  ma y r e s u l t  in i nf e a s ib l e 

s o lut i � ns . E v e n  i f  a f e a s i b l e  s o lut i o n  is  a ch ie ve d b y  th is me t h o d  

i t  w il l  n ot ne c e s s a r i ly c o n t a i n  th e ' op t imum ' b a la n c e o f  nu t r i e nt c . 

G oal pr o gram m i ng was i n t r o du c e d  as a t e c h n i q u e  f or s e l e c t i o n 

o f  raw ma t e r i a l s  t o  a ch i ev e  a ba la n c e d  nut r i t io na l  d i e t .  G o a l  

p r o gr a m m i ng i s  a n  e x t e ns i o n  o f  l i ne a r  pro gram m i n g ,  wh e r e  t h e  

o b j e c t i v e is o n e  of m i n imi�i ne the d e v i a t i on f r o m  a s e t  o f  p r e ­

s pe c if i e d  go a l s . I n  th e nut r i t i on pr ob lem th e go a ls a r e  th e  l ow e r  
leve ls o f  r e qu ir e m e n t f o r  th e nut r i e n t s .  The te chnique c a n  be  us e d  

t o  pr o v i d e a b a la n c e  o f  a l l  n u t r i e nt s i n  th e d i e t  o r  o f  s otne s ub s e t  

o f  t he s e nu tr i e n t s . I n  t h i s  the s i s , t h e  e s s e nt i a l  a m i n o  a c i d  

b a l a n c e w a s  ' o p t imi z c d ' b y  a ch i e v i ng l e v e l s  a s  c l o s e  t o  tho s e  o f  

e gg p r o t e in a s  p o s s ible . A s e l e c t i o n  o f  raw ma t e r i a ls w a s  a l s o  

made t o  a c hieve  a bala n c e  o f  a l l  2 6  nut r i e nt s . Bo th pr o c e du r e s  

r e su l t e d  in a la r g e  inc r e a s e  i n  th e c o s l o f  t h e  s o lu t i o n . ] n  f u tu1· e 

r e s e a r c h  the n e c e s s i t y t o  b a l a � c e  any nu trient  s h o u l d  b e  ba s e d  o n  

s o und inf or ma t i o n a n d  th e n e e d  f o r  a b a la n c e d  di e t  sh o u l d  b e  w e i gh e d 

a g a i ns t the c o s t  o f  t ha t d ie t .  

B o th goa l  p ro gr amm j. ng a n d  l i n e a r  p ro g r a m m i n g  ma y pr o v i d e  

s o lu t i o n.s o f  raw ma terials w ith inc ompa t ible pr o pe r  t i c;  s ,  b o th from 

the p o i n t  o f  v i e w  o f  pr o c e s s i ng into a food d i s h  an d t h P  c o nsumer 

a c c ep t a b ility of tha t d i sh . T h e  pr ob lem s o f  d e v e l o p i ng a pr o du c t  

from r aw ma t e r ·:.a.l s  s e l e c t e d  s o l e l y  o n  nut rit i o na l c r i t e r i a  h a v e  

been e s ta b l i s � e � in pr e vious r e s e ar c h .  E dw a r d s o n  ( 4 1 ) found i t  

d i f fi cu l t  to deve l o p  a produ c t  from raw ma teri a ls s e l e c t e d  b y  l i ne ar 

pr o gramming w i t h  only nut r i t i o na l  c o ns traint s .  H i s  pr o c e du r e  of 

deve lopment of a f o o d  pr odu c t  f r o m  the s e  r aw ma t e r ia ls r e l i e d more 

on t e ch n o l ogis t s ' i ng e nu i ty and t h e  r e a d y  ava i l a b i l i t y  of 

f lavour ing c ompound s than th e i nhe r e nt c h a ra c t e r is t i c s  o f  the r aw 

ma t eria l s . A f i l t e ring pr o c e dur e is r e qu ir e d  in t h e  l inear 

pr o gr a mm ing model  wh i ch s e le c t s raw ma t e r ia ls on the basis o f  

the ir pr e d ic te d  a c c ep ta b i l i t y  i n  c omb i na t ion i n  a f oo d  dish . 
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ma ter ials and the ir int e ra c tions in f oo d  dj.s he s ,  but  also  re qu ir e s 

th a t  th e variable s in t h e  l inear fu nc t ion ha ve m e t r i c s c a l e  v a l ue s . 

The  c onv e n t i ona l me thods u s e d  by f ood t e ch nol oBists  to e v a lua t e  

s e n s o 1·y p r o pe r t i t s a nd to  pr e di c t c o ns u m e r  a c c e p t a n c e a r e  no t 

readily  a ppl i e d to  t h e  s o lut i o n  o f  th is pr obl e m .  N o t  only  are  th e 

me thod s of class ifi cation and me asur emen t of senso ry pr o pe r t ie s 

unr e s o lv e d  but the r e  is a l m o s t no r e c or de d res earch o n  t h e  inter­

a c t i o n  of  the s e  pr o pe r t ie s . A te c hn iq u e  w a s  r e q u ir e d wh i c h  c ou ld 

untangle the mu lt i p le r e l a t i onsh ips e x is t ing among t h e  s e n s o r y  
pr op e r tie s o f  raw ma t e r ials  and t o  pr o v i de da ta in an a c c ep tab l e  

f o r !il f or the  l i ne ar pr OBramm ing mod e l . 

Non m o tr i c  mu l t j d j m e n s i o n a J s c a l j n g show e d  th e cr e a t e s t  
po t e n t ia l o f  a numb e r o f  m u l t iv a ri a t e  t e ch ni que s t o  r e s o l v e  the 

prob lems o f  s en s o r y  p r o p e r t y  de f ini tion  and int e ra c t ion in f o o d  

d i s h e s . I t  als o ha s th e c a pnb i l i ty t o  s u p p l y  me tric  data on  the 

raw ma t e r ials w l1 i ch c a n  b e  us e d  in t h e  l inear pro gram m i n g mode l . 
N onme tr i c mu l t i d i me n s i o n a l  s ca l i ng h a s  b e en app l i e d  t o  f ood pr o du c t 

d e v e l o pme n t  i n  th e pa s t .  The s e  ap plic a t i ons ha v e  e mploye d the 

t � ch n ique  mai n l y  as a ' d ia gno s t i c ' r a th e r  than a ' pr e di c t i v e ' t o o l 

thr ou gh t he lo c a t i o n o f  ' ho le s ' or ' gaps ' in e xis t ing pr o du c t  

spa c e s  and the f o r mula t i on o f  n e w  pr c du c ts w h ic h  f il le d th e s e 

h o le s .  N o  us e has  b e en ma d e  of the me tr i c  informa t io n  c ont ai n e d  

i n  the s c a le va lu e s  o f  t h e  e xis t i ng pro du c ts i n  t h e  f o r mula t i o n  o f  

n e w  pr oduc ts . 

Nonme tric  mu l t i dimens ional  s ca l inG � a s  us e d  in  th i s  the s i s  

a s  a t o t a lly pr e d i c ti v e  t oo l .  S imp le que s t ionna ir e s  o n  the r e la t ive 

si m i lar i t y  and a c c ep tab i l i ty of raw ma teri a l s  pr o vi de d  da ta wh ic h 

w e r e  tran s f orme d  into a mu l t i d i m en s i onal s pa c e  c o nta in i ng the  raw 

ma teri als an d an  ideal  p o i nt . The d imens i ons o f  t h is s pa c e  

r e p r e s e n t the i mpor ta nt proper t i e s  of  the raw ma t e r ia ls in 

de t e rm in ing food dlsh a c c ep tab i l ity and th e i de a l  p o i nt i s  de f ine d 

as the ' op timum ' c o mb ina t i on  of the s e  raw ma t e r ia l  pr opertie s 

re qu ir e d  in a f o o d  di sh . The me tri c s c ale values for the  raw 
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m� t e r i a l s  a n d the  i d e a l  p o int pr o v i d e d  the b a s is for a l inear 

func t i on re la -L ing raw m a t e r ial  pr ope r t i e s  to food  dish a c c eptabi l it y .  

T h i s  func ti on was us e d  i n  the l inear pr o g r a m m i ng m o d e l  in 

asso c ia tion w i t t  nu t r j t io na l  c ons t ra int s for the s e le c t i o n o f  raw 

ma teri a ls wh i c h  in combina t ion w o uld pro v i d e nu t r i t i ou s  and 

a c c e p t a b l e  f o o d  d ishes . Th is to t a l mo de l is  de s cribe d b e low : 

M i n i m i z e  

n 
L: 

j :: 1 
d . x .  

J J 

sub j e c t  to 
n 
L: 

j = 1  
a . .  x .  l J J 

> 
< b .  l f or i = 1 , 2 ,  • • •  m 

and  
p 
L: 

i= 1  

n 
L: v . . x . l 

j = 1  l J J 
= 0 

v:he r e  d .  is t h e  d i <:: t 9.n c e  f r o m  r a w  ma t e r i a l  _l t c. t r' r', ·i rl e 0 l  p o in t .  
J 

x .  is the a;ii oimt o f  raw ifi;-;. t e r·ia l 1 in l;hc  s o l·u l, i on . 
J 

a . . J ,s t h e  le v e J  o f  nu t r ie n t  i in r a w  mo. t e r iE·. l 1 ·  l J  
b .  l 
I .  l 

i s  
is 

the  r c q_11 ir e m e n t  

the s e;  a l e  v a l ue 
f o r  nu t r i e nt j c 

o f  t l 1 e  i d e a l  po i nt in d i n, c:ns i on J . •  

V . .  is the s c a l e  v a. lue o f  r aw ma t e r i a l  2 in d i w e n s i o n  i .  
J_ J 

n is the n umb e r of r aw ma t e r ia ls . 

m is the numb er  o f  nu t r i e n t s . 

E is th e numb e r  of dimensi ons r e qu ir e d  to d i Gp la y the 

r a w  ma teri a l s  and th e ideal p o in t  i n  a mu l t i dimens i ona l  

s p ac e . 

T h e  m o de l , t h e r e f or e , s e eks  t o  s e l e c t r a w  ma t e r ials s o  as to  

ma ximize  the comb ine d a c c ep ta b i l i t y  of  the s e  r· aw ma teri als i . e . , 

b y  minimiz ing th e ir c o mb i ne d w e i gh t e d  dista nc es from the  ide al p o i n t . 

Optimiza tion  o f  a c c ep t ab i l it y  is achieved  su b j e c t  t o  s � e c i f i c  

nu t r i t i ona l c o ns tra ints an d t o  t h e  s e l e c t i on o f  a n  opt imum b a l a n c e  

o f  raw ma t e r ia l  pr ope r t i e s , e qual  t o  thos e  o f  t h e  i d e a l  p o i n t . 

A lthough the  mod e l  was ap plied  to  th£ a e le c tion  of r a w  

ma t e r i a ls for a genera l t ype of  Tha i f ood dis h , i t s  r e a l  va l u e  

l i e s  in the  extension to a sys t e m  of menu pla nning . U nd e r  such a 

sys t e m  a menu , cons i s t i ng o f  a numb e r of  dif ferent t y p e s  o f  dis he s ,  

c o u ld b e  gen e ra t e d  us i ng t h e  l inear pr ogramming mod e l .  The c ons ume r 
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could then choo s e  h i s  own meals fo r the day and hence ob tain a d i e t  

whi ch woul d  b e  nut r i t ious , accep table and var ie d . 

The overa l l  model prov id e s  a s ys t ema t i c  and obj e c t ive 

app roach to the des ign o f  food dishes f o r  t he Tha i s . The s e l ec t i on o f  

the raw ma t e r i a l s  t o  be  used  i n  these d ishes i s  mad e  on the b a s i s  o f  

n u t r i t i onal and consumer accep tance c r i teria . The resu l tant food d i shes  

could be seen as f u l f i l l ing the need f o r  a mo re nutrit ious d i e t  

wi thou t up s e t t ing no rma l ea t ing hab i t s . 

The s t ruc ture o f  the mod e l  a l lows f o r  i t s  c omp l e t e  genera l i za t ion 

to o the r deve lop i ng coun t r i es th rough revi s i on  of the l i s t  of ava i lable 

raw ma t e r ia l s , the nu t r i t iona l requi rements and t h e  raw ma t e r i a l  sca l e  

va lues b a s e d  on consumer accep tanc e , Al though i t  wa s the ob j ec t  o f  

this  the s i s  t o  develop a mode l for  the des ign o f  n� t r i t i ous and 

a c ce p ta b l e  foods for d eve loping coun t r ies , the resul tant mod e l  migh: 
e a s i l y  be  a pp l ied i n  the broa d er area o f  produc t design in devel op ed 

coun t r ie s . I n  almo s t  al l soc iet ies , malnu t r i t ion is becoming a p ro b l e m .  

I t  i s  t h e  r e spons ib i l i t y  o f  t h e  food proc esso r ,  a n d  hence t h e  p r oduc t 

d evelop e r , to o f f e r  p roce ssed food p roduc t s  wh i c h  provide a balanced 

d i e t  for t he consume r .  The need for an obj e c t ive sys tem o f  produ c t  

d e s i gn based o n  nu t r i t ion and consume r a c c e p tance i s  becoming grea te r . 

Al ready some food compan ies a re us ing l i.near p ro gramming f o r  raw 

ma teria l s e lec t ion in food f o rmu la t ion , bo th in o rigina l  p rodu c t  des ign 

and on a da y by day b a s i s . The inclu s ion o f  constraints based on the 

predi c t ed consumer accep tab i l i t y  o f  raw ma ter ial comb ina t ions , as 

d e s c r ibed in the research , wou l d  p rove inva l uab l e , 

A mo re comp l e t e  st udy o f  c e r ta in prob l em areas i s  requ ired 

be fore con�erc ial app l i c a t ion of  the  l inear prog ramming mode l .  Al tho ugh 

the mod e l  i s  q u i t e  r obus t agains t raw ma terial  compos i t iona l var i a t i ons , 

a more comp l e te s tudy o f  the e f fe c t s  o f  such variat ions on s e l e c ted raw 

ma terial  mixes is require d ,  A further p rob lem exi s t s  in the d e f ini t ion 

o f  nut r i t i ona l requir ement s .  Should the s e  be  weighted ave rage 

requir emen t s ,  shou ld upper l imi t s  b e  spec i f ie d  to  p revent oversupply o f  

nut r i en ts ,  i s  a b a lance o f  n u t rients neces s ary t o  t he we l l-being o f  the 
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consumer ?  There a r e  a l so prob lems t o  be so lved in us ing the nonm e t r i c  

mul t id imens ional s c a l ing , f o r  examp l e  t h e  l o c a t ion a n d  defin i t ion o f  

the idea l poi nt ; the iden t i f icat i on o f  axe s ,  the requirement for 

extens i ve j udgement s  by consumers and the d i f f i cu l t i es in reducing the 

number of j udgement s req uired . The the s is ha s ,  howeve r ,  provided a 

bas is for fur ther research into the use o f  q ua n t it a t ive procedures f o r  

the se l e c t ion o f  raw ma teria l s  i n  f ood p ro d uc t des ign . 

Duri ng the applicat ion o f  the q uan t i t a t ive me thods t o  food 

produc t des ign certain observ a t ion s were made on the s ta t e  o f  know l edge 

in food sc ience , n u t r i t i on ,  s ensory eva lua t ion and consumer a c c e p t anc e 

of foods . There wa s found to be a d e f in i t e  lack o f  reliab l e  informa t ion 

on the c ompos i t ion of  food raw ma t e r ia l s  and on the va riab i l i t y  o f  

compo s i t ion . The recen t ly pub l i shed compo s i t ional table s ,  wh ich 

collec ted tog e the r compo s i t iona l da ta f rom var ious c o un t r i es , have 

provided useful inf ormat ion b u t  mor e  spec i f i c  data are req u i red f rom 

ind ivid ual c ount r ie s . Nu t r i t iona l requiremen t s  a re genera l ly we l l  

document e d  fo r minimum leve l s  b u t  even these levels  are sub j ec t  t o  

c o n t rove rsy for s ome nu t r ien ts , f o r  examp l e , fa t and crude f ib re . Very 

l i t t l e  i n f orma t ion is  ava i lable  on the e f f e c t s  of overdo ses o f  mos t  

nutrien t s , a l though concern about o verdos e s  o f  nut rients such a s  c a l c i um 

and vi tamin A has been s t ated by indiv idua l n u t r i t ion ists  and FAO/WHO 

commi t tees . S imilar conc ern has b e en shown over the req u irement f o r  a 

balanced d ie t ,  but  very l i t t le res ea rch ha s been done to demon s t ra te 

the e f fe c t s  of  nut r i t ional imbalanc e in the human d i e t . B e fore t he r e  

c:an b e  e x tens ive u s e  of the l inear p rogramming mo del i n  t h e  design o f  

h uman foods , t h e r e  mus t b e  mo r e  knowledge o f  nutrit iona l requi remen t s .  

The re i s  a l so a need f or mor e  informa t ion on t he relat ionship be tween 

sensory and o ther p rope r t i e s  of raw ma teria l s  and consumer accep t ance o f  

foods . The maj or prob l ems in the l inear programming mod e l  were the 

definit ion of the impo rtant raw ma t e rial  p ropert ies and the interre la t ionsh i p s  

o f  the s e  p roper t ie s  inf luenc ing t h e  consumer ' s  accep t ance o f  foods . I n  

addit ion t o  these ext remely comp lex int err e l a t ionships o f  t h e  dom inant 

sensory prope r t i es , there is  the p roblem of d i f fering importance o f  

ind ividual proper t i e s  in di f f e rent food s , Nonme t r i c  mul t id imensi o na l 

scal ing wa s shown t o  b e  on t echnique which could iden t i fy t he dominant 

raw ma t e r ia l  prope r t ie s . I t  i s  a l so abl e  to  provide informa t ion r e l a t ing 

the se propert ies to  the consumer accep tance o f  food s .  
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This s tudy has used Tha i inf o rma t ion and a theo r e t i c a l  mod e l  

has been deve loped f o r  t h e  s e l ec t ion o f  raw ma t e r ia l s  to  b e  used i n  

Tha i  f ood d ishes . Al though t h e  mode l  d e s c r ibed in t h i s  t he s i s  cons i d e r ed 

only the ra th e r  hypothe t i ca l  gener a l  food dish i t  might b e  p r e f erab l e  

i n  future resea rch t o  use t h e  mod e l  for  s e lec t ion o f  raw ma t er ia l s  f o r  

a spe c i fic f o o d  d i s h ,  for  examp l e  a mea t curry . The gene r a l i z a t ion o f  

the mode l has b rought· tog e ther the comp o s i t ion of raw ma t e r i a l s , 

i nd igenous t o  Tha i land and a l so the nutr ien t r equ ireme n ts f o r  d if f e rent 

age g roups in Thai land . I t  ha s p rovided the basis for mor e  spe c i f i c  

mod e l s catering f o r  the requ iremen t s  o f  ind ivi dual age g r oups and marke t 

s e gments . 

The mod e l  for s e l ec t ion o f  nut r i t ious and ac cep t ab l e  comb inat ions 

o f  raw ma teria l s  for Tha i food d ishes requires  further va l i da t ion b e fore 

i t  is appl ied on the industrial sca l e . Comp l e t ion o f  the mod e l  wi l l ,  

however , p rovide a much needed quan t i ta t ive b a s i s  for the s e l e c t i o n  o f  

indigenous raw ma t erials  to be u s e d  in f o o d  d i shes n o t  onl y  f o r  Tha i land 

but f o r  all o ther deve lop ing coun t r i e s . The mod e l  is  s een a s  iden t i fying 

the mos t imp o r t a n t  raw ma t er ia l s  in the des ign of nu t r i t ious and 

a c cep tab le  fo o d  d i shes . A directi on might then be provided in farm 

pro duc t ion t o  provide an overa l l  p lan for  o p t ima l  land use in the 

p rovi s ion o f  the mo s t  d e s irab le food raw ma teria ls . I t  can a l so be used 

to evalua t e  the use o f  imported foods , a s  can b e  seen by the s t udy o f  

da i ry produc t s . 

Th l s  thes i s  has sough t to  provide a more q uan t i ta t ive ba s i s  

f o r  f ood p rodu c t  des ign . I t  took t hr e e  opera t ions re search and socia l  

sc i ence techni ques and appl ied these i n  a n  i n t egra ted mod e l  f o r  the 

s e le c tion of nut r i t ious and accep tab l e  raw ma t e r ia l s  for Tha i  food 

d i she s . The c on t inuing eva l ua t ion o f  such t echniques wi l l  eventua l l y  

r e su l t  i n  t h e  t o t a l  conc e p t  o f  food p roduct d eve lopmen t b e in g  based on 

processes of obj ec t ive dec i s ion mak ing ra ther than subj e c t ive j ud gement . 
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APPEN DIX 1 

RAW MATER I A L  COMPOS I T ION TA BLES 

A c o m p l e t e  l is t  o f  t h e  nu t r i e n t  c om p os it i o n d a t a  u s e d  f or 

t h e  l i nrj a r  p r o gr am m i ng a p p l i c a t i o n  t o  t h e  nut ri t i o n pr ob l e w  is 

gi v e n . C ompos i t i o na l da ta o n  e a c h of 26 nu t r i e n t s  is i n c l ud e d  f or 

1 5 1  r & �  ma t e r i a ls . 

The c o m p o s i t i o n a l d a t a  i s  d i v i d e d  into  3 pa r t s  a s  f o l l o w s : 

1 .  C os t , pr oxima t e  an a J ys is a nd m i n e r a ls . 

2 .  V i t a mi ns . 

3 . Es s e n t :i  a J. a m i n o  a c i d .s .  

W i t h i n  e a c h pa r t  a c o mp l e t e  l i s t i n g  o f  the 1 4 4  i n d i g e n o u s  r aw 

ma t e r i a ls i s  g i v e n  i n  a lph nbe t i c a l o r d e r . T h e  7 da j_� y p r o d u c t s 

a r e  i n c l u d e d  a t  t h e  e n d  o f  t h e  l i s t o f  i n d i g e r: om:; raw ma t c r i a l s , 
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APPENDIX 2 

DAI LY NUTRITIONAL REQU IR EMENTS 

The nutrit ional r e qu ir ements  of th e Tha i popu la t i on for 

e a c h  o f  26 nut r ients are gi ven in Table A . 1 .  The r e qu ir emen ts 

are  given by sex  an d a ge group . 

The w e i ghted  a verage nu tr i t i onal r e qu irem e n t s  for e a ch 

nu tr ient were  c al cula t e d  from the da ily r e quir e ments  qu o t e d  in 

Table A . 1 and  the 1 9 70 popula t i o n  da ta sh ow n in Table  A . 3  ( se e  

A ppendix 4 ) . 



Table A . 1 .  Nutritional Requiremen�e �y Age Oroup 

Children 
:utrie n t  Un!.t 

0-1 1-3 4-6 7-9 1 0- � 2  

:- ro t e  i n  g 1 0 . 2  1 7 . 5  25 . 8  30 . 8  } 6 . 0  
:al'>riee Keal 660 1 .2 00  1500 1 900 2300 

Ce l e !u111 cg 600 500 500 500 700 
: r o n  c g  6 4 4 4 r/ 1 t am1n A iu 1000 850 1000 1350 1900 
1/it.ao!.n .: cg 20 20 20 20 20 
'li taoin B6 cg 0 . 4  0 . 6  0 . 9  1 . 2 1 . 4  
'/!. t a�in Bi2 cg 0 .3 0 . 9  1 · 5  1 . 5  2 . 0  
F ar.toth�nie acid •• 2 3 4 5 6 
Folic acid p g 50 100 100 100 100 
Fa t

e 
g 

?ibre . 
iHbotla•in° cg 

:'i'lia:ino . cg 
:liac in e cg 

?�ospho:-ue . 
cg 

::.ino ac ida0 cg/g . N  

a .  extra a l lowance for 2nd and 'rd tria:eetrea on l y .  
b .  extra al lowance !or 'rd trimeetre only. 
c. extra allo .. ance for total pregna ncy . 
d. no extra a. llownn c e .  
e .  e tanl!ard. allowance !or a l l  & 't l>  groupo . 

Mal'!e 

13-15 1 6 - 1 9  20-29 30-39 40-49 50-59 60-69 70+ 

5 0 . 0  
2800 
700 
1 1  
2400 

1 . 6  

6}. 5 63 . 7 
3300 2550 2450 2350 2200 200 1750 
500 500 
1 1  

2500 -... 
30 

1 . 8  2 . 0  
2 . 0  

3 
200 ---------. 

0 . 2  � 9 FAT/C AL � 0 .  35 
6 � fibre � 1 5  

g:-eater thon 0 . 4/1000 Kcale 

greater than 0.55/1000 Kcalo 

gre�Jter than 6 . 6/1000 Y.cala 

0 . 8  � CA/? � 1 . 5 
egg pattern value a 

Feca!.es 

1 3 - 1 5  1 6 - 1 9  20-29 30-39 40-49 50-59 60-69 70+ pregnont la e t & tir.& 

5 2 . 8  58 .4 55 - 5  
2355 �200 1 800 1 700 1650 
700 500 500 
1 6  1 6  ,______ 1 6  
2l.QQ 2500 

30 
1 . 6  1 . 8  2 . 0  

2 . 0  
8 

200 

1500 1450 1250 

6 _____, 

10& 
200c 

700b 

2 e 

20& 
0 . 5° 
i . Oa • 

zoo• 

d 

d 

25 
1000 
700 
y 
1500 
20 
0 . 5  
0 . 5  
d 
100 
d 

d 

d 

d 

d 

d 

d __j 
I\) + 
__,. 
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APPEND IX 3 

RAW MATERIALS US ED I N  TH E NUTRITION PROBLEM 

A c omple te listing of the  1 5 1  raw ma terials  us e d  in the 

l inear pr ogramming a pplic a t ion t o  the nut rit ion pr ob l e m  is g iv e n  

i n  Table A . 2 .  

The  or der o f  the raw ma ter ials in Tab le A . 2 is  the same as 

the order us e rl  for the c ompos it i ona l table s show n  in Append ix 1 .  



T a b l e  A . 2 .  C o mple t e  l is t i ng of I n a l genous Tha i f ood r aw ma te ri a l s and N . Z .  m i l k  
produ c t s  u s e d  i n  u u -..r i : . .i.on pr ob J e m .  

A n c h o v y  
Bamb o o  s h o o t s 
Banana 
Bro a d  b e an 
S na p  b e an 
Yard l o n g  bean 
Be e f 
Be e f  b l o o d  
B" e f  bra i n  
r e e f  h e a r t  
B :: .J f k i d n e y  
B e e f  la rge int es t i ne 
H P. e f  l i v e r  
£l ;) e f  lung 
Pe e f  s m a l l  in t e s t i n e  
Ee e f  s p l e e n  
B e e f  s t o ma c h  
Be e f  t o n gu e  
Br e a d fr u i t  
Bu ffal o 
ou f falo b r a i n  
o u f fa l o  h e a r t  
!.lu f f a l o  k i d ne y  
Bu f f a l o  la r g e  i n t e s t i n e  
3u f f a l o  l i v e r  
3u f fa l o  sma l l  i n t e s t ine 
Bu f f a l o  s p l e e n  
Bu f f a l o  s toma ch 
Ch ine s e c a bba ge 
C ommon c a bbage 
C a rp 
Cash e w  fru i t  
Cashew nut 
C a s s a va leaves 
C a s s a v a  
C a t f i sh 
C a u l i f l o w e r  
C e l e r y  
C h i c k e n  
C b. i c k e n  g i z zard 
C h i c k e n l iv e r  
C o c o n u t  mea t 
C o c onu t  m i lk 
C o c o n u t  ( w h o l e )  
C or n  ( wh i t e ) 
Corn ( y e l low ) 
C rab 
C u cumber 
Duck ( me a t )  
Du c k  ( wh o le ) 

Ecg ( du c k )  
Ec:g ( ., "n ) 
��t;p l ::t !l t  
l<'r c g  
Ga r lL 
G i nc; t: r  
G::-ose ( me a. t ) 
Gcos e ( t o t a l �  
Go!lrcl ( wa x )  
Gour d  ( b o t t l e ) 
Grc:.:pc 
Gua v «  ( r e d )  
Guava ( wh i t e ) 
H erring 
H o r s e  
J a c k f ru i.t 
J a c k  fru i t  s e e d  
Kale 
L e e k  
Lemon 
L e t t�.< c e 
Li!!le 
L ob s t f' <  
M a c k e r e l  ( sp e r i s h )  
M a n g o  
Me lon 
Buffaln m i lk 
M i lk f :i .<;h 
Goa t ' s  m i li<. 
M u l l e t  
Mungbean 
Mush r oom 
Muss e l  
O c topus 
Onion ( bu j b )  
O n i o n  ( G re e n )  
Orange 
P a paya 
P e a c h  
C h i c k pe a 
P e a n u t  
S w � e t  p� s. c  
P i g  peas 
Gr eeil peppe r 
R e d  peppe r 
P e :- c h  
P i g  
P i g  b l o o d.  
Pig he a r t  
Pig k i d!LC Y 

P i g  large i n t e s t in e  
P i g  l i v e r  
P i g  lu n g 
P i g  sma l l  i n t e s t i n e  
P i g  G p l e e n  
P i g  s to ma c h  
P i g  t o n e; u e  
P i n e a p p l e  
P ome l o 
P o ta t o 
S w e e t  p o t a t o  ( wh i t e )  
S w e e t  p o t a t o  ( y e l l o w ) 
Prawn 
P u mpk i n 
R a d ish 
R i c e  ( brow n )  

. R i c e  ( g l u t inous ) 
R i c e  ( wh i t e ) 
S a r d in e  
S e same 
Shallo t 
S hark 
Shr imp 
S nappE'r 
S or gh u m  
S oybe o.n 
S u g a r  
S u Ga r  c a n e  J U l c e  
S u n f l o w e r  s e e d  
Tamari n d  l e a v e s  
Tamarind 
Tanger ine 56 
Tange r i ne 57 
T a r o  
Turke y b r e a s t 
Turkey g i z za r d  
Turkey l i v e r  
Tomato 
Whe a t 
W h e a t  bran 
Whe a t f l our 
Wh e a t  ge rm 
Wa t erm e l o n 
Yam 
But t er 
C a s e i n 
C h e e s e  
L a c t a lbumin 
M i lk 
Skim m i l k  p o w d e r  
Whole m i lk p o w de r  
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APPENDIX 4 

DISTRIBUT ION OF THE TH AI POPULATION ( 1 9 70 ) 

The age groups us e d  in nutritiona l requ ir ement table s  and 

demograph ic table s were  not in agr e emen t .  The popula t ion numbers 

w ith in each  nutr i t i o n  a ge group ( s e e  Appe ndix 2 )  were der ive d 

from the  popula tion d is tribut ion given in th e U . N .  Demographic 

Y earbook ( 1 9 70) . 

The deri v e d  e s t ima te d 1 9 70 population d is tribution  is 

given in Table A . 3 toge ther w i th the me thod u s e d  t o  ob ta i n  the se  

e s tima te s . 



Table A . 3 .  Dem ographic da ta - th e cal cula tion of th e popula tion 
dis tributio n o f  Tha i la n d .  

A g e  Group 
( ye ars ) 

0- 1 

1 -3 

4-6  

7-9 

1 0 - 1 2  

1 3 - 1 5  male 

1 3  - 1  5 f em a le 

1 6 - 1 9  ma l e  

1 6 - 1 9  f e ma le 

20-29 ma le 

30-39 ma le 

40-49 ma l e  

50-59 male  

60-69 ma l e  

70+ ma le  

20-29  fema le 

30-39 f e ma le 

40-49 f e ma le 

50 -59 fema le 

60-69 f e male 

f e ma le 

Pre gnant  
women 

La c ta ting  
wome n 

Deriva tion from  age group in U . N .  
Demographic Y e arbook ( 1 9 70 )  

n o  change 

0 . 75 ( 1 -4y )  

o . 25 ( 1 -4y ) + o . 4 C 5 -9y ) 

o . 6 ( 5 -9y ) 

0 . 5 ( 1 0 - 1 4 y )  

E s t ima t e d  
1 970 
popula tion  
X ·] 000 

0 . 5 ( 1 0 - 1 4y ) males  + 0 . 2 ( 1 5 - 1 9y ) ma l e s  

0 . 5 ( 1 0- 1 4y ) f e ma le s  + 0 . 2 ( 1 5 - 1 9y ) femal e s  

o . 8 ( 1 5 - 1 9y ) ma l e  

796 

3545 

6 807 

3 � 20 

201 2 

1 0 1 8  

994 

1 3 1 7 

1 290 

29 1 3  

2053 

1 3 83 

o . 8 ( 1 5 - 1 9y ) female 

( 20 -24y) ma l e  + ( 25 -29y ) male 

( 30 -34y) ma le + ( 35 -39y ) male 

( 40 -44y) ma le  + ( 45 -49y ) ma le 

( 50-54y) ma le + ( 55 -59y ) male 

( 60-64y ) ma le + ( 65 -69y ) ma le 

no cha nge 

( 20 -24 ) fema le + ( 25 -29y) female 

( 30-34y ) fe mal e + ( 35 -39y ) fema le 

( 4o-44y) female + ( 45 -49y) female 

( 50-54y ) fema le + ( 55 -59y) female  

( 60-69y) ferr.a l e  + ( 65 -69y) female 

no change 

( 796 + 796 X 1 0 ) X 1 000 1 0 00 

c 79�2 
X 8

) X 1 000 

943 

4 92 

232 

2930 

201 8 

1 363 

967  

529  

32 1 

53 1  



APPENDIX 5 

SOLUT IO NS TO THE LINEAR AND GOAL PROGRAMMI NG 

APPLICATI ONS TO THE NUTRITION PROBLEM 

2 4 6 . 

The le ve ls of  raw ma teria ls an d nu trients  in each  s o lution  

from the  linear and  go al pr ogramming runs are  gi ven  ( s e e  Chap t er 3 
for a fu l l  descr ip t ion o f  the s e  c ompu t er runs ) . 

The so lu t i ons are  given  in 4 table s  as  describ e d  b e l ow : 

Table A . 4  give s  th e levels  of  raw materials  in t h e  s o lut ions t o  the 

line ar and goa l pr o gramming runs us ing o nly indigenous raw 

mat e rials . 

Tab le A . 5  giv e s  the  leve ls of  raw ma teri a ls in th e s o l�t ions t o  

the l inear and goal pro gramming runs us ing indi genous raw ma terials 

and N . Z .  dairy pr oducts . 

Tab le A . 6  shows the  le vels  of a l l  nu tr i e nts  e xc ep t am ino  a c id s  in 

the s o lu t ions to t h e  line ar an d goal pro gramming ru ns . 

Tab le A . ?  shows the leve ls of  the  essen t ial amino a c id s  in the 

so lut i ons to the l inear an d goal pro gram ming runs . 



Table A . 4 .  Food Raw Ma terials i n  S olu t i o n  ( gram s )  

I ndige nous Thai F o o d  Raw Materials Only 

Amino A c id Bound� ( %  of Egg Pat tern ) 
·---

�0-120% 1:' 5 - 1 1 )% 90 - 1 1 0%  '?5 - 1 05% 

G l u t i:10us r .:. c e  4 71 . ;: Glut inous Rice 4 49 . 6  Glutinous Rice 449 . 1  Tange r ine 56 2 � 6 . 7  

Pumpkin 230 . 1 Pumpk in 1 9 8 . 7  C h ine s e  c abbage 220 . 6  F e d  pepper 2 1 5 . 7  
Ba'1.Sllc"'. 1 54 . 6  Bnnana 1 69 . 3  Tangerine 5 6  2 1 4 . 1  C oc onut 1 71 . 5  

C o c o!lut IJP. a t  1 1 2 . 1  C oc o nut meat 1 08 . 1 Banana 1 35 . 7  W h i t e  r i c e  154 . 2  

C e le1·y 101 . 2  C e lery 95 . 4  C o conut mea t  98 . 2  C h ine s e  cabbage 1 1 9 . �  

:<ale 53 . 8  Ka le � 1 . 0  Broad beans 3 8 . 5  Duck egg 7) . 3  

Bro'ld beano 3 1 . 6  T&ngerine 56 42 . �  Kale 3 3 - 5  S,1gar 58 . 2  

Bamboo shoots � ) . 7  Broad 1:>eans 35 - �  W h i t e  corn 30 . 0  . Guava r e d  2 ? . 1  

Shank 1 1 . 8 W h i t e  c o rn 34 . 9  Pumpkin ?.5 . 2  G lut :'.nous :� ice 2U . �' 

B e e f  liver 3 · 3  S hark "1 0 . 2  .Shark. 1 1  . 4  Radish 20 . 2  

C o c o nu t 4 . 7  S e same 1 0 . 4  S e  sa :ne 1 4 . 7  

S napper 1 .  7 B e e f  live r 1 .  6 S ha rk 1 4 . 7  

S nappe r 0 . 9  Broa d ':leans 1 2 . 6  

Buffalo liver 6 . 5  

Goal Pro gram 
on amino 

ac ids 

Sugar 3 1 3 . 8  

Hen ' s  ec.'�s 243 . '-:i  

C € lery 234 . �  

Guava wh ite 1 33 . 0  

Li�e 1 0 8 . 3  

R c· d  pepper- 1 0:1 . 9  

Peach 1:18 . � 
L e e k  84 . 5  

Cl:ine '3 e  cab ':lac' J>) .. L; 
Tangerine 56 _S0 . 1  

Buf falo liver 4 6 . 6  

W h i t e  swe e t  
potato 39 - �  

L e m o n  ;:, 6 . 0  

P e a nu t  5 - � 
C oco nu t 5 - 5  

S e sao e 1 . 7  

Goal P r o gram 
on whole 
problem 

Ecg I lan t  2 84 . 4  

\'li11.t'' .':'lee 22 9 . 8  

G.JF. t m i l l<. 1 8 8 . 3  

S c1 ga:- 1 ?.4 . 2  

Tan�erine 56 "1 1 5 . 5  

B'"r. :.; -: o  ch .) o t s  9 1:i . 4  

i3ec, f  t ongu e s  93 . 4  

£'earh 7 1  . 1 
C c. �,. o!'!u ·.:. /.·.7 . 4 

Radish 3 7 - 3 

Jac kfru i t  s e e d  20 . 2 . 

S e same 1 8 . 3  

Leek 1 4 . 5  

R e d  p epper 1 1 . 5 

Broad beans 6 . 5  

1\) -+=--..,:) 



Table A . 5 .  Food Raw Mat erials in S olut i o n  ( grams ) 

I n c l u s i o n  o f  Dairy P r o du c t s  

Amino A c i d  Bounds ( %  o f  Egg P a t t � r n )  

·30- 1 2CY,V, · 85 · · 1 1 5% 90- i i <Y/6 � � - 1 05% 

G l u t ;i.n<Ju,, r :.. c e  3 9 1 . 8  G lu t i n ous r i c e  364 . 7  Glut in ous R ic e 409 . 7  Ta nge r i n e  56 

J;la n a i\a 33.3 . 2  Bana na 2 85 . 7  C h ine s e  c a bbage 207 . 8  R e d  pepper 

PuiLp.o d n 1 5 5 . 1  Pumpkin 1 42 . 7  Tanger ine 5 7  202 . 1  W h i t e  c or n  

K:..l e  1 06 . 7  C o c o r.!.ut meat 94 . 0  Banana 1 85 . 6  C o c on .1t 
C o ;:: onu� m�at 1 00 . 3  Kale 7 1 . 5  C o c o nu t  meat 9? - 5  \'' h i t e  I i c e  

Brot.d beans 3 1 . 3  W h i t e  r.orn &L. . 6  1'/ h it: t: c orn 4 6 . 8  Su ga. r 

C � l e ry ?.7 . 1  O::: e l ery 5 8 . 5  K a l e  )Cl : 1 I:gg rla nt 

S k i m  milk C o c o n ..t t  2 4 . 8 Bro a :!  bea ns y ; .  8 S k i m  .n i lk 
p o w der 20 . 5  

Broad beans 22 . 6  C O C O"l'tt 1 9 . 1  powder 

C oc o nut 1 6 . 6  S k i m  milk S k i m  m ilk 
Leek 

S na p p e r  1 . 2 p ')·:. de r 1 7 . 9 pow d e r  1 4 . 2  B o t t le gourd 

Snqpp e r 1 . 2 R a d ish 8 . 7  C h in e s e  c a bbage 

S na ppe r 1 . I+ Guava r e d  

S ha r k  0 . 4 Bu f fa l o  liver 

Broad beans 

Radish 

279 · 9 

229 . 8  

1 97 . 9  

': ?2. . 2  

1 6 1 . 7  
9 8 . 9  

;;4 . ?  

4 6 . 3  

40 . 0  

26 . 6  

1 8 . 8  

1 5 . 1  

1 0 . 2  

6 . 4  

0 . 1  

G o a l  Pr o gram 
on amino 

a c ids 

S u ga1· 

H e n  e ggs 

C e lery 

G".;.a ,.a ·::h i.  t<: 
L it.,� 

P ea c h 

R e d  p e p p e r  

L<:: e k  

C h ir e s e  ca'J"oage 

1\' h i t e  swe e t  
p o ta t o  

B u f f a l o  l iver 

Tange r i ne 56 

L e m o n  

Yard long r e d  
b e an 

S e same 

B u t t e r  

)07 - ?  
243 . 1  

208 . 8  
1 ..'·9 - 4  
1 � u . a  

99 - 0  

·.113 . 2  
81+ . 0  
63 . 9  

60 . 7  

5 1 . 6  

33 . 8  

25 . 9  

1 2 . 8  

7 · 5  

1 .  7 

Goal P r o gram 
on whole 
p r o b le r:1  

S t ·,: · i J :. :.: e d  whole 
m i l k  

{hi.. t e  r i c n  

Bar.-, b ? o  sh o o t s 

'.._'a :. ge�· i r..e 56 
S ugar 
G o o s e  ( t o t a l )  

.'<HI pepper 

Grape 

Leek 
Broe. d  b e ans 

Radish 

C o c onu t 

S e same 

Sugar cane j u i c e  

S k i m  m ilk 
p o •:1 de r  

Jackfruit s e e d  

Be e f  tor..gue 

L a c talbumin 

306 . 5  

2 63 . 2  

1 26 . 6  

1 23 . 6  

1 03 . 0  

62 . 2  

5 4 - 2  

4 ? . 8  

3 6 . 3  

33 - 6  

3 1 . 4  

1 8 . 8  

8 . 0  

? . 4  

6 . 8  

3 . 2  

1 .  6 
0 . 5  

-
1\.J +-()? 



Table A . 6 .  Nutrient Levels i n  S o lu tions 

Indigenous Foods only Inc lus ion of Da iry Produ c t s  

Nutr ient goal goal goa l  goal 
Amino A c ids on or.. Amino A c ids 0!!. on 

( am ino \'lhOl'! a mino 1•:hole 
80-1 20% 85 - 1 1 .5% '?0- 1 1 0.% 95 - � 05% a c i C. s )  P'-'Ob�.ert C·L1 - 1 2 0%  85 - 1 1 5% 90 - 1 1 0%  � 3 - 1 05% L � i ds problem 

·� oe t ( bah t )  ;� . G52 2 . 8( 7  j . 2.)8 4 . B87 1 2 . 405 8 . 275 2 . 6 1 3 2 . 776 3 . 202 l1 . 7 74 � : .  81 9 . 672 

Prote ir, ( gN ) 8 . 40 8 . 40 8 . 40 8 . 40 8 . 40 8 . '+0 8 . 40 � . 40 8 . 40 8 .  41) E . 40 8 . 4 0  
.:'at ( g") 4 6 . 67 4 6 . 67 4 6 . 67 74 . 86 46 . 67 4 6 . 67 4 6 . 6 7 :+6 .  67 4 6 . 67 4 c; . y.;. 4 6 . 6 '7 4 6 . 67 

Calori•l e 2 1 00 2 1 00 2 1 00 2 1 00 2 1 00 2 1 00 2 1 00 2 1 00 2 1 00 2 1 00 2 1 00 2 1 00 

F i-bre ( g )  1 0 . 95 1 1 . 73 9 . 67 1 5 . 00 1 5 . 00 7 .  1 ;� 1  1 C . 5'54 1 1 . 9J2 1 1 . 602 1 5 . 0() 1 5 . 0  6 . c  
Calcj um ( :ng )  651 . '+ 674 . 2  70 1 . 7  8e8 . 7  1 5 00 . 0  732 . 8  755 . 3  76:' . 0  76 1 . 7 1 ')3 :.. . 9  1 5 00 . 0  801 . 8  

Phosphorus (mg) 8 : 4 . 2  842 . 8  b'l'/ . 1  1 1 1 0 . 8  � 040 . 7. 9 1 5 . 9  944 . 1  956 . 3  952 . 2  1 292 . 3  1 00 8 . 8  1 0C2 . 2  

Iron ( mg )  2 7 , 1 2 7 .  � 2 1 . 5  "') ":)  ,., C... C. ,.  I 6 8 . 0  1 8 . 9  : 6  6 .� 1 • 1 1 <; . E 1 5 . 5 65 . 7  1 3 . 2  

V itaoin B6 ( mg) 2 . 1 1 4  2 . 440 2 . 407 2 . 2;' 3  1 . 65 1 . 65 3 . 0 1 3  2 . 842 2 . 52"3 2 . 025 1 .  65 1 .  65 

V i tamin B 1 2  ( ug )  1 . 85 1 . 85 1 . 85 6 . 00 2 3 . 0  1 . 85 1 .  85 1 .  85 1 . 85 4 . 00 2 . 40 1 .  85 

Folic A c id ( ug )  1 75 . 0  1 75 . 0  1 75 . 0 1 75 - 0  2 1 9 . 1 3 1 75 . 0  1 75 . o  1 75 . o  1 76 . 52 1 8 1 . 0 1  232 . 87 1 75 . 0  

Pantothen ic a c i d  ( mg )  6 . 8  6 . E  6 . 8  6 . 8  1 0 . 2 2  6 . 8  6 . 8  6 . 8  6 . 8  6 . 8  1 0 . 63 6 . 8  

Niacin ( og )  "1 7 . 45 1 7 . 29 1 8 . 49 1 5 . 35 1 3 . 86 1 3 . 86 1 4 . 45 1 4 . 73 1 6 . 5 1  1 3 . 86 1 3 . 86 1 3 . 86 

Riboflavin ( og )  1 . 2 9  1 . 54 1 . 22 1 . 1 9  2 . 56 1 . 1 6 2 . 32 1 . 98 1 .  63 1 .  71 2 . 63 .1 . 1 6  

Thiamine ( mg) 1 . 04 1 . 1 0 1 . 34 1 . 4 3  0 . 93 1 . 07 1 .  01 1 . 08 1 . 24 1 . 44 0 . 89 0 . 89 

Vitamin C ( mg) 1 73 · 3  204 . 5  2 82 . 7  228 . 7  4 64 . 9  6 8 . 1  . 2 1 1 . 8  1 96 . 8  304 . 2  1 66 . 6  468 . 4  69 . 3  

V itamin A ( iu )  9 7 1 6  922 7 . 8  1 0603 1 0840 3 8 755 2 1 00 8097 7606 1 0497 8305 4 1 1 1 5 2 1 00 

W e i gh t  ( Di e t )  ( g) 1 1 83 . 4  1 23 7 . 5  1 2 75 . 6  1 2 85 . 3  1 5 60 . 3  1 366 . 6 1 1 83 . 7  1 2 25 . 6  1 2 70 . 1  1 35 8 . 7  1 553 - 9  1 234 . 4  

To�al Perc ent 
dif ference - - - - 6 . 20 452 . 9 7 - - - - 5 . 78 3 7 1 . 89 

1\J +-\,!) 



Table A . 7 .  Amin � A c id Leve l s  i n  S o lu ti ons 

Indigenous Foods Only 

go:1l 

Nutrient program 
Amino A c i d s  on 

( ac.Iino 
80-120% e5-1 1 5�; ) 0 - 1 1 0%  9 5 - 1 05% ac ids ) 

C y s t  i:u: 1 1 9 . 9  1 1 3 . 00 90 . 0  95 . 0  '1 00 . 0  

Valint 96 . 9  1 0 1 . 37 1 02 . 9  9'9 . 2  1 ()0 . 0  

r � o l e ,.l(: ir�.e Uo . o  85 . 00 90 . 0 95 . 0  93 . 8  

Phenylulanine 1 1 ·) . 2  1 1 5 . 00 1 1 0 . 0  1 05 . 0  1 00 . 0  

Tyrc s:.l"e 8� . 7  85 . 94 90 . 0 95 . 0  1 00 . 0  

Xe thionine 80 . 0  85 . 00 90 . 0  95 . 0  1 0C . O 

T;·y:?t .::>pha:� 1 06 . 3 1 09 . 1 9  1 1 0 . 0  1 05 . o  1.00 . 0  

Threonine 97 - 6  1 03 . C5 1 00 . '/ ' 05 . 0 1 0(' . 0  

Lysine 89 . 2  CJ5 . 09 1 C8 . 5  1 C5 . 0  1 00 . 0 

Leuc ine 1 1 0 . 8 1 1 5 . 00 1 1 C . O  1 05 . 0  1 00 . 0  

Inclus ion o f  Dairy Produ c t s  

goal 
program 
o f  Ar:ti:!O A ci d s  
whole 
."Jr � bl err. 80-1 20?!, 85 - 1 1 5·16 90- 1 � ·:1% 95- 1 05\1. 

1 00 . 0  1; ? 0 .  0 1 1 5 . 0  90 . 0  135 . o 
1 0') . 94 94 . 8  9 ') . 6  1 02 . 5 · t ,Jo . : 

90 . 0  80 . 0  85 . 0  9S . O  ? 5 .  c 
96 . 5  1 1 0 . 43 1 1  'J . f) "'; 1 C .  0 1 C5 . 0  

1 (·4 . 2 e7 . 5  '?C . \) s:c . o  :J " . O 
90 . 0 80 . 0  85 . 0  90 . ·;1 95 . 0  

1 06 . 2 1 06 . 9 1 09 . 2  1 1 0 . ':'  1 05 . 0  

1 ·:: 0 . 7 :) 9 . 8 1 06 . 2  1 0 .1 . g  ·: o.:; . c 
1 1 0 . 0 9 3 - 3  94 . 8  � 0 7  . 8  1 05 . 0 

1 1 0 . 0 1 06 . 1  1 1 5 . 0  1 '1 0 . 0  1 05 . 0  

goal 
on 
am ino 
a c id s 

1 1 0 . 0  

1 00 . 0  

':J;f . 22 

1 00 . 0  

't OO . O  

1 00 . 0  

1 00 . 0  
1 0 ') . 0  

1 00 . 0  

1 1 0 . 0  

goal 
on 
.,.,hole 
problem 

1 0() . 0 
1 0 1 . 1  

90 . 0 

1 00 . 0  

1 06 . 9  

90 . 0  

1 02 . 3  
92 . 0  

1 1 0 . 0  

1 1 0 . 0  

I\) \Jl 0 



25 1 .  

APPENDIX 6 

THE DATA FOR MULT IDIMENS I ONAL SCALING ANALYS IS 

Five  s e ts of  da ta w e r e  c ol le c te d  from sur veys  in Tha i land 

in 1 974 . Each s e t  of  da ta was analyze d using th e nonme tric  multi­

dimens ional  s caling pr o gramme , KYS T .  

The s e ts of da ta are shown in 5 table s a s  f o l lows : 

Table A . 8 . A verage d raw ma terial  s imila � itie s data . 

Table A . 9 .  A verage d raw ma terial  ass o c ia tion data . 

Table A . 1 0 .  Derive d  pr oxi mity mea sur-e s  from the  ' raw material 

by us e ' su r vey . 

Tab le A . 1 1 . Average d food  dish  s imila r i t ies  data . 

Table A . 1 2 .  The ma trix of  raw ma terial  accep tability  in 1 5  

categor ie s o f  food dish . 



Table A . 8 . A v e r a ge d raw ma t e r ia l s s imilar i t ie s  da ta . 

2 4 . 7  
3 � . 7  t . 1  
• t . O  b • b  1 . 6  

4 

5 � . 3  � . e  t . e  � . 2  
b � - �  ' · '  r. s 7 . 6  5 . 8  

6 

1 2 . 5  ) o l  ) . 2 2 · ;  2 · 2 � - ·  

7 

e 4 . e  b . b  � . 3  o . 2  5 . �  L . s  , . 6  

a 

� j . )  2 . 7  1 . 1  2 . 1  2 - �  2 - 4 2. 7 4 . 2  

9 1 0  1 1  . 1 2  1 3  1 4  1 5  1 6  1 7  1 &  1 9  2 0  

� 0  Z . l  ! . �  ! . t : . e  1 · 8 l . S 1 . 7  2 . 1  2 · P  

1 1  2 . 0  1 · 3  ! . � ! . e  l · l  : . o 2 . e  ! . 7  1 . �  7 . 5  
! 2  ] . 6  � . 7  3 . )  2 . 2  Q . l)  z . :  ! . 3  2 . 5  ; . t  1 . 7. 1 . !  
1 3  5 . 2  t . 3  � . e  ' · 5  1 . a  ' · •  3 . 0  t · 2  • · 1  : . t  0 . 0  2 · 6  
: �  5 . 3  � . ,  : . �  � - ' t . o  r . �  2 . 9 � - �  ; . �  1 . 6 1 . 1  2 . �  1 . 3  

: 5  ! . 7  2 . 1  ) . � 1 . �  : . 7  1 . 6 J , J ! . a ! . 9  3 . 7  1 . 1  I · •  l · � ! . 9  
� �  : . �  2 . 7  2 . !  2 · <  • •  o 2 . 7  ) . ) 2 · 1  1 · 3  l o )  1 · 2  ) . 7  2 · 6  2 . �  3 · 5  

� 7  4 . !  � . 2  l . b . � . 9 5 . 1)  4 . 5  1 . 4 � - 2  2 . 5  1 . 5  1 . �  1 . 5  4 . 9  4 . 1  2 . 8  o . o  
: e  ; . <  : . 1  2 . 1  < . :  J . l  2 . 1  1 . 1  2 . 3  1 . 2  1 . 3  1 . 1  1 . 5  2 . 1 2 . e  • · 6  , , ,  4 , 6  
� q  4 e b  - . b  4 , 0 5 e 0  5 • 2  ) . 7  2 . 5  ) . 2  } e b  l . l  l e 7  ] . b  4 . 4  4 . 8  4 e )  ) . Q  4 e 0  3 • 6  
2 ;  1 . 6  2 . 1  2 . 1  ! . s 3 . e  ! . a  1 . �  1 . 9  2 . 1  t . t  1 . �  1 . 3  z . �  1 . 1  4 . �  � - 3  4 . 0  5 · 6  3 . 1  
2 1  l . o  2 . J  2 . 0 2 . e  2 . 1  1 . 7  2 . a 1 . 1 1 . • 1 . 9  1 . �  1 . 2  � . 2  1 . 9 1 . 0 1 . 0 1 . 1  1 . 2  ? . •  l o O 

2 1 22 23 24 25 26 2 7  18 29 30 31 32 33 34 3$ 36 37 31 39 

; 2  : . 2  ! e 7  ] e 4 2 • 6  2 • �  2 . 1  · 3 · 1  ! . 7  ! . 4  1 . �  l o )  1 • 5  : . )  2 e 3  l • l  l e 4  1 . }  1 o 6  ) o 8  ! o 2  8 . 7  
2 3  2 • 2  2 . 0  ! . 7 : . : � . ,  � . ]  : . �  l o e  1 · 6  : . �  � . �  ! . �  l • e  ! . �  ! o l  1 • 2  l o )  1 . 3  ! . 9  l o l  6 . 6 6 . 6 
� - � · !  2 . 3  : . 2  ! . t ! . o  1 . �  1 . e  z . z  ! - �  ! - �  1 . 3 1 . 2  7 - �  2 . 1  ! · 2  1 · 3  1 . 2  1 · 2  2 . 0  : . z  o . o  9 . e  6 . 3 i �  ; . ;  � . 7  ! . � ! . 7 · 2 · 3  l . e  3 . )  3 . )  � . Q  ! . 6  ! . 2  1 · 6  � - �  2 . 3  1 . 0  1 · 2  1 . 2  o . �  2 . 2  l o O 6 . 3  6 . �  � . �  6 . 4  
� 6  ; . J : . �  z . �  ; . � � - !  1 · 6  � - �  2 . 5  l · � z . o  } . 9  l o l 2 · !  2 . 0  l o 2  1 · 2  1 � 3  l o 5  z . �  l · l  9 . 9  9 . 2  6 . 4  9 . 7  e . 4  
2 �  ; . : : . �  = · �  z . �  ! . 6  � . a  � - 3  ! . 6 l o l  1 . 7  1 . 3 l o l  2 · 0  2 o l  1 . 1  1 . 2  l . f  1 . � l . t  1 . 0 � . ]  6 . 7 5 . 8  6 · 2  5 . 1  6 · 2  
" "  < · l  2 . 1  2 . 2  2 . �  2 . ?  7 . 3  � . 5  } , 5  l . B  } , 4  ) . 6 1 . 7  < · •  2 . 1  1 . 2  ? . 0  l , e  l · l  2 . 7  l o O 7 . 3  � . 1  9 . 0  7 . 2  7 . 1  7 , 6  6 o 7  

2 �  1 . 6  2 . 2  2 . :  2 . 0  l o 9 ) , 7 1 . 6 1 . 7  1 . 6 1 . 2 1 . 1  1 . 2  1 . ! 2 . C  l o O l o O 1 , 3 0 . 0  l o 2  1 . 2  5 . 0  5 . 3  7 o C 4 . 7  • · 8  � . 6  7 . 8  6 o 6  

; :  1 . 2  1 . 3  1 . • 1 . 2  1 . :  1 . �  2 . 5  1 . 2  2 . 2  ! . 6 1 . • 1 . o 1 . r.  1 . 1  1 . 9  1 . 1  1 . a  1 . • 1 . 1  ; . 2 1 . 1  2 . 1  1 . 5 1 . • 2 o 1  1 . 9  1 · · 1 . 1  1 . 2 

3 !  1 . �  1 . 3  l . �  } o ]  1 . 2  l o l 2 . e  ] . � l o B  l . :J ] . 2 l o t. } . ') l o 3 l o f- 1 • 1 1 . 2  l o b 1 . 7  , . ]  1 . 6  1 . 7  1 · 4 t . 1  1 . 7  2 . 2  l o l  1 . 6  } , !  e . o  
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Table A . 1 1 . Average d f o o d  dish s imilar i t i e s  da ta . 

1 2 3 4 5 6 7 8 9 1 0  1 1  

2 5 . 8 
3 6 . 0  9 . 9  
4 5 . 9  3 . 8  4 . 8  

5 5 . 7  6 . 6  7 . 7  4 o 3  

6 6 . 4  o . o  6 . 2  4 o 0 5 o 5  

7 6 . 1 5 . 9  7 . 6  4 . 8  6 · 5  5 . 5 

8 7 . 0  7 . 4  7 o 2  4 o 3 6 · 2  5 . 9  7 . 5  

9 5 . 5  4 o 6  s . o 6 o 6  /i . 8 I+ • 6 5 o 6  o . o  
1 0  6 . 3  5 . 8  6 . 4  5 . 0  6 . 3 6 . 1  5 . 3  6 . 3  6 . 1  
1 1  5 . 9  5 . 3  6 e lf 5 . 5  6 · 1  6 . 6  � .  1 6 . 3  5 . 8  6 . 5  
1 2  5 .  1 5 . 5  6 . 5  3 . 9  7 . 0  6 . 1  5 . 5  5 . 8  4 . 3  5 . 7  6 . 3  
1 3  5 . 6 5 . 4  5 . 0  4 o 6  5 . 2  5 .  5 t... . e G o 5  5 . 3  6 . 1  7 . 0  
1 4 6 o 6  6 o 5  7 e 9  4 o 5  7 . 8  5 . 5  9 · 2  7 . 0  6 o 4 6 o 6  8 .  1 
1 5  5 . 6  5 . 1  6 . 4  3 o 9 6 . 0  4 . 9  6 o 1  6 . 2  5 o 4  6 o 0  6 . 0  
1 6  5 . 4  5 . 5  6 . 7  4 . 9 5 . 5  6 . 8  5 . 8  5 . 9  5 . 7  8 . 0  6 . 4 
1 7 5 . 6  4 o 7 5 o 2  5 o 3  4 e 6  4 o 0  5 . 6 3 . 8  fi e 3  4 . 3  6 . 3  

1 8  7 . 5  7 . 0  6 . 4 6 . 0  6 . 0  5 . 5  6 . 5  6 . 6  5 . 4  7 . 4  7 . 0 
1 9 5 . 8  5 . 5  5 . 0 4 t 4  6 o 0  7 . 4  5 . 9  5 . 5  5 . 3  h . 3  6 . 5  
2 0  7 . 3  5 o 9 7 . 1  4 . 7  4 . 6  6 . 5  , .. .  7 & . 1 6 . 1 6 . 4  6 . 5  

1 2  1 3  1 4  

l.f . 3 
7 .  1 6 o 7 

5 . 2  6 o 5 6 . 5  

5 . 3  5 . 0  5 . 1  

4 . 7  4 . 8 4 . 8 

6 .  1 h o 6  6 . 6  
5 . 8  5 . 6  6 . 9  
t.• . 9 5 . 0  4 . 7  

1 5  1 6  

6 . 2  
4 o l o . o  

5 . 2  A e 4  

5 . 4  5 . 3  
5 .  1 7 · 8  

1 7  1 8  

6 . 0  
4 , 3 7 e 2  
4 . 8  7 . 2  

1 9 

6 . 0  

[\) \J1 \J1 



Table A . 1 2 .  Raw ma terial a c c e ptability i n  1 5 c a te go r i e s  o f  food d is h .  

Raw ma terial Ome le t te S a la d  

Bar.1boo shoots ', · 3  2 . 6  

C a b b age 1 . 6 2 . 5 

C h i ne s e  c a bbage 1 .  3 2 . 8  

C' h inese kal e 1 . 5  . 1 . )  

C u c u mbe:':' 1 .  6 4 . 4 

G :- e e n  go•1r d 1 . 2 1 . 3 

N u n g b <:J E tn  cv r d 1 . 4  1 . 5 
};ung�ean s p r o u t s  1 . 6  2 . 3 

Pe an'u t 1 . 0 3 . 2  

R i c e  1 . 8 1 .  9 

R i c e  'lo odle 1 . 6  1 · 3  

!::> hallo t s  3 . 3 4 . 1  

S t r ing beans '1 . 8  3 . 3 
s·.v .. mp c a b bage 1 . 3 2 . 0  

Be e f  1 .  0 -, . ·) 
C hick en 1 . o  3 · 9  

Cre. b  1 . 2  2 . 8  

Duck 1 .  1 1 .  8 

P. og ' s  liver 1 . 4 1 • 1 

Pork 1 . 0 1 . 5 
S erpe n t h ead fi sh · 1 .  9 4 . 6  

Shrimps 2 . 0  3 . 8  

S t r i p e d  macke r e l  2 . 8  3 . 6  

Bana:1a 1 . 2 2 . 1  

Xa ngo 1 . 5 2 . 9 

? a  pay� 4 . 4  4 . 3 

F ineap p le 1 . 2 2 . 5 

Pumpkin 2 . 7 4 . 5  

Yla te r m e lon 1 . 3 3 . 9 

B u t t e r  1 . 6 1 .  1 

C he e s e  1 . 4  1 .  1 

C h i c k e n  egg 5 . 0  2 . 5 

C o conut cream 1 • 1 1 . 5 

Du ck e gg 4 . 1  2 . 6  

}! ilk 1 . 3 1 .  0 

S w e e t e n e d  c ondensed milk 1 . 0 1 . 0 

C h i l l i  peppers 2 . 2  4 . 5 

C or ia n der 2 . 6  3 . 5 

Garlic 2 . 8  2 . 3 

S uga r 2 . 0  3 . 4  

Fried 
me a t 

3 . 4  
3 . 5 
3 . 8  
3 . b 
3 . 3 
1 . 5 
1 .  p, 
3 . 2  
1 . 3 
2 . 0  
2 . 6  
1 . 9 
3 · 7  
3 . 5 
1 .  0 
·1 . 2 
1 . 3 
2 . 5 
., 7 
- · �  
1 . 0 
4 . 9 
4 . 1  
2 . 3  
2 . 6  
3 . 3  
4 . 5 
2 . 0  
3 . 3. 
1 . 7 
1 .  7 
1 . 3 
2 . 0  
2 . 3 
1 .  9 
1 . o  
1 . o  
3 . 8  
2 . 3 
3 . 8  
2 . 6  

M e a t  
bal ls 

1 • 1 
1 . 3 
1 . 2  
1 . 2 
3 . 2  
1 . 3 
1 . 5 
1 · 3 
3 . 0  
1 .  6 
1 . o  
1 . 9 
3 . 8  
1 . 5 
1 . )  
1 .  0 
1 . 1 
1 . 0  
1 .  1 
1 . o  
1 . 8  
1 .  9 
2 . 5 
1 . 8  
1 . 4 
2 . 0  
3 . 2 
3 · 5  
2 . 2 
1 . 2  
1 . 2 
1 . 9 
1 . 8  
1 . 8  
1 .  0 
1 . o  
3 . 8  
2 . 1t 
2 . 8  
2 . 6  

S te w e d  Porridge 
p ork 

1 .  8 1 . 3 
1 . 8  1 . 2 
1 . 6  1 . 6 
1 . 5 � . 2 
1 . 5 1 • 1 
1 . 2 1 . 2  

3 . 1  1 . 9 
1 .  1 1 . 2 
2 . 0  1 .  1 
1 . 7 3 . 9 
1 . 1 1 . 0 
1 . 4 1 . 2  
1 . 4 1 . 4 
1 . 3  1 . 2 
1 . 0 '1 . 1 
1 • 1 1 .  0 
' 1 . 0  1 .  0 
1 . 0  1 . o  
1 • 1 1 . o  
1 . o  1 .  0 
2 . 3 2 . 6  
2 . 5 4 . 8  
1 . 1 2 . 7  
1 .  9 2 . 7 
2 . 5 4 . 3 
4 . 8  4 . 9 
1 • 1 2 . 2  
1 . 6  ;. . 6  
1 . 2 1 . 3 
1 .  1 1 . 0  
1 .  1 1 . 0 
3 . 1 4 . 4 
1 . 0 1 .  0 
3 . 2  3 . 7  
1 .  0 1 . o  
1 . 0  1 .  0 
1 . 5 2 . 1  
2 . 5 3 . 7 
2 . 8  2 . 8  
2 . 8  1 . 6 

C h op 
su ey 

2 . 3 
3 . 7 
4 . 3 
4 . 3 
1 . 7 
2 . 1  
2 . 6  
1 .  8 
1 . 3 
1 . 5 
1 . 2  
1 . 2 
2 . 5 
2 . 6  
1 . 0 
1 . o  
1 . 2  
1 . o  
1 . 3 
1 . 0  
2 . 5 
4 . 0  
1 . 2 
3 . 2  
3 . 3 
4 . 3 
1 . 7 
2 . 1  
1 . 5 
1 . 0 
1 .  0 
2 . 0  
1 . 1 
2 . 0  
1 .  0 
1 .  0 
1 .  5 
2 . 3 
2 . 3 
2 . 0  

S w e e t  a n d  C urry 
S our H o t  Fr i e d  V e g e tables S oup Noodles 

sour S 01.lp soup vege tables and sau c e  

2 . 3 4 . 2  4 . 1 1 .  9 3 . 6  2 . 3 3 . 7  1 . 8 

2 . 0 1 . 9 3 . 4 1 . 8  4 . 5 2 . 3 4 . 1  1 . 8  

1 .  7 2 . 0  3 . 8  2 . 5  4 . 7  2 . 2  4 . 8  2 . 7  
1 .  4 1 . 2  -. •  6 1 . , · � 't . 8  1 . 6  2 . 1  3 . 8  

4 . 3 1 . 2. t: . ') 1 . 7 3 . b  / • 1 3 . 6  1 . 7 

1 • 1 1 · 5  <: . 0  1 . � 2 . 6  , ,  . 1 4 . 8  1 . 3 

1 . 0  2 . 0  · : . 1 1 . 0  2 . 3 1 c . . , 1 .  2 1 .  8 

'1 . 2  1 . 4 1 . 8  '1 . 9 4 . 3 ?. . 0  � . 0 4 . 2  

1 . 1 2 . 0  1 .  1 1 .  8 1 .  2 '5 . 2 1 . 5  2 . 9 

1 · 5 3 . 0  1 . 2  1 . . 2 1 . b 1 (I . ' 1 . ?  1 • .J 
1 . 2 1 .  0 1 . 0 1 . 5 � .  9 < . 'J 1 . 3 5 - C'  
1 .  4 3 . 5  .) . lt 2 . 2  1 . 8 .:; . 5 1 . 5 1 .  8 

1 . 13 3 . 3 4 . 1  1 . 7 .f .. 4 2 . 7  1 . 8  1 . 5 

1 . 4  3 . 0  4 . 0  1 . 4  4 . 8  2 . 6  2 . 1  3 . 0  

1 . 0 1 .  0 1 . 0 1 .  0 1 . 0  1 .  0 1 .  (\ 1 . o  
'1 . 2  1 .  1 1 . ?  1 . 2 ' 1 , :)  3 . ') 1 .  1 1 .  1 

1 • 1 2. 1 ' 1 , 0  1 . 0  2 . 2  I • ;• 1 . 0 1 . 4  
3 . 2  1 .  0 1 . 0  1 . 1 1 . I 1 . 5 1 . 0  1 . 3 

1 . 2  2 . 0  1 . 7  1 . 0 3 ·  ;_.. ·i • . 1 . � 1 . 0  

1 . o  1 . 0 2 . 3 1 . 0  1 . 3 1 • 1 1 · 3  i ., O 
3 . 3 4 . 9 1 . 8  3 · 5  4 . 2  1 . 3 3 . 3 4 . 4 

4 . 5 4 . 8  1 . 9 4 . 5 4 . 6  1 . 3 4 . 6  4 . 5 

2 . 5 2 . 2  1 . 3 2 . 3 3 . 5 1 . 2 2 . 7  3 . 9 

2 . 0  2 . 7  1 . 2  2 . 5 3 . 0  1 . 3 3 . 0  4 . 4  

3 . 5 2 . 2  1 . 3 2 . 4  4 . 0  1 . 3 4 . 3  4 . 3  
4 . 3 4 . 7 2 . 5 3 . 6  4 . 8  1 .  6 4 . 8  . 4 . 9 

1 . 5 4 . 0  4 . 3 4 . 2 3 . 0 1 · 5 2 . 9 1 . 8  

4 . 4 4 . 0  4 . 3 4 . 8  4 . 7 1 .  9 4 . 5 3 · 7  
1 . 3 2 . 6 2 . 7  3 . 4  1 . 6  2 . 1 1 . 8  1 . 2  

1 . 0 1 . 1 1 . 0  1 . 0 1 .  6 1 • 1 1 . 0  1 • 1 

1 . 0 1 .  0 1 . o  1 . 0 1 . 4  1 . 0  1 .  0 1 . 0 

1 . 8 1 . 2 1 . 2 1 . 1 2 . 1  1 .  6 3 . 9 3 . 3 

1 .  0 4 . 8  1 . 2  1 . 8  1 . 8  2 . 4  1 .  1 1 • ..) 

1 . 9 1 • 1 1 . 2 1 .  1 2 . 2  1 . 7 3 . 8  3 . 0  

1 . o  1 . 2 1 .  0 1 . 0  1 . 0 1 .  1 1 . 0  1 . 0 

1 .  0 1 . o  . 1 . 0  1 . o  1 . 0  1 .  0 1 .  0 1 .  0 
3 . 7 4 . 8  4 . 5 4 . 6  2 . 9 '+ .  1 1 . 2  4 . 0  

2 . 6  1 .  6 1 . 5 3 · 7  1 . 9 3 . 8  4 . 0  3 . 6  1\) 

2 . 9 3 . 8  3 . 4  2 . 3 3 . 8  3 . 2  3 . 2  3 . 8  
\Jl 0'\ 

3 . 8  2 . 8  2 . 8  3 . 1  2 . 8  3 . 4 2 . 0  3 . 4  



APPENDIX 7 

DESCRIPTION OF 2 0  FO O D  DISHES USED I N  THE 

FOOD DIS H S I M ILA RITY SURVEY 

257 . 

A l is t  o f  the 20 food d ish es us e d  in the f o o d  di sh 

s imila r i ty sur vey are giv en b e l ow . The dishes ar e d iv id e d  into  1 5  

catego r i e s  used  a s  the ba s i s  o f  the ' raw ma terial  b y  u s e ' survey . 

1 .  M e a t  balls 

F is h  balls . A f r i e d  pr odu c t  c o nta ining minc e d  f ish , onion 

spic e s  and herbs , with a de l ic a te flavour . The y are nnrma lly 

served w ith  rice  but can b e  e a t e n  a s  a sna c k .  

2 .  M e a t  curr ies 

B e e f  cu rry .  C ontains mainly b e e f  with possibly s o me egg­

plant , ch j _llies and onion . The dis h  has a hot flavour ma j _nly 

der ive d from the sma l l  ch i l l i  p eppers . It is genera l ly s e rve d 

w ith  r i c e  or noodle s .  

C hicken curry .  Much t he sam e  a s  b e e f  c ur ry but bas e d  on 

chicke n , e ith er on or o f f  t he bone . It is usua lly m or e  e xpens ive 

than b e e f  curry and as  such i s  cons idered  a b e t t e r  d ish . 

3 .  C h op suey 

Chop suey. C ontains a var ie ty of  v e ge table s ,  cabbage , 

c e le ry , kale and bamboo  s ho o t s  with sma ] l  amounts o f  me a t ,  usually 

p ork . I t  has a mild and pr e dominantly vege tabl e f lavour . 

4. S our soup 

Shrimp sour s oup . This d i sh i s  s imilar t o  shrimp hot  

s oup but  of ten c onta ins mus hro oms . I t  s ti ll ha s a very  � tro ng 

flavour which is a c omb ina tion  of hot , sp icy  a nd s our . 

5 .  Ome le t t e  

P lain ome le t t e . A p la i n . ()me lette  r e s e mbl e s  s c rambled  



2 5 8 . 

e ggs . I t  is made from e ggs with no adde d  m ilk and has  a v e ry mild 

flavour . 

6 .  S we e t  and s our 

S w e e t  and sour fish . This dish is based  on fish w ith a 

sw e e t  and sour sau c e  ma de from  sugar and v ine gar . The fish may b e  

e i the r w h o l e  or i n  ba t t er e d  p i e c e s . I t  usua lly contains cuc umber , 

spring onions , toma t oe s and c h i llie s .  

Swe e t  and sour ch j .c ke n .  This dish is bas e d  on ch ic ken 

with  a sau c e  simila r  to tha t us e d  for swe et  an d s our f is h . 

Cucumb e r ,  t oma to and onion are  often  added  and the  dish is serve d 

w i t h  r i c e . 

7 .  H ot s oup 

Shrimp hot s oup . C o nta ins shrimps and long gre en beans , 

flavour e d  w ith ground Ghillie s ,  onion and gar l i c . The flavour i s  

a c o mb ina t i on of hot  an d sour . 

Fish hot s oup . S imi lar  t o  shr imp hot soup but  w i th mor e o f  

a sour  flavour and cont aining more meat . Chillie s ,  drie d pepper 

and possibly mus hro oms are adde d t o  fish and bo ile d in water . 

8 .  Frie d meat 

Frie d  Ch ine se  kale . C o nta ins b e e f  with a dde d C h ine s e  kale , 

frie d in oil . Gar lic  i s  normally adde d t o  give  the dish a mild  

and b e e fy f lavour . 

Frie d b e e f  wit� oys ter  sauc e . Beef  and oys ter  sau c e  are  

fr ie d w ith  garlic and spring onions . The dish ha s a mild and o i ly 

f lavour . 

9 .  Fr ie d vege tables a nd sau c e  

F ish with gre en v ege tables  and sau c e . C onta ins who l e  f i sh 

( usua lly s tripe d mac ke re l )  wh ich is  fr ie d in o il .  A s au c e  ma d e  

f r o m  shrimp pa ste , gar l ic a n d  chillies  is adde d t o  t h e  fis h w i t h  

gre en v e g e tables such a s  cu cumber , gre en  b eans and cabbage . 

1 0 .  Fr ie d vege tabl �s 

Fried  pork w i th gre en s nap b eans . C onta ins p ork with  gre e n  

s nap beans , fri e d  in c il .  The d is h  i s  norma lly flavoure d w i t h  

garlic and s e rve d w i th ri c e . 
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1 1 .  Soup 

Gre e n  gour d a nd pork s oup . C onta ins minc e d  pork in the 

form of balls , gre en gour d ,  C h inese  c abbage and frequ e nt l y  o ther 

green vege tables . All  the ingr e die nts  are bo iled  in w a t e r  to  form 

a th in an d b land soup . 

1 2 . Tha i s a la d  

C u c umber sa lad . This dish c ont a i ns ma inly s l ic e d  cu cumb er 

w i th s ome s l i c e d p or k , Chine s e  cabbage and chillie s . U s ua l ly it  

has  a dr essin g  ma de from  lemon  j u i c e , s ugar and salt . The Tha i 

cucumb e r  sala d  has a very s tr o ng hot  and sour fla vour . 

1 3 .  S t ewe d  pork 

S t e w e d  pork w ith bo ile d egg and s oy sau c e .  This dish is  

made from  por k ,  boiled  e gg w i t h  s o y  sauc e and m ix e d  s p ic e . I t  

has a liquid cons istency  w i t h  a fair ly b land flav�ur and i s  served  

wi th r i c e . 

1 4 .  Porridge 

P ork porridge . Norffially  s erve d i11 the mor� ing or through ­

out the day t o  sick or e lderly p e ople . The dis h  i s  bas e d  on 

broken r i c e  and is s ligh tly th inner than Scot tish porridge . S ome 

s tock is  a dde d ,  toge ther w ith  pork and pos s ib ly l iver . Sma l l  

amount s o f  ginger and spring onions may be us e d  b u t  th e overall 

f lavour is bland . 

1 5 .  Noodle  dish es 

Pork  noodles . Th is dis h is bas e d  o n  r i c e  noodles  w it h  

adde d pork , . onions , bean sprouts  and Chine s e  cabba ge . Garlic is 

usually a dded to give the dish a mild flavour . I t  may be  s erved  

e ith er w e t  or dry , tha t is  e it h e r  in the form o f  a s oup bas e d  

o n  water  o r  with out the wa t e r . 

B e e f  noodle s . This is similar to pork no o dles  c ontaining 

rice no o dle s , beef , onions and bean sprout s .  I t  u s ua l ly c o ntains 

a lit t l e  more me at tha n p ork noodle s . 
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L . P .  SOLUTIONS W ITH NUTRITIONAL AND 

ACCEPTABILITY C ONS TRAINTS 

2 60 .  

Tab le A . 1 3 show s  th e levels  o f  nu tri e nts in th e s o lut ions 

t o  the L . P .  prob le m w ith the inc lus i o n  o f  COMPFAC and PREFAC . 

The f ir s t  s o lution  was ob taine d subj e c t  to  only nut r i t iona l  

c ons tra ints . The s e  c o nstraints w ere  the we ighted  average dai ly 

requir e men ts of 20-29 year o ld Thais . The o ther thr e e  s o lu t i o ns 

show the e f fe c t  of  parame tric  changes in C OMPFA C and PREFAC . 

C OMPFAC 

o . oo 
0 . 25 
0 . 50 

PREFAC 

1 . 00 
0 . 75 
0 . 50 
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Tab le A . 1 3 .  S o lutions to the L . P .  pr?blem w ith inc lusion of  
COMPFAC and PREFAC 

C o s t  ( baht ) 
Pro t e in ( gN)  
Fa t ( g ) 
Calories  
Fib r e  ( g )  
C a lc ium ( mg )  
Phosphorus ( m  g) 
Iron ( mg )  
Bitamin B6 ( mg)  
V itam in B 1 2  ( ug)  
Folic a c id ( ug)  
Pantothenic 

a c i d  ( mg)  
Nia c i n  ( mg) 
Ribofla vin ( mg )  
Thiamine ( mg)  
V itamin C ( mg )  
V itamin A ( iu )  
Calc ium/ 

Phosph orus 
Pro t e in/calories 
W e ight ( g ) 
C ys tinea 
Val ine 
Is oleuc ine 
Phenylalanine 
Tyrosine 
Me thionine 
Tryptophan 
Thre o nine 
Lys i ne 
Leuc ine 

Nutritional  
c o ns traints 
only 

4 . 20 1  
9 . 53 
4 8 . 89 
2200 
1 1 . 24 
705 . 3  
881 . 7  
23 . 7  
2 . 00 
2 . 00 
429 . 5  

8 . 00 
1 9 . 2 8  
2 . 2 8  
1 . 63 
298 . 5 
1 3046 

0 . 80 
0 . 1 1  
1 530 . 6  
1 1 9 . 9  
96 . 8  
82 . 2  
1 04 . 2  
99 . 7  
80 . 0  
1 1 9 . 9  
1 03 . 8  
1 1 3 . 8  
1 02 . 5  

PREFAC = 1 . 0  PREFAC =0 . 75 PREFAC =0 . 5  
C OMPFAC =O . O  COMPFAC =0 . 25 COMPFAC =0 . 5  

8 . 2 1 0  
9 . 53 
85 . 5 6 
2200 
6 . 43 
747 . 8  
934 . 7  
24 . 9  
2 . 87 
2 7 . 0  
276 . 2  

8 . 00 
1 4 . 52 
4 . 25 
1 . 1 7 
378 . 7  
22036 

0 . 80 
0 . 1 1  
1 1 28 . 9  
80 . 0  
90 . 1  
84 . 3  
98 . 4  
85 . 5  
80 . 0  
9 1 . 0  
98 . 6  
1 0 1 . 4  
97 . 3  

1 0 . 795 
9 . 53 
85 . 5 6  
2200 
6 . 00 
787 . 9 
984 . 9  
2 9 . 7 
2 . 08 
35 . 0  
355 . 7  

9 . 87 
1 4 . 52 
3 . 42  
1 . 3 1  
2 60 . 2 
22365 

0 . 80 
0 .  1 1  
1 1 75 - 5 
82 . 6  
9 1 . 6  
86 . 6  
98 . 7  
1 00 . 6  
80 . 0  
99 . 2  
1 00 . 2  
1 20 . 0  
1 05 . 4  

'I 0 .  866 
9 . 53 
85 . 56 
2200 
6 . 00 
789 . 4  
986 . 7 
29 . 9  
2 . 08 
35 . 0  
357 . 4  

9 - 92 
1 4 . 52 
3 . 46 
1 . 3 1  
2 .59 . 2  
22458 

0 . 80 
0 . 1 1  
'1 1 77 . 0  
82 . 5 
9 1 . 4  
99 . 9  
98 . 6  
1 00 . 4  
8o . o  
98 . 8  
1 00 . 2 ' 
1 20 . 0  
1 05 . 1  

a .  amino a c i ds e xpr e s s e d  as  perc e nt o f  e gg pa ttern  value s .  


	10016
	10017
	10018
	10019
	10020
	10021
	10022
	10023
	10024
	10025
	10026
	10027
	10028
	10029
	10030
	10031
	10032
	10033
	10034
	10035
	10036
	10037
	10038
	10039
	10040
	10041
	10042
	10043
	10044
	10045
	10046
	10047
	10048
	10049
	10050
	10051
	10052
	10053
	10054
	10055
	10056
	10057
	10058
	10059
	10060
	10061
	10062
	10063
	10064
	10065
	10066
	10067
	10068
	10069
	10070
	10071
	10072
	10073
	10074
	10075
	10076
	10077
	10078
	10079
	10080
	10081
	10082
	10083
	10084
	10085
	10086
	10087
	10088
	10089
	10090
	10091
	10092
	10093
	10094
	10095
	10096
	10097
	10098
	10099
	10100
	10101
	10102
	10103
	10104
	10105
	10106
	10107
	10108
	10109
	10110
	10111
	10112
	10113
	10114
	10115
	10116
	10117
	10118
	10119
	10120
	10121
	10122
	10123
	10124
	10125
	10126
	10127
	10128
	10129
	10130
	10131
	10132
	10133
	10134
	10135
	10136
	10137
	10138
	10139
	20001
	20002
	20003
	20004
	20005
	20006
	20007
	20008
	20009
	20010
	20011
	20012
	20013
	20014
	20015
	20016
	20017
	20018
	20019
	20020
	20021
	20022
	20023
	20024
	20025
	20026
	20027
	20028
	20029
	20030
	20031
	20032
	20033
	20034
	20035
	20036
	20037
	20038
	20039
	20040
	20041
	20042
	20043
	20044
	20045
	20046
	20047
	20048
	20049
	20050
	20051
	20052
	20053
	20054
	20055
	20056
	20057
	20058
	20059
	20060
	20061
	20062
	20063
	20064
	20065
	20066
	20067
	20068
	20069
	20070
	20071
	20072
	20073
	20074
	20075
	20076
	20077
	20078
	20079
	20080
	20081
	20082
	20083
	20084
	20085
	20086
	20087
	20088
	20089
	20090
	20091
	20092
	20093
	20094
	20095
	20096
	20097
	20098
	20099
	20100
	20101
	20102
	20103
	20106
	20107
	20108
	20109
	20110
	20111
	20112
	20113
	20114
	20115
	20116
	20117
	20118
	20119
	20120
	20121
	20122
	20123
	20124
	20125
	20126
	20127
	20128
	20129
	20130
	20131
	20132
	20133
	20134
	20135
	20136
	20137
	20138
	20139
	20140
	20141
	20142
	20143
	20144
	20145
	20146
	20147
	20148
	20149
	20150
	20151
	20152
	20153
	20154



