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ABSTRACT 

A quan t it ati ve model was dev e lope d to d e sign a 

processed in fant food produc t for rl 'hailand . Linear 

programming was  u s e d  a s  a basi s  for the mod e l . The  

model  c an s e l e c t  n o t  only t he raw ma t e rial s but  al s o  the  

proc e s s , t aking into  cQns i d e ra ti on the nutri t i onal 

requirements of i n f, n t s  and th e  product ac c ept abil i t y . 

Furth e rm o re , any chan ges in the raTI M2terials, proce ss and 

product quality can be ea sily studied Dith the m odel . 

ii . 

The model �as developed in three consecutive steps. 

Firstly, the Thai i n fan t ' s nutritionnl rnquirements, and 

the cornposi tions and c ost,s of sui l.:· hle indigcn ou  c Th.1i ra\•: 

material s were incl uded in the  linear proe;rammine; mod e l . 

Secondly, the e f fe c t  o f  hent processing on the  d e s t ru c t ion 

o f the required nutrients was con s i d e r e d for d i f ferent 

processe s  and the nut ri tional constraints in t he m od e l  

were m od i fie d  t o  a l l ow fo r  t h e  l ocse s  d urin g  pr oc e ssin g . A 

mixture o f  raw m a t e rial s was chosen by the m o d e l  for e ac h  

pro c e ss and t h e  most  s u i t a b l e  c ombination o f  pro c e s s  and 

raw mat e rial s was sel e c t e d . Final ly , eating qual i t i e s were 

inc l ud e d  in the model whic h  enable d  the mode l to s el e c t  

the raw mate rial s not  onl y  s ubj e c t  t o  the modi fi e d  

nu tri t i onal c on st raint s  but  also  t o  the r e quir e d  e at i n g  

qual i ty . 

T o  incl ud e  the l os s e s o f  n utrient s  d�ring h e a t  

pro c e s sing , dat a o n  the  d e s t ruc t i on o f  nutrient s b y  h e at 



p r o c e ssing we re c ol l e c t e d  from the literature t o  pre d i c t  

t he r eac t i on rate c ons t an t s  a t  d i f fe r ent tempe ra t ur e s . 

First o rder r ea c t i on kinetics were a ssu med . The 

i ii . 

Arrhenius r e lati onsh ip be t we en t h e  r eaction rate c on s t an t  

and t h e  r e c i pro c al o f  t he abs o lu t e  tempe rature wa s f oun d  

t o  be Gen e r al l y  t ru e  f or th e destruction of all vi t anins 

and e ssen t i al amino ac i d s . Th e lo;,Ecs o f  vi tamins and 

amin o ac i d s  during a pro c es s  wer e thu s c al c ul at e d  fr o n  the 

Arrhenius relat ion ship using the t i me and t emp erature 

hi st ory o f  t h e  procecs4 

By including t h ese l o s se s  o f  nutri en t s  int o  the 

nutriti on al c on s t rain t s  in the mo de l , their effects on 

the nut ri t i onal c ompo si t ion and cost of the formulation 

were c ompared for rlifferent procc�r�r and a choice was made 

of the mo st suitable process. :evcr�l cooking an d 

d e h yd r at i on proc esses whi c h  c o uld be use d  for in fan t f o od 

proc essing in Thail and w ere compared and b at c h  c o oki ng 

fol lo we d  by d r u m  dryin g was f ou nd t o  be  be st . 

Con s umer e val u a t i on o f  t he dru m  dri ed p rodu c t 

s u ggest e d  a need  for i mp r o veme n t  in t h e  t a s t e  and c ol our 

o f  the p r oduc t . Constrain ts restric t ing the s e l e c t ion o f  

s u gar and of ra w m at eri al s  with st rong c ol ours we re 

inc l ud e d in the m odel , an d  a m ore ac c eptable produc t was 

obtain e d . 

Thi s  m o d e l  c an be used  n o t  only t o  formul a t e  an 

a c c e p t ab l e  mi xt ure of ra w m a t e ri al s f or any p ro c e s s  but 

also to c ompare d i f fe rent proc e s s es for the produc t i on o f  

an ac c ep t able and c h e ap i n fant food . 
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C IAPTF.R 1 

THE NEED FOR fo.�� PTFAFT FOOD IN THAILAND 

The aim o f  t his Gtudy is t o  de cien a n u t ri ti o na l ly 

balancect processed i n fan t  f o od for r,eneral use  t h roughout  

T hailand . As far a s  po s s i bl e , inctigen ous raw m a t e ri a l s  

and simple pro c e ssing me t h ods are t o  be use d . 

1 . 

The firs t  pr oblem was t o  i den t ify t he n e ed for an 

i nfant f o od in T hail and. Th e pr e cent infan t fe e ding pa t t e rn 

was s t ud i e d i n  o rder t o  di s c over any nutri tional de fi c i e n c i e s  

a n d  t o  find t he mos t  sui t able in f2n t fo od t o  i n t r oduc e .  

I n  this first c hapter, the p r obl ems o f  infant 

malnutriti on in '�'hc,iland and in rnr t i c ul<1r t h e  prese n t  

fee ding patterns are disc usse d. The q uali t a t i ve 

charac teris t i c s  n e e d e d  in an i n f�n t f o od and t h e  t ype o f  

produ c t s  Available i n Th�ilan d  for in fa nt fe e di n g are 

id e n t i fie d. 

1 . 1 Relevant in f o rmat i on on T ha il an d  

Thailan d is  a n  agri c ul t ural c oun t ry, 8 3  p e r c e n t  o f  

t he popula t i o n  work i n  farming and/ o r  r'ishing . The 

popul a t i on was e s timated to be 38 mi l li on in 1 97 1 , wi th  the 

rural p opula t i on as 84 p e r c e n t  o f  the t o tal p opul a t i on ( 1 80 ) . 

The  c ount ry can b e  d i vided into  4 major re gi on s. T h e  

Ce n tr al pl ain , s t r e t c hing 4 0 0  illn n or t h  from Bangkok , 

c on t ains  approxima t e ly one - t hi rd o f  the popul at i on. T h e  

Northea s t , c e n t e ring around Jakorn Rasjasima c on t ains  about 

one -thi rd . The North e rn re gi on c e n t e ring a round Chiengmai 



and the S o ut he rn re gi on ,  c ove ring t h e  Thai porti ons o f  the 

Indo-China Peninsula , c on t ain the  re mainin g one -thi rd  o f  

the c ount ry . The  are a and popul a t i on by re gi on i s  shown 

in  'l1able 1 • 1 

T able 1.1 Area and Popul a t i on by Regi on (180) 

( Area : s q uare kil om e t e rs; Popula t i on : thousand ) 

Re gi on Area 

Central 19 3,579 

N orthe a s t  170,226 

North 170,006 

South 70' 189 

T o t al 514,000 

Populati on 

1960 1970 

8, 347 11, 332 

9,078 12,499 

5,777 7,763 

3, 302 4,4 38 

26, 50Lr 36.032 

I n c om e  p e r  c apita d i ffe rs marke dly from re gi on t o  

r e gi on and al s o  be twe en the rural a n d  urban areas a s  show n  

i n  Table 1 .2. I n c ome pe r c api ta ove r the who l e  c ount ry is  

2. 

ab o u t  3600 baht , the highe s t  fi gure is in the  C en t ral 

re gion , foll owe d by the S outh , t he North and the  N ortheast . 

Table 1.2 Inc ome Pe r C apit a  by Region (180) 

Inc ome pe r c api ta , Baht 

Regi on 1968 1969 1970 1971 

Wh ole  Kingd om 3196 3440 3480 3692 

Northe a s t  1600 1668 1"694 1766 

North 2200 2 370 2 380 2520 

South 3098 3376 3430 3482 

Cent ral 5692 6158 6304 6702 



E ven though the re  are s ome di f feren c e s  in the 

i n c ome pe r c apita by di f fe re n t  re gi on s , the highe s t  portion 

o f  i n c ome in all regions is spent on fo od wi t h  l i t t l e  

di f fe renc e i n  urban a n d  rural areaG as  shown i n  Appendix 1 .  

For the gen e ral food habi t s  o f  the T hai pe opl e , the  

main die t is  ri ce , c on s t i t ut ing about  40  pe r c e n t  of  the 

t o ta l  e xpendit ure on food . The prot e in foods  s u c h  as meat , 

p o rk , poul t ry and fi sh  a c c oun t for 27 pe r c e n t , ve ge table 

and  frui t 1 1  pe rcent  and milk and e ggs only 4 percent  ( 179). 

The nut ri t i onal survey c onduc t e d  in 1 960 by the 

I n terdepartmental C ommi t t e e  on Nut ri tion for National 

De fence , I CNND , es t ablished d e fici ent intakes o f  vi tamin A, 

thiamine , ribo fl avin , while in gen e ral cal o rie  and protein 

i n t ake s were rathe r l ow but ade q ua t e . In  1 96 6 , the 

Minis try of Public IIeal t h  c onducting a nut ri ti onal survey 

o f  10 vil l age s in the provin c e  of 1Jb ol of the  Northeast 

re gi on found a simil a r  re sul t t o  the  one c onduc t e d  in 1 960 . 

Die t ary habi t s  d uring pregnanc y and lac t a tion are 

obse rve d t o  be marke dly di f fe rent among individuals 008) . 

T h e  c u s t om o f  food re s t ri c tion during t he p regnant and 

l a c t ating pe riod is pra c tised in many parts of the country, 

in part i c ular rural are as . The re s t ri c ted foods are 

nutritional foods such  as  meat , eggs and fat (1 79 ) . A case 

study in the Northeast revealed that the fooq intake of a 

pregnant woman was short in calorie, protein and almost all 

nutrients except phosphorus, thiamine and niacin; this could 

be the consequence of the food restriction ( 179). Therefore 

it is likely that protein calorie malnutrition and nutrient 

deficiency already exists in some of the pregnant women. 



1 . 2  N ut ri t i onal s t atus o f  in fan t in Thailan d 

The fir s t  ye ar o f  l i fe i s  a ve ry i mpor t an t  period,  

the new b o rn baby must t riple hi s weigh t  and inc rease hi s 

l e n gt h  by h al f .  There fore , t he food in take at an e arly a ge 

o f  l i fe i s  very important , i t  must be ade q ua t e  in t e rms o f  

quality a s  well a s  quantity . 

Wi thin the  Thai popul a t i on o f  34 . 1 5  m i l l i on in 

1 970 , 5 .6 mi l li on were child re n  age d  from 0-4 ye ars . T h e  

vi tal s t a t i s ti c s  o f  Thailand 1 970  ( 1 7 1 ) showed the  n umb e r  

o f  deaths o f  chi ld ren i n  0-4 y e a r  pe ri o d  a s  high as 22 . 6  

pe rcent o f  the t o tal d eaths wi t h  the fol lowing a ge 

·di st rib u t i on : -

Und e r  1 year 1 2 .  1 

year 3 . 7 

2 years 2 . 7  

3 years 2.2 

4 years 1 . 9 

T o t al 0-4 years 22.6 

The mortality ra te i s  high c ompare d t o  that found 

in c oun t ri e s  such as U . S . A . and Denmark as shown in  T a b l e  1.3 

Tabl e 1 . 3 The M ortali t y  Ra t e  o f  Children 1 -4 Years o f  

Age in S e l e c te d  C oun t ri e s  C ompared t o  Thailand (171). 

C o un t ry M o rtality rate  per 1000 chil d ren 

U . S . A . 1 • 1 
Denmark 1 . 1 

C o l umbia 1 8 . 6 

t-1e xi c o  19.3 
T h ailand 22.6 

El Salvador 26.6 



5 .  

statis t i c al dat a on malnut ri t i on of c hildren in 

T hailand is scarce  and t h ose available are rat h e r  out o f  

dat e . T he survey on t h e  numb er  o f  malnut ri t i on cases  

admi t t e d  and the d eaths at all o f  t he hospi tals in  t h e  

c o unt ry i n  1 968 by the Minis t ry o f  Pub lic Health , T a ble 1 . 4 ,  

re veal e d  that t h e  ma j or nutrient d e fi cien c i e s  we re t hiamin e , 

protein , cal o ri e  and iron . 

T able 1 . 4 Case s Admi t ted  and Deat h s  of Infants by 

Malnut ri t i on (N umber and Pe r c ent a ge ) 

Whole Kingdom Bangkok Provincial 

Admisnion Death Admission Death Admission Death 

No. % No. % No. % No. % So. % No. % 

:'l'otal 1 1 1  1 00 20 1 00  43 1 00 8 1 00 68 1 00 1 2  1 00 

Avita.Jilinosis and. 

other deficiency 96 86 . 5  1 8  90.0 32 74 . 4  6 75 . 0  64 94 . 1  1 2  1 00 .0 

Beri beri 39 25.3 6 30 . 0  1 7  39·5 4 50.0 22 32 . 4  2 1 6 . 7 

Vitamin A 7 6.2 4 20.0 3 7 . 0  4 5 . 9 4 33 · 3  

Malnutrition 2 1  1 8 . 9  3 1 5 . 0 5 1 1 . 6 1 1 2 . 5  16 23 . 5  2 1 6 . 7 

Kwashiokor 1 5  1 3 . 5  5 25 . 0  3 7 .0 1 1 2 . 5  1 2  1 7 . 6 4 1 3 . 3  

Others 1 4  1 2 . 6 4 9·3 10 1 4 . 7 

Iron-deficiency 

anaemia 1 5  1 3 . 5  2 1 0 . 0  1 1  25 . 6  2 25 . 0  4 5 . 9 

In  1 968 , Dhanamit ta and Valya s e vi ( 6 1 ) s t udied  t he 

nut ri ti onal s t at us of more t h an a t h ousand in fan t s  in t h e  

Northeast and f o und the percent  pre valence  of malnutri t ion 

based on weight and height ranged from 50 percent of the  

subje c t s  on the m ain road t o  95 percent in the remote are as . 

In 1 974 a study was c arri e d  out in the same province, it 

was found that 50 to 65  percent of the total number 

suffered from malnutrition. This means that there is very 

little improvement in overall nutritional status in that 

area in the last 7 years. In 1 973 , the interministerial 



w orkin g group for the d e v e l opmen t  o f  nat i on al food and 

nut ri tion policy guide line s for Thailand rep o r t e d  the 

6 . 

p r obl em o f  malnut ri t i on in  Thailand e specially in t he 

pre s c hool child ren . Approximat e ly 50 pe r c e n t  o f  children 

und e r  5 years o l d  su f fe re d  from malnu t ri t i on . Khan j an s thiti 

and Wray ( 1 40 ) in 1 974 , l o oking for e vidence  o f  prot e in 

c al o r i e  malnut rit i on ( PCM ) in  4 slum are as  o f  Bangkok 

munic ipali ty in children  aged from birth to 72 months , found 

that  t he rat e o f  PCM was s t riki n gly high , 83 . 63 pe r c e nt . 

The hi ghe s t  p e rc entage was found a t  the  age o f  1 2 - 1 7 months 

but  PCM was f ound star ting from the b e ginning o f  l i fe as 

shown in T ab l e  1 . 5 .  

T able  1 . 5  Pe rc ent o f  PCM in Pre s c hool Chil dren in 

Vari ous Cat egorie s ,  by Age in Eonths in 4 Di s t ri c t s  

Ae;e i n  m on t h s  

0-5 6 - 1 1  1 2 - 1 7  1 8-23 24-35 36 -47 4 8 - 5 9  60-72 

1 °PC!vl 

2°PCH 

3°PCM 

T o t a l  

PCM 

23 . 0 

28 . 0 

7 . 75 

58 . 75 

1 6 . 0 

3 1 . 5  

1 5 . 5  

2 8 . 25 

45 · 5 

1 0 . 5 

84 . 25 

40 . 75 

27 . 0  

3 . 7 5 

7 1 . 5  

27 . 75 

35 . 5 

5 . 75 

6 9 . 0  

32 . 5 

38 . 25 

4 - 25 

75 . 0  

45 . 25 

25 . 75 

2 . 25 

73 . 25 

29 . 0  

4 5 . 5  

7 . 0 

8 1  . 5  

At Ram athibodi Hospi t al in Bangkok and Ubol Hospi t al 

in t he Northe ast , Valyase vi e t  al . 1 974 ( 240 ) s t ud i e d  

anaemia i n  p r e gnant women , in fan t s  and pre sc ho ol children 

and report e d  a hi gh incidence as one - thi rd o f  t he numb e r  o f  

in fan t s  up t o  the age o f  2 years su f fe re d  from anaemi a . 

T h e re fore , i t  c an be c on cl ude d from t he lite rat ure available 

that PCM , vit amin de fi ci e n c y  and anaemia are t h e  maj or 



nutritional d e fic i en c i e s  facing in fan t s  in Thailand . 

A s tudy unde r  t he ri c e  forti fi c at i on pro j e c t  by 

T anti von se 1 9 6 9 , inve stigat e d  1 500 pre s c hool children age d  

from 6 mont h s  t o  5 years i n  t h e  farme r famili e s  o f  2 6  

vill age s in  C hiengmai , found that t h e  growth per forman c e  o f  

T hai children c ould mat c h  with t he Ha rvard s t andard 0 � )  
u p  t o  t h e  a ge o f  6 months a s  l on g  a s  they are full y  b re a s t  

fe d . I t  was c on fi rmed by t h e  work o f  Kan janas t h i t i  e t  al . 

1 973 who c ondu c t e d  s t udies  on the growth o f  T hai in fan t s  

and s c hool  c hildren s e l e c t e d  from t he middle c l a s s  famil i e s  

o f  Bangkok and found t hat t h e  grow t h  o f  Thai c hildren a t  

t h e  s t art was c omparable t o  those  o f  the North Ame r i c an 

s t andard and b e c ame sl owe r a ft e r  6 month s . This  e vi d e n c e  

ind i c a t e s  the  need  for  nutri t i onal solid food . Kan j anasthi t i  

e t  al . 1 974 sugge s t e d  that nutri t ionally adequate foods for 

weaning pe riods we re urgently ne e ded . 

1 . 3  Re views on in fant fe e ding pra c t i c es in T hailan d  

Generally the  in fant is s t ar t e d  on breast fe edin g ,  

t h e  durat i on f o r  bre ast fe e ding ran ging from l e s s  than 6 
� 

mon ths t o  more t han 2 years . From t he survey by t h e  

N a t i onal E c on omi c and S o c ial Development Board , NESDB 

(Appendix 2 )  only a few mothers s t opped bre ast fe e ding when 

the in fant was b e tween 6 months to 1 year old . Abo u t  hal f 

c ontinued brea s t  fee ding unt il  t h e  in fant was betwe en 1 -2 

years old . T h e · numb e r  o f  mothers c ontinuing breast fe eding 

un t i l  t h e  in fan t was more  than 2 years was quite h i gh . 

T h e re were d i f fe renc e s  in the d urat i on o f  breast fee ding 

be t we en urban and rural mothe rs ( 1 79 ) . 

T h e  b re a s t  fe e ding is  suppleme n t e d  by o t h e r  foods . 

T h e  suppleme n ta ry fo od vari e s  gre atly  from regi on t o  region 



( 242 ) .  I n  C ent ral regi on s , most mothers f e e d  t h e  in fant 

first on banana then a fte r 6 months on a mixture o f  mashe d , 

boiled  ri c e  and banan a . Fi fty pe rcent  o f  the  in fant s  in  

Bangkok are int roduc e d  to  solid  fo ods such as  c o oke d e gg 

yolk or  mashed ri c e  wi t h  vege t able o r  meat soup at the 

age of  6 months o r  older ( 1 79 ) . For t he urban poor  are a , 

one -third o f  the children are in t roduc ed t o  c anned milk 

8 .  

and started on c arb ohydrat e s  as e arly as 1 t o  2 months . In 

the Northe ast , mothers start wi th a mixture o f  c hewed 

glutinous ri c e , banana and few drops o f  human milk wrappe d  

in  banana l e a f  and c o oked ove r a c harc oal fi re . This 

supplementary feeding is int roduc e d  as e arly as 2 -3 days 

a ft e r  birt h . In the N o rth , the suppl emen tary fe eding be gins 

a ft e r  the first month , t he mother chews c o oke d glutinous 

ri c e  and s ome time s banana i s  adde d . The c hange t o  the use  

o f  mashed boiled ri c e  was reported in s ome village s in t h e  

s t udy by Hal stead e t  al . 1 967 U 03) . I n  the S outh , 

s upplemen t ary fe e ding s tart s around the age o f  3 months 

wi t h  a mix t ure o f  mashed c o oked ri c e  and banana . Tab l e  1 . 6  

s h ows the t ype o f  food fed t o  in fant s  age d from birth  t o  1 

year  is in gene ral h uman milk supplemented  wi th banana and 

mashed ri c e . 



T able 1 . 6 Type o f  Food Fed t o  I n fant ( 0 - 1  year ) 

Food for I n fant (0-1  year ) 

( pe rc e n t .:�ge ) 

All Panr,kok Other 

Middle Low 

Areas Urban Rural 
J n c ome Income 

1 00 . 0  1 00 . 0  1 00 . 0  1 00 . 0  1 00 . 0  

Breast feeding 34 . 7  1 0 . 0 35 . 2  36 . 1  35 . 0  

Powdered milk 8 . 6  40 . 0  1 8 . 9  1 4 . 4 3 · 9 

Sweet ened milk 7 . 3  20 . 0  8 . 1  5 . 4 7 . 4 

Breast feeding and 
powdered milk 3 . 2  1 0 . 0  5 .4 2 . 7  2 . 8  

Breast feeding and 
sweetened milk 1 .4 1 6 . 7  2 . 7 2 . 7  1 . 4 

Breast feeding , 

banana and 

mashed rice 34 . 7 1 6 . 2 28 . 8  3 9 . 9  

Powdered mil k ,  

banana and 

mashed ri c e  1 . 8 1 0 . 0  1 0 . 8  1 . 1 

Sweete ned milk ,  

banana and 

mashed ri ce 2 . 9  2 . 7  0 . 9  1 . 8 

Breast feeding , 
and vitamin 1 . 8 4 . 5  2 . 8  

N o  answer 3 . 6  3 ·9 

I t  c an b e  c on cluded from the lit era t ur e  review 

that b re ast fe eding is  c ommonly prac t i sed and there are 

c as e s  where it has been used for t oo long a peri od . Mashe d 

ri c e  and banana are wid e ly used as s upplement ary fo od . In 

the  .rural and urban p o o r  areas , t he solid food is m ainly 

based on c arbohydrate and is  in t rodu c ed rathe r e arly . T hi s  

leads  t o  poor nutritional status for in fant s . The 

inve s tigati on is needed for  an up t o  date i n f o rmation on 

the feeding p rac t i c e s  whi c h  in c onse quence wil l  give a 

c on firmative und e rs t anding of t h e  nut ri t i onal stat us o f  



in fant and i d enti fy what are the n e e d  o f  the  i n fan t . 

1 . 4  Inve st igat i on on feed ing pa t t e rn s  

T o  fi nd t h e  more d e t ai l e d  in forma t i on n e e d e d  t o  

d e si gn an in fant fo od , a survey w n s ma de t o  find wha t  i s  

f e d  t o  in fan t s  from birth u p  t o  1 y e a r . T wo h un d r e d  

m o t hers wi th c hi l dren a ge d  u p  t o  1 ye � r  we re i n t e rviewe d 

from 4 re gi on s . A s  i t  was t o o  c os t ly and t ime c on suming 

t o  d o  rand om sampl ing i n  e ac h  r e gi on ; 4 t own s , one from 

e a c h  regi on , were c h osen - Ran gkok for the C en t ral , 

Khon Kaen for the N otthe ast , Chi e n gmai for the  North  and 

Pukh e t  f o r  t h e  S outh . These m o t h e rs with va rying s oc i o­

e c onomic bac kgroun d s  were i n t e rvi ewed  in  c hild  c lini c s  or  

1 0 .  

their own home s . The numbe r  o f  m o the rs int e rviewe d in  e a c h  

t own was p r op orti onal t o  the n umbe r o f  hous eholds  in  that 

r e gi on ( 1 82 ) , as shown in T ab l e  1 . 7 .  The que s t i on s  used in  

the i n t e rvi ew are gi ven in A ppe ndix 3 . 

Table 1 . 7 The Dis t ribut i on o f  the N umb e r  o f  H ouseholds  

in  Thailan d  and  the  Numbe r of  M ot h e rs Interviewed  i n  Each  

Re gi on 

T o tal p opul a t i on N umbe r  Perc e n tage Numbe r o f  

o f  distribution m ot he r s  

households o f  

household 

i n t e r­

vi e we d  

V!ho l e  Kin gd om 34 , 397 , 374 5 , 908 , 473 1 00 . 0  200 

C en t ral 1 0 '  6 1 1 ' 877 1 , 82 1 , 558 30 . 5 62 

N ortheast 1 2 , 025 . 1 40 1 , 952 , 653 32 . 5 67 

N or t h  7 , 488 , 6 83 1 ' 363 , 04 1 22 . 5 45 

S outh 4 , 27 1 , 674 77.1 , 22 1  1 4 . 5  26 



The fac t s  inve s t i gat ed  in the survey w e re : 

1 .  Numbe r  o f  mothers b re ast fe e ding . 

2 .  Type o f  o t h e r  mil k  used wi t h  human milk . 

3 .  The dura t i on the in fan t s  we re on mil k  fe e ding , 

both human and other  type s  o f  milk . 

4 .  Age o f  in fant when solid f o od was int rod u c e d . 

5 .  Type s o f  c ommonly use d solid food . 

The re sul t o f  the survey i s  d i s c us s e d  with 

parti cular re ference  t o  the  pat t e rn o f  milk f e e ding and 

introd u c t i on of s o li d  food . 

1 . 4 . 1  Milk fe eding pat t e rn s  

T h e  use o f  human milk , d ried milk and c anne d milk 

is shown in T able  1 . 8 . 

Tab l e  1 . 8  M i l k  Fe e ding Pat t e rn 

1 1 .  

Number o f  �� others Total for Percent ar,e for 

Region all Regions all Regi ons 

Feeding pa t tern Central Northeast North South 

Bre a st mi lk alone 1 0  43 5 3 " 6 1 30 . 5 

Breast milk and 

milk powde r 26 1 2  24 3 65 32 . 5 

Breast mil k ,  milk powder 

and canned mil k  6 3 9 9 27 1 3 . 5 

N umber and percentage ( a ) 

ot mother breast 42 58 38 1 5  1 53 76 . 5 

milk feeding ( 67 . 7 )  (86 . 6 )  (84 ·4 ) (57 . 7 )  

Dry m i l k  po�der alone 20 6 7 8 4 1  20 . 5 

Dry milk powder and 

canned milk 3 3 6 3 .0 

( a )  Percentage given i n  brackets . 

Human milk i s  c ommonly use d by 76 . 5  percent o f  the  

mo thers i n  all re gi ons , wi t h  the high e s t  pe r c en tage o f  

breast fe eding al one i n  the  Northeast . But 23 . 5  percent o f  



the m o t hers fe e d  t he i r  c hi l d ren wit h  some o t h e r  kind o f  

milk s u c h  a s  mi lk powd e r  and c anned milk . T h e  fi gure for 

bre a s t  fe eding in this inve s t igat i on i s  sligh t l y  less t han 

re p o r t e d  by NESDB ( 1 79 ) ( Appendix 2 ) ,  nevert h e l e ss i t  

simil a rl y  indi cat e s  breast  feeding a s  c ommon prac t i c e . 

The ne xt c onside rat i on was how long has bre as t  

fe eding b e e n  use d and Tab l e  1 . 9 shows t h e  dist ribut i on o f  

di f f e r e n t  durations o f  b re a s t  fe e ding . 

Table  1 . 9  Duration o f  B reast Fe e ding . 

1 2 .  

Pe r c e n t age o f  m o t he rs wit h  d i f fe re n t  

d uration o f  breast feeding 

Perc e n tage 

o f  mot hers  

did  n o t  an swe r 

D urati on o f  breast fe e ding 

2 - 6 7 - 1 2  ( month ) 
Re gi on 

Central 5 3 · 3  35 . 6 1 1 .  1 27 . 4  

Northe ast 20 . 9 4 . 7 74 . 4  35 . 8 

N or t h  22 . 9  6 5 . 7  1 1  • 4 22 . 2  

..S outh 23 . 5 35 . 3  4 1  . 1 34 . 6  

Ave ra ge for 

al l re gi ons 32 . 1  33 . 6 34 · 3 30 . 0  

A hi gh proport i on o f  in fant s in the Cent ral , 

approximately 50 perc e n t , are  st opp e d  in the  fi r s t  month 

and an other  one - third a re s t opped be tween the  s e c ond and 

sixth m on t h . I n  the N o rt h e ast , approximat e l y  25 perc ent  

wi thin t he sixt h month and  a high e r  pe rcen tage of  74 . 4  

pe r c e n t  are s t i l l  on breast  feeding up t o  1 2  months . I n  

the N o r t h , hal f o f  the m o t h e rs s t op within the  first  6 

mon t h s  and the  other hal f b e twe en  7 t o  1 2  m onths . In  t he 

Sout h , t he m aj ori ty . o f  m o t h e rs , 89 pe rcent , s t o p  breast  



fee ding within 6 months and only 1 1  pe rcent breast  fe e d  

during 7 t o  1 2  months . 

Abo u t  one -t hird o f  mothe rs we re bre ast fe e ding a t  

t he time o f  inve st igation and c ould n o t  an swe r when t he y  

would s t o p . Only the mothers who  gave an answe r are 

t abul at e d  for  t he d uration of  breast f e e ding . 

1 . 4 . 2  Pat t e rns for the in troduc t i on o f  solid food  

Two important poin t s  w e re c onsidere d : t ype s o f  

solid food c ommonly use d  and a ge o f  in fant when di f fe re n t  

s o l i d  f o o d s  a re in trod uced . From the  inve s tigat i on , t h e re 

are 3 c a t e gori e s  o f  solid food s : c a rbohydra t e s  mainl y  as 

ri c e  and g l u t inous ri c e ; pro t e i n  as egg , me a t , meat s oup 

and fish ; and ve ge t able as c ooke d ve �e t able and ve ge t abl e 

s oup . 

1 3 . 

Table 1 . 1 0  give s the  pro fi le o f  food mat e ri a l  typ e s  

c ommonly u s e d i n  h om e  preparation . I t  is  only a qua l i t a t i ve 

indi c at i on o f  the  food mat e rial  ty pe s , and not re l a t e d  t o  

t h e  q uantity  gi ven . 

T able 1 . 1 0  Percent age Distrib uti on o f  Di f fe rent  typ e s  

o f  S olid F o o d  Introd u c e d  t o  I n fant s i n  4 Re gi ons . 

Pe rcentage o f  ��o t hers using Foods 

Carbohydrates Protein Ver;e table 

Glutinous Veee - V e ge table 

Region Rice  rice Total Egg Meat Fish Total table soup 

Central 5 8 . 5  5 8 . 5  1 5 . 1  1 2 . 2  27 . 3  1 1 . 3 2 . 8  

N ortheaz t  1 6 . 7  39 .7  56.4  5 .7  1 2 . 1  1 8 .4 36 . 2  5 . 1  2 . 3  

North 0 . 9  66 . 1  67 .0  9 . 2  1 1 . 9 0 . 9  � 2 . 0  5 . 5  5 · 5  

South 60 .0 60 .0 5 . 0  5 . 0  1 0 . 0  5 . 0  25 . 0  

A verage for 

all regions 34 . 0  26 . 5  60 . 5  8 . 7  9 . 1 6 . 1  2 3 . 9  6 .7 8 . 9  

Total 

1 4 . 1  

7 . 4  

1 1 .0 

3Q .O 

1 5 . 6  



The age o f  in fant whe n  di f fe re n t  solid  foods i s  

int roduc e d , i s  shown i n  T ab l e  1 . 1 1 .  

Tab l e  1 . 1 1  Age o f  In fant when Di f fe re n t  S olid  Foods  

are  I n t roduce d in Vari ous Re gi ons 

Regi on 

Age in months 

T ype of s olid Food 
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Carb ohyd rate E gg Fish Meat or V e ge tabl e  o r  

meat soup ve ge t ab l e  soup 

Central 3 3 3 3 

Northe a s t  Within first 

month 1 2  1 2  1 2  1 2  

Nor th Wit hin first 

month 3 1 2  6 6 

S o uth 6 1 2  1 2  6 6 

In  the C e n t ral , solid food i s  in troduc ed in the  

third month and c ove rs quit e  a c ombinat i on of  food  mat e ria l s . 

In  the N ortheast , c arbohydrat e is int roduc e d  very e arly 

wit hin the fi rst m on t h  and other  type s o f  food mat e rial are 

not use d until a ft e r  one year . In t h e  North , c arbohydrat e  

i s  int ro duc ed ve ry e arly a s  i n  t he N ortheast , e gg is 

introdu c e d  in t he thi rd mont h , meaf and ve ge t able in the 

sixth mon t h . D i f fe re n t  from other r e gi ons  i s  t he S outh 

where s ol i d  food is  intro duc e d  in the  sixth month as a 

c ombinat i on o f  c arbohydra t e , meat and ve ge t ab l e  soup . E gg 

and fish are given l a t e r  a t  the age o f  on e year . 

From the e s t ablishe d fac t  that an ade q uat e intake 

o f  all e ss ent ial n ut ri e n t s  c an be provided from milk wi t hin 

t he fi r s t  6 months (8 1 ) , t he pra c t i c e  in the  C e n t ral , S outh 

and N o r t h  as far as age o f  in fant when solid  fo od is  
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i n troduc e d  c an be  regard e d  as an ad e quat e prac t i c e  provided  

that t he a c t ual c ombinati on of  solid  food gives  ade qua t e  

n u t ri en t s . But the m o t he r i n  the N ortheast in troduc e s  the 

solid food base d on gl utinous ri c e  very early wi thin the 

fir s t  month , and does  not  int roduc e other food  mat e rials  

at all un til  t h e  in fan t i s  one year  old . 

In the Central are a ,  the in fant  nut ri t i onal s t a t us 

de pends on the quali ty o f  mil k  use d in c ombin at i on wit h  

human milk as hal f o f  the se  mothers s t op breast  fe e di n g  

wit hin the first  mon t h , a n d  al s o  de pends on the 

nut ri t ional value of the s ol id food gi ven . In t he S o ut h , 

approximately 5 9  pe rcent  ke e p  breast  fe eding up t o  6 months 

and solid food  is in t roduc ed l at e r  t han oth e r  re gi on s . In 

the  N or t h , approximately 84 percent o f  mot hers  b re ast f e e d  

the i r  in fan t . S olid f o o d  i s  introduc e d  wi thin t h e  firs t 

month , mainly from glutinous ri c e . Wi thin 6 m on ths , a good 

c ombination of  raw materials are giv en . The  nutri t i onal 

sta tus of in fant in t hi s  r e gi on does not only d e pend on 

the nut rit i onal value of solid food given b ut also on the 

replac ement o f  t he glutinous ri c e  given wi thin the fir s t  

m on t h .  

In t h e  N ortheast , the  highe s t  pe rcen t a ge o f  mothe rs , 

8 6 . 6  p e r c en t , use bre ast feedin g .  The in fan t s  in this 

re gi on are t h e  most vulne rable group of  all r e gi ons 

c on s i d e ring that 74 per c e n t  ke ep  on b re ast f e e ding a ft e r  

6 months . A c ombinati on o f  food sour c e s  i s  only given at 

the  age of  one y e ar , whil e  c arbohydrate  food mainly 

gl utinous r i c e  is given in the first  month . Obvi ously , 

the  in fant in this group d o e s  n e e d  a nut rit i onal fo o d  t o  

repl a c e  c arbohydrate i n  t he first  mon t h  and t o  repl a c e  o r  



supplement m o t he r  milk a ft e r  6 mon ths . 

Thus , t he pre sent fe edin g pat t e rn reveal s a 

p o t e n tial n e e d  for a nut rit ional in fan t food . The 

c a t e gori e s  o f  in fant s whe re nutri t i onal food i s  s e ri ously  

n e e d e d  are : group whe re bre ast milk is  kept on a ft e r  6 

mon ths , group where breast  milk i s  gi ven up ve ry e arly , 

group whe re only carbohyd ra t e  is in trod uced . Even wi t h  
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the l e s s  vulne rable groups , t h e re i s  the  q ue s ti on o f  whe t h e r  

t h e  home -prepared s o l i d  food gi ve s nut ri en t s  t o  t he 

re q ui rement s o f  t he in fan t . 

1 . 5  The type s o f  in fan t food avai l able in Thailand 

In o r d e r  to  c onsider the be s t  food to d e si gn , i t  

was pertinent t o  obse rve the type s o f  manufac t ure d p rod uc t s  

i n  T hai land that  can b e  used fo r in fant fee din g . The  

inve s t igation w a s  planned to  de t e rmine the  type of  in fant 

foo d s  avail able in the  marke t t o ge ther  wi th the in formati on 

on pri c e s  and si ze s , and whe ther it  i s  l ocally man u fa c t ure d 

or  imported . The inve stigation was pe r forme d by  

inte rviewing t h e  ret ail e rs in  the Ean gkok marke t on the  

type  of  in fant f o od availab l e  in t he urban area and  the  

re t ai l e rs in the  Northeast , Khon Kae n , for t he semi- rural 

are a . It involved 1 0  supermarke t s  and 1 5  gro c e ri e s  in  

Ban gkok and 1 5  gro c e ri e s  in  Khon Kaen . The inte rvi e w  f o rm 

i s  shown in Appendix 4 .  

From t h e  re sul t o f  the inve sti gat i on , similar t yp e s  

o f  p roduc t s  a r e  found in the Ban gkok and Khon Kaen marke t s . 

This indi c a t e s  t he unre s t ri c te d  produ c t  distrib u t i on , e ve n  

in  a provinc e  f a r  from Ban gkok . I t  was p re s ume d that t h e  

t ype s o f  produc t s  found are well di s t ributed throughout  

the c o un try . 
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T he typ e s  o f  available in fan t food obs e rved from 

t he inve s t i gat i on c an be d ivided int o 2 cat e gori e s . 

1 • 5 .  1 Dairy produc t s  

T he dai ry produ c t s  avai lab l e  are a c ombina t i on o f  

import e d  and l o c ally manu fac t ured produc t s . T ab l e  1 . 1 2  

list s the  available dai ry prod uc t s  in the marke t . 

Tab l e  1 . 1 2  Dairy Produc t s  Avai lable i n  the Marke t 

Brad Detcrlption ot Type of S1T.t o r  Price i D  Brand Deacr1pt1on o t  T1P• or Sit.• o f  Frice 1 n  
Pro4ucta rack.ar,il Container Pa.bt Prod.ueta Pack"G' Container Pabt 

t.oeall1 �aoutact ured Product taported l-'anu tac turtd Froduc t 

Ala�kA El'apornt•d liquid !eor brand Infant cilk powder till �5� }lt 
ailk CaD �00 ).50 Lacto&en In!ut ail:C. powder tin �5� 30 

llal1 . Sweetened llu Infant ailk powder tin �, .. 30 

co.adenaed milk COli 400 _5 . 50 
Y.oll;y Infant a1lk powder tin 454 30 

IU.lk aa.14 Sweetened s - 26 to.hat a1lk powder tin �54 " 
condtnced milk CaJl 400 _5.50 

JQb Infant ailk powd e r  U a  � 00  25 
Caruatlon !:,.aporated liquid 

Infant ailk powder ·� 4.5 400 ' ·' ED !IJII.il till alllt C&ll 

Suoo-jit !'.ilk powdo r till ·� Z?.O ��&en Int ... t aUk powder till �54 35 

Pelarcon Intut ailk powder till 454 37 
Iaported �anufactu.red Produc t 

Dwaex Infant ailk powder t1o 1 1, 75 
Bear brand s.eetlnec1 

condea.aed. a11K cao �00 , ,0 Snow Infant. •ilk po•d.•r t1o 450 33 

S.wa11 £nporatod UquH Lec to(tD Infant a1lk powder tin 454 30 

a1lk c ... 400 , ,0 S1a1lac In!ut ail.k powder tin �54 49 

DW>ailk Swttttntd tdlk. Ctr.lac Wheat and &ilk till 400 33 

powder till 1 28 , .o 

In fan t f o o d s  o ther  than dai ry produc t s  

All o f  t h e  n on dai ry in fant f o od s  avail able i n  t h e  

marke t a r e  impo r t e d  as l i s t e d  i n  T able 1 . 1 3 .  

I t  is  w o r t h  n o ting t hat t h e re is  an e xpe riment al 

in fan t f o od developed  by the  I n s t i t u t e  o f  Food  Research  

and Prod uc t  Devel opment , Kase t sart Universi t y , for in fan t s  

older  than 3 mon t h s  (30 ) . I t  i s  a dry produc t c onsisting 

mainly o f  ri c e  f l o u r ; other  min or  ingredients  are full fat 

soy f l o ur , s e same and brown sugar . I t  i s  an e xpe rimental 

p roduc t wi th onl y  a limi t e d  number  o f  the  nut rie n t s  as 

spe c i fi e d  by Thai N o t i fi c ation for in fan t s  o ld e r  than 3 
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months , s ome o f  the vit ami n s  and mine rals are suppleme n t e d . 

T ab l e  1 . 1 3  T ype s o f  I n fant Food other t han Dairy 

Produc t s  Availab l e  in the Marke t . 

Brand 

Aurora 

Heinz 

Heinz 

N e st um 

Ge rb e r  

T y p e  o f  S i ze o f  Pri c e  in D e sc ript i on o f  

produc t s  pa c kage c on t ai n e r  Baht 

Instant  baby c e real 

Past e  ( c arro t s , 

chi c ke n  soup , 

ve ge t able soup , e gg 

n o odle and c hi c ken , 

apple and pear ) 

T e e thing bi s c ui t  

Mixed c e real 

Past e ( ve ge t able and 

l amb , green b e an s , 

oatmeal , c ream c orn , 

mix e d  c e real , apple 

sauce  with pineappl e ,  

Pape r 

pa c kage 

B o t tle 

Pape r 

package 

Tin 

c e real and e gg y olk ) Bot tle 

227 

1 28-

1 35 

1 1 4 

283 

1 28-

1 35 

23 . 50 

1 2 . 50-

1 6 . 5 0  

1 3 . 0 

1 5 . 0 

1 1  • 50 

I n  c onsi d e ring the type of produc t s  availab l e  f o r  

in fan t s  in Thailand , i t  c an be c onc luded t ha t  dairy 

produc t s  a re the only type o f  prod u c t  in gen e ral use for  

fe eding in fants . Ot he r fo od s , though available are all 

import e d , e x c ept for t he e xpe rime n t al in fant f o o d . The 

fre quency o f  usin g  import e d  in fan t f o od was n o t  found in 

t he c onduc t e d  survey o f  in fant fe e ding pat te rn but  it i s  

c onsi d e r e d  t o  be  v e ry small . T h e re i s  a ne e d  f o r  l o cally 

produc e d  in fant f o od s  and t hi s  is  only partially me t by 
( I 

Kase t sart i n fant f o od . There i s  a n e e d  for a n u t ri t i onally 

balan c e d  f o od whi c h  would s upply all o f  t he in fan t ' s  



nut ri t i onal re q ui rements  and whi c h  c ou l d  be  manu fac t ur e d  

i n  T hai land using only indige nous raw mat e rial s . 

I t  c an b e  c onc l ud e d  that , apa r t  from t he dairy 

produc t s , there i s  no l o c ally manu fac t ured produc t for 

in fan t s  avail ab l e  in the  marke t , d e spi t e  the  need for  a 

nut ri t i onal in fant fo od . 

1 . 6 T he ne e d  for  nut ri t i onal in fant f o od 

Consi d e ring the need  for a nut ri ti onal solid  food 

for T h ai in fan t s , i t  i s  pe rtinent to  c onsi d e r  the 

ne c e s s i ty of  having �olid food an d also the age of  the  

in fant a t  whi c h  it  should be in t roduc e d . 

Fomon 1 974 stated  t hat a b re a s t  fed in fant from 
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a he a l t hy , we ll  n ourishe d mother with ade q ua t e  c al o ri e  

int ake obtained  m o s t  o f  the spe ci fi c  nu trients  e x c e p t  i ron 

and vitamin D .  This  i s  t rue for in fan t s  fed  on c ow milk 

as we l l  because the c ontent of the s e  2 nut ri ents are 

approximat ely the same in  both human and c ow milk . T h e r e ­

fore , i t  is d e s i rabl e  t o  fee d s o l i d  f o o d  i n  orde r t o  

obt ain the se n u t ri e n t s  n o t  ad e q ua t e l y  available from mi l k . 

This an swers t he questi on when should the solid food be 

introd u c e d . As  far as i ron and vi tamin D a re c on c e rne d , 

an in fan t born from a w e l l  nouri shed m o t her  i s  l ikely t o  

have ade q uate  s t o rage o f  i ron for almo s t  3 months . In  t h e  

indust rialized c o un t ri e s  where c ow milk i s  wid ely used , 

most o f  t he e vapo rat e d  milk , c omme rcially  prepared f o rmulae 

for in fants  and m ost fre sh whole  milk are forti fied wi t h  

vi t amin D .  I n  the se  c i r c umstan c e s , solid  f o od should b e  

given pr��abl y  a fte r 3 months . In an e arly s tudy , Marri o t  

1 935 sugge ste d t hat 6 months was t h e  p rope r age for 

int roduc tion o f  solid f o o d s . But l e r  and Wolman 1 954 d i d  a 



s urvey among pe diat ri c ians and found that 88 pe r c e n t  

re c ommended fe eding solid s be fore 3 months , 6 6  pe r c e nt 

b e fo re 2 months . Thi s shows t he t rend in e arly 

int rod u c t i on of s olid f o od . It appears tha t fe eding solid 

food b e twe en 2 and 3 months is  pre fe rable and is  

re c ommende d . A n  inve stigation o n  h o w  the in fant 

t ol e ra t e d  the e xt reme ly early introd u c t i on o f  c e re a l  a n d  

st rained f o od s  was s t udied  b y  S a c ke t t  1 9 56 . C e re al wa s 

fe d on t he s e c ond or t hird d ay o f  li fe , ve getable a t  a ge 

o f  1 0  days , st raine d m e at at age 1 4 days and fruit a t  age 

1 7  days , an d  the in fan t wa s found to  t o l e ra t e  them we l l . 

Howe ve r , t h e re is no advan t age ous evidence t o  such early 

in t rod uc tion of s o l i d  foods (8 1  ) • 
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I n  c onsi d e ra t i on o f  Thai in fants , l i t e rat ure reviews 

on the n u t ri t i onal s t a t us poin t e d to  the e vid e n c e  of  

malnutri t i on in pa rtic ular of protein cal o rie m a lnut ri t i on , 

i ron de fic iency and vi tamin de fi c ienc y in t he p o or u rban 

and rural are as . Reviews on the fe e d ing prac t i c e s  

re fl e c t ed a l arge numb e r  o f  b re a E t  fe d in fan t s  and e vidence  

that human milk did n o t  provid e an a d e q ua t e  supply o f  

n u t rient s ,  e spe c i al l y  a f t e r  6 months (228 , 1 39 ,  235 ) .  The  

in format i on from the  pre sent  inve stigation con firmed the  

f e e ding prac ti c e s  reported in the li t e rat ure . Though the  

p rac t i c e s  are  di f fe rent from re r,ion t o  re gion , i t  can  b e  

c onclud e d  t hat t h e  pra c t i c e  i n  the C e n t ral and i n  the  S outh 

c ould supply ad e quate nut rie n t s  provid ed  that t he prepared 

solid f o od and mi l k  given in c ombination wi t h  human milk 

are adequate  both in quality and q uant it y . The prac t i c e  

in t h e  North and t h e  Northeast indicated  the e vidence  o f  

prolonge d breast fee ding , l eaving the int ro d uc tion o f  other  



nutriti onal food s  v e ry lat e , tho ugh solid  foo d based only 

on carb ohydrate is int roduc e d  in the first mon t h . 

A l l  this in f o rmati on leads t o  the sugge s t i on that 

having nut riti onal in fant food avail ab l e  to m o th e rs in  

di fferent  r e gion s  will help in  solving t h e  problems o f  

malnu t ri t i on fa c i n g  in fant s in Thailand . This fac t  ha s 
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already b e e n  emphasi zed by the research worke rs in the area 

o f  in fant nutrit i on ( 1 39 ) . The  in fant s aged from 6 months t o  

1 year are the gro up that n e e d s  this kind o f  nut ri t i onal 

food m ore t han othe r groups ( 1 39 ,  235 ) . The sugge s t i on o f  

a sol i d  fo od will also n o t  ups e t  t he good prac t i c e  o f  fe eding 

human m i l k  duri n g  the  early months , as  the  in fant c an only 

slowly b e  wean e d  on t o  the s o l i d  fo od . It is e q ually 

important that this in fan t food mus t b e c ome avai lable in 

such a way that it will ge t used by most mothers i . e . ,  i t  

must be a s  cheap as possib l e , c onvenient t o  use and in t he 

form pre ferred o r  required by t he m o the rs . This in fant 

food must  provi de  balan c e d  nutrients  ac c ording t o  the in fant 

re q ui rements so  that it c an e i the r  be used as a suppleme n t  

t o  mi l k  or  a s  a s o l e  sourc e o f  n u t ri e n ts . 

The re f ore , i t  c an be finally c on c l ud e d  t hat there 

is a n e e d  for nutri t i onal solid food t hat c an e i t he r  be 

use d by  i t se l f as a sole  s o urce o f  food  or supplement ary t o  

mil k .  T he age group o f  i n fant i n  most  ne e d  i s  from 6 months 

t o  one year , b ut the m o t h e rs might introduce  solid  f o od 

e arlie r .  The re f ore , the  in fan t  food should be d e s i gn e d  f o r  

in fant s ove r 3 months . Thi s in fan t f o od m u s t  b e  as che ap 

as p o s sible , d e rive a s  much  o f  the re quire d nutrie n t s  from 

the l o c al indigenous raw mat erials and in t h e  form re q uired 
' 

and pre fe rre d by the mothers . 



CHAPI'ER 2 

DETERH INAT I ON OF QUANT ITAT I VE AND QUALITAT IVE 

CHARACTER IST ICS OF IN FANT F OOD 

I t has b e en disc ussed  that t he T hai in fant 

have a balan c e d  nutri t i onal food , at  the lat e s t  by 

sixth month . There fore it  was d e c i d e d  t o  desi gn a 

nutri t i onal f o o d  f o r  in fan t s  age d f rom 6 months up 

year . Wi t h  t h e  c onsi d e ra t i on that the in fan t  food 

n e e d e d  for i n fants from 3 m on t hs , the quantitative 
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should 

the 

to one 

might b e  

and 

qualit ative c harac t e risti c s  o f  in fant f o od were d e t e rmine d  

f o r  both groups o f  in fan t s  i . e . f o r  3 - 5 months and 6 - 1 2  

mont hs . The  aim was t o  d e sign a c ombination o f  indigenous 

T hai food raw mate rial s t o  b e  proc e ssed as an i n fant food 

t hat provi d e d  a daily re q uireme n t  o f  each n u t ri e n t  and 

c omplied wi t h  the Thai fo od re gul ations . Nhat n e e d e d  to b e  

c onside re d w a s  fi rstly , t h e  quanti tative chara c t e ri s t i c s  o f  

the in fan t food , i . e . the daily re q ui re ment o f  t h e  nut ri e n t s  

known to h a v e  an important r o l e  i n  t h e  growth o f  in fant s  

b e t we en 3 m on t hs and one yea r o l d ; and s e c ondly , t h e  

qualitative c hara c t e ri s t i c s  wi t h  part i cular re fe r e n c e  t o  t h e  

mothers ' atti t ude s t oward s f o od raw mat e rial s , proc e s sin g , 

product and the marke t fe asibil i t y . T his c hapte r  disc usse s 

the in fant n u t ri t i onal re quiremen t s  and also d e sc r ib e s  the  

survey t o  d i s c ove r the a t ti t u d e s  of  T hai mothe rs t owards 

in fant f o od s . From this study , t he quantitative and 

qualitative spe ci fi cations for  t he in fant food were d e fine d . 



2 . 1  I n fan t n u t ri ti onal requi rement 

Ac c o rding t o  Fom on 1 974 , "'T'he re q ui rement of an 

i n d i vi d ual for spe cifi c nu t ri e n t s M� Y be de fined a s  the  

l e a c t amoun t of  tha t nutrien t , t ha t  wi l l  p rom o t e an 

o p t imal s ta t e  o f  h e a lt h . " 'I' h e re o uireme n t  i s  kn own t o  

vary with age , si ze , ra t e of growth and level  o f  ac t ivi ty . 

Fur t h e rm o re , the n ut ri e nt s  are kn own t o  int e rac t ;  for 

example , the re qui reme n t  for a n  indi vidual amin o acid 

d e pends on the total c on s umpt i on of protein , r e q uireme n t s  

o f  va rious vi t aEins d e pe n d  o n  in t a ke o f  t o tal c a l orie , 

p r o t ein , fat , c arbohyd ra t e , spe c i fi c  amin o acid  and other  

vi t amins . The  int e rr e l a t ion be twe e n  mine ral s and  othe r 

d i e t a ry compon e n t s  a re also  kn own t o  be c ompl ex . Bec ause 

o f  t h e  un c e rtainty in t h e  e st i ma t i on o f  the re q ui rements  

fo r v n ri o us n u t rien t s , i t  i s  d i s i rD ble t o  re commen d in t � ke 

i n  e x c e s s  o f  the e s t ima t e d  re q ui re m e nt . C on s e q ue n t l y , t he 

ma r g i n  b e t w e e n  t h e  e F t i m a ted re q ui reme n t  a nd the ad vi sable 

i n t a ke depe n d s  on the d e gre e of  c on fi d en c e  i n  t he assigned  

value a n d  t h e  p o s si b l e  d a nge r  i n  h a v i n [  a n  e xc e s s . 

T h e re fore , a d vi sable in t a ke s , when t h e nutrient re q uireme n t s 

are well d e fine d , are s e t a t  a val ue slightly gre at e r than 

t he e stima t e d  req ui rement . When t h e re is l e ss c on fi den ce , 

t he advi s able  int ake i s  gene rous and whe n  t h e  e s t imate  o f  

n u t ri ent r e q ui remen t  i s  highly unc e rt ain , t h e  advi sabl e 

i n t a ke c an b e  a s  hi gh a s  3 time s the  e s t imat ed  re q uiremen t 

( 8 1  ) • 

T h e re fore , t o  spe ci fy the q uan titative c harac t e ri s t i c s  

o f  an in fan t f ood , the  nutri t i onal re q ui remen t  o f  t h e  in fant , 

wit h  par t i c ular re f e re n c e  t o  the T hai in fant , were c on si d e re d . 

H oweve r ,  what e ver was spe ci fied had also  t o  c omply wi t h  t he 



Thai N ot i f i c a t i on by the Mini s t ry o f  Public Heal t h  ( 1 67 )  

on the s t an dard for an in fa n t  fo od . 
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A wi de ran ge o f  n u t r i e n t s  kn own t o  have importan t  

rol e s  i n  i n fan t n u t rition was c onsid e re d . Many l i t e rat ure 

sourc e s  on in fan t nutri ti on and a l s o  pe rson al c ommun i c a t i on 

with b o t h  New Ze aland and Thai paedia t ric ians ( 1 1 1 ,  24 1 ) 

were use d  in d e fining the r e q uirem e n t s  o f  the Thai in fan t . 

The impor t an t  re fe ren c e s  we re the Thai Noti f i c a t i on 

( Appendix 5 ) , the d ra f t e d  i n fan t fo od standard by C od e x  

A limen t ari us ( A ppenpix 6 ) ,  re l e van t report by j oi n t  FA O/WHO 

expert  groups ( 1 2 5 ,  1 26 ,  1 27 )  and t h e  text b o o k  o n  in fant 

nut ri t i o n  by Fom on 1 974 . 

I t  was important t o  spe c i fy the amoun t  o f  n u t ri e n t s  

ne c e s sary t o  maintain growth a n d  n o rmal he al t h  o f  t h e  Thai 

in fo.n t . 

A numb e r  o f  nutrien t s  a re important  t o  t h e  i n fan t 

( 39 ,  56 , 8 1  ) . M oe t  o f  t he se n u t ri e n t s  are re c ommended by 

C o d e x  Alimen tarius and the Thai N oti fic at ion . N e ve rth e l e s s , 

there are other  t race eleme n t s  such  as sulphur , c h romi um , 

c obal t , s e lenium and molyb d e n i um whi c h  are d i s c ussed as  

imp ortant trace e lemen t s  ( 8 1 ) but a re not  s pe c i fied  by 

either  C od ex Alimentarius o r  the  Thai N oti fi c at i on . Very 

lit t l e  i s  known on their m e t abolism and their exact  

re quirement  by  t h e  in fan t . Furthe rmore , ve ry limi t e d  

in formati on i s  available o n  t h e  analysis o f  these  e l ements 

in fo od material s .  A c c ordingly , i t  was d e c i d e d  n ot to  

include t he s e  e l ements in thi s s tudy un til more quan t i tative 

e vide n c e  for the in fant ' s  re q uiremen ts is avai l ab l e . T h e  

other n u t rient s  that are r e c ommended b y  t h e  l i t e rature and 

by C od e x  Alimentarius we re c on sid e red in t hi s  s t udy ; the 



l i s t  o f  the se n u t ri ent s is gi ven i n  T able 2 . 1 . 

Tabl e 2 . 1 The Nut ri ents  S p e c i fie d  in the De sign o f  

In fant Food . 

Proximat e  
Analysis 

Cal orie 

Prot ein 

Fat 

Fib re 

Nine ral s 

S odium 

Potassium 

Chloride 

Cal c i um 

Pho sphorus 

Haenesi um 

Vit amins 

Vi t amin 

Vi t amin 

Vi t amin 

Vi t amin 

A s c orbi c 

Thiamine 

Amino Acids  

A His tid ine 

D Isole u c i n e  

E Le u c i n e  

K Lysine 

acid  H e t hi onine  

Cystine  
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Sugar 

Lin ole i c  a c i d  

C a rbohydrat e  I ron Ribo flavin Phenyl a l anine 

Iodine �Ji a c in Tyrosine 

Coppe r Vit amin B6 Thre onine 

Zin c  Pan t othenic  acid 'r rypt ophan 

l·lan gane se Folic  acid  Valine 

Bi o t in 

Vi t amin B 1 2  

Choline 

It  i s  worth n ot ing t hat among all these  nu t rie nt s ,  

l e s s  i s  lmovm about the m e thods o f  absorbtion , d e posi t i on 

and e x c r e t i on o f  c opp e r , zinc and mansane se . Cuthb e r t s c n  

1 973 c omm en t e d  that t he addi tion o f  t h e s e  nut ri e n t s  t o  

i n fant food sho ul d  n o t  b e  e n c o urag e d  unl e ss more 

in f o rmation i s  avail able . As t h e y  we re spe c i fi e d  by C o d e x  

Alimen tarius and only indigenous f o o d  raw mat e rials would 

b e  use d , t h e s e  elements were spe c i fie d  in this s t udy . 

The Thai N o t i fi c at i on di vid es in fant foods i n t o  2 

c a t e gori e s , f o r  in fant s younge r t h an 3 months and f o r  

I 
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in fan t s  o l d e r  than 3 months , while  Codex Alimen t arius 

re c omme n d s  for in fan t s  all in on e group from birth t o  1 2  

months . I t  i s  que s t i onab l e  whe t her a single die t ary 

re c ommendation would sati s fy the nutri tional r e q uiremen t s  

f o r  in fan t s  for t he wh ole 1 2  months . Howe ve r ,  t he 

di f fe re n c e s  in t he spe ci fi c at i ons by t he Thai N o t i fication 

are that wi th the o l d e r  group o f  in fan t s  l e s s  nutri e n t s  

an d a di f fe rent relat i onship o f  sugar and carbohydra t e  are 

spe c i fi e d . I t  i s  questionab l e  whe t h e r  those unspe c i fi e d  

nutrien t s  are n o t  important d uring that age o f  4 t o  12 
months . T h e re fore , m o re n u t ri e n t s  w e re spe c i fi e d  in this 

s tudy than were spe c i fie d  by the T hai Noti fi c a t i on , bas e d  

on the knowle d Ge o f  in fant nutrition and the re c ommend e d  

s t andard by C od e x  Ali�entarius . 

B o t h  C o d e x  Alirnent arius and T hai N o ti fi cat i on 

spe c i fy most o f  the nutri en t s  a s  rel a t e d  to  ene rr,y pe r uni t  

o f  1 00 kcal . T o  achi e v e  the d aily requi remen t for e a c h  

nutrie n t , the e xpre s sion o f  e a c h  nutri e n t  relate d  to  ene r gy 

wil l  have n o  m e aning in t hi s  d e sign unl e s s  the minimum 

ene rgy int ake i s  also  spe c i fi e d . T o  c omply wi th t he 'J'hai 

Not i fi c a t i on whe re the nutri e n t  is spe c i fi e d  pe r unit o f  

1 00 kc al , i t  was spe c i fi e d  likewi se i n  this s t udy . The  

fi rst c on si derati on was t o  e stimate t h e  energy re qui remen t  

o f  t h e  Thai in fan t . Onc e  the ene rgy re qui re m e nt was 

e s timat e d , the nutrients  related  t o  e n e rgy we re de fin e d  s o  

that t aking t h e  r e c ommended ene rgy t he in fan t would obt ai n  

t h e  daily requi rement o f  e a c h  nut ri en t . T o  de fine t h e  

minimum l e ve l  for e ach n u t ri en t , t h e  followi n g  s t eps we re 

c onsidere d : 
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1 .  For the n u t rient spe c i fie d by the �hai N o t i fi c a t i on , 

the ad e q u a c y  in providing for the d aily n u t ri t ional 

r e q ui reme n t  was c he c ke d . T h e  T hai N o t i fi c a t i on was 

used in thi s design only when i t  met  the advisable  

daily int ake . In c a se s whe re i t  did n o t , i t  wa s 

i n c reased so  that at  the re q ui red en e rgy l e ve l , i t  

gave the advi sable d a i ly intake . 

2 .  For the nu t rien t n o t  spe c i fied by t he T hai 

N o ti fi c a t ion but where the ad visable daily int ake 

had be en e s t abli shed , it was spe ci fi ed as a daily 

re q uireme n t . 

3 . When t h e  nu t rient  i s  n o t  spe c i fi ed by the Thai 

N o t i fi c a t i on and the advisable  daily intake has 

not been e st a b l i shed in the  li t e rat ure d e spi t e  i t s  

signi fi c anc e , the in fan t f o od s t andard re c omm e n d e d  

b y  C o d e x  Aliment arius wa s us e d . 

Likewi s e , t he maximum l e ve l  spe c i fi e d  by the T hai 

regul a t i on was st udied to ensure that it would n o t  l e ad 

t o  an adve rse e f fe c t . In  c a s e s  whe re a maYimum l e ve l  is 

not  spe c i fie d  by T hai N ot i fi c a t i on , i t  was de fine d  

a c c o rding t o  t he available in f o rmat ion on in fan t nutrition . 

In c a s e s  where  s u c h  in f o rm a t i on had n o t  been e s t ablishe d , 

the r e c ommenda t i on by C od e x  Alime n t ari us was use d .  

Howe v e r , whe re i t  was n e i t he r s pe c i fi e d  by C od e x  

Alim e n t ari us n o r  available e l sewhe re , the c omposition o f  

hum an m i lk was use d t o  de r i ve the maximum limi t a t  

sele c t ed ene r gy in take s . 

The f oll owing se c t i ons give the d e t ai l  on t he 

e x t e n t  t o  whi c h  e ach nut ri e n t  was spe c i fie d . 



2 . 1  . 1  Ene rgy re q uiremen t  

Ac c o rding to  t he re port o f  a Joint FA O/WHO Expe rt  

Group ( 1 27 � t h e  ene rgy re q uireme n t  is  de fined as  the  

e n e r gy int ake t ha t  is  c onsi d e red  ad e q uate to  me e t  the  

ene r gy n e e d s  of  the ave rage healthy i n fant and re c ommen d s  

t h a t  the  energy i n take is based  o n  b o d y  wei ght . The 

re q ui remen t per kg of b ody weight i s  highest  in the fi r s t  

3 months and l owe r i n  t h e  s e c ond 3 months . Durin g t h e  

fir s t  3 mont h s , ene rgy re q uirement  c an be  e s t imat ed  from 

the ob s e rved int ake s· o f  the breast fed in fan t growing 

n o rmal ly . A ft e r  3 mon ths , the in fan t is unable to obtain  

hi s ful l energy n e e d s  from human milk  al one and t he ene rgy 

re q ui rement d e pends l arge ly on the in fant ' s  a c t ivi t y . 

2 8 . 

The average re q ui rement du ri ng the fi rs t year gi ven 

by FA O/WH O Expe rt G r o up ( 1 27 )  is shown in Table 2 . 2 .  

T able 2 . 2  Ene rgy Requirement for In fan t s  

Age Kcal p e r  kg 

( 3 mon t hs 1 20 

3- 5 months 1 1 5 

6 -8 months 1 1 0 

9 - 1 1 months 1 05 

Ave rage during first 

year 1 1 2 

The r e c omme n d e d  intake by t h e  Minist ry o f  He al t h , 

Thailand ( 1 68 )  for e n ergy re q uirement from birth t o  1 2  

mon t h s  is  6 60 kcal p e r  day . Howe ve r it  was fe l t  t hat  t he 

e n ergy re q ui rement  o f  the  Thai in fan t  should b e  base d on 

b o dy weigh t  rath e r  t han bein g  fixe d at one value for t h e  

whole group o f  in fant s  from birth t o  one year . There fore 
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the  avai l ab l e  s t andard o f  Thai in fan t body we i gh t s  as  shown 

in Appendix 7 ( 1 39 ) was used  with ene rgy intakes  sugge s t e d  

b y  FA O/WH O  Expert Group ( 1 27 ) . The c al c ul a t e d  d aily 

re c ommend e d  ene rgy for the Thai in fan t i s  shown in T ab l e  2 . 3 .  

Tab l e  2 . 3  Re c ommended Dai ly Ene rgy Intake for Thai I n fan t 

A g e  Ave rage weigh t  Re commended dai l ya 

month kg kcal b 

( 3 4 . 35  530 

3- 5  6 . 5 6  760 

6 -8 7 . 83 870 

9- 1 2  8 . 38 880 

�he re c ommended  daily intake is given t o  the  

n e are s t  figure of  1 0 . 
b 1 kcal i s  e q uival e n t  t o  4 . 1 84 kil o j oule s .  

A ft e r 3 months , the  c al culat e d  daily intake i s  

hi gher  than the Thai re c ommendation at  660 kc al . The 

c onse quen c e  of d e c re a sing e n e rgy r e q ui rement wi th  age and 

i n c re a sing body we ight of the T hai in fant  give s ri s e  t o  

approxima t e ly the  same c al o rie· intake for the in fan t groups 

o f  6 to 8 months and 9 to 1 2  months , but  approximat el y  1 00 

kcal  di f fe rent  t o  t h e  age 3 to  5 mon t h s . Be c ause o f  t h e  

small di f fe renc e s  i n  cal c ul a t e d  int ake s ,  it i s  n o t  

worthwhil e  t o  s ub-divide t h e  en ergy requiremen t  for in fant s 

age d 6 t o  1 2  mon t hs . The d aily ene rgy requi r ement for 

in fan t s  aged 6 t o  1 2  mon t hs was e st imated  at 880 kcal . 

The re fore , the m od e l  for the  d e sign o f  in fant food c on si d e re d  

2 cate gori e s  o f  e st imat e d  daily ene rgy requi remen t s  i . e .  a t  

7 60 kcal for in fant s  3 t o  5 months and 880 kcal for in fant s 

6 t o  1 2  months . 



2 . 1 . 2  Protein re quirement 

The FAO/WHO c ommi t t e e  on pro t e in re quirement ( 1 27)  

sugge s t s  that , " the most use ful c rit e rion o f  a n  adequa t e  

pro t e in intake i s  a growt h  rat e t h a t  mee t s  a c c e p t e d  

pae d i at ri c  st andards " .  The  s a f e  l e ve l  o f  pro t e in int ake 

for in fan t s  age d 3-6 ,  6-9 and 9- 1 2  months are given as 

1 . 85 ,  1 . 62 and 1 . 4 4  g of pr otein pe r kg of body weight 

re spe c ti vely . Based on t he ave rage weight o f  Thai in fan t s  

and r e c ommen d e d  daily ene r gy in t ake s (Table 2 . 3 ) , the 

e q uival e nce of  s a fe .le ve l  intake s  of  protein pe r 1 00 kcal 

at di f fe rent age s are 1 . 60 , 1 . 46 and 1 . 36 g re spe c t i v e l y  

as s hown i n  T a b l e  2 . 4 .  

T able 2 . 4  S a fe Le ve l o f  Pro t e i n  I n t a ke for Di f fe re n t  

A ge G roups o f  In fants 

A ge V/ e i ght Safe l e ve l  Cal c ul a t e d  Re c omm e n d e d  .S a fe l e v e l  
mon t h  o f  o f  p rotein protein dai ly e n e r gy o f  protein 

Thai intake intake pe r int ake , intake p e r  

in fant p e r  kg day kc al 1 00 k c al 
kg 

3-5 6 . 56  1 . 85 1 2 .  1 4  760 1 . 60  

6 -8 7 . 83 1 . 62 1 2 . 68 870 1 . 4 6  

9 - 1 2  8 . 38 1 . 44 1 2 . 07 880 1 . 3 7  

For t he c on c e pt o f  advisable intake , Fomon 1 974 

obse r v e d  that 1 . 6 g o f  protein per 1 00 kcal from a milk 

base d formula appeare d ade quate t o  support n o rmal growth 

for the first 6 we eks o f  li fe and e stimated that 1 .4 g p e r  

1 00 kc al woul d b e  ade quat e during the remaind e r  o f  li fe . 

I t  i s  worth n o ting t hat human milk ratio o f  protein t o  

c a l o r i e  i s  1 . 5 g p e r  1 00 kcal . In se t ting t h e  advi sable 

in t ake s of prot ein , Fomon 1 974 inc re ase d- t h e  e s timat e d  



requirement b y  20 pe r c ent t o  al l ow fo r any un c e r tain ty i n  

t h e  e s timat i on . The re fore , h i s  advisable int ake i s  1 . 7 g 

p e r  1 00 k c al from age o f  4 mon t h s  t o  one year . 

I t  i s  spe c i fied  in t h e  Thai N o t i fi c at i on p e r  1 00 

kcal tha t  " t he in fan t fo od must c on t ain not l e s s  t han 1 . 8  

g and n o t  more than 3 . 5 g o f  re ferenc e pro tein ; as for 

other prote ins e i ther whole o r  part t h ose pro t e i n s  shal l 

ha ve c on s umable value not l e s s  t han 70 perc e n t  o f  t h e  

protein o f  e gg . " C od e x  A limen tarius r e c omme n d s  sli ght ly 

3 1 • 

di f fe r e n t  by using casein as re fe ren c e  pro t e in and s pe c i fi e s  

n o t  l e s s  t han 1 . 8 g and n o t  m o r e  than 4 g pe r 1 00 ke e l  an d  

quality o f  protein must n o t  b e  l e s �  than 85 pe r c en t  o f  

c asein . 

The re fore in spe c i fyin g  pro t e in , i t  i s  n e c e ssary 

to n o t  only give minimum l e ve l s , but also t o  d e fin e  the 

protein q uality . The pro t e in q ual i t y  c an be d e fin e d  by i t s  

amino a c i d  compo s i t i on as we l l  a s  by o ther b i o l o gi c al 

e valuat ions such as protein e f fi c i e n c y  ra t i o  ( PER ) ,  

biol o gi c a l  value ( BV ) and n e t  pro t e in util i za t ion ( � PU ) . 

Amongst the se fac t ors , amin o ac id c omposi tion i s  we ll 

e s tabli s h e d  and readily availab le . I t  was impossible t o  

find b i o l o gical value s f o r  a l l  t h e  raw mat e rial s . I t  was 

reali z e d  t hat d i ge s t ibility should be inc l ud e d  wit h  ami n o  

acid pa t t e rn t o  give a m o r e  ac c urat e  e s timati on o f  the 

bi ol ogi c al val ue s ,  but  t he s e  figur e s  were not availabl e . 

There fore , the prot e in quali t y  was c on side r e d  only in t e rms 

Carmel ,  J.  (The prediction o f  d i e t s  of high energy and protein value by 

linear procrnllll:!ing. F.coloa o r  Food and �!utrition ,2 : 1 0 1 - 1 77 ,  1 976 . )  

used NDp Cal % ,  an index spe c i fying the nutrit ional re lationships between 

protein quantity, protein quality and ene rgy . Protein quality was based 

on the A/E ratio i . e .  the ratio of each individual essen tial amino acid t o  

the total essential amino acids . This i s  basically the same presentation 

of protein quality as in this thesis , and does not include the digestibility . 



o f  the amino a c i d  c omposi t ion . As t h e  T hai N ot i fi c a t i on 

re fers c onsmnabl e  value t o  e g g  prot e in , i t  was there fore 

d e c i d e d  t o  use e gg prot ein as re fe ren c e  prot ein . 

Spe c i fi c ation a t  1 . 8 g p e r  1 00 kc al by T hai N oti ficat i on 

and C od e x  Alimen tarius c ov e r s  the sa f e  l e ve l  o f  p r o t e in 
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int ake s ugge s t e d  by FAO/WHO ( 1 27 )  a s  in Table 2 . 4 and Fomon 

sugge s t e d  only 1 . 7 g per 1 00 kcal a t  the age of 4 mon t h s  

t o  o n e  year . T h e r e fore , t h e  spe c i fi c at ion b y  t h e  Thai 

N ot i f i c ation was used at 1 . 8 g pe r 1 00 kcal , using e gg 

prot e in as the re fe ren c e  protein . 

The next  c onsid e rat i on w a s  how to obt ain the minimum 

amount o f  re fere n c e  protein, i . e . e gg protein , when di f fe re n t  

food mate rial s w e r e  to  be u s e d  in t h e  d e sign . T hey were 

chosen  t o  gi ve an amino acid  mixture a s  simi lar t o  e gg 

prot ein as p o s si b l e . T h e  question w a s  the amount o f  t h e  

othe r prot eins n e e d e d  as c ompare d t o  t he amount o f  re f e r e n c e  

protein . Fo r t he amoun t  o f  mixed prot eins , t h e  c o rre c ti o n  

fac t o r  c an b e  applied ( 1 27 )  i f  t he p r o tein qua l i ty o f  the 

d e sign e d  food i s  kn own . For example , i f  the prot e in 

q uali ty i s  at 70 per c e n t  e gg protein , the c orre c ti on fac t or 

at 1�g will m ake minimum value at  1 . 8 equival e n t  t o  2 . 6  

and the maximum value 3 . 5  e quivalent  t o  5 . 0 . 

Logi c ally , one would go for  the  b e s t  quality o f  

prot e in as muc h a s  possibl e . The  problems aris e  i n  

obtaining h i g h  l e ve l s  o f  amino a c i d s  a s  w e l l  as mai n t aining 

other nutri en t s  at t h e ir sati s fac t o ry l e ve l s . Edwardson 

1 974 found that  the c os t  of  a food mix inc re a s e d  wi t h  

inc reasing ami n o  acid l e v e l s . Whe t h e r  t h e  inc reasing l e ve l s  

will c reat e d i f fi c ul t y  in mai n t aining t he requirement o f  

other nut ri e n t s  in this i n fant food  model will have t o  b e  



c on fi rmed . But from Edward s on ' s  work and from the Thai 

N o t i fi cation , the 70 pe r c ent l e v e l  of e gg pro t e in c ould 

be used as t he minimum limi t . The a c t ual l e v e l  of amino 

a c i d s  t o  be use d in the  i n fant food  will  be obtaine d  by 

e xpe rimen t at i on wi t h  the  mode l . Onc e  this i s  knovm , t h e  

am ount o f  protein n e e d e d  can b e  a d j u s t e d  a c c o rding t o  t h e  

q uQ l i ty o f  pro t e in . 

H ow e ve r ,  i t  i s  kn own that a high p e r c e n ta ge o f  

c al o rie from protein , at 20 p e r c e n t  o r  more , resul t s  in 

renal d i s e ase e spe c ially wi th in fan ts of  l ow birth w e i ght 

( 8 1  ) .  In  applying the c orr e c t ion fa c t or ,  the uppe r l e v e l  

o f  protein a t  5 . 0 g p e r  1 00 kcal i s  e q uivalent t o  20 

pe rc e nt . Tho ugh c orre c t i on sh ould be appl i e d  to  b oth 

uppe r and l ower l e v e l s , it should be within limi t s  and 

n o t  le a d  to  hi t:;h l oa di nr; on the ki dney . n h us , the minimum 
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and maximum prot ein c ontent s p e r  1 00 kcal we re se t t e mporarily 

a t  1 . 8 g and 3 . 5  e un t il more in formation would be  obtained  

from the expe riments  wi th the mo d e l . 

T here fore , the minimum and maximum pro t e in c ontent  

pe r 1 00 kcal we re spe c i fi e d  at 1 . 8 and 3 . 5 g re spe c t ive l y . 

T h e  pro t e in quality was expre ssed by i t s  amino a c i d  

c omposi t i on a s  c ompa red with e gc p rot e in . 

2 . 1  . 3 E s sential amin o  acids  re q uirement 

T h e re are 1 1  e s se ntial  amin o a c ids kn own to be 

ne c e s cary for in fan t s  ( 8 1 , 1 27 ) . � ugge s t e d  pat t e rn o f  

e s !:.-ential amino a c id s  for in fant fe eding i s  e;ive n  by · FAO/ 

WH O report as shown in T able 2 . 5 . Human milk c omposi t i on 

i s  als o  given in Table 2 . 5 . I t  i s  sur,ge t e d  by the T hai 

N o ti fi c a t i on that protein  quali ty p rovided  by i n fant food  



must al l t oge t h e r  not be l ow e r  than 70 percent o f  the 

q uali t y  of e gg pro te in . 

T he re fo re , t he e s se ntial ami n o  a c i d s  pat t e rn i n  

egg i s  u s e d  as s t andard and t h e  minimum value o f  e s s e n tial 

amino a c i d s  de rived from all t he fo od mG� t e ri a Js  mus t n o t  be 

l e E s  t han the val ue at 70 pe r c en t o f  amino a c i d s  in egg , 

expre s se d  in m g  pe r g o f  pr o t e in a s  Eh own i n  T able 2 . 5 . 
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Table 2 . 5  C omparis on o f  ami n o  a c i d s  in e gg ,  h uman milk 

and FAO pat t e rn 

E s s e n t i a l  

amin o  a c id 

Egg Human 

milk 

FAO/WHO 

sugge E t e d  

pa t te rn 

70 pe r c e n t  

o f  e e;c; amin o  

a c id 

mg of amino D C id p e r  g of  p r o t e in 

Hi s t i d ine  

I s ol e u c ine  

Le ucine  

Ly sine 

�� e t h i onine and 

Cys t in e  

Phenylalanine 

and T yrosine 

T hre onine 

T ryp t ophan 

Valine 

22 

54 

86 

70 

57 

93 

47 

1 7  

66 

2 . 1 . 4 Fat re q ui rement 

20 

62 

9 1  

6 6  

4 3  

9 9  

4 5  

1 6 

6 4  

1 4  

35 

80 

52 

29 

63 

4 4  

8 . 5 

47  

1 5 . 4 

37 . 8 

60 . 2 

Lt9 . 0  

39 - 9 

65 . 1 

32 . 9 

1 1 . 9 

4 6 . 2 

I t  i s  known t ha t  with the  e xc e p tion o f  e s s e n t i a l  

fat ty a cids , linoleic a n d  a rachidonic acid, in small amount , 

it  i s  n o t  abs ol utely ne c e s sary t o  inc l ude  fat i n  the  d i e t  

( 8 1  ) .  Howe ve r , a die t exc epti onally hi gh in prot e in and 



c arb ohydrat e may give rise t o  diarrhoea and dehydra t i on 

in some in fan t s . The high calorie d en s i t y  o f  fat appe ars 

to b e  a part i c ular asset durine the  e arly mon ths of l i fe 

whe n ene rgy re q uirement  pe r uni t  o f  body weight is  high . 

On the c on trary , a d ie t  e x t remely h i p;h in fat and l ow in 

c a rb ohyd ra t e  c on tent  may give rise to ke t osis ( 8 1 ) . 

Ne ve rthe l e s s , l i t tle  e vidence  is  kn own t o  de fine the  t e rm 

" e x t remely hieh" . Fomon 1 974 found from his c lini c al 

e xpe ri ence  that  the in fan t diet  o ften  provided 30 t o  5 5  

p e r c e n t  o f  c al ori e s  from fat . 

The Thai N o ti fi c a ti on spe c i fie s t he minimum and 

maximum fat pe r 1 00 kcal at 2 g and 4 g whi ch are 

e q uivalent t o  1 8  pe rcent  and 36 p e r c e n t  o f  c a l o ri e s  from 

fat re spe c t i ve l y . C o d e x Alime n t arius re c ommend s high e r  
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at  3 . 3 g and 6 g per  1 00 kcal , e q ui va l e n t  t o  30 and 54  

p e r c e n t  of  c al o ri e s  from fa t . The  Thai  ! o t i fi c a ti on is  

c on side rably l owe r t han C odex Alime ntari us and  Fomon ' s  

ob s e rva ti on . The maximum fat pe r 1 00 kc al will have t o  be  

de fined a c c ording to  the  Thai N o ti fi c at i on at 4 g pe r 1 00 

k c al but the minimum fat c on t e n t  c an possibly be modi fie d , 

p rovided i t  i s  not  l e ss than 2 g p e r  1 00 kc al . I t  i s  an 

area whe re e xpe rimentat i on c an b e  de signed  t o  inve s t i ga t e  

t he feasibi l i t y  and bene fi t o f  inc reasin g t h e  fat l owe r 

limi t . Howeve r ,  t o  use as a basis f o r  furthe r s t ud y , the 

Thai N o t i f i c at ion was t emporarily spe c i fied . 

The re f ore , the minimum and maximum c on t en ts o f  fat 

p e r  1 00 kc al were spe c i fi e d  at 2 g and 4 g respe c t ive l y . 

Lin oleic  a c i d  i s  known t o  b e  re sponsible f o r  

growth promo t i on and int e gri ty o f  t h e  skin (2 , 8 1  ) .  When 

linoleic  a c i d  acc oun t s  for 1 pe r c ent  of cal o ri e  in t ake  



i . e .  1 1 1  m g  per 1 00 kcal , h e al th appe ars normal . I n  the 

Thai N o t i fication , linol e i c  acid  is spe c i fied a t  200 mg  

p e r  1 00 kc al whi c h  i s  e quivalent t o  1 . 8 pe rc e n t . I t  is 

no tabl e that t he linoleic acid re commended  by Codex 

Alimen tarius , 300 mg per 1 00 kc al , is  highe r t h an t he 

in fant appears t o  ne e d . A s  what is  require d  by the Thai 

Noti fi c at ion co ve rs the in fant nutri t i onal r e q uireme n t , 

i t  was used  ir. this s tudy . 

The re fore , t he minimum cont e n t  o f  linoleic  acid  

per 1 00 kcal was spe c i fi e d  at 200 mg . 

2 . 1  . 5  Vitamin A r e q uirement 
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In the review by Rodri que z and I rwin 1 972 , an 

in fan t  re c eiving 25 t o  35 I . U .  o f  vit amin A pe r kg o f  body 

weigh t  pe r day d e ve l ope d normal weight gain and normal d ark 

adapta t i on . Usin g T hai re ference b od y  weight ( 1 39 ) , the 

e s timD t i on of vitamin A daily requi rem ents for in fan t s  a t  

age o f  3-5 , 6-8 a n d  9- 1 2  m onths were 1 99 ,  2 3 5  and 24 8 I . U . 

re spe c t ive ly . Fomon 1 974 e s timate d t h e  re quirement  o f  

vi t amin A t o  be 3 0  I . U . pe r kg o f  body weight pe r day . He 

es timat e d  the d ai ly requirement d uring t he first year t o  

b e  250 I . U .  and se t the advisable in take a t  500 I . U .  p e r  

day . This is e q uivalent t o  5 7  and 66 I . U .  p e r  1 00 kcal 

bas e d  on re c ommen d e d  ene rgy int ake , T able 2 . 3 . The Thai 

N o ti fi c ation and Codex  Alimen tari us spe c i fy the minimum 

vi t amin A pe r 1 00 kcal at 250 I . U .  whi c h  wel l  c ove rs the 

re qui rement of  an in fant d uring t h e  fi rst year as discuss e d  

e arli e r ,  s o  it  was used  i n  this s t udy . 

There fore t he minimum vi t amin A pe r 1 00 kcal was 

spe ci fie d  at 25 0  I . U • •  

Howeve r , the maximum limi t o f  vitamin A ,  whic h  i s  



n o t  spe c i fi e d  by the N o t i fi c a t i on but is  750 I . U . by C o d e x  

Alim e n t ari us , was broug� in t o  c on si d e ra t i on be cause o f  

the h azard s o f  vi tamin A ove r-d osa ge . Pe rss on e t  al . 1 96 5 

repo r t e d  five c ase s o f  vi t amin A t oxi c i ty d e vel oping in 

in fan t s  l e s s  t han 6 m on t hs o f  age . I n  one instan c e , 1 8 , 000 

I . U .  o f  vi t amin A were take n daily  for 3 mon t h s  and in 3 

inc t a nce s, 22 , 500 I . U . o f  vi tamin A d a ily for one t o  one 
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and a hal f m ont h s . The re fo re , a p D rti c ular  va lue m u s t  be 

set for the maxim u� limi t for vi tamin A . In t his  

c i r c umstance  where n o  e x a c t  val ue i s  e stablished for  the 

c e i l i n g  int a ke o f  vi tamin A ,  the v al u e  re c ommend e d  by C od ex 

Alimentarius wa s use d . 

There fore , the  maximun vit� nin A re r 1 00 kc a l  was 

spe ci fi e d  at 750 J . U . •  

2 . 1 . 6 Vitamin D re q ui rement 

The re quirement for vitamin D d uring in fan cy is 

kn ovm to b e  b e tween 1 00 and 200 I . t J . per d ay ( 49 ) . 

Re gul ar in take o f  the advisab l e  am ount o f  vi t amin D is  

importan t be c u use  l i t tle  vit amin D is  s t ore d in the bo dy . 

T h o ugh the T hai Noti fi c a t i on d o e s  not spe c i fy vi tamin D , 

i t  was -c on si d e red  important t o  in c l ud e  it in this s t ud y  

a s  only 22 I . U . is  provi d e d  from c:� l i t re o f  h uman milk . 

An int ake o f  400 J . U . whi ch  i s  twi c e  as much o f  the  

r e q uireme n t  i s  sugge s t e d  as the advi sab l e  daily in take 

( 8 1  ) . Thi s is e q uiva l e n t  t o  45 - 53 J . U .  p e r  1 00 kc al 

b a s e d  on r e c ommended ene rgy intake s , Table 2 . 3 . C od e x  

A limen tari us re c ommends  vitamin D at 4 0  I . U . p e r  1 00 kc a l , 

sl i ghtly l e ss than given as advisable intake by Fomon 

1 974 . The r e fore , the advisable d aily int ake sugge s t e d  

by Fomon a t  400 I . U . w a s  spe c i fi e d  for t h e  minimum 
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vi tamin D re quirem e n t . 

Apart from t he importan c e  o f  t rying t o  reach a 

c e r t ain l e ve l  o f  vi tamin D ,  i t  i s  al s o  important that the  

i n  tal\.e o f  vi tamin D must  n o t  be too  h i e;h b e c ause o f  

e viden c e  o f  toxi c i ty . It  was found that vi t amin D daily 

intake s o f  3000 t o  4000 I . U . re sul t e d  in case s o f  

hype rcal c emia ( 26 ) .  Fomon 1 974  re c o��ended t o  avoid intake 

gre a t e r  t han 1 000 I . U . pe r day . C od ex Alimentarius 

re c o�me n d e d  t he maximum at 1 00 I . U . p e r  1 00 kc al . A s  for 

vi t amin A , recommended maximum limi t by C od e x  Aliment ari us 

was spe c i fied for vi tamin D i . e .  a t  1 00 I . U . p e r  1 00 kcal . 

There fore , the minimum vi t amin D was spe c i fie d  a t  

400 I . U . daily and maximum limit wa s at 1 00 I . U .  per 1 00 

kcal . 

2 . 1  . 7  Vi t amin E requiremen t  

The amoun t  re qui re d b y  in fant i s  un c e rt ain , tho ugh 

in fan t s  receiving l ow i n t ake o f  vi t amin E or failing t o  

ab sorb vi t amin E d emonstrated  the same sympt oms t o  t h o s e  

seen  i n  e xpe rime ntally produced  vi tamin E de fi c ie n c y  i n  

animal s ( 8 1  ) . I t  is found that t h e  in fan t maint ains 

sati s fa c t orily a c on c entrati on o f  ri. - t o c opherol  in p lasma 

wi t h  a d i e t  wi t h  vit amin E t o  po lyunsaturat e d  a c i d  rat i o  

o f  0 . 4  m g  pe r g o r  0 . 54 I . U .  pe r g ( 1 5 1 ) , t akin g  0 . 74 m g  

o f  natural form o f  D�- t o c ophe ryl a c e tate e qual t o  1 I . U • •  

In h uman milk , t he rati o  o f  vi t amin E t o  linol e i c  a c i d  i s  

i n  t h e  range o f  0 . 32 - 0 . 48 I . U .  p e r  g . T he T hai 

Noti fi c ation and C odex Alimentarius spe c i fy the requirement 

o f  vi t amin E re lat e d  to i n take o f  linole i c  acid at 1 I . U . 

p e r  g whi c h  c overs the rat i o  in the  diet  discussed  e arli e r  

and t wi c e a s  much a s  t h e  rati o  i n  human mil k . T h i s  ratio 



was c onside re d a d e q uate for t he nu t ri ti onal re q ui rement  

of  an  in fan t and  was used for this st udy . 

T he re fore , the minimum amoun t  o f  vitamin E was 

spe c i fi e d  re l a t e d  to  intake o f  linol e i c  acid a t  1 I . U .  pe r 

g o f  linole i c  a c i d . 

2 . 1  . 8 Vitamin K re q ui rement 

The r e q ui reme n t  of vi ta�in K is b e lieved  to be  n o t  

gre a t e r  than 5 m c g  daily ( 48 ) . Fomon 1 974 sugge s t e d  1 5  

mc g as advi sab l e  daily int ake . Human mil k gen e ra l l y  

provide s l e s s  vi tamin K than c ows  m i l k  i . e . 2 m c g  c ompared 
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t o  8 . 7 m c g  p e r  1 00 kc a l  re spe c ti v e l y . Vi tamin K d e fi c i e n c y  

in n e w  born p e ri od i s  more c ommon i n  b r e a s t  fe d t han i n  

formula fe d i n fant ( 232 ) . The Uni t e d  S tate  C ommi t t e e  on 

Nutriti on ( 50 ) r e c ommende d  st r ongly that new b orn in fan t 

should re c e i ve a pare nte ral  d o se o f  phytylmenaquinone s o on 

a ft e r  bi rth . T h ough t he Thai N o t i fi ca tion d o e s  n o t  req uire 

vi tamin K for i n fan t s  o l d e r  than 3 months , it was c on si d e r e d  

bene fi cial t o  i n clud e  vi t amin K in thi s study be c ause b re a s t  

f e e d i n g  i s  c ommon in Thail and . Fu rthe rmore , vi t amin K 

d e fi c iency has been report ed whe n  unsuppl ement e d  formul a  

s u c h  as s o y  i solate  formula ha s b e e n  u s e d  ( 1 74 ) . C o d e x  

Al imentari u s  re c ommends vitamin K p e r  1 00 k c a l  at 4 . 0 m c g  

whi ch is approximately 3 5  m c g  p e r  day . Howe ve r , the  daily 

re q ui reme n t  is  sugge s t e d  as  5 m c g  pe r day and  the advi sabl e 

d ai l y  int ake a s  1 5  m c g , s o  t he advisab l e  daily inta ke wa s used . 

T h e re f ore , t he minimum daily  int ake o f  vitamin K 

was spe ci fi e d  at 1 5  m cg . 

2 . 1  . 9 A s c orbi c a c i d  re q uiremen t 

Re q ui remen t  for the in fant i s  e stimat e d  t o  be  1 0  m g  



d ai l y  ( 1 09 ,  257 ) .  The Thai N ot i fi c at i on spe c i fi e s  the  

re quirement of  asc orbic acid  at 1 0  mg pe r 1 00 k c al , whi c h  

i n  e ffe c t  will provid e  approximat e ly 7 t o  9 time s o f  the 

e st ima t e d  daily re quiremen t . Slightly l e ss asc o rbic a c i d  

i s  recomme n d e d  b y  C o d e x  Alimentari us i . e .  8 mg p e r  1 00 

kcal . T h ough the T hai Noti fication i s  hi ghe r  than t h e  

re q ui remen t ,  the re i s  n o  e vi d e n c e  o f  t oxi city o f  large 

d o s e s  i n  human ( 1 44 , 222 ) . As i t  i s  the minimum l e ve l  

t hat  one has t o  c omply with , the Thai N o ti fi c a t i on for 

asc orb i c  acid was use d in this  st udy . 

T h e re fore , the minimum asc orb i c  acid  pe r 1 00 kc al 

was spe c i fi e d  at 1 0  mg . 

2 . 1  . 1 0 Thiamine re qui rement 

R e q ui rement of thiamine is known t o  relate  t o  the  

me tabolism of  carb o hyd rat e . On t he basi s o f  human and 

animal s t udi e s , t he re q ui rement for t hiamine i s  e s t imat e d  
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at  0 . 02 m g  per  1 00 kcal (8 1 ) . Human milk c an provide  

ad e quat e thiamine , i t  c ontains 0 . 02 1 mg per  1 00 kc al . T h e  

T h ai N o t i fi cati on spe c i fies  t he minim um requi remen t o f  

t hi amin e  at 0 . 05 m g pe r 1 00 kcal whi c h  will provide 

approximat ely twi c e  a s  much of the re quiremen t  per  1 00 kc al . 

C odex Aliment ari us re c ommends  sligh t l y  l e s s a t  0 . 04 mg  p e r  

1 00 kcal . The hi gh e r  value in t he Thai Noti fic ati on i s  

l ike ly t h e  c onse que n c e  o f  vi t amin d e fi ciency i n  Thai in fan t s  

a s  d i s c u s s e d  earl ie r .  

T h e re fore , the  minimum t hi amin e per 1 00 kcal was 

s pe c i fi e d  at 0 . 05 mg . 

2 . 1 . 1 1 Ribo flavin re quirement 

The re qui rement of rib o flavin is found to d e pe n d  on 



ene rgy m e t aboli sm ( 29 ) . Fomon 1 974  ( 8 1 ) e st imat e d  the 

re qui rement from the ribo flavin c ontent  in human milk 
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( 0 . 05 m g  per 1 00 kcal ) t o  be  0 . 34 mg per  day d urin g  the 

fi r s t  year of li fe and hence  sugee st e d  the advisab l e  i n t ake 

to be  0 . 4  mg pe r d ay . The T hai N oti fic ation spe c i fi e s  

minim um re quirement o f  rib o fl avin a t  0 . 07 m g  pe r 1 00 kcal  

whi c h  wil l  provi d e  approximat e ly 0 . 53 to  0 . 62 mg  daily , 

based  on re c ommended  c al ori e  int ake s ( Table 2 ._ 3 ) . C o d e x  

Alim e n t a rius re c ommends slightly l e ss at 0 . 06 mg  pe r 1 00 

kc al . I t  is n o t i c able that asc orbic acid , thiamine and 

rib o fl avin are spe c i fi e d  by t he Thai N o t i fication at hi gh e r  

val ue s t han C o d e x  Alimentarius and highe r t han t he kn own 

ad vi sa b l e  intake s . This may be the c onseque n c e  o f  the  

vit amin d e fi c i en c i e s  e vi d e n t  during in fan cy in  T hailand 

(Tabl e 1 . 4 ) . A s  ribo flavin spe c i fi e d  by the T hai 

N o t i fi c a ti on we l l  c overs the nutri t i onal requirement , i t  

was a l s o  spe c i fi e d  for this study . 

There fore , the minimum rib o fl avin pe r 1 00 kcal was 

spe c i fie d  at 0 . 07 mg . 

2 . 1 . 1 2  Ni acin , Vi t amin B6 and Vitamin B 1 2  

These vi tamins are n o t  spe c i fi e d  by the  Thai 

N o t i fi c at i on for in fan t s  o l d e r  t han 3 months . Be c ause o f  

thei r importan t  role in in fan t  nutri t i on , they  are all  

c on s i d e re d  in t hi s  s tudy . 

Niacin . Niacin re quirem e n t  i s  relat e d  t o  e n e rgy me t ab o l i sm 

as i s  t hiamine and rib o flavin . Und e r  suit abl e  c on d i t i on s , 

niac i n  c an b e  synthesi z e d  from t rypt ophan in m ammalian 

t i s sue s ( 39 ) .  Approximately 60 mg o f  tryp t o phan i s  re quired 

for the syn the sis of 1 m g  o f  niacin . Howe ve r ,  t he syn t he sis  

o f  n i a c in from t rypt ophan in  thi s  s t ud y  was i gn or e d  b e c ause 



t rypt ophan was d e fin e d rel a ted t o  pro te in q ua l i ty a s  

al ready d i s c ussed  i n  2 . 1 . 3 . The  minimum am oun t o f  ni� c in 

that  will  pre vent p e l l a era in the A d ul t  i s  repo r t e d  at  
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0 . 44 m g  pe r 1 00 kc a l  ( 39 ) . Fomon 1 974 e s tim a t e d  the  n i a c in 

r e c ui re m e n t  for in fan t s  t o  be 4 . 1 m G  p e r  day a t  ace o f  6 

m on ths and henc e  l i s t e d  t he a d vi s a b l e  in t n ke o f  nincin 

f rom birt h t o  3 ye nrs a t  5 mg per  d , y . Pased on re c om� e n d e d  

ene rgy i n t ake s (T abl e 2 . 3 ) thi s  advisable int ake o f  n i a c i n  

e xpre s s e d  per 1 00 k c a l  i s  a t  0 . 57 m g  and 0 . 6 6 mg for 3-6 

m o n t h s  and 6 - 1 2 m o n t h �  re spe c t ively . C od e x  A l ime n t a rius  

re c ommend e d  at  0 . 25 m e  pe r 1 00 kc a l , l e s s  than advisable  

i nt ake . A s  d i s c us E c c  e a rlie r in 2 . 1 , when the  advi sc ble 

i n t a ke has been e s tab li she d , it wa s u s e d  in this s t udy . 

There fore , the  min imum d a i l y  i n t a ke o f  ni a c i n  w� s 

spe c i fi e d  a t  5 m f  pe r d ay . 

Vi t amin P 6  re c: ui rement . The rc (l ui r e m c n t  o f  v i t ami n P G  i s  

lm own t o  r e l a t e  m o r e  t o  pro t e i n  c on t e n t  than _t o c h l o ri e  

c on t e n t o f  the di e t . Fomon 1 974 pre s ume d t ha t  t he 

con c en t ra t i on of vi t a�in E6 i n  m � t u r e  h uman milk wa s 

a d e q ua t e  for in fan t s  d uri ne t h e  fi r � t  ye � r  o f  li fe and 

sugce s t e d  an i n t a ke of 9 mcg pe r f o f  p rotein as an 

approximation o f  the  re q ui remen t . He s ugge st e d  0 . 4 m g  a s  

ad visable dai ly i n t ake . Using this d aily intake wi t h  t h e  

re c ommended  ene r gy i nt ake s ( T able 2 . 3 ) , t h e  a d vi sable 

vi tamin B6 pe r 1 00 kcal for 3-6 and 6 - 1 2  mont h s  were 

0 . 045mg and 0 . 053 m g  re cpe ct ive ly . C od e x Alimentarius 

r e c ommends vi t amin E6 at  0 . 035 mg p e r  1 00 kc al .· The re  for e , 

the d ai l y  advisab l e  intake was used  in this s tudy . 

The minimum daily int ake o f  vi t amin B6 was spe c i fi e d  

a t  0 . 4 mg . 



Vi tam i n  B 1 2 requi remen t . D e s pi t e  being kn own t o  be 

involved  in methylat ion o f  c h oline , Ee rine , m e t h i onine 
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and i n  t h e  pyrimid ine and purine me t abol ism , t he re i s  

l i t t l e  e viden c e  Availabl e for t h e  i n f a n t  re qui rement f o r  

v i t amin E 1 2 .  The  bre a � t  fed in fant  i s  e s t imat e d  t o  h a v e  

approxima t e ly 0 . 3 mcg o f  vi tamin E 1 2 da ily ( 1 25 ) . The 

daily int ake o f  vitamin B 1 2 is rec ommend e d  by the Joint 

FA0/1!JHO Expe rt Group ( 1 25 ) t o  be 0 . 3 mc_g for in fant d u ring ·  

the first year  o f  li fe . Ba sed  on the re c omme nded  ene rgy 

int ake s ( Tabl e 2 . 3 ) , the  re a uire d int ake pe r 1 00 kcal is  

a t  0 . 034 mcg and  0 . 039 mcg  re spe c t ivel y . Though C od e x  

A l i m e n t a ri us re c ommends at a hiehe r va l ue i . e . a t  0 . 1 5 m c g  

pe r 1 00 k c a l , t h e  re q ui rement  o f  vi t amin B 1 2 i s  expe c t e d  

t o  b e  l e s s  than 0 . 3 mc g daily ( 8 1  ) .  A s  for niacin and 

vi t a m i n  B 6  , the e s tima t e d  d ail y  re o u i r e m e n t  was uce d in  

thi s t:: t udy . 

There fore , the minimum dai ly in t A ke o f  vitamin E 1 2 

was spe c i fied at  0 . 3 mc g . 

2 . 1  . 1 3 Pan t o thenic  acid , folic  acid , choline and bi ot i n  

re q u i rements  

There i s  l e s s in f ormat i on for  the spe c i fic  n e e d s  

duri ng in fancy f o r  the s e  vi t amin s . A l t hough pan t othenic 

acid  and bi o t in a re important a s  c a t a lys t s ,  they are n ot 

kn own t o  be e sse ntial for in fant s  ( 39 ) . In fac t , these  4 

vit amin s are n o t  spe c i fi e d  by t h e  Thai Not i fi c a t i on for 

in fan t s  old e r  t han 3 m on t hs . A s  i t  i s  un c e r t ai n  that the  

in fant d oe s  n ot re qui re t he e e  vi t amins , it  was d e c i d e d  t o  

in c l ude  them i n  this s t udy . 

The i n fant re qui rement for  fol i c  a c i d  has  be en  

e s t imat e d  at  20 t o  50  mcg  p e r  d ay ( 23 1  ) ,  and 50  m c g  pe r d ay 
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i s  e q uival e n t  t o  5 . 7 t o  6 . 6 mc g pe r 1 00 kcal re spe c tive ly 

based on the re c ommended energy int ake s  (T able 2 . 3 ) . Codex  

Alimentarius re c ommends pan t othenic  a ci d , choline , biotin  

and  foli c acid  a t  300 mc g ,  7 mg ,  1 . 5 mcg  and 4 m c g  pe r 1 00 

kc a l  re spe c t i ve ly . I t  i s  worth n o t ing that , the  c omposition 

o f  human milk e xpre s sed  per 1 00 kc al for pant o thenic  a c i d  

i s  245 . 3  m c g  ( 8 1 ) ,  1 2 . 7  mg  for c h oline ( 39 ) ,  0 . 56  m c g  for 

bi o t in ( 39 )  and 6 . 93 mcg for fol i c  acid respe c t i ve l y  ( 8 1 ) . 

The recomme n d e d  s t andDrd by C od e x  A l imen t ari us c ompare s 

v e ry well with  human milk in t h e  c omposi t i on o f  pan t othenic  

a c i d , but  s l i ghtly h i ghe r in biotin  and c onside rably l e s s  

i n  choline and fol i c  acid . As d i s c us s e d  e a rl i e r  i n  2 . 1 , 

when the e x a c t  re qui remen t  o f  in fan t hRs not  b e e n  

e s tabli she d , t h e  re c ommended val ue by C odex Alime n t a rius 

was use d . T h e re fore , the  pan t o thenic  a c id , choline and 

bi o tin were spe ci fi e d  a s  re c ommended by Codex Alimen t a ri us ; 

S ullivan ' s  (23 1 ) sugge s t i on a t  50 m c g  per day was used  for 

folic  a c i d . 

The re fore , the minim um pan t o t henic ac i d , c h o l ine 

and bi o tin pe r 1 00 kcal we re spe c i fi e d  a t  300 m c g ,  7 mg  

and 1 . 5 mcg and folic  a c i d  was  spe ci fi e d  as minimum d aily 

requi reme n t  a t  50 m c g  ( 0 . 05 m g ) . 

2 . 1 . 1 4 S od i um , chl oride , p o t a s si um ,  c alcium , phosph o rus 

and magn e s i um re qui remen t s  

Fomon 1 974 e stima t e d  t h e  re qui remen t  f o r  t h e s e  

e l emen t s  and l i s t e d  the ad vi sable  in takes as shown i n  

Table 2 . 6 .  
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Tabl e  2 . 6  E s t imat ed  Re q uiremen t s  and A d visabl e I n t ake s 

o f  }'; a j  o r  Mine ral s at the Age o f  4 t o  1 2  M onths 

Mine ral s Estimat e d  Advi sable 

re q ui remen t  intake 

S odium mg 48 . 3 1 38 . 0 

Chlori d e  mg  74 . 6 2 1 3 . 0  

Potassi um mg  78 . 0 234 . 0  

Calcium m g  2 89 . 0 350 . 0  

Phosphorus mg 1 1 0 . 0 1 30 . 0 

Magne sium mg  1 3 . 5  20 . 0  

S odi um , Chlorid e ,  Potassium requi reme n t s . A s  shown in 

Table 2 . 6 ,  Fomon 1 974 sug ge st ed  the a d vi sable daily int ake 

for sodi um ,  chlorid e and potassi um to be 1 38 ,  2 1 3  and 234 

mg for in fants f rom 4 t o 1 2  mont hs re spe c t ively . � ' h e re 

ha s been  an inci d e n c e  o f  d e velopment  o f  hype rten sion 

c ause d by high int a ke Q  o f  sod ium c hloride ( 1 05 ) .  T h e  t ox i c  

e f fe c t  o f  chlo ri d e  and potassium have b e en well d i s c ussed  

in  various li t e rat ure ( 39 , 1 93 ,  5 6  ) .  T he re fore , n o t  

only t h e  minimum intake b u t  t he maximum int ake should b e  

spe c i fi e d . 

The Thai N o ti fi cation spe c i fi e s  only the maximum 

l imi t s  pe r 1 00 kcal for sodi um and c hl o ri d e  a t  80 mg  and 

1 50 m g  re spe c ti ve ly . T hough the minimum c on tents  o f  

sodium , c hlori d e  and potassium are n o t  spe c i fie d , t hey we re  

c onsi d e re d  ne c e ssary be c ause o f  the i r  signi fi c a n c e  as 

d i s c u s s e d  earli e r . Bas e d  on the re c ommended energy int ake s 

(Tab l e  2 . 3 ) , t he advi sabl e  inta ke s  by  Fomon 1 974 pe r 1 00 

kcal o f  sodium i s  a t  1 6 t o  1 8  m g , c hl o ride at 24 t o  28  and 

potassium at 27 t o  31  mg  re spe c t i ve l y . I t i s  noticable 



that C od e x  Aliment arius re c ommen d s  for s odium , c hl orid e  

and p o tas sium hi ghe r t han the advi sab l e  int ake , i . e . a t  

20 , 5 5  and 80 m g  per  1 00 k c a l  re spe c t ively . 

For d e fining the minimum c on te n ts o f  t h e s e  3 

elemen t s , the a d vi sabl e d ai l y  int0kes  we re use d in t h i s  

study . 

T h e re fore , the mi nimum d P i l y  re qui reme n t s  we re  

spe c i fi e d  for  s odium at 1 38 m g , c hl orid e  at  2 1 3 mg  and 

p o t a s sium at 234 mg re spe c t i ve ly . 

For t h e  maximum limi t s , the  Thai Noti fic a tion 

spe c i fi e s  only sodium an d c hl oride  ac me ntion e d  e arli e r , 

the C od e x  Aliment arius re c ommen d s  the  maximum limi t s  p e r  

1 00 kcal  f o r  a l l  3 e l e m e n t s  a t  60 mg for sodi um , 1 50 m g  
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for c h l ori d e  and 200 mg  for potassium re spe c ti v ely . I t  is  

worth  n oting that maximum l imit of  s odium is less  t han 

t ha t  spe ci fi e d  by the Thai N ot i fic a t i on . � c c ordine t o  the 

d i s c ussi on in  2 . 1 , the maximum limi t s  o f  sodium and c h l o ri d e  

by T hai N o t i fication a n d  M aximum lini t o f  potassi um b y  C od e x  

Alim en t arius were us e d . 

Howe ve r , t he e x c e s s  o f  t h e Qe e l e c troly t e s  are 

e xc re t e d  by the kidney and i s  re fe rre d to  a s  the renal solute  

l oa d . The  imp o r t an c e  in in fant fe e d ing is gi ven by Fom on 

1 974 . Renal solute  l oad i s  d e ri v e d  from the  amount o f  

p r o t e i n , sodium ,  potas sium and c hl oride in the  die t . I t  is  

kn own t hat each  g o f  protein yie l d s  4 mosmol and each  me q 

o f  sodium ,  p otas sium and c hlori d e  c on t ribut e s  1 mosmol ( 8 1 ) .  

Using Form on ' s  c omposition o f  human and c ow ' s  mil k , the 

s o l ut e  per 1 00 kcal from h uman milk was 1 0  m o smol and 34 

mosmol  for c ow ' s  mi lk . The renal solute l oad of the 

spe c i fi e d  l e v e l s  of  sodium , c hl o ri d e  and p o t a s si um was 32 



mosm o l  per 1 00 kcal . I t  is  noticab l e  t hat this value was 

hi ghe r  t han human mil k  but less t han c owk mil k .  

47 . 

The n e x t  consid e ration was t o  e valua t e  the  

repe rc ussi on of  having prot ein , sodium , potassium and 

chl o ride  at the s e  maximum limi t s  on the  ability o f  in fan t s  

t o  c oncentrat e t hese  solut e s  i n  urine . rhe amount o f  

li q uid taken by in fan t s  i n  t e rms o f  mil k o r  liq uid f o od 

l e s s  the  losse s through skin and fae c e s  i s  the l i q ui d  l e ft  

for renal e x c re t ion . The re i s  varia t i on in  t he ab i l i t y  o f  

n o rmal in fan t s  t o  c on c e nt rate  urine above a c e rt ain val ue . 

Some normal in fant s are not  a ble  t o  c onc entrate urine above 

600 o r  700 mosmol pe r l i t re ( 8 1 ) .  

Wi th the assumpt i on o f  l o s s e s  through s ki n  and 

fae c e s  of 600 m l  and calorie c on c e nt ration in food o f  6 7  

kc al pe r 1 00 ml , the c on c e n tration o f  solut e t o  be  e x c re t e d  

in urine base d o n  re c ommended ene rgy int ake s i n  Tab l e  2 . 3 

can be e s timat e d . I t  was found t o  be  in the ran ge o f  396 

to 455 mosmol pe r li t re as shown in T able 2 . 7 re spe c t ively . 

A s  the se va l ue s  we re l e s s  than 600 mosmol pe r l i t re , i t  was 

c onsidered  sa fe to set the maximum limi t s  of t he s e  e lemen t s , 

i . e .  for sod i um and chloride, as by the Thai N ot i fi c a t i on 

and potassium a s  by t he C od e x  A lime nt arius . 

There fore , the maximum l imits  for these e l emen t s  

pe r 1 00 kcal we re spe c i fie d  a t  80 m g  for sodium , 1 50 m g  

f o r  chlori d e  and 200 mg  f o r  potassium . 
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Table 2 .7 Renal Solut e s  Load o f  Proposed  Speci fi c at i on . 

Re c ommend e d  Li quid  Li quid '1' otal  m o smol E s timat e d  

ene rgy int a ke s  less  the  base d on 32 renal solu t e s  

in take s  ba s e d  o n  l o s s  o f  mosmol pe r l oad , m osmol 

67  kc al 600 ml 1 00 kcal pe r lit re 

per 1 00 ml 

76 0  1 1 34 534 243 455 

880 1 3 1 3  7 1 3  282 396 

Calc ium ,  Pho sphorus and Magne sium requi reme nt s . As 

sugge s t e d  by Fom on 1 974  in T able 2 . 6 , the daily advi sable 

intake s for  calcium ,  phosphorus and magne sium are 350 , 1 30 

and 20 mg re spe c t i vely . 

The Thai N o ti fi c a t i on spe c i fi e s  the minimum 

r e q uirement pe r 1 00 kc al for only calc ium at 50 m g . Pased  

on re c ommended ene rgy intake s  ( Table 2 . 3 ) , the daily int ake 

o f  cal c i um is in the range o f  380 t o  440 m g ,  which  me e t s  

t he advi s able in take by Fomon 1 974 . The re fore the Thai 

speci fi c a t i on at 50  mg per 1 00 kcal was use d . T hough 

pho spho rus and magnesium are not  spe ci fi e d  by t he Thai 

N o t i fi c a t i on 5 they a re lmown as important min e rals ( 39 , 5 6 ) 

and w e re c onsid e re d  in  thi s  st udy . As  d i s c us s e d  in 2 . 1 , 

advisable intake s for  phosphorus and magnesium by Fomon 

1 974 were  spe c i fi e d  as the minimum re q ui remen t s . Bas e d  on 

t he re c ommend e d  e n e r gy int ake s ( Table 2 . 3 ) , the advi sable 

intake s  o f  pho s ph o rus and magne sium pe r 1 00 kc al we re at 

1 5  to  1 7  mg and 2 . 3 to  2 . 6 mg . It  i s  noticable t hat C o d e x  

Alime ntarius r e c omme n d s  t h e se mine ral s highe r t han the 

advisab l e  in take s . As the advisable int ake s of the se 

el emen t s  are known , they we re used in t his  st udy . 

The re fore , t he minimum calc ium per  1 00 kcal was 



spe ci fi e d  at 50 m g . For phosphorus an d m agne sium , the  

minimum daily intake s  w e r e  sp e ci fie d at 1 30 m g  and 20 m g . 

H oweve r ,  a h i gh i n t a ke o f  c al cium t o ge t h e r wi t h  a 

hi gh i n t ake o f  v i t amin D c a n  l e ad t o  in fant d i s ord e r , 

hype r c a l c emia ( 22 1  ) . � h e  E ri ti s h  pae di a t ric c ommi t t e e  ( 2 6 )  

on hype r c a lcemi a , c a l c ul a t e d  t h e  d i e t  o f  the in fan t  sho Ying 

di s o rd e r  a s  pro v i d i n g  a p p r o xi m a t e l y  400 I . U . o f  vi t a m i n  D 

and 1 200 mg o f  c a l c i um . Be c a us e  o f  t h i E  e vi d e n c e , the  

maximum l imit of  cal cium w a s  includ e d in this  s t udy . c ·  10lnc e 

n e i t h e r  t he Thai N ot i fi c a t i on nor t h e  C odex A l iment ari us 

c l e a rly speci fy t he ac c e p t a b l e  uppe r l imi t for calc i um , the  

upper  l e ve l  no rmally obtaine d from human mil k  wa s used . 

T o  se t the  ma ximum l imi t based on human milk 

c omposi t i on , the e n e rgy int a ke in e xc e s s  of  t h e  ene rgy 

re q ui re m e n t  o f  i n fan t age one ye n r  m u s t  be chosen  a s  a 

ya rd s t i c k . The minimum e n e rgy re � uirement wa s i n c re a � e d  

b y  50 pe rc e nt i . e .  from 880 kcal t o  1 400 kcal  a n d  the  

cal c i um c ontent  from 1 4 00 k c a l  o f  h uman m i l k  wa s u s e d  a s  

cal c i um uppe r l imi t . Fom on 1 974 ob s e r v e d  the  90th pe r c e n tile  

o f  no rmal Ame ri c an mal e in fa n t a se d  1 2  - 1 5  mont hs t o  b e  

1 430 kc al . The re f ore , t akin g an e n e r gy in t a ke of  1 400 kc al  

as a c ri t e ri on t o  d e r i v e  t h e  maximum l imit of  n u t ri e n t  

should be  qui t e  gene rous for  t h e  � hai in fan t . On t h i s  basi s 

the  amount o f  c al c ium in 1 400 kc al o f  human milk i s  635 m g  

( 8 1 ) so  630 m g  was used a s  daily maximum l imi t for cal c i um . 

I t  i s  n o tabl e t hat  this c al cium maximum limit  i s  we l l  b e l ow 

t he c al cium c on t e n t  found i n  the  die t o f  disordered in fan t  

( 8 1  ) • 

The r e fore , the maximum daily in take o f  c al c i um was 

spe c i fi e d  at 630 mg . 

Re garding the c a l c i um and phosphorus ratio , i t  i s  



spe c i fied  by b o t h  Thai N o ti fi c a t i on and C odex Alime n t arius 

to be  at the minimum of 1 . 2  and maximum of 2 . 0 . T h o ugh 

c a l cium and pho sphorus rat i o  was on ce be lieve d t o  b e  

importan t and t hat highe r intake o f  pho sphorus depre s s e d  

the abs o rpt i on o f  c a l cium , subse quent  experiments  on t he 

human have sh own that t o t al phosphate int ake has l i t t l e  o r  
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n o  in fluen c e  on c a l c i um absorption ( 56 ,  8 1 ) . For in fan t s , 

the  rati o o f  c a l cium to phosphorus in human milk 

( a pproximately  2 . 0 - 2 . 4 )  was b e l i e ved  t o  be e f fe c tive  in 

promoting t he ab sorp�ion o f  cal c i um ; but Widdowson et  al . 

1 9 63 demon s t rat e d  that addi ti on o f  mod e rat e am oun t s  o f  

phosphat e t o  t he di e t  o f  5 t o  8 day old  bre a s t  fed in fan t s  

improved t he abs orpt i on o f  c a l c i um and ma gn e si um . H owe ve r , 

in  further e xp e rimen t s  wi th arti fi cia l milk whe re c a l c i um 

and ph ospho rus rati o  was c onside rably l owe r than b re a s t  

mil k ,  i . e .  1 . 3 1  t o  2 . 0 ,  Widd ows on 1 96 5 fo und t hat c a l c i um 

was less  a b s o rb e d  by in fant s aged 5 t o  7 days and absorpt i on 

was improved  when the i n fant b e c ame 4 t o  6 weeks o l d . S h e  

found wi t h  in fan t s  4 to  6 weeks old that the rati o o f  c al c i um 

t o  phosphorus at  1 . 37 did n o t  impair c al cium abs orpt i on 

c ompared t o  human milk ; whi l e  at  ra t i o  1 . 3 1 , t he abs orp t i on 

o f  cal c i um was found l owe r than t he e s timated  n e e d  for 

tissue in c rement (8 1  ) .  H owe ve r ,  the absorpti on o f  c a l c ium 

i s not j u st  simply rela t e d  t o  ph ospho rus , i t  i s  al s o  foun d  

t o  b e  in flue n c e d  b y  the ab s o rpti on o f  vi tamin D and fat (254 ) .  

Being aware o f  the probl em , i t  was fe l t  that t h e  minimum 

rati o  o f  c a l c ium t o  phosphorus must be  ad j us t e d  at least  t o  

the rat i o  o f  1 . 37 a s  discussed  e arli e r , whi c h  i s  n e a r  enough 

t o  1 . 4 .  The rat i o  at 2 . 0 i s  n o t  found to  pre s e n t  any 

problem in calcium abs o rp t i on . 



T he re fore , the minimum r� t i o  o f  calcium phosph o rus 

in t hi s  s tudy was spe c i fi e d  at 1 . � t o  1 . 0 and the ma ximum 

at 2 . 0 t o  1 . 0 .  

2 . 1 . 1 5 Iron , i o d ine , mnngane se , c oppe r and zinc 

reo uiremen t s  

5 1 . 

I r on . I t  was e s timated by Fomon 1 974  that t he ne t inc rement 

of  body c on t e nt by  iron , durinc the fi rst ye ar o f  gre at e s t  

ne e d  i n fan t , i s  2 1 4 mg . 'l'he extent  o f  ab sorpti on i s  foun d  

t o  vary wid e ly . Th ough S c hulz And Smi th 1 95 8  sugge s t e d  

t hat more t han 1 0  pe r c e n t  o f  die t ary i ron was abs o rb e d  by 

most in fant s , Fo� o n  1 974 ba s e d  his e s t ima t e d  re q uirement for 

i r on on 1 0  pe r c e n t  abs o rpt ion . He re c ommend ed  that a n o rmal 

in fant should r e c e ive a c umulative  int ake o f  iron at l e a s t  

2 1 4 0 m g  durins t h e  fir s t  year  o r  7 m g  pe r day . T he �hai 

N o t i fi c a tion spe c i fi e �  i r on at � f  per 1 00 kc al . C o d e x  

A l im e n t nr i u s  s p e c i fi e s i ron � t  t w o  le ve l s  a t  0 . 1 5 m e  p e r  

1 00 kcal and al s o  1 m g  p e r  1 00 kcal , with t h e  c ondi t i on that 

produc t mus t be s pe c i fi e d  as in fant formula with i ron . I t  is  

worth n oting t h a t , addition of  i r on to  food has  b e e n  ob s e rve d 

t o  remove the  abi l i ty o f  h uman ni l k  t o  inhibi t t he r; r owt h o f  

E s c h e ri chia c ol i  in the intestine  ( 3 1 , 53 ) . Hen c e , f o r  the  

youn g  c hild d uring the first 3 m on t h s  whe re there  i s  an  

ad e q uate i ron s t orage , having i r on added  to  food c an b e  

ad van tage ous o r  d isadvan t age ous d epe nd ing on t he hygie n e  

o f  the  fe e ding environmen t . Howe v e r , wi th in fan t s  from 4 

months t o  1 2  m on ths , i t  i s  ne c e ssary t o  provide ad e q uate  

i ron f rom f o od . A s  a minimum o f  1 m g  o f  iron p e r  1 00 kcal 

is re qui re d by  t he Thai N o t i fi c a t i on and it c ove rs the  

e st i ma t e d  iron re quirement ( 8 1 ) base d on  the re c omme n d e d  

c al orie intake s (Table 2 . 3 ) , i t  wa s used in  t h i s  s t ud y . 



T h e re fore , t he minimum i ron wa s spe c i fi e d  per 1 00 

kc al at 1 mg . 
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I od ine . Th ough i odine i s  an e ssent ial c omponent o f  thyroid 

h o rmone , t he d i f fi c ul ty in the analyt i c a l  me thod and the  

wide  variability in  c on c en t ra tion in foo d s t u f f  make it  

v e ry di ffi c ul t  t o  e s t ablish t he re q ui rement ( 8 1 ) .  As an 

e x nmple , iodine in human milk is gi ven by Fomon 1 974 at  30 

m c g  pe r litre  and S al t e r  1 950 report e d  it t o  be in t he 

range o f  40 t o  80 mc g p e r  l i t re . H oweve r t he Ame ri can Food 

and Nut ri t ion Boa rd ( 1 8 1 )  re c ommen d e d  5 mcg pe r 1 00 kcal 

for an in fant age d up to 6 months . T he Thai Not i fi c a t ion 

as well as C od e x  A l imentarius  spe ci fy iodine pe r 1 00 kc al 

a t  5 mc g , this va l ue was use d in this s t udy . 

There fore , the min imum iodine per  1 00 kcal wa s 

speci fi e d  at  5 mc g . 

V.angane se . Though manganese  d e fic i e n c y  has b e en d emon s t ra t e d  

in  experi�ental anima l s , t h e  d e fi c i e n c y  synd romes i n  human 

beings have not  been i d e n t i fied and t h e re fore it i s  

impossible t o  e s t ima t e  the requiremAnt (8 1  ) .  C o d e x  

A lime n t a ri us re c ommends mangan e Fe a t  5 m c g  pe r 1 00 kc al . 

Neve r t h e l e ss , t h e  int ake o f  a normal one year old c hi l d  

has been  repor t e d t o  b e  approximat e ly 0 . 8 m g  pe r d ay ( 2 1 6 )  

or 9 1  t o  1 05 m c g  pe r 1 00 kc al ba s e d  on the re c ommended 

energy in t ake s ( Tabl e 2 . 3 ) . Duman milk c on t ains 7 - 1 5  m c g  

o f  mangan e se p e r  l it re . Taking 1 5  m c g  o f  mangane se  and 750 

kcal per l i t re o f  human mi lk , the man gane s e  per 1 00 kcal i s  

approximately 2 . 0 mc g . I t  i s  noti cable that obse rve d i n t ake 

o f  manganese is c on side rably highe r t han wha t  i s  availabl e 

in human milk and as re c ommende d  by C o d e x  Al imen tari us . 

Cuthbert s on 1 973 c omment e d  that the  a d d i t i on o f  mangan e s e  



in any f o rm t o  t h e  in fant d i e t i s  unwise unt i l  posit ive 

identi fiable bene fi t s  c an be  sh own . N e ve rthe l e ss , li t tl e  

mangane se i s  found i n  t h e  body o f  new b orn in fant ( 255)  
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and i t  i s  known that mangan e s e  i 8  imp ortant t o  human 

nut ri t i on ( 8 1 ) .  A s  discus s e d  in 2 . 1 ,  the re c ommended value 

by C o d ex Alime n t a rius was used in t h i s  stud y . 

� he re fore , the minimum manga n e s e  pe r 1 00 kcal i s  

spe c i fi e d  at  5 m c g . 

Coppe r . C oppe r i s  lmown t o  have nut ri t i onal s i gni fi c an c e  

from t h e  f a c t  that  it  i s  a c omponent in t h e  st ruc ture o f  

many important enzyme s ( 239 ) . Ne ve rthe le ss , t h e  re o uirem e n t  

f o r  c opper during infancy h a s  n o t  b e e n  de t e rmined ( 8 1 ) . 

Pri c e  e t  al . 1 970 e stima t e d  the c oppe r re q u i rement o f  7 

t o  9 year  old gi rl t o  be ab out 60  m c g  pe r kg per  day and 

Fomon 1 974 a c c e p t e d  thi s value a s  the re q ui remen t for in fan t s  

and pre s c hool chil dren , whi ch  i s  e q ui valent t o  52  t o  5 7  m c g  

pe r 1 00 kcal . Human m i l k  and c ow ' � milk provid e a pproxim a t e ly 

53 t o  4 5  m c g  p e r  1 00 kc a l  respe c t i ve l y . I t  i s  worth noting  

that  sugge s t i on by  Fomon 1 974 and  Cod ex Alimentarius are  

approximately the  same as provided  by  human mil k . A s  

d i s c us s e d  i n  2 . 1 , t h e  re c ommended  value by C od e x  Alirnen t a rius 

was use d in this st udy . 

The re f o re , the  minimum c oppe r pe r 1 00 kcal was 

spe c i fied  at 60 m c g . 

Though a ce rtain minimum c on t ent  must be sugge st e d  

for i n fant food , i t  was a l so fe l t  t hat a maximum lim i t  must 

also b e  de fin e d  due to i t s  t oxi c e f fe c t . A s  d i s cussed  i n  

2 . 1 , when t h e  exact i n format i on i s  n o t  available , t h e  human 

milk c omposi t i on was use d . Using the same c ri te ria as  f o r  

c a l c i um in 2 . 1  . 1 4 , t h e  amo unt o f  c oppe r in 1 400 kc a l  was 



742 m c g  and 740 m c g  was used as  a maximum limit . 

T h e re fore , the  maximum daily intake o f  c oppe r was 

spe ci fi ed at 740 mc g . 

Zinc . Though i t  i s  an e s sential nutrient  ( 39 ,  5 6 ) ,  the re 

is no sat i s fact ory me thod for e s timating the requirement 

during in fan c y  ( 8 1 ) � The requi reme nt of zin c  for grow t h  
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i s  calcul a t e d  t o  be 0 . 32 m g  daily by Fomon 1 974, but the  

retenti on d urin g the fi rst 4 m on th s  is found t o  be l e s s  

t han 0 . 3  mg  d aily . I loweve r , zinc balance  s tudy wit h  olde r 

in fant s  has n o t  been repo rt ed . Human milk c on t ai n s  3 t o  5 

mg  o f  zinc pe r li t re . Taking 5 mg o f  zinc and 750 kc a l  pe r  

lit re o f  hu�an milk , the zin c pe r 1 00 kc al i s  approxima t e l y  

0 . 6 6  mg . 7,inc  is  n o t  spe c i fi e d  by t he Thai Not i fi c a t i on 

but  is rec ommended by Codex Alime n t a ri us a t  0 . 5  m g  p e r  1 00 

kc al . As d i s c ussed  in 2 . 1 , t h e  zinc re commended by Codex 

A limentarius was used in this s t ud y . 

The  maximum limi t had t o  be c onsidere d  for the  same  

re ason as f o r  coppe r . Using the  same c ri t e ria as  for c oppe r , 

t he value o f  zin c d e rived from 1 400 kcal o f  human milk is  

9 . 2 mg and  9 . 0 mg was  used in this  st udy . 

T h e re fore , the minimum zinc pe r 1 00 kc al  was 

spe ci fied at 0 . 5 mg and the  maximum daily intake was 

speci fie d  at 9 . 0 mg . 

2 . 1 . 1 6  Oth e r  re qui remen t s  by the  Thai Noti fic at i on 

Apart from the nut ri e n t s  re quired by i n fan t s , the r e  

are 2 o t h e r  spe ci fi cations s e t  b y  t h e  Thai Noti fi c at i on . 

Ene rgy r e l at e d  t o  weight o f  in fan t  food . I t  i s  d e fin e d  

that the ene r gy p e r  1 00 g o f  d ry weight o f  in fant f o o d  m u s t  

n o t  be l e s s  than 350 kc al , a n d  i f  f o o d  is  l iquid for d rinkin g , 

the ene rgy must n o t  be l e s s  t han 65 kc al and n o t  more t han 



70 kc al pe r 1 00 g o f  l iquid fo od . The re fore , in d e s i gnin g  

an in fant food , the  ene rgy p e r  uni t  we i gh t  mus t b e  t aken 

i n t o  ac c ount . In  food  c omposition t able , t he m o i s t ure  

c on t e n t  i s  given and h e n c e  t h e  ene rgy per  uni t  of  d ry 

weight c ould be e asily obt aine d . For i n c l usi on in the  

linear pro gramming m o d e l , it  is  pre fe rahl e t o  base ene rgy 

on d ry sol id s . A c c ordinG t o  T a b l e 2 . 3 , the  am ount o f  d ry 

w e i ght  re q ui re d t o  give 760 and 330 kcal are 2 1 7  g and 

25 1 g re spe c tively . T h e  que sti on wa s wh e t he r the in fan t s  

a ce d  3 - 5 and 6 - 1 2  m on t h s  are D b l e  t o  take t h e s e  amoun t s  

o f  dry we i gh t . Obs e rv a t i on by F omon 1 Q74 found the m e d i an 

i n t ake o f  Ameri c an i n fan t s  t o  be 1 89 ml pe r  kg pe r d ay . 

N o  such i n format i on i s  a vai l able f o r  '�' h a i  in fant . In 

appl i c F t i on o f  this  obse rva t i on t o  the weigh t  o f  Thai  in fant , 

the v o l ume e xpe c t e d  far  in fant 3 - 5 and 6 - 1 2  m o n t h s  are 

1 240 ml  and 1 5 70 ml re spe c t i ve ly . The re fore , · t he approxima t e  

ratio  o f  dry food and wa t e r  would b e  1 t o  5 . 7 for in fa n ts 

3 - 5 mon th s  and 1 t o  6 . 32 for 6 - 1 2  mon t h s  re spe c t ive ly . 

Anderson and Fomon 1 97 1  re port e d  the  ave ra�e ratio o f  d ry 

c e real  and di l u e n t t o  be 1 t o  7 . 1  f o r  in fan t s  l ess than 6 

mont hs and 1 t o  ) . 5 for  in fan t s  5 t o  1 0  mont hs . S e emingl y , 

t h e  e st imat e d  d i l u t i on t o  use with t h e  e n er gy o f  350 kcal 

from 1 00 g o f  d ry w e i ght is  in the  range report e d  by 

Ande rson and Fomon 1 97 1 . 

T h e re fore , the  minimum ene rgy per  1 00 g d ry w e i gh t  

was spe c i fied a t  3 5 0  kcal . 

Sugar r e lat e d  t o  c arbohyd rate . I t  i s  al s o  d e fined that 

sugar c ont ent mus t not  b e  l e s s  t han 20 pe r c e n t  o f  all 

c arb ohydrat e . There is  no  in forma t i on on how much s ugar 

should be t aken by i n fan t s . I t  is known t hat in fant s  
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usuall y  obt ain 35 t o  55  pe r c e n t  o f  cal orie from c a rbohyd ra t e  

(8 1  ) .  I n  normal diet  o f  adul t in Uni t e d  Kingd om , i t  is  

found that  350  g of  carbohydrate is  t aken d aily of  whi c h  

6 0  pe r c e n t  i s  starc h ,  30 pe r c ent a s  s u c rose and 1 0  pe rcent  

as l 3 c t ose ( 1 0 1  ) . I n  our spe c i fi c at ion , taking protein , 

fat and c arb ohydra t e  a s  ma j or c o n t ribut ors t o  en e rgy , the 

like l i h o od of e n e rgy d e rived from c a rb ohyd ra t e  i s  5� t o  

7 1  p e rc e nt . T h e re fore , o n  t he basis  o f  2 0  pe r c e n t  o f  

c arbohydrate a s  sugar , the p e r c e n t age o f  ene rgy fro� sugar 

i s  9 . 2 to 1 4 . 3 pe rc en t . H ow t h e  in fan t  would manaGe t his  

amo un t  of  sugar is  not kn own e x a c t ly . V a s t  o f  t he 

in forma tion available on sugar t end s t o  c oncent rate on 

lac t o s e  int o l e rance  ( 1 34 ,  1 35 ) . The a vailable data 

re vealed  the n o rmal sucrose � e tabolism of Thai child ren 

aged 1 - 24 months , whe re 2 g o f  sucrose  and l a c t o s e  pe r 

kg o f  b ody w e re gi ven ( 1 35 ) . 

Sucrose  and dext rose have be en  re porte d t o  b e  added  

in  c omme rcial in fant f o o d s  suc h a s  frui t j ui c e s , c re amed 

v e ge t a b le and de sse rt . A c onsume r report on baby food , 

N e w  �e aland ( 224 ) , revealed  pe rc e ntage o f  suc r o se in  two 

instant  baby fo od s a t  2 1 . 3  and 2 8 . 3 pe rc en t . Thi s i s  

e q uivalent t o  24 . 1  a n d  27 . 3 pe rcent  o f  energy d e rived  from 

sucrose  and approximately  30 t o  32 pe rcent o f  c arb ohyd ra t e  

are i n  the f o rm o f  suc ro s e . T h e re fore , i t  se e ms that the 

s p e c i fi cati on by the Thai Noti fi c at i on is  i n  t he prac tical 

ran ge . 

As this sugar/c arb ohyd rat e  rela ti onship re quired 

by the  Thai N oti fi c a ti on i s  in the pra c t i c al range and t he re 

is no e vid e n c e  against this spe c i fied value , it  was used  in 

this  study . 



T h e re fore , the minimum sucrose content was 

spe ci fi e d  at 20 p e r c e n t  of all  c a rb ohyd rate . 
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I t  i s  worth n oting tha t l a c t o s e  intole ran c e  h a s  

b e en r e p o r t e d  i n  adul t s  i n  Thailand ( 1 36 ) . H owe v e r , i t  

has  b e e n  found that d urin g in fan cy t h e re is a d e q u8 t e  

e n zyme s t o  d ige s t  l a c t ose ( 1 35 ) .  K e us c h  e t  al . 1 9 G 9a 

found t hat t hough the �bn o rm a l i ty d i d  n o t  mani fe s t  i t se l f 

d uring i n f an c y , b y  t he age o f  2 ye ars all s t ud i e d  child ren 

re v e a l e d  'l a c t o  se malabsorp t i on or L'lc t o  s e  de fi c i e n c y . As 

t his s t udy d e al s with i n fa n t s  f r om 4 t o  1 2  m o n t h s , i t  was 

c on si d e re d  not n e c e s sary to spe c i fy for l n c t o s e . 

2 . 1  . 1 7  Fibre all owan c e  

I n t rod u c t i on o f  s o l i d  food t o  in fan t i s  in a trend 

t owards an e arly age as  d i s c us s e d  in 1 . 6 . How e ve r ,  the  

solid  f o od s have been  sugge s t e d  t o  be  s t rain e d  up to  about  

4 t o  5 mon ths (39 , 8 1  ) . Fibre had  n e v e r  been re c o gn i z e d  as  

an  i mpor t ant n u t ri e n t  until t h e  l as t  20 ye a rs . S ugge s t i on 

for t h e  fibre int ake was by Robin son in 1 95 6  (207 ) ,  w i t h  

an i n t ake o f  90 - 1 00 mg o f  c e llul o s e  per kg o f  b od y  

wei ght . The s i gni fi cance  o f  fibre i s  known i n  t he laxa t ive 

qual i t y  and the b i o c hemi c al e f fe c t  on the ab s orpt i on and 

reabsorpti on of chole s t e rol and bile acids (2 1 5 ) .  How 

important  is this bi o chemi cal e f fe c t  t o  t h e  i n fan t  c ann o t  

b e  di s c us s e d  d ue t o  l a c k  o f  in forma t i on . T h e  c ommon 

pra c t i c e  i s  that m o s t  food gi ven to in fant is e i t h e r  

s t rain e d , mashed or low i n  fibre . For inst�n c e , fibre 

found in c omme r c i al s trai n e d  food s u c h  as s t raine d  v e ge t able 

i s  1 . 5 5  g pe r 1 00 kc al and s t raine d  s oup dinne r at 0 . 34 g 

pe r 1 00 kcal (8 1 ) .  Fibre found in instant baby food i s  6 . 7 

pe r c e n t  b y  wei ght o r  1 . 95 g per 1 00 kcal (224 ). 
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In the  d e sign for in fant foo d , one must be  aware 

that in the sele c t i on of raw mat e ria l , t h e  food wi ll n o t  

c ome u p  wi th a l arge am ount o f  fibre . r e verthele  s s , t h e re 

is n o t  ade qua t e  e vid ence  t o  de fine for maximum l imit o f  

fib re . I t  is  an aspe c t  whi ch  will have to  b e  c onsid e re d  

d urin g t h e  d e s ign . 

2 . 1  . 1 8 The  spe c i fi c a t i on s  for ct ud i e d  nutri e n t s  

T h e  spe c i f i c a t i ons  R r c  surnnR rized  i n  T able 2 . 8 . 

T able 2 . 8 S pe c i fi c a t i on S e t  for In fant Food 

Nutri e n t s  Expre s s e d  p e r  

1 00 l�c al 

Expr e s se d per 

d ay 

Minimum Maximum �inimum Maximum 

F.ne rgy kcal 

Pr o t e in g 

E s s e n ti al 

amin o  ac ids 

Fat g 

Lin o l e i c  a c i d  

m g  

value value 

1 . 8 3 · 5 

2 . 0 

200 . 0 

Vi t amin A I . U .  250 . 0 750 . 0 

V i t amin D I . U . 

V i t amin E I . U . 

Vi t amin K m c g  

A s c orbic a c i d  

mg 

1 00 . 0 

1 0 . 0 

val ue value 

400 . 0 

Oth e r  

e xpre s sions  

760 d a il y  for  

3-5 mon t h s  a n d  

880 f o r  6 - 1 2 
months 

Pa t t e rn o f  

e s sen tial amino 

a c i d s  must n o t  

be l e s s  t han 70 

p e r c e n t  o f  e gg 

prot ein 

1 I . U . per g of  

linole i c  a c i d  



59 . 

T ab l e  2 . 8 c on t ' d  

Nu t ri ent s Expre s s e d  p e r  Expre ssed  p e r  Oth e r  

1 00 kcal day e xpre s si on s  

Ninim um Haxim um t<inimml t·1aximum 

value val ue val ue val ue 

T hi amine mg 0 . 05 

Ribo flavin m g  0 . 07 

Nia c in mg 5 . 0 

Vi t amin E6 mg 0 . 4 

Vi t amin B 1 2 m c g  0 . 3 

Pan t othenic 

acid  mc g 300 . 0 

F o l i c  a c i d  m g  0 . 05 

C h o l ine mg 7 . 0 

Bi o t in m c g  1 . 5 

S od i um m g  80 . 0 1 38 . 0 

C h l o ride mg 1 50 . 0 2 1 3 . 0 

Pot assium m g  200 . 0 234 . 0 

C a l c ium m g  50 . 0 630 

Ph o sphorus mg 1 30 . 0 

C a l c ium 

phosphorus 1 .4  as minimum 

rati o  and 2 . 0 a s  

maxim um 
1'-'l a gnesium mg 20 

I ro n  mg 1 . o  

I odine m c g  5 . 0 

Mangane s e  mcg 5 . 0 

C oppe r m c g  6 0  740 

Zin c  mg 0 . 5  9 . 0 

C al orie pe r g minimum a t  3 . 5  

o f  dry weight 

Suc rose as minimum a t  

percentage of 20 percent 

c arbohydrate 



2 . 2 Quali t ative c harac t e ri s ti c s � f  the in fant food  

I t  is importan t  that  the  in fant food does  n o t  only 

provid e  the required nut ri e n t s  for the in fant but als o  

provide s t he q uality pre fe r r e d  by the m o ther and in fan t . 

Though t h e  in fan t i s  the ul tima t e  c on c ume r ,  the  mother  or  

care t ak e r  i s  the person wh o wi ll c hoose , buy and  feed  the  

fo od t o  an in fan t . Usually where  the i n fan t i s  l o oke d  

a ft e r  by a helpe r ,  servan t o r  c a r e take r , the  d e c i sion on 

food i s  unde r the mothe r ' s supe rvi 8ion . There fore , the 

opini ons  and at t i tude of  the mothe r t oward s in fant food 

we re i n ve stigat e d . 

6 0 . 

The a t t i t ud e 8  o f  t he Thai m othe r c onside red  

imp o r t an t  in t he d e signing of  in fant foods  we re  relat e d  t o  

type s o f  Thai food  rAw mat e rial s a c c eptable  i n  in fa n t  

fe e d ing , de sirab l e  charac t e ri s t i c s o f  in fant food s , me t ho d s  

o f  p re parat i on a n d  handlin g o f  in fant food s , e xi sting 

marke t i n g  channe l s  and  a c c eptable pri c e s  of  in fan t fo o d . 

An inve s tigation w as carri e d  out t oge t he r  with the  

inve s t i gati on on fe e din g pat t ern s , t he survey f o rm is  shown 

in Appendix 3 .  The di s c us si on on the result s o f  the 

inve s t i gation is gi ven bel ow . 

2 . 2 . 1  T ype o f  Thai f o od raw mat e rials  ac c e pt abl e in in fant 

fe e ding 

The purpose was  t o  find the a c ceptable types  o f  

food  mat erials for use i n  the prepara t i on o f  foods for  

in fant s . As d i s c us s e d  earli e r  in  1 . 4 . 2  and shown in T able 

1 . 1 0 , the type s o f  food m at e rials used by the mothe r s  are 

ri c e  and glut i nous ri c e ; e gg , meat , fi sh , ve get able and 

frui t . For fish and v e ge table s ,  i t  was n o t  p o s sibl e t o  

obt ain the spe c i fi c  vari e t i e s  b e c ause they were re fe rre d 



t o  by m o the rs in  gene ral as fish and ve getabl e s  rat he r 

than by giving t he spe c i fi c  name s . Frui t s  al so  are used  

t o  a c onside rab l e  e xtent as shown in  T able 2 . 9  , 1 1 8 out  

of  200 mothers gave frui t s  to  their  in fants . The  m o s t  

c ommonly u s e d  frui t  was b anana , and to a l e sse r e x t e n t  

o range . Ot he r f rui t s  used were pin e appl e and wa t e rme l on . 

T able 2 . 9 N umbe r an d Percentage o f  Di f fe re n t  T ype s 

o f  Frui t s  given t o  I n fant s in 4 Re gi ons 

6 1  • 

N umbe r o f  mothe rs givin g d i f fe rent  type s o f  frui t 

Re gi on 

Cen t ral 

Banana Orange Both banana Othe r Numbe r o f  

1 4  1 1 

and o range 

9 

frui t s  m o t h e r s  gi vin g 

frui t s  

N o rt heast  32  4 3 

3 

35 

40 

N orth  1 7  1 0  5 35 

S o uth 5 2 

T o t al 68  27  

Pe r c e n tage 57 . 6 22 . 9  

1 6  

1 3 . 6 

7 

5 . 9 

8 

1 1 8 

1 00 . 0  

T h e r e f o re , it  c an be c on c luded that t he re i s  n o  

re s t ri c t ion in  using vari ous t yp� o f  food s . Ri c e  and 

glutinous ri c e  are used a s  basi c food mate ri al s . M e at , 

e gg and fish are used t o ge ther  wi t h  ri c e  and so  are the  

ve ge t abl e s ,  b u t  t o  a l e s s e r  e x t e nt . Frui t s  are c ommonly 

used e spe c i al l y  banana and oran ee . 

2 . 2 . 2 De sirable c harac t e ri s t i c s  o f  in fan t food by Thai 

m others 

Havi n g  kn own t ha t  di f fe re n t  types o f  food c ould b e  

us e d  f o r  in f an t , the further  c o n sid eration was t o  find t he 
I 

pre fe rable f o rm s  and t h e  pe rc e pt i on t owards t a s t e , c ol o u r  



and c onsistency o f  in fant fo od . T he pre fe rab l e  form s  we re 

i n ve stigat e d  in o rd e r  that t h e  most a c c e ptable pro c e s s  
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c ould b e  d e si gne d . Only d e hydra t i on , canning and b o t t ling 

a s  me thod s of  pro c e s si ng w e re c on si d e red in this s t udy . 

F r e e zing was not  c onsid ered  for  two re a �on s , firstly frozen  

st orage i s  not wi d e spre ad in Thailand  and  se c on dly in fan t 

food has se l d om be e n  proc e ss e d  a s  frozen food . As t h e  

ge nera l  fee ding pra c t i c e  i s  t o  gi ve ma�hed  ric e and bnnana  

whi c h  i s  a li t t l e  swe e t  o r  r i c e  with  ve getable and  meat  soup 

which i s  a li t t l e  s a l t y , the  r-e r c e  1. t i on o f  t a s t e  w a s  a ske d 

r e l a t e d  t o  s w e e tn e r � s and sal t i ne s s . � h e  c o l our was aske d 

re la t e d  t o  c ol our o f  food s fe ne ro l l y u � e d  �uch  as c re amy 

c o l our , light b rown or l i ght gr e e ni s h . ';' h e  c cmsi s t ency  o f  

the d e si�n e d  i n fant food w c u l d  b P  � ov e rn e d  t o  an e x t e nt  by 

the s pe c i fi c o t i on o f  c al o ri e  to d ry v.-e igh t s o  tho t t h e  d ry 

i n fan t food onc e  m i x e d  �ith wut e r  was not  t o o  t hi c k . 

H o � e v e r , the  gene ral fe e d ing pra c t i c e  range s  from �ashed 

ri ce  �ith banana or e gg whi c h  i s  a t hi c k  pa st e , ric e  wi th 

s oup ·" h i c h  can b e  r e garded as med ium and liquid milk whi c h  

c an b e  re garded  as thin . T he re fore , t h e  c onsistency was 

a ske d whe t her  the �t ethers  pre fe rred t hi c k ,  medium and t hi n  

c on si st e ncy . I t  must be n o t e d  t hat t h e s e  wo r d s  are m e r e ly 

an Engl i sh t ran slation , the int e rview was in Thai in whi ch 

t his  re q ui r e d  m e aning c an be  e xpre ssed  wi thout di f fi c ulty . 

A s  shown i n  Table 2 . 1 0  most  mothers pre fe rred  t h e  

d ry f o rm , n e x t  w a s  a ready t o  u s e  mix in whi c h  c anning was 

pre fe rred s ligh t ly hi ghe r  t han bot t ling . I t  i s  s uspe c t e d  

t hat t h i s  i s  c ause d by the  wid e spread use o f  c anne d  

produc t s  i n  T hai land . Obvi ously , d ry in fant f o od was f ound 

to be  t he most a c c e p table form . 



T ab l e  2 . 1 0  N umbe r and Pe rc entaee o f  Mothe rs  Pre fe rring 

Di f f e rent  Form s  o f  In fant Food 

Re gi on D ry powd e r  

Cen t ra l  33 

N or t he a s t 29 

N o r t h  23 

S o ut h  1 6  

T o t a l  numbe r 1 0 1  

Pe r c en tage 50 . 5 -

N umb e r  o f  m o thers 

Re ady to use 
b o t t l e  can 

1 6  5 

7 24 

9 1 2  

4 2 

36 Ll-3 

1 8 . 0 2 1 . 5  

Do  n ot know 

8 

7 

4 

20 

1 0 . 0 

In the  percepti on o f  m o t h e r  t owords in fan t f o od , the 

t a s t e , c ol our and c onsist ency of  in fant foods we r e  

in ve st i gat e d . Table 2 . 1 1 shows the  pe rc e pt i on o f  m o thers 

t oward s  d i f f e rent  ta s t e s . By fa r ,  a slightly swe e t  flavour 

was m o s t  pre ferred an d next was a bland flav our . I t  i s  

n o t i c able  t h a t  mothe r s  in t h e  C e n t ral and in  t h e  S outh 

pre fe rre d slightly sal ty flavou r . This i s  d u e  to the  c omm on 

p ra c t i c e  o f  givin g meat and vegetable  s oup s t o ck t o  in fan t 

whi c h  i s  sligh t ly sal t y . C omm e n t s  for othe r flavours were 

mi l d  flavour , salty and s our an d nutty flavou r . 

Table 2 . 1 1 Numbe r  and Pe r c e n tA ee o f  1 o t h e rs Pre fe rring 

Di f fe rent Fl avours 

Numb e r  o f  mothers 

Re gi on Bland Lit t l e  S oup Li t tl e  Others  D o  not  

swe e t  flavour sal ty know 

C e n tral 1 1 24 4 1 3  1 0  

N o r theast 1 8  35 4 8 
North 5 26 9 5 

S ou th 9 1 0  4 3 

T o t al 43 95 17 1 8 2 6  

Pe rc ent age 2 1 . 5  47 - 5  8 . 5 9 . 0 1 3 . 0 0 . 5  



For the a c c e p table  c olour , T able  2 . 1 2  shows the  

range o f  a c c eptabl e c olour s . Ob viously , light c re amy c o l our  

is  c o rre l a t e d  wi t h  in fan t fo od by the ma j ori t y  o f  mo t h e r s . 

Tab l e  2 . 1 2  N umber  and P e rc e n t n ge o f  M o the rs Pre fe r ring 

D.i f fe ren t Col ours 

Re gi on Light 

c re am 

C e n t ral 33 

N ortheast  38  

N o rth 34 

S outh 22 

T o tal 1 27 

P e r c e n t a ge 63 . 5 

Numb e r  o f  M o th e rs 

Any 

c ol our 

1 1 

1 0  

23 

1 1 . 5 

Li ght 

br own 

7 

8 

1 7  

8 . 5 

Others 

7 

9 

9 

2 6  

1 3 . 0 

D o  n o t  kn ow 

4 

2 

7 

3 . 5 

For the a c c e p tabl e c on s i s t e n c y , Table 2 . 1 3 shows 

t hat the ac ceptabl e c onsi s t en c y  of i n fa n t  food be fore 

fe e d in g  is in the  ran ge of thi c k  to m e d i um c onsist e n c y . 

T ab l e  2 . 1 3 N umb e r  and Pe r c e n t A ge o f  M ot he rs Pre fe r ring 

D i f fe re n t  Con si s t en cie s 

Re gi on Thi c k  H e d i um Thin Do n o t  

kn OVI 

Cent ral 2 6  1 8  1 5  3 

Northe a s t  3 3  29 4 

North 1 9  23 3 

S outh 8 1 6  

T o tal 8 6  86  20  8 

Pe r c e n t age 43 . 0  43 . 0 1 0 . 0  4 . 0 

As  far as  the  a c c eptabl e c hara c t e ris t i c s  o f  t h e  

fini she d  in fant food  product  are c on c e rned , i t  c an b e  



concl uded that T hai mothers prefer a dry product with 

slightl y  sweet f lavour , creamy colour c-m d medium to t hick 

consistency before feeding . 

2.2 .3 Method of pre pL ration a n d  h � n d l in of infant food 

The purposes were t o  in vestig� te the mothers ' n e ed 

of a pr oces sed infant food and the � e t h o d s t h a t  the pr o c e s s ed 

in fant food would be handl ed wh e n  it is avai l able . 

For the prepar ation of inf a nt food , T a b l e  2 . 1 4  shows 

that 4 5  percent of the mothers pre pa red food especia lly for 

their infant an d 40 percent divided it from the famil y food . 

Sone 1 5 percent did not answer because their infants were 

y oun ger than 3 month s and solid foo d s were not given . For 

the q uantity pr e p a red , 29 percent o f  �others prepare d f or one 

fc e d in c  a.t the tir.w , v:hile 1 5 . 5 p e r c e nt prepared more than 

one f e e d ing a nd 5 5 . 5 p e rcent d id not answer . S ee�i1 [ly , 

moth e r s  who did not a n swer either f e d  their inf a nt s  fro� the 

food pre p a red for the whole famil y  or their infant s were too 

young to int roduce solid f oods . 

TJ' able 2. 1 L1- E urnbe r and Perce n t <' rc of ] ' others '.'/ith 

Di ff e rent 1·1ethotl s of Preparing Food for Infant 

J umbc r of J>Jothers 

Region Preparinc; food Qu<mtity pre p e re d  

Specially 'I' a ken Do not For on e More Do not 

from ansvt e r  feeding than a n"' \'Jer 

fa mily one 

food feeding 

Central 30 1 6  1 6  1 8  1 1 33 

Northeast 20 40 7 1 3  7 47 

N o rth 2 6  1 5  4 1 7  9 1 9  

South 1 4  9 3 1 0  4 1 2  

T Otal 90 80 30 58 3 1  1 1 1 

Pe r c entage 45 . 0 40 . 0 1 5 . 0 29 . 0 1 5 ,5 55 . 5 
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I n  d i s c u s sing whe the r it  is c onvenien t for m o t h e r s  

t o  prepare food for in fan t , the mot he rs ' oc c upat i on wa s 

ob se rve d . T able 2 . 1 5  shows t ha t  a e  h igh as 72 pe r c e n t we re 

worldng m o t he rs , e i t h e r  farming or  o f fi c e work . 

� t atis t i c a l l y  83 p e r c e n t  o f  t h e  popu l a t ion i s  r e p o r t e d  t o  

wor�  in farming ( 1 8 3 ) . 

1' etbl e  2 . 1 5  N umbe r and Pe r c e n t a; ·:e  Distribut i on o f  .'o t h e rs ' 

Oc cupat i on 

Re gi on 

Central  

N o rthe a s t  

N orth 

S o uth  

T otal 

Percen tage 

'Narkin g m o t h e rs 

Housewi fe Farming G overnment 

o f fi c e  

24 

1 4  

3 

1 5  

56  

28 . 0 

27 

28 

20 

1 7  

32 

70 

35 . 0 

O f fi c e  and fac t ory 

w ork 

1 8  

9 

9 

1 0  

4 6  

23 . 0 

In  t hi s  s urvey , 1 4 p e r c e n t  o f  mothe rs we re f ound t o  

engage in  farmin g . Thi s may b e  the c onsequen c e  o f  the  

s e l e c ti on o f  mothers  from the  urban a rea more  t han the  rural 

area . Al s o , s t a t i stical figure s i n c l u d e d  men and women 

whereas in t hi s  survey only w omen w i t h  young c hildren we re 

se l e c t e d . Wi t h  this hi gh pe r c e n t age o f  working m o t h e rs , i t  

was expe c te d  tha t pro c e s s e d  in fant f o od would a s s i s t  i n  the 

home p re parati on for in fant f o od . 

For the opinions t owa rd s having t o  pre pare food for 

in fan t , Table 2 . 1 6  shows that 4 5  p e rcent  o f  mothers found  it  

c onveni e n t , 1 4  percent found it  in c on venient  and 38 . 5  

pe rcent  d i d  not  answe r the que � ti on . The ma j ority o f  the 



m o t h e rs not  givin g an answe r we re in t he Northeast . I t i s  

suspe c t e d  t o  b e  t h e  c onse q ue n c e  o f  n o t  havin g t o  pre pare 

food for the i r  in fan t spe ci ally , m o s t  of the m o t he rs fe d 

t h e i r  in fan t s  wi t h  human milk and glutin ous ri c e . A small 

numb e r  of  mothe r s  in othe r regi ons  d i d  n o t  answe r this 

que st ion , they had in fan t s  younge r t han 3 months ol d . 

D e s p i t e  the h i gh numb e r  o f  wo rkine m o t he rs , most  o f  them 
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did  n o t  find i t  i n c onvenie n t  t o  prepare  foo d for t h e i r  in fan t s .  

Tab l e  2 . 1 6 N umbe r and Pe r c e n t a ge o f  M ot he rs wi t h  

D i f fe re n t  Opinion s in Preparing In fan t Food 

N umbe r o f  m o thers  

Regi on C onven i e n t  I n c onvenient  N o t  sure Did n o t  

C e n t ral 47  5 3 7 

N o r t he a s t  2 7 57 

N o r t h  2 9  1 5  

S o u t h  1 2  1 2  

T o t al 90 28 5 7 7  

Pe rc en tage 45 . 0 1 4 . o 2 . 5 38 . 5 

kn ow 

In t h e  inve s t i ga t i on for t he me thods  by whi c h  t h e  

proc e s se d  in fant f o o d  wil l  b e  hand le d , t h e  avail abl e 

fac i l i t i e s  in t h e  home we re obs e rve d . I t  i s  c ommon i n  

T hai land that e a c h  h ous e h o l d  i n  t h e  rural are a h a s  a n  open  

c ha r c oal st ove and in the  u rban area has  e i t h e r  c harc oal 

s t o v e  or gas s t o ve . I n  c a s e s  whe r e  a c harc oal s t ove i s  

u s e d , boiled  h o t  wat e r  i s  kept i n  a t he rmos  to  save t im e  

i n  ge t t ing t he c harc oal s tove  going . I n  realizing t hat  i f  

a d ry in fant f o o d  i s  use d , i t  may n e e d  dissolving i n  h o t  

wa t e r ; and i f  c an ne d  o r  b o t t l e d  in fan t food , a re frige rat o r  

may b e  n e e d e d  b e c ause o f  t h e  highe r susc eptibil i ty t o  
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mi c robial spoilage o f  the  c on t e n t s  o f  an  ope ne d c an in the 

t ropi c al e n vi ronmen t .  �he re fore , the inv e s t igat ion was 

a l s o  made on the avnilability of re fri ge rat o rs and t h e rm o s  

flasks in the house s . 

T ab l e  2 . 1 7  Numbe r  and Pe r c en t a g e  o f  Fac ilit i e s  

Region 

C e n t ral 

N orthe a s t  

North  

S outh 

T ot al 

Pe r c ent age 

Having b o t h  

Re fri ge rat o r  

an d t h e rmos 

33 

53 . 22';6 

1 3  

1 9 . 40% 

29 

64 . 44% 

3 

1 1  • 5 ?t/o 

78 

39 . 0 

Having only 

the rm o s  

2 8  

45 . 1 6% 

4 1 

6 1 . 1 g:>,h 
1 3  

28 . 88% 

22 

84 . 6CJ/o 

1 04 

52 . 0 

N o t  having 

e i th e r  

1 • 6 1 %  

1 3  

1 9 . 40% 

3 

6 . 66% 

3 . 8 5% 

1 8  

9 . 0 

As  shown in T able 2 . 1 7 , most  house holds  posse sse d 

the rmos  flasks i . e . 9 1  pe r c e n t  whe reas only 39 perc e n t  

p o ss e s se d  re frige rat or  a s  w e l l  and 9 pe r c e n t  did  n o t  possess  

e i ther of  these i t ems . In  the c i r c umstan c e s  whe re hot wa t e r  

c an b e  e a sily obtaine d ,  d ry in fant fo od will b e  c onveni e n t  

t o  handle b y  t h e  maj o rity o f  t h e  mothe rs � Though b o t t l e d  

o r  canne d produc t is  c onvenient t o  use , a high e r  d e gree o f  

sanitation d uring hand ling i s  re quired in c omparison t o  d ry 

fo rm . The  produc t c an be  de signed t o  be  used for one 

f e e ding but some m o t h e rs may not  use t he whole c on t aine r  

a t  t he time . Onc e  t h e  c on tain e r  i s  opene d , i t  will be 

d i ffi c ul t  for the 6 1  p e r c e n t  of mothe rs wit hout 



re fri ge r a t o r s  t o  ke e �  i t  away from t h e  spoilage i n  t h e  

ave re�e t empe rat ure o f  28 °C ( 1 84 ) . T h ough re frige ra t o r  

d o e s  n o t  p r e v e nt mic robi ologi c a l  spoi l a ge , i t  make s it  

possib l e  to  ke ep the opene d c on tain e r  for  a few days . 

Be c ause o f  t h e  hygi e n e  and c on veni e n c e  during 

handlin� , d ry in fan t food wil l fit in wi th the wide spre a d 
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use o f  t h e rmos fl o c kr in the  h ome be t t e r  than the  c anne d or 

b o t t l e d  in fant fo od . 

2 . 2 . 4 The existing ma rke ting c hann e l s  

T h e  dairy based in fan t fo od s , the neare s t  prod u c t  

t o  t h e  p r o c e s s e d  in fant fo od , wa c inv e � t i eat ed f o r  t h e  marke t 

dis t rib u t i on . The  purpo s e  w� c t o  de t e rmine t h e  marke t i n g  

c hann e l s  ':: hich  \':Oulcl h.::we  t o  b e  ur·.c cJ f o r  the proc e s s e d  

in fant food . A c  the n 8 rmEll ma rh:e tin 1: chann e l <'  i n  Thailand 

m a y  b e  d i f fe re n t  to  othe r c o un t ri G F , a b rie f d e s c ri p t i o n i s  

giv en . I t  is c ommon in T ha i l and  for a di f t ri c t , e i t h e r  i n  

t h e  r u ral o r  urban areas t o  have a o called  fre ch  ma rke t , 

whe re fresh  c omm odi t i e s  as w e l l  a s  proc e s sed c ommodi t i e s  

a re s ol d . Apa rt from this  t yp e  o f  ma rke t ,  t h e r e  i s  a 

groc e ry type shop  scat t e r e d  around t h e  c ount ry . I n  the  big 

c i ty , there  are  supe rmarke t s  a s  well  a s  fre sh  m a rke t s  a n d  

�ro c e ry shops . � h e s e  a re t h e  n o rm a l  c ha nnels  whe r e  food  

c ommodi t i e s  are  s old . 

I t  was f ound as sh own in Table 2 . 1 8 that the m a in 

d i s t ri b uting c hanne l for  milk b a s e d  in fant f o od wa s t h rough 

the f r e s h  marke t i . e . 34 p e r c e n t  and 29 pe rc e n t  t h rough t he 

groce ry , t h e  re s t  we re through heal th-c ent r e  and 

s upe rmarke t . 



T able 2 . 1 8 N umbe r  and Pe rcent ar,e o f  Mothe r s  wit h  

D i f ferent Marke t Channe l s  for � i lk-base d In fan t Fo od 

Di s t ribution 

Numbe r o f  mothers 

70 . 

Regi o n  M arke t Gr o c e ry � up e r - H e a l t h  

m a rke t c e n t re 

and 

h o spit al 

Ot h e rs D o  n o t  

C e n t ral 

N o r t he a st 

N o r th 

S ou t h  

6 

29 

1 2 

2 1  

'J' o t a l  6 8  

Pe r c en t a ge 34 . 0 

2 1  

1 5  

1 8  

5 5  

27 . 5 

9 

3 

7 

1 9  

9 - 5 

1 9  

6 

3 

3 

3 1 

1 5 . 5 

2 

4 

2 . 0 

answer  

6 

1 2  

4 

23 

1 1 . 5 

A c c ord i n g t o  t h e  e xi c t i n r  c h anne l s , the  p r o c e s s e d  

i n fan t f o o d  i s  e x pe c t e d  t o  b e  r- o l d  t h r o ut;h fre s h  m A rl�:e t a n d  

g r o c e ry sh op . I t  wo s a l s o  f o und l h n t 1 5 . 5 pe r c e n t  wo s s o l d  

t h r o u gh t h e  he al t h  c e n t re ana h o spi t n l . Di f fi c ul t y  i s  n o t  

e x p e c t e d  i n  t h e  d i s t rib ution o f  p r o c e s s e d  in fant fo o d a l on g 

t h e  c h n nn e l s  o f  d a i ry b a F e d  i n fan t f o o d . H owe ve r , t h e e xnc t 

m a r ke t in g  d i s t rib u t i on c a n  b e  f u r t h e r i n v e s t i �a t c d  o n c e the 

prod u c t is l a unched in  the marke t . 

2 . 2 . 5 A c c e p t ab l e  pri c e s for in fn n t  food in relat i on t o  

in c ome s 

The p urpose w a s  t o  find t h e  M o s t  a c c e p ta bl e p ri c e 

and the  e f fe c t  o f  di f fe rent  in c om e s  upon the a c c e pt ab l e  

p ri c e . Fi rs t , the inc om e s  o f  m o t h e r s  in di f fe rent r e gi ons 

we re  c onsi d e r e d . rr a b l e  2 . 1 9  shows the highe st numbe r o f  

mothe rs having i n  the Central a n  inc ome o f  2000 baht pe r 

m on t h , while  in  t he Northeast havin g  500 baht and in the 
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N o rth and S outh having 2000 baht and 1 000 baht re spe c ti ve ly . 

On the vthole , the hi ghe c t  numbe r wa s in the in c ome t_Sroup o f  

2000 baht . The  ave r a G e  in c om e  o f  int e rvi ewed mothe rs 

c a l c ul a t e d  from Table 2 . 1 9  W A S 1 892 baht or a pproxim a t e l y  

1 900 baht . 

Table  2 . 1 9 The Di s t ribution o f  � 'i o t he r s  I n c om e s  by 

Di f fe re n t  Re gi ons , C olllp0 ring t o  t 11 e  ' ' n t i onal Di s t ri b u ti on 

Numbe r o f  m o th e rs 

Mon thly in c om e , baht 

Re gi ons 500 1 000 2000 3000 4000 5000 ). 5000 

C e n t ral 3 8 
N ortheast 28 1 3  

N orth 3 8 

S outh 1 4  

T o t al 35 4 3  

P e r c e n t a ge 1 7 . 5 2 1 . 5  

Pe rcent a ge 

n a t ional 29 . 0  23 . 0 
d i s t ributi on 

28 

1 5  

2 1  

8 

72 

36 . 0 

25 . 0 

1 1 

7 

2 

20 

1 0 . 0 

1 2 . 0 

5 

8 

2 

1 6  

8 . 0 

5 . 0 

2 

2 

4 

2 . 0 

2 . 0 

5 

3 

1 0  

5 . 0 

C omparin g t h e  perc entage d i s t ributi on o f  inte rvie w e d  

m o thers w i t h  t he nati onal d i s t ributi on ( 1 83 ) , the p e r c e n t age 

o f  inte rviewed m o t h ers was l e ss in t he in c ome c at e go ry o f  

5 00 baht but more in t he c a t e gory o f  2000 baht . In o the r 

c a t e gori e s , the p e r c e n tage o f  nation a l  dis tribution and t h e  

i n t e rvie we d mothers w e re approxima t e ly t he same . T h e  ave ra ge 

m onthly i n c ome c a l c ul at e d  from t he nati onal d i s t ributi on was 

1 7 53 or 1 800 baht . The ave ra ge in c ome of in te rviewed 

m o thers was only sli gh t ly hi ghe r t han the nati onal average . 

On t he whol e , the i n c ome dist ributi on o f  inte rviewe d mothe rs 

c ompar e d  qui t e  well with t he na t i ona l d i s t ributi on . It  is  



7 2 . 

expe c te d  t hat the  in form�t i on on pri c e s  gi ven by t hi s  group 

o f  m o t h e r s  should reasonably p oin t to t ne a c c epta ole  pri c e s  

o f  in fan t food . 

H oweve r , in askin g  for the pri c e s  a c c e p t a ble  for 

daily i n fan t fe e ding , 60 pe r c e n t  of  m o t h e rs c oul d not  

answe r t nis  que s t i on for the re ason o f  n ot having any 

e xpe ri�nce  in buying pro c e s sed in fan t food ( 1ab l e  2 . 2 1 ) . 

The n umbe r o f  m o t h e r s  an swe rin g  t ni s  que s t i on was found t o  

i n c re ase w i th t h e  in c um e s  i . e . from 2 0  t o  2 6 , 4 2  and 64  

percent  when  montnly i n c om e s  i n c reased  from 500 t o  1 000 , 

2000 ana great e r  than 2000 re spe c t i vely . 1he ac c e pt a ol e  

pric e s  al60 i n c re ased wi L h  mon thly i n c omes a s  shown in 

Tabl e 2 . 20 . 

T ab l e  2 . 20 a N umbe r  and Pe r c entape o f  Mothers  with  

Di f fe re n t  A c c e ptable Pri c e s  f o r  Daily Feeding by Inc ome 

C at e go ri e s 

N umbe r o f  m o t hers 

Mon t hly A c c e ptable  p ri c e s , Numbe r and T otal 

i n c ome baht pe rcen tage inte rviewe d 

categorie s , o f  mothers  mothers 

baht 1 - 3 4 - 6 8 - 1 5  answe rin g 

t he que s t i on 

500 2 4 1 7 35 

( 28 . 6 ) ( 57 . 0 )  ( 1 4 . 3 )  ( 20 . 0 ) 

500- 1 000 4 6 1 1 1 43 

( 36 . 4 )  ( 54 . 5 ) ( 9 . 1 ) ( 25 . 6 ) 

1 000-2000 6 1 4  1 0  30 7 2  

( 20 . 0 )  ( 46 . 7 )  ( 33 - 3 ) ( 4 1 . 7 )  

) 2000 1 1  7 1 4  32 50 

( 34 . 4 )  ( 2 1 . 8 ) ( 43 . 7 )  ( 64 . 0 )  

aPe rcent age given in  bracke t . 



The pe r c e n tage s  o f  mothe rs ac c epting p ri c e  o f  

8 - 1 5  baht in c re a s e d  from approxima t e ly 1 0  p e r c e n t  i n  t h e  

i n c ome o f  500 and 1 000 baht to  33 p e r c e n t  i n  t h e  in c om e  o f  

2000 baht and 44 p e r c e n t  in the in c om e  great e r  than 2000 

baht . Ab out one - third o f  mothe rs in all inc ome c a t e gorie s 

a c c e p t e d  the p ri c e  o f  1 - 3 bah t . T a king int o a c c ount that  

only 20  and 26 pe rcent  o f  mot he r s  in in c ome groups o f  500 

and 1 000 baht answered the q ue L t ion , only mothers with  

in c ome gre at e r  t h an 1 000 baht  were abl e  to  ac c e p t  pri c e s  o f  

8 - 1 5  baht . The maj o rity  o f  mothers  i n  the monthly i n c ome s 

o f 500 , 1 000 and 2000 baht a c c e p t e d  t he pri ce  o f  4 - 6 baht , 

whi l e  mo the rs wi t h  incomes great e r  than 2000 baht a c c e p t e d  

t h e  pri c e  o f  8 - 1 5  baht . C onside ring t h e  ac c eptable  p ri c e s  

b y  all  the mothers  an swe ring t hi s  que E tion , Table 2 . 2 1 shows 

that 28 . 75 pe r c e n t  were pre pare d to p a y  up to 3 baht p e r  

d ay , 38 . 75  pe r c e n t  f o r  4 - 6 baht , a n d  32 . 5 p e r c e n t  f o r  

8 - 1 5  baht . 

T able  2 . 21 N umber and Pe rcentage o f  Mothers Wi th  

Di f fe rent A c c e p t able Pri c e s  for Daily  Fe e ding 

Re gi ons 

C en t ral 

No r t heast  

N o r th 

south 

T o t al 

Pe r c e ntage 

N umber  of mot hers 

A c c e p t able pri c e s ,  for 

d ai l y  fe e ding , baht 

1 - 3 4 - 6 8 - 1 5  

1 2  

9 

23 

28 . 75 

3 

8 

1 8  

2 

3 1  

38 . 7 5  

1 0  

2 

9 

5 

26  

32 . 5  

Numbe r  and 

pe rcent age o f  

mothers 

an swe ring t h e  

q ue st i on 

25 

1 1  

36 

8 

80 

40 . 0  

T o tal 

int e rviewed 

m o th e r s  

6 2  

67 

45 

2 6  

200 

1 00 � 0  
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Many al t e rn 8 t ive s may b e  c on c l ud e d , t h e  60 pe r c e n t  

n o t  answ e ri n g  the q ue e t  i on e i the r r. w y  n o t  a f ford i t  o r  m a y  

b e  prepa r e d  t o  buy i f  i t  is c heap . T h e re i s a q ue stion o n  

h ow cheap . I t  i s  d o ub t f ul i f  t h e  � o t h e rs with  monthly 

i n c ome s l e s s  than 1 000 bah t c an � f f o rd p r o c e s se d food  P E  

t h e  in c om e i s  c ompG r� t i v e l y  l o w  � n� o n l y  2 0  pe r c en t i n  t hi s  

group w e  r e  EJ b l e  t o  o·i v e  the a c  c c p t 0  l lle p ri c e s . C e  rt n inl y , 

wi t h  4 0  p e r c e n t  o f  m o t h P rs a n ��e r i n c  t he q ue F t i on ,  the 

c h e a pe s t pr od u c t  w o s  �ost ac c e pt e d . I f  i t  w a s  - 3 bah t , 

i t  w o uld be a c c e p t e d  by all , whil e i f  it  wa s 4 - 6 baht 

t w o - third o f  t he m o t h e r s  would a c c e pt and only one - third 

w o u l d  a c c e p t  at t h e  pri c e o f  8 - 1 5 bo ht . 

2 . 3 C on c l usi on 

T h e  r e q ui re m e n t  o f  a n  in f�nt  wit h  parti c ul a r  

r e fe ren c e  t o  Thai in fan t  h a s  b e e n  disc ussed  and spe c i fi e d  

n ot only to  c omply with the T h a i  1'! o t i  fi c r-� t i on but also  wit h  

t h e  avai lab l e  in f o rma ti on on i n fant n u t r i t i on and the 

d ra ft e d  s t and ard by C o d e x A liment� rius ( 46) . In fant e we re 

d i vi d e d i n t o  2 gro ups a c c ordin �  t o  d i f fe re n t  e n e r gy 

r e a uireme n t s , i . e . 3 - 5 m on th o l d  �he re e ne rgy re o ui rement 

w a s  e s tima t e d  at 7 60 kc al pe r day and G - 1 2  mon t h  o l d  at 

880 k c a l  per day . The nut ri e n t s ,  c onsi s t ing o f  1 4  vitamins , 

1 1  mine ral s , 1 1  e s sen t i al amino acids  and 6 o t he r  ge ne ral 

n u t rien t s  were de fined . M o s t  o f  the in fant re q ui rement s 

were  d e fined  relat e d  t o  ene rgy pe r uni t  o f  1 00 kc al as 

s pe c i fi e d  by Thai N o t i fi c a t i on and re c ommended  by Codex  

A l imen tarius . Nutri en t s  t h a t  we re c on sidered in this  s t udy 

but not  re q ui red by the Thai Not i fi c a t i on we re  e xpre s s e d  as  

minimum d aily re qui reme nt . The  minimum re q ui rements  were  

spe ci fie d for all the  n ut rie n t s . N e verthe l e s s , for  a n umb e r  
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o f  nu t ri e n t s  i t  was c on si d e r e d  ne c e s sary t o  d e fine for their 

maxim um limi t s  a s  w e l l . I n  the spe c i fi c at i on for p ro t e in , 

fat and fib re , b e cau sP o f  inde fini t e  re q ui reme nt s furt h e r  

c onsi d e ra t i on i s  n e e d e d  d urin g  t h e  d e � ign . 

Fr om t h e  survey wi t h  m o t h e rs i n  d i ffe re n t  r e gi on s , 

the i n ve s t i gat i on c e r t ai n l y  re v e a l e d  t h e  pe rc e p t i on o f  

m o t h e r s  t oward s  i n f a n t  fo o d . T h e re wa s n o  re s t ri c t i on t o  

the use  o f  gene ral types o f  food rn w m � t e rial s . The 

perc e p t i on of mo thers of an in fan t food was a d ry prod uc t  

in a c re amy c ol our  wi th s l i ghtly swe e t  flavour and medium 

t o  t h i c k  c on si s t e n c y . Furt h e rmo re , d ry prod u c t  will fi t in 

be t t e r  w i t h  the f a c i l i ti e s  a v a i l a b l e  in t he h ome s . T he r e 

was a hi gh numbe r o f  worki n g  m ot he r s . M o s t  o f  mothe rs ha ve 

t o  pre pa re f o o d  f o r  i n fa n t  s p e c i � l l y  but  t hey do n o t  f i n d  

i t  i n c o n v e ni e n t . Whe t h e r  c on veni e n t in f�nt  f o od w o u l d  be 

a n  n s P e t  t o  1n ot h �rs , i s  d i f fi c u l t  t a  d e c id e . M o s t  m o tho r s  

a re used to pre pa ring food  for i n f� n t  and d o  not  have 

expe ri e n c e  in buying alre ady ma d e  in fan t f o o d . T hi s  a r e a 

n e e d s  m o re inve s t i Ga t i on o n c e thR re i s  s u c h  a produ c t  

a v a i l a b l e  for t h e  marke t . 

T h e  o t h e r  di f fi c ul t  a spe c t  t o  d e c i d e  i s  the  

ac c e p t a b l e  pri c e . S e emingly , 4 - 6 bah t c a n  be  c on cl ud e d  

a s  t h e  m o s t  a c c e p t a b l e  pri c e  as  i t  i s  a c c e p t e d  by  two-thirds 

o f  m o t h e r s  answe ring that q ue s t i on . One c e rtain emphasi s i s  

that  t h e  de sign e d  in fant food  should b e  a s  c he ap a s  p o s sibl e . 

The c h e aper the  produc t i s , the  wide r the produc t i s  

expe c te d  t o  b e  use d . 

Having d e t e rmine d  b o t h  q uan t i t ative and qual i t a t i ve 

chara c t e ri st i c s  o f  the  i n fan t  food , the  next  c on side ra t i on 

i s  finding t h e  me thod t o  d e sign the  i n fant food  t o  provide 



all t h e  spe c i fie d nutri en t s  from �hai raw mat e rials  and 

at  the  same t ime to give the c he �pe s t  product wit h  the 

o t h e r  quali t i e s  as pe r c e ive d by mo t he rs . 

?6. 



CHAPI'ER 3 

SETTING UP TJlli LINE A R  fROGR AMM ING 

t·WDEL F OR AN I N F b  N'J' F OOD 

T o  a r r i v e  at  a produ c t  �ith  t h e  spe c i fied  

quan t i t a t i ve and q uali tative  c ha ra c t e ri s t i c s , the fi r s t  
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s t ep i s  t o  find a suitable  blend o f  t h e  raw ma t e ria l s  

avail abl e . Raw mat e rials  t o  gi ve t h e  spe c i fi e d  quan t i t at i ve 

chara c t e ri s ti c s  are n e e d e d  fi r s t  a c  a basis , b e fore 

mod i fi c 3 t i on for the q uali t � t ive  c h � ra c t e ri s t i c E  c an be 

mad e . 

T he c h e ap e E t  prod u c t c an onl y  be de rive d from the  

cheape s t  f orm u l a t i on . T o  give this , the  raw ma t e rials  wil l  

have t o  b e  formul ated  t o  provi d e  t h e  r-pe c i fi e d  q uanti t i e s 

o f  nutrients  at  t h e  l owe s t  possible c ost i . e .  the 

formula t i on has an ob j e c t i ve of �in imi zing the  c os t  and at 

the same t ime provi ding all the  spe c i fi e d  n u t ri en t s . T h i s  

prob lem d e s c ri p t i on fi t �  wi t h  l ine A r  programming c on d i t i on s , 

where t h e  limi t e d  re sourc e s  are al l o c a t e d  t o  m e e t  the 

spe c i fi e d  ob j e c t i ve . Hen c e , to se l e c t  the  food raw ma t e ri al s  

for t h e  l ow c o s t  in fan t foods  with re q ui red  n u t ri en t s ,  the  

line a r  programming model  was applie d . T hi s  c hapt e r  

di s c u s s e s t he s e t ting up o f  a l inear pro gramming m o d e l  f o r  

sele c tion  o f  raw mate rial s t o  sa ti s fy t h e  nutri t i onal 

re q uirements  o f  the  Thai in fan t , the organi s a tion for 

soluti on by c ompu t e r and the possib i l i t y  of  a c hi e ving the 

best s o l ut i on in a c c ordan c e  with the  re s t ri c t ion on the  

nut ri e n t s . 



3 . 1  T h e  ge ne ral linear _ Erogramming model  

Thi s was  firs t d e v e l ope d and appl ied in 1 947 by 

Dan t z i g  to inve st iga t e  the fe asibi l i t y  of applying 
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mat hema t i c al t e chni que t o  mili tary pro gramr:.ing and planning 

problems , and the Simpl e x  me thod  as a sy st emat ic pro c e dure 

was given for solvin g the  prob l em ( 93 ) . The first 

appl i c a t ion of the linear progr� mmine te chni que in the 

de sign o f  n u t ri tional food s w a s  by � ti [l e r  in 1 949 . 

E d ward son 1 974 review e d  the li t e rn t ure on the appli c a t i on 

o f  linear programming and summarized the appli c a t i on t o  

n u t ri t i on problems as in  Appendix 8 · In the  li t e rat ure , 

no  re fe ren c e  has been  found on the appli c a t i on o f  linear 

programming t o  the d e s i gn of an in fant food whi c h  will 

provid e  the full daily nutrient  re q uirement for i n fa nt s  

und e r  one ye ar . T h e  n e a r e s t  inve s t i ga t i on wa s b y  Ingl e t t  

e t  al . 1 969 . Realisi n['" the inc reaE in[_!; import anc e  o f  c e re al 

in  fe eding pre s c hool children i n  the d e ve l oping c ount ri e s , 

they use d linear programming t o  opt imi ze on ly the protein 

quali ty in  a c e re al -b a s e d  food . The t e chni que may have b e e n  

u s e d  i n  the f o o d  inJ us t ry f o r  the  d e si gn o f  in fan t food s b u t  

pub l i shed  in forma t i on o n  thi s i s  n o t  availabl e . 

T h e  gene ral mat h emati c al s tatement o f  linear 

p rogrammin g  rela t e d  to  t he nu t ri t i onal prob l em invol ves : 

minimize t h e  c o s t  fun c t i on 

c 1 x 1 + c2 x2 + . . . . . . . c X n n 

s ub j e c t t o  t h e  c ondit i ons 

a 1 1  x 1 
+ a 1 2  x2 

+ . . . . .  a 1 n  X � b 1 n > 
a

2 1  x 1 + a2 2  x2 
+ . . . . . a2n X � b2 n > 

a 
m 1  x 1 

+ am2 x2 
+ • • • • •  a X < b mn n = m 

> 
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and 

x 1 1- 0 

x2 � 0 

X '?r 0 n 

whe re m represent s the numb e r  o f  n u t ri e n t s  or rows 

n represen t s  the numb e r  o f  food raw ma t e rial s or c ol umns 

ai j  re presen t s  the  numbe r o f  weight uni t s  o f  t h e  i t h  

nutri e n t  in one uni t wei ght o f  the j t h  f o od raw mat e rial . 

x j r e p rese n t s  t he numbe r  o f  weight uni t s  o f  the  j t h  

food raw mat erial in the solution . 

c j re p re sent s the c o s t  pe r uni t weight o f  the  j th 

food raw mate rial . 

bi re p re se nt s the numbe r o f  uni t  we i ghm o f  t he re q ui red  

i_
t h  nu t ri en t . 

There fore , the data re qui re d  in s e t t in g  up the  

linear programmin g  mod el fo r t h e  in fant nut rit i onal 

requi remen t s  are : 

1 • T h e  l i s t  o f  nut rien t s  a s  spe c i fi e d  for in fant 

nu tri t i onal re qui remen t s . 

2 . T h e  re quired level  o f  each nutrient and t he int e r -

re lation ship o f  nu t ri e nt s in  t h e  in fant food . 

3 .  T h e  list  o f  food mat e rial s whi c h  can be  used  for 

i n fant fo od . 

4 · T h e  nut ri ent  c omposi t i on o f  each food raw mat e rial . 

5 .  T h e  c os t  per  uni t weight o f  e a c h  food raw mate rial . 

T he l i s t  o f  nu t ri e n t s ,  their  leve� and the int e r-

relati onship o f  nut ri ent s r e quired by an in fant has alre ady 

been given in 2 . 1 . The l i s t  o f  food raw mat e rial s , i t s  c os t  

and c ompo siti onal data are t h e  pe rtinent i ssues  t o  c onsi de r .  
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3 . 2 The Thai f o od raw mater:ia l s  

3 . 2 . 1 S e l e c t i on o f  food raw m � t e ri R l s  

The l i s t  o f  �hai  food ma t e ri a l s  i s  gi ven i n th e 

Tabl e o f  T hai Food � om p o s i t i o n s by t h e T'I u t ri t i on a n d  H e a l t h  

D e pa r tm e n t ,  P ub l i c  E e a l  t h  �·� in i s t ry , 'T' hailand ( 1 70 ) .  'I' h e  

s e l e c t i on o f  T ha i  food raw ma t e ri a l s wa s a im e d  t o  c ov e r  a s  

many r� w ma t e ri a l s a s  p o s s ib l e , t o  a l l o w  t he l in e a r  

p r o gramm i n g  t e c hn i q ue t o  w o r k  wi th  p l en t y  o f  flex i b i l it y  

f o r  the che ape s t  mix . B u t  i t  wae n e c e s s a ry that t h e  food 

raw ma te ri al s on c e  sele c t e d  m u s t  be  a va i lable c omme rc i a ll y  

in q ua n ti t i e s s u f fi c i e n t  f o r  t h e i n d u s t ri al pro ce s s . Als o , 

t h e  ra w  ma t e ri a l s  m u s t  b e  a ppro p ri a t e for in fant f o o d  in 

ge n e ral t e rm s  i . e . do not  p o E s e s s  any s t r on g fl a vours s u c h  

a s  b i t t e rn e s s , t a rtn e s s a n d  s pi cyne s s . There fore , from t h e  

a vai lable l i s t , t he food raw mn t e r ia l s  w i t h o u t  s t ron g 

flavour were se l e c ted . �'h e  se  ra\'1 rn a  t e ria l s we re then 

inv e s t i gat e d  for  t h e i r  ava i l a b i l i t i e s . T h e  f o o d  raw 

ma t e rials produc tion data was e i t h e r re c ord e d  by the  

gove rnm ent s t a t i s ti cal t able s ( 1 6L� ) or  available from 

ob s e rv a t i on o f  t h e Ba n gkok m a rke t s . I t  is  worth n ot in g  

t ha t  s t a t i st i c al fi gures in T hailand a re very s c ar c e . The  

produc tion of  only a limi t e d  numb e r  o f  food raw m a t e rials  

we re report e d . For  t hi s  reason , i t  was n e c e ssary t o  

d e t e rmine approxima t e ly the amoun t s  avail abl e in t h e  

Bangkok marke t b y  obse rvi n g  the  q uantit i e s  f o r  sale  i n  the 

marke t . Out o f  1 1 3 raw mate rial s first sel e c t e d  from the 

Thai l i s t , 9 6  food raw mat e rial s we re available c omme rc ially 

and  hence  used  in thi s s t udy . The  re c ord e d  and e s tima t e d  

produc tion o f  t he se raw mate rial s i s  gi ven i n  Appendix 9 • 
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3 . 2 . 2 The c osts  

Ave rage c ost s thro ugh out  the  ye a r  gi ven by � on thly 

Agri c ul t ural E c onomi c s  News ( 1 56 ) , '1 i e ekly Report of  Pric e ,  

Ma rket Sit u�t ion o f  Agricult ural �rod u c t s  ( 1 6 6 )  and Fi sh 

M a rke t News  ( 1 64 )  we re use d . The re were 46 raw mat e rial s  

whe re pri c e s  were not  d o cument e d  o nd ave rage m a rke t 

wholesale pri c e s  we re t aken . 

I t  i s  reali z e d  that c o s t  i s  sub j e c t  t o  s e asonal 

fluc t uat i on . In t ropi c al c ount rie s l i ke Thailan d , 

c ommod i t i e s l ike ly t o  be  most  a f fe c t e d  by seas on such as 

frui t s  and vege t abl e s  a re grown a lm o E t  all ye o r  round . 

Tho ugh the pri c e  va ri e s  from season t o  season , the  va ria t i on 

i s  n o t  e xpe c t e d t o  be great . A l so the value o f  line a r  

pro grammin g is  that i t  c an s t udy  the e f fe c t s  o f  pri c e  

c han [;e s . I n  fa c t , i t  i s  how line a r  programming m o d e l  is 

used to  se l e c t  the l owe s t  c o e t  mi x at a c e rtain set of  c o s t s . 

I t  i s  simply achi e v e d  by ob t a ining t he c ompu t e r  s o l u t ion t o  

t h e  linear programming model sub j e c t e d  t o  c hange d c os t  da t a . 

I t  i s  importan t  t o  n o t e  that , in a gi v e n  opt imum solution 

to  a lin e a r  programmin g mod e l , pri c e s  c an vary wi t hin a 

c e rt ain range wit ho u t  in t e r fe ring with the  opt imum s ol ut i on . 

T h i s  range c an be ob tained from LPAM � LY� IS 0 2 1 )  output o f  

c omput e r  a l go rithm s  o f  the linear programming model . In 

p ra c t i c e , the change s in c os t  are che cke d  re gularly and 

new  sol u t i on s  c an be ob t ained . T h e re f ore , t h e  average 

pri c e s  t aken from avai l able publi c a t i on s  and from the marke t 

pri ce  survey were c onsidered  re asonab l e  t o  use in this 

s t udy . 

T he food mat e rial in thi s s t udy is re fe rred t o  as 

e dible port i o n , i t  is t h e  fo rm t hat will be use d in the 
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mix pri o r  t o  proc e s sin g . The c o s t  i s  e xpre s se d  in Thai 

c urre n c y , baht pe r 1 00 g o f  e dible portion . The list  o f  

raw mat e rials wi th c o st pe r 1 00 g o f  e d ible portion i s  

shown i n  T able 3 . 1 .  

T ab l e  3 .  1 Food Raw Ma t e rials and Their C ost s ,  Pah t p e r  

• • 
1 00g E dlb l e  Por tion , us ed in t he Linear Programmi n g  M od e l  

Ra• Mattriala Coat 

1 .  Cerea la 1 a tare by root. , tuber• ; l•cu•••1 aut a a.ncS •••cl• 

Caaba• aut 

Cowpea, d.r7 

7 .0000 

0 • .5<)00 

Mwlcbean , ·�ole o . tt?OO 

Peanut , raw1 0 . 3846 

with ebell 

0 .629 .. 

Jl1c e ,  brown 0 . 4000 

Rice,  clut1noua 0 .  7000 

tlour 

polio hod, ' " 

s ..... 

ao,.bean curd . 

Sweet potato, 

•hit• 

keboo 

Cabbage 

Caulitlo••r 

Carrot 

Cu.cuaber 

lldiok 

1 , o66o . 

0 , 1 724 

0 , 7 1 �} 

0 . ..  070 

0 , 9167 

0 . 6000 

0 . 6667 

0 , 1467 

2 . 6506 

0. }}46 

0. 25}2 

0. }72} 

Ca••••• atarcb 

Coconut 

Kungbean, atarcb 0 . 6500 

Paan"t 1 4rr aocl 0. 7000 

ahelle4 

Rice 1 black, 

cluti.aoua 

Rica tlou.r 

Ric e ,  cluti.nou.e 

aillod 

Soybeaa 

so,.bean !lour 

Sweet potato,  

7•llo• 

Bean•
.
• �nap 

Collard 

Poao 

Bottle courcl 

CorD 

Was cov4 

0 .}500 

0 . 6000 

0 . }500 

0, }}78 

0,}158 

2 ,  105} 

o,,, 
o,, .. o, 

0,}240 

0,2989 

0,2222 

0 . 2 1 1 1  

Coat 

} .  Fruit 

0. 4760 

'f'ar1etr 

Or ape 

Leaoo 

Oranc• 1 u.ad&rin 0.8571 

�. Meata aacl poultr7 

Duok 

Li"Yer, boc 

B•ar t ,  beet 

Oiuard, duck 

l.cs. h.ea 

Whole oow •Uk 

Sk.ia, fluid. 

2 , ,000 

} . 6082 

} . 9175 

2 . 680 .. 

} . 6o82 

1 , 1 1 1 0 

1 . 1 1 10 

6. Fieb aDd Sbellti.ab 

Cattiah1 

eea ••t•r 

Dorob 1 ,,10(), 

a ...... .,. 2 . 10'� 

BpaDi.eh aackerel 2 , 9231 

lllllt!i.ob 2. 1739 

ha.-u, ri••r 9.}910 

P .. ok 2.o816 

Borp01ltboa4 2. 7272 

7. lhool l..,•owo 

Buco.r . 0 . 5000 

Fo od raw mat e rial c ompositional data 

Ra w  Material• 

Bauana_ 

Oua.•a 

Oranc• 

Water aeloa 

Chiclua 1 .J'OUDC 

Li••rt be•t 

Li••r, duck 

Pork, leaa 

Coat 

0 . 9}7' 

0.2778 

0.2,42 

} .0000 

2 . 8000 

} .2908 

} . 6o82 

}.902� 

Be art ,  hos � . 12'7 

Qisaard, ohi.ckeD , . 6o82 

Ecc, . 4uck 

llll.k, dr7 

Sk..ia, dr7 

Cattiah, 

Carp 

2.6,22 

lllol 2.8,71 

Btrip41 .. okerol 2 . 1 9}0 

Pran, ••• 1 2 .0000 

lupp..- 2.o816 

lqldA 1 .61}0 

The c omposi t i on o f  the  96 raw mate rials  had t o  b e  

found f o r  the 43 nutrient s l i s t e d  i n  Table 2 . 1 . The various 
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sour c e s  use d a s  re fe re n c e s  for these  c omposi ti on s  are given 

in the  Appendix 1 0 .  The Thai food c omposit ional tab l e s  ( 1 70 ) 

were n o t  used  b e c ause they are a c ompilation o f  the  

available pub l i shed data , mostly from the Phil i ppine and 

U . S . A .  c ompos i t i on table s ,  re l a t e d  t o  the part i c ul a r  type 

of  rnw mat e ri a l s  avai lable in Thailan d , not  the re sul t s  o f  

analysis d on e  on Thai food raw mat e ri al s . In add i ti on , 

only a limi t e d  n umbe r  o f  nutri e n t s  we re t abula t e d . The re fore , 

i t  wa s d e c i d e d  t o  re fe r t o  the o ri ginal data from whi c h  the 

c ol l e c t i on o f  Thai food c ompos i t i onal data was t aken . 

Among these vari ous s o urce s ,  the  Food  C omposi t i on Tab l e s  

f o r  use i n  E a s t  Asia by the Food Policy  and Nut ri t ion 

Di vision , FAO ( 8 2 ) , o ffering the c om po s i t i on of  38 nu t ri e nt s , 

was most  use d in this st udy . Six  nu trients n o t  in c l ud e d  in 

the se tables  a re chloride , c holine , bio tin , vi tamins D ,  E 

and K . The c omposi t i on s  for m o s t  o f  these  nut rien t s  we re  

taken from the s t udy of  Dam and  G lavind ( 54 ) , the vi t amin E 

from Booth and Brad ford ( 2 1 ) ,  choline from the Encyc l op e d i a  

o f  Chemi cal T e c hnology ( 1 42 ) ,  b i o t i n  from Biochemi s t s ' 

Handb o ok ( 1 5 2 ) .  

Approximate ly 90 pe r c e nt o f  the nutri t i onal 

c ompositions we re de fine d  from the se  sources in Appendix 1 0 .  

An at tempt  was made t o  fil l  i n  the nut rient c ompos i t i on s  

a s  c omple t el y  a s  possible . In  orde r t o  e s timat e the  mi s sing 

c omposit i on al data, assump t i on s  we re mad e as foll owin g :  

1 .  For the  raw mat e rial s o f  t h e  same food group , the 

mi ssing data was t aken from the data available for 

o the r m embe rs of the group , e . g . for gourd t ype  raw 

ma t e ri al s  (wax-gourd , snake go urd and sponge gourd ) , 

the  d a t a  for amino a c id s , rare vitamins and min e rals  
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w e re t aken from the data for b o t t l e gourd and marrow ; 

amino acids  o f  swamp c abbage and mustard gre en  we re  

t ake n from c hinese  c abba�e data . In thi s way , amin o  

a c i d  c omposit ions for 9 raw ma t e rials and some 

vitamins , and minor min e rals for 1 0  raw mate rials 

we re ass ume d . Thi s assumpt i on ac c ount e d  for 8 . 5 

perc ent  o f  all  dat a . 

2 .  For  the linoleic  acid  c omposit i on of  t h e  raw 

mat e rial s with  l ow fa t c ontent  such as c o l la rd , 

wa t e rmelon , and m ushroom , the c on t ent o f  linol e i c  

a c i d  w a s  s e t  at  zero . Thi s  w a s  approximat ely 0 . 5 

pe r c ent o f  al l data . 

Approxima t e ly one pe r c e n t  o f  t h e  data c ould n o t  b e  

e s tima t e d  and was se t a t  z e ro . �hi s data was f o r  vitamin E ,  

vi tamin K ,  biotin , ch oline and minor nin e ral s such  as zin c , 

mangan e s e  and magn e si um . 

Nut rient uni t s  we re  e xpressed pe r 1 00 g o f  f o od raw 

mat e rial , e dible po rt i on . The c ompo s i t i ons o f  the raw 

materials used are shown in Appendix 1 1 . The a c c uracy o f  

e xpre s si on o f  these  uni t s  and some d e s c ript ion o f  the  

d e riva t i on of  t he nu t rient  c omposi t i onal data i s  gi ven be low . 

C a l o ri e s : 

Pro t e i n : 

neare s t  kil o  c al o rie  

( kc al ) 

nearest  t enth  o f  a 

gram ( g ) 

c al c ulated using 

phy si o l o gi c al ene rgy 

fac t ors for  fat , pro t ein  
and  c arb ohydrat e whe re 

o t herwi s e  unknown 

c al c ulat e d  from 

e stima t e d  n i t rogen c on t ent  

o f  fo od assuming 1 6  

p e rcent nit rogen i n  

pr ot ei n . Ot he r fac t or s  

u s e d  for  c e re al s , b e ans , 

n u t s  and mil k  ( 8 2 ) 



Fat : 

Linol e i c  

a ci d : 

Vi t amin A :  

Re t i n ol 

B - c a ro tene 

Vi t amin D :  

Vi tamin E :  

near e st t e n t h  o f  a 

gram ( g ) 

nearest t e n t h  o f  a 

milli gram ( m g ) 

e xpressed in t e rm o f  

" re tinol " and " b e t a ­
c ar o t ene e q uival e n t " 
as r e c ommend e d  by t h e  

J o i n t  FA O/VlHO Expe rt 

Group (128 ) 

nearest mi c ro gram ( m c g ) 

ne are st mic rogram ( m c g ) 

nearest t enth  o f  an 
int ernati onal uni t  

( I . U . ) 

neare s t  one hund re d th 

i n t e rnat ional uni t 
( I . U . ) 

Vi t anin K :  ne arest t e n t h  o f  a 
m i c rogram ( m c g ) 

Vi t amin C :  neare s t  t e n t h  o f  a 
milligram ( mg ) 

T hi amine : ne are s t  one hund r e d t h  
o f  a mi l l i gram ( mg ) 

Ribo flavin : neare st one hund re d th 
o f  a milligram ( m g ) 

Niacin : ne are st  t e n th o f  a 
milligram ( mg ) 

Vi t amin B6 : neare s t  one hundre d th 
o f  a milli gram ( mg ) 
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by extra c t ion e s timat i on 

by gas l i quid 

ch roma t ography 

chemi c al me t ho d  

J . U . = 0 . 3  m c g  
= 0 . 5 m c g  
= 1 � 2 m e t_;  

chemical method  

re tinol 
b e t a-carot ene 

o t h e r  t otal 
mixe d  
c ar o t enoids 

by c al o rimet ri c  me thod 

or  gas c h roma t o �raphy 

c h emi c al and b i o l o gi c al 

me thods 

t o t a l  a s c orb i c  a c i d  

d e t e rmine d by  me thods 

ad opted  by AOAC ( 9 ) 

d e t e rmin e d  by  m e thod s 

adopt e d  by AOAC ( 9 ) 

1 mg niac in = 1 niacin 

e quival e n t , t rypt ophan 
c on t ribu t i on not  

c onsid e re d  

t ot al pyrid o xine ac tivi t y  

i s  c on t ribut e d  by  
pyridoxine , pyrid oxal , 
pyrid oxamine and 

c on j ugat e d  forms , figur e s  
r 

e xpre s s e d  as  pyridoxine 



Vi t amin B 1 2 :  neare st  t en t h  o f  a 

mi c r ogram ( m c g )  

Pant othenic  neare s t  one hundredth  
a c i d : o f  a milli gram ( mg ) 

C h o l i n e : 

Bi o ti n : 

n e a re s t  on e hundre d th 

o f  a milli gram ( m g ) 

neare � t  one h u n d r e d t h  

o f  a m i c r o gram ( mc c )  

8 6 . 

m i c robi ol ogi cal  m e thod 

pan t o t henate  e s timat ions 
c o rre c t e d  to pan t o t henic  
acid  

chemical  a nd 

mic robi ol o gi c a l  m e t hods  

m i c robi o l o gi c a l  m e t hod 

Folic  a c i d : neare ct  o n e  t h ou s an d th mi c robi o l og i c a l  me t hod 

of a m i l l i gram ( m g )  

S odiuma : 

C h l o ri d e
a

: 

neare s t  tenth  o f  a 
mi lli gram ( mg ) 

n e a r e s t  tenth  o f  a 
mi lli gram ( mg ) 

P o t a s si um
a

: n e a re s t  t e n th  o f  a 
m i l l i gram ( mg ) 

C al c i uma : n e a r e s t  t e nth o f  a 

mi lli gram ( mg ) 

f h o spho ru sa : neare s t  t e n t h  o f  a 
mi l l i gram ( mg ) 

M . a a gne s 1um : 

I odinea : 

ne are st  t enth o f  a 

milli gram ( m g )  

neare st  tenth o f  a 
milligram ( m g ) 

neare st  one h und re dth 
o f  a m i c rogram (mc g )  

t ot a l  ( no c o rre c t i on for  

o x a l at e or  phylat e sal t s  

whi c h  m ake some o f  t he 

mine ral  unavai lab l e  t o  

the  body ) 

t o tal ( no  c o rre c t i on for 

presen c e  as c ombine d  
phytic  a c i d ) 

t o tal ( no  c orre c t i on for  

phy ta t e  unavailability  

or  abs orpti on ) 

aFor the d e t e rmination o f  mine rals , a t omi c ab s o p t i on 

s pe c troph o t ome t ry i s  the me t hod o f  choi c e . Howeve r ,  

volume t r i c , gravime t r i c  and spe c t roph o t ome t ri c  m e thods we re 
a l so use d .  



a Man gane s e  : nearest  t e n t h  o f  a 
JY.i l l igram ( m g )  

C oppe ra : Ne are Gt t e n t h  o f  a 

m i c rot;ram ( mc g )  

ne a re st t enth o f  a 

milli gram ( mg ) 

Dry w e i [ht : neare ::� t t e n t h  o f  a 

gram ( g )  

Carb ohydrat e : ne are st t e n t h  o f  a 

gram ( g )  

moist ure c on t ent  

subt rac t e d  from  1 00 
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t otal carb ohyd ra t e  by 

d i f fe renc e  inc l uding 

fibre , the  sum o f  

moi s ture , pro t e in , fat 

and ash i s  sub t ra c t e d  

from 1 00 

S ugar : ne are st hundre d t h  o f  a as suc rose  
gram ( g )  

Fibre : ne are st  t e n t h  o f  a by e xt ra c t i on e s t imat i on 
gram ( g )  

Ami n o  acid : nearest  mi l l i gram 

(mg ) 

ave rage values  o f  seve ral 

indepe nde nt assay s  for 

each amin o  a c i d , 

ch romat o graphi c 

e st imat i on used  whe re 

available 

aFor t h e  d e t e rminat i on of mine ral s , a t omic  absopt i on 

spe c t rophot ome t ry i s  the  me t hod o f  c h oi ce . Howe ve r ,  

volume t ri c , gravime t r i c  and Qpe c t rophot ome tric  me thods  
we re also  use d . 

3 . 2 . 4 Nutri t i onal c o n s t rain t s  

T h e  list  o f  nut rients and t h e  re quired  l e ve l s  have 

already b e e n  disc usse d in Chap t e r 2 and summariz e d  as  i n  

T ab l e  2 .8 • 

3 . 3 Linear programmi ng model for in fant food  

The c omposition of  43 n ut rien t s  and the c o s t  dat a o f  



96  food raw mat e rials  form a matrix  o f  96 c olumns an d 43 

rows of n u t rien t s  and one row of c o G t c . The inte rre l R t ed 

c on s t rain t s  also form a matrix o f  ad d i tional rows and 

c ol umns as in  Fi gure 3 . 1 . 

T he problem ma t rix i s  d e rive d from the  expre s s i on 

o f  l i n e ar re lat i on ships o f  c os t , c ompositional da t a  and 

nut rit i onal const r8in t s  as  fol l ows : 

3 . 3 . 1 C o s t s  

88 . 

C o s t  dat a provide  one r ow o f  the mat rix whi c h  forms 

an ob j e c t i v e  for the problem , i . e . to minimi ze  

n 
C X n n or � c .  x .  . 1 l l l = 

whe re c i i s  the c os t  pe r 1 00 g o f  e d ible por t i on o f  fue 

; t h f o o d  mat e rial . 

3 . 3 . 2 C ompo siti onal data  

Data for  the  c on t e n t  of  the  � 3 nut r i e n t s  of  the  9 6  

food r a w  materials form an othe r 96 c olumns and 4 3  rows in 

the m a t rix e . g . in the row o f  c a l o ri e , it is d e rived from 

whe re x 1 t o  xn r e present  the  we i gh t  o f  the 96  raw mat e rial s 

and a 1 1  t o  a 1 n  r epre sent t he c al ori e level  p e r  1 00 g o f  

e dibl e  portion o f  x 1 t o  xn raw mat e rial s . 

3 . 3 . 3 Nutri t i onal c on s train t s  

Nutri t i onal c on s t rain t s  a r e  the s e t  o f  b o und s , 

de fining the l imi t s  on the proble m  variabl e s . There  are 

dire c t  c onstrain t s  and int e rrelat e d  c onst raint s . T h e  

dire c t  c onst raint is a re s t ri c t i on o n  nutrient l e ve l  e i the r 

at an uppe r and/or l owe r l imi t , o r  at a spe ci fie d c on s t an t  

le ve l . The int e rrelat e d  c on s t raint  i s  the re s t ri c t ion 
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de rived from the line ar re l a t i onships be t we en spe c i fi c  

nu t ri ent s . In thi s case  a variabl e name i s  assign e d  to  ' 

t he le ft h and side o f  the e q uation forming an addi ti onal 

90 . 

row in the problem ma trix . Ex au•pl e s  o f  relevant c on s t raint s  

are given a s  fol l o w s  

1 .  Dire c t  c on s t raint . Calorie at  l ow e r  limit o f  7 6 0  

kc al can b e  expre ssed  in  the l inear re lationship a s  

C A L  = a 1 1  x 1 + a 1 2  x 2 + • • • • • a 1 n xn :)- 7 60 

and c oppe r upp e r  limi t at 740 mcg c an be  expre ssed 

as 

c u  = � 7 40 

where CAL and C U  represent c al o ri e  and c oppe r i n  

t he mix t o  b e  n o t  l e s s  than 7 60 kc al and n o t  more 

t han 740 mcg re spe c ti ve ly . 'T' he e xpre ssion of dire c t  

c ons trai n t s  i s  given i n  T able 3 . 2 

Tabl e  3 . 2 Dire c t  N utriti onal Const rain ts 

Nutrient  Row vari ab l e s  

Calorie CAL 

V i tamin D VITD 

Vitamin K VIT K 

Niacin NIA 

Vitamin B6 VITB6 

Vitamin B 1 2 VITB 1 2 

Folic a c i d  FOLIC 

S odium NA 

aFar in fant aged 3 - 5 months  

bFor in fant aged 6 - 1 2  months 

Re s t ri c t i on 

Lower Uppe r 

7 60a ():) 

880b ():) 

400 . 0 ():) 

1 5 . 0 ():) 

5 . 0  ():) 

0 . 4  ():) 

0 . 3  ():) 

0 . 05 ():) 

1 38 . 0  ():) 



9 1 .  

T ab l e  3 . 2  c on t ' d 

N u t rient  Row variables R e s t ri c t i on 

Low e r  Upper 

Chloride  CL  2 1 3 . 0  00 

Potassi um K 234 . 0  00 

Cal c i um CA - 00 6 30 . 0  

Pho spho rus p 1 30 . 0 00 

lv1agne si um MG 20 . 0  00 

C oppe r c u  - oo  7 40 . 0  

Zinc ZN - 00 9 . 0  

2 .  Int e rre lated  c on s t raint s .  T he l owe r and upper 

c al o r i e  

cal orie 

l imi t s  of  protein , e xpre ssed  re l a t e d  t o  1 00 kc al 

to be  n o t  l e s s  than 1 . 8 g an d not more t han 3 . 5 g ,  

can b e  expre sse d as : 

protein l ow e r  limit , i . e . prot ein .?- 1 . 8 
c al o ri e  1 00 

or protein . 0 1 8 cal orie 

pro t e in uppe r l imit , i . e .  protein � i-66 c alorie 1 0 

or prot e in - 0 . 035 c al orie 

CALPROTL and CALPROTH are t he name s assigned for 

the l ower and uppe r limi t s  o f  pro t e in re lat e d  to c al o ri e . 

H e n c e , CALPR OTL and C ALPROTH form anothe r 2 row variables  

c orre spondin g  to  the  c ol umns of  pro t e in and calori e . 

C ALPROTL i s  limi t e d  t o  b e  gre a t e r  or e qual t o  zero , whi l e  

CALPROTH i s  le s s  or e qual to  zero . T h e  expression s  are 

CALPROTH = prot ein 

CALPROTL = p r otein 

0 . 035 calorie ( 0 

0 . 0 1 8 c a l o rie � 0 

T h e  expre ssion o f  interrelated  c on s t rain t s  i s  

gi ven in Table 3 . 3 .  

}. o  

{. o  



Table 3 . 3 Nut ri t i onal C on c t ra i n t R e q ui ring Lin e a r  

Expre s s i on o f  I n t e rre l a t i on sh i p  Be t 1· �e e n  Nu t ri en t s . 

92 . 

N u t rien t s  R ow 

inte r- variabl e s  

C o l umn 

e l eme n ts 

R e s t ri c t i on 

l owe r upp e r  

re l a t i on ship 

N UTRIEJ\J'l'S F.XFRES SED PER 1 00 KC AL 

Hin imum v a l ue s  

Pr o t e i n  

Fa t 

Lin ol e i c  

a c i d  

Vi t am i n  A 

A s c orb i c  

a c i d  

T hiami n e  

Ri b o f l a v i n  

Pan t o t he ni c  
a c i d  

C h ol i n e  

P i o t i n  

C � l c i um 

Ir on 

I o d i n e 

M a n r,a n e  s e  

C oppe r 

Zin c 

CALPROTL 

CALFATL 

CALLI T OL 

C ALV ITAL 

C A LVITC L 

C ALT E I AL 

C A LTH E OL 

C A LPAT OL 

C ALC JIOL 

C A LF I CYr L  

CA LC AL 

C A LFT,L 

CALIL 

CALMNL 

C A LC UL 

CALZ 1 

Haximum value s 

Pro t e in 

Fat 

Vi t amin A 

Vi tamin D 

S odium 

C ALPR OT H  

C ALFATH 

C ALVITAH 

CALVITDH 

C A LNAH 

1 . 0 rROT - 0 . 0 1 8 C AL 

1 . 0 FAT - 0 . 02 CAL 

1 . 0 L FJ ClA - 2 . 0 C AL 

1 . 0 V I T A  - 2 . 5 CAL 

1 . 0 VITC - 0 . 1 CAL 

1 . 0 TTIIA - 0 . 0005 C AL 

1 . 0 R T P O  - 0 . 0007 C A L  

0 

0 

0 

0 

0 

0 

0 

1 .0 PA:TT O - 0 . 003 C AL 0 

1 . 0 C T T 0l .J t 'T.  - 0 . 07 CAL 0 

1 . 0 P T 01' J \; - 0 . 0 1 5 C A L  0 

1 . 0 C A  - 0 . 5 CAL 0 

1 • 0 FF - 0 . 0 1  CAL 0 

1 . 0 I - 0 . 05 C AL 0 

1 00 • 0 T''L � - 0 • 00 5 C A L  0 

1 • 0 C TJ - 0 . 6 CAL 0 

1 . 0 ZN - 0 . 005 CAL 0 

1 . 0 PROT - 0 . 035 CAL 

1 . 0 FAT - 0 . 04 C AL 

1 . 0 V ITA - 7 . 5 CAL 

1 . 0 V I T D  - 1 . 0 CAL 

1 . 0 NA - 0 . 8 CAL 

- oo 

- 00  

- oo  

- oo 

- oo 

CO 

CO 

00 

00 

CO 

CO 

00 

CO 

00 

CO 

CO 

00 

00 

00 

00 

0 

0 

0 

0 

0 



Table 3 . 3 c on t ' d  

Nutrients Row 

i n t e r- variable s 

re l o. t i onship 

M aximum val ue s c ont ' d  

F o ta s sium 

C h l ori d e  

CALKH 

Ci\LCLH 

C o l umn 

e l emen t s  

1 . 0 K - 2 . 0 CAL 

1 . 0 CL - 1 . 5 CAL 

N U'r r nENT EXPRES SED PF.R G OF PROTF. IN 

Minimum value s 

H i s t i dine 

I sole ucine 

Leuc ine 

Ly E" ine 

S ul phur amin o  

ac ids , 

0·1e thionine 

CH IST 

C ISO 

C LEU 

C LYS 

+ Cyst ine ) CSULAA 

( Ph e nylnlanine + 

'l, yrosine ) CAROHAA 

'T hre onine 

T rypt ophan 

Vo.line 

:t'-1aximuri val ue s  

Hi s t idine 

I s ol e u c ine  

Le u c ine 

Lysine 

Sulphur ami n o  

a c ids , 

CTHRE O 

CTRYP 

CVAL 

DHIST 

D IS O  

DLE U  

DLYS 

(He thionine + 
Cystine ) DSULAA 

Aromatic  amin o  

acids  DAROMAA 

( Phenylalanine 

+ Tyrosine ) 

1 • 0 lUST - 1 5  • 4 PROT 

1 . 0 ISO  - 37 . 8 PR OT 

1 . 0 LE U - 60 . 2 PR Gr 

1 . 0 LYS - 49 . 0 PR OT 

1 . 0 l iT· :'J'J J  + 1 . 0 CYS 

- 39 . 9 FIWT 

1 • 0 PHE + 1 • 0 'T' YR 
- 65 . 1 PROT 

1 • 0 'J' Tn<V. O - 32 . 9 PROT 

1 • 0 1,  RY P - 1 1 • 9 PR OT 

1 . 0 VAL - 4 6 . 2 PR OT 

1 . 0 HI ST - 22 . 0 PR OT 

1 . 0 IS O - 54 . 0 fRCYr 

1 . 0 LEU - 86 . 0 PROT 

1 . 0  LYS - 70 . 0 PROT 

1 • 0 HET H + 1 • 0 C Y S 

- 57 . 0 PROT 

1 • 0 PHE + 1 • 0 TYR 

- 93 . 0 PROT 
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R e s t ri c t i on 

l owe r upp e r  

0 

0 

0 

0 

0 

0 

0 

0 

0 

- ci)  
- eO  

- oO  

- eo 

- CO 

0 

0 

0 

0 

0-

0 

0 

0 



Table 3 .3 c on t ' d  

Nut ri e n t s  

int e r­

re l a t i on sh i p  

R OVI 

variabl e s  

Maximu� value s c ont ' d 

Th r e on in e D'r l-ffiEO 

'r rypt ophan D 'J' RY P  

Val i n e  DVA L 

C o l umn 

e l em e n t s  

1 . 0 'J' I IRE O - l+7 . 0  PRGr 

1 . 0 TP.YP - 1 7 . 0 PROT 

1 . 0 VAL - 6 6 . 0 PRar 

ffi'HER EXPRESS I ONS OF NUT R IENTS 

C onv e r s i on o f  

B - c a r o t ene and 

r e t in ol t o  

v i t amin A 

Hinimur.1 value s 

Vi t amin E p e r  g 

o f  Lin o l e i c  

V ITA 3 . 3 RE J1, IHOL + 

1 . 6 B-CA RO 

aci d VIELINOL 1 . 0 V IT E  - 0 . 00 1 LIN OA 

Rat i o  o f  cal c i um 

t o  ph o s phorus C APL 

Sucrose  as 

pe r c e n t age o f  

c arb ohydrat e C H OSUL 

C a l orie per g o f  

dry weight CALDWT 

M ax im um value s 

Ratio o f  

c al c i um t o  

pho sphorus CAPH 

1 . 0 C A  - 1 . 4 P 

1 . 0 S UG AR - 0 . 2 CHO 

1 . 0 C A L - 3 . 5 DWT 

1 . 0  CA - 2 . 0 P 

94 .  

R e s tri c t i on 

l ower upper 

-eo 

0 

0 

0 

0 

0 

0 

0 

00 

0 

3 · 4  S e t ting up the data for sol vin[? the proble m  by c ompu t e r  

The mat rix o f  c os t , c omposi t i onal d a t a  and 

nu t ri ti onal c on s t rain t s  were pre par e d  as a c ard d e c k  t o  

input t o  the IBM linear programming system/ 1 1 30 ( LPS/ 1 1 30 )  

packa ge programm e , design e d  f or use on the 1 1 30 series o f  



I B1"1 c omput e rs . The preparati on was a c  c arding t o  t h e  

m e t h o d  d e s c ri b e d  in  t he IBM/ 1 1 30 programme d e s c ri p ti on 

m annual 0 21 )  using 80 c olumn c a rd s . 

3 . 4 . 1 T h e  c o s t  and c ompositi onal data 
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The  problem e q ua ti on e xpre ssin g the linear 

r e l a t i onship o f  raw mat e rials  wi t h  c os t s  and c om p o s i t i on s  

were  input b y  card in e l ement  forma t . F o r  e x ampl e , c os t  

and cal o ri e  data for t h e  raw m� t e ri a l  anc hovy we re pre pare d 

as : M! CI  OV Y C OST 

ANCH OVY CAL 

2 . 4 65 8  

99 . 0 

The c olumn variable was punched fi rst f o l l owed by 

t he row variable a n d  t h e  d a t a  va l ue . A ll variable name s 

w e re re s t ri c t e d  t o  8 alphanum e r i c  symbol s . Abbreviation 

was r e q ui r e d  for s ome raw mat e rial s  and nut ri e n t s . The se 

abb revi at e d  names a re in the row and c olumn summary as 

shown in  Appendix 1 2 .  

3 . 4 . 2 T h e  n u t ri ti onal c on s t rain t s  

T h e  nutri ti ona l c on s t ra i n t s  we re prepar e d  a s  a c ard  

d e c k  by  e l ement cards  d e fining t he upper  and l ow e r  b ound s  

o n  e a c h  b o und e d  va ri abl e . T h e  bound was input with a 

d e  fin e d  n am e . T h e  b o unds  types us e d  v1e re : 

UB uppe r b ound 

LB l ower  b ound 

FR free 

GT d e  fin e d  value t o  oo 

LT de fine d  value t o  - oo  

Each  bound e l ement c ard was d e fine d  f o r  bound  t ype , 

name o f  b o un d  s e t , name o f  variabl e and b ound value . T h e  

n ame o f  b ound s e t  use d in this s t udy i s  INFANT . T h e  

nutriti onal c on s t rain t s , e i th e r  dire c t  or  interrelated  
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c on s t rain t s  we r e  p r e pa re d a s  foll ows 

1 .  Upp e r  limit s . An e xa m p l e o f  � � i re c t  c on F t ra in t  i s  

t he uppe r limit o n  zinc o f  q . o m g  pe r d a y , t h e  

e xpre s s i on i s  

ZN � 9 . 0 

c a rd i s  p r e pa r e d  i n  forxa t ,  

S x ampl e o f  in t e rrP l P t e d  c on s t r a i n t a s  f o r  

p ro t e in p e r  1 00 kc al � t  3 . 'J f ,  t h e e x pre � c. i on i �  

CJ\Ll R (YT'H = FRai' - 0 . 035 C /\L � 0 . 0 

c a rd i s  p r e pa r e c1 f o r  t h e b 0 un d e c� V C'l l u e  o f  C i'· TXf? cYI' H  

a s  

UB J�T A 1iT C AJ .f P. G'f T T  0 . 0 

the e xp r e s s i on o f  l i n c r> r  e c; uo. t i on F howinr t h e  

r e l a t i on ship o f  C !1 Lf R ,'fJ"1 t o  n� ar ( p ro te i n ) ;; n d  C J·,L 

( c o l o ri e ) i s  p r e p a r e d  a s : 

rqar Cl\ LPROTH 1 • 0 

C /I. L C l\ LPROTH - 0 . 035 

2 . Lowe r l im i t s . E x amp l e  o f  ct i re c t  c ons t ra i n t n s  f o r  

vi t amin D l ow e r l im i t  a t  4 00 T . U . p e r  d a y , t he 

e x p r e s e i on i s  

V ITD � 400 . 0 

c a rd i s  prepared in f o rm a t  

LE IHF!\ ·TT V ITD 

Ex ampl e for int e rre l n t e d  c on s t rain t � s  f or 

pro t e ins p e r  1 00 kcal a t  1 . q g , t he e xpre s c i on i s  

Cl\LFROJ' L  = PROT - 0 . 0 1 8 C AL ).. 0 

c ard i s  p re p a r e d  as 

LB HTFANT CALPR O'rL 0 . 0 



The e xpre ssion o f  linear e q uat i on showing the  

relat i on ship of  CALPR OT L  to  PROT ( p r o t e in ) and 

C AL ( c al orie ) i s  p repare d as : 

PROT CALPROTL 1 • 0 

CAL CALfROTL - 0 . 0 1 8 

3 . 4 . 3 Loading t he problem data  on t o  the c omput e r  
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The p r o c e dure t o  input all data t o  s t ore  on the 

disk was as fo l l ows . The probl em file was n am e d . The 

pro c e d ure c on t rol card " I NPUT " wa s use d , foll owe d by 

problem file name " LPI NFA NT " , next  were the c ards  for all  

t he  data and data deck was c on c lud e d  by the indicat o r  c ard 

"Er-;DAT A" • 

3 . 5  Obtaining solut i on by c omputer  

The  ini tial prob l em had one in fe asibility , the val � e  

o f  c ol umn variable "RI CT"BRO" ( b rown ri c e ) was i n  n e  · o.t i vi ty . 

This  meant t hat the re we re a numb e r  o f  art i fi c ial variabl e s  

a s s o c i at e d  w i t h  a ce rtai n  numb e r  o f  ine q uali t y  c on s t rain t s , 

whi c h  c o ul d  n o t  be remove d . I n d i c a t i o n  o f  t h e  re st ri c t e d  

i n e q uali ty c on s t rain t s  was ob se rve d in t h e  o u t put o f  the 

in fe a sible solution gi ven by c omput e r  as  the se c on s t rL ints 

we re at t he bound e d  val ue s . These we re the d i re c t  

c on s t rain t s  and interrelated  c onst rain t s  a s  shown i n  T able 

I n  o rd e r  to  obtain a feasible solut i on , mod i fi c at i on 

o f  t he initial problem was c on si de re d . The c onst raint s at 

b o un d s c o uld be  made l e s s  r e s t ri c t ing eithe r by removal or 

s l a c kening o f  the bound s . Removal of  the b ound m e ant no 

r e s t ri c ti on on that parti c ul a r  nut ri en t , t he val ue  c ould be  

f r om zero  u p  to  in fini t y . Thi s was unde si rable in t hi s  

d e s i gn be c ause t h e  purp o se was t o  provi d e  a s  n e ar a s  
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p o s sible t o  the  minimum re quiremen t s  o f  the i n fan t . Hence , 

t ryin g  t o  reach as n e a r  as possib l e  t o  the re quired n u t ri ent 

was more d e si rabl e .  T h e re f o r e , c on s i d e ra t i on was gi ve n t o  

t h e  s l a c k e n i n g  o f  t h e � e  r e s t r i c t e d  b oun d s . 

T ab l e  3 . 4 Nut rit i onal C on s t rain t s  at Bound s Found �ith 

I n i t ial Probl em Fi l e  

N u t rition al 

c on s t rain t s  

Dire c t  

c on s t rain t s : 

I n t e rre l a t e d  

c on s t rain t s : 

At lowe r bound  

C al orie 

Niacin 

Chlori d e  

Vi tamin D 

Fat re l�t e d  t o  c a l o ri e  

Vitamin A re L • t e d t o  

c alorie  

Vi tamin E re lat e d t o  

lin oleic a c i d  

Zinc re l a t e d  t o  c a l o ri e  

Calcium relat e d  t o  

phosphorus , ( C a l c i um 

phosphorus ratio ) 
S ulphur amino a c i d  

related  t o  prot ein 

At uppe r b o und 

Cal c i um 

C oppe r  

Potassi um r e l � t e d  
t o  c a l o rie  

Histidine relat e d  

t o  protein 

An uppe r l imit was spe c i fied in ord er  t o  pre vent 

some of  t h e  nut ri e n t s  c oming in t o  the mix at m o re t han 

spe c i fied l e vel and lowe r limit was s p e c i fied ac c o rding t o  -

the  minimum re quirement . I t  was wi ser  t o  slacke n  t h e  uppe r 

l imi t s  first and main tain the l ower limi t s  t o  t he init ial 

problem . The se uppe r limi t s  were for calcium and c oppe r ,  
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p o t assium as re l a t e d  t o  calori e  and the  amino acid  histid ine 

re lat ed to protein . Among the se uppe r limit s , p o t a ssium 

and  c oppe r should  not  be in c re as e d . Potassium i s  re l a t e d 

t o  the renal s o lute l o ad and l imi t e d  i n format i on i s  

avai lable f o r  t he max imum limit o f  c oppe r . O f  t h e  o t h e r  

t w o  uppe r limi t s ,  hi s t i dine and c al c ium , hi stidine c ould b e  

i n c reased wi t hout  having much e f fe c t  o n  t h e  re quire men t  o f  

an i n fant , e x c e pt that  the hi stidine would be wast ed . For 

c a l c ium , t h e  l evel fo und t o  have an adve rse e f fe c t  o n  

i n fan t nut ri t ion  i s  1 200 m e  per day ( 26 )  ye t i t  was 

spe c i fied in this  s t udy at 630 mg . I t  wa s possible t o  

i n c rease c a l c i um uppe r limit , t h ough only a smal l  inc rement 

was desi rab l e . 

I t  i s  worth noting that . th e  only l ower  limi t  at 

b o und ass o c i a t e d  wi t h  uppe r l imi t at  bo und is c a l c i um 

pho s phorus rat i o , " CAPL" at 1 . 4 . I t  i s  possib l e  t h a t  t o  

ke e p  calc ium gre a t e r  than pho sph orus by 1 . 4  time s ,  c a l c i um 

uppe r limi t  a t  630 mg i s  v e ry di f fi c ult  t o  main t ai n  due t o  

di f ferent  rat i o  o f  calcium t o  p h osphorus c oming in from 

food mat erials . Two al t e rnat i v e s  c ould be inve st i gat e d  t o  

ease  t hi s  d i f fi c ul ty , i . e .  e i t h e r  re le asing cal c i um uppe r 

l imi t or  a l l o wing t he problem t o  bring in calc i um 

independent o f  pho sphorus . The  l a t t e r  c ould be  ac hi e ved 

by the add i t i on o f  c a l c i um salt s uch as calc ium c arb onat e . 

3 . 5 . 1  � edi fication o f  t h e  prob l em by increasing c a l c i um 

uppe r b o un d  

I t  w a s  found possible t o  obtain the fe asible 

soluti on by  rele asing cal c i um uppe r limit to  682 m g  for  

in fant age d 3 - 5 months where  minimum calori e r e q ui rement 

was at 760 kcal and calc ium uppe r limit of 700 mg for  

MASSEY U "!ERS TY 
J.IBRARY 
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in fant aged 6 1 2  months whe re minimum c al ori e re quirement 

was a t  880 kcal . The c o c t o f  t he so l utions , t he raw 

mat e rial and the nutrient  c ompo si t i on s  are give n in T ab l e  

3 . 5 , f o r  re quirement I ( 3-5 m on th s ) a n d  I I  ( 6- 1 2  mon t hs ) . 

T ab l e  3 . 5  Nut ri tional and Raw Mat e rial C omposi t i on s  

a n d  C o s t  o f  Fe asible S o luti ons 

Ra• Kater t.. l aa4 Calci� Upp.r L1aH 

J h1 t r i e a. t  CoDhata R•l••••4 

Calciua Carbonate 

J.d.chcl 

Raqui.raaeat Raquir .. u t  Requ1raaut Aaquiraaaat 

R.w aahrial 

ocataat, r 
AnohOYJ 

lhattalo, aaat 

Caa .. •• atarob 

Coooaut 

Collar4 

l.c& duck 

GuY a 

lry CO\U"'4 

HUk. thtll 

Hu.ncbaaa 1 atarcb 

Radhb 

Ric a 1  'bro•a 

R ic a ,  parboihd 

Stripe .. ckeral 

)) , )  

s....... 1 9 . 5  
&oJbua curd 12.0 
Sponc• JOIU"d 2•8 
Sucu ?2 .J 
Calciua carboaata 

••1.cht I � 18 . 2  
llr 7  ••1.cht I 17).6 
Cal.orh ked ?6o.o 
Protei.Jl 1 25. 8  
fat 1 1 8 . 1  
C-.rbob7drate 1 12\ • 1 
Tibu 1 }.2 
LJ.nolelc acicl a& '-09 1 . ?  
R e t inol ace 1}9.0 

B-ca.rohna ace .}1}9.1  
'fitaai.D D I.U.  -.c>o . o  
Y1taa1D I. 1.0.  lt . 0 1  

18 . 1  

),6 
19'}.6 

)9. 1 

�7).6 
ZO) ,)  
880.0 

26 .7 
17,6 

15).0 
) . �  

)lo)7 . 7  
166.0 

1 8 , 1  
)6 ; 1  

0 . 86 

�� . �  
175. 9  
760.0 

20. 1  
1 5 . 2  

1}5 . 2  
) . 7  

2lo)7.8 
6�.0 

)286 .) 
loOO. O  

2 . "  

I I  

1 0 . 1  

455•2 
ZO) . �  
aao,o 

19.6 
17,6 

16oo} 
� ., 

2)2) .7 
66.0 

)822.) 
loOO .O 
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R .. M. t . r ia l  and C a lo iua Uppu• L1ait 

JCutriant Conhnta Rel•aeed. 

Calolua Carbonate 

444•ct 

l•q-.ireaeat. Rtqaireant. Requlr•••at: Requ.i.re�eat 

llutr1eat oonteah 

Yit .... in I ace 6�7' 1 
hoorb1o acid •1 15}., 
Thi.aa1Ae •« 0 � n 
Riboflu·iD •1 o,, 
M�cin � ''0 
t'1taaia B6 •1 1 •3? · 
Y1taain !12. •r OeOO\ 
Pao totbeaio e.cU q Zo69 
Folic aeic! •c Oo?9 
Choline ac }77 i ::;o 
Biotin ace 15.98 
lo41u.a •c 22\ � \ 
Chl.or1cte q 222 . 1  
Potaaail.la •c 1520.0 
Calc1ua q 681 o 8  
Pboaphorua q 
Kasa .. i\1.8 ac 
Iron q 
Iodine •cc 
Kancan••• ac 
Copper acr 

li.Dc q 
Iaoleuciae •c 
Leuci.D• •1 

L7d.11e ac 

"•thiooi.De q 
C7at1na aa 
P'baorlalu.1ne q 
Thraoniae q 
Trrptopban q 
TJTOaiaa ac 
Va.li.Jla llC 
Bla t icli ... u 11.1 

Coat b&bt 

�7 . 1  
198.0 

1J,J 
)8.00 

1.5 
7�.0 

);8 
1258iO 
188� ;0 
16n.o 

787.0 
2�).0 

1 1 9't i0 
1o69;0 

)8/o,o 
n5 .o 

1)51.0 
·568.0 

II U 

9l2 1 , 1  
190.2 

0.90 
0;62 
5•0 
1 . �, 
o.-
2 • 80  
1 ,;00 

� " · "  
17•69 

2�5 . 1  
2J1 , )  

1760.0 

700.0 
500 .0 
2 1 1 . 9  

1 � . , 
.6. 1 9  

1 .7 
7�.o 

� . �  
1)07.0 
18n.o 
1718,0 

8o6.o 
Z06,o 

1209,0 
107�.0 

,99.0 
768,0 

1·�7.0 
588:0 

) . 56  

529 • • 
'/6 ,0 

0,6/o 
0,5J 
5.72 
1 . 26 
0.00} 
2, 79 
0 . 1, 

182 .8 1  
1 1 . 66 

176.� 
22). 5  

1\1 .. .  4 
6)0.0 
�)0.0 
�61 ,7 

7 . 6  
)8,00 

789.6 
7�.0 

6 . 1  
897 . 0  

1lo84.0 
1208 .0 

589.0 
2 1 1 .0 
85,.0 
84).0 
298.0 
7) 1 .0 

107� . 0  
.. , 1 , 0  

52�.7 
88 .0 

0 , 70 
0.62 
5 . ,� 
1 ,22 
o . -
2 ,8) 
0 . 1  .. 

18lo.51 
10.)7 

187.6 
2)5.7 

1760.0 
6)0.0 
lo)O.O 
�68.7 

8 . 8  
" · 00  

8�4.0 
740.0 

6 . 5  
890.0 

1 .. 6 1 .0 
1255.0 

)80.0 
20).0 
8)0.0 
8)).0 
286.0 
707 . 0  

100 • •  0 
�)2.0 

2 .78 

Modi fi c at i on o f  the problem by  addi tion o f  c a l c i um 

T h e  add i t i on o f  c a l c ium a s  anot he r c ol umn o f  

raw mate rial c an b e  includ ed . It  was c onsidered  re a s on abl e 

be c au se the re i s  a numbe r  o f  c a l c i um sa l t s  all owe d f o r  

add i t i on t o  food  for in fant ( 47) .  C al c i um carbonat e ,  being  

available in  T hailandJ was c hosen a s  source of  c al c i um . 

C os t  and c omposi t i onal data w e re ad d e d  t o  the problem fi l e . 
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T he f e asibl e  s o l ut i on was ob t ai n e d  a f t e r  thi s m od i fi c a t i on 

wi t h o u t  havi n g  t o  re l eas e c al c i um u pper l imit f o r  b o t h  

gro up s  of  in fant s ,  i . e . a ge d 3 - 5 mon t hs and 6 - 1 2  

m on t h s . T h e c o s t s  o f  sol u ti on ,  t h e  raw ma t e ri a l s  an d t h e  

n u t ri e n t  c om p o s i tions are giv e n  i n  T able 3 . 5 . 

3 . 6 C on c l u s i on 

The l in e ar programming t e c hni que was u s e d  i n  t h e  

raw m at e ri a l s f o rm ula t i on . T h e  m o d e l  c on si s t e d  o f  c o s t  

a n d  c omp o si t i on a l  dat a  o f 96 i n d i g e n o u s  fhai f o o d  raw 

m a t e r i a l s  an d a s e t  o f  n u t rit i on a l  c on s t rain t s  as spe c i fi e d  

a c c o rding t o  d i s c u s si on in Chapt e r  2 .  f he prob l e m  w a s  

analy se d by t h e  I BM l i n e a r  pro gramming sy stem/ 1 1 30 p a c kage 

p r o gramme wi t h  t he 1 1 30 s e ri e s  o f  IBM c omput e r  but t h e  

s o l u t i on wa s in fe asib l e . I t  was f o u n d  that a fe a s i b l e  

s o l u t i on c o u l d  be ob t ai n e d  by s l a c kening the  re s t ri c t i on 

o n  t h e  c al c i um upper limi t . I t  was found for t he 

r e q uirement o f  i n fant age d 3 - 5 m o n t h s  ( re q ui r e m e n t  I ) ,  

c a l c i um uppe r l imit had t o  be in c reased  t o  682 m g  and for 

t he r e q u i r e m e n t  o f  i n fant age d 6 - 1 2  months ( re q u i r e m e n t  

I I ) , had t o  b e  i n c re a s e d  t o  700 m g  in o r d e r  t o  o b t a i n  

fe asibl e  s o l u ti on . A s  an al t e rn a t i ve t o  in c re a s i n g  t h e  

c a l c i um u p p e r  limit , addi t i on o f  c a l c i um as c a l c ium c a rb o na t e  

m a d e  i t  p o s s ib l e  t o  obtain t h e  fea sible sol u t i on at  t h e  

ori ginal c on st raint s . 

T o  d e c i d e  whi c h  i s  the  b e t t e r  approac h , the  e f fe c t  

o f  i n c re a s i n g  t he c a l c i um uppe r limit or  the add i tion  o f  

c a l c i um s al t , t h e  c os t s  and c ompositions o f  t h e  t w o  

olution s  w e re c ompared . Howeve r ,  t h e s e  t w o  soluti ons only 

t ake int o a c c o unt the c omposi t i on o f  the raw mat e rials  and 

d o  not i n c l u d e  t he e f fe c t s  o f  pro c e ssing on the n u t ri e nt s 
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in the  raw mat e ri als . The raw mnt e rials have t o  b e  

pro c e ssed  t o  give the final in fant f o o d  and c onsi de ra t i on 

o f  t h e  chan ge s i n  nu trie n t s  duri n g  p r o c e ssing i s  ne c e s sary . 

I t  has be en sl 1 own t ha t  l i n e a r programming c a n  be  

s e t  up  t o  d e s i gn an  in f a n t  food a n d  obtain t he l e a s t  c o s t  

mixt ure o f  raw ma t e r i a l s gi ving spe c i fi e d  quanti t i e s  o f  

4 3 n u t ri e n t s . H o w e ver , thi s  model  will n o t  b e  real i s t i c  

unt i l  t h e  l o s s e s  d urin g  pro ce ssing a r e  in cluded  in o r d e r  

t h a t  the pro c e s s e d  in fant food w i l l  provi de the nu t ri e n t s  

a t  t h e  l e ve l s  a s  required by the  i n fa nt . 
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Having s e t  up the model t o  se l e c t  the raw ma te rial 

mixt ure that sui t s  the nut ri e n t  re q ui rement s , the n e x t  

c on side r a t i on wa s h ow t o  modi fy t h e  � od e l  in ord e r  that any 

c hanges t o  the n ut rients during pro c e ssing c ould al so b e  

i n c l ude d . This c hapt e r  first r e vi e ws t h e  l o s s e s  in  

nutri e n t s  during h e a t  proc e s si n s  whi ch are  report ed  i n  t he 

l ite rat ure . Un fortunately the re i s  a l a c k  o f  quan t i t ative  

d at a , but whe re v e r  possib l e  the ki ne t i c s  o f  the  re a c t i on s  

c ausing l oss o f  nut rient s we re de te rmined . T h e  re a c t i on 

rate c on s t ants at various t emperat ure s were predi c t e d  from 

the data c olle c t e d  f or e a c h  nut ri en t . 

4 . 1  N u t ri ent l o s s e s  in food pro c� s sing 

Wh at had t o  be c onside re d  was the extent  to whi c h  

the re quired n u t ri e n t s  c han ge o r  l o s e  their b i ol o gi c al 

ac tivi t i e s  when  the mixt ure i s  sub j e c t e d  t o  c e rtain types o f  

proc e ssing . T o  p re dict  the e xte nt o f  t he loss  in nut rie nt s ,  

i t  was ne c e ssary fi rst  t o  pre d i c t  the rate o f  change in  the 

nutrients  whe n sub j e c t e d  to c e rtain proce ssing c ondi ti ons . 

The m o st import an t vari ables in food pro c e s sing whi c h  a f fe c t  

the rate s o f  r e a c t i ons are c on c e n t rati on and t emperat ure . 

A c c ordin g  t o  the law o f  mass a c t ion , the  v e l o c i t y  

o f  reac tion a t  a gi ven t e mpe rat ure was proportiopal t o  the 

produ c t  o f  t h e  c oncentra tion o f  the reac ting substan c e s  ( 1  ) .  
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For e x am pl e , the rate o f  t h e  disappe aran c e  o f  r e a c tant  A 

c an b e  wri t t en as 

= 
n 

• • • • • • • •  eN ( 4 .  1 ) 

whe r e  
dCA i s  the rate o f  d i sappe a ran c e  o f  reac t ant  A ;  

d t  
CA ' CB • • • • • • • •  CN a re the  c on c e n t rations  o f  r e a c t an t s  A ,  

B ,  • • • • • • • • 
N involved  and k is t he r e a c t i on r a t e  c ons tan t . 

The  o rd e r  o f  the reac t i on i s  d e fined  as the s um o f  the  

powe rs to  whi c h  the c on c e n t rat i on o f  all  re a c t an t s  a re 

rai se d . 

Other variable s c an be added  t o  thi s r e a c t i on ra t e  

e q ua t i o n  a n d  i n  f o od proc e s sing t h e  most imp o rtant i s  

t emperat ure , al though pre s s ure a n d  ra d iant e n ergy a s  

sunl i gh t  or U . V . light c an al so a f fe c t  reac ti on  rate s .  An 

o ve ral l e q ua t i on c an then  b e : 

a b 
= - k CACB • • • • • T (4 . 2 )  

I n  the d e s t ruc t i o n  o f  n u t ri en t s , the c on c e n t ra t i on s  o f  

wat e r , oxy ge n , a c ids , alkalis , re ducing  sugars are o ft e n  

impo rt an t , as a r e  the c o n c e n t ra t i o n s  o f  me t al c ataly s t s  

a n d  e n zymes . B u t  the m o s t  important fac t o r  in t h e  f o o d  

pr o c e ssing re a c t i ons  i s  the c on c e n t rati on o f  the  re acting  

s ub s t an c e , CA ' and the re a c ti on rate e qua t i on at a gi ven 

t empe rat ure i s : 

= -k C n 
A (4 . 3 ) 

whe re i n  this st udy , CA i s  the c o n c e n t rati o n  o f  the n ut ri e n t  

A ,  k i s  the reac tion ra t e  c on s t an t  and n i s  t h e  o rd e r  o f  t h e  

re a c ti on . 



4 . 2  T he orde r o f  the reac ti ons  involved  in the  d e s t ru c t i on 

o f  n u t ri e n t s  

I t  w a s  pertinen t t o  thi s re search t o  c on si d e r  t h e  

o rd e r  o f  re ac t i on s  involve d i n  t h e  d e � t ru c t i on o f  t h e  

n u t r i e n t s  in the f o o d  mixt ure ; and a s h o r t  l i t e rature 

re vi e w  w a s  done so a s  to d e cide  on the order of t he 

r e a c t i on s  in the  nutrie n t  de s t ruc t i on . T he two n u t rien t s  

whose  re a c ti on kin e t i c s  have b e e n  studi e d  in m o s t  d e tail 

we re a s c orbi c acid an d t hi amin e . 

4 . 2 . 1  Asc orb i c  acid  

Earl i e r  s t udie s o n  the  o rd e r  of  the  d e s t ru c t i on 

re a c t i on we re c on fli c ting . I t  wa s reported  as e it h e r  zero , 

fi r s t  order or  pseud o ! ( 253 , 1 92 ,  1 3 ) . Howe ve r ,  J oslyn 

and Mi l l e r  i n  1 94 9  s t ud i e d  the autoxidation o f  asc o rbic  a c i d  

i n  b u f fe red  s o l ution und e r  con t inuous supply o f  oxygen and 

c on fi nned the validity o f  fi rst o rd e r . Fre e d  e t  al . 1 949 , 

cbn firmed that asc orb i c  a c i d  an d t hia�ine in mi s c e l lane ous 

food  material s  st ored at c onstant  tempe rat ure foll owe d 

firs t o rder r e a c tion kin e t i cs . V o j n ovich  and P fe i fe r  1 970 

s t u d i e d  the ra te  of a s c o rbic  acid  d e s t ruc ti on i n  whe a t  fl our , 

c orn s oya milk , in fan t c e real and found that t he data  c ould  

b e  t re at e d  as first  o rd e r  reac t i on and the  e f fe c t  o f  

t empe rature foll owed Arrhe nius e q uat i on . In  t he re vi e w  by 

Lab uza 1 972 ,  first orde r reac t i on kine ti c s  . was assume d  for 

the d e st ruc t i on o f  vit amin C in vari ous food produc t s , such 

a s  d ri e d  carrot flake s and cabbage , wheat fl o ur and o range 

j ui c e  powde r . Howeve r ,  d e viat i on from fir s t  o rd e r  rate o f  

re a c t i on has a l s o  b e e n  re p orted . Und e r  limi t e d  oxygen 

supply , J o sl yn and M i l l e r  1 949 found t hat the initial r a t e  

o f  reac tion w a s  re duced . Singh e t  al . 1 976 , s t udying t h e  
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kine t i c s  o f  asc orb i c  a c i d  oxidati on in in fant f o rmul ae in 

0 spe cial  p l exiglass  c e l l s  d uring s t o rage at 7 2  C ,  c on cl u d e d  

t h a t  und e r  limi t e d  supply o f  oxygen the  d egradati on o f  

as c o rb i c  a c i d  with dissolved  oxygen upt ake c ou l d  b e  

d e s c ribe d as a se c ond ord e r  r e ac t ion . It  is unlikely t hat 

proc e s sing of t he in fant f o od wil l  t ake pla c e  und e r  limit e d  

oxygen supply , s o  t hat i t  c an b e  as sume d that first order 

rate  o f  reac t i on would be  true for t he de gradation o f  

asc orb i c  a c i d  d uring pro c e s sing . 

4 . 2 . 2  T hiamine destruc tion 

For thiamin e , the order o f  rea c t i on involve d  in 

the rmal d e st ru c t i on was studied  as early as 1 939 ; Watanabe 

showe d that the the rmal d e st ruc ti on o f  pure t hi amine in 

aque o u s  sol uti on pro c e e d e d  a c c ording t o  fi rst  ord e r . Lat e r  

in 1 944 , Gre enw o od e t  al . ,  s t udying t h e  d e s t ruc t i on o f  

thiamine in pork l unche on me a t , re port e d  that i n  the range 

of 99°C t o  1 2 1 °C ,  data c ou l d  be inte rpre ted on the basis 

of  first orde r . Ri c e  and Be uk 1 945 st udied t hiamine l oss 

in l e an p ork m u s c l e  at tempe rature s from 49 to 1 2 1 °C and 

found that the data obeye d the fi rst order reac t i on be t t e r  

a t  t e mpe ra t ure s higher t han 77°C . Be ndix e t  al . 1 95 1  

s t udi e d  thiamin e stability  i n  peas , c o rn , limab e an s  and 
0 t omat o  j ui c e  over the  tempe rature range o f  1 1 0 t o  1 32 C 

and f ound only in peas that the rmal d e st ru c t i on dat a c ould  

be  int e rpre t e d  as a fi r s t  o rder reaction . Howe ve r ,  

Fe l i c o t t i  e t  al . 1 957 i n  t h e ir investigati on i n  l ow a c i d  

f o o d s  and i n  buf fered solution a t  pH 4 . 5  t o  7 . 0 over the 

tempe rature range of 1 09 to 1 49 °C foun d  the the rmal 

de s t ruc t ion followed first  orde r .  Farrer in his extensive 

review in 1 955 found that t he data c ol le c t e d  from vari ous 
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s t udies  fi t t e d  fi rst  order r e a c t i on kin e t i c s  remarkably 

w e l l . The r e c e n t  work by Mul ley et al . 1 975a gave s t ron g  

e vi d e n c e  o f  fi r s t  ord e r  rea c t i on s  o f  t hiami n e  i n  a f o o d  

sys t em at  b u f fered  p H  o f  6 . T h e  fai l ure o f  the  e arlie r 

wo rke rs t o  obt ain the s t rai ght line  fi t t ing o f  first  o rd e r  

re a c tions  c ould have b e e n  d ue t o  the incapab i l i t y  o f  the 

e q uipme n t  used at  that time t o  ope ra t e  ac curat ely  at  the  

re q ui re d  t empe rat ure . I t  was n o t  un til  the availabi l i t y  

o f  t h e  the rm ore s i s t ome t e r  b y  S t umb o in  1 948 t hat 

reprodu c i b l e  data c ould b e  ob tained . I t  wa s t h e re fore 

as sumed that  fi r s t  ord e r  re a c t i on ldn e t i c s  c oul d be  t aken 

for d e s t ru c t i on o f  thiamin e  in  the proc e s si n g  o f  t h e  in fant 

food . 

4 . 2 . 3 D e s t ruc ti on o f  othe r n u t ri e n t s  

V e ry l i t t l e  i n formati on i s  availRbl e o n  t h e  o rd e r  

o f  reac t i on i n  d e s t ruc t i on o f  o t he r n ut rien t s . C ar o t e n e  

oxidat i on i n  dehyd rat e d  c arrot  studied  b y  Fal c o n e r  e t  al . 

1 964 was analyse d using first o rde r reac t i on . Garre t 1 95 6 , 

i n  a st udy t o  pre di c t  the  the rmal s t ability o f  a c ompl e x  

v i t amin m i x t ure , found tha t  v i t amin � d e s t ruc t i on had a n  

i n i t i a l  z e r o  ord e r  de gradat i on whi c h  subse q u e n t l y  be c ame 

pseud o  first or de r . I t  was e xplai n e d  that beyond the  

c on c e n trati on o f  solubi l i t y  of  the n u t rien t , the  d e grad ation 

rate  was c on s tan t  b e c ause it  d epende d on  c on c e n t rat i on whi c h  

was c o n s t an t . H owe ve r ,  this  c on c e n t ration o f  n u t r i e n t  d o e s  

n o t  oc c ur i n  food syste ms and i t  i s  unlike l y  tha t this 

initial z e r o  ord e r  d e grad a t i on will o c cur , a n d  from Garre t ' s  

work i t  c an be assum e d  that vit amin A d e st ru c t i o n  i s  a . 

first o r d e r  reac t ion i n  fo od s . For t o c ophe rol , Franke l 

e t  al . i n  1 959 found that the  initial rat e s  o f  t o c o ph e ro l  



l o s s  in l ard was first o rd e r  and thi s was al so shown in 

Garre t ' s  work . In the re vi ew by Lab uza in 1 972 , he  

assum e d  that c aro t ene and t o c opherol d e s t ru c t i on fol l owe d 

fi rst  order re a c t i on kin e t i c s . 

For vi t amins B 1 2 and B6 , an d pant othenic a c i d  in  
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the vit amin mix , Garre t 1 956 fo und that  fi rst o r d e r  rea c t i on 

kine t i c s  c ould be  appl i e d  to  their d e s truc tion rat e s , but  

that  d e s t ruc t i on o f  fol i c  a c i d  was  simi l ar to  vi t amin A 

and the ord e r  depended  on the c on c en t ra t i on - ze ro at h i gh 

c on c en t rati on , pse udo first ord e r  a t  l ower  c on c en t rati on s . 

Singh e t  al . i n  1 97 5  showe d t hat the d e s truc t i on o f  

rib o flavin in l i q uid milk wa s found t o  b e  in t he manne r o f  

fi rst o rder re a c t i on . I t  c an be  assumed that fir s t  o r d e r  

re a c t i on kin e ti c s  are a d e s c ript i on o f  t h e  dest ruc t i on o f  

the se  vi tamins . 

V e ry l i t t l e is known on the  d e s t r u c t i on rat e o f  

o t he r vi tami n s , such  as nia c i n , bi o tin , cholin e , vi tnmin D ,  

vi t amin K .  T h e s e  vi t amins are ei the r s table t o  h e a t  

pro c e ssing o r  t he l o s s e s  a r e  ve ry small . 

'l'he p re sent  kn owl e d ge on the d e s t ru c t i on o f  ami n o  

acid s d oes  n o t  l e ad t o  any c l ea r  ind i c a tion o n  the  ord e r  o f  

the re ac tion . The lack o f  in formati on on the o r d e r  o f  

re a c tion involve d i n  d e s t ru c t i on o f  amino  acid  i s  

und o ub te dly d ue t o  the c omplex nature o f  this reac t i on . 

R e e v e s  1 97 7  f o und that the d e s t ruc t i on o f  lysin e  in l iquid 

milk c ould not be fi t te d  in wi th any orde r , howe ve r  t he 

pse udo fi rst  o r d e r  was assume d . In  the reviews by Labuza 

1 97 2  and  Lund 1 975 , neverthe l e s s , fi rst order reaction was  

a s s um e d  appli c ab l e  for d e s t ruc t i on o f  lysine . 

As t h e re i s  n o  in formati on s ugge sting t h e  d e s t r u c t ion 
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of amino a c i d s  i n  o th e r mann ers , t h e  f i rs t  o rd e r  rat e of 

d e s t ruc t i on wa s as sumed t o  h o l d  f o r  a l l  t h e  e s s ent ia l  amino 

a c i d s  s tud i e d . 

4 . 2 . 4 Pre d i c t i on o f  orde r  o f  re a c t ion 

I n  t h i s  st udy , an at t empt had t o  be  mad e t o  pre d ic t 

t h e  l o s s  o f  nut rie n t s  in pro c e s sinr, so  that the d e s ign ed  

mix t ure a ft e r  proc e s si n g  c ont ainG nut rient s  a c c ording t o  

the re q uiremen t s  o f  t he in fant . T o  d o  this , i t  was as sum e d  

t hat the  d e s t ruc t ion re a c t i on s  o f  all  the nut rie n t s  we re 

fi r s t  ord e r  r e a c t ions  as re garde c on c e nt rat i on o f  the 

nut rient . T h i s i s  an a s sump t i on b a s e d  on l i t t l e  in for�a t i on 

in the l i t e r a t ure , but  i t  wa s c on sid e re d  a vali d  one t o  make 

in ord e r  t o  have the  linear programminG mod e l  in c l ude  t he 

e f fe c t  o f  p ro c e s sing  on nut rient s . A s  m o re in format i on 

b e c om e s  avai l able on nutri en t  d e s truc t i on , i t  can be u s e d  

t o  improve t he predi c ti on s  o f  pro ce ssing l o s s e s . 

4 . 3 Reac t i on rate kine t i c s  for  nutrient  d e s truc t i on 

I n  general , a first o rd e r  re a c t i on o f  d i si n t e p,rat i on 

o f  A can be  d e s c rib e d  as 

- dC A = k CA • • • • • • • •  ( 4  · 4 ) 

d t 

I f  C 0 i s  t h e  ini t i al c on c e n trat i on o f  nutrient  A at z e r o  

t ime and C i s  t h e  c on c en t ra t i on at  s ubse quent t i m e  t ,  

c t 

-J 
dCA = k l d t • • • • • • • •  

CA 0 

C O 

whic h  c an b e  wri t t e n  a s  

c - ln c = kt • • • • • • • •  
0 

( 4  . 5 ) 

( 4 . 6 )  
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= kt • • • • . • • •  ( 4 . 7 )  

Thus a p l o t  o f  the  l o garit hms o f  the re t en t i on agains t  t ime 

yields a s t rai ght line  with s l ope 
k 

2 . 303 

T h e  rate o f  re n. c t i on has l on g  been lmown t o  be 

temperat ure dependent  ( 1 ) . T h e  re a c t i on rat e  c on s t an t , k ,  

incre a s e s  w i th t empe rat ure an d the re lati onship i s : 

k = Ae -E/RT • • • • • • • •  ( 4 . 8 ) 

where A i s  c alled  the fre que n c y  fac t o r , E i s  t h e  ene rgy o f  

a c t ivat i on , R i s  t h e - gas c on stant and T i s  t he abs ol ut e  

t empe rat ure . 

T aking l ogari thms , t he e q ua t i on c an b e  wri t t en as : 

l og k = l og A 

T h e re fore t he pl o t  o f  l og k 

line wi t h  sl ope e q ua l t o  

E 

again s t  

E 

2 . 303 R 

. . . . . ( 4 . 9 ) 

1 /T yi e l d s  a s t raigh t  

T h e  c on s t ant , E ,  i s  c hara c t e ri s t i c  o f  the  reac tion 

and d e t e rmines the in fluen c e  o f  temperat ure on t h e  rea c t i on 

rate . T h us , the re l at i on ship o f  k and tempe ra t ure c an be  

e stabli she d from fi t ting a s t rai ght line  to  data  of  l o g  k 

and 1 /'r . The ra t e s  o f  re a c t i on at other t emperatures can 

be  p re d i c t e d  from this re la ti onship . 

Be side s depending on the t empe rat ure , the  rat e s  

o f  the re ac ti on are a f fe c t e d  by o t h e r  variable s  - pH , · wat e r  

a c t i vi ty ,  c on c e n t rati on o f  oxygen and c on c en t ra t i on o f  

mino r  c omponen t s  such as t ra c e  me tal s and e n zym e s  ( 1 46 ,  25 1 ) .  

Wanninge r 1 972 postulat e d  a mathematic al m o d e l  f o r  the  

e f fe c t  o f  moi s t ure  c on t e n t  on the rate  o f  rea c t i on ; but data  

is n o t  availabl e to  gen e ralise t h e  e f fe c t s  o f  any o f  these  



variab l e s  on nut rient de s truc t i on . 

In t hi s  s t udy , i t  was assum e d  that o xygen was 

ab undan t , the pH was near ne ut ral and wat e r  act ivity was 

high whe n pro c e s sing started  but would d e c rease d uring 

d rying . It  was a s e umed  that there  w ould be n o  gre a t  

variation in p H  o r  i n  oxyge n l e ve l  d uring proc e s sin g . 
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T o  s um up , a fi rst o rd e r  re a c t ion was as su�e d f o r  

t h e  d e s truc t i on o f  nut rien t s  d uri n G  heat proc e s sing a n d  the 

two variabl e s  c onsi d e re d  w e re c on c en t rati on o f  the n u t rient  

and tempe rat ure . 

4 . 4 Review on stabi l].. ty o f  nut rient� _? uring heat proce s sing 

The data on the d e s t r uc t i on of the nut ri en t s  was 

c ol l e c t e d  from the l i t e rat ure . Whe re ve r  po ssib l e  the 

de s t ruc tion rat e in  h i e;h moist ure f o o d s  vws c ol l e c t e d  

rathe r than the  d e st ruction rate  i n  d ry prod u c t s  d urin g 

s t orage , b e c au s e  i t  will be m o re rele vant  t o  the mixture o f  

indigenous f o o d  mat e rial s d uring pr oc e s sin g . An a t t empt 

was made to  i n c lude data on f o o d s  with pH near n e u t ral as 

it wa s a s sum e d  that the  in fan t f o o d  would have ne a r  n e u t ral 

pH . An a t t e mpt was made n o t  t o  inc lude data from v e ry high 

o r  very l ow pH fo o d s . 

The d a ta was c ol le c t e d  e i t h e r  as  already e xp re s s e d  

r at e s  o f  re a c t ion o r  a s  a se ri e s  o f  c on c en t rati on s  a t  

c e r tain t e mpe rat ure s and times . �ith the lat te r type o f  

d a ta ,  the l o g  o f  re t enti on fra c t i on ( C/C 0 ) was pl o t te d  

against  t im e ; the st raight line was fit t e d  t o  the  d a t a  by 

t he l e a s t  s quare s me thod and the re a c t i on rate was 

c al c ulat e d  f r om the sl ope as shown in Eq uation 4 . 7 . When 

t he data only c onsisted  o f  3 or 4 poin t s , t he s t raight 

line was fi t t e d  manual ly . 
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T h e  foll owing se c t i on s  revi e w  t h e  li t e ra t ure on the  

l o s s e s  o f  n u t rien t s  in heat p ro c e s r;inr; of  fo od s . 1' he data  

f o r  e ach n u t rient we re c oll e c t e d  ond k value s at  di f fe re n t  

t e mperatures and in  di f ferent fo od produ c t s  are pre s en te d . 

4 . 5 Prot e in and e E s e n tial am i n o  a c i d s 

Gene rally , the  nu t ri t ive value o f  protein i s  d e fin e d  

by i t s  e s sent ial ami n o  acid  c omposi t i on , taking t ha t  the 

am o unt of  n on -essential amin o  a c i d s  muet be s� f fi c ient t o  

minimi se the  me tabol i c  dive rsion o f  the e s sential amino 

a c i d s  ( 1 57 ) .  In other word s , the q ua l i t y  o f  protein 

d e pends on i t s  abi l i ty t o  suprly e s �ential  amino a c i d s  in  

su f fi c i e n t  am ount to  ful fil l all the r e q ui reme n t s  for 

maint enan c e  and growt h ( 8 1 ) . 

T here c an be  l o ss o f  nu tri t i on a l  va lue on he at in g . 

Re viewed by Eend e r  1 970 , Burge r e t  a l . 1 973 , the t hre e 

types o f  reactions  re s ponsible for the nu t ri ti onal c h 8 n ge s  

are fi rstly mai ll a rd re a c t i ons i . e . amino groups e s p e c i a l ly 

o f  lysine react  wi t h  either aldehyde groups o f  reduc ing 

s ugars or c arbonyl gr oups  from oxid i s e d  fat s  ( 237 ) ; se c on d ly , 

c ross linkage rea c t i ons be twe e n  pro t e in mole c ul e s ; and 

t hirdly the damage t o  sulphur amino a c i d s  by oxida tion and 

sulphydrati on . 

l inkage s ,  Ford 

In r e l a t i on t o  prot ein -pro tein c ross  

1 973  sugge sted  se ve ral  possibilit i e s : an 

e s ter  link o f  c arbonyl group t o  a hydroxyl group o f  amin o  

a cid , t hi o e s t e r  link be twe en the c arb onyl and thi o l  gro up 

and lastly an ami d e  link between  c a rb onyl group and ami d e  

group . As a re sult  o f  the se reac t i o n s , t h e  n e w  l inkage s 

found wi t hin o r  b e tween pe ptide  chains are sugge st e d  t o  have 

re sistance to hyd rolysis by the proteases  of t he �ut and 

al so  impair the dige stibility o f  ad j acent  pe p tide bonds due  
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t o  s t e aric hindran c e  t o  t h e  a c c e ss o f  pro t e ol y t i c  enzymes . 

The r e f o re , l o s s  in n u t ri tional val ue o f  protein means t hat 

a proportion o f  the amino a c i d s  are d e s t roye d or made 

unavailab l e  n u t r i t i onally . 

The rate  o f  amino  a c i ds d e s t ru c t i on d uring heat  

p r o c e s Ei n g  c an b e  d e t e rmine d  by the  d e c rease  in the  t o tal 

amoun t  o f  t he individual  ami n o  acid in t h e  food . The re are 

problems in e s timat ing t he amin o acid whi ch is not d e s t royed 

but  made unavail ab l e  nut riti onally . 

4 . 5 . 1 Me thods o f  d e t e rmining t otal and avai l abl e amino 

acids 

T o t al amin o  acids in a food can be d e t e rmined by 

acid hyd rolysis of  the pro t e in fol l ow e d  by e it he r 

m i c robi o l ogi c al a s says o r  by chroma t ography and c ol om e t ri c  

measurement  o f  the individua l  amin o  acid  . T h e  avai l a b i l i ty 

o f  spe ci fic  amin o  acids  c an b e  d e t e rmined c hemi c ally , 

mi c robio logically and by b i o assay s . I n  d e t e rmining the  

availabi l i t y  o f  spe ci fi c  amino aci d s , the re sul t s  relate  t o  

the  c ondit ions o f  the t e s t . For e xampl e , in c omparing t he 

resul t s  from r a t  growt h a ssays and in vit ro dige sts  using 

prote olytic enzyme s ,  Ford and Sal t e r  in 1 9 6 6 fo und that 7 1  

pe rc e n t  o f  the me thionine , 8 1  pe rcent isole u c ine  and 2 8  

p e r c e n t  lysine we re me asure d as available in t h e  in  vi t r o  

d i ge s t s  as against 42 , 3 9  and 1 8  pe rcent  measured i n  the  

rat growth te st s . Mil l e r  e t  al . 1 96 5  found that  the 

d e t e rmination o f  available  methionine by the o rganism 

S t rept o c o c c us zymogene s was l owe r t han d e t e rmine d  by the 

c hi ck b i oassay , unle ss the  c on c e n trat i on of papain use d in 

the e nzyme pre dige stion was inc reased . In the enzymic 

d e t e rmination o f  avai l ab l e  lysine by the chemi c al me thod 

using fluorodinit roben zene ( FDNB ) and by the chick  bioas say , 
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M i l l e r  e t  al . in 1 965 found  tho t n vn i l n hle lysine d e t a rmin e d  

b y  the FDNB m e t h o d  vw r; 9 3  p e rc e n t  while b y  chi c k  bioa c· so y  

i t  wa s 8 1  pe r c e n t  o f  the  t ot a l  lysin e . The re fore , in 

t t udying t he l i t e r a t u r e  f o r  d a t a  to UGe in t he kin e t i c s , 

at t e n tion was gi v en t o  the  t o t a l  a m i n o  � c id 8 and the 

n v o i l a b l e  ami n o  o. c i clf:: , a n d  a l 2 o  to t h e  me thods used i!1 t he 

d e t c rmina t i on s . Thic variabi l i t y  in m e t h o d s o f  ann l y s i s  

make s i t v e ry d i f f i c u l t  to use d a t o  f r om di f fe re n t  p � pe rs 

i n  a gen e ra l i c e d  � t udy such a s  t his . 

4 . 5 . 2 The e f fe c t  o f  c ondi t i on s  on t h e  kin e t i c  rate 

c on s t an t s  

In c ompi l i n ( '; t he se d a t a , t h e  d i spr\rity i n  t h e  

e G tima t e d  k v� l u c s  for  e a c h  amino ? c irt �a s found t o  b e  q ui t e  

ma rke d . Un d o ub t e d ly , thi c d i c p< 1 ri ty  ':.' :: E: c:! ue t o  the  

di f fe ren t e s j_ n  t he C :):. J d i t i or.. f' o f  t h e  c x1w r im e n t s  s u c h  n r: 

r:1 0i s t ure c on t e n t , } l • , d urCJ U_ on o f  h co ; • t t re 0 t me n t  nnc1 t :; p e  o f  

f o od p r o d u c t s . .· i. t h re E:;pe e t  t o  r. : rJ i  � t urc c on t e nt , c a rl i e r 

v:or' �  t:uch  CJ S by I ea an d F <m nan i ; t  1 ') L; ) sur�e s t c d  tha t the 

m e : : i uur:·i d e 2 t ruc t i on o c c urre d o t  ! ·1 o i ::.� t u r e  c on t e n t s  b c t \'/ e e n  

1 0  and 1 4  p e r c e nt . Carpe n t e r  o t  � l . 1 962 he a t e d  d e fa t t e d 

he r ri n g  pre s s e d  c ake n t  1 30°C f o r  2 7  h ours ove r  t h e  r e gi on 

o f  0 t o  50 p e rc ent m oi s t ure  and found the maximum aE1in o 

a c i d  binding from 4 t o  1 2 p e r c e n t  moi s t ure for l ysine , 

m e thionine and t rypt ophan . �ill e r  e t  al . 1 96 5  heatine c od 

mus c l e  a t  85 °C and 1 1 5 °C for 27 h o urs ove r the re gion o f  

0 t o  50 pe r c ent  moist ure c on t e n t  f o und the gre at e s t  l os s  in 

lysine at 1 4  p e rcen t moi st ure but methionine , t ryptophan 

and le ucine had inc re ase d l os s e s  a t  higher mois ture c o n t e n t s . 

H oweve r , when c hi c k  as says w e re use d  inste a d  o f  S t rept o c oc cus  

zymogene s , t he de st ruc t i on d i d  not  c h an ge wit h  i n c r e a s e d  



m o i s t ure c on t en t . From the available d a t a , i t  i s  n o t  

p o s s ib l e  t o  r e l a t e  t he ra t e  o f  de s t r u c t i on o f  ami n o  a ci d s  
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w i t h  m o i s t ure c on t e n t . But l o s s e s  a t  ve ry l ow m o i s t ure 

c on t e n t s  are p o s s i b l y  not re l e van t to the p r e s e n t  s t ud y  a s  

t he y  wi l l  b e  l owe r t h a n  c an be expe c t e d  d urin g t h e  

pr o c e s si n g  o f  t h e  in fan t food . Un fo r t un a t e ly , s ome o f  t h e  

pape rs d i d  n o t  s t a t e  t h e  mois t u r e  c on t e n t  o f  t h e  f o orl s ,  b u t  

�e n e rally fo od s  w i t h  m oi s t u re c o n t e n t s  b e l ow 4 p e rc e n t  we re 

n o t  u s e d . 

D u ra t i on o f  h e a t tre a tment in t h e  e xp e rim e n t s  

c e rtainly h a s  a n  e f fe c t  o n  r e a c t i on ra t e s . T h e  a c c urac y  i n  

t he a naly s i s  d e c re a s e s  a s  t h e  c on c en t ra t i on ee t s  sm a l l e r . 

I t  i s  w o r t h  n o t i n G  t h a t  m o s t  o f  t h e  e x pe rime n t s  d on e  on 

p r o t e i n  are q ui t e  s e v e re i . e . l on �  h o l d in g t im e s  s u c h  as  

1 8  or 24 h ours at t e mp e rat ure s above  1 00 °C . �he d i f fe re n c e  

i n  h o l d i n g  t i m e  w i l l  pl ay a n  impor t � n t  role i n  t h e  

e s t im a t i on o f  t h e  k va l ue . The k val u e s  d e ri ve d  from t h e  

s h o r t e r h o l d ing t ime s will be m a r ke d l y  high e r  than t h o s e  

f r om l on ge r h o l d i n g  t im e s . In s t udying t h e  s i t ua t i on w h e re 

t h e  r e a c t i on rat e  c on s t an t  will be u s e d  t o  p r e d i c t  t he l o s s  

d u ring pr o c e s si ng , whi c h  o c c urs for a s h o r t  h ol d ing t im e , 

t h e  init i a l  s t age o f  t he re a c t i o n  whe n e v e r  p o s si b l e  wa s 

t aken in t h e  e st i ma t i on . 

Ot h e r  fac t o r s  whi c h  t e n d  t o  a f fe c t  t h e  l oss o f  amin o  

a c i d s  and the avai l abi l i t y  o f  amino a c i d s s u c h  a s  t h e  am o un t  

o f  r e d u c i n g  sugars and pH we re r e v i e w e d  by B e n d e r  1 972  and 

Osn e r  and Johnson 1 96 8 . The e f fe c t  o f  re d uc in g  sub s t an c e s  

i s found i n  the mai l l a rd r e a c ti on , a ma j o r  c au s e  o f  pro t e in 

d e s t ru c t i on and i n  parti c ul a r  o f  lysin e . � h e re is a gre a t  

d e al o f  e vi d e n c e  f o r  t h e  fall in n u t ri ti ve val u e  re s ul ti n g  
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from t h e  pre sen c e  o f  reducing substan c e s  in h e at e d  prot ein 

( 1 07 ,  1 9 5 ) . Un fortunat e l y , i n  the c o l le c t i on o f  the 

kin e t i c d a t a , i t  was not p o s sible t o  t ake thi s int o  ac c oun t . 

Wi t h  r e s p e c t  t o  pH , the re i s  evid e n c e  that i n c re asing pH 

cause s t he de c omposit ion o f  sulphur ami n o  ac i d s  ( 1 89 ) . 

Schroe d e r  e t  al . 1 96 1  indi c at e d  that more o f  t h e  amino 

a c i d s  are bound at hi gh e r  pH . 

H e at c an have b o t h  bene fi c i al and d e t rime ntal 

e f fe c t s  on prot e in . Bene fi c i al e f fe c t s  have b e e n  re porte d ; 

in par t i c ular all l e gume s  ( 1 6 ) and s ome c e re a l s  such  as 

whe at , rye , b u c kwheat , ri c e , oa t s  and mai ze c on t ain t rypsin 

inhibi t ors and h e a t ing h e l p s  in d e s t roying the se . 

The re fore , al though he a t  must be appl i e d  ad e q ua t e l y  

t o  ce rt ain raw ma t e rial s 0Uc h as l e t�umes and c e reals t o  

improve i t s  nut rit i onal value , the further heat ing re q uire d 

in pro c e ssinG will  c e rt ainly impair  the  amino a c i d s  o n d  

hence t he pro t e in q uali t y . In o rd e r  to  find the  e f fe c t  o f  

tempe rat ure on the dest ruc t i on o f  the amino a c i d s , data was 

c o l l e c t e d  from the l i t e ra t ure on the retent i on o f  e a c h  

e s �e n t i a l  ami n o  a c i d  re l a t e d  t o  t ime and t empe rat ure o f  

pro c e s sing . T h e  othe r variables  - type o f  produc t , pH , 

mo i s ture c on t e n t , method  o f  analysis - w e re n o t e d  whe reve r 

p o ssible  but t he y  were n o t  used  in c al c ula t ine the  rea c t i on 

rate  c on st an t s  for each  amin o  acid . T he data was all 

t re a t e d  as fi rst ord e r  reac t i o n  and t he reac t i on rat e 

c on s t an t s ,  rel a t e d  t o  t e mpe rat ure , o f  di f fe re n t  ami n o  acid s 

we re c al c ulat e d . 

4 . 5 . 3 The re a c t i on rate c onstan t s  for the d e s t ruc t i on o f  

the e s s ential ami n o  a c i d s  

A s  many data as p o s sibl e r e l a t e d  t o  kn o wn 
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tempe rat ure s and times we re  c ol l e c t e d . In  cases whe re t h e  

amin o acioc re t e n t ion d uring d i f fe re n t  pe riods o f  heat ing 

we re given , k values were e stima t e d  from the sl ope o f  t h e  

r e t e n t ion/he a t ing time re l a tion s hi p  graphed  on semil o g  

pa pe r . Be c ause  o f  the lack o f  sui table  data , single 

r e adings at  the end o f  the heat in g t ime were al so  us e d . 

F o t h  t o tal and a vailable amin o a c i d  da ta  were c ol l e c t e d . 

The  data  i s  shown in Tabl e s  4 . 1  t o  4 . 1 1 .  This data was 

c ompi l e d  from vari o us sourc e s  with di f fe renc e s  in the 

e xpe rimental c on d i ti ons , and d i spari ty in t h e  e s t im0 t e d  

val ues would b e  expe c t e d . I t  was fe l t  that all the a vai lable 

in formation should be n o t e d ,  and then  the data e xamin e d  t o  

d e t e rmine t h e  most  sui t able fo r t h e  kine tic s t udi e s . 

A l t h o ugh i t  i s  d i f fi c ul t  t o  ge n e rali z e  b e c ause  o f  

t h e  wide variat i on in the dat a , t h e  re a c tion ra t e  c ons tants 

for  the  avai l able amino a c i d  d e s t ruc t i on was highe r t han 

for the t o t al amino acid  d e s t ruc t ion . I t  was f e l t  t h a t  

t h e  avai l ab l e  amino a c id data should be  use d  whe reve r 

po ssible as thi s woul d give t h e  gre at e r  predi c t e d  l os s e s . 

However , in d e c iding whi c h  data  t o  use c onside rat i on had t o  

b e  given t o  t h e  avail ability o f  t h e  dat a , i n  parti c ul a r  t h e  

ran ge o f  t emperature available for  each  amin o  a c i d . The 

d a t a  had al s o  to be  in a form whe r e  it was possible to apply 

t h e  Arrhenius e q uat i on . For the se reasons , i t  was d e c i d e d  

t ha t  data on t otal amino acids  w e r e  u s e d  for  histidine , 

t hr e onine , phenylalanin e , tyrosine , and val in e . D a t a  on 

available amino  a c i d s  we re used for lysine , l e ucine , 

m e thionine , i s ol e ucine , c y s t ine  and t rypt ophan . F o r  

h i s t idin e , t hr e onine , phenylalanine and valine , t ot al amino 

a c i d  dat a w e re use d b e c ause i t  c overe d a wid e r  range o f  
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t e mperature t han the available amino ac ids . For tyrosine , 

dat a on avai labl e tyrosine was n ot found . For l ysine and 

m e t hi onin e , t he re we re m ore data  on t h e  a vail ab l e  amino 

ac i d . 

�ith  available lysin e , fl u c t ua ti ons due t o  moist ure 

c on t ent we re elimina t e d  by using only d a t a  of hi ghe r 

m o i s t ure c ont ent . H owe ve r , with the o t h e r  amino acids  

t h e re w� s not  su f fi ci e n t  dat a availab l e  t o  do  t hi s . 

Wi t h  avai l able me thi onin e , d a t a  d e t e rmine d by � i l l e r  

e t  al . 1 9 65 using t h e  c hi c k  assay we re n o t  inc luded a s  i t  

re fle c t e d  a slower r a t e  than t h e  mi c r obiol ogi cal me t hod . 

Otherwise , n o  at t empt �as made t o  exc lude data  b e c ause o f  

t h e  m e t h o d  o f  amin o  acid  de t e rmina t i on . M os t  o f  t he 

ava ilable  lysine we re  by the  FDNE m e t h od and were  

c omparab l e , but  t he re was  varia t i on in the methods  use d 

f o r  o th e r amino ac i d s . 

For cystin e and i so l e ucine , i t  was ve ry di f fi c ul t  

t o  d e c i d e  on the d a t a  t o  use due t o  t hei r di sparity and 

s c arci ty . For both  amino a c id s , the rate  was highe r wi t h  

t h e  avai lable amin o a c i d  e spe c ially w i t h  t h e  pork slurry 

at 1 1 3°C ( 1 9 ) .  To re fle c t  this hi gh e r  ra t e  o f  reac t i on 

and ye t a l l ow the as sumpt i on o f  the validity o f  the 

A rrhenius e quation , only s om e  o f  the data on available 

c y stine and isole u c in e  we re sel e c te d  t o  find t he 

r e lationship be twe e n  k and t emp e rat ure . T he d a t a  not  

i n c l ud e d  in t he pre di c ti on of  the k/t e mpe rat ure re lati on ­

ship are shown i n  b racke t s  i n  t h e  tabl e s . 
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T able 4 . 1 Re a c t i on R a t e  C onstan t s  for Histidine 

Temp . k Hoist ure pH Method o f  Type o f  Re ference  
oc X 1 0-3 c on t e n t  analysis product 

hr- 1 % 
T o t a l  Hi stidine 

1 05 . 0  3 . 47 1 1 . 5 Chromat ography + Cod fillet Ellinge r and 
calorimetric Boyne 1 965 ( 6 9 ) 

1 1 0 . 0  3 . 4 8  50 . 0  Amin o acid analyser Pork Donoso e t  al . 
1 962 ( 63 )  

1 20 . 0  8 . 22 Acid hydrolysis + Skim milk Ford 1 962 ( 83 )  
s .  zymo!2enes powder 

1 20 . 0  3 . 89 1 1  1 1  Fi sh meal 1 1  1 1  ( 83 )  

1 2 1 . o  43 . 60 Acid hydrolysi s + S oybean Evans and But t s  
s .  fae calis prot ein 1 949 ( 7 2 )  

1 2 1  . o  3 . 02 Acid hydrolysis + Cured pork Be uk et al . 
S .  lac tis 1 94 8  ( 1 8 ) 

1 50 . 0  1 94 . 23 9 . 9  Amino acid analysis C o c onut meal S amson 1 97 1  ( 2 1 4 )  

Available Hi stidine 

1 1 3 . 0  32 . 62 s .  l a c t i s  Fresh pork Beuk e t  al . 
slurry 1 948 ( 1 8 )  

1 1 6 . 0 36 . 93 s .  z;tm oge nes Chicken Varnish e t  al . 
muscle 1 975 ( 24 6 ) 

1 2 1  . o  1 1 0 . 77 6 . 2 1.· me sent eroi des Canned sword Lope z - 1-':atas 
fish F.ellers 1 94 8 ( 1 53 )  

1 2 1  . o  26 .46 Enzyme hydrolysis + Fresh pork Eeuk e t  al . 

.§ .  l a c t i s  1 948 ( 1 8 ) 

1 2 1 . 0  1 9 . 25 11 1 1  Cured pork 11 11 ( 1 8 ) 



T able 4 . 2 Reac ti on Rate C ons t an t s  for I s oleucine  

k 
X l 0-3 

- 1 h r  

}1 oisture pH 
c on t e n t  

T o tal Isoleucine 

1 1 0 . 0  3 . 02 50 . 0  

1 1 6 . 0  2 . 9 1  

1 20 . 0 2 . 70 

1 20 . 0  1 3 . 25 

1 2 1 . 0  20 . 85 

Available I soleucine 

1 1 3 . 0 ( 65 . 97 )  

1 1 4 . 0 20 . 63 6 . 0  

1 1 6 . o  4 3 . 99 

1 2 1 . 0  6 . 0  

1 2 1 . 0  ( 29 . 73 )  

1 2 1 . 0  ( 1 7 . 95 ) 

Met hod o f  
analysis 

Type o f  
p·roduct 

Amino acid analyser Pork 

1 1  1 1  

Acid hyd rolysis + 

2 ·  zymop;enes 

1 1  1 1  

Acid hyd rolysis + 
L .  arabinosus 

.1· arabinosus 

S .  zymogenes 

2 .  zymogenes 

S .  zymogenes 

Chi cken 
muscle 

Fish meal 

Skim milk 
powder 

S oybean 
protein 

Fresh po:::-k 
slurry 

Groundnut 
flour 

C hi c ken 
m uscle 

G roundnut 
flour 

Enzyme hydrolysis + Fresh pork 
1 .  arabinosus 

11  11 C ured pork 

Re fe rence 

Donoso e t  al . 
1 962 ( 6 3 )  

Varnis h  e t  al . 
1 975 ( 246 ) 

Ford , 1 9E 2  ( 8 3 )  

1 1  11  ( 83 )  

Evans and B u t t s  
1 949 ( 72 )  

Beuk e t  al . 
1 949 ( 1 9 )  

Anantharaman and 
Carpenter 1 97 1  
( 3 )  

Varni sh e t  al . 
1 975 ( 246 ) 

Anantharaman and 
Carpenter 1 97 1  
( 3 )  

Beuk e t  al . 
1 94 8  ( 1 8 )  

1 1  1 1  ( 1 8 ) 

1 20 . 
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T ab l e  4 . 3 R e a c t i on Rat e  C on s t an t s  for Le uc ine 

Temp . k Moist ure pH Method o f  Type of Re fe re nce  
oc X l 0-3 c on t ent analysis product 

hr - 1 % 
T ot a l  Leucine 

1 1 0 . 0 9 . 30 50 . 0  Amino acid analyse r Pork Donoso e t  al . 
1 962 ( 6 3 )  

1 1 6 . o  5 . 27 11  11  Chicken Varnish e t  al . 
muscle 1 975 ( 246 ) 

1 20 . 0 20 . 79 Acid hydrolysis + Skim milk Ford 1 962 ( 8 3 )  
s .  zymogene s powder 

1 20 . 0 3 . 1 7  11  11 Fi sh meat " 11 ( 83 )  

1 2 1  . o  20 . 85 Acid hydrolysis + Soybean Evans and But t s  

L .  arabinosus protein 1 94 9  (72 ) 

Available Le ucine 

1 1 3 . 0 ( 54 . 83 )  L .  arabinosus Fre sh pork Beuk et al . 
slu rry 1 949 ( 1 9 )  

1 1 4 . 0 ( 54 . 1 8 ) 6 . 0  s .  zym ogene s Groundnut Anantha raman and 
flour Carpen t e r  1 97 1  

( 3 )  

1 1 6 . 0 30 . 39 s .  zymogenes Chicke n  Varnish et al . 
mus c l e  1 975 ( 24 6 )  

1 2 1 .0  24 . 1 6  Enzyme hydrolysis + Fresh pork · Beuk et a l . 1 94 8  

L .  arabinosus ( 1 8 ) 

1 2 1 . 0  23 . 23 11 11  Cured pork 11 " ( 1 8 ) 

1"2 1 .o 5 8 . 1 3  6 . 0  s .  zym o genes S oy b e an Anantharaman and 
prot e in Carpenter 1 97 1  

( 3 )  

1 2 1 . 0  1 1 0 . 5 1  50 . 0  Enzyme hydrolysis + Se same meal Villegas e t  al . 
L .  mesenteroides 1 968 ( 247 ) 



T able 4 . 4 Reac t i on Ra t e  C on s t . n t s  for Lysine 

k P.oin ture pll 

X 1 0-3 c ontent 

hr- 1 % 

fle thod o f  

analys i s  

Total Lynine 

90 . 0  0 . 55 

1 02 . 5  2 . 4 7  

Acid hydrolysis • 
chroma tography 

1 4 . 0  6 . 95 I on e x c hange 

chrorr:3tography 

T y pe o f  

prod u c t  

l' e a t  meal 

C od r.�uscle 

protein 

! le  fcrenco 

A tkinson and 

C n rr e n t e r  1 970 

( 1 0 )  

Hi l l e r  e t  al . 

1 96 5  ( 1 62 )  

1 05 . 0  3 . 22 1 1 . 5 Chromato graphy + Cod fi l l e t  El l inge r and 

Poyne 1 965 ( 6 9 )  c o l o rit:le t ric 

1 1 0 . 0  9 . 30 50 .0 Ami n o  acid analyser Pork Donoso et al . 

1 962 (63 ) 

1 1 6 .0 

1 20 . 0 8 . 32 

1 4 . 0  6 . 95 I on e x c hange 

c h romat o graphy 

A c i d  hydrolysi s • 
P .  c e revisiae 

C od musc l e  

protein 

Skim milk 

powd e r  

��i l l e r  e t  al . 

1 965 ( 1 62 ) 

Ford 1 962 ( 8 3 ) 

1 20 .0 2 1 . 99 9 - 9  Amino acid analy se r C o c onut meal Samson 1 97 1  ( 2 1 4 )  

1 2 1 .0 1 . 70 

1 2 1 .0 2 . 1 4  

1 2 1 . 0 37 . 7 1  

1 2 1 . 0 89 . 1 8  

1 30 .0 287 . 74 

50 .0 

A c i d  hydrolysi s + 
1· m e s e n teroides 

" " 

Acid h y d rolysis 

Acid hyd roly sis + 
L .  mesenteroides 

C ured pork 

Fre sh pork 

S e s a'!le meal 

Soy be an 

pro te in 
Canned peas 

Be uk e t  al . 1 948 

( 1 8 )  
" ( 1 8 )  

Vil l e ga s  e t  al . 
1 968 (247 ) 

Evans and f. u t t s  

1 9i. 8 (70 ) 

Armbrus t e r  and 

Hurray 1 95 1  ( 8 )  
1 5 0 . 0  772 . 34 Amino acid analyser C o c onut meal Sa�son 1 97 1  ( 2 1 4 )  

Available Lysine 

23.0 0 . 0046 1 4 .0 

23.0  ( 0 . 0092 ) 6 . 0 

37 - 0  0 . 0 1 86 1 4 . 0  

37 . 0  ( 0 . 0092 ) 6 .0 

FDNB 

FDNB 

FDNB 

FDNB 

37 .0 ( 3 . 4 1 ) 1 5 .0 6 . 3  FDNB 

5 6 . 0  0 . 1 44 1 4 .0 FDNB 

56 . 0  ( 0 . 0798 ) 6 .0 FDNB 

FDNB 70 .0 4 3 . 02 

75 . 0  1 .77 FDNB 

( 0 . 1 25 6 )  6 . 0  FDrlE 

2 . 62 1 4 .0 6 .95 FDNE 

1 4 .0 6 .95 Chick 

- FDtTB 

Groundnut 

flours 

" " 

" 

" " 

Anantha raman and 

Carpe n t e r  1 97 1  ( 3 )  

" " ( 3 )  

" " ( 3 )  

" " ( 3 )  

Casein glucose Rao e t  al . 1 963 

mixture ( 200 ) 

Groundnut Anantharaman and 

flours 

" " 

Bee t !ill e t  

slurry 

Groundnut 

Cl ours 

If " 

C od mur.cle 

protein 

11 " 

He ::� t  menl 

Car�ente r 1 97 1  ( 3 )  

" " ( 3 )  

Dvorak and 

Vognarova 1 96 5  ( 6 5 )  

Anan tharaman and 

Carpenter 1 97 1  ( 3 )  

" " ( 3 )  

�il le r e t  al . 1 965 

( 1 £ 2 )  

" " ( 1 62 )  

A tk1n r.on end 
Carpen t e r  1 970 ( 1 0 )  

1 22 .  



T able 4 ·4 c on t ' d 

Temp. Moisture pH �et hod of 

content 

Type o r  

prod uc t 

Av111 l n b l e  T.yc. .lnc cont ' d  

1 00 . 0  20 .00 

1 00 . 0  64 . 5 3  

1 07 . 0  ( 20 . 1 1 )  

1 1 0 . 0  1 7 . 32 

1 1 3 . 0  64 . 7 1  

1 1 4 . 0  ( 50 . 28 ) 

1 1 5 . 0  4 6 . 00 

1 1 6 . 0 1 4 . 8 1  

1 1 6 . 0 24 . 37 

1 2 1  . o  31 - 4 7  

1 2 1 . 0  39 .24 

1 2 1  .o  24 . 1 5  

1 2 1 .0 9 3 - 99 

1 2 1 .0 74 . 1 3  

1 2 1 . 0  ( 1 09 . 5 2 )  

1 2 1  . o  89 . 1 8  

1 2 1 . 0  203 . 28 

1 2 1 . 0  2 1 2 . 8 6  

1 21 . 0  1 1 9 . 5 3  

1 2 1 . 0  235 -44 

1 26 .0 1 66 .00 

1 3() .0 287 . 74 

1 30 . 0 624 . 8 5  

1 40 . 0  22 1 . 97 

1 50 .0 9 1 . 67 

50 .0 

6 .0 

50 .0 

6 . 0  

50 . 0  

FDNB 

7 . 6  FDNB 

FDNB 

FD!\B 

S oybean milk 

- dried 

Soybe<On meal 

Fich pro t ein 

concentrate 

Groundnut 

flours 

Fork 

L .  mesen t e roides Fre sh pork 

slurry 

FDNB Groundnut 

flours 

S oybean meal 

1 4 . 0  6 . 95 FDNB Cod muscle 

protein 

1 4 . 0  6 . 95 Chick 1 1  11 

6 . 0  

High 

50 . 0  

Enzyme d igest ion Fre sh pork 

+ L. mesenteroides 

11  11 Cured pork 

6 . 2 L .  mcsente roides Canned sword 

fish 

FDNB 

FDNB 

FDNB 

Raw bee r  

fil l e t  s lurry 

Soybean milk 

- dried 

Groundnut 

!lour 

Enzyme digest ion Soybean 

protein 

FDNB 

FDNB 

FDNB 

Black beans 

in wa t e r  

Sesame meal 

Groundnut 

!lour 

Enzyme Soybean meal 

hydrolysis + 
1 · mesenteroidea 

50 . 0  Soybean meal 

Enzyme digestion Canned peas 

+ mic roorgania. 

Enzyme di�eo tion Dried peas 

+ S. !aecali s  

FDNB 

- 7 . 5  FDNB 

Be e r  fil l e t  

slurry 

Fish protein 

concen trate 

Re ference 

Van f1uren e t  al . 

1 964 ( 244 ) 

Labuza 1 972 ( 1 4 6 )  

Dubrow and S t il lin�s 

1 970 ( 6 4 )  

Anan t ha raman and 

Carpe n t e r  1 �7 1  ( 3 )  
Donoso e t  al . 1 9� 2  

(63)  

P.euk e t  al . 1 949 

( 1 9 )  

Anantha raman and 

Carpenter 1 97 1  ( 3 )  

Labuza 1 972 ( 1 46 ) 

Mille r  et al . 

1 965 ( 1 62 ) 

11 ( 1 62 )  

Reuk e t  al . 1 948 

( 1 8 )  

( 1 8 )  

Lope z - t1a tas · and 

Fellers 1 94 8  ( 1 53 )  

Dvorak and 

Vognarova 1 96 5  (65 ) 

Van Buren et al . 

1 964 ( 244 ) 

Anantharaoan and 

Carpenter 1 97 1  ( 3 )  

Evans and Butts 

1 948 (70)  

Bressan:!. e t  a l .  

1 963 ( 25 ) 

Vill e gas e t  a l . 

1 968 ( 247 ) 

Anan tharaman and 

Carpenter 1 97 1  ( 3 )  

F.vans and P. u t ts 

1 948 (70 ) 

Labuza 1 972 ( 1 4 6 )  

Armbruste r and 

1-!urray 1 95 1  ( 8 )  

F. vans and S t . John 

1 948 ( 74 )  

Dvorak and 

Vognarova 1 965 ( 6 5 ) 

Dubrow and S t i l l inr,s 

1 970 ( 64 ) 

1 23 . 
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T ab l e  4 · 5 Reac t i on Rat e  C on s t a n t s  for Me thi onine 

Ttmt'• X \;-) ��oi c: l u r·o ��� H u t hod o r  'l'ype or  Re fo rcnco 
oc c c n t C' n l  MblyGiO vro<l uct 

hr- \ % 
� �:c U. i on 1 no 

\ 1 0 . 0  7 . 26 50. 0 Amino acid anal y s e r  rcrk Donooo e t  al . 

1 9G2 (63) 

1 1 6 . 0  7 . 1,0 Amino a c i d  analyse r c�. l c kc n  Varnlch e t  a l .  

C l,; !: C l o  1 975 (2� 6 )  

\ 20 , 0  1 2 . 57 A c i d  hydrolyois + s��m milk Ford 1 962 (83)  
2 ·  ��:1orrnco p c • d e r  

1 20 . 0  3 · 1 7  F1sl1 c:eal ( 83 )  

1 2 1 . 0  1 5 . •·7 Acid hyd rol y c l s  + So:tbco.n Evn.ns snd But t s  

L .  m e r. c :1 t<' r�i d c s  protein 1 9� 9  (72) 

1 � 0 . 0  33€ .93 9.7 C s " c i n  Tnkeo and 
so!u t i on Takatochi 1 967 

( 234 ) 

150 . 0  407.06 9 . 9 Amino acid analyser Cocon u t  meal Srut.son 1 97 1  (2 1 4 )  

1 T a 1 l ab l c  : · c t h l onl : c  

37 . 0  ( 0 .576 ) 1 5 . 0 6 . 3  En�ymc hydroly E i e  Ca� c 1 n  Rao e t  a l .  1 963 

+ .e .  z.�-:::o�e n e s  gl'JC06C (200) 
mix t u re 

85.0 3 . 23 1 1, , 0  6 . 95 s .  zymogene s Cod t�Uscle Miller et a l . 

protein 1 965 ( 1 62 )  

85 . 0  1 2 .06 50.0 6 . 95 ( 1 62 ) 

85 . 0  (�  .37) 1 4  .o 6 . 95 Chick ( 1 62 ) 

85 . 0  (4 .37) 50.0 6 . 95 ( 1 62 )  

90 . 0  6 . 28 s .  Zlmo�ene s Heat meal A tkinoon and 

C a n'e n t e r  1 970 
( 1 0 )  

90 . 0  ( 4 .47)  Chick ( 1 0 )  

102 . 5  8.01  1 4 .0 6 . 95 s . Zlmogen e s  C o :!  muscle Miller et al .  
protein 1 965 ( 1 62 )  

102.5 (8.01  J 1 4 . 0  6 . 95 Chick ( 1 62 ) 

1 02 . 5  23.o8 50 .0 6 . 95 J! .  zy::�o.:enee ( 1 62 ) 

102 . 5  ( 9 . 3 1 ) )0.0 6 .  95 c hi c �  ( 1 62 )  

1 1 0.0 1 74 .20 Enzyme hydrolysis + Dr:r peas Evana and S t ,  

...!!· a.rat 1 nosus Johns 1 948 (74 ) 

1 1 3.0 99.01 .!· mc!.er.tero1Ces Fr•sh pork Eeuk et al . 1 949 
slc rry ( 1 9 )  

1 1 6 . 0  35 .25 �. z.ycogene s Cl:! c ke n  Varnish et al . 
mu&cle ' 1 975 (246 ) 

1 \ 6 . 0  ( 1 3 . 88 )  1 4 . 0  6 . 95 Chick Cod muscle .Mi l l e r  e t  a l .  

protein 1 965 ( 1 62 ) 

1 1 6 .0 2 1 .77 1 4 .0 6 . 95 E ·  zy:�o;:encs Cod muccle ( 1 62 )  
pro tein 

1 2 1 .0 29.73 Enzyce hytlrol y E i c  • c��·d pork �euk • t  a l .  1 948 
L .  D'tesent e roid e e  ( 1 8 )  

1 2 1  . o  .}0 . 59 Freoh pork ( 1 8 )  

1 2 1 .0 4 , . 6 0  L. �or.e n t e r o i d t a  Sc:rbean meal EYane and P.ut ts 

1 949 ( 72 )  

1 2 1 . 0  202 . 6 5  6 . 2 L .  arabinocus Ca�nod oword LofOZ - Hatoa a nd 

rlih Fellers , 1 948 

( 1 53 ) 

1 2 1 . 0  (42 . 6 2 )  6 .0 s .  t.Yl!\O',:oncs CirJundnut An,\ntharn�an and 

n )ur Carf• n te r 1 97 1  O l  
1 .}0 . 0  405.49 Enz;y11e hydroly•1e Dry peas T.una and St. John! 

+ L. nrnbl nonua l 91t� (74 ) 
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Table 4 . 6 Re a c ti on Rate C onst an t s  for Cys tine 

Temp . k �loist ure pH Het hod o f  Type o f  Re feren c e  
oC X l 0-3 c ontent  analysi s product 

hr- 1 % 
To t al C:z:stine 

85 . 0  6 . 75 1 4 . 0 6 . 95 C hromatography as Cod muscle Hill e r  et al . 
c y s t e i c  a c i d  protein 1 965 ( 1 62 )  

1 02 . 5 1 5 . 02 1 4 . 0  6 . 65 11 " 11 " 11 11 ( 1 62 )  

1 05 . 0  28 . 56 1 1 . 5 Chromatography Cod fi llet El linge r  and 
calorimetric Boyne 1 965 ( 6 9 ) 

1 1 0 . 0  24 . 1 6  50 . 0  Ami n o  acid analyser Pork Donoso e t  al . 
1 962 ( 6 3 )  

1 1 6 . 0 . 40 . 69 1 4 . 0 6 . 95 C hromat ography as Cod muscle Miller et al . 
cysteic acid protein 1 965 ( 1 62 )  

1 20 . 0  95 . 1 5  7 . 5 C hromatography as Fish protein Dubrow and 
c y s t e i c  acid c on c entrate S tillings 1 970 . 

( 64 )  

1 2 1  . o  24 . 1 6  Acid hydrolyser + Fresh pork Beuk e t  al . 1 948 
L .  mesenteroides ( 1 8 )  

1 2 1  . o  24 . 1 6  1 1  1 1  C ured pork 1 1  " ( 1 8 ) 

1 2 1  .o  37 . 7 1  A c i d  hyd rolysis + S oybean Evans and But ts 
L.  mesen teroi des protein 1 949 ( 7 2 )  

Availabl e C:z:s tine 

1 1 3 . 0  (37 4 . 5 6 )  L .  m e sen teroides Fre sh pork Beuk e t  al . 1 949 
slurry ( 1 9 )  

1 2 1  .o  46 . 20 En zyme hydrolysis Cured pork Beuk e t  al . 1 948 
+ L .  mesenteroides ( 1 8 )  

1 2 1  . o  54 . 57 1 1  1 1  Fresh pork 11  11  ( 1 8 ) 

1 2 1 .0 7 1 . 93 1 1  11 S oybean meal Evans e t  al . 1 95 1  
(73 ) 

1 30 . 0 209 . 1 6  Enzyme hydrolysis Dry peas Evan s and S t . 
+ L .  mesenteroi d e s  Johns 1 948 ( 7 4 ) 

. 
1 30 . Q 274 . 48 C an ned peas Armbruster and 

Murray 1 95 1  ( 8 )  
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Table 4 . 7 R e a c t i on Ra t e  C onstan ts  for Phenylalanine 

Temp . k Moi s t ure pH }l e thod o f  Type o f  Re fe rence 
oc X l 0 -3 c ontent analysis produc t 

- 1  % hr 

Total Phcn:t:lalanine 

1 1 0 . 0  4 . 40 50 . 0  Amino acid analycer Pork Donoso e t  al . 
1 962 ( 6 3 )  

1 20 . 0  23 . 5 8  9 . 9  11  1 1  Coconut meal Samson 1 97 1  ( 2 1 4 )  

1 20 . 0  23 . 58 Acid hydrolysi s + S oy bean !:: vans and B u t t s  
L .  arabinosus prot ein 1 949 ( 72 ) 

1 2 1 . 0  1 43 . 20 50 . 0  L .  mese nteroid e s  Sesame r1eal Vill egas e t  a l . 
1 96 8  ( 247 ) 

1 40 . 0  1 03 . 1 6  97 . 0  Casein Takeo and 
sol ution Takatoshi 1 967 

( 234 ) 

1 50 . 0  47 . 62 9 . 9 Amino acid analyser Coconut meal Sal!lson 1 97 1  ( 2 1 4 ) 

Avai l able Phen:t:l alani� 

1 1 3 . 0  5 8 . 1 7 L .  arabinosus Fre sh pork Beuk et al . 
sl urry 1 949 ( 1 9 )  

1 2 1 . o  25 . 68 En zyme hydrolysis + Cured pork Be uk et al . 
L .  arabinosus 1 948 ( 1 8 ) -

1 2 1 . 0  3 1 . 47 1 1  11  Fresh pork 1 1  11  ( 1 8 ) 

Table 4 . 8 Re a c t i on Ra t e  C on P t D n t s  for Tyrosine 

T emp . k· �oisture pH M e thod o f  Type o f  Re ference 
oC X l 0 -3 c ontent analysis product 

hr- 1 % 
T otal T;:trosine 

1 1 0 . 0 ' 4 . 86 50 . 0  Amino acid analyser Pork Donoso e t  al . 
1 962 ( 63 ) 

1 20 . 0  1 56 . 34 9 . 9 
1 1  " Coc onut meal Samson . 1 97 1  ( 2 1 4 )  

1 40 . 0  1 76 . 77 97 . 0  Casein T akeo and 

sol ution Takat oshi . 1 96 7  
( 234 ) 

1 50 . 0 330 . 63 9 · 9 Amino acid analyser Coc onut meal Samson 1 97 1  ( 2 1 4 )  
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Table 4 . 9  Re ac ti on Rate  Con s t a n t s  for T h r e onine 

Temp .  k Moi s t ure pH Met hod of Type of Re ference  
oc X l 0-3 c on t ent analysis ·produc t 

hr- 1 % 
Total Th reonine 

1 05 . 0  0 . 76 1 1  . 5  Chrorna tography t Cod fi lle t Ellinge r and 

c alorimetric Boyne . 1 965 ( 6 9 )  

1 1 0 . 0  5 . 8 1  50 . 0  Amino acid analy ser Pork Donoso et al . 
1 962 ( 6 3 )  

1 40 . 0  73 . 66 97 . 0  C asein T akeo and 
solut ion T akatoshi 1 967 

(234 ) 

1 50 . 0 90 . 32 9 - 9  Amino acid analyser Coc onut meal S amson 1 97 1  ( 2 1 4 )  

Avai lable Thre onine 

1 1 3 . 0  7 1 . 39 s .  lac tis Fresh pork B e uk e t  al . 1 949 

· slurry ( 1 9 ) 

1 2 1 . 0  37 . 1 6  Enzyme hydrolysis + Fresh pork Eeuk et al . 1 948 
L .  arabinosus ( 1 8 )  

1 2 1 . 0  43 . 75 11 11 Cured pork 1 1  1 1  ( 1 8 ) 

1 2 1 . 0  1 83 . 09 6 . 2 L .  arabinosus C.:Jnned sword Lopez - Matas and 
fish Fe llers 1 94 8  ( 1 53 )  

1 2 1 . 0  1 99 . 1 0  50 . 0  Enzyme hydrolysis + S e same meal Ville gas e t  al . 

_§ .  fa e c alis 1 968 ( 247 ) 
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Table 4 . 1 0  Rea c t i on Rate  Consta n ts for Tr yptoph an 

Temp . 
oc 

Moisture pH 
content 

% 
Total T rypt ophan 

90 . 0  0 . 37 

Me thod o f  
analysis 

Chemic al 

Type of 
product 

Meat meal 

Re fe rence 

A tkinson and 
Carpenter 1 970 
( 1 0 )  

1 1 0 . 0  2 . 1 4  50 . 0  Amino acid analyser Pork Donoso et al . 
1 962 ( 6 3 )  

1 20 . 0  2 . 83 

1 20 . 0  29 . 90 

1 2 1  . o  35 . 1 3  6 . 0 

Acid hydrolysis + 
s .  zymogenes 

" " 

Available Tryptophan 

85 . 0  6 . 76 1 4 . 0  6 . 95 S .  zymoe;enes 

85 . 0  

90 . 0  

90 . 0  

1 02 . 5  

1 02 . 5  

1 1 3 . 0  

1 1 6 . 0 

1 1 6 . 0  

1 2 1 . o  

1 2 1  . o  

25 . 68 

1 1  . 6 1  

2 . 29 

1 9 . 96 

40 . 70 

80 . 80 

46 . 06 

40 . 32 

43 . 75 

1 2 1 .o 1 43 . 22 

50 . 0  6 . 95 " " 

" " 

Chick 

1 4 . 0 6 . 95 S .  zymogene s 

50 . 0  6 . 9 5  " " 

L .  arabinosus 

§_. zymogenes 

1 4 . 0  6 . 95 S .  zymogenes 

Enzyme hydrolysis 
+ L. arabinosus 

11 " 

6 . 2 �· arabinosus 

1 2 1  .o ( 35 . 1 3 ) 6 . 0 S .  zymogenes 

Fi s h  m eal 

S ki m  milk 
powd e r  

G ro undnut 
flour 

· C o d  muscle 
protein 

" " 

Meat meal 

Meat meal 

C od muscle 
protsin 

" " 

Fre sh pork 
s lurry 

C h i c ken 
mus c l e  

C od muscle 
prote in 

Cure d  pork 

Fre s h  pork 

Ford 1 962 (83 ) 

Ford 1 962 ( 83 )  

Anantharaman and 
Carpen t e r  1 97 1  ( 3 )  

Hiller e t  al . 
1 965 ( 1 62 )  

" " ( 1 62 )  

Atkinson and 
Carpenter 1 970 
( 1 0 )  

" " ( 1 0 )  

Miller e t  al . 
1 965 ( 1 62 )  

" " ( 1 62 )  

Beuk e t  al . 1 949 
( 1 9 )  

Varnish e t  al . 
1 975 ( 24 6 )  

Miller e t  al . 
1 965 ( 1 62 )  

Beuk e t  al . 1 948 

( 1 8 )  

" " ( 1 8 )  

C anned sword Lopez-Matas and 
fish Felle rs 1 94 8  ( 1 53 )  

Groundnut 
flour 

Anantharaman and 
Carpente r 1 97 1  ( 3 ) 
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Table  4 .  1 1  Re a c t i on Pa t e  C on s t an t s  for Valine 

Temp . k Hoisture pH Hethod o f  Type o f  Re fe re n c e  
oc X 1 0-3 c ontent analysis product 

hr- 1 % 
Total Val ine 

1 05 . 0  1 64 . 92 9 . 9  Amino acid analyser C oc onu t meal Samson 1 97 1  ( 2 1 4 )  

1 1 0 . 0  4 . 86 50 . 0  Amino acid analyser Pork protein Dono so e t  a l . 
1 962 ( 6 3 ) 

1 20 . 0  1 1 7 . 90 9 · 9  1 1  1 1  Coconut meal S amson 1 97 1  ( 2 1 4 )  

1 20 . 0  39 . 47 Acid hydrolysis + Skirn milk Ford 1 962 ( 8 3 ) 
s .  z;:tmogcnes powder 

1 2 1  . o  20 . 85 Acid hyd rolysis + S oybean Evans and B u t t s  
L .  arabinosus protein 1 949 ( 72 ) 

1 40 . 0  1 23 . 3 97 . 0  Casein Takeo and 
solut ion Takatoshi 1 967 

( 234 ) 

1 50 . 0  252 . 36 9 . 9 Amino acid analyser Coconut meal Samson 1 97 1  ( 2 1 4 )  

Ava i l able Val ine 

1 1 3 . 0  6 2 . 83 L .  arabino�:us Fre sh pork Beuk e t  al . 
s l urry 1 949 ( 1 9 ) 

1 2 1 . o  1 59 . 96 6 . 2 11 11 Canned SW.Jrd Lope z-Matas and 
fish Fel le rs 1 948 ( 1 53 : 

1 2 1  . o  22 . 70 Enzyme hydrolysis + Cured pork E e uk e t  al . 
L .  arabino sus 1 948 ( 1 8 )  

1 2 1  . o  25 . 68 1 1  1 1  Fre sh pork 1 1  1 1  ( 1 8 )  
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4 . 6 Fat and Lin o l e i c  a c id 

I t  is gen e rally kn own t ha t  fa t and fa t ty a c i d  are 

sub j e c t  t o  oxi d ative d e t e r i o ra t i on ( 1  1 4 ) . Labuza 1 97 1  

e x t e n ° i v e l y  reviewed the me c hani sm o f  fat oxidat i on in 

r e l a t i on to fa t ran c i d i ty during s t ora �e . I t  was � umma ri zed  

that it  in volve s 3 pe ri o d s i . e . , i n d u c t i on pe ri od , 

m o n o m ol e c u l a r  p e ri od and birnol e c ul n r  p e rio d . T he 

un s a t u ra t e d  a ci d s  a re invol v e d  and three type s o f  re a c t i on 

gene ra lly o c c u r  i . e . , init i a t i on w her e  a fre e rad i c l e  i s  

forme d ,  p r opagat i on whe re fre e rad i c le  i s  propa ga t e d  a nd 

the t e rminati on whe re the fre e ra d i c l e s  r e a c t  and form non 

ra d i c l e  p r od u c t s . The ra t e  o f  t hi s  oxi dati ve  re a c t ion o f  

u n s a t u ra t e d  a c i d s  i s  re l a t e d  t o  te mpe ra t ure ( 1 45 ) . I Towever 

in n1 o e t  heat  pro c e s sing in in d u s t ry , t h e re is n o t  a 

s i gn i fi c a n t  bre akd own o f  l i n o l e i c  and  l inol enic  a c i d s  un t i l  

he a t i n g  h a s  b e e n  both prol onged  and  a t  a high t em pe rat ure . 

T here i s  unl i kely t o  be l o � s  o f  sat ura t e d  fa ts  and 

fa t ty a c i d s  in p r o c e ssing unl e s s  hyd rolysis o f  the fats  

o c c ur an d the  fat ty a c id s are  l e a c h e d  out . As  reviewe d by 

Ne s c he im 1 974 , ind ustrial pro c e s sing d i d  not  have a 

si gni fi c an t  e f fe c t  on fa t s  and fa t t y a c i ds . Gidd ings and 

Hill  1 975 found only slight l os s e s  in the lipid  fra c t i on and 

fat ty a c i d s  o f  blue c rab in aut o c l aving at  1 2 1 °C for 1 0  

minu t e s . Kinsella  and Weihrauch  1 97 6  foun d  that pro c e P sing 

such as d egumming ,  re fini ng , bleaching , d e o d o ri zing and 

wint e ri zi n g  did not al t e r  the fa t ty a c i d  c omposi t i on o f  

ve ge t ab l e  oi l s  and fat s  and anima l fat s . C h ow and D raper  

1 96 9  f ound that  drying c orn from ambient t empe rat ure to  1 43°C 

did  n o t  a f fe c t  the fat ty ac i ds . 

B e c ause heat  proc e ssing and drying has n o t  been  
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re ported  t o  c hange t h e  c omposit i on o f  fa t s  and fatty a c i d s  

i n  f o o d s  t o  a n y  gre at e x t e n t  a n d  b e c a use t h e  induc t ion 

p e ri o d  of the oxidati ve reac t i on i2 kJ1own t o  t ake s ome time , 

i t  was assume d that the re a c t i on s  o c c urring d urin g  p ro c e s sin g 

would not g o  beyond this  induc ti on pe r i od and t h e re would  be 

l i t t l e  l o s s  o f  the unsa t ur a t e d fat t y  a c i d s . 

From what in formation  was  avail able , i t  was de c i d e d  

t o  assume  t hat f a t  and linole i c  a c id d id not change d uring 

proc e ssing and the re fore , they we r e  n ot c onsid e re d  in the  

m odi ficat i on of  t he in fant food mod e l . 

4 . 7 Vi t am i n  A 

A s  re c omme nded by  Joint FA O/WH O Expe rt Gr oup o n  

re qui rement o f  vi tawin A ( 1 28 ) , vi tamin A value s a r e  

expre c sed i n  t e rms  o f  E - c arote ne e q u i vale n t  and re t in ol . 

Food c omposi t i on table s c ommonl y  use F - ca rot ene and re t in ol , 

but the d e s t ruc ti on o f  vitamin A i s  report e d  as l o s s  o f  

c arotene . T h e re fore , the data  c o l l e c t e d  and c al c ul a t e d  w a s  

i n  terms of c arotene . 

Vi t amin A and i t s pre c u rs o r , ? - c arot ene are s t ab l e  

t o  high t empe rat ure unde r an inert  atmosphe re ( 23 , 1 2 ) . I t  

i s  e asily oxidi s e d  in the  pre se n c e  o f  oxygen e spe c i al ly at 

h i gh t empe rat ure and it is sen s i t ive to ult ravi o l e t  l i ght  

( 1 1 4 ) . I n  a re vi e w  by  Lang 1 970 , it was  sugge s t e d  that  home 

c o oking an d indust rial proce ssing had l i t t l e  d e t ri m e n t a l  

e f fe c t  on c ar o t ene and re t in ol . F. arli e r  inve s t i ga t i ons  on 

the  l o s s  during cooking o f  vege t abl e s repo rted  the l o sses  t o  

b e  i n  the ran ge o f  0- 1 0  p e r c e n t  ( 96 , 1 77 ) . Un fort un a t e l y  

t h e s e  d a t a  c annot be int e rpre t e d  kine t i c ally . Wit h  milk 

product s ,  Ford et  al . 1 96 9 found n o  loss of  vit amin A using 

UHT pro c e ssi n g . Henry et al . 1 944 a l s o  found no l o s s  o f  
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Loe secke 1 960 , d i s c ussed  t ha t c an ni n g  h a d  lit tle  e f fe c t  on 

the d e s t ruc t i on o f  vi t amin A ;  h owe ve r , i f  i t  i s  exposed  t o  

a tm o sphe ri c  oxyge n , l o s s  c an b e  hi gh . In  the r e v i e w  by 

Rurge r  e t  al . 1 973 , l os s  o f  v i t am i n  A in fryin g meat  a t  

200°C c an b e  as hi gh a s  40 pe rc e n t  a ft e r  5 min u t e s and 60 

p e r c en t  a f t e r  1 0  min u t e c . N o t  a s  hi fh a l o s s  was re po rt e d  

b y  Hann ukain en 1 974 , i n  c o oking o f  li ve r , t h e  h i gh e s t  l os s  

was found  t o  b e  1 6  pe r c e n t . I n  a n o t h e r instan c e  wi th  

e xposure to  atmosph e ri c  oxygen , D e n t on e t  al . 1 944 gave an  

avera ge re t e n ti on o f  vi t am i n A in spra y-d ried e gg und e r  n orma l  

c omme rcial  pra c t i c e  t o  be 90- 1 00 pe r c e n t . Labuza 1 97 2  

s umm a ri ze d  t h e  ave rage re t e n ti on o f  c a ro t e ne in d ryin g 

c a rro t s  by tray d ryi n g  t o be 74 p e r c e n t  and by e xpl o s i on pu f f  

d ry i n c  t o  be 81 pe r ce n t . 

A l t hough a n um be r o f  i n v o s t i ro t i on s  we re s t ud i e d on 

t he d e s t ru c t i on o f  vi tarn i n  A d u ri n t� p roc e ssine; , v e ry l i t t le 

availab l e  data  we re ldne t i c ally me an i n g fu l . M o s t  o f  �he 

d a t a  i n t e r p re t e d  we r e  from s t o ra ge t e E t s  on animal prod uc t s . 

T h e  only data a t  hi sh t e mpe r a t ure s w3 s t he work o f  C o ok and 

S unda ram 1 963 whe re food was heated  by the household me thod  

of  c o oki n g . I t was like ly that the  ra t e  of  re a c t i on would  be  

highe r t han a c t ually oc curred d urin g t he he a t in g d ue t o  

l e aching and t o  the  slow c ooling d own proc e s s . Howe ve r ,  t h e  

data  was used be c au s e  o f  the  shortage o f  data  in par t i c ular 

o f  data  for  fre sh food  sy s t ems . 

I t  was re ali se d  that  m oi s ture c on t e n t  has a marke d 

e f fe c t ,  parti c ularly in the  vi c inity o f  the m onolaye r mois t ure  

c on t en t , and  that  the  rat e  of  reac t i on was  highe r at  ve ry 

l ow m oi s t ure c on t e n t s  ( 1 56 ) . Howe v e r  this e f fe c t  i s  n o t  
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kn own in t h e  h i gh m o i s t u re f o o d s  s u c h  as fre s h  f o o d s . � h e  

d a t a  o n  t h e  v e ry l ow m o i s t ure c on t e n t  fo o d s were n o t  

i n c l u d e d  a s  t he y  w e r e  n o t  re l e v a n t  t o  t h i s  st ud y . 

T h e  e f fe c t  o f  oxyge n p r e s e n t  w a s  n o t  c on s i d e re d  i n  

t h i s  s t udy , b u t  f o o d E a t  re a s on ab l e  l e ve l s  o f  o x y ge n  we re 

u s e d  whe n e v e r  p o s s ib l e . 

'I' h e  d a t a  in ')' able 4 .  1 2  i s  the re f o re m o s t ly f o r  

c anne d f o od s s t or e d  a t  di f fe re n t  t em p e ra t ure s . 

T ab l e  4 . 1 2  Re a c t i on Rat e  C on s t ant s f o r  C a r o t e n e  

Temp . k Moist ure pH Type of product Re fe re n c e  
oc X 1 0-3 c ontent 

hr- 1 % 
5 . 6  . 04 6  Canned t omato j ui c e  Guerrant et al . 1 945 

( 1 04 )  

5 . 6 • 1 1 4 Canned green l ima beans 1 1  1 1  ( 1 04 ) 

5 . 6  . 074 Canned whole ke rnal c orn 1 1  1 1  ( 1 04 ) 

1 7 . 0  . 032 U . H .T .  s t e ri li s e d  milk Ford e t  al . 1 969 ( 8 6 )  

29 . 4  . 058 Canned t oma t o  j ui c e  Guerrant e t  al . 1 945 
( 1 04 )  

29 . 4  • 1 5 1 Canned green lirna beans 11 1 1  ( 1 04 )  

29 . 4  . 044 Canned whole kernel c orn 11 11 ( 1 04 )  

30 . 3  . 006 6 . 3 Canned evaporated milk Brenner et al . 1 94 8  
( 24 )  

30 . 3  . 004 6 . 3  Canned fruit and· 

vege t able 11  1 1  ( 24 ) .  

30 . 3  . 0 1 3  6 . 3  Canned whole kernel c orn 11 1 1  ( 24 )  

30 . 3  . 028 6 . 3 Canned orange juice " " ( 24 )  

43 . 3  . 064 C anne d toma t o  j ui c e  Guerrant e t  al . 1 945 
( 1 04 )  

43 · 3 . 20 1  Canned green lima be ans " " ( 1 04 )  

43 . 3  . 1 25 Canned whole kernel corn " " ( 1  04 ) 

1 00 . 0  1 85 . 58 In 
water Boiled arti choke s Cook and S un daram 1 96 3  

( 5 1 )  

1 2 1 . 0  1 1 37 . 84 In Boi l e d  art i c hokes in 11  " ( 5 1 ) 
water pre ssure c o oker 
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4 . 8 Vitamin D and Vitamin K 

Vi t amin D i s  q uite  s table t o  h e a t , acid and oxygen 

b ut sl owly d e s t roye d in alkali ( 1 1 lt ) . Kl oce e t  al . 1 943 

found no l o ss of vi t amin D in spray d rying of e gg . In milk , 

Henry e t  al . 1 944 f o und that fat solub l e  vi tamins we re  

una f fe c t e d  during pr o c e Esin g . In  c anne d fish , Nielnnds  

e t  al . 1 94 7  found in si gni fi cant  l o s s  o f  vitamin D .  

Vi t amin K i s  stable  t o  he at and re ducing agent s b u t  

sen sitive t o  ligh t  and oxid a t i on ( 1 1 4 , 1 48 ) . Due t o  i t s  

s t abil i t y  t o  heat  and the abi l i ty o f  t h e  int e s tinal f l o ra 

t o  syn th e s i ze vi t amin K ,  l i t t l e  in f o rm � t ion is  ava ilable on 

the e f fe c t  of he a t  on the stability o f  vitamin K . 

Ri c hard son e t  al . 1 96 1  found c anninr. o f  ve ge t ables  had n o  

in fl ue n c e  o n  vitamin K .  

A s  b o t h  vi t amin D and vi tnmin K a re kn own as stab l e  

vi t amin s  t o  heat , t he d a t a  availabl e d i d  not reve al any 

signi fi c an t  l o s s  d u ring h e at pro c e s sin g . I t  does  se em that  

the  rate  of  the d e s t ruc t i on re a c t i on i s  ve ry slow  and does  

not c hange wi th  t empe rat ure . The re f ore , vi t amin D and 

vi tamin K were as sumed not to c hange t o  any signi fi cant  

exten t during he at pro c e ssing . 

4 · 9 Vi t amin E 

I t  i s  kn own that di f f e re n t  f orms o f  t o c oph e r ol 

d i f fe r  c onside rabl y  in their vitamin E ac tivi t y . A c c ording 

to Sebrell and Harris 1 97 1 , 4 t o c oph e r ols and 4 t o c o trienols  

are  kn own to  o c c ur in nat ure ; t he se a re alph a , beta , gamma , 

d e l t a , t o c ophe rol and t o c o t ri e n ol s . Jvl o s t  plant sourc e s  are 

ri c h  i n  d.. t o c ophe rols such  as whe at  ge rm ,  c orn , c o t t on se e d . 

Two  d i s t in c t pat t e rns o f  t o c ophe rol are  foun d  in c e real 

grain s ,  i . e .  t h e � , o and J pat t e rn f ound in highe r plan t s  
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s u c h  as soyb e an , l in se e d , peanut and ot , .P t o c ophe rols as 

well a s  � and � t o c o trienols in the s t aple  c e re a l s  such as 

wheat , barley , rye and ri c e . Harri s 1 9 62 gav e the 

c onve rsion fac t ors of  various forms of  t o c opherol t o  � -

t o c ophe rol as 

alpha - t o c ophe rol 1 . 0 

be ta  - t o c ophe rol 0 . 5 

gamma - t o c ophe rol 0 . 2 

d e l t a - t o c ophe rol 0 . 1 

T h e  unit o f  vi tamin F. is  e xpre ssed  in t e rm o f  I . U . 

whi c h  i s  based  on t he foll owing e quival e nt s . 

mg  d l  �· t o c opherol = 1 . 1 T . U . 

mg  dl � t oc ophe ryl ace t a te = 1 . 0 I . U . 

T h e r e fore , vari ous t ype s o f  t o c ophe rol can be 

re l a t e d  t o  vit amin E a c ti vi t y . H owe v e r , the ge ne ral t e rm 

t o c o phe rol was use d in the data  a vai lab l e  on the d e s t ruc t i on 

o f  vi tamin E . The re fore the re a c t i on ra te c on s t an t  was use d 

in t e rm o f  t o c ophe rol . 

V i t amin E i s  kn own as a vi t amin sensi t ive t o  

o xi dati on b y  atmosph e ri c  oxygen . In the ab se n c e  o f  air , i t  

i s  stable t o  heat t rea tment u p  t o  a b o u t  200 °C . In t h e  

p re sence  o f  s t rong ac ids , i t  can re sist  he a t  t o  1 00 °C a n d  i n  

t h e  abse n c e  o f  oxygen is  re l a tive l y  stable t o  alkali ( 2 2 1 ) .  

Oxi d at i on o f  vit amin E is c a t aly z e d  by l i ght and a c c e le rat e d  

by the presence  o f  unsat urat e d  fat t y  ac id . When oil s  are 

oxidi z e d  i n  the pre sen c e  o f  air , pe roxi d e s  are form e d  and 

t o c ophe r o l  is d e s t roye d ( 88 ) .  M o st  o f  the studies  on 

t o c ophe r o l  stabi l i t y  during pro c e ssing have b e e n  in the a re a  

o f  milling , bleaching and s t o rage o f  c e re al grain ( 1 1 4 ) . 

Lo ss o f  vi t amin E d uring milling i s  expe c t e d  through t h e  
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l o s s  o f  ge rm an d b ran whi c h  a re s o u r c e s  o f  vi t amin E .  

During baking , M o o re e t  al . 1 957 f ound that 47 p e r c e n t  o f  

the t o c ophe ro l s  i n  ordinary unb l e a c h e d  fl our we re d e st roye d 

in the baking o f  bre ad . T h e  c hange d uring h e � t in g  and 

st orage o f  oi l s  was s t u d i e d  by Rama n u j an and A n an t a kri s h nan 

1 95 8 , a n d  the l o s s  of t oc ophe rol was found in t h e  ra nfe o f  

3-36 perc ent wh en va ri ous type s o f  o i l  w e re h e a t e d  at 1 75 °C 

for 30 mi n ut e s .  Ford e t  a l . 1 969 found t h a t  t h e  UHT 

proc e s si n g  o f  mi l k  a t  1 38°C a n d  1 42 °C for few s e c ond s d id 

n o t  e f fe c t  the c on t e n t  o f  t o c oph e r o l  e ve n  a f t e r  90 days 

t t 1 7
oc .  s orage a C h ow e t  al . 1 969 found that d ryine c o rn 

from ambi e n t  t o  1 43°C had n o  e f fe c t  on vi t ami n � . I n  

o ve rn i gh t  d ryi n g  o f  seawe e d  at  40°C in a d rying c ab ine t , 

J e n s en 1 9 69 fo un d l oss wa s app r oxima t e ly 20 p e rc e n t . I n  

c anni n g , He l l e n d o orn e t  al . 1 97 1  found E t e ri l i z at i on ha d n o  

e f fe c t  o n  the vi t amin R c ont e n t . S t ud i e s o n  t h e  e f fe c t  o f  

h e a t  r r o c e ssing o n  the re t e n t i on o f  vi t a �in 8 i n  f o od are 

limi t e d  and t he d a t a  whi c h  c an be inte rpre t e d  kine t i c al l y  

a r e  v e ry scarc e . 1 'he d a t a  a va i l able w e re o n  t h e  s t orage o f  

E e awe e d  meal ( 1 24 ) , t h e  s t orage o f  p o t a t o  c h i p s  ( 32 )  an d t he 

s t o rage and p ro c e s Eing o f  d i f fe re n t  oi l s  ( 1 1 3 ) . The e f fe c t s  

o f  fac t o rs such  a s  moi s t ure c on t e n t  and pH w e r e  n o t  a vai l ab l e . 

T h e  e f fe c t  o f  oxygen was pre s um e d  t o  b e  in c l u d e d  in t he 

c o l l e c t e d  d a t a  d ue to  t h e  n a t ure o f  t h e d e t e ri o ra t i on . The 

s umm a r i s e d  d a t a  is shown in Tab l e  4 . 1 3 .  
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T able 4 . 1 3  Reac t i on Ra t e  C on s tan t s  o f  Vi t amin E .  

Temp . k Moistur e  p H  Type o f  produc t Re ferenc e 
oc X l 0-

3 c ontent 
hr

- 1 

4 . 0  . 1 44 33 · 3  
- S eawee d  meal Labuza 1 972 ( 1 46 )  

4 .0 ( .083 ) 1 7 . 6 
- " " " " 

( 1 46 )  

4 . 0 ( . 074 ) 1 1 . 1 
" " " " 

( 1 46 )  

1 0 . 0  . 242 
1 1  1 1  " " 

( 1 46 )  

1 5 . 0 . 4 1 6  33 · 3  - " " " " 
( 1 46 )  

1 5 .0 ( .  1 60 ) 1 7 . 6  
" " " " 

( 1 46 ) 

1 5 . 0 ( .  1 1 5 )  1 1 . 1 
1 1  " " " 

( 1 46 ) 

1 7 .0 1 . 825 Potato c hi p  Bunnell et al . 1 965 (32)  

25 .0 . 583 33 · 3  - Seawe ed meal Labuza 1 972 ( 1 46 )  

25 .0  ( . 36 1 ) 1 7 . 6  -
11 " 11 " 

( 1 46 )  

25 . 0  ( .  1 75 )  1 1  • 1 " " " " 
( 1 46 ) 

37 . 0  . 4 1 8  Coconut oil Harris 1 962 ( 1 1 3 ) 

37 .0  . 78 1  Peanut oil " " 
( 1 1 3 )  

37 .0  . 757 Se same oil " " 
( 1 1 3 )  

37 .0  ·495 Ghee " " 
( 1 1 3 )  

1 75 . 0  47 1 . 53 C o c onut oil .. " 
( 1 1 3 )  

1 75 . 0  724 . 26 Peanut oil 1 1  " 
( 1 1 3 )  

1 75 .0 892 . 74 Se same oil " " 
( 1 1 3 )  

1 75 .0 60 . 928 Ghee " " 
( 1 1 3 )  

4 . 1 0  A s c orbic acid 

A s c o rbic acid i s  known as  one of  the most  h e at labile 

vi t amin s  as revie wed up to 1 96 0  by Harris and V on Loe s e c ke 

and the re a f t e r  by Lan g in  1 970 and D e  Rit t e r  in  1 976 . The 

oxidat i on reaction in foodst u f f  is d e pendent upon many 

fac t ors such  as oxidati on reduc t i on p o tent ial o f  t h e  sys t e m , 

pH , oxyge n , moist ure c on t e n t  and tra c e  me tals  e sp e c ially 

c oppe r and i ron ( 1 4 ) .  Khan a n d  Mart e l l  1 967 foun d  that in  

t he pH  ran ge o f  2-5 ,  d e s t ruc t i on of  asc orbic acid  i n c reased  

with  inc r e asing pH  and de c omposit i on rate was  st rongly 

a c c e l e ra t e d  by t empe rature . It was also found that al c oh o l  



and sugar might b e  e i t her  prooxi dan� or antioxidan t s  

d e pending o n  t h e i r  c on centra t i on s  and t he pre s e n c e  o f  

nat ural sub s t anc e s  in  food such as  ant h o c yanin o r  o t h e r  

ph enoli c c ompoun d s . T h e  de t ail  o f  pat hway s a n d  re a c t i ons 

involved i n  oxidation of  asc orbic  acid  was gi ven by 

Baue rn feind and Finke rt  1 970 . 

1 38 . 

In c olle c t in g  da t a , i t  WD S found that moist ure 

c ont ent plays an important role e �pe c ia l l y  in the  d ry 

p r oduc t .  G o ading 1 96 2  report ed sign i fi c ant ly in c reasing 

rate of  d e s t ruc t i on (5  time s )  whe n m o i s t ure c on t e n t  in the  

d ried c abbage in c re a s e d  from 3 to  5 pe rc e nt . V o jnovi c h  and 

P fe i fe r  1 97 0  s t ud i e d  the d e st ruc t ion o f  ascorb i c  acid in 

wheat  flour at d i f fe rent  moi s t ure c on t e n t s  and found t hat 

d e s t ruc t ion rat e of anc orbic  a c i d  in c re a sed  a s  moi s ture  

c ontent  or  temp e rature  increase d . .-T oweve r , e f fe c t  o f  

m oi s t ure c on t e n t  a t  given t empe ra t ure  d e pends o n  t ype o f  raw 

mat erial ; for e xampl e , asc orbi c acid  in wheat flour s t o r e d  

a t  1 3 . 7 percent moi s t ure w a s  reasonably stabl e , whe re a s  f o r  

simi l a r  s t abi lity  the  moist ure c on t e n t  o f  c o rn soya mil l{. had 

to be no  more t han 9 pe rc e n t  and o f  i n fant c e real no more 

than 1 0  pe rce nt . 

Re gardin g  l osse s during food  processing , d e s t ru c t i on 

o f  asc orb i c  acid  in c annin g o f  v e Ge tab l e s  re viewed by C ai n  

1 967 was from 67 t o  95 pe r c e n t . In d e hydrat i on , losses  

vari e d  wi d e ly from 1 0  percent to  c omple t e  de s t ru c t i on ( 1 1 4 )  

due t o  t h e  di f fe r e n t  s t ruc t ure s o f  raw mate rial s , their  

sus c e p tibility to  oxidat ion and l e a c hi n g  during bl an ching . 

For UHT p ro c e s si n g  o f  milk ,  l oss was approximat e ly 20 

pe r c e n t  ( 8 6 ) b u t  in bot tl e  s t e ri l i z a t i on of  mil k ,  l os s  was 

as h i gh a s  60 pe r c e n t . 
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In the present  s t udy , mos t o f  t he data used we re 

for d i f fe rent  type s of food at t h e i r  normal plls and wi th 

high moist ure c on tent s ,  e x c ept for wh e a t  fl our and c orn s oya 

mi l k . With the l a t t e r  produc t s , the reac t i on ra t e  c on st a n t s  

at t h e  high e s t  moist ure c on t e n t - 1 4 . 6 and 1 1 . 8 pe r c e n t ­

we re c onsid e re d  re a s onab l e  to u s e . Un fortunat e ly ,  a l t h ough 

a great numb e r  o f  inve s t i gati on s h a v e  been  carried o ut on 

the s t ability o f  asc orbi c acid , only a limi t e d  number  c an be 

int e rpre ted  kin e t i c ally . The re a c t i on ra t e s  c al c ul a t e d  are 

sh own in Tab l e  4 . 1 4 . 
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T able 4 . 1 4 Re a c t i on Rate  C on s t an t s  for  A s c orbic  A c id 

T emp . k �:oisture p:-i TYJ:e o f  product  Re ference 
oc X 1 0-3 c ontent 

hr- 1 et /0 

5 . 6 . 095 Canned whole kernel c orn Guerrant et  al . 1 945 

( 1 04 )  

5 . 6  • 1 03 Canne d  gre e n  lima beans 1 1  1 1  ( 1 04 )  

5 . 6  . 085 Canned tomat o  j uice  11  11  ( 1 04 )  

9 . 1  . 007 Canned orange j 1 :ice  Ross 1 944 ( 2 1 0 )  

1 7 . 0 5 . 958 U . H .T . sterilise d milk in Ford e t  al . 1 969 ( 8 6 ) 

alumini um foil carton 

2 1 .0 . 035 73 · 3  4 . 32 Canne d tomat o  paste Lamb et al . 1 95 1  ( 1 47 ) 

2 1 .0 • 0 1 1 94 . 2  4 . 23 Canne d t oma t o  juice 1 1  1 1  ( 1 47 )  

2 1 . 1  . 030 3 . 90 Canned apri c o t  Brenne r et  al . 1 948 ( 24 )  

2 1 . 1  . 0 1 8  3 . 56 Canned orange j ui c e  1 1  1 1  ( 24 )  

2 1 . 1  . 0 1 7  5 . 40 Canne d spinach 1 1  1 1  ( 24 )  

2 1 . 1  . 006 4 . 35 C anne d tomat o  j ui c e  1 1  1 1  ( 2 4 )  

2 1 . 1  . 6 1 5 6 . 30 Canne d peas 1 1  1 1  ( 24 )  

24 . 2  . 035 C anne d oran ge juice  Ross 1 9Lj 4  ( 2 1 0 )  

26 .0 . 0 1 8  1 4 . 6  Wheat flour Vojnovi c h  and P fe i fer 

1 970 (248 ) 

2 6 . 0  ( . 0 1 2 )  1 3 . 7  Wheat flour 1 1  11  ( 248 ) 

26 .0 ( .  006 ) 1 2 . 9  Wheat flour 1 1  1 1  ( 248 ) 

2 6 . 0  . 1 25  1 1  . 8  C orn s oya milk 1 1  1 1  ( 248 ) 

2 6 . 0  ( . 05 4 ) 1 0 . 4  Corn soya milk 11 11 ( 248 ) 

26 .0 ( . 0 1 2 )  8 . 0  C orn s oya milk 11  1 1  ( 248 ) 

29 .4  • 1 1 0 73 ·3 4 . 32 Canned t omato paste Lamb et al . 1 95 1  ( 1 47 )  

29 .4 . 245 C anned whole ke rnel corn Guerrant e t  al . 1 945 

( 1 04 )  

29 .4 • 1 48 Canned green lima beans 11 11 ( 1 04 )  

29 .4 · 339 Canne d t omato juice 1 1  1 1  ( 1 04 ) 

32 . 1  . 098 3 . 90 Canne d apricot Brenner et al . 1 948 ( 24 ) 

32 . 1  . 089 3 . 56 C anned orange juice 1 1  1 1  ( 24 )  

32 . 1  . 0 33 5 . 40 Cann e d  spinach 1 1  1 1  ( 24 )  

32 . 1  . 03 1 4 - 35 C anned tomat o  j ui c e 1 1  I f  ( 24 )  

32 . 1  . 0 1 9  6 . 30 Canned peas 1 1  1 1  ( 24 )  
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Tabl e 4 . 1 4 c on t ' d 

37 .0 

37 .0 

37 . 0  

37 .0  

37 . 0  

37 . 0 

37 . 0  

37 . 8  

37 . 8  

37 . 8  

37 . 8  

37 . 8  

37 . 8  

43 . 3  

43 · 3  

43 · 3 

45 . 0  

4 5 . 0  

45 .0  

45 . 0  

45 . 0  

45 . 0  

50 . 0  

50 . 0  

60 .0  

70 .0 

82 . 5  

k P. oi st u r e  pH Type of prGd u c t  Re feren c e  

X l 0-3 
c onten t 

hr- 1 % 
. 077 1 4 . 6  Whe a t flour Vojnovich and P fe i f e r  

1 970 (248 ) 

( .  054 ) 

( .  024 ) 

1 · 333 

( .  345 ) 

( .  036 ) 

. 2 1 0  

. 298 

• 1 68 

. 1 83 

. 097 

. 064 

. 028 

· 323 

· 425 

. 1 48 

. 8 � 5  

( .  292 ) 

( .  089 ) 

3 . 642 

( 1  . 220 ) 

(0 . 077 ) 

8 1 . 9  

( .  678 ) 

( 1 • 99 ) 

(5 . 55 ) 

445 . 8  

1 3 . 7  

1 2 . 9  

1 1 . 8 

1 0 . 4  

8 . 0  

Wheat fl our 

\'/heat flour 

C orn soya 'lli l k  

C orn soya m i l k  

Corn soya o i l k  

Canne d  orange j ui ce 

4 . 32 Canned tom a t o  paste 

3 . 90 Cann e d  apri c ot 

3 . 56 C an n e d  oran ge j u i c e  

5 . 40 C anned spinach 

4 . 35 C an n e d  tomat o  j u i c e  

6 . 30 Can n e d  peas 

" 

" 

11 

11 

" 

" 

" 

" 

" 

" 

( 2Lf 8 )  

( 248 ) 

( 24 8 ) 

( 24 8 )  

( 248 ) 

Ross 1 944 ( 2 1 0 )  

Lamb e t  al . ( 1 47 )  1 95 1  

Brenner e t  al . 1 94 8  ( 24 )  

" 

" 

" 

" 

" 

1 1  

1 1  

1 1  

( 24 )  

( 24 ) 

(24 ) 

( 24 )  

C anne d w h o l e  k e rn e l  c o rn Guerrant e t  al . 1 945 

( 1 04 )  

1 3 . 7  

1 2 . 9  

1 1 . 8 

1 0 . 4  

8 . 0  

C ann e d  gre e n  lima beans 

Canne d  tomato j u i c e  

Wheat flour 

Wheat flour 

Wheat flour 

C orn s oya milk 

C orn soya milk 

Corn s oya milk 

-6 . 0-6 . 2  S quash ruree 

3 . 2  �fixt ure of vitamins in 
36 percent sugar 

" 11 

3 . 2  11 11 

-6 . 4-6 . 8  Heating spinach i n  steam 

ke ttle 

11  

1 1  

" 

" 
( 1 04 )  

( 1 04 )  

Vojnovic h  and P fe i fe r 

1 970 ( 2Lr8 ) 

1 1  

" 

" 

1 1  

" 

11 

11 

" 

11 

11 

( 248 ) 

(248 ) 

( 24 8 )  

( 248 ) . 

( 24 8 )  

Sistrunk and Cash 1 970 

( 227 ) 

Garret t  1 956 _ ( 92 ) 

" " 
" 1 1  

( 92 )  

( 92 ) 

Clyde sdale e t  a l . 1 97 1  

(45 ) 
1 00 . o  1 340 . 908 Steam-boile d  artichokes C o ok and Sund aram 1 963 

( 5 1 ) 
1 2 1 .o 33if1 . 334 8 1  . 1 Pressure c ooked artichokes 1 1  " ( 5 1 ) 



4 . 1 1 Thiamine 

Thiamine is a v i t amin that ha s b e en e xt e nsive ly 

s t u d i e d  by many r e c e arch w orke rs . The d e P t ruc t i on o f  

thi amine i s  report e d  t o  b e  th(-o rmal and not  oxid ati ve ( 78 ) .  

The e x tent  o f  t h e rnal d e grad at i on and the nat ure o f  t h e  

prod u c t s  form e d  w a s  d i s c u s s e d  in d e t ai l  by Dwi v e di and 

Arnold  1 973 . Two p o s sibl e  re a c t i ons a re sugge st e d : the 

bre aking of t he CH bri d �e , fre e i ng the moi t i e q  o f  

py rimid ine and thiazo l e , an d the b re aking d own o f  the 

thia z o l e  ring to produce  hydrogen sul phi de . The  type o f  

breakd own i s  c ont rolled b y  the � T  o f  the foo d . 

In  c ol le c ting data to  e s tima t e  the k value , t hiamine 

w a s  found to be  t he on ly vi tamin whe re ex tensive wo rk had 

b e e n  d one on the kin e t i c  re ac t i on such a s  Fe l i c i o t t i  e t  al . 

1 957 and Mul l ey e t  al . 1 975a , and 1 975b . A numb e r  o f  d a ta 

were a l ready gi ven as the reac t ion rate  c onstan t . Only 

d a t a  from the work of Gue rrant et al . 1 945 an d Gre enwood 

e t  al . 1 944 were cal c ulat e d . Data c ol l e c t e d  d e mons t ra t e d  

the e f fe c t s  o f  moisture c ontent , pH and t he form o f  t hiami n e  

as e o - c arb oxy las e . 

I t  was found that wi th t he low moist ure c on t e n t  

f o o d s  that inc re asing moisture c ontent increased  the rate 

of thiamine d e s t ruc t i on ( 204 , 1 88 ) . The re a c t i on rate 

c on s t an t s  c al c ulated from the s t udy on s t o rage of d ehydrat e d  

pork a t  0 , 2 , 4 , 6  and 9 p e r c e n t  mois ture for 7 d ays a t  49°C 

by Ri c e  e t  al . 1 944 were 0 . 56 , 3 . 04 , 9 . 5 8 , 1 3 . 7 1  and 1 3 . 1 4 

x 1 0-3hr- 1 re spe c tive ly . Howe ve r ,  the high moist ure food 

or  "we t "  foods appeared  to  have lowe r reac t i on rat e  

c o n s t an t s  t h an d ri e d  food s ,  for exampl e a t  27 °C d ehydra t e d  

p o rk had k value o f  0 . 4583 x 1 0-3hr- 1 and c anned t omat o 



j ui c e  at 29 °C had 0 . 0 1 79 x 1 0-3h r- 1 . T he re i s  inad e q ua t e  

d a ta t o  e st ablish the  rat e o f  l o s s  ove r t h e wi d e  range o f  

m o i st ure c on t e n t  in the pro c e s si n g  o f  any part i c ul a r  

produc t . I n  this s t udy , on ly t h e  da t a  from the hi gh 

m o i s t ure fo o d s  were s e le c t e d . 
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Wi t h  the e f fe c t  o f  plf , i t  was found that  the ra t e  

i n c re a s e d  wi t h  in c r e asing pH from 4 . 5  t o  7 ,  and c h anged  

sharply at pH  6 . 0 - 6 . 5 ( 79 ,  1 75 ) .  T h e  pH  in the  f o o d s  

s t udied  f o r  d e st ruc t i on o f  thiamine varied throughout  thi s 

range , from t h e  acid  fo o d s  s u c h  a s  cann e d  t omat o j ui c e  t o  

t he near n e u t ral foods  s u c h  a s  c anned po rk , and t he re i s  

s ome variat i o n  i n  k val u e s  d u e  t o  t h i s  variat i on . 

Un fortunat e ly , ve ry few o f  the foods  had the pH re c o r d e d  

a n d  it w a s  n o t  possibl e t o  se para t e  t hem acc ording t o  pH . 

A l l  foods a t  their nat ural pH s w e re u s e d . 

For the  form o f  t hiami n e , Fe l i c i o tti e t  al . 1 957 

found a s l i gh t  inc rease in the ra te o f  re ac t ion wi t h  highe r 

amoun t s  o f  c ombi n e d  thiamine , a s  sho wn in T able  4 . 1 5 . T h e  

form o f  t hi amine in fo od vari e s  q u i t e  c onside rably e . g . 88 

p e r c ent o f  c ombined  thiamine in lamb to  1 3  percent i n  pork . 

How e ve r , t h e  rea c t i on rate c on s t ant s d i d  not  vary v e ry muc h . 

I n  addi ti on , the rate o f  reac t i o n  wa s found t o  b e  l e s s  when 

t hi amin e was pre s e n t  a s  e o - c arb o xyla se ( 1 75 ) . Howe v e r , 

Mulley e t  al . 1 975b found that t he presence o f  

e o- c arboxylase  up t o  one third o f  t h e  t hiamin e , as 

ge n e rally o c c urred in fo ods , did not  a f fe c t  t h e  kin e t i c s  o f  

t h e  t h e rmal d e s tr u c t i on . 

Ot h e r fac t ors repor t e d  t o  a f fe c t  the t he rmal 

d e st ru c t i on of  thiamine we re the  pre s e n c e  of  ions such a s  

c oppe r , o f  o xygen a n d  o f  oxi d i zing a ge n t s  ( 78 , 5 9 ) .  T h e  

' 



1 44 -

p r e s e n c e  o f  c oppe r  i on has l ong be e n  re C O [�ni z e d  t o  h ve an 

influe n c e  on a c c e l e ra ting the rate  o f  d e s t ruc t i on o f  

thinmine ( 1 75 ) . Howe ve r ,  a s  only d a ta  from p ro c e s sing o r  

s t orage o f  food p r od u c t s  we re c ol l e c t e d , the e f fe c t  o f  

t h e s e  f a c t ors a r e  e xp e c t e d  t o  be in c l ud e d . The  rea c t i on ra t e  

c on s t an t s  as c o l l e c te d  and c al c ul a t e d  are sh own in Table 4 . 1 5 . 

T able 4 . 1 5 Re a c t i on Rat e C on s t � n ts f o r  Thiamine 

T emp . k �loi st ure pH Type of !Jrod u c t  R e  fercnce 
oc X l 0-3 content 

hr- 1 % 
5 . 6  .005 Canned tomat o  juice Guc rrnnt e t  Ill . 1 945 

( 1 04 )  

5 . 6  . 0 1  C anned whole kernel c orn 11 11 ( 1 04 )  

27 .0 ( . 458 ) Dehydratec pork Labuza 1 972 ( 1 4E )  

29 .4 .0 1 8 Canned t omat o juice Gue rrant e t  al . 1 945 

( 1 04 )  

29.4  .030 Canned green lima bee�ns ( 1 04 )  

29 .4  . 057 Canned whole ke rne l corn 11 ( 1 04 )  

37 .0 ( 1  .792) Dehydrated pork Labuza 1 972 ( 1 46 )  

43 ·3 0. 1 22 Canned t ocato j uice Guerrant et  al . 1 945 

( 1 04 ) 

43.3  0 . 1 70 Canned green l ima beans " ( 1 04 )  

43 . 3 0 . 237 Canned whole kernel corn 11 ( 1 04 )  

49.0  ( 9 . 000 ) Dehydrate d  pork Labuza 1 972 ( 1 46 )  

63.0 ( 24 . 083 ) " 11 11 11 ( 1 4 6 )  

89 .0 1 50 . 000 Fresh pork " " ( 1 4 6 )  

99 .0  1 50 . 000 55 .0 Luncheon pork Greenwood e t  al . 1 944 

( 1 02 ) 

1 00.0  1 26 . 000 6 . 5  Peas , puree Farrer 1 953 (77 ) 

1 00 .0 1 32 .000 5 .7 Carrot ,  puree .. " (77 ) 

1 00.0  1 62 . 000 5 . 5  Cabbage , puree " 1 1  (77 ) 

1 00 . 0  1 56 .000 5 . 9  Potato,  puree 1 1  " (77 ) 

1 04 .0 348 .000 Canned peas ,  brine packed Bendix e t  a l .  1 95 1  ( 1 7 )  

1 04 .0 276 .000 Canned peas ,  vac uum pa cke d  11 " ( 1 7 )  

1 1 0 . 0  336 .000 55-0  Luncheon pork Greenwood et al . 1 944 
( 1 02 ) 

1 1 0 . 0  340 .00 Fresh pork Labuza 1 972 ( 1 4 6 )  

1 1 8 . 3 732 .00 Canned peae , brine pa c ked Pendix et  al . 1 95 1  ( 1 7 )  

1 1 8 . 3  852 .00 Canned peas,  vacuum packed 1 1  ( 1 7 )  

1 1 8 . 3  4 1 4 .00 Cvnned peas , puree 1 1  11 ( 1 7 )  

1 1 8 . 3  648 .00 Canned peas , pureed in 11 ( 1 7 )  

bu !fe r solution 

1 1 8 . 5  660 .00 55 . 0  Luncheon pork 0reenwood et al . 1 944 
( 1 02 )  



Table 4 . 1 5 c ont ' d  

Temp . 

1 20 . 0  ( 372.00 )  

Moist ure pH 

c ontent 
. .  "' 

1'ype o r  

produc t 

3 . 5  Thiamine in bu f fe r  

sol ution 

5 . 0  

5 · 5 

6 .0 

6 . 5  

7 . 0  

11 

11  

11 

11 

11 

11 

1 1  

1 1  

11 

11 

" 

" 

90 . 7  6 . 1 3  C a rrot , puree (46 . 0 )a 

93 . 2  5 . 83 Green beans , puree (44 . 0 )8 

84 . 4  
·
6 . 75 Pe as ,  puree ( 1 9 . 0 ) a 

77 . 2  6 . 1 8  Pork , puree ( 1 3 . 0 ) a 

9 3 . 5  6 . 7  Spinach ,  puree (76 . 0 ) a 

Re !ere nee 

Felici otti and F.r.se l en 

1 957 (79 ) 

" n 

11 u 

n n 

tt f1 

" " 

" 

n " 

(79 ) 

( 79 }  

(79 ) 

( 79 )  

( 7 9 )  

( 7 9 )  

(79 ) 

" (79 ) 

" ( 7 9 )  

11 " ( 79 )  

11 " ( 7 9 )  

1 20 . 0  048 .00 )  

1 20 .0 096 . 00 )  

1 20 . 0  ( � <;6 , 00 )  

1 20 . 0 ( 756 . 00 )  

1 20 . 0  ( 1 968 . 00 )  

1 20 . 0  ( 9060 . 00 )  

1 20 .0 720 .00 

1 20 . 0  732 .00 

1 20 . 0  684 .00 

1 20 . 0  774 . 00 

1 20 . 0  858 . 00 

1 20 . 0  942 . 00 82 . 7  6 . 1  Be e !  heart , puree (58 . 0 ) 8 Feli ciot ti and Esselen 

1 957 (79 ) 

1 20 . 0  

1 20 . 0  

1 2 1 . 0  

882 .00 

828 . 00 

( 880 . 80 )  

1 2 1 . 0  559 . 20 

1 2 1  . o  543 · 53 

1 2 1  .o 609 . 00 

1 26 . 5  1 320 . 00 

1 26 . 5  1 320 .0 

1 27 . 0  1 7 1 6 . 00 

1 27 .0 1 356 . 00 

1 27 .0 ( 1 482 . 00 )  

1 27 . 0 697 .80 

1 27 . 0  863 . 40 

1 27 .0 949 . 80 

1 29 . 0  1 7 1 0 . 00 

1 29 . 0  1 866 . 00 

1 29 .0 1 656 . 00  

1 29 .0 1 728 . 00 

1 29 .0 20 1 6 . 00 

1 29 . 0  2352 . 00 

1 29 . 0  2 1 84 . 00  

1 29 . 0  2262 . 00 

79 . 2  6 . 07 Bee f live r ,  puree (55 . 0 ) 8 

80 . 3  6 . 1 8  Lamb , puree ( 88 . 0 ) a 

6 .0 Phospha t e -buffered 

Thiamine 

85 .0 6 . 0 Pea s , puree 

85 . 0  6 .0 Be e f ,  puree 

85 .0 6 .0 Peas , in brine 

5 5 . 0  Luncheon pork 

Fresh pork 

Peas , brine packed 

Peas , vac uum pa cked 

6 .0 Thiamine in buffer 

solution 

85 . 0  6 . 0  Peas , puree 

85 .0 6 .0 Bee ! ,  puree 

85 . 0  6 .0 Pea s ,  in brine 

90 . 7  6 . 1 3  Carro t ,  puree 

93 . 2  5 . 83 Green beans , puree 

84 . 4  6 . 75 Peas , puree 

77 . 2  6 . 1 8 Pork , puree 

93 . 5  6 . 7  Spinach ,  puree 

82 . 7  6 . 1  Be e !  he.u t ,  puree 

79 . 2  6 .07 Bee !  live r ,  puree 

80 . 3  6 . 1 8 Lam b ,  puree 

11 11 (79 ) 

tl 11 ( 7 9 )  

Mulley e t al . 1 975a 

( 1 75 )  

n 11 

n n 

" " 

( 1 75 ) 

( 1 75 )  

( 1 75 )  

Greenwood e t  al . 1 944 

( 1 02 )  

Labuza 1 972 ( 1 46 )  

Be ndix e t  al . 1 9 5 1  ( 1 7 )  

Eendix e t  al . 1 95 1  ( 1 7 )  

�ulley e t  al . 1 975a 

( 1 75 ) 

" 11 ( 1 75 ) 

11 ( 1 75 )  

11 " ( 1 75 )  

Feliciotti and Esselen 

1 957 (79 ) 

tt " 

" n 

ft " 

( 7 9 )  

(79 ) 

(79 ) 

11 11 (79 ) 

Fc liciotti and r. Rsclen 

1 957 ( 7 9 ) 

11 11 (79 ) 

" 11 (79 ) 

1 L15 • 



T ab l e  4 . 1 5 c ont ' d 

1 29 . 5  

k 

x 1 o-3 

- 1 

( 1 368 .00 )  

1 29 . 5  ( 1 206 .oo )  

1 29 . 5  ( 1 �28 .00 ) 

1 29 . 5  ( 1 872.00 )  

1 29 . 5  ( 42 1 2 .00) 

1 29 . 5  ( 1 392 .00) 

1 29 . 5  ( 1 290 .00 )  

1 29 .5 ( 1 284 .00 ) 

1 29 .5 ( 1 8 1 8 .00 )  

1 29 .5 (3834 .00 ) 

1 32 . 0  (2556 .00 )  

1 32 . 0  1 320 .00 

1 32 .0 1 504 .80 

1 32 .0 1 8 1 5 .60 

1 32 .0 2 1 06 .00 

1 32 . 0  2 1 06 .00 

1 38 .0 (4026 .00 ) 

1 38 . 0  2250 .00 

1 38 .0 2203 .80 

1 38 .o 2463 .00 

1 38 .0 4260 .00 

1 38 .0 4302 .00 

1 38 .0 4248.00 

1 38 .0 4302.00 

1 38 .0 4950 .0 

1 38 .0 6366 .00 

1 38 .0 5352 .00 

1 38.0 4884 .00 

1 49 .0 1 00 1 4 .00 

1 49 .0  1 0464 .00 

1 49 .0 9942 .00 

1 49 .0  1 0 1 58 .00 

1 49 .0 1 3680 . 00 

1 49 .0 1 3020 .00 

. 1 49 .0 1 3956 .00 

1 49 . 0  1 1 6 1 0 .00 

Moist ure pll 

content 

5 .0 

5 .5 

6 .0 

6 .5 

Type o f  produc.t 

Thi nmino hyd rochloride 

+ 35 pe r c r n t  

Coca rboxylnse 

" " 

11 " 

11 11 

11 11 

4 ·5 Thiamine hyd rochloride 

5 .0 

5 - 5  

6 .0 

6 . 5  

11 

" 

" 

" 

" 

" 

" 

6 .0 Thiamine in bu f fe r  

solution 

85 .0  6 .0 Pe as , puree 

85 .0 6 . 0  Eee f ,  puree 

8 5 .0 6 .0 Pea s ,  i n  brine 

Pe a s ,  brine packed 

Peas , vac uum packed 

6 .0 Thia�ine i n  bu ffer 

sclution 

85 .0 6 .0 Feas , puree 

85.0 6 .0 Bee f ,  puree 

85 .00 6 .0 Peas , i n  brine 

90 .7 6 . 1 3  Carro t ,  puree 

93.2 5 . 83 Green beans , puree 

84 . 4  6 . 75 Pe3s , puree 

77 . 2  6 . 1 8  Pork , puree 

93 . 2  6 . 7  Spinach ,  puree 

82.7  6 . 1  Bee f  heart , puree 

79 . 7  6 .07 Bee r live r ,  puree 

c0 . 3  6 . 1 8  Lamb , puree 

90 .7 6 . 1 3  Ca rrot , puree 

93 . 2  5 . 83 Green beans , puree 

84 . 4  6 . 75 Pea s ,  puree 

77 .2 6 . 1 8  Pork , puree 

93 ·5  6 .7 Spin ach , puree 

82 .7  6 . 1  Be e !  hea rt ,  puree 

79 .2 6 .07 Bee t  live r ,  puree 

80 .3 6 . 1 8  Lamb , puree 

l a
Pe rcent combined thiamine 

Ho fcronce 

Mulley e t  al . 1 975b 
( 1 76 )  

" " ( 1 76 )  

" ( 1 76 )  

( 1 7 6 )  

" " ( 1 76 )  

" " ( 1 7 6 )  

( 1 76 )  

" ( 1 76 )  

11 " ( 1 76 )  

11 " ( 1 7 6 )  

Mulley e t  al . 1 975a 
( 1 75 )  

11 

" 

( 1 75 )  

( 1 75 )  

( 1 75 )  

Eendix e t  al . 1 95 1  ( 1 7 )  

1 1  ( 1 7 )  

Mulley e t  a l . 1 975a 
( 1 75 )  

" 11 ( 1 75 )  

11 ( 1 75 )  

Y.ulley e t  al . 1 975a 
( 1 75 )  

Feli cic t ti and Esselen 

1 959 (79 ) 

11 

" 11 

11 

11 

11 11 

" " 

tt " 

11 

" " 

" " 

" tt 

t1 lt 

tt tl 

(79 ) 

(79 ) 

(79 )  

(79 ) 

(79 ) 

(79 ) 

(79 )  

(79 ) 

(79 )  

(79 ) 

(79 ) 

(79)  

(79 ) 

11 ( 79 )  

11 " (79)  

1 46 . 
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4 . 1 2  Ribo fl avin 

Ribo flavin is c omparatively st able to heat  b u t  

un s table t o  li ght . The sensi tivi t y  t o  l i ght inc re a s e s  with 

tempe rat ure and pH ( 1 1 4 ) . C ain 1 96 7  reviewed  that  

d e hydrat e d  be e f  and  swe e t  potat o e s  ret aine d al l their  

rib o flavin while c an n e d  a spa ragus a n d  spinna c h  re t a in e d  

only 8 8  t o  90 pe rc e nt . Ford e t  a l . 1 9C 9  foun d  n o  l o � s  o f  

rib o flavin by UH'T' proc e s sing o f  mil k . 'l'he s t a bi l i ty o f  

rib o fl avin t oward s heat  was reviewed  by Rolls  a n d  Fort e r  

1 973 who c on c l ud e d  tha t h e a t  t re a tme n t  ha d l i t t l e  

signi fi c an t  e f fe c t  o n  the ribo flavin i n  mil k . Howeve r ,  l o ss 

c an be s i gni fi cant i f  e xp o s e d  t o  s un li r.ht . Singh e t  al . 

1 975 f ound the d e s t ru c ti on r a t e  o f  rib o flavin i n c re a s e d  f ou r  

f o l d  w h e n  m i l k  was st o r e d  in gl a s s  c on t aine r s  ins t e a d  o f  

pape rboard at 1 0°C f o r  7 2  h o urs ( 1 1 . 02 x 1 0-4h r- 1  c ompared 

to 2 . 72 x 1 0-4hr- 1  ) .  Loss  during c o okin g and boiling wa s 

a l s o  re viewed by Lan g  1 970 t o  b e  in t h e  ran ge o f  1 0  t o  20 

p e r c e n t , and d urin g  roasting and frying to be in the range 

o f  1 5  - 20 perc e n t . 

M o s t  o f  the d a t a  c ol l e c t e d  were from c anne d food 

whe re t h e  e f fe c t  o f  li ght woul d n o t  be incl ud e d . �he  d a t a  

with h i gh heating t e mpe rat ure s we re from c o oking a rt i c h oke s 

and fi s h  e it he r  by boil ing or in a pre s sure c ooke r . It was 

obvi ous t hat i f  l i gh t  was s c re e ned o f f , he a t  d id n o t  have 

m uch e f fe c t  as re v e a l e d  by the rat e s  of  re a c t i on c al c ul a t e d  

from t he work o f  Gre enwood e t  al . 1 944 ove r t h e  t empe ra ture 

range o f  99 to 1 2 6 . 5 °C , d urin g  s t o rage of di f fe re n t  c anne d 

food and milk in gla s s  bot t l e  ( 226 ) . There f o re the d a t a  on 

the h e a ting and s t orage of c anned food were n ot in c l ud e d  in 

this s t udy in orde r  that t h e  pred i c t e d  loss woul d i n c lude  
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l os s  d ue t o  l i gh t  a s  in ge n e ra l  h e a t  pr o c e s s i n g . D a t A  we re 

not a v a i l ab l e  t o  t a ke i n t o  a c c o un t  the e f f e c t  of pH , b u t  a s  

p re vi o u s ly d i s c u s s e d  the d a t a  t ak e n  from a vari e ty o f  f o o d  

sy s t e m s  w e re u s e d  s o  a s  t o  gi ve a t  l e a s t  a vari a t i on o f  pH 

in t h e  n a t ural ranee o f  f o o d s . A l t h ough m e a n i n g ful d a t a  on 

t he e f fe c t  o f  h e a t  on rib o f l a vin a re limi t e d , t h e  d a t a on th e 

d e s t ru c t i on o f  ri b o f l a v i n  t h a t  c o u l d  b e  i n t e rpre t e d  

ki ne t i c a l l y  w e r e  c o l l e c t e d  and t h e  re a c t i on ra t e  c on s t an t s  

w e re c al c ul a t e d  and a re pre s e n t e d  i n  � a b l e  4 . 1 6 . 

T ab l e  4 . 1 6 Re a c t i on Ra t e  C on s t a n t s  f o r  Rib o fl a vi n  

Temp . k Moi sture pH Type of product Re ference  
oc X 1 0-3 c on tent 

hr- 1 % 

1 .  7 . 777 Hilk Singh e t  al . 1 975 ( 226 ) 

4 · 4  . 875 H i l k  11 " ( 226 ) 

5 . 6  ( . 0 1 2 )  C anned tomato j uice Gue rrant e t  al . 1 945 

( 1 04 )  

5 . 6  ( . 0 1 2 ) Canned green lirna beans " " ( 1 04 ) 

5 - E>  ( .0 1 4 )  Canned whole kernel c orn 1 1  " ( 1 04 )  

1 0 . 0  1 . 1 02 S t o rage o f  milk Singh e t  al . 1 975 ( 226 ) 

29 - 4  ( . 024 ) Canned tomato jui c e  Guerrant e t  al . 1 94 5  

( 1 04 )  

29 - 4  ( . 024 ) Canned gre e n  l i m a  beans 1 1  1 1  ( 1 04 )  

29 . 4  ( . 0 1 9 )  Canned whole kernel corn 1 1  1 1  ( 1 04 )  

43 - 3  ( . 063 ) C anne d t oma t o  j ui c e  " " ( 1 04 ) 

43 . 3  ( . 033 ) Canned green lima be ans 1 1  1 1  ( 1 04 )  

43 · 3  ( . 032 ) Canne d whole kernel c orn " 1 1  ( 1  04 ) 

99 . 0  ( 1 7 . 1 4 )  55 . 0  C anned luncheon pork Gre enwood et  al . 1 94 4  

( 1 02 )  

1 00 . 0 9 . 626 In Boi l e d  arti chokes C ook and Sundaram 1 963 

water ( 5 1 ) 

1 1  o . a  ( 5 .08 )  55 .0  Canned l uncheon pork Greenwood et al . 1 944 

( 1 a2 ) 

1 1 8 - 5 ( 2 . 67 ) 55 . 0  Canned -luncheon pork 11 1 1  ( 1 02 ) 

1 26 .5 (7 - 7 4 ) 55 .0  C anned l un c h e on pork 1 1  1 1  ( 1 02 )  

1 2 1 . a  857 . 06 In Boil e d  arti chokes Cook and Sundaram 1 963 

water ( 5 1 ) 
1 2 1 . a  1 4 1 4 - 93 Fish in pre ssure c ooker Kennedy and Ley 1 97 1  

( 1 33 ) 
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4 . 1 3 N i a c in 

Niacin , a v i t amin i n  t h e  form o f  ni c ot ini c a c i d  and 

ni c o tinami de , is he <J t  s t abl e in b o t h  a c i d  and allmline me d i a . 

I t  i s  qui te s t ab l e  t o  a i r  and l i ch t  ( 1 1 4 ) . I n  the re view 

b y  Cain 1 967 , l os s  o f  niacin d uring c anning o f  frui t and 

vege t a b l e  w a s  6 . 9 perc e n t  and d urinf d e hydra t i on was 8 
p e r c c: n  t . Ri c e  e t  a l . 1 94 7 s t udyin£� t h e  c o oki n g  o f  ham 

found niacin l o c; s  vJ ::tr '  1 0  p e r c en t . ! ' i l l e r  e t  al . 1 973 , 

s t udying re t e n t i on o f  n i a c in i n  be an produc t s  foun d  t h e  

nia c i n  l o s s  o n l y  o c c urre d in d i s c R r d e d  c o oki n g  wat e r ; 

r e t ort ing at  1 2 1 ° C for 4 5 -90 minu t e s  did not c a us e  

s i gni fi c an t  b re t-t l\.d own , the  l os s  wa "' only 7 . 2 pe rc e n t . 

Morgan e t  al . 1 944 f ound nia c in l o s s  in dehydrated c a rr o t  

and p o t a t o e s  t o  b e  7 and 6 pe r c e n t  re spe c t ive l y . I n  UH'T.' 

pro c e ssing o f  milk , t he l o s s  w2 s found t o  be ve ry smnl i . e . 

2 p e r c e n t  in d i re c t  heating at  1 38 °C for 2 se c ond s  ( 8G ) . 
The c ol l e c t e d  kin e t i c  d a t a  w e re froa t h e  s t orace  

and proce ssing o f  cann e d  fo od and  t h e  c o o�in g o f  f i s h  and 

a r t i c hoke s . The  rat e s  of re a c t i on r' t 1 2 1 °C varie d a gre a t  

de a l . I t  i s  l i ke ly t h� t t h e  hich l o � r c s  re p o r t e d  by Ken n e d y  

a n d  Le y 1 97 1  a n d  C o o� and S undaram 1 963 o n  d ome s t i c  c oo ldng 

o f  fish and a rt i c hoke s  in c l ud e d  t h e  d rip and l e a c hing l o s s e s  

whil e  t h e  l ow e r  l o s se s i n  c anne d  l ima beans d i d  n o t . A s  
nia cin i s  lrnown t o  be q ui t e  s t able  t o  air and l i gh t , t h e  

d a t a on c anne d food w a s  a s s um e d  t o  b e  repre sentative o f  

ge n e ral heat pr o c e ssing . The d at a  from c ooking ris h  and 

a r t i c hoke s were not  used b e c ause it wa s not possibl e t o  

p r e di c t  h ow muc h o f  the  l o s s  was d ue t o  l e a c hing and h o w  

much  t o  h e a t  pro c e ssin g . 

All t h e  da t a  u s e d  we re f o r  high mois t ure c on t e n t  



fo o d s  such as c anne d peas and l un c he on pork as shown in 

T ab l e  4 . 1 7 .  

T ab l e  4 . 1 7  Re a c t i on Ra t e  C on s t an t s  f o r  Niacin 

k Moisture pH 
X l 0-3 c ontent 

hr- 1 % 

Type of product Re ference 

1 50 . 

22 . 0  

3 1  . 6  

99 . 0  

, 009 76 . 0  - C anned a rmy ration 

. 004 Canned peas 

6 . 06 50 . 0  - Luncheon pork 

1 00 . 0  ( 66 . 7 1 3 )  Eoiled artichokes 

1 1 0 . 0  1 4 . 1 6  55 . 0  - Lun cheon pork 

Hellendoorn e t  al . 1 97 1 ( 1 1 6 )  

Brenner e t  a l . 1 948 ( 24 )  

Gre enwood e t  al . 1 944 ( 1 02 ) 

Cook and Sundaram 1 963 ( 5 1 ) 

Greenwood e t  aL 1 944 ( 1 02 )  

1 1 5 .0 320 . 39 

1 1 8 . 5  1 27 . 2  

1 2 1 .o 49 . 93 

1 2 1 . 0  ( 6 1 2 . 45 )  

1 2 1 . 0  ( 846 . 38 4 ) 

1 26 . 5 282 . 6  

Canned c orn 

55 . 0  - Lun c he on pork 

Charlampowie z  and S obiech 
1 965 (40)  

Greenwood e t  al . 1 944 ( 1 02 )  

C anned lima beans Miller et al . 1 973 ( 1 6 1 ) 

Fi s h  i n  pre eoure c ooker Kennedy an� Ley 1 97 1  ( 1 33 )  

Art i c h oke s in pressure Cook and S unda ram 1 963 ( 5 1 ) 
c o oke r 

5 5 . 0  - Lun c h e on pork Greenwood et al . 1 944 ( 1 02 )  

4 . 1 4  Vi t amin B6 

V i t amin B6 is a group o f  c ompound s c onsistin g  o f  

pyrid oxin e , pyrid ox a l  and py rid oxamine . Py ri d oxine  i s  

s t a b l e  t o  he at , s t r onl.i a c id and a L�a li but sensi t i ve t o  

l i gh t ; whi l e  pyri d oxal and pyrid oxamine are sensitive t o  

h e a t , l ight and oxygen ( 1 1 4 ) . Pola n ski e t  a l . 1 96 9  found 

py rid oxal and pyrid oxamine are the  pre d ominan t  forms o f  

vi t amin B6 i n  animal produc t s . During the h e a t in g  proc e ss , 

t ra n samina t i on o c c u rr e d  and pyridoxal was c onve rted  t o  

pyridoxamine . Schroe d e r  1 97 1 , analyse d vi t amin B6 in a 

l ar ge vari e ty o f  foods  and found losses  in c anned ve ge t a b l e s  

r anged  from 5 7  t o  7 7  pe rcent ; in fish and s e a fo od c anning 



1 5 1 . 

the l o s s  w a s  approxim a t e l y  49 pe rc e n t . A wider  r an ge o f  

l os s e s  i s  e xpe c t ed  in c anned  ve re t ahl e be c a use  o f  v a ri a t ion 

in t he l o s s e s  o c c u rring d uring bl anchin g . �hen only l o s s e s  

durin g c a n n i n g  w e re c on sid e re d , f i l l e r  e t  al . 1 97 3  found 

0 t ha t  w h e n re t ortinB c a n n e d  bean s at 121 C fo r 90 minut e s ; 

t he loss  was  only 2 . 5 p e r c e n t . Hel lend oorn e t  al . 197 1 
f o un d  n o  l o s s  o f  vi t a m i n  B6 d u ri n r  et e ri li z a t i on o f  c a n n e d  

a rmy rc:t t i on s . I n  heat ing milk , locf'  d ue t o  UET p r o c e s si n g  

was sligh t ly l e s s  than 1 0  perc e n t  ( 86 ) and l o s s  i n  b o t t l e  

st e ri l i z a t i on o f  milk w a s  approxim a t e l y  2 0  pe rc e n t  ( 209 ) . 

D a t a  c oll e c te d  for v i t am i n  E( we re m o s t l y  f r om t he 

st orage o r  the proce ssing o f  b o t tled o r  canned prod u c t s  

e x c e p t  f o r  some d a t a  from t h e  c o oking o f  art i c h oke s by C o ok 

and f und a ram 196 3 . T h e  rat e �  o f  re a c t i on were h i g h e r i n  

c o oking of a rt i c h o ke s c orJpa red  t o  t h e  rat e s c al c ula t e d from 

h e a t i n t  o f  t h e  c anne d p ro d u c t � , a n d  thic i n c re a s e d  ra t e  

mi ght b e  d ue t o  l e a c hing and expasinr t o  l i ght . H owe ve r , 

t he ra t e s o f  r e a c t i on cal c ul a t e d  from the s t oraee o f  c a n ne d  

a n d  b a t t l e d  pr od u c t s a t  20° C a n d  30°r did n ot reveal any 

sign i f i c a n t  di f fe ren c e . T h o u gh i t  i e  re a l i zed  t hat  da t a  

f r o m  Cook and S undaram prob ably in c l ud e d  l o s s e s  d ue t o  

l e a c hing , i t  was used i n  o r d e r  tha t t h e  d a t a in c l ud e d  

c o o ki n g  food i n  ai r a s  we l l  as i n c ans . The c al c ul a t e d  

ra t e s  o f  reac tion i s  shown in  Table 4 . 1 8 . 
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Tabl e 4 . 1 8 Re a c t i on Rat e Constan t s  for Vitamin B6 

T emp . k Moi sture pH Type o f  product Re fe rence 
oc 

X l 0

-3 c on t e n t  
hr - 1  % 

1 7 . 0  . 486 S t orage of milk Ford e t  al . 1 969 (86 ) 

20 . 0  .073 8 1  · 9  
- Bot tled s trained be e f  Ever son e t  al . 1 964  ( 75 )  

20 . 0  . 089 81 .8 - Canned strained bee f n 11 
( 75 )  

20 . 0  . 055 8 6 . 3  Bot tled lima beans 11 11 
(75 ) 

20 . 0  . 063 85 .7  
- Canned lima beans 1 1  11  

(75 ) 

30 . 0 · .076 8 1 . 9  Bot tled straine d . be e f  11 11 
(75 ) 

30 .0 . 098 8 1 . 8 C anned strained b e e f  11  11 
(75 ) 

30 . 0  . 074 86 . 3 Bot tled lima beans 1 1  11  
(75 ) 

30 .0  . 062 85 .7 
- Canned lima beans 1 1  1 1  

( 75 )  

1 00 .0 589 . 92 In Boi ling artichokes C ook and S undaram 1 963 

water ( 5 1 ) 

1 1 5 .0 206 . 32 Canned c orn Charlampowie z  and 
Sobi e c h  1 965 ( 40 )  

1 1 6 .0 2 1 .06  Canned lima beans Raab et al . 1 973 ( 1 97 ) 

1 1 6 .0 5 4 . 8 2  
11  11  11 11 

( 1 97 ) 

1 2 1  .o 1 6 . 87 
11 11 Mil l e r  e t  al . 1 973 ( 1 6 1 ) 

1 2 1  . o  2482 . 60 In Arti chokes in C ook and Sunda ram 1 963 

wat e r  pressure c o oker ( 5 1 ) 

4 . 1 5 Vi t amin B 1 2 

Vi t amin B 1 2 , or cyan o c obal amin , · i s s t ab l e  t o  h e a t  

i n  the pH range o f  Lj t o  7 b u t  unstable  when h e a t e d  in 

al kaline o r  s t rong acid me dia and  when expo s e d  to sun l i ght 

( 1 1 4 ,  43 , 2 3 ) .  Howe ve r , the pH i n  food i s  ge ne rally 4 to 7 

where vi tamin B 1 2  i s  st abl e . 

R e vi e wed by Rol l s  and Po r t e r  1 973 , v i t amin B 1 2 l o s s  

in b ot t l e  s t e rili zation o f  m i l k  a t  1 1 0 and 1 1 2 °c f o r  1 5  t o  

2 0  minut e s  was only 2 0  pe rc en t . Ford e t  al . 1 96 9  found Ur� 
proc e s si n g  o f  milk at 1 38 ° C and 1 45 °C t o  b e  1 3  t o  1 7  pe rc ent 

re spe c ti v e l y . I n v e s tigati on on t h e  d e s t ru c ti on of vi t amin B 1 2 



i n  milk sugge st e d  t h a t  i t  was t he c on s e q ue n c e  o f  the 

oxi d a tive  d e s t ruc t i on o f  a s c orbi c a c i d , d i s solved  oxygen 

in milk would hasten  the rea c tion ( 84 ) . Howeve r , in he a t  
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s t e ri l i z a t i on o f  o t h e r  canne d prod u c t s  s u c h  as c anne d army 

ration s  whe re the p r o c e s sing tim e s  and t empe ra t ur e s  we re 

ge n e ra l ly gre at e r , the a v e race l o G s  WA S only 1 2  pe rc e nt . 

Approxima t e l y  t h e  same l o s s  was found by Charl ampowie z  and 

S obi e c h  1 96 5  in t he c anning o f  c o rn at  1 1 5 °C f o r  30 min ut e s , 

i . e .  t h e  l oss was 1 4 . 8 pe rc e n t . 

Un fortunat e ly , v e ry l i t t l e  o f  t h e  data  on t h e  

d e s t ruc t i on o f  vi t amin P 1 2 i n  f o od r c an be in t e rpre t e d  

kine t i c ally . T h e  ra t e s  o f  re a c t i on f r om the s t udy o f  

Garre t t  1 95 6  o n  t he hea t i n g  o f  <1 vi tamin mixt ure , t h outjh 

n o t  in t h e  fo od sys t em , fi t t e d  wi t h  t h e  o t h e r  two c a l c ul A t e d  

rat e s  o f  re a c t ion o n  milk and c an n e d  c orn and hen c e ,  w e r e  

u s e d  in t h i s  s t udy . The  ra t e s  o f  re a c t ion o f  vi tamin E 1 2 ,  

shown in T abl e 4 . 1 9 are obvi ously n ot a re liable  ind i c a t i on 

o f t h e  rea c t i on rate c on s t an t s  for vi tamin B 1 2  d e st ruc t ion 

but had t o  b e  used in this s t ud y  b e c a u se of  t he lack o f  d at a . 

Tab l e  4 . 1 9 Reac tion Rat e  C on s t an t s  for Vi t amin P 1 2 

Temp . k Moisture pH Type o f  produc t Re ference 
oC X 1 0-

3 content 
hr -1  % 

1 7 . 0  . 0 1 0  Storage of milk Ford et al . 1 969 (86 ) 

50 . 0  . 392 3 .2 Mixt ure o f  vitamin Garre t t  1 956 ( 92 ) 

in 36 percent sugar 

60 . 0  1 . 255 3 . 2  
1 1  1 1 " 11 11 

( 9 2 ) 

70 . 0  3 . 1 86 3 . 2  
1 1  1 1  1 1  11 

( 92 )  

1 1 5 .0 320 . 39 Canned corn Charlampowiez and S ob i e c h  
1 965 (40 )  
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4 . 1 6 Pan t o t h e n i c  a cid 

Ac c o rding t o  an  e x t e n s i ve revi e w  by Harri s and Von 

Lo e s e c ke 1 9 60 , pan t ot heni c acid ir s t abl e  in ne ut ral pL in 

t h e  ran r�e o f  5 . 5 t o  7 . In al kD l i n c  rJ1 , i t  i s  hyd r ol i z e d  

t o  n a n t oi c  a c i d  w h i c h  f orm s l a c t on e upon h e a t in g , and i n  � . 

o. c id pH , i t i s  hy d rol i ze d  t o  pc.m t o l. "l c t ::me . I t  i s  a 

m od e ra t e l y  h e D t  l o b i l e  vi t a min b u t  r- t a b l e  t o  l i ght a nd 

oxy gen . 

S c h r oe d e r  1 97 1  re v i e we d t h e  l os s o E o f  pan t o t h e n i c  

a c i d  i n  c anne d food s ; i n  c anne d animal fo o d s , l o s s e s ran ze d 

from 20 t o  35 p e r c e n t , in c a nne d f r ui t j u i c e  50 . 5 p e r c e n t  

a n d  i n  c �n n e d v e ee t a b l e s  from 4 6  t o  7 8  pe rc e n t . I t  i F  ffi o s t  

l i ke ly tha t t h e  large v a ri a t i on s  f o und in c an ne d v e cc t abl e s 

i s  d ue t o  d i f f e re n c e s  i n  s t ruc t u re and f" U s c e pt i b i l i t y  t o  

l e a c hi n g  d u ring b l a n c hi n g . In d e hyd ra t i on , � o rgan e t  al . 

1 944 found  l o s s e s  o f  pan t o t h e n i c  a ci d  i n  d e h yd ra t e d  c rrot  

to  b e  6 pe r c e nt and n o  loss  was  f o und in d e hy d ra t e d  p o t a t o e s . 

I n  d ehyd rat e d  bee f ,  hi ghe r l o s s  wa s found , 32 pe r c ent , by 

Ri c e et al . 1 944 . In l JHT pro ce s sin r� o f  milk at 1 27 - 1 40 °C 

f o r  3 - 1 5  s e c ond s ,  F o rd e t  al . 1 96 9  f o und n o  l os s  o f  

pant othe n i c  ac id . The e f fe c t  o f  pro c e F sing on milk was 

r e viewe d by Rolls and Port e r  1 973 an d they c on c lud e d  tha t  

heat  tre a tment d i d  n o t  a f f e c t  pant o t he n i c  ac i d . In 

e xperim e n t s  wit h  c oo king b e e f ,  �-' eye  r e t  al . 1 96 9  fo und that 

roasted l oin re tain e d  89  p e r c e n t  and re c overy in d rip was 

1 1  p e rc en t . In brai s e d  m e a t , ave rare re t e n ti on was 56  

p e r c e n t  with 44 p e r c ent re c o v e re d  i n  the drip . S e emin gly , 

l o s s  o f  pan t otheni c acid  d ue t o  h e a t  i s  v e ry smal l . 

T h e  c ol l e c te d  d a t a  we re from the  st orage and 

pro c e s s ing of c anne d  prod u c t s  and from t h e  c o oking o f  
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arti c h o ke s . D a t a  from t h e  s t ud y  o f  Garre t t  1 95 6 , wi t h  the 

mixt ure o f  vi t amins in syrup , seemed to  fi t in we l l  wi t h  the 

food d at a ,  and i t  w a s  the re fore d e c id e d  t o  use i t  in t h i s  

study . I t  was obvious that  t he rP t e s  o f  re a c t i on 

c al c ul at e d  from the l o s s e s  d u ring b oiling and pre s s ure 

c ooking of a r t i c ho�e �  w & s  c on �i d e r�bl y hicher than the rB t e s  

o f  re a c t i on c a l c ulat e d  fr om t he � � t �  on he a t i n g  c anned 

p rod u c t s . T h e r e fore only d a t a  from the c anne d prod uc t s  a n d  

for  c l o s e d  c on t a ine rs ( 92 )  w e re u s e d  i n  t h i s  s t ud y  f o r  t he 

s � m e  r e a son a s  for nia c in . T h e  d a t n  c ol l e c t e d  were f r om 

hi e� m o i s t ure c on t e n t  fo od s . �he  r l '  d i d n o t  s e e m  t o  a f fe c t  

t h e  ra t e  o f  re a c t i on t o  any gre P t  e x t e nt , c om parinf t h e  work 

o f  G .  rr e t t 1 95 6  2 t  l ow pH t o  o t h e r  c anne d f o od s wh e re pHs 

were �e n e ral ly in t h e  ranee o f  5 t o  6 . � 'he  ra t e s  o f  re a c t i on 

f o r  pan t o thenic a c i d  are s h o�n in � a b l e  4 . 20 . 
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Table 4 . 20 Re ac t i on Ra t e  C on s t an t s  for  Pan t ot he n i c  a c i d  

Temp . k Moisture pH Type o f  p rodu c t  Re fere n c e  
oc X l 0-3 c ontent 

hr- 1 % 
5 . 6  . 06 0  C anned t om a t o  j ui c e  Guerran t e t  al . 1 945 

( 1 04 )  

5 . 6  . 0 1 9 Canned green lima beans 1 1  1 1  ( 1 04 ) 

5 . 6  . 0 1 9 Canned whole kern e l  corn 1 1  1 1  ( 1 011 ) 
22 . 0  . 02 1  76 . 0  Canned a rmy ration Hellendoo rn e t  al . 

1 97 1 ( 1 1 6 )  

29 . 4  . 09 9  Canned t omato juice Guerrant e t  al . 1 94 5  

( 1 04 ) 

29 . 4  . 035 Canne d green lima beans " 1 1  ( 1 04 )  

29 - 4  . 04 1  C anned whole ke rne l  corn " " ( 1 04 )  

43 · 3  • 1 60 Cann e d  tomato j ui c e  1 1  1 1  ( 1 04 ) 

4 3 - 3  . 1  07 C anned green lima beans 1 1  1 1  ( 1 04 ) 

43 · 3 . 0611 Canned whole kernel c orn 1 1  " ( 1 04 )  

50 . 0  . 307 3 . 2  Hixture o f  vitamin in Garre t t  1 956 ( 9 2 ) 

36 p e r c e n t  sugar 

60 . 0  . 854 3 - 2  1 1  " 1 1  1 1  ( 9 2 ) 

70 . 0  2 . 072 3 - 2  1 1  1 1  " " ( 9 2 )  

99 . 0  37 . 68 55 . 0  Lun cheon pork Gre enwood e t  al . 

( 1 02 )  

1 00 . 0 357 . 60 Boi l e d  artichoke s Cook and S undaram 

1 96 3  ( 5 1 ) 

1 1 0 . 0 4 7 . 7 6 55 - 0  Lun c he o n  pork Gre enwood et al . 

( 1 02 )  

1 1 8 . 5 1 1 7 . 6 55 . 0  1 1  1 1  1 1  1 1  ( 1 02) 

1 2 1 .o 1 38 5 . 6 1  I n  Art i c hokes in pre s s ure Cook and S und aram 

water c o oke r ( 5 1 ) 

1 26 . 0  304 . 8  55 . 0  Lun c h e on pork Greenwood et al . 

( 1 02 )  

4 . 1 7  Foli c  acid 

Folic  acid  i c  a vi t amin that is sensi t i ve t o  he a t , 

ligh t  and pre s e n c e  o f  oxygen ( 84 , 34 ) . I t  i s  s table a t  pH 

8 but l ar ge ly d e s t royed durin g aut o� laving i n  a c i d s  and 

alkali s  ( 1 1 4 ) .  The type o f  m i c r o- o rganism used  in the  

1 944 

1 94 4  

1 96 3  

1 944 
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analysis o f  folic  a c i d  play s an imp o r t a n t  rol e on the  

re L ul t .  Karlin et  al . 1 96 9  found t he l o s s  of  f ol i c  acid  in 

UHT p r o c e s sing o f  mil k as sayed by La c t oba c i l l us c p s e i  wa s 

75 pe r c en t , whi l e  by S t rept oc o c c us fa e c R li s  and Pedi o c o c c us 

c e r c v i s a e  V/ 3 S  50 p e r c e n t  and 83 pe r c e n t  respe c t ive ly . 

D e � ri t e  t h e  d i f fi c ul ty in t he d e t c rm i n � t i on o f  fol i c  a c i d , 

l o sse s d ue t o  e f fe c t  o f  h e a t , l i �ht a n d  pre se n c e  o f  oxygen 

we r e  re p ort e d . Rol l s  and Por t e r  1 973 re viewing the 

d e s t ruc t ion o f  wat e r  solub l e  vi t amins i n  l i q ui d  mil k sh owe d 

tha t i n  b o t t l e  st e r-iliz at i on at  1 1 0 - 1 1  2°C f o r  20 - 30 

minut e s ,  l o s s  o f  folic  a c id w a s  30 pe r c e nt . Residual 

oxyge n  i n  milk w a s  al s o  found t o  hav� a mark e d  e f fe c t  on 

foli c acid  d e s t r u c t i o n  in milk . �he re a re a numbe r o f  

p a p e r s  on t he re t e n t i on o f  f o l i c n c i J  i n  mi l k , but t h e  d a t a  

C < l l l n o t  be t rc r-. t e d  kin c t i c al ly . ','!i t h  _; t hc r  c <mne d t rod u c t s , 

Vil l e r  e t  El l . 1 97 3  found  l o s r· o f  r o l i c .o c i d  on re t o rt in 1 "  o f  

c anne d pin t o  b e ans a t  1 2 1 °C for 9 0 m i n u t e s  was only 1 6  

pe r c e n t . He l l e n d o o rn e t  al . 1 97 1  d i d n o t  find any l o c �:  o f  

f o l i c  a c i d  in c c mning B t c ri l i za ti m o f  cn nne d . rmy rr, t i ons . 

As l i gh t  and oxy �::;en a re kn ovm t o  have a n  e f fe c t  on 

the f olic a c i d  d e s t ruc t i on , the  d n t c  on  t h e  c o okin e o f  

a rt i c h oke s and t he fryin g  o f  meat and ve ge t a bl e s  we re u s e d . 

It w n s  re ali z e d  that pa r t  o f  the fol i c  acid  l o s s  w ould b e  

due t o  le aching and d ripping , b u t  i t  c ould b e  pre s umed 

that they would i n c l ud e  the e f fe c t  o f  light and oxyr,en . �he 

data on st orage o f  c anned foods would not do this . fhe  r a t e  

c on s t an t s  shown i n  Table  4 . 2 1  may b e  highe r t han t ho s e  

e n c o un t e re d  in n o rmal ind u s t ri a l  h e a t  p r o c e s sing , b u t  t h e  

p re d i c te d  l os s e s  using thi s d a t a  w i l l  a t  l e a s t  c ove r t h e  

a c t ual l o ss e s . 



T ab l e  4 . 2 1  R e a c t i on Rat e  C on s t an t s  for Foli c ft. cid 

Temp . k Moisture pH Type of produc t Re fe rence 

. oC X l 0-3 content  

hr- 1 % 

1 58 . 

1 7 . 0 . 2 1 9 S torage o f  milk Ford et al . 1 969 ( 86 )  

20 . 0  . 064 Fish meal Tadeusz 1 97 1  ( 233 ) 

22 . 0  . 008 Canned army rat ion Hellendoorn e t  al . 1 97 1  

( 1 1 6 ) 

50 . 0  ( 2 . 303 ) - 3 . 2  Mixture o f  vi tamin Garrett 1 95 6  ( 9 2 )  

in 36 percent sugar 

60 . 0  ( 5 . 1 1 4 ) - 3 . 2  11 11  " 11 ( 92 )  

70 . 0  ( 1 0 . 564 ) - 3 - 2  1 1  11  " 11 ( 92 )  

1 00 . 0  369 . 1 2  Boiled artichokes C ook and S un daram 

1 963 ( 5 1 ) 

1 1 5 . o  2 28 1 . 8 2  Fried vegetables Banerjee and Chatterjea 

1 964 ( 1 1  ) 

1 1 5 . 0  3742 . 4  Fried lea fly vegetables 1 1  1 1  ( 1 1  ) 

1 1 5 . 0 3379 . 33 Frie d  fish " 11 ( 1 1  ) 

1 1 5 .o  4550 . 1 3 Fri e d  meat " 11 ( 1 1  ) 

1 2 1  .o  1 1 4 . 58 Canned lima beans Miller et al . 1 973 ( 1 6 1  ) 

1 2 1 . o  23 1 6 . 9 5  In Boiled arti choke s Cook and Sundaram 1 963 

water pressure c o oker ( 5 1 ) 

4 . 1 8  Choline and E i o t in 

Choline i s  fai r l y  st abl e t o  heat , li gh t , a c i d , 

al kaline and i s  sli gh t l y  uns t able  in the pre se n c e o f  oxygen 

( 1 1 4 ) . I n  r e garding t o  l o s s e s  d uring pro c e s s ing , H od s on 

1 94 5  fo und lit tle l o s s  o c cur e d  in the pre pa ration o f  d ri e d  

milk . He l l e nd o orn e t  al . 1 97 1  found n o  l o s s  o f  c holine 

a ft e r  s t e rilizati on of  c anned army rat i ons . Harri s and Von 

Loe s e cke 1 960 e stima t e d  t he c ooking l o s s  o f  choline t o  b e  

i n  the ran ge o f  0 t o  5 pe rc e n t . 

Bi o t in is s e n si t ive t o  heat  but s t able t o  li gh t , 

o xygen , a c i d  and alkali . Data  c ompiled by S c hroe d e r  1 97 1  
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showe d the di f fe renc e s  o f  b i o tin c on t e n t  in fre sh and 

c an n e d  ve ge t abl e s  t o  be from 22 t o  34 p e r c e n t  in gre e n  

pe a s , t o  6 0  pe rc en t  in c anne d c a rro t . Of  c ourse , the se 

di f fe renc e s  i n c l ud e d  the b l an c hin g l os se s  and the v� ri a t i ons 

in raw mat e r i al s . I n  the UHT p ro c e ssing of  m i lk , a sr.1al l 

l o s s  o f  5 t o  1 0  pe rc e n t  was repo r t e d  ( 86 ,  1 3 1 ) .  In c o o�e d 

m e a t , l oss wa s 2 3  pe r c e n t  ( 220 ) .  

For b o t h  bi o t in and c h o l i n e , s t udies  on l os s e s  

d u ring pro c e ssing a r e  very s c arc e and i t  i s  n o t  possible  t o  

s e t u p  t h e  r e l a t i on ship o f  t h e  r e a c t i on rate c on s tant and 

t e mpe rat ure . From the available data , it i s  kn o wn t h a t  

t h e re are s om e  losses  o f  b i o t i n  and c holine d uring 

pr o c e ssing b u t  these  are se emingly smal l . I t  wa s t h e re fore 

d e c i d e d  t o  pre di c t  the l os s e s  for  bi otin and c h o l i n e  from 

d a t a  o f  vit amins kn own t o  have hiGher l osse s d uring 

p ro c e ss in g . Por t e r  and Rol l s  1 97 3  revi ewed that  bi o tin was 

l e s s  d e s t r o y e d  than vit amin BG an d B 1 2 . Ford e t  al . 1 9 69 

s t ud ie d  UHT p ro c e ssin g o f  mil k  and found bi o t in was 

d e s t roye d r.1 o r e  than vitamin B6 but l e s s  t han B 1 2 and Karlin 

e t  al . 1 96 9  found similar d e s t ru c t i on in heating m il k . 

Th e re fore , i t  was d e c id e d  t o  t a ke the re lati on ship o f  

re a c t i on r a t e  c on s t an t  wi t h  t e mp e rat ure o f  v i t amin B 1 2 t o  

pre d i c t  f o r  t h e  l o s se s  o f  c holine  and biotin . 

4 .  1 9  Hine ral s 

:t-·Iine ral s are kn own t o  be stab l e  t o  h e a t  pro c e s sing . 

L o s s e s  are d ue to  l eaching in t o  t h e  wat e r  d u ring c ut t in g ,  

washin g and blanc hin g . This l o s s  d epends o n  t h e  s i z e , 

shape , c e l l  st ruc t ure o f  t h e  raw mat e rial and c on d i t i on o f  

t h e  pro c e s s . A s  c ompil e d  by S c hroe d e r  1 97 1 , t h e  

d i f fe re nc e s  i n  fre sh and c anned fo o d  were q ui t e  large . For 
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e xample , 82 percent  o f  mangan e se was l o s t  in c anne d spinac h , 

whil e for z in c , 40 pe r c ent  l o s s  wa s f o und in spina c h  and 89 

pe rc ent for green be ans . In  c anned me at , phosph o rus and 

i r on were found to be l e s s by 29 and 1 3  percent  c ompared t o  

fre sh mea t  r e s pe c ti v e l y  ( 37 ) . J l ov: e ve r , when the  c o oking 

l i q uid is  r e t aine d duri n g  c anninG proc e s s , t h e re is  n o  l oss 

o f  mine ral s  ( 37 ) . A s  t he l o c s  o f  m i n e ra l s  is due t o  t h e i r 

s o l ub i l i t y  in wo. t e r ,  ke e pi n g  t h i s  l oss t o  the minimum i s  t o  

re t ain c o oking wat e r . In thi s s t udy , t h e  indige n.ous food  

raw mat e rials are  s e l e c t e d  and pro c e ss e d  int o a d ry powd e r , 

an d i t  i s  l i kely that t he food m i x t ure will be c o oke d as a 

p a s t e  be fore dryi ng . I t  i s  p o s sible and sensibl e t o  

e l i m in a t e  this l o s s  by re taining c o okin g  wat e r . There fore  

t h e  loss  due t o  l e aching c an be i gn o re d . The  minera l s  

d uring h e a t  proc e s si n g  w e re t ake n a s b e i n g  stabl e and we re  

n o t  mod i fi e d  in  t h i s  s t udy . 

Lf . 20 Pre di c ti on o f  t h e  reac t i on rat e c on s t an t  

I n  order t o  predi c t  the l oss  a t  a lm own c on d i t i o n  o f  

p r o c e s sin g , t he rea c ti on ra t e  c on s t an t at the t empe rature o f  

p r o c e s s i n g  i s  re quire d . On c e  i t  i s  lm ovm , the nut rient  l o ss 

c an be pre d i c t e d  from E q ua ti on Lt . 7 .  

- 2 . 303 l og c 

'CO 
= kt ( 4 . 7 )  

F o r  exampl e ,  for a d rum d rying pro c e ss c onsisting  o f  

c o oldng t he mixt ure a t  1 00 °C for  30 minut e s , milling t o  a 

fine slurry at 85 °C ,  mixing at 20°C for  6 0  minut e s , drying 

a t  1 00 ° C for 1 5  se c onds and 1 60 °C for  1 5  se c onds , t h e  

reac t i on r a t e  c on s t an t s  o f  t hat par t i c ular nut rient a t  20°C ,  

85°c ,  1 00 °C and 1 60 °C are r equi r e d . 

Having c ol l e c t e d  t h e  reac t i on rate c on s tan t s  a t  some 
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t emperat ure s ,  the re ac tion r a t e  c onstant at any t empe rature 

can b e  p re d i c t e d . In this s e c t i on , the Arrhe nius p l o t  from 

the F. q u a t i on 4 . 9 was applie d  t o  the c oll e c te d  d a t a  from the 

p re vi ou s  s e c t ion s . The l o gari t hm o f  the reacti on ra t e  

c on stant f o r  e a c h  nutri en t  was plot t e d  again s t  t h e  

r e c ipro c a l  o f  abs o l u t e  t empe ra t u re , 1 /T .  A s t ra i ght line 

was fi t t e d  t o  the d a t a  by t he l e n s t  s q uares me thod . On c e  

t h e  s t rai ght line w a s  obtaine d ,  t h e  reac t i on rate c on st a n t  

a t  any temperature  c o uld b e  d e t e rr:1 ined  eithe r by re a d i n g  

from t h e  e stabli she d c urve or by a pplying F. quati on 4 . 8 

k = 1\ e -E/RT ( 4 . 8 ) 

from whi c h  the a c t i va t i on ene rgy E and fre q u e n c y  fac t o r , A 

were fi r s t  d e t e rmin e d  from t he e xpre s si on o f : 

k 1 -B (T  2 -
T 1 ) 

= e xp ( 4 . 1 0 )  
k2 R T 1 T 2 

From a s e t  o f  kn own reac t i on rat e c on s tan t s  and 

t empe rat ure readings from t he graph , E can be c a l c ul a t e d  

and hen c e  A c an b e  d e t e rm in e d  from E q u� ti on 4 . 8 .  For any 

nut ri e n t , i f  E and 1\ values  are then kn own , k value c an be 

d e t e rmin e d  from the E quati on 4 . 8 for any re q ui re d  

t empe rat ure . 

4 . 20 . 1 The predic t i on o f  amino a c i d s  re a c t i on rat e 

c on s t an t s 

The r e a c t i on rate  c on s t an t  for e a c h  amin o  a c i d  was 

pl o t t e d  agai n s t  the r e c ipro c al o f  absolute  t empe rature . 

T h e  s traight line s fit t e d  by l e a s t  sq uare s me t h o d are s hown 

for c y s t ine , i s ol e u c in e , t hre onin e , histi dine i n  Fi gure 4 . 1 ,  

ty ro si n e , me t hi onine , l e ucine and lysine in Figure 4 . 2 and 

t rypt ophan , phenylalanine and valine in Fi gure 4 . 3 .  
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Re ci p r ocal o f  t empe ra t ure ( °K )  

Fi gure � . 1 Relat i onship o f  Re a c t i on Rate and T empe ra ture 

for I s ole uc in e , Cystin e , T hreonine and Hi s tidine 
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Re c i p rocal  o f  t empe rat u re ( °K )  

Fi gure 4 . 2 Relati onship o f  Re a c t i on Rat e and Tempe rat ure 

for Le ucine , Lysine , M e thi onine nd Tyrosine 
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Re c ip r o c al o f  t empe rat ure ( Ck ) 
Fi gure 4 · 3 Relat i on ship o f  Reac tion Rat e and Temperature 

for Phenylalanine , T rypt ophan and Valine 
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From the s e  s t raieht l in e s , t h e  a c t iva t i o n  e n e rgy f o r  e a c h  

amin o  a c i d  was c a l culat e d  from t h e  e x pr e s s i on 

S l o p e  = 
E 

2 . 303 � 

and s h o vm in Tab l e  4 . 22 . 

Tab l e  4 . 2 2  Th e E s t iJTlat ed \ c t ivat i on F:n e rgy f o r  A m i n o  

A c i d s  a n d  V i t amins 

� c t ivat i on e n e rpy 

( kcal /n' o l e ) 

Amin o a c id s · Vi t amins 

Cystine 

I s o l e u c in e  

Thre onine 

Hi s t i dine 

Tyrosi n e  

Me t hi onine 

Leucine 

Lysine 

T rypt ophan 

Phenylalanine 

V aline 

48 

32 

3 1  

30 

27 

25 

25 

22 

1 7  

1 5  

1 3  

T hiamine 

N iacin 

Folic a c i d  

Vi tamin B 1 2 

A sc orbi c a c i d  

Pan t ot he n i c  a c i d  

Carotene 

V i t amin B6 

T oc oph e r o l  

Rib o flavin 

In order t o  c ompare t h e  varia t i ons in the 

26 

24 

24 

24 

2 1  

20 

1 9  

1 8  

1 1 

1 1 

de s t r u c t i on rat e s  o f  t h e  amin o  ac i d s  i n  the range o f  

gene ral proc e ssing t empe rat ure s , the reac t i on rate c on s t an t s  

o f  e a c h  amin o a c i d , read a t  t empe ra t ures o f  90°c t o  1 30°C a t  

a n  i n t e rval o f  1 0 °C i s  shown i n  Table 4 . 23 . 
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T ab l e  4 . 23 The  Reac t i on Rat e  C on s t an t s  Pre di c t e d  a t  

T empe rature s o f  90°C t o  1 30°C f o r  Amin o  A ci d s  a n d  Vi t amins 

90 

.t.oino acids 

Valine 

Try pt o;:han 

Lysine 

f.!e thionine 

Phenyl­

alanine 

Leucine 

Tyrosine 

Isole ucine 

lil stidine 

Cystine 

Threonine 

Vitamins 

Tempe rat ure 0c 

1 00  1 1 0  1 20 1 30 

Rea c tion r o t e  c onctante  ( Y. 1 0-3 
h r

- 1 ) 

1 2 . 7 Valine 2 1 . 0  Lysine 37 . 5  Ve thionine 73 .0 Cystine 240 . 0  

1 0 . 5  Trypt ophan 1 9 . 5  t�e t hionine 36 . 0  Lysine 69.0  Vet hionine 1 90 . 0  

7 . 7  Lysine 1 7 . 3  Trypt ophan 35 . 0  � rypt ophan 5 6 . 0  Lysine 1 56 . 0  

5 . 8  � e thionine 1 5 . 0 Valine 33 . 5  Valine 48 . 0  IEoleucine 1 28 . 0  

Phenyl-

5 . 1  a lanine 

3 . 0  Leucine 

1 .9 I soleucine 

1 . 5 5  Tyrosine 

0 . 42 Cystine 

0 . 35 Histidine 

0 . 30 Threonine 

9 . 0  Le ucine 

7 . 6  . Isoleuc ine 

Phenyl-

5 .3 alanine 

5 . 2  Tyrosine 

1 .9 Cystine 

1 .3 Histidine 

0 . 95 Threonine 

1 8 . 0  Cystine 39 . 0  Trypt ophan 1 05 . 0  

1 5 . 7  Isoleucine 3 8 . 0  Le ucine 92 . 0  

1 5 . 4 Leucine 

1 3 . 5  Tyrosine 

Phenyl-

1 0 . 5  alanine 

3 . 6  Hi stidine 

2 . 77 Threonine 

36 . 0  Valine 

2 8 . 0  Tyrosine 

Phenyl-

23 . 0  a l anine 

8 . 3  Histidine 

6 . 5  Threonine 

78 . 0  

76 . 0  

4 1 . 0  

25 . 0  

20 . 0  

F�lic acid 1 57 . 0  Folic acid 420 . 0  Folic acid 990 . 0  Fol i c  acid 2200 . 0  Folic acid 4900 . 0  

Ribo flavin 9 8 . 0  Thiamine 1 50 .0 Thiamine 

Thiamine 

Asc orbic 

57 . 5  Rib o flavin 1 50 . 0  · acid 

365 . 0  Thiamine 

Asc orbic 

235 . 0  acid 

840 . 0  T hiamine 

Asc orbic 

470 . 0  acid 

1 950 . 0  

930 . 0  

Ascorbic 

acid 

Ascorbic 

5 1 . 0  acid 1 1 2 . 0  Ribo flavin 222 . 0  Vitamin B 1 2 340 . 0  Vitamin B 1 2  740 . 0  

Vit amin B 1 2  2 8 . 0  Vitamin B 1 2  68.0  Vi tamin B 1 2 1 55 . 0 Ribo flavin 320 . 0  Riboflavin 470 . 0  

Pantothenic 

Vitamin B6 2 3 . 5  Vitamin B6 4 6 . 5  Vi tamin B6 87 . 0  acid 

Pantothenic 

1 62 . 0  acid 3 1 0 . 0  

Pan t othenic 

acid 

Pant othenic 

20 . 0  acid 

Pant othenic 

42 . 5  acid 84 . 0  Vitamin B6 1 57 . 0  Vitamin B6 285 . 0  

Toc opherol 1 6 . 7  Carotene 34 . 0  Carotene 67 . 0  Carotene 1 26 . 0  Carotene 240 . 0  

Carotene 1 6 . 3  Toc opherol 25 . 5  Niacin 4 1 . 0  Niacin 90 . 0  Niacin 205 . 0  

Niac in 7 . 1  Niacin • 1 7 . 4  Tocopherol 3 8 . 0  Tocopherol 54 . 4  Tocopherol 7 9 . 0  

The important i s sue s in p re d i c ting t h e  re a c t i on 

r a t e  c on s t ant  and the  a c tivation ene rgy o f  an amino acid  

c a n  be  s ummari zed as 

1 .  T h e  r e a c ti on rate c onstan t s  of  amino acids  are 

generally l ow at t empe rat ure lowe r than 1 00°C . H owe ve r ,  a t  
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high e r t empe rature th e rat e i n c r e a s e s  s icni f i cantl r .  

2 .  The d i ff e r enc e s  i n  t h e  rea c t i on rat e  c on s t an t s  

among d i ff e r ent am i n o  acid s  a r e  h i eh e r  a t  l ower t empe rature , 

i . e. approximat e l y  f o rty two f o l d  a t  90°C .  H o-vreve r , ;·rhen the 

t empe rature is i n c reas e d ,  tl1 e d i ff � renc e s  are s mal l e r . I t  

i s  twenty two fold a t  1 00°C n d  o n ly el even t o  t h i rt e en 

f o l d  a t  t em pe ratu r e s  o f  1 1 0- 1 30°C . 

3 . T h e  influence  o f  t empe rat ure on t he re a c t i on ra t e  

varie s wi t h  diffe rent amino a c i d s  a s  c a n  b e  s e e n  from the 

c ha rac t e ristic  o f  the rea c t i on , the a c tiva t i on ene r gy as 

shown i n  T able 4 . 22 . A c c o rding t o  the e x t e n t  at whi c h  t he 

ra t e  o f  r e a c tion in c re ase s wi t h  t e mpe ra t ure , the amin o acid s 

c an be c at e gori ze d  in t o  4 groups . T h e  m o s t  rapi d i s  c y stine ; 

the s e c ond group where t he ra t e s  c hange qui t e  c onside rably 

are in the ord e r  of i so l e u c ine , t h re onine , h i s t i dine ;  t h e  

t hird gro up tyro sine , me t hi onine , l e uc ine and l y sine ; i n  

t h e  last  group whe re t h e  r at e s  only change s l i ght ly wi t h  

tempe rat ure are t rypt ophan , phenylalanine and valine . The 

ac t i v a t i on ene rgie s ran ge from 1 3  kc al/mole t o  48 kc a l/mole 

but s e ve n  amin o a c i d s  have re a c t i on rA t e s  b e t w e e n  22 and 32 

kc al/m ole . Few data have been gi ven i n  t h e  l i t e rat ure on 

the  a c tivation ene r Gi e s  o f  amin o ac i d s . Labuza 1 97 2 

c al c ul at e d i t  for available lysine , in he a t in g  d ry c od 

m u s c l e  t o  be 28 kc al/mole . Broc kman 1 96 6  ass ume d 25 kc al/ 

mol e as ac tivat i on energy re q uired for de t e ri orati on in 

food n u t rien t s . Am ong a c t ivation ene rr,i e s  o f  o t h e r  nut ri e n t s  

given b y  Lund 1 975 , t h e  only amino a c id given w a s  lysine a t  

30 kc al/mole . T h i s  available in format ion i s  q ui t e  relevant  

to  t h e  predi c te d  a c t ivati on energies  for i s ol e u c ine , 

t hre onine , hi s tidine , ty rosine , me t hi onine , l e u cine and 
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lysin e . H ow e v e r ,  the pre d i c t e d  ac t i v ation ene rgy i s  

c on s i d e rably hi ghe r f o r  cy stine � n d  sl i gh t ly l ow e r  for 

tryp t ophan , ph e ny l al a nine and valine . 'l'he a c t ivati on e n e r gy 

val ue pre di c t e d  f o r  lysine i s  al s o s l i gh t ly l ower t h R n  

gi v e n  by Labu z a  1 972 a n d  Lun d  1 975 . T h i s  c ould b e  d ue t o  

t h e  fac t  t h a t  t h e  d a ta u se d in t hi r pred i c tion we re 

d e ri v e d  from vari ous ty pes o f  food s 0nc und e r va ri ou s  

c ondit i ons o f  t re a tment whil e  t he d a t a  re fe rred t o  c y  Lund 

1 97 5  and Lab u z a  1 972 re fe rre d to on e pa rtic ular food a n d  

tre a tm ent . Howe v e r , m o r e  d a t a i s  n e e d e d  f o r  o t he r ami n o  

a c i d s  b e fore any furthe r c omme nt c an be mad e . 

4 .  A s  t h e  c onsequence  o f  t he i n fl u e n c e  o f  t empe ra t ure 

on the rat e s  o f  d e s t ruc tion , the m o s t  a f fe c t e d  amin o a c i d , 

i . e . the  amin o a c id wi t h  the  hi eh e s t  ra t e  o f  re a c t i o n  

c on s t ant , c ha n g e s  a s  t h e  t empe ra t ure i s  inc r e a s e d . F o r  

e xampl e , a t  1 00°C the  o rd e r  o f  amin o  � c i d s mo s t a f fe c t e d by 

he a t  pro c e s si n g  i s valine , t rypt ophan , ly s ine , me thi onine , 

but a t  1 1 0°c i t  i s  ly sine , m e t h i onin e , t rypt ophan , valin e , 

a t  1 20°C m e t h i onine , lysin e , t ry pt opha n , valine and a t  1 30°
C 

c y � tine , me t h i onine and lysine a s  s h o wn in T a b l e  4 . 2 3 . 

T hi s c ol le c tion o f  d at a  re v e a l E  that a t  t empe rat ure s 

hi gh e r  t han 1 1 0°C ,  the  most  a f fe c t e d  amino a c id s are t h e  

gro up o f  lysin e , me t hi onin e , t r y p t ophan , valine and c y s t in e . 

A l th o u gh t h e s e  graphs in Figure 4 . 1 , 4 . 2 , 4 . 3 are d e rive d 

from very s c a t t e re d  in form a t i on , t h e  most a f fe c t e d  amino 

a c i d s  pre di c t e d  are  simi l a r  to  t h o s e  reporte d  e l sewh e re in 

t he l i t e ra t ure . Dubrow et al . 1 970 found in h e a t in g  d ri e d  

fi s h  pro t e in s  a t  1 20°C and 1 50
°

C that among histidin e , 

t rypt ophan , l ysine and cys tine , lysine was m o s t  a f f e c t e d  and  

c ys t ine wa s t h e  n ext aff e c t ed ami n o  a c id . Yan e z  e t  al . 1 970 , 
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d rying fish p r o t e i n  at 1 05°C and 1 70°C found ly sine was m o s t  

a f fe c t e d  and t h e r e  was an indi c a t i on o f  d Rmage o f  t h e  

sulphur amino a c ids . I n c anning o f  c hi c ken meat at  1 1 7°C ,  

Grabow ski e t  al . 1 96 9  inve s t i r,al e d  i s ol e uci ne , l eu c ine , 

me thionine , t ry p t o:rhan , valine , hi s t i d ine and found 

t ry p t ophan a s  the most  a f f e c t e d  ami n o  a c i d . In prol onge d 

he a t i ng o f  raw nnd c u re d pork D. t  1 1 2 °C , I3e uk e t  al . 1 CJ4 j  

foun d cyst ine was most  a f fe c t e d  among hi s t idine , i s o l e u c ine , 

l e uc ine , ly sin e , m e t h i onin e , phenylal anine , threon i ne , 

t ry p t o phan an d valine . In dairy prod uc t s , : iOst  work h a s  

b e e n  d one on l y sine b e c ause o f  i t s  hir,hly reac t i v e  nat ure 

an d t h e  abun d a n c e  of reducing suga r , la c t ose . Mau ron et al . 

1 95 5  found ly sine was m ost a f fe c t e d  in t he e vaporat i on o f  

mil k among me t hi onine , tyrosine an d t rypt ophan . For plant 

pro t ein , t rypt ophan W 3 S  most a f fe c t e d in roas t e d  s oybean a n d  

n e xt w o re l y s i n e  a n d  cy stine ( 1 4 6 ) . Ly Rine as the m o st 

a f fe c t e d  ami n o  a c id was also r e p o r t e d  by Varela et  al . 1 970 

in r o a s t e d  p e an u t  pro t ein and by S am son 1 97 1  in h e a t i n g  

fre s h  c o c onut a t  1 1 0°C a n d  1 20 °C . I n  c anned t urni p , M e r e d i t h  

e t  al . 1 97 4  found  high e st l o s s  i n  i s o le ucine , n e x t  f r o u p  w e r e  

ly sine , phenyl a l anine , l e u c ine and t h e  l e a s t  a f fe c t e d  w a s  

hi s t idin e . 

On t h e  wh ole , i t  c an b e  c on c l ud ed t hat t h e  

pre d i c tion o f  amino a ci d  rat e o f  re a c t i on c on s t an t s ,  a l t h ough 

t h e y  c ann o t  be e xpe c t e d  t o  be v e ry a c c ura t e  due to d i spari t y  

i n  t h e  m e t h o d s o f  analy si s  and t h e  s c a r c i t y  o f  t h e  d at a , 

d o e s indi c at e  t h e  t r e n d  o f  t he reac t i on s  and i s  t h e  m o s t  

appropri a t e  me t hod t o  use as a q uant i tative approa c h  i n  t hi s  

c on t r overs ial a r ea o f  pro c e s s i ng l o s s  pre di c t i on . 
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4 . 20 . 2  T h e  predi c t i on o f  vi t amins ' reac t i on rat e c on s t an t s  

T h e  data for vi t amins w e re t re a t e d  i n  t h e  same 

man n e r  as for  amin o acid s . The st rai eht line s of the 

A rrhenius plot for f o l i c  acid , t hiamine , vi t amin B 1 2 and 

ni a c i n  are s h own in Fi gure 4 · 4 and for asc orb i c  acid , 

rib o flavin , vitamin BG , pan t o t heni c a c i d , c a ro t ene and 

t o c o pherol in Figure L1 . 5 . The a c t i vn t i on ene rgi e s  c a l c ul a t e d  

from the sl ope o f  t h e  A rrheni us pl o t  i s  shown i n  Table 4 . 22 

and t he reac tion ra t e  c on s t ant s of e a c h vi tamin re ad a t  

t e mpe ra ture s from 90°C t o  1 30 °c are shown i n  T able �- . 23 . I n  

p re d i c t in g  the  re a c t i on rat e  c ons t an t  o f  vit amins , the 

i mp o rt an t  i ssues c an be summa ri zed as : 

1 .  The reaction rat e c onstan t s  o f  vitamins are 

c onsiderably hi rhe r t han amin o  a c id s . 

2 . T h e  di f fe re n c e s  in r e a c t ion rate c on st an t s  o f  

vi t amins are q ui t e  marke d  and are f ound t o  inc rease  

wi t h  inc re asinG te mpe rat ure . The di f fe re n c e s  are  

approximat e l y  t wenty two fold  at 90 °c and in c re ase 

t o twenty four , twenty six , forty and sixty two fold 

when t emperature inc reas e s  t o  1 00 ,  1 1 0 ,  1 20 a nd 1 30 °c 

re spe c tive ly . Howe ver , i f  t h e  foli c  acid  i s  

e xc luded , the  d i f fe renc e s  i n c re ase b u t  t o  a l e s se r  

e x t ent , i . e . only fourt e en , nine , t e n , sixt e e n  and 

twenty fi ve f o l d  re spec tive ly . 

3 .  T h e  reac t i on rate c onstan t s  o f  d i f ferent vi t amins 

are al s o  f o und t o  increase  d i f fe re n t ly with 

i n c re asin g t empe rat ure . The  vitamins c an b e  

c a t e gori z e d  i n t o  3 groups ac c o rding t o  t h e  ext e nt a t  

whi c h  the  rat e o f  reac t i on i n c rease s wit h  

t empe rat ure . T hi amine , ni acin , f o l i c  ·ac id and 
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Rec iprocal o f  temperature  ( OK ) 
Figure 4 - 4 Rel a t i on ship o f  Re a c ti on Rate  and T empe rat ure  

for Thiamine , Niacin , Foli c  Acid and Vi tamin B 1 2 
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Re c ip rocal o f  tempe rature ( °K )  

F� gure  4 . 5 Rel a t i onship o f  R e a c t i on Rat e and Tempe rature 

for Vitamin A ,  Vi t amin E ,  Asc orbi c A c id , Rib o flavin , 

Vi t amin B6 and Pan t othenic  A ci d  
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vi tamin B 1 2 a re f o und t o  inc rease their rat e s  o f  

reac tion rapidly wi t h  t e mpe rat ure whi l e  asc o rbic  

a ci d , pan t o theni c  a c id , carot ene , vit amin D6 

i n c rease thei r rat e s  only mod e ra t ely and ribo flavi n , 

t o c ophe rol  i n c re ase their rat e s  t o  the  le ast e xt e n t . 

The a c t i v a t i o n energie s ran�e from 1 1  t o  26  kc al/ 

m ole . Exc e pt for t o c o p h e r o l  a n d  ribo flavin , the  

ac t i v a t i on energie s  for the  v i t am i n s  c ompare ve ry 

we l l  wit h  the  a s s ump t i on s  r;i v e n by Bro c kman 1 96 6 . 

T h e  act ivati on e ne rgi e s  giv e n  by Lund 1 975 f o r  

t hiamine at  20 - 27 . 5 kcal/m o l e , pant o t heni c acid  at  

20 , a s c orbi c ac i d  at 23  and vitamin B 1 2 at 23 kcal/ 

mole are ve ry c lo s e  to the val ue s predi c t e d  in this  

s t udy . H owe ve r , the  predi c t e d  valu e s  are hi gher 

than wha t we re t''i ven by Lund for  f oli c a c i d  a n d  l ow e r  

for rib o flavin . 

4 . A s  for ami n o  acid s , i t  i Q  also  f ound that the  

vit amins wi t h  the highe s t  rate s o f  reac t i on vary 

wi t h  t em pe rat ure s . A s  s h o w n  in 'T able 4 . 23 , the  

or d e r  of  h i gh e s t  r3tes  a re foli c a c id , thiamine , 

ri bo flavin , a s c o rbi c a c id a t  1 00 °C and folic a cid , 

t hiamine , asc orbi c ac i d , vi t amin B 1 2 at 1 20°C .  

From this c ol le c t i on o f  d a t a , folic  a c id i s  the m o s t  

uns table vi tamin . A t  t e mpe rat u ra · from 1 00°c ,  thiamine i s  

the vi t amin that i s  uns t able next t o  folic  ac id . The  

uns t able vitamins next to  t hi amine are  rib o flavin , asc o rb i c  

acid  and vi tamin B 1 2 . Howe ve r , wi t h  i n c re as i n g  t empe rature 

vi t amin B 1 2 and a s c o rbi c acid are c l o s e  in their rat e s  and 

at a v e ry hi gh t empe rature suc h  as 1 62°C ,  v i t amin B 1 2 i s  

more uns t able than asc orbic a c i d . 



Howeve r ,  vi tamin E6 , pan t o th e n i c  a cid and c n ro ten e  

a r e  f o un d  n o t  q ui t e  n s  labile ::m d  �1 i n c i n , t o c ophe rol o.re 
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in t he group o f  the l e � s t  un s tR bl o  nmonr t h e s e  vit a min s . 

T h i s  pre di c ti on re V C '  l s  si11 i l n. r  v l t a�in c; t R  b i l i  t y  a s  et ?, t e d  
in t h e: r e c e n t  re v i c r; s . �)o l l s. ;-; n cJ  fo .r t e r 1 97 3 s t e1 t e c� th:• t 

a r c  o rbi c a c i d , t h i r  nin e , v i  t ar:. i 1: r G , v i t am i n  B 1 2  a n d  fol i c  

a c i d  ':te re d e s t r oye c 1 ·: o r e  t han o t 1 1 c r  v j_ t .: m i n s  i n  p ro c e s s i n g  

o f  mi lk . D e  Ri t t e r  1 n 7 5  s t  t d t h n t  vi t � � i n  P l 2  wa r · r ui t e  

l o. b i l e o. t  h i gh e r  t e tlpe r t ure s . t : i l l e r  e t  al . 1 97 3  f o un d in 

re t o rt i� G  o f  pin t o  b e n n s  at 1 2 1 °C t h a t  thiamine was rn o s t  

a f f e c t e d , nex t � D E f o l i c  a c i d  wh i l n  v i t a m i n E 6  a n d  n i � c in 

Vi c r c  d e c t roye d o n l y s l ir;h t l y . ; � o r[_;n n e t  al . 1 944 C OI:lpC1.re d 

the l o s s o f  t h i nmin , ri b o fl avi n , n i n c in n n d  p an t o t he n i c  

a c i d  i n  t h e d e h y d ro t i on o f  c a rr o t  a n d  p o t a t oe s , fo un d 

c o n s i d  e ro.b l e  l o s e  in t h i t',m i n c  .:md on l y  ''l i p;h t l os r- c;  c •::c re 

found w i th o t h e r  vi t ami n s . C a i n  1 9(7 re viewi n g  l os s e s  o f  

t hi ami n e , rib o flavin , n i a c i n  and � s c o rbi c a c i d  i n  c a nn e d 

a sp a r o �us an d spi n a ch s t a t e d  t h i n m i n e  and a s c o rb i c  a c i d  as 

t h e :J o s t  a f f e c t e d  vi t ;: l!:li n s . 

T h e  pr e d i c t e d rn. t e  o f  rc ; · c ti on f or foli c a c i d i n  

t h i s s t udy as t h e  h i r;he � t  o f  n l l  v i tanin s i s  n o t  un e xpe c t e d , 

t h e  m a rke d  l o s s  o f  f o l i c  a c id -. .·a s f o un d  i n  p r o c e s s i n g  o f  m i l k  

a s  re p o rt e d  by Durton e t  a l . 1 9 67 a n d Karlin e t  a l . 1 9 6 9 . I t  

i s  po s sible that  t he r a t e  o f  f o l i c  a c i d  in t hi s  s t udy was 

o v e r  e s tima t e d  as d i s c us s e d  previ ous ly . M o re d a t a  on t he 

e f f e c t  o f  h e a t  proc e s sing on folic  a c i d  i s  n e e d e d  be fore any 

f u r t h e r  c l ari fi c a t i on c an be  made . On the w h o l e  i t  i s  fel t  

t h a t  t h e  predi c te d  d a t a  r e sembl e the in form at i on available 

on the e f fe c t  o f  he a t  p r o c e ssi n g  on t he stability o f  v i tamin s . 

T o  sum up , i t  c an be  c on c l ud e d  that t h e  c ol l e c t i on 



an d p re s e n t a t i o n o f  t he a vai lab l e d a t a  i n  t e rm o f  t h e i r  

kin e t i c  e xp r e s s ion s d oe s  i n d i c at e c omparative ly t he ra t e s  

o f  d e s t ru c t i on o f  d i f fe re n t ami n o  G C i d s  and v i t a m i n s  and 

c l e arly s h ows how the  r a t e s  c h an pe with t e mpe ra t u r e s . J t  

i 0  fe l t  t h a t  by t hi r a pp r oa c h , t he e f f e c t  o f  t r �p e ra t u re 
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a n d  time o f  he a t i n c;  c an b e  i n t E: rTa t o d  i n t o  one pre s o n t n t i on . 

He n c e , i t  c an be b o t h  q ua n t i t a t i v e  and  q u Ali t a t i v e i n  

p r e d i c t in g  t h e l o s s  o f  a ny n u t ri e n t  d u ri n g proc e s s i n g . 

4 . 2 1 C on c l u s i on 

In o rd e r t o  p re d i c t  t h e  n u t ri e n t l os se s d uri n g  

p r o c e s si n g ,  t he l aw o f  mass a c t i on wa s app l i e d  a n d  fi rs t 

o r d e r  o f  r e a c t i on was found t o  b e  appr oxim a t e ly t r ue f o r  

m o s t  o f  t he n u t ri e n t s G t udi e d . Th e re f o r e , t h e  fi r s t o rd e r  

o f  r e a c t i o n  was as sumed t o  h o l d  f o r  a l l  t h e  n u t r i e n t s  

un s t ab l e  t o  h e a t . A r rhe n i u s  e q u a t i on � a s  n l s o  u s e d  t o  

e x }J r e s s  t h e  t e mp e ra t u re d e p e n d e n c e  o f  t h e  r e a c t i on rat e 

c on s t an t . 

Am o ng  man y fa c t o r s  a f fe c t i n r,  t h e  d e s t ru c t ion o f  

n u t ri en t s , l!l o i s t ure a n d  pH h a v e  h e  e n  re p ort e d t o  p l a y  

im p o r t a n t  r o l e s  i n  a f fe c t i n �  t h e re a c t i o n  rat e c on st o n t . 

E e i n c  a w a r e  o f t h e se e f fe c t s , an a t t e m p t  w a s  mad e t o  c o l l e c t 

d a t a  re l riv a n t  t o  t h e  m i x t u re o f  i n d i gen o us f o o d  mat e ri al s 

d uring pr o c e s sin g i . e . da t a o f  h i gh m o i s t ure c on t e n t food 

wi t h  p H  i n  t h e  vicinity of n e u t ra l  ra t h e r tha n  a t  t h e  

e x t reme e n d s  o f  t h e  sc al e . The  reac t i on rat e  c ons t ant s 

we re cal c ulated from c on c ent rati on l o s ses repor t e d  in vari ous  

papers . Un fortunately the  init ial c on c e n t ra t i on vari e d  and 

t h e  t im e s  o f  he a tin g at a c e r t ain te wpe rat ure were n o t  

always c on t r olled  and c on c en t rations  we re n o t  always t aken at  

small t ime inte rval s . This  led  t o  inac curacy in c a l c ul a ting 



1 7 6 . 

t h e  re o c t i on ra t e  c on s t A n t fr om t h e  C/C 0 ra t i o . 
T h e  s e _ t t c r  o f  t h e  d A t a  f l")YIJ t h e fi t t e d  s t r0 i n·h t  

l i n e  i n  t h e  A r r he n i ue pl o t s r e E u l t c d  f r o� s e ve ra l f� c t o r s  -

t h e  va ri a t i on i n  t he n u t r i e n t c o n t P n t  o f  fo o d m a t e ri 8 l s , t h e  

m e t h o d s  o f  a n a l y s i s , t h e  i n t e rn c t i 1� o f  fn c t o r s a f fr c t i n p  

t h e  F t a b i l i t y  o f  t h e  nu t ri e n t c ,  t h e d i f fe re n c e s  i n t he 

s t ;> L i l i t y  o f  f o o c  r:. ::1t ( r 'L <J l c- e1. nd t h e  d i f f e re n c e s  i n  t h e 

e x p e r im e n t a t i o n  a c c ura c y f r om v � ri o u s f OU rc e s , T h e  d . t a  w e r e  

m o r e  � c a t t e re d  And l i� i t e d i n  t h e  n rn i n o  a c i d s t h a n  w i t h  t h e 

v i t a:J i n s . F e v e r t h e l e f· s , t h e r e (l re r ;::nn c: n u t r i e n t E.'  � u c h  a s  

p a n t o t he n i c  a c i d , n i a c i n  a n d  i n  p 2 r t i c u l a r  t h i a m i n e  f o r  

w. i c h  t he d a t a f r om va r i o u s  p a p e r r i n  t he l i t e ra t ur e  fi t t e d  

t h e  � t ra i gh t  l i n e  r e m a r �a bl y w e l l . 

The d ::1 t a  i n  t h e  l i t e r t: t u r f'  t ll :• t c o u l d b e  t rp ,c� t e d  

!d n e  t i c  a l l y  1re re '"t' IH T a l l y  l i rr! i t e d . r :  c; v c  r t h e l e E  s n n  

: : t t e ;:r p t  was mo d e  t. a  in c l ud e CJ. S  rn <1 ny cl ,., t ,  n E  p o s .:.: i b l e  f o r  

v a r i .J u s  t ypc E o f  p r od u c t s . rr· he r e : • c t i on r a t e  c on s t a n t � a t  

d i f fe r e n t t c rnpc r a t u r e ::-� \'/ e re c o l l  c ct 0 d  Cl n d /o r  c a l c u l a t r. 8 

f r o r.1 t he a v ai l a b l e d a  t:J . T h c � · e  cl n t " o n c e a v a i l C1 b l e , 

e n a b l e d  t h e  p re d i c t i o n o f  t h e  r c: n c t i .Jn r a t e  c o n s t ? n t s � t  a n y  

t e mp e r a t ure u s i n e  t h e  A rr h e n i u s  e q u a t i on . A m o n r  t h e  � t ud i e d  

n u t r i e n t s , vi t am i n  D ,  v i t am i n  K a n d  rn in c rn l s  we re t r e � t e d  

a s  b e i ng s t ab l e  t o heat and we r e  a s s um e d  t o h a v e  n o  

s i gn i f i c a n t  c h a nge d uring t h e  p r o c e s s in g . P i o t in a n d  

c h o l in e , r e p o r t e d  t o  b e  s l i gh t ly a f f e c t e d b y  h e a t ,  had v e ry 

limi t e d  kine t i c  d a t a  s o  t ha t i t  wa s n o t p o s c i b l e  t o  pr e d i c t 

t h e  r e l a ti on sh i p  o f  t h e  re a c t i on ra t e  c ons t an t t o  t e mp e ra t ure . 

I n  t h i s  c i rc um s t an c e , v i t ami n B 1 2 , r e p o rt e d  t o  b e  s l i gh t ly 

m o r e  a f fe c t e d  by h e a t , was take n f o r  the p r e d i c t i on o f  

re a c t i on r a t e  c on s t an t s o f  b i o t i n  n n d  c h ol i n e . 
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The predi c t i on o f  reac t i on r a t e  c on s t an t s  at  

di f fe re n t  t empe rat u r e c�was e s t ab l i she d for 1 1  ami n o  a c i d s  

and 1 0  vi t a�in s . � h e  ami n o  a c i d s  a n d  v i t amin s  predi c t e d t o  

be  t h e  m o s t  a f fe c t e d  by h e at pro c e � sing we re similar t o  

t h o s e  ci ven i n  t h e  re c e n t  lit e ra t u r e  a n d  reviews . T h i s  

u � e  o f  t h e  Arrh en i u s  pl ot � a c  c h o s e n  t o  b e  t he most  

a�pro�riat e m e t h od t o  pre s e n t  qua n t i t a t i v e ly the  n u t r i e n t  

l o sse s report e d  b y  di f fe re nt \'! Orkc rG , t akin g i n t o  a c c ount 

the e f fe c t  of time and t empe r a t u r e  and to the l e s se r  e x t ent 

the other fac t or s  a f f e c ting t h e  rat e o f  d e s t ru c t i o n  s u c h  a s  

mois t u r e  c on t e n t  and pii . 

On c e  t h e  p ro c e s sing c on d i t i on s  are s e l e c t e d  for 

in fant food , t h e  r ea c t i on rat e s  at the pro c e ssing 

t empe ra t ure s c an b e  read from the A rrheni u.s plot and t h e  

nut ri e n t  l o s s e s p r edi c t e d . I n  ord e r  t o  d e s i gn an i n fan t 

f o od t o  provi d e  t h e  re qui r e d  n u t r i e n t s  a ft e r  proc e s sin g , 

t h e s e  l o s s e s  o f  nutri e n t s  c an b e  i n c l ud e d  i n  the  l i ne ar 

pro gramming mode l . 
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C T !J\PTER 5 

PRED IC T J (T OF 'T' !ill 'rUTRIT-TT L OSSES 

D 1TR r JG PR OCESS IHG 

The d e s i gn o f  t h e  i n fa n t  f o o d  h ? c  c on s i d e re d  the 

qu.1. l i t o ti v e  o n d  c; w:> n Li. t at ive c ll[; Y' r l c t c ri s ti c s  re qui r 8 c i n  

tl:c 11r �)duc t . T o  mal c t h e  l i n e �  r p r o cr mnr. i n g  mod e l r:: o .c c  

1 '  t .  t h  '1 re " l E  l C , e __ Q .� ' [ ' C C in nut ricn t f · J urin r p r oc e ss ine n e e d e d  

t o  b e  in c l uc:. e d . t. c ui t abl e r r o c r : · �:; hr d t o  be c e l e c t e d , t he 

pr \J C C S E"inc; c o n d i t ion [ d e fin e c: , tL" n ut r i e n t  l o s se s  p rc r : i c t e d , 

D l l r� L l1 c 11 t h e  l i n c G r· J.' l'"' O f;ramrr: i n G  r:; o d e l· c h c� n ge d  t o  CJ.l l o ·:.' f o r  

t h e  e f f e c t o f  pro c e s sing . 

The pr oc e s s i ng : 1 e t h o d  i s  t he firFt t h i n g  t o  be 

c on s :L. c: c  re d . 'l'h c  p ro c c s � ; i n G  mo t ll :x' must [�i v e  a prod u c t r:i t h  

the r e quire d qual i t P t i ve c harac t e ri s t i c s  a n d  a t  t h e  s ame 

t i:.J.e i L mus t p r o v i d e  t h e  l ov1e st c o c t  rrod u c t  v1hi c h  E;? t i s f i e s  

t h e  nu t rition al c ons t rn in t s . Fr o•n t h e  survey o n  fe e d i n c  

p ruc t i c e s , a n  in fan t food  i n  the f orm o f  d ry powde r  v; :3 s n o s t  

pr e fe rr e d . The r e fore , a d e hyd ra t i on proc e s s h a d  t o  b e  u ce d . 

H o� c ve r , t he re a r e  many d e hyd ra t i on t e c hni 0ue s t h a t  on e can 

empl oy su c h  as p a n  dryin g , v a c uum d ryin g , fre e ze d ryi n g and 

spray d rying ( 1 1 5 ,  243 ) and their suitability f o r  the in fant 

f o o d  had t o  be c ompared . 

To c onv e rt a mixt ure o f  d i f fe r en t  raw mat e rial s 

in t o  a d ry powd e r , t h e  gen e ral s t e p s  in t he pro c e s s  are 

pre paration of raw ma t e rial s , such a s  wash ing , p e e lin g , 

c ut t in g ;  a pre d rying proc e s s  s u c h  as blan ching , c o oking 



and mixin g ; and finally t h e  a c t ual d rying . T o  d e sign a 

sui t able pro c e s sing m e t h o d , t he s e  three maj or s t eps o f  

p ro c e s sing w e r e  c ons i de re d . 

5 . 1  Prepara t i on o f  raw mate ria l s  

T h e  m a j ority o f  t h e  raw ma t e rials c on s i d e r e d  in 
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t h i s  st udy were fre s h  raw mat e ri a l s  such  a s  t ub e rs and s ome 

grai n s ,  frui t s , ve ce t abl e s , me a t , fish , e cg and milk . Only 

a few of the raw mate rial s w e re in d ry form e . g . r i c e , 

s oybe an , se sam e  and pe an u t . � he only pre t re a t e d  raw 

ma t e rials c on si d er e d  i n  t his s t udy we re c e re a l  flours and 

d ri e d  milk p owd e r . fhe m i x t ure of raw m a t e rials u s e d  will 

vary from t ime t o  t im e  ac c ording to  the pri c e s  and the  

avai l abi l i ty of  the raw ma t e ria l s . As the linear programmin g  

m o d e l  c an be c hange d q ui c kly t o  allow for c hange s i n  pri c e  

and avai l abi l i t y , the  l e a s t  c o s t  mixt ure s o f  raw m a t e rial s 

ob t ained from the m o d e l  c an c hange e i t h e r  f r om day t o  d ay o r  

we e k  t o  we ek a c c ording t o  the s e asonal fluc t ua t i on s . 

T h e  preparat i on s t age must t he re fore be adaptable 

an d abl e to  c ope w i t h  a vari e ty of  raw mat e rial s . Those 

fre s h  raw ma t e rials will have to  go through gene ral 

pre para t i on such as w a shing , pe e ling and c ut t ing ; t he me t h o d  

o f  prepara t i on is d e t e rmine d by t h e  type o f  raw mate rial -

v e ge t abl e s  and frui t wil l  be p e e le d , fish gut t e d  and 

fil le t e d , meat debon e d ,  nut s  she l l e d , t ubers p e e l e d ,  ri c e  

and other  c e reals de hu ske d . 

T h e  l o sse s in n u t ri e n t s  during t hi s  pro c e ss were 

a l r e ady a c c o un t e d  for  i n  the line a r  programming m o d e l  a s  

o n l y  the c o s t  a n d  c om p o si t i on o f  t h e  e dible port i on o f  all 

raw mat e ri a l s  we re u s ed . The re must b e  o f  c o urse n o  

e x c e ssive washing d uring t hi s  pre parati on a s  t he re would b e  
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s ome l e achi n g  o f  nutrien t s whi c h  is  not  all owe d for in t h e  

model . 

5 . 2 Pre drying pro c e s s  

What  i s  ne e de d  d u ring predrying i s  d e t e rmin e d  b y  t h e  

p r ope r t i e s  o f  the raw mat e ri a l s  a n d  t h e  re q ui red p r od u c t  

quali t y . M o s t ly fre s h raw m2 t e ri a l s  are used  whi c h  make 

prehe ating and c o oking be fore d ryi n g  ne ce ssary . From the 

n a t ure o f  t h e  raw mat e rial s , the d e si rable c hange s d uring 

preheating are fi rst ly the improving of d i ge s t ibil i t y  by 

ge l a t inizat i on o f  s t ar c h , d e n a t u ra t i on of p r o t e in , s o ft ening  

of  t h e  fibr ous tissue and  se c ondly the  d e s t ru c t i on o f  t h o s e  

n a t urally pre sent  hazard o us ma t e rials ( 1 5 4 ) . T h e  m i x t ure 

o f  the raw mat e rials hRs to be c on ve r t e d  to a homogenous 

pas t e  or fluid be fore d ryin� be c ause the  in fan t f o o d  m u s t  

have a uni f o rm c omposi t i on . I t  i s  importan t  t o  mi x t h e  raw 

ma t e rials well be fore d ryin g . 1 'here f o re , the sugge s t e d  

s t e ps i n  t h e  pre drying are heating , mixing and mi l linr, . 

The re must be a d e qua t e  heating o f  t h e  raw mat e ri a l s 

during pro c e s si n g  t o  i m p r o v e  d i ge s t i b i l i ty a n d  d e s t r oy 

haza rdous m a t e ri als , and al t h o ugh s ome o f  t h i s  he a t ing c an 

t a ke place d uring the d rying proc e s s , it  i s  pre fe rrable t o  

d o  i t  d uring t he predrying s t age . I t  i s  n e c e ssary t o  q ui c kly 

preheat the mixt ure o f  raw mat e rials to ina c t i v a t e  enzym e s  

t h a t  are d e t r imental t o  food n u t ri e n t s  s u c h  a s  asc orbic  a c i d  

o xi d a s e , thi aminase and avidin , and t o  flavour and c olour 

s u c h  as pe r oxidase . Also t rypsin inhibi t ors and o t he r ant i ­

n u t r i t i onal fac t ors  should be  d e s troyed a s  q ui c kly a s  

p o s sibl e . 

The he at treatment  r e q uired for the  d e s t r u c t i on o f  

t h e s e  hazardous  c ompoun d s  and the  improveme n t  o f  



di ge st ibi l it y  o f  t he raw mat e ri al s had t o  be d e t e rmin e d  

be fore a suit abl e pre dryin 8 pro c e s s  c ould be d e s i gn e d . 

5 . 2 . 1  D e s t ru c ti on o f  hazardous wa t c ri al s  
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T h e  n a t ural h a z a r d o u s  m a t e ria l s  a r e  t h e  s ub s t a n c e s  

d e pre s si n g t h e  u t i l i z n t i on o f  p r o t e in s a n d  the s ub s t an c e s  

in a c t i  v a t in r; vi t ar:i n s  ( 24 9 ) . T h e  i m p r o v e m e n t  o f  t h e  

n u t ri t i v e  v c::.l u e o f  p r o t e i n s  by l�i l c  h e a t  i s  well e s t ab l i she d 

( 1 1 4 , 1 48 ,  1 6 ,  206 ) . In e 88 wh i t e , t h e r e  i s  a heat  l a b i l e 

an ti p r o t e in a se whi c h 
0 

c an be d e � t r o ye d by he a t in g at 100 C 

f or 3 min u t e s . Howe ve r , thi s pr ot e ina s e inhib i t o r  i n  e gg 

whi t e  was f o und t o  h a v e  a l imi t e d e f fe c t  on prot e in 

ab s orpt i on in human . E gg wh i t e , e i t h e r  rD w or he a t e d  in 

the pre s e n c e  o f  add e d  o v om u c oi d o f  known ant i t rypsin 

a c t i v i ty h ad no e f fe c t  o n  n i t ro g e n  re t en ti on o f  human ( 206 ) . 
In raw mi l k ,  there i s  a l s o  a t ry p s i n  inhibi t o r . Boi l ing f o r  

s h o r t  t ime is  kn own n o t  t o  c ompl e t e ly inac tivate  t he 

inhibi t o r  ( 249 ) . T he pron o un c e d  e f fe c t  o f  t rypsin inhibi t o r  

i s  f o u n d  in the l e g umin o sae s u c h  a s  s oybe an . T h e  c omponen t s  

foun d in s oybean , t ry p si n  inhibi t o r , hae maggl u t inin and 

s ap oni n , are heat l abi l e  and o f  t h e s e  t rypsin inhibi t o r  i s  

f o und t o  be  mo s t s t abl e t o  h e a t . The re fore , among t h e  

e n zyme inh i b i t ors in s oy b e an s , t h e  l e ve l  o f  t rypsin 

inhibi t o r  c an be  used as an i n d e x  o f  ade q ua c y of h e a t  

treatment ( 244 ) . Di f fe re nt s e t s  o f  time a nd t empe rat ure 

have been reported  for s oybean s , e . g . Fri t z  e t  al . 1 947 

re port e d  t h e  be s t  bi o l o gi c al val ue o f  ground s oybe an s  was 

achieved by aut o c l avin g  at 1 2 1 °C for 20-30 minut e s .  Racki s  

1 966 f ound s oybean flake requi re d only 20-30 minut e s  a t  

1 00°C b y  s t e aming . Gontzea  and Sut z e s c u  1 968  found  soy 

produc t s  wi t h  maximum prot ein value by auto c lavi n g  at  1 1 5 °C 
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for 20 min ut e s  o r  at  1 07 - 1 08 °C f o r  40 minut es and wi t h  some 

vari e t i e s o f  s oybean s  i t  re qui re d up t o  30 min ut e s a t  1 2 1 °
C . 

C e rtainly , the  d i f fe re nc e s  in t h e  t er.1pe rat ure and t ir:: e c o u ld 

be re l a t e d  t o  t h e  d i f f e re n c e s  i n  t h e  s i ze and shape o f 

he a t e d  mat e ri a l s and h e n c e  t h e  e f fi c i e n c y  o f  h e a t  t ra n s f e r  

wi t h i n  t ha t  ma t e r i al . M o s t  o f  t h e c 0  e xfe rimen t s w e re 

c a r ri e d  ou t a t  ne u t r<..: l  F H . J t 1'/ <�. c fo und t h a t  fr om pH G . 8 
t o  9 . 9 , l e s s  he a t in g t i m e  w a s  re q u i r e d  wi t h  i nc re asi n g  �I 
( 1 37 ) . Howe v e r , i n c r e a s i n g  pH from n e u t ral w o u l d  no t b e  

U E e ful fo r t h e  pro c e s si ng o f  i n fan t foo d . Khal e q ue 1 97 1  

fo und t hat at pii 6 . 8 , t h e  c omple t e  d e s t ruc t i on o f  t rypsi n 

i n hibi t o r s  i n  s oy m i l k  was 7 6  minu t e s  at 9 8°C o r  1 5  minu t e s  

a t  1 1 5 °C .  

I n  t h e  p r e vious d i sc u s s i o n , t h e  d e s t ruc t i on o f  amin o  

a c i d s  and vi t am i n s  •a c: r e  a s s um e d t o  f o l l ovr fir s t  ord e r  

r c <t c t i on . I t  i s  d i f fi c ult t o  d e c i d e  \' h e t  he r t h e  s ame 

a s s umpti on should be made f o r  d e s t ru c t i o n  o f  t rypsi n 

inhibi t or s  d u e  t o  the l a c k  o f  in for�r.o. t i on on t h e  kin e t i c s  

o f  t h e  re a c t i on . Khale que 1 97 1  f o u n d  i n  his e xpe rime n t  

t ha t , t h e  re a c t i on o nly f o l l owed f i r s t  or� e r  a t  h i gh e r pH 

i . e . ,  ove r t h e  r a n �e o f  7 - <) . 9 whi c h i t.·. n o t  l ikely the pH 

o f  i n fant fo od . N e v e rt h el e ss , t h e  a s s ump t ion o f  f i r s t  o r d e r  

r a t e  o f  r e a c t i on h a 2  b e e n  e x t e n d e d  t o  d e s t ru c t i on o f  t rypsin 

inhibi t o r  by Labuza 1 97 2  and Lund 1 975 . Both  aut hors 

c a l c ulat e d  t h e  r e a c t i on rate c onstant  and the a c tivat i on 

e n e r gy from the same expe riment by H a c kl e  e t  al . 1 96 5 . 

Labuza 1 972 gave t he re a c t i on ra t e  c onstan t  a t  b o t h  93°C 

and 1 2 1 
°

C t o  b e  1 680 X 1 o-3h r  - 1  and 1 0380 X 1 o-3h r  - 1 and 

Lund 1 97 5  a t  t h e  range o f  93
° 

- 0 
1 2 1  C t o  be  1 0389 X 1 0 -3h r- 1 

re spe c t ively . Whe th e r  t he Arrhenius e quat i on c an b e  a ss um e d  
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i s  t h e  q ue sti on . I t  i �  e s t ab l i s h e d  that  the i nac t iv a t i on 

o f  t he en zyme i s  re ve r s ib l e at low t empe rat u re and only 

from 90°C that the re P c t i on is i rr e v e r s i b l e  ( 206 ) . 

'r he re fore , i f  ;\ rrhe ni us  e qu�: t i O!l  i s  t o  b e  appli ed , t h e  

0 
t empe rat ure m u s t  b e  ove r 90 C .  

In o r d e r  t o  d e fine the  t i�e an d t empe rat ure o f  t h e  

pre d ry i n g  p r o c e s s , i t  �as d e c i d e d  t� a s s u�e f i r s t  ord e r  

r e a c tion . �i t h  t hi s  assumpti o� , t h �  r e a c t i on rat e c on s t ari t s  

f o r  d e st r u c t i on o f  t ryp sin inhi b i t o r  from various da t a  � e re 

c al c u l a t e d  as sh own in Table 5 . 1 . 

T able 5 . 1  The Re � c t ion Ra t e  C on s t an t  For D e st ruc t i on o f  

T rypsin Inhi b i t or 

93 

98 

1 00 

1 08 

1 1 5 

1 1 5 

1 2 1 

1 2 1 

1 2 1 

1 2 1 

k 

X 1 0 -3 
- 1  

h r  

1 6 80 

5454 

1 38 1 8 

1 0368  

24384 

20727 

1 0380 

1 38 1 8 

1 38 1 8 

20727 

T y pe o f  prod u c t  

S oy r.�ilk 

S oy m i l k  

S oy b e an flake 

S oy pro d u c t  

S oy m i l k  

S oy prod uc t  

Soy milk 

S oy prod u c t  

Ground soybe ans 

S oy b e an product  

Re fe re n c e 

Labuza 1 9 7 2 ( 1 46 ) 

Lund 1 97 5  ( 1 5 4 )  

Khal e que 1 97 1  ( 1 37 )  

R a c ki s  1 96 6  ( 1 9 8 )  

G ont z e a  and S u t z e s c u  

1 96 8  ( 97 )  

Khal e q ue 1 97 1  ( 1 37 ) 

G on t z e a  an d S u t ze s c u 

1 96 8  ( 97 ) 

Labuza 1 972 ( 1 4 6 )  

Lund 1 97 5  ( 1 54 )  

G on t zea and Sut z e s c u  

1 968  ( 97 )  

Fri tz  e t  al . 1 949 ( 9 1 ) 

R i c hardson 1 97 6  ( 206 ) 



Re a c t i on 

rate 

c ons tant 

X 1 0-3 

h r- 1 
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for D e s t ruc t i on of Trypsin I nhibi t o r  
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I n  order  t o  use data from c ompl e t e  d e s t ru c t ion t o  

c a l c ul a t e  t h e  re a c t i on rate  c on s t ant , t h e  de s t ruc t i on was 

t ak e n  as 99 . 9 pe rc e nt . As  s oybean n e e d s  more s e v e r e  heat 

t re a tment t han other raw mate ri a l s  ( 249 ) , only d a t a on 

s o y  bean w e r e  c oll e c t e d . The  .s t rai , ··ht line fi t t ed t o  the 

data i n  Tab l e  5 . 1  i s  sho wn i n  Fi �ure 5 . 1 . 

F o r  t he pre d ryin g pro c e s s , i t  w a s  d e c i d e d  t o  s t ud y  

the two t empe rat ures a t  the l i!:, i t s  of the t empe rat ure range 

i . e .  98°C and 1 2 1 °C .  T aking the r e a c t ion rat e  c on s t an t  from 

the graph , t he re q ui r e d  holding t ime was c al c ul at e d  on 99 . 9 

percent  d e s truc tion and found t o  be 8 1  minut e s  at 98°C an d 

23  minu t e s  at  1 2 1 °C re spe c tiv e ly . In  e f fe c t , t h e s e  2 se t s  

o f  tempe rat ures and tim e s  repre sent ed a high t empe ra ture 

short h o l d ing t im e  and a l ow t e m pc , ·a t ure l ong h oldin g t ime 

and were u s e d  in this  : � t udy a s  

o f  t rypsin i nhibi t ors . 

c ri t e ria for inac t i va t i on 

Apart from trypsin inhi b i t o r s , there are s ub s t an c e s  

r e s p o n s i b l e  f o r  ihac t ivating v i t amins . T h e  impo rtant  

sub s tan c e s  i n  thi s  c a t e gory a r e  a s c o rb i c  acid  oxida e ,  

wi dely o c c ur s  in ve le t able s , avi din o r  an tibiot in f ound i n  

e gg whi t e ,  thiaminase f ound in raw fish and she l l f i sh and 

a sub s t an c e  re ac t ing wi th nia c in found in mai ze . A s c o rb i c  

a c i d  oxid a s e  inac tiva t e s  asc o rbi c a c i d  and thiaminase 

inac t i va t e s  t hiamine . :�owe v e r , the se sub s tan c e s  s e r;m t o  

be  heat l abil e . In format ion availab l e  shows t ha t  o rdinary 

home c o oldn g  is s u f fi c i e n t  to d e st roy the se  e n zyme s . For 

e xampl e ,  a s c orbi c a c i d  oxi d a se is  inac t ivated  by b l an c hi n g  

at  1 00°C f o r  one minu t e ,  avidin i s  inactiv at e d  by b oi l in g  

f o r  3 - 5 minut e s  ( 206 ) . 

Among these  nat ural hazardous sub s t an c e s , t rypsin 
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inhib i t ors seems t o  b e  more  s t able t o  heat than othe rs . 

I t  c an b e  c oncluded  t hat pro c e s s ing re qui re d  f o r  d e s t ru c t i on 

o f  the  nat ural hazardous sub s t an c e s  i s  adequa t e ly c ove r e d  

b y  t h e  c ondition s  r e � ui re d  b y  s oybean whi c h  i s  8 1  m inu t e s  

at 98 °C or  23 minut e s  a t  1 2 1 °C . 

5 . 2 . 2  Improvin g t he raw mat e rial d i �e s t i b i li t y  

T h e  thre e m a j or  c on s t i t ue n t s  i n  food  raw m a t e rials 

are p r o t e i ns , c arb ohy d ra t e  and fa l . � i ld heat t re a tm e n t  i s  

known t o  h ave bene fi c i al e f fe c t s  o n  pr oteins and 

c a rb ohyd rat es . Dige stibility  o f  proteins and availab i l i ty 

o f  sulphur amino a c ids are improved by heat t r e atment ( 6 )  

and ge l at ini zat i on o f  st ar c h  improve s i t s  di ge stibi li t y . 

Wi th i n fan t , i t  is  kn own t hat di ge st i on o f  starch  i s  s l ow 

wi th ve ry young i n fan t s  and i ncrease s grad uall y  wi th 

i n c reaGing age ( 8 1  ) .  The re fore , i t  is impo rtan t  t o  have 

s t a r c h  w e l l  ce l a t ini ze d . Di f fe rent  types o f  starche s  have 

sligh t l y  d i fferent  t emperat u r e  ranges where ge lat inizat i on 

o c c urs . Gelat i ni zat i on ran ge s o f  t empe ra t u re f o r  vari ous 

s t arches  given  by J!o d �e and Osman 1 976 is s hown in  Table  5 . 2 .  

Table 5 . 2 Ge lat inization Range s o f  T empe rature for Vari ous 

S tarche s 

S ourc e T empe rat ure 0c 
Corn 62 . 0  - 70 . 0 

Ri c e  68 . 0 - 78 . 0 

Pea ( gr e e n  garden ) 57 . 0 - 70 . 0  

Pot a t o  58 . 0 - 6 6 . 0  

T apio c a  52 . 0 - 6 4 . 0  

For fat , the re  i s  m o re o f  a d e t rimen t al e f fe c t  t h an 

bene fi c i al e f fe c t  i n  he ating , e spe c ially at hi gh t empe rat u re . 
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It  may be said t hat among the m a j or c omponents o f  food  raw 

mat e ri al s , only protein and c a rb ohy d r� t e s  are kn own t o  have 

impr ove d  di ge s tibi l ities  by heat t re a tm ent . With the t im e  

an d tempe rature re q uired t o  inac tiv � t c  trypsin inhibi t or , 

it  is almost c e rtain that protein will  be denatured and 

starches  will be  ge l atini z ed . T h e re f o r e , the t empe ra t ure 

and t ime re quire d for d e c t ruc t i on o f  t rypsin inhibi t o rs c an 

be taken as c ri t e ria for this pre d ryine sta ge . 

5 . 2 . 3 De sign o f  c ooking pro c e s s  

C on s ide ra t i on was n o w  gi ven t o  the pro c e s s e s  

to  ac c omplish t hi s  re q uired time and t emperature . T h e  raw 

mat e rials  a ft e r  b e ing prepare d would be cut into  small 

pie c e s  to ha st e n  t he heat t ran s fe r  d u ring heating . The 

mixt ure would be  h e a t e d  in a ba t c h  c o oke r wit h  s t i rring or 

in a c ontinuous proc e s s . 

T o  d e t e rmine t he t o t al time re q uired for h e ating 

up  and  c ooling d own as � ·uminc agi t ft t i on of  the mixt ure , the  

e q uation given by He ldman 1 975 wa s used  

T - T ( - U A t) t 1.'/c l n  ( T  m = e xp or - = _p - T ) m 

T o - T VJc UA ( T o- Tm ) m p 

where T = tempe rat ure at any time t 

T = t empe rat ure o f  he ating o r  c ooling m 
media 

T o = o riginal tempe rature  

u = overall heat  tran s fe r  c oe f fi c i en t  

t = time 

w = mass 

c = spe c i fi c  h eat p 

A = Area 
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From the e quat i on , i t  is  obvious tha t t o  rea c h  any 

r e q uired t e mpe rat ure , the imf o r t ant v n rinble  is t h e  rat i o  

o f  W/A . This rat i o  i s  gene ral ly hi ch in bat c h  pr o c e s s and 

l ow in c ont inuous pr o c e s s . A s  c x pe c t e � , t he t ype o f  

process  plays a n  i�p o r t ant role i n  t he t empe rature a n d  t ime  

d i s t ributi on . 

I n  ord e r  t o  e s t imn t e  the d i s t ribu tion o f  t ime  and 

t empe rature , as sump t i o n s  were mac e on : 

T yp e  o f  c o oke r J a c ke te d  pan wi th a gi t at or w a s  assumed  for 

the bat c h  p ro c e s s and s c raped sur fa c e  heat e xchan ger (67 )  

was assum e d  for the c on tinuous pr o c e ss . A typi c al c a p a c i ty 

and sur fac e area o f  300 lb and 1 0  f t 2  were taken for 

j ac ke t e d pan and 5 i n c h e s  in diam e t e r  for heatin g  c ylind e r  

a n d  3 i n c he s di ar:w t r for the blad e> r o t a t o r  we re t a .l<:en for 

t h e  c on t in u o u s  p r o c e s s . The volume o f  the blade  i s  usual ly 

smal l and he n c e  w a s  i gn ore d . 

Ove rall heat t ran s fe r  c oe f fi c ien t F o r  j ac l<:e t e d  pan typi c al 

value s  range from 50  f o r  c re am ( 1 1 5 )  t o  1 25 - 1 50 for pas t e  

( 1 90 )  a n d  1 54 BTU/ ft 2h ° F  for  fru i t  sl urry ( 1 90 ) . I n  this 

e s timation a val ue a t  1 00 BT U/ ft2h °F VJ< s t aken as nn ave ra ge 

va l ue . H oweve r , for  the s c rape d sur fac e  heat  exc hanre rs , 

h e a t  t rans fe r  c oe f fi c i e n t s  vary wi th spe e d s  o f  rotati on ( 67 )  

and are found  t o  be  in the order  o f  1 50 - 650 BTU/ ft2h °F 

and an ave rage o f  350 BTU/ f t2h ° F  was used in this s t udy . 

Spe ci fi c  h e a t  The spe ci fi c  hea t  for  hi gh moisture c on t e n t  

f o od c an b e  e stim a t e d  from t h e  e xpre ssion gi ven b y  Siebe l 

1 892 as C p  = 0 . 2 + 0 . 008 (moist ure c on t ent , pe r c e n t ) or  by 

Di cke rson 1 96 5  as  Cp  = 0 . 4 + 0 . 006 ( moist ure c on t e n t , 

p e r c en t ) whi c h  give s  approxima t e ly the same e st imat i on . 

T h e re fore one o f  the  e xpre s sions i . e . Di c ke rson ' s was c hosen 
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i n  t h i s s t udy . From t h e  pre v i o u s  f o rm ul a t i on (� ab l e  3 . 5 )  

t h e  moi s ture c on t e n t o f  t h e  m i x e d  f r e s h  raw mat e rials  wa s 

approxima t e ly 55 - 60 pe r c e n t . A l l owin g f o r  wa t e r  n e c e s sary 

for c o o ki n g , t h e  m oi s t ure c on t e n t o f  the mixt ure wa s t ak e n  

a s  75 pe rc e n t . � h e re fore , t h e  c o f  t h e  pas t e  from 
p 

Di c l\:c: r � on ' s e xpre r-sion v w s  0 . 85 P'T' U/l b  °F . 

T h e  re q ui r e d  t e m p e r2 t ure s and t im e s  I t  w a s d i s c usse d e a rl i e r  

that t he r e q ui r e d t empe rn t ure s and time s � e r e  8 1  minu te s �t 

98°c a n d  2 3  m i nu t e s  a t  1 2 1 °C . 

The t e r:1pe r a t u r e s o f  he ating and c_o o l i n p;  m e d i a  T h e  s t e am wa s 

a s s um e d  t o  be t h e  h e a t i n g  m e d i u� �i t h  a pre s � ure o f  1 0  p s i  

f o r  h e a t i ng the  mixture t o  98°� and 20 psi f o r  h e a t in 8  t h e  

m i x t u r e  t o  1 2 1 °C . I t  � a s  al F · o  a � r um e d  t h � t  t he m i x t u r e  on c e  

bei n c: h e c:. t e d. t o  t h e  re q ui r e d  t r1llp cTn t urc cmd t ime v1a s p u t  

t h r o ugh t he mi l l  q ui c kl y  b e f o re c ,)oline; a n d  t hi s m i l ll. n g  

t i:il e \V C.. S n o t  c o un t e d . F o r  c o o l i n f,  d ovm t o  30°C v.:a t e r  a t  

25 °C V/D.. S a s s ume d t o  b e  use d . 

Havin g a s sume d a l l  t he r e q u i r e d  variabl e s ,  t h e  

d i c t ri b u t i on o f  tempe ro.. t ure and t i me in s e l e c t e d  b a t c h  a n d  

c on t i n u o u s  pro c e s se s  we re d e t e rm i n e d a n d  a r e  s h o wn in 

Table 5 . 3 . 
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Tabl e 5 . 3  T empe ra tu r e  and Time D i s t ribu t i on 

During � e a t i nc; an d C o o l i nc; f o r  S e l e c t e d  Pat ch and 

C on t inu ous Pro c e s s e s 

I .  U S I N G  ST EAM AT 1 0  PS I TO RA I S E  TEMPERATURE T O  98°C 

Bat c h  Ero c e s s  C ont inuo us Er o c e ss · 

B ea t ing up t ime 1 7  min u t e s  6� se c onds 
C oo l ing down t ime 30 minu t e s  109 _seconds 

Holding t ime 8 1  minut e s  8 1  minutes 

Dis t r ibut ion o f  t e mnera t u r e  d u r i ng hea t ing · up 

At 5 minut e s 6o0c At 20 s e c onds 62°C 

At 10 minu t e s  8 1 °C At 40 s e c onds 84°C 

At 1 5  minut e s  94°C At 60 se c on ds 96°C 

At 1 7  minut es 98°C At 63 s ec onds 98°C 

Dist r ibut i on of t empera t u r e  duri ng c oo l i ng down 

At 5 minu t e s  8o0c At 20 s e c onds 78°C 

· At 1 0  minut es 59°C At 40 s ec on ds 56°C 

At 1 5 minu t e s  46°C At 60 se conds 43°C 

At 20 minut e s 38°C At Bo s eco n ds 36°C 

At 30 minut es 30°C At 109 seconds 30°C 

I I .  U S I N G  STEAM AT 20 PSI TO RA I SE T EMPERAT URE TO 1 2 1 °C 

Bat c h  Er o c e s s  Cont inuous Eroc e ss 

Beating up t ime 3 1  minu t e s  1 1 4 s ec onds 

C o oling down time 31 minut es 1 1 4  sec onds 

Ho l ding t ime 23 minu t e s 23 minu t e s  

Distribution of temEe r a t u r e  during heat ing uE 

At 5 minu t e s  64°C At 20 sec onds 67°C 

At 10 minut e s  88°C · At 4 0  sec onds 9 1 °C 

A t  1 5  minu t e s  1 03°C At 60 sec onds 1 06°C 

At 20 minut e s  1 1 2°C A t  8 0  sec onds 1 13°C 

At 25 minut e s  1 1 7°C .At 1 00 sec onds 1 1 9°C 

At 31 minu t e s  1 2 1 °C At 1 1 4  se c onds 1 2 1 °C 

Distribut ion o f  t emEera t ure dur ing c oo ling down 

At 5 minut!l.� 82°C At 20 ��� onds 84°C 

At 1 0  m:!,n1,1 t � �  �39C At 40 s e c; ondf! �o9c· 
At; 1 ::;  m;in1,1t _e_� 489c At 60 � � c; ond� 46°C 

At; 2Q min1,1t e.� 3 99C At 89 � e c< op.df! �79C 

At 25 min1,1t e� �4°C At; 1 Q9 � ec; ondf! 3?°C. 

A t  3 1  minu t e s  30°C At 1 1 4 sec onds 30°C 
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5 . 3 Drying pr o c e s s  

Drying proc e s s e s  were s c re ened  firstly a c c ording 

to t heir t e c hn i c al fe asibility as a proc e ss fo r in fant food  

an d se c ondly for  the c o s t s  involve d . 

5 . 3 . 1 S e l e c t i on o f  d rying pro c e ss 

For d rying li q ui d  puree and pa s t e , the sui tabl e 

me t h o d s  are pan d ryin g , vac uum d ry in g ,  fre R ze -d rying , 

foam-mat d rying , spray d ryin g and d r utn d rying ( 243 ) . I t  i s  

p o ssible t o  use an e x t rusion proc e ss wh en  ge l atiniz a tion , 

mixin g ,  pu f fing and drying are re q uire d  ( 2 1 1 ) . H ow e ve r , 

t h e  e x t r u s i o n  proc e s s  i s  more sui table for dough s  than 

p a s t e s  as l ow moi s t ure c ontents are requi re d  for suc c e ss ful 

e xt rusi on . The  past e will have c onside rably highe r moist ure 

c ontent , 70 to 75 p e rc e nt , c ompared t o  t h e optimal range for 

e xt rusi on whi ch is  1 5  to  30 percent ( 1 7 8 ) . A s  d i s c us s e d  

previ o usly , f o r  t h i s  i n fant food  mixt ure , c ookine t h e  p2 s t e  

i s  ne c e s sa ry be fore a c t ual d ryinc , a n d  i t  was though t that  

it  w ould be  di f fi c ul t  t o  en sure adequate  c ooking in t h e  

e xt rusi on proc e s s . 

There fore , the e x trusion pr o c e s s  was c onside re d n o t  

s ui t able for this produc t . Pan d rying i s  a pro c e s s yie l di n g  

a hard dense  produc t di f fi c ul t  t o  dis solve , and hen c e  was 

c onsidere d not sui tabl e . For foam mat d rying , i t  was 

re ali zed t hat foaming agen t s , such as glyc e ryl mon o s t e arat e ,  

s oya protein s , c el l ul o se e the r ,  are u s e d  t o  produ c e  s table 

f oam . This  type of d rying was c onsidered sui t able only 

when i t  was possible to produce s t able  foam wit h  the raw 

mat e ri al mixture , b e c ause first l y  t he aim was t o  use only 

indigenous raw mat e rials  and se c ond ly the addi t i on o f  o t he r 

s ubstanc e s  would  upse t  the  nutrit ional balanc e  o f  the  mixture . 
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T h e re fore , d rying me t ho d s  t o  be c onsid e r e d  furth e r  

we re vac uum d ryi n g ,  fre e ze d rying , foam m a t  d ryin g ,  spray 

d ryi ng and drum d ryin g . �or s e l e c t i on o f  th e d ryin g me t h od , 

i t  was p e r t inent t o  c on si d e r  t b e  c os t  o f  the d i f fe re n t  

me th od s . 

C os t  inv o l v e d  in d rying c an be c on sid e r e d  as c apital 

inve s tment and man u fac t uring c o s t . Capi t al i n v e s tm e n t  i s  

dire c t ly relat e d  t o  purc ha s e d  e quipmen t c o s t  ( 7 ) . Data 

e; i  ve n by Ari e s  a n d  :·r o v: t on 1 95 5  v:e re u s e d  to  c or1pare the  

purchase d e q uipm e n t c o s t  for t h e  d i fferent  me t h od s . It  was 

reali z e d  t h a t  t h e s e  d a t a  w e re out o f  d a t e  a nd c ou l d  not be 

t aken as a c t ual c o c t s  b ut i t  wa<. re ga rd e d  re a s on a b l e  t o  use 

them f o r  a c om p a ra t i v e  c o s t  s t udy . Taking an a rbit rary 

fiBure  o f  d ry i n c  are a o f  50 s q uare f e e t , t h e  purchased  c o s t  

d a t a f o r  d i f fs rc n t  type s o f  d ri e rs we re : 

Drying r.'l e t h o d  

Drum d ry i n e;  vacuum , single 

a tm o sphe ric , single 

rr ray d rying vac uum , stain l e s s  s t e e l  

S pray d ryinG 1 0  ft . d iame t e r , 2 300 lb 

per hour e vapora t ing 

c apac i ty . 

P u r c h a se d c o s t , 

E�_:_! 
25 , 000 

9 , 500 

5 , 000 

46 , 000 

T h e  c apa c i t y o f  spray d rying w a s  chosen  in e q ui val e nt 

t o  d r um d rying o f  50 s q uare fe e t  are a , d rum spe e d  at 2 r o un d s  

p e r  minu t e ,  t h i c lme s s  on d rum a t  0 .  1 "  a n d  d e n s i t y  a t  63 l b  

p e r  c ub i c  fo o t . I n f o rm a t i on o n  c os t  o f  foam ma t d rying was 

l i m i te d , i t  wa s regn.rd e d  to b e  i n  the  same c a t e go ry as d rum 

d rying ( 1 49 ) .  Fre e z e -d rying re q ui r e s  a more e xpensive 
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c ap i t a l  c o s t  ( 243 ) . 

I n  a d d i t i on t o  c a p i t a l  i n v e s t m e n t  wa s m an u fa c t u r i n g  

c o s t . V an Ar sd e l 1 973 gav e  t he f o l l owin g  c ompa rat i v e  

c o s t s : 

D ryi n g  l;l e t h o d  

Fo r c e d  a i r  d ry i n g  

F o am mat d ry i n g  

D r um d ry i n g  

S pr a y  d rying 
V a c u um d rying 

Fre e z e d ry i n g 

f o s� � r l b  o f  wa t e r  

e vapo r� t e� _ _ur . .  S� c e n t s )  

0 . 7 

0 . 7  

0 . 8 

1 . 0 

2 . 0 

4 . 0  

From t h e  e � t i ma t e d  pu r c ha s e d  e q uipm e n t  c o s t , v a c uum 

t ray d rying was the c h e ape s t , f o l l m r e d  b y a t m o s ph e ri c  d r um 

d ry i n g . B o t h  s 1 : r o y  d ry i n g  a n d  v a c u u:!, d r u:n d ry i n g  v:e rc- m o re 

e x p e n s i v e t han t h e  o t he r  t w o t y p e s  u l r e a d y  m e n t i on e d . T h e  

m o s t  e x p e n s i v e  m e t h od v1a s  fre e z e  - d ryin r; . ' ' !h e n  c onsi d e ring 

t h e ope ra t in g  c o s t , f o am m a t  d ry i n t· , d r um d ryin g  an d c p ray 

d ry i n g  w e r· e  t he c l1 e a :;;c c t  whi l e  v a c u u:r d rying w a s  t w i c e  as 

m u c h  an d f r e e � e  d ry i n �  was c o n c i d c rably hi che r and wa s t he 

m o s t  e xpe n si v e . Lo Ki c ally , in s e l e c t i ng f o r  t he p ro c e s s in g  

m e t hod , o n e  w o u l d  s e l e c t  t he c h e a pe s t  � e t h o d  t h a t  wi l l  [i ve 

t h e  b e s t  r e qui r e d  p r od u c t . E e f o r e  a n y  fur t he r c on si d e ra t i on 

on t h e  e f f e c t  o f  p r o c e ss i n g  on t h e  nu t ri e n t s , i t  wa c fe l t  

t ha t  some o f  t h e  v e ry e x p e n s i v e  p r o c e s se s  shou l d  b e  s c re e n e d  

o u t . When c on si d e r i n g  b o t h  pur c h a s e d  e q uipm e nt c o s t  and 

o p e ra t i n g  c o s t , fre e z e  d ry i n g w a s  by fa r t he m o s t  e xp e n s ive 

m e t h o d  in b o t h  c api t al an d o p e r a t in g c o st s . T h o ugh it was 

r e a li z e d  t ha t  i n  f r e e z e  d ry in g  t h e r e  is l e s s  l o s s  o f  

n u t ri e n t s , c ol o ur a n d  flavour , i t  was far t o o  e xp en si v e  t o  
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c on sider for a c h e ap in fnnt prod u c t  for T hailand . T h e  n e x t  

e x p ensive c api tal a n d  ope rating c o G t s  w e r e  f o r  vac uum d rum 

d rying . For the same reason as fre e ze d rying , i t  was 

c on sidered n o t  sui t ab l e  to  i n c lude in t hi s  st udy . I t  was 

obvi ous t hat the  c api t al c o s t  for spray d rying was ve ry 

h i gh c omp��red  t o  d r um d rying and vacuum d ryin g . Though i t  

i c  a ve ry c omm on me t ho d  o f  d ryin c ,  i t s  h i gh c api t al c os t  

c ould make i t  di f fi c ul t t o  implem e n t  in  T hai lan d . A l s o  t he r e  

would b e  s ome di f fi c ul ti e s  in prepa ring t h e  raw mat e rial 

mixture for  spray d rying . It  would  need  to  be  c on c ent rat e d  

and i f  t h i s  was n o t  possibl e , d rying c os t  would b e  h i gh 

b e c ause  o f  t he amount of  wat e r  t o  b e  removed ( 57 ) . At  t he 

p r e s e n t  t ime , spray d rying did  n ot a ppear t o be a suitable  

p r o c e s s . T h e re f o r e , the  nost  s ui t able me thods w e re 

at mosph e ri c  d rum d ryi n g , v a c u un, d rying and foam mat d ryin g . 

T h e s e  we re the d rying me t h o d s  w i t h  t he c heape st  capital 

i n ve s tment  an d operat ing c os t s . 1 ' h e  ope rating c o st for 

vacuum d rying wa s not ably hi ghe r than d rum an d foam mat  

d ryinc b ut t he e s timated  e q uipm e n t  coct  wa s c onside rably 

l o�er . 1' he re fo re , t he se 3 m e t h o d s  o f  d ryin g we re c on s i d e re d  

e c onomi c al ly sui t able  for pro c e ssinf  o f  the required i n fa n t  

food and were c o n s i d e re d  i n  s t u dyin[ t he nutrient l o s s e s  

d u rin g d rying . 

5 . 3 . 2  S e t t ing th e  t ime and t em pe rat ure for e a c h  d rying 

pro c e s s  

Firstly , i t  was n e c e s sary t o  d e fine t h e  t ime s and 

tempe rat ure s gene rally empl oy e d  in  e a c h  drying me t h o d . The 

tempe ra t ure s c on s i d e re d  we re t h e  mate rial tempe ratures  

during d rying n o t  t he air or sh e l f  t empe ratur e s . 

The  t emperat ure and t ime that c an be empl oy e d  f o r  
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any par t i c ular type o f  dryi n g  d e p e nd s  on the c hara c t e ri s t i c s 

o f  t h e  d rying ma t e rials and t h e i r  s e n si t i vi t i e s  t oward s  

h e a t . Howe ve r , only a c e rt ain ranee o f  t empe rat ure an d 

time c an b e  u s e d  f o r  e ac h t ype o f  d ryin g . F o r  i n s t an c e ,  

hi gh t empe rature and sho r t  t ime such as  1 04 - 1 60°C f o r  20 
s e c onds a r e  ge n e ral ly u s e d  for ci r ur.l d ry i n g  whi l e  

c on si d e rably l owe r t e mpe rat u re a n d  t ime s u c h  a s  6 6 - 82°C f o r  

2 h o u r s  are u s e d  i n  vac u um d ry i n g ( 1 87 ) . 
A c c ording t o  the di f f e re nc e s  in rat e  o f  d ryi n g , t h e  

d r y i n e  pro c e s s  c an b e  d i vi d e d  into  a c on s t an t  rat e pe r i od 

and a falling rat e pe ri od . I f  t h e  c ri t ic al m o i s t u r e  

c o n t (·: n t , t he fin a l I!J Oi �; t ure c on t e nt , a n d  t h e  opc;ra t i n g  

t e mpe rat ure and humid i t y  a r e  l�n own , the  t i m e  i nvol vnd in 

e a c h  p e ri o d  c nn b e  c a l c u l a t e d  f r o:. !  t h e  gene ral e x p r e s "'i on 

as gi v e n  by lf e l d!l an 1 9 '75 , Cha n:i 1 97 1  a nd ra re l 1 975 . 

P e ve r t h e l e s s , t h e re are s o m e  d l f fi c � l t i e s  in c al c u l o t in g  

d ry i n g  t in e s  b a s e d on t h e  �oi � t ur0 t o  be remo ve d . Fi r s t  

o f  a l l , there a r e  param e t e rs thnt  r:mE�t b e  kn o\'m such as t h e  

ga r: f i l m  c oe f fi c i e n t  o f  mass  t rans fe r ( Kg ) , overall int e rnal 

l i q uid di f fu si vi t y  ( D ) an d c o n ve c t i v e  h e a t  t rans fer 

c oe f fi c i e nt ( h )  ( 4 1 , 1 1 5 ) . I t  r:l u f· t  b e  n o t e d  t he s e 

parame t e r s , Kg , D and h are not  available f o r  most food  

ma t e ri al s . T hey c an only be pre di c te d  by  expe rime n t a t i on 

( 4 1 , 1 1 5 ) . T h e re fore , i t  was n o t  po s sible t o  c al c ulat e t h e  

d rying t ime s and t e mperat ure s be fore s om e  experime n t a l  d a t a  

c ou l d  b e  obtai ne d usin� t h e  f o od mixt ure . S e c ondly , t he 

ge ne ral e xpr e s sion to  c a l c ulat e d rying t im e  d u ring c on s t an t  

r a t e  and falline rat e a s s ume i d e al c on d i t i on s  ( 1 30 )  but 

d i spari ty from such  c on di t i ons is kn own t o  exist  in food  

sy s t e ms . Thirdly , wi t hi n  a part i c ular t ype o f  d rying 
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p ro c e s s ,  d ry i n g  time and t emp e ra t ure c an be va r i e d  b y  

vari a t i on i n  the d rying op e rat i on s u c h  a s  d rum s p e e d  an d 

drum c le ar an c e  in d rum dryi n g , a i r  v e l o c i t y , bulk d e n si t y  

and l ayer t h i c kn e s s  i n  f oam mat d rying and s ol i d  c on t e n t  

a n d  lay e r  t h i ckne s s  i n  vac uum d rying . 

'I' h e r e fore , i t  was fe l t  t ha t  t he gene ral t ime s a n d  

t e mpe rat ure s r e p o r t e d  i n  t he l i t e ra t u re s h o u l d  be u s e d  

fi r s t  t o  s t udy t h e  e f f e c t o f  p r o c e sGing c ondi t i on s o n  t he 

i n fant f o od mo d e l . Onc e  t he e f fe c t s  o f  the ran ge o f  

c ondi t i on s  r e l a t e d  t o  a pa rt i c ul a r  type o f  d ryin g o n  t h e  

f i n a l  raw m a t e ri al mix t ure a r e  d e t e rmin e d , the mo s t  s ui t ab l e  

t ime a n d  t emp e rat ure c an b e  st u d i e d  e x pe ri�e n t ally and i f  

n e c e s sary furthe r ad j u s t men t E mad e t o  t h e  m od e l . 

11 h e  d ryi nr; c o ndi t i on s  a r e  d e p e ndan t v e ry mu c n  on the  

p r ope rt i e s o f  t h e  raw mat e ria l s . T he mix t ure used fo r the 

i n fant food w a s  b a s e d  o n  v a r i 8 U G  c om b i n a t i on o f  food  

1na t e rials  such a s  c e rc�l , fru i t , ve rc t ab l e , e �g , � e a t , fish 

and d a i ry p r o d uc t . A s  t he re was no publi c a t i on on d rying 

o f  s u c h  a c o�bin a t i on o f  row nw t e ri a l s , th e c ondi t i on s  for 

d ry i n g  f o o d  produ c t s  i n  t hi c k  l i q u i d  and pa s t e  we re t n ken 

a s  being r e l evan t . There fore , t he t empe rat ure s and t ime s 

i n  e a c h  t yp e o f  d ryin g for t hi c k l i q u i d  or past e w e r e  

c o l l e c t e d  a s  shown i n  Appe ndix  1 3 . 

Wi t h  vac uum d ryin g , t h e  only re le van t t y pe o f  food 

prod u c t s  fo r whi c h  drying c on d i t i on s  c ould be found was 

frui t j ui c e . T he ran ge of p rod u c t t e mpe rat ur e  wa s from 52°C 

to 77 °C a n d  d ryin g time was from one to  two h ours . '"i t h  

c e re a l s  pre sent , thi s t ime c ould be incre ase d . 

�/i t h  foam mat d ryi n g , appli c at ion was t o  a wid e r  

varie ty  o f  produ c t s  s u c h  a s  p o t at o , banana and fruit j ui c e s  
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( Appe n d i x  1 3 ) . � h e  range o f  pro d u c t t m p e ra ture s was f r om 

60 °C t o  82 °C and d r y i n g  t ime wa s g e n e r a l l y  from 1 0  t o  60 

m i n ut e s . T h ough t h e  air t e mp e r a t ure v a ri e d  up t o  1 04 °C ,  

t h e  pro d u c t t empe r a t u r e  wa s gene rally 60
°

C t o  82
°

C .  

Drum dryi n g  was use d w i t h  wi d e r  vari e t i e s  o f  p a s t e 

an d l i q ui d  mixt ure s than t h e  t w o  o t h e r d rying me t h o d s  

( Appe n d i x  1 3 ) . D ry in g  c on d i t i on s  f o r  pas t e s  s u c h  as p o t a t o  

w i t h  f i sh and frui t c e re al baby f o o d , we re av ai l ab l e . T h e  

range o f  s t e am p r e s s ure i n  t h e  d rum wa s from 30 t o  90 p s i  

wi t h  t h e  t e mpe r a t ure on the d r um o f  1 38 °C t o  1 66 °
C .  T h o ugh 

t h e  t im e  w a s  as s h o r t  a s  8 se c on d s  a nd as l o n g  a s  2i m i n u t e s  

d e p e n d i n g  on o t he r o p e ra t in g  va ri a b l e s , d ry i n g  t i m e  wa c 

ge n e r a l l y  b e t w e e n  1 0  t o  30 se c on d s . 

In c on c l u s i o n , t h e  ro n rc o f  t e m p e ra t ur e s  a n d  t ime s 

for t he se 3 me thods  o f  d rying c an be gro upe d in t o  3 

c a t e Go ri e s  i . e . v e ry h i gh t em p e rat u r e  a n d  s h o rt t im e  d ry i n g  

a s  f o r  d r um d ry i n g ,  a m o d e ra t e  d ry i n g  t e mp e r a t ure a n d  t i m e  

a s  in foam m a t  d ryi n g  a n d  a c on sid e rably l owe r t em p e rat ure 

and l onge r t im e  as i n  v a c uum d ryin g . � h ere f o re , t h e  d ry i n g  

t ime a n d  t empe ra t ure f o r  e a c h  t y p e  o f  d ry i n g  we re d e c i d e d  

from t he ge n e ral ran ge o f  d ryi n g  t im e s  a n d  t e mpe ra t ure s u s e d 

wi t h  l i q ui d  an d p a s t e  a s  c ol l e c t e d  i n  A pp e n d i x  1 3 .  I t  was 

foun d that t h e  range o f  mat e r i al t em p e r a t ure wa s gr e a t e s t  i n  

d r um d ry in g ,  i . e . from 1 04 - 1 60
°

C , n e x t  was f oam m a t  dryi n g  

o f  60 -82
°

C an d v a c uum d ryin g wa c t h e  smal l e s t  a t  52 t o  7 7 °C .  

T h e  d ry i n g  t imes f o r  e a c h  type o f  d ry i n g  w e r e  f o un d  t o  range 

from 1 0  to 60 s e c o n d s  for d rum d r yi n g ,  1 5  t o  60 m i n u t e s  f o r  

f o am m a t  d ry i n g  a n d  one t o  2� h o u r s  f o r  v a c uum d ry i n g .  

W i t h i n  t h e  ran ge o f  t im e s  a n d  t e mp e r a t ure s u s e d  i n  e a c h  

t y pe o f  d ryi n g ,  2 t e m p e rature s a t  e a c h  e n d  o f  t h e  r a n ge w e r e  
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c h o s e n  f or st udy . In a ny pa r t i c ul a r  mix , when d rying 

temperat ure i s  higher , t h e  d ryin e  t im e  i s  ge ne rally short e r . 

Th e re fore , t h e  c on d i t i ons c ou l d  be t a l� e n  a s  h i gh t em p e ra t u r e  

w i t h  short d ryi n g  t im e  and vice ve rs a . A c c ordingly , t he 

d r y i n g  time and t empe r a t u re in e a c h  type o f  d ry in g  w e re 

spe c i fi e d  a o  sh own in �' abl e  5 . 4 . The se t ime s and  

t e repe r a t ure s arc at  this  s t a re t he ore t i c a l  a n d  w o u l d  have 

t o  b e  c on firm e d  d urin g  a c t u a l  d r y i n c  t e s t s . 

T ab l e 5 . 4 Produ c t  T em p e rature s  and Drying T ime s S e l e c t e d  

for Va c uum , Foam Mat an d D r um Drying 

Type o f  drying remperature an d t ime 

Vac u um dryin g  52 °C for 2 h ou r s 

7 7 ° C  for hour 

F o a m  mat d ryin g  7 1 °C for hour 

39 °C for 8 m in u t e s  

D r um d ryin g 1 0� 0 c for 60 se c on d s  

1 60°C for  30 s e c onds  

A further  fac t o r  t ake n int o c onsid e ra t i on wo s the  

ran ee of  pro d u c t  tempe rat ure d uri n g  t he d rying cyc l e . A t  

t he e a rly s t a ge o f  d rying , t he prod uc t tempe rat ure i s  we l l  

b e l ow t h e  a i r  t empe ra t ure and grndually i n c r e a s e s  f r om fe e d  

ternper�t ure t o  a c e r t ai n  t empe r ture and may b e , a s  i n  

vac uum dryin g , reduc e d  d uring t h e  l a t e r  stage s  o f  d rying 

( 95 ,  1 32 ) . For drum d ryin g , s t e am at c e r t ai n pre s su re is 

gene rally u s e d  and the produc t t e mpe rat ur e inc re a s e s  from 

t h e  feed t empe rature t o  the  d rum tempe rat u re j u s t  be fore 

it is s c rape d o f f  ( 90 ) . In re ali zing that t h e  time re q ui r e d  

t o  b ring t h e  produc t t o  t he re ferred drying t empe ra ture 

c ou l d  be as  l on g  as h a l f o f  the  t o t al drying t ime  as in 
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vac uum an d d r um d ryin g ( 90 ,  1 32 )  and t o  t h e  l e s s e r  e x t e n t  

i n  f oam mat d ry ing ( 9 5 ) ,  c on si d P rat i on o f  the d i s t ri b u t i on 

o f  t hi .s  t i m e  and t eJ:lP\  ::.�B.t urc i:t u r:- t  "�? e t aken int o ac c o u nt . 

T h e re f o re , th e  typi c al d i s t ributi on s  o f  produc t t empe rature 

an d t i:-.1 e  i.n t h e  .3 dry i ng method s  we re stud ied . 

For vac u um d ryin r; , t h e t e ':lf; e r�J t  urr; m e asure d n t  

v a ri o u s  t im e s  i n  vn c u uB pu f fe d  d ryinc o f  t om a t o  j ui c e  i n  

t h e  e xp e rime n t  b y  K:J.U fman e t  al . 1 9 55 r;h owe d t h a t  t h e  

p rod uct t e mp e rat ure d ropp e d gra d u a l l y  t o  ve ry l ow t e m pe ra t ure 

a s  t he j uice fr o z e an d t h e n  c am e  up sl owly a s  t h e  moi s t u re 

W 3 S  re m ov e d a s  shown in A p p e n d i x  1 4 . I t  t o o k  a c on s i d e rabl y  

long time t o  rai s e t h e  p r o d u c t t e m pe ra t ur e to t h e  ranee o f  

t he dryins t e mpe r2 t u r e  at 56 t o  S0 °C . D a t a  gi v e n  in v2cuum 

d ryin [:: o f  tom a t o  j uice at l O\'re r V 0 C UU!11 pre s r�ure s by J :oye s 

1 9 6 9  sh o w e d h i che _ product t e �pe r n t u r c � as t h e  m a te ri al 

d i d  n o t  fre e z e ( Aprjendix 1 4 ) • I t  t o o )·;: a thi rd o f t h e  d ry i n g  

t i me t o  rai s e  t he p r o du c t  fro:r; 1 5 . 6 °C t o  Lr8 °C and h c..l f o f  

th e d ryi n t i me t o  68°c whe re t h e  prod uc t wa s ke p t  a r o un d  

0 62 - 68 c for t he re �· t  o f  d ryinr, t im e which w o. s  i n  t o t al 2 

hour s . Beca u r.�e  vacuut. d ry i.n f, Vfc. G ce n e ral l y  ope rat e d at l ow 

t e m p e ra t ure , th e r i sin o f  prod uct tempe rat ure wa s ve ry 

s l ow . 

T h e  o t h e r  imp o r t ant i s sue w a s  t hat t h e  re a c t i on 

ra t e  c on s tan t s  we re q u i t e  l ow at l owe r t empe rat ur e s , 

approxim a t e l y  b e l ow 5 6 °C f o r  vi t amins and b e l o w  80°C f o r  

ami n o  a c i d s . I t  wa s f ound wi t h  vac uum dryi n g  t ha t  t h e  l o s s  

o f  n u t ri en t s c al c ul a t e d  frOln t h e  r e a c t i on rat e kine t i c s  was 

only s i gn i f i c an t  when the pro d u c t wn c in the h i gh e r  ranee 

o f  drying t empe ra t ure s . For e xampl e , the l o s s  o f  rib o fl avin , 

t h e  n u t ri en t  wi t h  t h e  h i gh e s t  ra t e  o f  re a c t i on up t o  t h e  
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0 
t empe ra t ur e  o f  80 C ,  w n s  c a l c ul a t e d  b a s e d  on t he dat a o f  

Ka u fman e t  al . 1 95 5 , w a s  fo und t o  be only 0 . 1 p e r c e n t  l ow e r  

w h e n  t h e  c al c ul t e d  l o s n  e x c l ud e d  t h e  l os s  d u r i n g  d ryin g a t  

0 
t empe r a t u r e s l ow e r  t h an 56 C . Wi t h  N oy e e 1 96 9  d a t a  i t  wa s 

f o un d  t ha t  t h e  d i f fe re n c e  w a s  approxima t e l y  1 p e r c e n t  Tihen 

t h e  l o s s  a t  t e m pe r at ur � l o we r than 6 8 °C was n o t  in c l ud e d . 

I t  c ou l d  b e  a s s um e d  �i th vac uum dryinG t h at the l o s s  d u ring 

raising t h e  t empe r� t urc t o  t h e  t op d ry i n g  t empe r a t u r e  �as 

v e ry smal l and c o u l d  be re garde d  as in s i rn i fi c an t  c om p a r e d  

t o  the l o s s  d u r i n G  t h e  wh o l e  d ry i n f  pr o c e s s . T h e re f or e , t he 

l o s s e s o f  n u t ri e n t s  d u rin� vac uun d ryin� wa s b a s e d  o n  t h e  

p r o d u c t t emp e ra t ur e o f  52°C f o r  2 h ou r s  and 77
°

C f o r  1 h ou r ; 

t h e  l o s G e s d uri n g r a i s i n g  t he p r o d u c t t o  t h e s e  t e mp e r a t ure s 

w e re s o  sma l l  they \'.' C l'C ' n o t  i n c l u d n d  i n  t h i s  s t udy . 

F o r  foam mat dryin [ , t h e  pro d u c t  t e mpe rat u r e s  we re 

t a ke n f r OJ:! t h e  e xpe riment o n  t o:n : • t  o p n s t e  by Gin et tc c t al . 

1 9 63 . Be c ause o f  the hi ghe r air t er::p e ra t ure u s e d  in f o am 

m a t  d ry i n g ,  t h e  p r o d uc t t e mpe ra t ure w a s  rai s e d  ve ry q ui c kl y  

t o  the ran ge o f  d ry in g  t empe rat ure . I n  t h i s  part i c ul a r  

c a c e , i t  t o o k  o n l y  1 . 2 5 mi nu t e s . T h e  l o s s  d u ring t h i s 

pe ri od w o u l d  be i n s i gn i fi c an t  c ompa re d t o  t he l os s  d urin g 

s ub s e q ue n t  d ryin g . T h e re f o re , t h e  l o s s e s  o f  n u t ri e n t s  d ur i n g  

f o a m  m a t  d rying w a s  b as e d  on t he p r o d u c t  t e mpe r a t u re o f  7 1 °C 

f o r  60  min ut e s  a n d 89 °
C f o r  8 min u te s . I t  wa s re a l i s e d  t hat 

t h e  t e mpe r a t ur e  d uring t he l a t e r  d ry i n g  pe ri o d  m i gh t  vary 

d e p e n d i n g  on t he manipuL t i on of pre s sure d uring v a c uum 

d ry in g an d  air t em p e rat ure i n  f oam ma t d ryi n g . I n  t h i s  

s t udy , t he p r od u c t t empe ra t ure s i n  t h e s e  2 me t ho d s  we re t aken 

to be a t  t op d r y i n g  t empe rat ure un t i l  t h e  d rying was c omp l e t e . 

F o r  d rum d ryin g , t h e  p r o d u c t t e mp e r a t ure d u r i n g  
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d rying was n o t  available i n  t h e  l i t e ra t u r e  as i n  the  t wo 

previ ous d ryi n g  me t h o d E . Howeve r , in the  indu s t rial d rying 

o f  i n fant food it � a s  found t hat a pp r o x i m a t e ly hal f o f  t he 

d rying t ime was a t  1 00°C and t h e  ot h e r ha l f  was at t he 

fina l produc t t empera ture  ( 42 ) . �he re fo re , t he s e  

ge n e ra l i s e d  p r o d u c t  t a opc ra t u r e s  �e r e u s e d  i n  t hi s  s t udy 

and the  c ondit ions  o f  d ru� d rying u s e d  in t hi s  s t udy w e re a t  

( a ) 30 s e c on d s  at  1 00°C ,  30 s e c o n d s  a t  1 04 °C and 

( b )  1 5  s e c on d s  at  1 00 °C and 1 5  se c ond s at 1 60°C .  

5 . 4  Predi c t i on o f  the  nu t ri e n t  l o s s e s  during the  pro c e s sing 

N u t ri en t  l o s s e s  d urin g p r e d ry in �  and d rying 

p r o c e s s e s  w e re pre d i c t e d . Fi r s t  o f  a l l , the  rA t e s o f  

r e ac t i on a t  t he requi red t empe ra t ure s w e r e  t ake n from t h e  

A r r h e n i u s  pl o t s  o f  re c c t i on rate  c o n s t an t s . T h e n  t h e  

p e r c e n t a ce d e s t ru c t i on o f  e a c h  n u t r i e n t  d u r i n c p re d ry i n g  

�nd  d ry ing pro c e ss e s  were d e t e rmin P ct fro� t h e  � q ua t i on ( 4 . 7 ) 

c 
- 2 . 303 l o g C 0 

wh i c h  i s  e quivalent t o  

= kt ( 4 . 7 ) 

( 5 . 1 ) 

C 0 was t h e  ori ginal c on c e n trat i on o f  nu trien t , C was the  

c onc entration o f  nutrient  a f t e r  h e a t in g  for a c e rt ain t ime . 

F o r  the  s e t  o f  tempe rat ure s a t  d i f fe re n t  times  i n  the  

pre drying and d rying proce sse s ,  t he perce nt age re t ention at 

t he end o f  pro c e s s  w a s  calculated  from the e xpre s si on o f  

c , = C e-k 1 t 1 ( 5 . 2 ) 0 

c 2 = c e-k2t 2 = C e- ( k1 t 1 + k2t 2
) ( 5 . 3 ) 

1 0 
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where c 1 was t h e  c o n c e n t r a t i on o f  nu t ri e n t  a f t e r  t im e  t 1  

an d r e a c t i on r a t e c on s t an t  k 1  and Cn t he c on c e n t ra t i on a t  

t h o  e n d  o f  p r o c e s s  a ft e r  t im e  t n a n d  a t  r a t e  kn . C 0  VJ cl S  

s e t  � t  1 00 ,  a n d  en r e pre s e n t e d  t he p 0 r c e n t a g e  re t e n t i on o f  

nu t ri e n t  at t h e  e n c! o f  t h e pr o c n c ,- · . ':-' t o re fo r e , re a c t i. o n  

rat e c o n s t an t s k a t  d i f fe re n t  i n t e r va l s  o f  t i m e  and 

t eEpe rat ur e w e re t a ke n to c al c ul a t e  t h e  p e rc e n t a ge r e t e n t i o n  

o f  a p r o c e s s  a t  a �: e t  o f  t i m e s  ancl t er:: p e ra t ure s . 

� . 4 . 1 N u t ri e n t  l o s s e s d u rine p r c d ry i n r  p ro c e s s  

<T' h e  l o s s e s d u ri n g  t h e  p re d ryin r·� pr o c e s s  o c c u r  d u r i n g  

t h e  p e ri o d o f  h e a t ing up , h o L! in r:  n.n d. c o o l i n g  d ovm . I n  t h i s  

E t udy , t h e  h e a t i n g  u p  an d c o o l i n · ·  t e m p � ra t u r e s w e r e  

c a l c u l a t e d  a t  i 1 t e rv a l s  o f  5 m i nu t e s  i n  t h e  b a t c h  p r o c e s s  

an d  2 0  s e c on d s  i n  t he c on ti n u o u s  p r o c e s s . I t  w a s  re a l i z e d  

t h a t  t h e  d i v i s i o n  o f  t im e  i n t o sma l l e r  i n t e rval s s u c h  a s  

1 /8 o f  min u t e  w o u l d  p re d i c t t h e  l o s s e s m o re a c c u ra t e ly ( 236 ) . 

HO'.'.'e ve r t o  c ompare p r o c e s s i n g  l o s r: C1.!1 d  p r o du c t  f o rr.J u l a t i on , 

f o r  t h e  re l e vant pr o c e s s e s , i t  w a �  f G l t  t h a t  d i vi d i n g  t h e  

h e a t i n g  u p  a n d  c o ol i n g  d o wn t ime i n t o  5 or 6 i n t e rval s was 

a d e q ua t e . T h e  d e s t ru c ti on o f  e a c h  n u t ri e n t was c al c ula t e d  

a s  d i s c u s s e d  p r e v i o u s l y  i n  5 . 4 . •r able 5 . 5 �i v e s  t h e  

p e r c e n t age d e s t ru c t i on o f  n u t ri e n t s  a ft e r  d i f fe re n t  

p r e d ry i n g  pr o c e s se s . C ompari s o n  o f  t h e  p r e d i c t e d v a l u e s 

f o r  t h e  di f fe re n t  p r o c e s s e s  sh owe d 4 s i gni fi c ant a s p e c t s  

o f  nu t ri e n t  d e s t ru c t i on d u ring p r o c e ssin g . 
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T able 5 . 5 T he Pre d i c t e d  ]·J u t ri e n t  Losse s D uring Pre d ryin g 

Pro c e ss at  98°C and 1 2 1 °C ,  Ba t c h and C on t inuous Pro c e ss 

Bat c h  

Hi � t idine 0 . 1 5 

I s o l e ucine  0 . 58 

L e u c ine 0 . 9 1  

Ly s ine 2 . 1 5 

M e t hi onine 1 . 8 

C y E t i n e  0 . 1 8 

Phenylalanine 1 . 23 
T y rosine 0 . 58 

Thre onine 0 . 1 1  

T rypt ophan 2 . 60 

Valine 2 . 92 

Folic ac i d  38 . 52 

Pan t ot henic 

a c i d  

V i tamin B 1 2 

Vitamin B6 

N i acin 

Ribo flavin 

Thiamine 

5 . 22 

7 . 76 

5 . 80 

2 . 03 

1 6 . 7 1  

1 5 . 92 

Asc orbic ac id 1 2 . 68 

T oc ophe r o l  3 . 58 

C ar o t e n e  4 . 1 6 

A t  98°c 

C on t in - �ol ding Bat c h  

uous f o r  

8 1  mins . 

Pe r c e n t age l os s  

0 . 1 3 

0 . 5 1 

0 . 82 

1 . 90 

1 . 56  

0 .  1 7  

1 . 05 

0 . 54 

0 . 1 0  

2 . 23 

2 . 5 0 

36 . 1 9 

4 . 74 

7 .  1 9  

5 . 22  

1 . 86  

1 4 . 35 

1 4 . 6 9  

1 1  . 57 

3 . 09 

3 . 7 6 

0 . 1 2  

0 . 49 

0 . 77 

1 . 80 

1 . 50 

0 . 1 6  

1 . 0 1  

0 . 52 

0 . 09 

2 . 1 5  

2 . 38 

36 . 0 1 

4 . 7 1 

7 . 1 4  

5 . 1 8  

1 . 85  

1 �- . 1 6 

1 4 . 6 1  

1 1  • 49 

3 . 06 

3 . 74 

0 . 6 1 

2 . 9 1 

2 . 67 

5 . 0 1 

5 . 32 

3 . 1 9  

1 • 7 2 

2 . 04 

0 . 49 

4 .  1 3  

3 . 6 1  

76 . 82 

1 0 . 5 5  

20 . 53 

1 0 . 4 0  

5 . 93 

2 1  . 54 

43 . 29 

2? . 0 8  

4 . 05 

8 . 3 2  

A t  1 2 1 °C 

C ont i n - Hold in g  

uous f o r  

0 . 40 

1 . 96 

1 • 72 

3 . 2 1  

3 . 47 

2 . 2 6  

1 • 04 

1 . 34 

0 . 32 

2 . 53 

2 .  1 2  

60 . 54 

6 . 64 

1 3 . 57 

6 . 44 

3 . 82 

1 2 . 6 1 

30 . 52 

1 7 . 82 

2 . 27 

5 . 1 8 

23 min s . 

0 . 38 

1 . 90 

1 . 67  

3 . 09 

3 . 35 

2 . 20 

1 . 00 

1 • 29 

0 . 3 1 

2 . 40 

2 . 0 1 

59 . 20 

1 3 . 1 2  

6 . 1 8  

3 . 70 

1 1  • 90 

29 . 64 

1 ? . 20 

2 .  1 5  

4 . 98 
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Fi r s t ly , the l o s s e s o f  a m i n o  a c i d s we re c ons i d e rably 

l ow e r  t h an o f  vi tamins . The d i f fr re n c e s  in l o s s e s  at  t h e  

s e l e c t e d  2 t e �p c ra t u rc s o f  p r o c e � � in 1; we re n o t  m u c h  w i t h  

a.m i n o  a ci d s  b u t  w e re m a rke d l y  s o  l'. i t h  v i  t ;nn i n s . 

S e c on d ly , t h e  o rd e r  o f  t he :: �:1 i n o  a c i d s  wi t h t h e  

h i [;h c � t  l o s s  c lw n r;e d  irl.:o, rl>.e d l y  v h e n  t h e  t e •fipe ra t ur e  I'.' ," S 

r a i c c d from 98°C t o  1 2 1 °C in t o t h  bc t c h  o n d  c on t i n u o u s  

p r o c  . rT e s . T h e  o r d e r  o f  vi t D.m i n c ;  c h r: n ge d t o  a smal l e r  

e xten t . This w n s  d u e  t o  t h e  gr e a t e r di f feren c e s  i n  t h e  

a c t i vD. t i on e ne rgi e c o f  amin o  a c i d s  t h a n  o f  vi tamins . 

T h i r d l y , the n u t ri e n t  l o c se s  we re highe r a t  h i gh 

t empe ra t ure and short time t han a t  l o w  tempe ra t ure o n d  l on g  

time . T hi s  WD.s  d ue t o  the l ower a c t i vD.t i on ene rgy o f  the 

t ry psin inhib i t o r  in c ompari s o n  t o t h e  a c t i v a t i on ene rgi e s 

o f  a l l  t he n u t ri e n t s e x c e p t  rib o f l a v i n  and t oc ophe r ol . 

A rr l l 8 n i u s  pl o t  o f  t rY} w i n  i n h i b i t o r  l':n s  c ompa re d wi t h  c; or.J.e 

o f  the vi t amins wi t h  hi gh a c t i v a t i on e ne rBi e s  and hi rh ra t e s 

o f  r a c t i on s u c h  as thiamine , f ol i c acid and wit h  l ow 

a c t i v: U. on cne r r,i. c r: n n d  l ow rr. t c s  o f  r e a c t i on s u c h  a "'"  

t o c oph e r o l  a s  sh ovm i n  Fi gu re ) . 2 . 

D e spi t e  the  c ompara t i v e l y  h i gh rat e o f  re a c ti on in 

t h e  d e s t r uc ti on of t rypsin inhibi t or ,  t he rat e did  n o t  

inc r e a s e  t o  any great e x t en t  wi th increasing t empe ra ture . 

'on t h e  c on t rD.ry , all nut rien t s  e �: c ept t oc ophe rol and 

rib o f l a vi n  in c re ased t h e i r  rat e s  o f  re a c t i on more  rapid l y  

than t he t rypsin inhibi t or . T h e re fore , t h e  t ime n e e d e d  t o  

ina c t i vate t rypsin inhi b i t or D. t  high t emperat ures would  b e  

more d e t rime n t al t o  a l l  s t ud i e d  n u t ri e n t s  e xc e p t  t oc oph e r ol , 

rib o fl avin an d phenylalanine than the time a t  l ow 

t empe rat ure s . 

• 
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Re c i p r o c � l  o f  temp e rat ure ( °K ) 

Re lati on ship o f  Re a c t i on Ra t e  and Tempe rat ure 

for  T rypsin Inhibi t or , T hiamine , Folic A c id and  Vitamin E 



F i gure 5 . 3 
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C ompari s on o f  the D e s t ruc t i o n  of Try p s i n  

I nhi b i t o r , Vi tamins and Ba c t e ri a  
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T h e  kin e t i c  rat e  o f  r e a c t i on in t h e  d e st ru c t i on o f  

t rypsin i n h i b i t o r  in c omp ari s on to � e � t r u c t i on o f  vi t a m in s  

v:c-< E.� c on t rary t o  t h e  c c r; t ru c t i on o f  r:1 :i. c r a o r r,a n i sm E  c or::p? r e d  t o  

vi t cr:ti n c . Fi gur e 5 . 3 r;h orn::: t h e  typi c pJ_ t h e rm a l  d e n t h  t im e  

( 1  D )  c urve o f  ba c t e ri al spore ( 22 )  c ompa re d  t o  50 p e r c e n t  

d e  :- t ru c t i on of t ryp r , in inhibi t o r , thiamine , fol i c  <"' c id an d 

t o c o �)�l e r o l . For t ry p r: i n  i nh iti t o 1 · , t he t j_ r�e s re q u i r e d  f o r  

5 0  an d 9 9 . 9 pe r c e n t  ( : ,-. c t r uc t i o n d i d  n o t  d e c re a c e  wi t h 

in c re a c i n g t e:n p e rc'tt u rc: a c· faf:' t  [). 8 f o r  50 perc ent de r; t ruc t i on 

o f  f o l i c  a c id and t hi amin e . T h e  t ime r e q ui re d  t o  rl e ct roy 

the b e c t e ri a l  spore c hange d v e ry f c lE: t 1'/i t h  t empe rature . 

T o c o rh e r o l , ha vi n g  the came a c t i va t i bn cr e rgy a s  t rypsin 

i n h i b i t o r , the r.-: t e  : :t \':hi e :: the t j_ �.J (' c h a n e; e d  v1i t h  

t empe ra t ure \',' D f.' a pp r o:;: i u.:;t e l y  t h e  r'a:·w . 1'\. s c an be c � c n  

fr o·:1 t 1 e  in t e r� · c c t i.J· ·_; f t h e  l i : 1 '  : ·  ·:-J .i ; o  pe r c e n t  r1 P c  t r J c t i on 

o f  .f o] j_ c <1 c i cl ,r � J' t  · "' , : pc r c cm t , . ' t. r ll c U_ ,):1 o f  t ry p c in 

i nhi b i t o r , t h e  i:n ·, c U_ v ,-- t i on o f  t ry p c i n  inhib i t or a t  t h e 

t er iy,c :�'�'. t ure l o  .. .ve r  t han 1 1 2 °C wi l l c1 c f: t roy l e s E  than 50 
p cc c  n t o f  folic 2 c id nnd n t  t c !ll pc J 'D t  ure h i gh e r than 1 1 2 °C 

t h e  c e s t r u c ti on o .f f ol i c  acid  v:i l l  b e  more t ha n  50 pe rc en t . 

Ro �;:• r d in e;  the t ir:lc  nnd t �_: rnpe r o t u r c  r c c1 ui rc d  t o  d e s t roy 

t ryp sin in hib i t or ,  i t  waG ob vi ous that  hi gh t empe rat ure and 

short t ime d i d  n o t  b e ne fi t t h e  re t e n t i on o f  all t h e  vi t amin s  

and a n i n o  a c i d s  with the e xc e r t i on o f  t o c ophe r o l , rib o fl avin 

and pheny l al anine . Howe ve r , t he inc reases in t he re t ent i on 

o f  t h e  e x c ep t i onal nu t rient s  w e r e  s o  small that  high 

tempe ra t ure/short  time c ou l d  n ot be re garde d as a 

signi fi c an t  be ne fit . 

Th e re fo re , the l ow t e mpe ra t u r e  an d l on g  t ime \/as more 

bene fi c i al to  use for  the  d e s t ruc t i on o f  t rypsin inhibi t or . 
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N eve rt he l e ss , one mus t be aware that t h ere is a limi t in 

u sing the  l ow tempe ra ture be cause of  the reve rsibi l i t y  i n  

t h e  d e s t ruc tion o f  t rypsin inhibi t o r at  t empe rat ure s o f  

90°c and l owe r .  T e mpe rat ure s ab ove 90°C shoul d b e  u s e d . 

Finally , l osses  o f  nut rien t s  were  gene rally l e s s  in 

t h e  c on tinuous p r o c e ss than i n  b a t c h p ro c e ss . Howe ve r ,  at  

t he l ow tempe rat ure i . e . 98° C , the l o s se s  in t he c on t in u ou s  

proc e s s  were only s lightly l e s s  than b y  b a t c h  pro c e s s . On c e  

the hi ehe r tempe rat u re , 1 2 1 °C was us e d , the l o s s e s  were 

qui t e  c onside rably high e r  in  the  ba t c h pro cess  t han by the 

c on t inuous p r o c e s s . Thi� was d ue to  t h e  fa c t  t ha t , the 

re ac t i on rat e s  a t  l ow e r  t empe r a t u r e s � e r e  n o t  s o  gre a t  for 

mo s t  nutrients  and b e c ame more s i rni fi c an t  at hi ghe r 

t e �pe ra t ure s . C e rt ainly a t  t he h i fh te mpe rat ure , the 

nutrient wi t h  hi gh a c t i v a t i on e n c r�y w o u l d  re s ul t  in �re a t e r  

di f f e re n c e s  i n  n u t ri e n t  l o sc e s  be t �c e n  t he bat c h  and 

c ontinuous  proc e s s  than the n u t r i e n t  with l owe r a c t i v a t i on 

e ne rgy . 

5 . 4 . 2  N ut ri e nt l o s s e s d uring d ry in g proc e s s  

T he l o s s e s o f  nut ri e n t s  w e r e  c al cula t e d  a s  d i s c u s s e d  

i n  5 . 4 f o r  e a c h  o f  t h e  spe c i fi e d  t ime s and t empe rat u re s in 

the  3 d rying m e t hods . The  pre di c te d  l osse s are  shown in  

Tabl e 5 . 6 . 

In vac u um drying , t h e re was not any signi fi c an t  

change i n  t h e  amin o  ac id s . 1.1 'it h  vitamins , t he l os s  o f  

rib o fl avin was hi ghe s t  a t  52°C/2 h ours i . e . 3 . 5  pe r c e n t , 

whil e  the l o s s e s  in o t he r s  were l e s s  than 1 . 0 pe rc ent . 

H owe ve r ,  once  t h e  tempe rat ure was a t  77°C/ 1 hour ; the l oss 

in ribo flavin i n c reased  only sl ight ly to 5 . 5 pe r c ent but 

l o s se s i n  foli c acid and a s c orbic  a c i d  inc reased  t o  5 . 0 
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p e r c e n t  and 2 . 0 p e r c e n t  re (pe c ti v ely , much high e r t h A n  t h e  

other vi t amin l o sse s . 

� i t h  foam mat d ryin g , t h e  l o c se s  in ami n o  a c i d s  we re 

n o t  signi f i c an t  in b o t h c on d i t i on s  of t ime and t e�pe rD t ure ; 

the l o s s e s  w e re only froB 0 . 5 t o  1 . 0 pe rc ent . �i t h  

v i  t r1mi n s , l o s r· e s  in  r i  t o  fl avi n n n d  C\ r, c o rbi c  a c i d \'!e r e  

h i ch e r  t h n n  l os s e L� o f  o t h e r  v i  t .:� , .  i n c . A t  the c on c:J.i t i on s  o f  

89 °C/8 m i n ut e s , t h e  l o r; � · c s. i n  .:• 1 1  v i t ar' i n r.:- ;•: e re l e E r; t h a n  

a t  7 1 °C/ 1 h o u r . 

�i t h  drum d ry i n g , th e l a c � e � o f  amin o a c i d s  a t  d r um 

t e m p e r a t u r e  1 04 °C/ GO c e c ond s  w e r �  n o t  s i gni fi c a n t  i . e . 

l e s E; than 0 . 1 pe r c e n t . A t  c o n d i t i 'J n f'  o f  1 (0 °C/30 s e c ond s , 

l o s f· i n  c y s t in e  \'J iJ. S  h i rhe s t  a t  (; p e r c ent whi l e  o t h e r nmino  

a c i d c  w e r e  from 0 . 1 to  1 . 0 pe rc e n t . �ith  vi t amin s ,  the  

l o s s e s  De re not � i cni fi c an t  at t h e  l ow e r  t em p e rat ure . A t  

1 60°C/30 s e c on d s , l o s �  in fol i c  n c i d  wa s h i ghe s t  a t  1 5  
p e r c e n t , next rie re  thiarnine  a t  7 . 5 pe r c e n t , p. sc o rbic  a c i d  

and vi t amin B 1 2 ,  b i o t i n  and c holine  G t  2 . 5 p e r c e n t , the 

othe r s  w e re l e s s  than 1 . 0 pe r c e n t . 

T h e  l o s s e s o f  vi t amins  a n d  ami n o  ac i d s  i n  t h e  3 

se l e c t e d  m e th o d s  w e re ge ne ral ly small e x c e p t  when hi gh 

tempe rature s w e re u s e d wi t h  d r um d rying . I t  w a s n o t ab l e  

tha t ribo f lavin with i t �  c omparat ively high ra t e  o f  re a c t i on 

a t  l o w  temp e ra ture was m o s t  a f fe c t e d  at c on d i t i on with l o w  

t e mp e ra t u  r e . On c e  a high e r  t e r.1pera ture w a s  u se d , the m o s t  

a f fe c t e d  vitamins were f o l i c acid , thi amine , vi tamin B 1 2 , 

b i o t in , c holine and a s c o rb i c  a c i d , n e  the se vi tamins wi th 

hi ch e r  a c t ivati on e ne rgi e s  i n c re a s e d  the i r  rat e s  o f  re a c t i on 

more rapi dly with i n c re asing t empe rat ure . 

This c al c ul a t i on shows t he importan c e  o f  c a l c ul at ing 
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the  l os s e s  in all vi t a�nin s when c omp(1 rin r  d i f fe re n t  d ry i n g  

pro c e s F e s  and c ondit i on s . C ompa rin /- the  pro c e s £ e s  ri ving 

the hi ghe s t  l o s s e s  o f  vi t amins - d rum d rying at 1 60°C and 

vac uum drying at 77 °C - folic  acid , vi tamin B l 2 ,  bi o tin , 

cholin e , niacin , t hi a mi n e  and a s c o rbi c acid had the h i ch e s t  

l o s s e s  wi t h  d rum d rying a t  1 60 °C ;  b u t  pant otheni c  ac i d , 

vi tamin B6 , rib o flu vin , t o c ophe rol ::md carot e n e  had the  

hi�he s t  l osse s wi th vac uum dryinr; a t  7 7 °C . Similarly , m o s t  

amin o a c i d s  had t h e  �re � t e �t l oss wi t h  drum d rying a t  1 60 °C 

but phenylalani n e , t rypt ophan and v · l in e h<ld the e:re <> t n s t  

l or: s with vac uun d ryin;: a t  77 °C . T h e n� f o re i n  c h o o cinr; a 

pro c e s s  t o  giv e  only n small l os f ·  o f  nutri t i onal val ue , al l  

the  vi tc.�dn s and. anin o a c i d f:' ne e d  t o  be s t ud i e d . 

C omparin c  t h e r: c  d ryinc K G l � o d � t o  find t h e  pr o c e ss 

[i vin[ the l ow e s t  l o u::: o f  nut rien t ·  , cJ rur:! d ryin r; e.t the  

l ov:e 1· 0 t c mpe r a t  urc ( 1 ()I+ C )  g�vo t h e  �rnal l e � t  l o c se s  f o r  

seven vi t ar:1in s  but  V <'  c uun dryin 1 ·  rtt 52°C:  c_n ve the snw l l t: s t  

l o s c e s for f o l i c  , cid , niacin and t hi anine . Hov1evc r ,  the  

l osse s were not  ve ry di f fe rent - 0 . 69  a n d  0 . 85 , 0 . 03 and 

O . OLt , 0 . 20 and 0 . 3 1  pe r c ent . Drum d rying at 1 04°C f o r  6 0  

s e c on d s  w a s  the b e s t  ne thod f o r  d ryinr; in fant  fo od c:w. o n g s t  

t h e  m e thods  st udi e d . 

5 . 4 . 3 Nutrie n t  l osses  in c ombined he ating and d ryinc p r o c e s s  

T h e  l osse s in vi tamins a n d  amino a c id s  a f t e r  ba t c h  

heating at 9 8°C and then d rying are  s h own i n  Table 5 . 7 . The 

ve ry much gre a t e r  l o s s e s  during the  p re d rying s tage ove r -

shad ow the  l os s e s  durin� drying . F o r  e xampl e , the l os s  in 

foli c acid  a ft e r  heating and drum d rying at 1 04 °C wa s 39 . 04 

p e r c e n t  as c ompared with 0 . 85 pe r c e n t with d rying al one . 

Drum d rying at 1 04° C i s  s t i l l  t he method  o f  d rying 
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Table  5 . 7 T h e  Pre di c te d . Nutrient  
_,_ 

Lo c se s D urin g  Di f fe re n t  

H e t h o d s  o f  Drying with Bat c h  Pre d ryin g at 98 °C 

Vac u um dryi n g  Foam mat dryi n g  Drum d rying 

5 2 °C/ 77 °C/ 7 1 °C/ 89°C/ 1 04°C/ 1 60°C/ 

2hr l hr 1 hr 8min 60 s e c  30se c 

Hi s t i dine 0 . 1 5  0 . 1 5 0 .  1 5  0 .  1 5  0 . 1 5  0 . 1 6 

I s Jl e uc ine 0 . 58 0 . 6 1 0 . 5 9  0 . 60 0 . 60 1 . 27 

Le u c in e  0 . 92 0 . 99 0 . 96 0 . 95 0 . 93 1 • 25 

Lysi n e  2 . 1 9  2 . 39 2 . 28 2 . 24 2 . 1  8 2 . 59  

}� e t h i onine 1 .  79 1 . 9 2  1 .  85 1 . 84 1 . 80 2 . 4 6 

Cy s t in e  0 . 1 8 0 . 1 9  0 . 1 8 0 . 1 8 0 .  1 9  6 . 23 

Phe nyl alanine 1 . 3 1  1 . 4 5  1 . 38 1 . 30 1 . 2 5  1 . 30 

Tyr o s ine 0 . 59 0 . 6 3 0 . 6 1 0 . 6 1 0 . 5 9  0 . 92 

Thre onine 0 . 1 1 0 . 1 1 0 . 1 1 0 . 1 1 0 . 1 1  0 .  1 7  

T ry p t ophan 2 . 73 3 . 0 1 2 . 87 2 . 72 2 . 63 2 . 78 

Val i n e  3 . 22 3 - 53 3 . 38 3 . 89 2 . 99 3 - 04 

F o l i c  a c i d  3 8 . 94 4 1  . 37 40 . 1 0 39 . 79 39 . 04 4 7 . 72  

Pan t o t he ni c 

a c i d  5 . 38 5 . 90 5 . 6 4 5 . 40 5 . 30 5 . 88 

V i t amin E 1 2 7 . 88 8 . 53 8 . 1 8  8 . 0 8 7 . 89 9 . 88 

V i t amin B6 6 . 05 6 . 69 6 . 37 6 . 08 5 . 88 6 . 32 

N i a cin 2 . 06 2 . 23 2 . 1 3 2 .  1 2  2 . 06 2 . 90 

Rib o flavin 1 9 . 28 2 1  . 08 20 . 02 1 7 . 75 1 6 . 93 1 7 .  1 9  

T hiamine 1 6 . 09 1 6 . 80 1 6 . 62 1 6 . 53 1 6 .  1 8  2 1  • 85 

A s c o rbi c ac i d 1 2 . 9 8 1 4 .  1 9  1 3 . 57 1 3 . 24 1 2 . 87 1 4 . 6 6  

T oc opherol 4 .  1 1 4 . 4 9  Lj . • 27 3 - 79 3 . 62 3 . 6 6  

Carotene  4 . 30 4 . 75  4 . 5 3  Lj . 36 4 . 23 4 . 67 

C h o l ine  7 . 8 8  8 . 53  8 . 1 8 8 . 08 7 . 89 9 . 88 

Bi ot in 7 . 88 8 . 53 8 . 1 8 8 . 08 7 . 89 9 . 88 
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gi ving the  smal l e s t  l o ss in nutri t i on al val ue . 

5 . 5 C on c l us i on 

Pro c e ssing for an i n fant food  was divi d e d  i n t o  

p re d rying an d drying pro c e s se s . C o o king t ime s and 

t empera t ure s in the p re dryi n g  pro c e s s  were d e s i gn e d  t o  

inac tivate  t rypsin inhibi t o r  bec ause  these time s and 

t empe ra ture s woul d oe ade q u  t e f o r  t he other p ro c e s sing 

purposes , i . e .  ge latinizati on of  s t arch and improvement o f  

d ige stibi li t y . 

T h ough i t  was re ported  tha t first ord e r  re a c t i on 

was n o t  c ompl e t e ly valid n e a r  n e u t ra l  piT for d e s t ruc t i on o f  

trypsin inhibi t o r , i t  was fe l t  that  assuming first o r d e r  

over  t h e  short range o f  t empe rat ure and pre sen tine t h e  

avai labl e d a t a  i n  s u c h  manne r wa s m o r e  represent a t i ve t han 

t a!(ing one part i c ular time and t empe ra t ure fo r d e st ruc ti on . 

In fac t , t h e  t empe rat ure s and times  de fined by using t h e  

kin e t i c s  o f  the  reac t i on w e r e  in t h e  range reported  by 

di f fe rent  inve s t igat ors . 

Onl y  t hree  m e thods o f  d rying were se l e c t e d  as being 

s ui t able f o r  proc e s sing in fant food  in fhai l and . T h o ugh 

the d rying t im e s and t emperature s c ould be c al c ulat e d  from 

t h e  moisture n e eded  to be remove d from t h e  produc t , i t  was 

n o t  possible in thi s  study wit hout expe rime n t al d a t a  

b e c ause o f  t h e  unavail abil i t y  o f  t h e  re quire d parame t e rs , 

i n  parti c ular for food m at e rial s . There fore , gen e ra l  times 

and temperatures  reporte d  for  d i f fe rent m e t h od s  of  d rying 

we r e  use d  in this st udy . 

F o r  pre drying p r o c e sse s , t he l osse s o f  vi t amins and 

amino a c i d s  we re hi gher  at 1 2 1 °C for 23 min u t e s  than at 98°C 

f o r  8 1  m inute s . This was due t o  the  l ower a c t ivat i on energy 
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o f  t rypsin inhibi t o r , t he rat e o f  re a c t i on d o e s  n o t  i n c re a s e  

wi th t empe rat ure a s  muc h  a s  t he ra t e s  o f  r e a c t ion o f  t h e  

n u t ri e n t s  exc ept f o r  t oc ophe rol , rib o flavin a n d  

ph e nylalanine . For t h e se lat t e r  nu t ri en t s , t he l os se s a t  

t h e se t w o  t e mpe rat ure s were  aprroximat e l y  the sam e . 

T h e re fore , i t  w o u l d  b e  le s s  d e t ri m e n t a l  t o  the n u t ri e n t s  t o  

inac tivat e t rypsin inhibi t o r  a t  l owe r t emperat ure and l on g e r  

h o lding t im e , i . e . at 98 °C f o r  8 1  minu t e s . 

With  di f fe re n t  drying m e t h od s , t h e re we re only 

li t t l e  di f fe renc e s  in the l osse s of vi t amins and ami n o  a c i d s  

e x c e p t  hi ghe r l o s s e s  were found when h i gh t empe r at ure w a s  

u s e d  in d rum d ryin g . Trypt ophan and valine we r e  a f fe c t e d 

m o re than the o t h e r  amino a c id s  in va c uum and foam m a t  

d rying . Howe ve r , v.ri t h  t h e  hi t�h t e 1r.pe ra t u re d rum d ryinr; , 

c y st i ne w a s  most a f fe c t e d  and foli c ac i d  was t h e  m o s t  

a f f e c t e d  vitamin and ne x t  we re t h e  rroup o f  thiamine , 

v i t amin B 1 2 ,  bi o t i n , c holine  an d a c c orbi c a c i d . 

For bot h pre d rying and d rying pro c e ss e s � t he l o s s e s  

d uring pre d rying pro c e ss ove rshad owe d t he l o ss e s  d uri n g  

d rying . T h e  m o s t  a f f e c t e d  nut rie n t  w a s  f o l i c  acid , n ext 

we re t he group of  ribo flavin , t hi amine and ascor b i c  a c i d . 

Amon g all  t he s t u d i e d  t i m e s  and t e mpe rat u re s , d rum d rying 

at 1 04°C/60 s e c on d s  re s ul t e d  in the smalle s t  l osse s of  all 

n u t ri en t s . 

From this s t udy , i t  c an be  s e en t hat kine t i c  d a t a  

c an be  u s e d  t o  c ompare pro c e s s e s  whi c h  a r e  t o  prod u c e  foods  

t o  a c e rt ain nut r i t i onal st a nd ard . T h i s  approach in 

e st imating t h e  nut rient l o s s  b a s e d  on i t s kine t i c  pr ope rty 

does  gi ve the pro fi l e  in  the l o s se s o f  d i f fe rent nu trie nt s 

at  a c e rt ain t im e  and t e mpe rat ure . T h e se pro fil e s  c an t he n  
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be c ompare d for the di f fe re n t  pro c e sses and a c h oi c e  c a n  b e  

made f o r  the proc e s s  m o s t  suitab l e  for the n u t ri t i onal 

re q ui rement s . 

T h e  d i f fe ren c e s i n  the Rc t ivv t ion ene rei e s  and the  

re a c t i on rat e c on s t an t s  of  the vi t anin s and  the  amino a c i d s  

i l l u s t ra t e  why di f fe re n t  n u t ri e n t s  w e re rep ort e d  P S  b e i n g  

" t he most  un s t ab l e  n u trien t " . r c c ause o f  t he ma rked 

di f fe re n c e s  in t h e  RC ti va t i on c !1 e  · · e;ie  s ,  the order  o f  

n u t ri e nt s ,  from t h e  m o s t  a f fe c t e d  t o  l e ast a f fe c t e d  clre s  

wit h  i n c re ase o f  tempe rat u r e . The re i s  � real  n e e d  frr more 

e x t e n sive kine t ic  data on n u tri e n t  d e struc t i on s o  th a t  

c ompn ri son o f  n ut rient  l o � s c s  c � n  be mnde  on a systematic  

basi s . 
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Having de fi n e d  the tim e s  and t empe rat ure s d urin g 

t he hea tin g and drying pro c e sse s ,  t he next s t e p  was t o  

in ve st igat e  h ow t h e  l o s s e s o f  nu t ri e n t s  d urin g pr o c e s s i n g  

w o u l d  a f fe c t  the se l e c t i on o f  r a w  m at e rial s , the n u t ri t i onal 

va l ue and the c o s t  o f  the f o rmul a t i on . Only the m od e l  f o r  

i n fan t a g e d  f rom 6 - 1 2  m on th s  was s t udi ed . 

The mini mu� r e c ui rem e n t s  o f  l h e  nu t ri en t s we re 

i n c re a s e d  a c c o rc ine t o  t he p re d i c t e c l o s se s  and t h e  

n u t ri t i onal c on s t rP in t s  o f  the  , � , o d c l  v:e re mod i fie d 

a c c o r d i n gl y . ': ' h e  p re d ryin [ pr o c e s s  \'l D S fi rst s e l e c t e d  b a s e d  

o n  t h e  n u t ri t i onal va l u e , t h e  c o f t o f  t he formulati on a n d  

the c o s t  o f  pro c e  sin g . Having se l e c t e d  t h e  pre d ryin g 

p r o c e s s , t h e  M od e l  w a s  m od i fi e d  a c c o rdin G t o  the  n u t ri e n t  

l o s s e s  d uri n g  d i f fe r e n t d ry i n g m e t h od s . Finally a s ui t ab l e  

d ryin g me t ho d  w a s  se l e c t e d . 

T h i s  c hapt e r  di s c uss e s  t h e  di f fi c ul ty in obt aini n g 

a n u t ri t i on a l l y  b al a n c e d  and l o w  c os t  formula t i on when the 

l osses  d uring pro c e s sing were i n c l ud e d . 

6 . 1  l"iodi fi c at i on o f  t h e  m.od e l  a c c ording t o  t h e  l os s e s  

d uring the  pre drying pro c e ss 

The c onst rain t s  on ami n o  ac i d s  and vi t amins w e re 

modi fi e d  ac c o rding t o  the  pr e di c t e d  l osses during t h e  

predryin g  pro c e sse s . The  minimum spe c i fi c a ti ons f o r  amin o 
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a cids and vi tamin s  we re in c r e ased by t h e  amoun t predi c t e d  

t o  be l o s t  d uring t h e  predrying proc e s s . A s  each  amino 

acid was relat e d  to  pro t e in , the mod i fi c a t i on wa s in the  

c oe ffi c ie n t  of  the c ol umn 1 1PR OJ' "  ( 'l' abl e  3 . 3 ) c orre spondi n g  

t o  t h e  row vari abl e s  speci fyine t h e  ami n o  acid s  

i n t errela t e d  c on s t rain t  i . e .  CH TS'r , C J S O , CLEU , C l.YS , 

C S UL.AP. , CAR0:·1AA , CTHRE O , CTRYP and CVAL . For vi tar.1in s ,  

those spe c i fi e d  by i n t erre lated  c on s t rain t s  we re mod i fi e d  

in  the c oe f fi cient  o f  the c olumn CAL and LI T OA c orre spon d i n g  

t o  the r ow variabl e s  spe c i fying the  in t e rrelat e d  c on s t rain t s  

such a s  CALRIBOL , C A LV JTCL ( Table 3 . 3 ) . For those vitam in s  

spe c i fi e d  by dire c t  c on s t raint s ,  the l owe r limi t s  w e re 

increased  as in the c a se o f  folic  a c id , vitamin B 1 2 ,  

vi tamin B6 and nia c in . The modi fi e d  c on s t rain t s  for ami n o  

a c i d s  a n d  vi tamin s  are sh own in Table  6 . 1 . As d i s c u s s e d  

e arli e r  in  3 . 5 , a fe a sible s olut i on c o ul d  only be obt ai n e d  

e i t h e r  by rele asin e c al c i um upper  bound t o  700 m g  per day o r  

by the  addit ion o f  c a l c i um ca rbonat e . T here fore , an 

at tempt t o  obtain a s ol ut i on was fi rst made wi t h  t he c al c i um 

upper b o und at 700 m g . 
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T ab l e  6 . 1 The M odi fi e d  C on s t rain t s  o f  Amino A c i d s  and 

Vi t amins for the Pre drying Pro c e s s  

In t e rr e l a t e d  c on s t raint s  

C ol umn Row C o e f fi c ients  at di f fe re n t  tempe rat ure s 

vari ab l e  variable 

PR Gr 

CAL 

L I N OA 

C HIST 

C IS O  

CLEU 

C LYS 

C S ULAA 

C 'J'HRE O 

C'rRYP 

CVAL 

P a t ch 

- 1 5 . 5 0  

-38 . 1 8  

-60 . 8 

-50 . 26  

-40 . 7 1  

-6 6 . 09 

- 33 . 07 

- 1 2 . 27 

-47 . 63 

C ALPAT OL - . 00320 

CALRIBOL - . 00084 

CALTH IAL - . 00060 

CALV IT CL - . 1 20 

CAINITAL -2 . 6 2  

CALC H OL - . 076  

C ALBIOTL - . 0 1 60 

VIELIN OL - . 00 1 05 

Di re c t  c on s t rain t s  

F OLIC  

V I TB 1 2 

V ITB6 

N I A  

. 082 

· 330 

· 430 

5 . 1 3  

o f  pre d ryin g  pr o c e s s  

9 8°C 1 2 1 °C 
Con t inuous  

- 1 5 . 50 

-38 . 1 8 

-60 . 8 

-50 . 0 

-40 . ? 1 

-6 6 . 09 

-33 . 07 

- 1 2 . 2 1 

-47 . 39 

- . 00320 

- . 00082 

- . 00059 

- .  1 1 4 

-2 . 60 

- . 076 

- . 0 1 60 

- . 00 1 04 

. 07 9 

- 330 

- 4 20 

5 . 1 3  

Pat c h  

- 1 5 . 6 0  

-38 . 97 

-62 . 06 

-5 1 . 85 

-42 . 22 

-6 6 . 77 

-33 . 07 

- 1 2 . 46 

-48 . 1 3  

- . 00340 

- . 00090 

- . 00090 

- . 1 40 

-2 . 73 

- . 089 

- . 0 1 90 

- . 00 1 05 

. 2 1 7  

. 400 

- 450 

5 . 32  

C on t inuous 

- 1 5 . 50 

-38 . 57 

-6 1 . 43 

-50 . 78 

-40 . 92 

-6 6 . 09 

-33 . 07 

- 1 2 . 27 

-47 - 39 

- . 00320 

- . 0008 1 

- . 00073 

- . 1 20 

-2 . 65 

- . 08 1 

- . 0 1 70 

- . 00 1 03 

• 1 28 

- 350 

. 428 

5 . 2 1 
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6 . 1 . 1  Obt ai n i n g  t h e  s o l u t i on for t h e  pre d rying pro c e s s  at  

9 8°C 

One i n fe asibi l i t y  was ob t a i n e d  f o r  b o t h  �at c h  and 

c on t inuous pr o c e E .sc: s CJ t  98 °C ,  a s s o c i a t e d  \'Ji th the  c a l c i um 

upp e r  b ound . I t  w o E n o t  p o s s i b l e t o  ke ep c al c i um a t  t h e  

l i t:: i. t o f  700 m g . '!:'h e o t h e r  re r- t r i c t c: d  c on s tr<1in t s a t  b ound s  

v:e re f o und at the fol L)\·;in£:; U1J}"C' r .--: ne l o;::c r l imi t s : 

Upp e r  l i n i t  

c u  

C AJ , l\H 

T .o v:c r limi t 

C A L  

\T I TD 

C AT . I L  

C J! L7l f1 

I t  wa s d e c i d e d  to r e l e n r c  c . l c i um uppe r l irn i t  ra t h e r  

t han m o d i fy any o f  t h e  o t h e r l owe r nnd uppe r limi t � , as 

di s c us s e d  i n  3 . 5 that c a l c i um upper l imi t up to 1 000 mg wa s 

re cn rd e d  as not b e i n g  harr� ful ( 2 6 ) . I t  was f o und that by 

r e l e D .sing c a l c i um u p r·e r l irr.i t t o  7 G O  m e , fe a si b l e s o l u t i ons 

were o b t ai n e d  for b o t h  bat c h  a n d  c on t inuous pro c e s se s . The 

nu t ri ti onal and raw mat e ri al s  c ornp o s i t i ons o f  the s ol u t i on s  

and t h e i r  c os t s  are shovm i n  'J' - .  bl e C. . 2 . 
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Table 6 . 2 N u t ri ti onal and Raw M a t e rial C ompo sitions for 

t · P t 98°C Bat c h  and C on lnuous roce s s  a , and 

Raw Melhri.al Cooteot 

<rJ 

BuffAlo aut 

Cbick•a lher 

Col lard 

Duck C"i&&ard 

Milk thb 

a ...... 

Drhd .. tcbt 1 

C..lorh kc:al 

Protei..D 1 

7at 1 
Car�oh7dra t • 1 

Fiber r 
Licohic acid aa 
Retinol •cc 
B-caroteoe ccc 
Y i lalliD A l , U ,  

V i t  aciD D I. '0 ,  

Vitada E I . U .  

Vltaai.D I •cc 

a,o 

} , 9  

51 . z  

9,9  

102.6 

27r0 

0 . 1  

20?. 2  

7,} 

, ,a 

1},2 

5 1 . 1  

5 .7 

5·3 

16.8  

7 . 8  

1 1 .2 

10&. . 1  

�1.6 �z . a  

209,4 2 1 0 . 8  

905.? 91 1 . ?  

29.9 29.? 

18., 16.2 

155.0 1 }6 , 4  

} . 5  } . 5  

}?o6.9 }7}1 . z  
1?2.6 175. , 

10?9.8 10?} . �  

2}7},0 2}70.,  

4oo.o 4oo.o 

} . 89 }.8a 

S.tcb Coat i.olaou.e 

Proc••• Prooeae 

,,6 

0 , 1  

, , 8  

1 6 . a  

10.a 

0.? 

20} . 9  

sao.o 

26.9 

1?.6 

·�.8 

}.4 

}942. 1 

}97 .6 

652.9 

2'-0Z . '-

}}.0 

0, 1 

48. 8  

, . a  

926 . 1  

} 1 , 2  

1 9 . 8  

' " · '  
} . ?  

4 185.0 

1?1 .? 

1 1}0.2 

245� .0  

400.0 

' · 1 )  

9662, 1  

fhatr1ent Coataat 

hcorbic acid IIC 

R1bo!ln1a Ill' 
!liaci.D q 
Vit.ae�in B6 •1 
Vitaai.D B12 q 
Pantothenlo acid q: 
folio aoU q 
Cboli.Da q 
Bioti.n ace 

Chloride q 

Calc:1u.a q 
Pboaphorue q 

Iron ., 

Zinc &I 

Jo!ethioai.D.• er 
c,.u.ne •1 

Tbreoal.Ju Dl 
Tr7pt.opba.n •c 

Vall.Ge ac 

Bht1d1u q 
Coet babt 

�tcb Coati.buoua 

Proceaa Proc:••• 

0 . 100 

1 ,0} 

424.o6 

1 6 , 15 

26}.7 

25}.0 

18 1 1 , 4 

760.0 

,.2.9 

209.9 

,,,7 

45.1 

?40 .0 

4,,  

,,,2,0 

2212.0 

zot.o. o  

924.0 

292.0 

11.0?,0 

1260,0 

•2a.o 

8a7,0 

16}0.0 

0 , 96  

0 , ?5 

5 , 1 }  

' · "  
o,o86 

2, 95 

425. 7} 

18,28 

264 . 4  

2�.9 

182}.5 

760 .0 

542 .9  

209.5 

,,,a 

45.6 

1 , 7  

?40.0 

4,6 

1 4 98 . 0  

2186.0 

2015,0 

918.0 

290.0 

1}9}.0 

12 .. 6 . 0  

4Z?,O 

878.0 

1621 . 0  

185 . 5  

0.94 

0,?9 

5,}2 

1 .�2 

0 , 2 1 6  

2 , 99 

258.a 

246 . 9  

, .7  

?40.0 

4 , 4  

15}9.0 

2259,0 

2 1 }6 , 0  

925.0 

299.0 

396,0 

926 ,0 

1658.0 

T h e  raw mate rial c omposi t i ons for both proc e s se s 

we re almo s t  the  sam e , the c ontinuous pro c e s s  having one 

e x t ra raw mat e rial , buf fal o m e at . T h e re we re n o  

signi fic ant d i f fe re n c e s  i n  the nutrient  c on t e n t s  o f  the 

two soluti ons . The c o s t  was s l i ghtly l e ss for the 

c on tinuous pr oc e s s . T h e  di f fe re n c e s  in c o st c ould b e  

e xplaine d  b y  c onsidering t h e  c on s t raint s a t  b o un d s . 

200. 2  

0. 99 

0.75 

, , z, 
, .59 

0.162 

2. 96 

1 .04 

425.}8 
.a.76 

270. 8  

26a,7 

1852 . ,  

aoo.o 

46, }  

1 ,? 

?4().0 

4. 6  

1586.0 

2}40. 0  

21}1,0 

97} . 0  

}05.0 

1485.0 

1H} . O  

444.0 
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Gene rally , c o st o f  t h e  s o l ut i on wi l l  be red uc e d  i f  t h e  

c on s t raint s a t  l owe r bounds a r e  mad e l ower and uppe r bound s 

are m ade h i gh e r  ( 1 2 1 ) .  A s  t h e  c on s t rain t s  f o r  niac in , 

c . .  rot ene and t o c opherol  were h i gher in ba t c h  proc e s s  t han 

in c ont inuous pro c e s s , (Table 6 . 1 ) , the c o s t  of  ba t c h  

proc e s s  w a s  higher t han c on t inuous pro c e s s . E e c ause o f  t h e  

smal l di f fe re n c e s  i n  t h e  mod i fi e d  c on s t r�in t s  o f  the s e  

nut rien t s , t h e  d i f f e re n c e  in t he c os t s  wa s only small . 

6 . 1  . 2  Obt aining t he s olutions  for pre d rying  proc e s se s  a t  

1 2 1 °C 

I t  was n o t  po s sibl e t o  obtnin a fe asible solut i on a t  

c a l c i um uppe r limit o f  760 m g  as f o r  t h e  pred rying proc e s s  

a t  9 8°C . Four i n fe asibili t i e s  we re obt ained  as e o c i a t e d  wi t h  

t ,  , . ' t  . l . bl ' ' A f"' ' ' C rn ( t • 1 l ) n e  ne ra -c l Vl y 1n e o  u�nn va rl :J c ,  · : � , r. ,_) L  s r1pe m a c "�c re ; 

a n d  t h e  art i fi c ial v�ri � b l e s  ac c o c i r t e d  �i t h  t h e  in e q uality 

c on s t raj_ n t s  of  the  r o w  variable s C.f\L , C M J R CJJ' JT and  DLYS 

c ould  n o t  be remove d . 7he s e  we re l ow e r  l imi t s  of c al o ri e , 

( C AL ) uppe r limit o f  protein ( CALT'R 01' 1 T ) and upper lini t 

ly s i ne ( DLYS ) . T he re s t ri c t e d  c on s t r  int s at bounds we re 

found i n  the foll owing upper and l owe r l imi t s : 

Uppe r l imi t 

C A  

c u  

CALKJI 

DHIST 

Low e r  limi t 

NIA 

V ITD 

CALFAT L 

CJ\LV ITAL 

V IF.LINOL 

C AtRIBOL 

CALIL 

C /\ LZNL 

CAPL 

CS ULAA 
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A s  di s c us se d  earli e r , cal c i um uppe r limi t wa s 

conside r e d  be fore other uppe r li�i t s  at  b ounds . I t  was 

found possibl e t o  obt Pin a fe a E i b l e sol uti on when  t he 

c al c i um upper l imi t �a s at  800 m g  pe r d ay for the continuous 

pro c e ss . For bat c h  proc e s s , i t  w a s  not possible to obtain 

a � ol u t i on b y  i n c r e a si n  c al c iur uppe r limi t e ven  a t  the 

val ue of  1 000 m g  pe r d a y . One i n fe n � i b i l i t y wa s o b t n i n e d  

i n  t h e  n e  ga t i  v i  ty  o f  the  c ol umn V � l  rin bl e ,  R J C::: PAP O 

( parboiled  ri c e ) .  The re s t ri c te d  c on s t rain ts at bounds 

w e re found i n  the foll owing up pe r an d l owe r limit s :  

Upper lim i t  

c u  

C ALPROTJ 

C i\LKH 

DLYS 

DHIS'r 

Lowe r limi t 

N IA 

V J'J'D 

C l\LV ITAL 

V IF.L PT OL 

c ,� LH I E OL 

C A LPAT OL 

C/I.LIL 

C M_, �t-�1 

C A PL 

C .S ULAA 

Obviously , c al c i um upp e r  lim i t  a t  1 000 mg did n o t  re s t ri c t  

t h e  obtaining o f  the feasible c ol ut i on anymore t hough i t  

was  s t i l l  di f f i c ul t  t o  maintain the minimum rat i o  o f  c al c i um 

t o  phosphorus ( C APL ) a t  1 . 4 .  I t  wa s more t h e  e f fe c t  o f  t he 

o ther l i s t e d  c on s t rain t s . Am on g the re s t ri c t e d  upper  

limi t s , prot ein ( CA LFROTII ) c o uld n o t  be modi fi e d  be c ause i t  

was the m aximum limit allowed b y  the Thai N o ti fi cat i on . 

Coppe r ,  p o t assium an d ami n o  a c i d s  we re n o t  spe c i fi e d  by t he 

Thai N o ti fi c ati on . I t  was pre fe rabl e n o t  t o  m odi fy c op p e r  
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and p o t as si um upp e r  l im i t s b e c a u se o f  t h e i r  p o t en t i a l  

a d v e rse e f f e c t s . The re f o re , o n l y  upp e r  l imi t s  o n  l y s i n e  

and hi s t i d i n e  we re fre e d . As  t h e  c on e q ue n c e , a feasible 

s o l ut i on w a s  ob t a i n e d . T abl e 6 . 2 shows t h e  n u t ri t i on a l  

an d raw m a t e rial c o�r o s i t i on s  a n d  t h e  c o s t s  o f  t h e  

0 
s o l u t i o n s  f o r  b o t h b n t c h  and c on t in u ou� p r o c e s s e s  a t  1 2 1 C . 

D i f fe re n c e s  i n  t h e  t � o  c ol u ti on P � e re found in raw m� t e ri a l  

c omp o si t i on s , n u t r i t i onal c om p o s i t i o n s  and c os t s . 

F o r  t h e  r�w m r t e rial c o�pa s i t i o n s , t h e  di f fe re n c e s  

w e re e x t ra raw ma t e ri� l s  s u c h  a s  d u c k  gi z z ard , i vygourd , 

m i l k  fi sh i n  c on t i n u o u s  pro c e c r  a n �  c hi c ken l i ve r , � r a n ee 

g o u rd , d ri e d  p e a n u t i n  b a t c h  p r o c e s s . In addi t i on ,  t h e  

c o l u ti o:-1 f o r  t h e  b · , t c n rr o c e s E· c oL t o i n e l' h i r,h e r  c on t c: .1 t  o f  

s e q;ent  he a.cl fi s h . 

For t h e  n u t ri t i on a l  c om p o s i t i on , t h e  c on t e n t s  o f  

l y s i n e  and hi s t i d in e  e x c e e d e d  t h e i r  maximum l imi t s by 1 1. rmd 

3 Mg pe r g o f  p r ot e in . T h ough l y 0 in e and h i s t i d i n e  e y c e e d e d 

t h e  uppe r l im i t  only sl i ght l y , it w a s  n ot d e s i rabl e  bP c n us e  

t h e  p urpose w a s  t o  h a v e  ami n o  a c id s  a s  n e a r  a s  p o s r ib l e  t o  

t h e  pa t t e rn o f  c cc am in o a c i d s . 

For t h e  c o s t , o n e  m u s t  t o. :�e i n t o  a c c o un t  t ha t 

a d di t i on a l  m o di fi c at i on w a s  made t o  t h e  m od e l f o r  bo.t c h  

pr o c e s s . He n c e , the c o s t s  o f  t h e  two s o l u t i on s  c ou l d  n ot b e  

c ompare d  d i r e c t ly . T he c o st o f  the c ontinuous pro c e s s  was 

hi gh e r t han the bat c h  pro c e ss . 

6 . 1 . 3 The e f fe c t  o f  adding c a l c i wil c a rb onat e t o  the  m o d e l  

I t  was found i n  the preliminary c t ud y  ( 3 . 5 )  tha t a 

fe asible s ol ut i on c ould b e  obtain e d a t  t h e  origina l v al u e  

o f  c al c i um uppe r bound , 6 30 mg , b y  providin g c a l ci um 

independen t  o f  phosphorus . The re fore , t h e  ad dit i on o f  
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c a l c i um c arb ona t e  wa s also s t ud i e d . The c a l c ium uppe r 

limi t s  were a t  t he l e ve l s  

s o l u t i ons f o r  t h e  pro c e s s  

proc e s s at 1 2 1 °C ,  800 mg . 

found fea sible t o  obtain t he 

a t  9 8°C ,  760 mg  and for the  

Feasibl e solutions we re obtained for both pro c e sse s 

at 98°C and 1 2 1 °C .  The nutri t i on a l  and raw ma t e rial 

c ompositions  and the c o s t s  of  t h e  sol ut i ons are  sh own in 

T able 6 . 3 . 

T able Nutri t i onal and 

Bat ch and C on tinuous Pro c e s s  

C arbon a t e  .fl. d d e d  

Raw Ma t erial Content 

<ol 

Buffalo 

CaaNY& ata.rcb 

Coconut 

Collard. 

Dvck •11 
Ou.a•a 

K1.l.k flab 

Peacut 

Rice 1 'bro•D 

Ric:. 1 _parboiled 

Se &&sa 

SP:ona:a courd 

Squid 

S•aat potato, white 

S•••t pot a t o , 7•llow 

lucroaa 

Jhatri•nt contaDt 

Drh4 ••tcht c 
Calorh kcal 

ProteiD 1 
Fat C 
Ca.rboh74r&te a 
Tibar 1 
Li.Dole1o acid ac 

l.tbol CCI 

Y1tul.a 1 I,U, 
vuuu n t,u. 
Y1ta•1D .E 1.0. 

ktcb Continuoua Ba tch CoatUuoua 

" · '  
5 . 1  

1 5 , 2  
32.9 

,,0 

101,0 

,?2,2 

205.0 

88o.o 

2� ., 

17·' 

1"·' 

,,6 

,'/60, 5  

1'·' 
12,2.5 

2505.0 

ltOO,O 

, , 95 

32.8 

3.0 

102,, 
6 •• 1 

56,, 

1 ,03 

'"·0 

20� .9 

880.0 

26.5 

17.6 

15,.3 

1221 . 1  

22M.o 

loOO, O  

3 . 95 

50.? 

19.7 

17,5 

2 1 . 5  

2 , ,  

113.2 

,,0 

J',O 

1 ,0, 

205,5 

88o.o 

2�.9 

1?.6 

110.? 

1219.5 

21o02,, 

1o00.o 

. 3.99 

52.7 

1 , 3  

0,, 

1 2 . 1  

1 , ,  

1�.o 

1 . 10 

,.,,, 

205 . 1  

8ao.o 

28,? 

1 7 , 6  

152.0 

5.6 

�9. ,  

76.8 

12•4,7 

2')2 , 0  

loOO,O 
• •  15 

R aw M a t e ri al Comp o si t i ons for 

at 9 8°C and 1 2 1 °C w i t h  Cal c i um 

tt u t r i a n t  C o n t e n t  

V1tac1n ( ccc 

Aacorbic acid && 
Thiaabe ac 

RibotlaTi.!l q 

Miacin q 

Vita.ai.n B6 11.1 
Vtt .. u ,,z  cc 

Cboli.aa q 

11ot1a ace 

Sodiu.a •c 
Cb.lor14h E.C 

Iroa a& 

Io41.Da aca 

Zi.D.o ac 
Iaoleuciot •1 
1Auc1Aa •1 
Lyaiu •c 

Pbuzylalanine ac 

Threonine t:t 
�r7pt ophaa •1 
�;rroai.u � 
Valine •1 
Biatidiu q 

Co•t llebt 

latob ContiDuoua Ba t c h Cont 1rulOiol8 

0 . ?1 

6 . 96  

1 ,}9 

0,0<>11 

2 , 82 

0 , 1 3  

228.52 

1 � . �  

2,, , 9  

no . ,  
1760,0 

76o.O 

�2.9 

1253.0 

1990.0 

175,,0 

76,, 0  

296.0 

1 150.0 

1 1o6 . c  

356.0 

,,,o 

1'85.o 

58�.0 

2.8}9 

o. ?1 

0 , ?2 

6 . 93 

1 ,}9 

0,0<>11 

2 . 82 

0 . 1 3  

228.75 

235 . 1  

269 •• 

1760,0 

760.0 

5U.9 

,09,8 

5,8 

"·0 

790.0 

71o0,0 

6 , 3  

1252.0 

1957.0 

1750.0 

783.0 

295.0 

1 1�9.0 

1 106,0 

356.0 

952.0 

1•P6,o 

553.0 

2.826 

12,.2 

0,79 

0.79 

7.50 
1 ,i' 
0.004 

0,22 

26� .89 

16.72 

240.8 

284 . 1 3  

1760,0 

800,0 

571 •• 

�2,,8 

9.5 

. lo4.o 

788. 9  

740,0 

6.2 

1286.0 

2039.0 

1743.0 

8,6 ,0 

5QO,O 

1202.0 

1 132.0 

375.0 

972.0 

1517,0 

592 .0 

2.95} 

0.71 

0,71 

0 .0011 

2,82 

0 . 1, 

2•2.80 

15,,1 

252.6 

256,6 

1760,0 

aoo,o 

571,, 

,,, , 

8, 8  
H,o 

7''·' 

7\0,0 

. '·' 
1)72.0 

21}6.0 

1918,0 

e•5.o 

'25,0 

1 250.0 

1 1 95.0 

376.0 

10lo0,0 
1"0.0 

632.0 

2,8,, 
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The di f fe re n c e s  in the s o l u t i on s  wi th and wi thout  

c a l c i um c a rbona t e  were found in  rnw m a t e rial and  n u t r i t i onal 

c omposi t i on s  and t h e  c o s t s  o f  the s ol u t i on . The ma j o r  raw 

mat e ri als  in t h e  s o l ut i on wi thout  c a l c i um c arbonate  w e r e  

found t o  b e  c ol la rd , sugar , mungbe an s tarch , d u c k  e gg and 

an c h o vy , whi l e  t he m a j or raw m11 t e ri n l s  wi th  addi t i on o f  

c a l c i um c arb ona t e  were swe e t  pot a t o , c a s sava starch , gu va , 

an chovy and sq ui d . 

For t h e  n u t ri t i ona l c omposi t i ons , signi fi c an t  

di f fe ren c e s  w e re found in the l e v e l s  o f  vi tamin K and 

a sc o rbi c ac i d . The solut i ons wi t h o u t  the ad d i t i on o f  

c al c i um carbonat e c on tain ed  a hi eh l e ve l o f  vi t amin K , 

approxima t e ly 9500 mc g ,  c ompare d t o  470 m c g  in t h e  o t h e r  

so l uti on . I t  must b e  n o t e d  t h a t  t h e  minimum requi remen t  

was spe c i fi e d  only a t  1 5  m c g  ( 8 1  ) .  For a sc orbic a c i d , the 

s o l ut i on wi t h ou t  c a l c ium c arb ona t e  c ontained approximat e ly 

twi c e  a s  much  a s  the solution wi t h  addi tion o f  c a l c i um 

c arb ona te . 

For  t h e  c os t , t h e  soluti ons wi t h  the addi t i on o f  

c al c i um c a rbonate  we re c onside rably c he ape r . T a b l e  6 . 4 

summari ze s t h e  c o s t s  and m odi fi c a t ion o f  pre d rying 

pro c e ss e s with and wit hout add i t i on of cal c i um c arbona t e . 
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T able 6 . 4 The C o st o f  the S o l u t i on s  and the M odi f i c a ti on s  

f o r  Pre drying Pro c e s s , wi th a n d  wi t h out C a l c ium C a rbona t e  

Type o f  p r e d rying 

p r o c e ss V/i t h  c a l ciwn c arb onat e Wi t hout c al c i um c a rb o n a t e  

9 8°c ,  

c ontinuous 

0 1 2 1  c ,  

c on tinuous 

98 °c ,  
c on t inuous 

C o s t , 

baht 

2 . 839 

2 . 825 

M odi fie d  

c o n s t rain t s  

Calc ium upp e r  

limi t at 760 

" " 

m o­o 

C o s t , 

bah t  

4 . 1 64 

4 . 1 22 

Cal c ium upp e r  4 . 074 
limi t at  800 m e  

2 . 843 C a l c ium upp e r  4 . 337 

limi t at  800 m e;  

2 . 83 2  C a l c ium uppe r  

limit at 800 D g  

2 . 8 1 8 1 1  1 1  

Mod i fie d  

c on s t rain t s  

C a l c ium upp e r  

limit a t  760 m g  

1 1  " 

C al c ium uppe r 

l imit a t  800 m g ; 

lysine , h i s t i d i n e  

upp e r  limi t fre e d  

Cal c ium upp e r  

limit a t  800 m g  

A t  98 °c ,  t he c o s t s  o f  t h e  s o l u t i on s  were r e d uc e d  by 

a p p r oxima t e ly 3 1  p e rc ent for b o th bat c h and c on tinuous 

p r o c e s s e s . T h e  same was found for the c on t inuous p r o c e s s 

0 at 1 2 1 C .  For t he b a t c h  p ro c e s s , t h e  c os t  c ould n o t  be 

dire c t ly c ompare d be c ause the uppe r l imi t s  for lysine and 

hi s t idine w e r e  fre e d  to  obtain t h e  fe asible so l u t i on . 

Ne ve rth el e s s , the  c os t s  we re che ape r wi th the add i t i on o f  

c a l c i um c arb ona t e  for b o t h  p r oc e s s e s  a t  1 2 1 °C .  T h e  c os t s  

o f  the sol u t i on s  we re also cheap e r  when c al c i um upp e r  l imit 

was in c re a s e d  from 760 to 800 m g . 

6 . 2 S e l e c ti on o f  pre drying pro c e s s  

T o  s el e c t  for the pre d rying pro c e s s , c on s i d e r a t i on 
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was e iv e n  t o  t h e  nut r i t i o n a l  value of t h e  s o lut i o n ,  t h e  c o s t  

o f  t h e  s o lut i on and t h e  c o s t  o f  t h e  p r o c e s s . 

6 . 2 . 1  The nu t ri t i onal valu e o f  the s o l ut i on 

Wi t h  o nly i n d i g enous raw ma t e r i a l s , i t  was f ound 

t h a t  t h e  nut rit i onal valu e s  of the s o lu t i o ns f o r  b o th 

p ro c e s s e s at 98
°

C were approximately t h e  s ame . The only 

m o d i fi c a t i on t o  t h e  o ri g i nal problem was in c a l c ium upp e r  

l imi t a t  7 6 0  mg . A t  1 2 1 ° C ,  t h e  c a l c ium upp e r  ·l imi t had t o  

b e  a t  800 mg t o  o b t a i n  t h e  s o lut i on f o r  c ont i nuous pro c e s s  

and lys ine and hi s t id in e  mus t  b e  a l l ovl e d  t o  e x c e ed t h e i r  

u p p e r  l im i t s  f o r  the b a t c h  pro c e s s . Th oueh havine lys i n e  

a n d  h i s t i d i n e  e x c e e d  t h e i r  upper l imi t s  d i d  n o t  c r eat e 

any haz ard t o  i nfan t , i t  wa s n o t  d e s i rab l e  b e c aus e o f  t h e  

re�u i re d  amino a c i d s  b e i ng near t o  t h e  e e g  pa t t e rn . 

Obvi ous ly , th e s o lut i ons f o r  b o th b a t cl1  and c ont inu ous 

pro c e s s e s  at 9 8°C Here c l o s e r  to the s p e c i f i ed nu t ri t i onal 

r e qu i remen t  than a t  1 2 1 ° C. 

':J i th a d d i t i on o f  c a l c ium c arb o n a t e  as raw ma t e ri a l , 

the r e  was l i t t l e  d iff e renc e  in t h e  nut r i t i onal valu e s  o f  

t h e  olu t i ons for a l l  pro c e s s e s . I t  wa s p o s s i b l e  t o  

obtain s o lut i ons w i t h out having t o  r� o d i fy any o f  t h e  

c ons t ra i nt s , the c a l c ium upper l in i t  b e i ng a t  630 mg . 

T eve rth e l e s s , the s tu d i ed l ev e l s  vre r e  at 760 mg and 800 mg 

t o  mak e them c omparab le w i t h  the s o lu t i o ns wi t h ou t  t h e  

add i t i on of calc ium c a rb onat e .  

6 . 2 . 2 .  The c o s t  o f  t h e  s o lu t i ons f o r  d i f fe rent p r e d rying 

p ro c e s s e s  

A s  shown i n  Tab l e  6 . 4 ,  t h e  c o s t  o f  t h e  c on t i nuous 

pro c e s s  a t  12 1°C was highe r  than b o t h  pro c es s e s a t  98°C . 

F o r  b a t ch p r o c e s s  a t  12 1°C ,  i t  was n o t  p o s s ib l e  t o  c ompare 
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the c o s t  o f  s ol u t i on dire c t ly be cause  o f  the di f f e re n c e  in  

t he nut ri t i onal m odi ficat i on . �"·/i th  ad d i t i on of  c al c i um 

ca rb onat e , the c o s t s  o f  the s o lut i on s  for d i f fe re n t  

pre dryinc pro c e s s e � in c re a s e d  w h e n  pro c e �sing c ondit i on s  at 

1 2 1 °C we re used . A t  the same nut ri t ional  c on s t rain t s , it  

c o uld be c on c l ud e d  that t h e  c o st o f  the s o luti on for the  

80 0 proc e s s  at  9 C w a s  cheape r than  at 1 2 1 C .  C on s i d e ri n g  b o t h  

nu trit i onal val ue and c o s t  o f  the �elution , i t  was obvi ous 

th2t  t h e pro c e s s  at 98
°

C was more d e s irable than a t  1 2 1 °C . 

T he re fore , i t  was de c i d e d  t o  use  the pre d ryin g pro c e s s  at 

9 8 °c .  Howe v e r  t o  c on s i d e r  whet he r the  batch  or c on t i nuous 

pro c e ss  shoul d be use d , t h e  c o � t  o f  pro c e ssin g and the  c o st 

o f  the  raw mat e rials in s o l u t i on s  were c ons id e re d . 

6 . 2 . 3 The c o s t  o f  the  proc e s : in g a n d  the c o s t  o f  t h e  raw 

mat e ri a l s  for t h e  ba t c h  and c ontin uous proc e ss e s  

The c o st  o f  the raw m� t e riDl s in  the s o l ut i o n  f o r  

the c on t inuous pr oce ss w a s  found t o  be approxima t e ly 1 - 2 

pe r c e n t  c heaper than for t he bat c h  proc e s s . H o we v e r  t h e  

e q ui pment re q ui re d  fo r t he ba t c h  proc e s s  w o u l d  be 

c on s i d erably c heape r than c onti nuous pro c e s s d ue to i t s  

simpl i c i ty ( 7 ) .  T o  d e c i d e  o n  t h e  pro c e s s d o e s  depend  on  t h e  

s i z e  o f  the  produc t i on , the  reduc ti on in the  c ost  o f  raw 

mat e ri al c ould  c ompe nsa t e  for t h e  i n c rease in t h e  c o s t  o f  

t h e  e quipment  with la rge scale prod uc t i on . I t  was fe l t  that 

simpl e and v e rsat i l e  e quipmen t  such as a j ac ke t e d  pan as 

re q ui re d  f o r  t he ba t c h  pro c e s s  would make the c t ar t in g  o f  

t h e  new prod u c t  e asi e r , in part i c ular for Thailan d . 

Th e re fore , i t  was d e c i d e d  t o  use the bat c h  proc e s s  at 98°C 

f o r  furt h e r  s t udying on the e f fe c t  o f  d rying . 
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6 . 3 � e d i f i c at i on o f  the m o d e l  a c c o rding t o  t h e  l o s s e s  

d uring th e d rying pro c e s s 

BaY i n g  s e l e c t e d t h e  pre d ryi n g  p roc e s s , t h e  l os s e s 

o f  ami n o  a c i d s  and vi t ami n s  d u rin !" d i f fe rent tim e s  6.n d  

t empe r a t ure s o f  d rying i n  a d di t i on t o  t h e  l o s s e s d uri n g 

pre d ry i n g  a t  98 °C (Table  5 . 6 ) were in c lud e d i n t o t h e  m ode l . 

The c on s t r ai n t s on amino a c i d s  a n d  vi t amin s  we r e  m od i fi e d  as 

shown i n  T ab l e 6 . 5 . F r om the pre vi o u s s t udy i n 6 . 1  . 1 , 
c a l c i um uppe r  limi t was at  7 6 0  mg i n  o rd e r  t o  ob t a in t h e  

s o l ut i on f o r  t h e preh e ating c on d i t i on o f  98°C . Th e re fore , 

an at t empt t o  obt ain a s ol u t i on , t a ki n g  int o a c c ount the 

l o s s e s d urin g pr o c e s sin g � was s t a r t e d  from t h e  c a l c i um uppe r 

l imi t o f  7 6 0  m g  p e r d ay . 

T a b l e  6 . 5 The i·: odi fi e d  C on s t rain ts o f  Amino A c i d s  ? nd 

V i  t o.r: : i n s  for Di f f e rent Dryi n g t· · e t h o d s  

I n t e r r e l a t e d  c o� s t r u in t s  
C olumn 

varia b l e s  

R o w  

var iabl e s  

C o e f fi c i e n t  a t  D i f f e r e n t  Temperatures o f  Drying 

PROT 

CAL 

LINO A 

CHIST 

C I SO 

CLEU 

CLYS 

C SULAA 

CAROH.AA 

CTHREO 

CTRYP 

CVAL 

CALPATOL 

C A LR IBOL 

CALTHIAL 

C A LVITCL 

C ALVITAL 

CALCHOL 

C ALBIOTL 

VIELINOL 

Dir e c t  c on s t ra i n t s  

FOLIC 

VITB1 2 

VITB6 

N I A  

Vacuum Drying 

5 2°C/2hr 77 °C/1 hr 

- 1 5 . 48 

-38 ; 1 8  

-60 . 8 1  

- 50 . 26 

- 4 0 . 7 1  

-66 . 09 

-33 . 07 

- 1 2 . 27 

- 4 7 . 88 

- . 00320 

- ; 00087 

- , 00053 

- . 1 1 5  

- 2 . 62 

- . 076 

- . 0 1 6 3  

- . 00 1 05 

, 082 

. 326 

. 428 

5 . 1 3  

- 1 5 . 48 

-38 ; 1 8  

-60 ; 8 1  

-50 . 26 

-40 . 7 1  

-66 . 09 

-33 . 07 

- 1 2 . 33 

-4 8 . 1 3  

- , 00320 

- . 00089 

- . 00060 

- . 1 1 7  

-2 . 63 

- ; 07 7  

- . 0 1 6 5  

- , 00 1 05 

; 086 

; 32 9  

. 430 

5 . 1 3 

Foam ma t Drying 

7 1 °C/1 hr 89
°

C/emin 

Drum Drying 

1 04°C/60sec 1 6 0°C/3 0 s e c  

- 1 5 . 4 8 

-38 ; 1 8  

-60 . 8 1  

-50 . 26 

-40 . 7 1  

-66 . 0 9  

-33 . 07 

- 1 2 . 27 

-47 . 88 

- . 00320 

- . 00088 

- . 00060 

- . 1 1 6 

- 2 . 6 3  

- . 077 

- . 0 1 6 4  

- . 00 1 05 

. 08 4  

. 328 

. 4 28 

5 . 1 3 

- 1 5 . 48 

-38 . 1 8  

-60 . 8 1  

-50 . 26 

-'fO . 7 1  

-66 . 09 

-33 . 07 

- 1 2 . 27 

-47 :88 

- . 00320 

- . 00085 

- . 00060 

- . 1 1 6  

- 2 . 6 2  

- . 077 

- . 01 6 4 

- . 00 1 04 

. 083 

. 328 

. 42 8  

5 . 1 3 

- 1 5 . 48 

-38 . 1 8  

-60 . 8 1  

-50 . 26 

-40 . 7 1  

-66 . 09 

-33 . 07 

- 1 2 . 27 

- 4 7 . 27 

- . 00320 

- . 00075 

- . 00053 

- , 1 1 5  

-2 . 62 

- . 07 6  

- , 01 63 

- . 00 1 04 

. 08 3  

. 32 6  

. 42 6  

5 . 1 3  

- 1 5 . 48 

-38 . 3 8  

- 6 1 . 1 2  

-50 . 5 2  

- 4 2 . 6 7 

-6 6 . 0 9  

-33 . 07 

- 1 2 . 27 

-47 . 88 

- . 00320 

- . 00085 

- . 0006 4 

- , 1 1 8 

-2 . 6 3 

- . 078 

- . 0 1 6 7  

- . 00 1 0 4  

. 0 96 

. 330 

. 428 

5 . 1 6 
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6 . 3 . 1 Ob t aini ng t h e  s ol u t i ons f o r  d i f fe re nt d rying m e thods 

T h e  feasible s o lut i on s � a r c  ob t a i n e d for b o t h  

t empe r a t ure s  and ti f! l e s  o f  vac u ur : :  d ryinc and  foam m a t  d ryin g . 

0 For d rum drying , i t  w n E. f e a s i b l e  o n l y  f o r  t h e  d rying at 1 04 C .  

A t  1 60
°

C , t h e r e  w e re 2 in fea sib i l i t i e s  a s so c i at ed wi t h  t h e  

n e ga t i vi t y  i n  t h e  c olumn vari a bl e RJ r � rA P O  ( parboiled  ri c e )  

and t h e  a rt i fi c i a l  v a l ue a G s o c i a t e d  wi t h  t h e  ine q ual i ty 

c on s t rain t o f  c al c i um U P J Je r l itni t c ou l ci n o t  b e  rem ove d . 

Even \';i th t h e  upp e r  lir; ii t o f  c a l c i  urn a t  1 000 mg , one 

i n feasi bi li t y  was ob t ai n e d  in the n e ga t i vi ty of c olumn 

v a riable R I CEPAP O , t h e  r e � t ri c t e d  c on s t rain t s  at  bound s 

w e re found in t h e  following u ppe r and l ower limi t s : 

Upp e r  l i m i t  

c u  

C /\ LP R OT H  

CALFH 

D J .Y S  

DTTJ S 'r  

Lm•Je r lim i t  

N I A  

V I TD 

C /\ LV IT A L  

VIF LINOL 

C J\LRI POL 

C A  tPAT 01 

C A L I L  

C ALZNL 

C A PL 

C SULAA 

T h e s e  re s t ri c t e d c on s t ra in t s w e re the same as 

e n c oun t e r e d  in ob t a inin g the s o l u t i o n  for bat c h  p re d rying 

0 
proc e s s  at 1 2 1  C .  A s  d i s c us s e d  e a rli e r in 6 . 1  . 2 , i t  was 

d e c i d e d  to fi r s t m o d i fy the upre r l im i t s o f  lysine and 

hi s ti d ine . By f r E: e i n c  t h e s e  uppe r lir�:i t s , a feasibl e 

so l u t i on was ob t a i n e d  for d rum d ry i n g  a t  1 60°C . T he 

s o l u t i on s  for di f f e r e n t  d rying m e t h o d s  a r e  sh own in Table 

6 . 6 .  



1'(\ (\j 

R•• Materi•l Cooteot 

<cl 

J.nchOY7 

3ut talo 

Coconut 

Col lard. 

Puck •&I' 

Gizzard d.uck 

hy gour4 

H1llt f1oh 

Hungbean atarcla 

Peanut dried 

Radish 

Sorpont hod t1oh 

Sesaae 

Soybean curd 

Sponge gourd 

Stripe mackerel 

Sucroee 

Nutrient Cont ent 

'l"eisht � 
Drie4 weight c 
Calorie k:eal 

Prot e iD c 

Fat I 

Carboh)'d.rate 1 

fibre 1 

Linoleic acid. •1 

Retinol acg 

B-ea r o t • a e  aos 

VitODin 1 I . O .  

Vi taain D I . O .  

Vitaeia & I .U. 

Vi ta:���in l ace 

Aacorbio oc14 •s 

Vacuu.a I>ryinc Foaa aat Dr1ing �u• 4r)'i.r.l 

52°C/2 hr (7°C/1 hr 71 °C/1 hr 89°C/8 au 10�°C/60 ••• 16o0c/3o ••• 

� . 6  

0 . 1  

20� .5 

�0 . 6  

9 , 0  

} . 9  

1 2 , 9  

5 1 . 2  

s . �  

7 , 6  

1 6 . 6  

8 . 5  

8 . 0  

100.8 

�99 . 5  
207.7 

898.0 

30 . 1  

1 7 , 9  

1 5} . }  

} . 5  

}686 . �  

1 68 . 9  

107} . 9 

2}50 . 8  

400 , 0  

}. 87 

94�8.70 

19�.5 

30. 9  

0 . 1 

20� . 2  

� 0 . �  

9 . 1  

� . o  

1 2 . 8  

5 1 . 2  

5 . 3  

7 , 9  

1 6 . 6  

8 . 5  

7 . 6  

1 00 . 5  

�99 . 2  

207 . �  

8 96 . 9  

}" . 1  

1 7 . 9  

15} . 0  

} . �  

)68} , 7  

168 .3 

1080 . 8  

2}60 . 2  

,00 , 0  

} . 87 

9�}4 .90 

195.2 

}0 . 8  

o .  1 

20� . 3  

40 . 5  

9 . 0  

4 . 0 

1 2 . 8  

5 1 . 2  

5 . 3  

7 , 8  

1 6 , 6  

8 . 5  

? . 8  

100 . 6  

�99.} 

207 . 5  

897.� 

}0.1  

1 7 . 9  

1 5} , 1  

} . 5  

}685 , 0  

168.5 

108 1 . 1  

2361 · 5  

�oo.o 

} . 90  

943 9 . 1 6  

1 95 . 3  

27.� 

0.1  

206 . 8  

41 . 9  

7- � 

3- 9 

1 } . 2  

51 . 1  

5 , 7  

5 , 6  

1 6 . 8  

7 . 8  

1 0 . 8  

10} . 8  

502 . 4  

2 1 0 . 5  
9 1 0 , 4  

2 9 . 7  

1 8 . 2  

1 56 . 1  

} . 5  

}?2? - 9  

17� . �  

1082 . �  

2}8} . 2  

400.0 

} . 90  

9556 .}5 

1 97 , 8  

2 6 . 2  

207. 7  

,2 , ,  

6 . 7  

� . o  

1 3 . 3  

5 1 .0 

5 . 8  

� . 8  

1 6 , 8  

7 . 8  

1 2 , 0  

1 05 . 0  

503 . 8  

21 1 . 6 
9 1 5 , 3  

2 9 . 6  

1 8 . 3  

1 57 . 2  

3 , 5  

37� 1 . }  

176 , 8  

1093.0 

2�08.6 

4oo . o  

3 - 90  

9594 .70 

1 98 . 7  

2,.3 

o, 1 

0.5 

1 91 . 7 

�0 . 2  

• • 2 

5 1 . ,  

1 , 2  

5 . 1  

16 . 1  

8 . 7  

} . 5  

28 . 2  

1 00 . 9  

476 . 1  

20} . 6  
880,0 

26 . 8  

1 7 . 6  

152 . 9  

} . }  

}765.2 

16 .. .  7 

1061 . ..  

2}15.8 

,00, 0  

} . 90  

8865 . 90  

18� . 4  

Nutrient Content 

Thiaaine ag 

RibotlaTia •s 

Niaeia · ag 

Vito.aiD B6 ... 

Vituin 81 2 ac 

Paatothenio acid 

Folio ac14 ac 

Choline ac 

Biotin ao1 

S odiua ag 

Chloride q 

Potasaiua q 

Calc iua mg 

Pb.oapborue ag 

Magnee1u• 11.g 

Iron mg 

Iodine mg . 

Kanc·•n••• 118' 

Copper acg 

Zinc 11& 

Iaoleuo ine mg 

Leucine llC 

LJaiJu ag 

Ket bioa ine q 

Cyatine mg 

Phenylalanine •s 

Threonine •c 

Tr7ptophaD 11& 

Tyroaine aa 

Valine •C 

Hia t 141ne •• 

Co•t bailt 

VaouUJO Dr7in� Toa11 ... t Dr7ing Dr�&a Dr7ins 

52°C/2 hr 77°C/1 hr 71°C/1 hr 89°C/8 a1n 10,°C/60 ••• 16o"c�o ••• 

0 . 9, 

0 . 78 

5 . 1 }  

1 , 5, 

0 . 12' 

2 , 96 

1 . 02 

421 .}  

1 7 . 96  
262.8 

255 . 9  

1 796 . 1  

760 , 0  

5�2 . 9  

2 1 0 , }  

1 5 .6 

�- . 9  

1 . 7 

7�0.0 

� . 5  

1527.0 

22io4.0 

2071 . 0  

9} 1 .0 

291o .o 

142} . 0  

1278.0 

'29 . 0  

898.0 

16� 1 .0 

662 . 0  

4 . 2 1 '  

9 , 94 

o , Bo 

5 . 1 }  

1 , 5} 

0 . 12' 

2 . 96  

1 ,02 

'20,8 

17. 92 

262.7 

. 256 . �  

1793 - 7  

760 ,0 

5�2 . 9  

2 1 0 , }  

15.5 

� � . 8  

1 . 7  

7�0.0 

' · '  

15}0.0 

22�9.0 

2on.o 

9}2.0 

294 . 0  

1425.0 

128 1 . 0  

428.0 

900.0 

16�2.0 

66}.0 

-.221 

0 . 9� 

0 . 79 

5 . 1} 

1 . 50  

0. 1Z) 

}.00 

0. 96 

0 . ?7 

5 . 1 3 

1 .60 

0,090 

2 . 95 

1 ,02 1 .0) 

'21 .0 425 . 2  

1 7 . 90  1 8 . 20 

262 .8 264 . }  

256 . ,  251 . ?  

179� , 7 1820.8 

?60.0 760.0 

5'2 - 9  542.9 

2 1 0 . 2  

1 5 .6 

_, _ 9  

1 .  7 

209,5 

1 5 . 7  

�5.5 

1 . 7  

?loa .o ?loa .o 

� . 5  4 . 6  

1529.0 1 50 1 .0 

22�?.0 2 1 92 . 0  

207} .0 2020.0 

9}1 .o 9 1 9 , 0  

29� . 0  290.0 

1 �24 .0 1 } 96 . 0  

1280.0 12�9.0 

�28 .0 -27.0 

899.0 880.0 

164 1 , 0  1622.0 

662.0 654.0 

4 . 2 1 9  4 . 1 } 1  

0 . 97 

0 . 69 

5 . 1 }  

1 .60 

0.078 
2 . � 

1 . <>'  

'26 . 9  

1 8 . �  

264 , 9  

2l9,9 

18}0 . 6  

?60.0 

5'2 . 9  

209.2 

15,8 

.,.8 

. 1 . 7  

7lO,O 

' · 6  

1491 ,0 

2171 .0 

2001 .0 

915 . 0  

289.0 

1}!6 .0 

1238.0 

•n.o 

87}.0 

1615.0 . 

651 .0 

4.099 

0 , 92 

o.�� 

5 . 11>  
1 . 50 

o.� 

2 . 80 

0. 97 

' 1 ' · '  

17. 70 

253,9 

2 1 4 , 2  

1760.0 

7 1 9 , 9  

5 1 4 . 2  

208 , 9  

1 4 . 8  

44.0 

1,7 

740 . 0  

' · '  

1400,0 

202� .0 

1 91 1 , 0 

86 L . o  

279.0 

1284.0 

1 15),0 

}82 .0 

84} ,0 

157 1 . 0  

66? . 0  

} . 662 

Tab l e  6 . 6  Nut ri t i on a l  and �aw !· a t e rial C ompo s i t i ons o f  t h e  S o lu t i ons 

f o r  Diffe rent � e t h o d s  o f  Dryine 
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D i f fe ren c e s  i n  the c o l uti ons f o r  d i f fe re n t  d rying m e t ho d s  

� e re f o un d  in the raw mate rial c om p o �i t i ons , t he n u t ri t i onal 

c omp osi t i on s  and t he c o s t s . 

T h e  raw ma t e ri al c omposi t i on s . Th e re wa s n o t  m u c h  

d i f fe re n c e  i n  the r w ma t e ri a l  c om p o si t i ons f o r  t h e  s e l e c t e d  

t ime s a n d  t e:npe r a t u re E· o f  vac uuu :? ncl f oar.1 m a t  dryi n e· . 

0 
H owe v e r , f o r  d rum d ry i n g  at 1 04 C ,  t h e re we re s l i gh t 
i n c r e a s e d  amoun t s  o f  �t ripe ma c ke re l , d uck e gg ,  whi l e th e 
amo unt s o f  d u c k  ci z z a r d  a n d  ce rrc n t  h e a d  fi sh were re d uc e d . 
D rum d ryine; a t  1 G0°C ' the c o l uti O � l u i d n o t  have s e rpe n t  

h e ad fi sh b ut t h e  c o n t e nt o f  s t ripe ;.1 a c �..:e re l  in c re a r� e d 

m � rke d ly . T h e  o t he r d i f fe re n c e s  � e r e  in the ext ra raw 

r.1 n t e ri nl s  - c o c on u t , d ri e d  p c c:m u t  : ' n c l r-- l;onge co urd . 

T h e  n u t ri t i on A l  c on p o c i t i ons . ' f' l1 c:: re w n s  n o t  rnuc ll c} i f fc re n c e  
in t h e  s o l u t i on s  f o r  va c uum , f o a M  m · t � n d  d rum d ry i n f  � t  

1 04 °C � s  t h e  s a� e  m od i fi c a t i on w n s on c a l c i um uppe r l i m i t  

a. t  7 6 0  m e; . F o r  d rum d ryin g 0 at 1 ( 0 C ,  l y sine and hi 1 t i d ine 
e x c e e d e d  their upp e r  l imi t s by 2 vp n nd 3 mg p e r  g o f  

p r o t e in re cpe c t i  v e ly . 'J ' h o uch t h i s  n o d i  f i c a  t i on did  n o t 

c re a t e  any hn� ·,ard , i t  \'fc; E; n o t  l' e F i ralJ l e  a r:  c� i s c us s e d  e c> rl i e r . 

C on si d e rin(" '::he t h e r  t he l m·:c r  l j_mit o f  prot e in ne e d e d  

t o  b e  ad j us t e d a s  di s c us s e d e a r l i e r  i n  2 . 1 . 2 , t h e  l e vel o f  

p r o t e in pe r 1 00 kcal  fror. the s o l u t i on .: f or d i f fe re n t  

pr o c e s[ i n g  m e t hod �  �e re f o und a t  t h e  f o l l ow i n g l e ve l : 

Va c uur1 d ryin g at 52 °C for  2 h o ur s  wa s at 3 - 35 

V a c u um d rying at 77 °C f o r h o ur w a s  a t  3 . 36 

Foam mat d rying a t  7 1  °C f or h ou r  was at 3 - 35 

Fo am mat drying a t  89 °C f or 8 r.1i n u t e s wa s a t  3 . 26  

D r um d ryin g wa s at 3 . 23 

D r um d rying a t  1 60 °C for 30 se c on d s  was a t  3 . 05 
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A l l  t he s o l u t i o n s  had s u lphur amino a c i d s  a s  

l imiting ami n o  a c i d s  a t  t h e  l e ve l  o f  7 0  perc e n t  o f  e �g 

amin o  a c i d s . T o  allow f o r  the u c e  o f  l ower p r o t e i n  q ua l i t y  

a t  the l e v e l  o f  70 p e r c e n t  o f  e f!r: ami n o  a c id s , t he p r o t ei n  

pe r 1 00 k c al would re q ui re t o  b e  at 2 . 57 � · I t  w a s  obvious 

that the a c t ual p r o t e i n  c on t e n t  i n  t h e E e  solut i o n s  we ll 

c ov e r e d  the c orre c t ed  val ue . � he re fore , the s o l ut i on s  

c ould be re gar d e d  as having ad e q ua t e  prot e i n  and amino 

a c i d s  as spe c i fied for i n fan t  re q uirem e nt . 

Re gard ing t h e  fat c on t e n t  - as d i s c u s s e d  i n  2 . 1  . 4 ,  

fat low e r  li�i t c ould be inc re aEe d i f  i t  would e i th e r  

b e ne f i t  t h e  ob tai nin T o f  a s o l u t i o n  o r  re d u c e  c os t . 

I I o w e v e r ,  fat was a t  the  l owe r l imi t and w a s  found i n  the 

r e s t ri c t e d  c on s t rain t  C ALFA�L . I t  means tha t t h e  i n c re a E e  

i n  f o. t  r e q ui re me n t  w i l l  i n c r e a �'.c t h e  c o s t  o f  the c ol u t i on . 

I t  was obvi ous t h  .t  t 1Je  � o d i fi c : 1 t i on f o r  fat l o w e r  limit 

wa s not d e s i rable . T h e re f o re , t h e  �inimum re q uireme n t  for 

fat was used a t  its original v a l u e  i . e . 2 g pe r 1 00 kc al . 

Re earding fibre a s  d i s c u s s e d  in 2 . 1  . 1 7 ,  t h e re wa s 

n o t  o.de q ua t e  e vi d e n c e  t o  s _  e c i fy t h e  r e q uiremen t f o r  fibre . 

T h e  fibre i n  t h e  s ol u t i on should n o t  be much grea t e r  t han 

what i s  f o un d  in c ommerc ial in fant food . The fibre in the 

s o l u t i ons f o r  d i f ferent p r o c e s s e s  w e re f ound at t h e  

f o l l owing l e ve l s : 

V a c uum d rying a t  52 °C for 2 h ours was at 0 . 39g/ 1 00 kcal 

V a c uum d ryi ng at 7 7°C for h o ur w a s  at 0 . 38g/ 1 00 kcal 

Fo am mo.t  d ryi ng at 7 1 °C f o r  h o u r  was at 0 . 39 g/ 1 00 kc al 

Fo am mat d ry i n g  a t  89°C for 8 m i nu t e s  was a t  0 . 38g/ 1 00 kcal 

D r um d rying at 1 04 °C for 6 0  s e c onds was at 0 . 38g/ 1 00 kc al 

D rum dryin g  at · 1 60°C for 30 s e c onds was at 0 . 38g/ 1 00 kc al 
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T he s e  c o n t e n t s f o r  fi b r e  we re c ompa rab l e  t o  t h e 

r a n ee o f  fi b re found in c omme r c i al i n fant f o o d  a s  d i s c us se d 

e a rli e r  i . e . betwe e n  0 . 34 t o  1 . 55  g pe r 1 00 k c G l  ( 8 1  ) .  

The �-e  v al u e  c o f  fibre c ou l d  b e  re ' ·a rd c-:: d M� a c c e pt a b l e . 

T he re fore i t  waE: n o t  n e  c e  Es sa ry t o  E p e  c i  fy f o r  fib r e  maYimum 

The C O f' t s . ' The h i ' he � · t  c o s t  \'1 ' '  I . .. . .  f ) U r : c: i n  t h e s o l u t i ) :  for 

v a c u um d r; i n g  a t  77 °C/ 1 h ou r , n e � L  we ro a t  7 1 °C/ 1 h o u r , 

5 2 °C/2 h o u r s , 89° C/S m i n u t e s ,  1 0� °C / 6 0  f' e c on d s and 1 ( 0°C/30 

r- e c ond s . 1\ s · d i s c u r> f> C , .J eo rl i E' r  i n  G . 1 . 1 ,  t h e  d i f fe r e n c e s  in 

t he c o s t s o f  t h e  P o l u t i o n s  c o u l d  b e  e xpl a in ed by ob s e rving 

t h e  re s t ri c t e d c on E t raint s ot b o u n d s  d u rinr d ryi ng . � ? bl e  

6 . 7 s h ow s  t h e re s t r i c t e d  c on s t raints  o f  d i f fe re n t  s o l ut i on s . 

T h e  re s t ri c t e d  c on s t rai n t s  o f  t h e  � ol u t i ons f o r  va c uum 

0 
d ry i n B , f o am mat d ry i n� and d rum d ryin� at 1 04 C w e re t h e  

s �.'l e: . 1\ m o n ; :; the n u t r i e nt s a s r: o c i .: t e d  v1i t h  re "' t ri c t e d  

c on s t rai n t s , i o din e , zinc , v i t amin D and fat we re t aken as 

b ei n c  s t ab l e  in t h i s  st udy . T h e  nu t ri e nt s t ake n a s  b e i n g  

d e s t roye d d u ri n r;  p r o c c: ." s i n g  we re ni a c in , vi t a mi n  A ,  

t o c o phe r o l , r i b o f l a vin and sulphur ami n o  a c i d r . T h e  

p r e d i c t e d l o s s e s  o f  ni a c i n  a n d  . 1 1 l phu r amino a c i d s  we re 

th e s ame f o r  d i ffe rent t ime s and t empe ratur e s  o f  d ry ing 

e x c e pt at 1 60 ° C  f o r 30 s e c ond s . The pred i c t ed l o s s e s o f  

o t h e r  r e s t ri c t ed nut ri ents f o r  d j f f e r en t  d rying a r e  

revi ewed in Tab l e  6. 8. Vi tam i n  A and t o c o ph e r o l  w e r e  

d e s t roy e d m o r e  a t  l ow t em p e rature and l o n g  t i m e  dryi ng 

rat h e r  than h i f,h t emperature and s h o rt t ime , t h e  s ame 

was found f o r  rib o f lavin but t o  a greater e x t ent . 
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Table 6 . 7 The re s t ri c t e d  c on s t rn int s  o f  t h e  s o l u t i on s  

f o r d i f fe r e n t  d ryin g me t h o d s , � i t h  � n d  wi thout c al c ium 

C E! rbon a t e  
�i t h o u t  c al c ium c arb onat e '.' fi th  c a l c i um c a rb onr  t e  

For v.-; c um1 d ryin g , foc:m r� " t  r� rying a n d  

d r um d rying  o t  1 04 °C/CO s e c  

Lowe r l imi t Up pc r l i :r. i t I , Q \'! 0 r l irr.i t Up D e  r l i  r.1 i t 

F J A  

V J �'D 

C/\.LV IT /, 1 

V IELIEOL 

C A L I L  

C 1�. LZN L  

C l\.FL 

C:) 1 JLAA 

Lov;e r l i m i t  

CJ; L  

l T IA 

V ITD 

CALF;\TL 

C ALV ITAL 

VIELINOL 

CALR I BOL 

C ALPJ,T OL 

CALIL 

C A LZNL 

C A PL 

C S ULAA 

CA 

cu 

CALKH 

D P I S T  

C ' . L 

C L  

V I'J'D 

C fl.LF!: TL 

C A LV TT AL 

V Il� LP. OL 

Cfl. LV ITC L  

C :'\ LR T 00L 

C l'. LPJ OT' L  

C t>. T : FT. L  

C .'. LTL 

C t\ fL 

F o r  d rum d ry ing a t  1 C 0 °C /30 se c 

UpJA; r l i m i t  

c u  

C l\ LKH 

L O '::c r l imit 

1_' he s0me as 

for o t h e r  

methods  o f  

d rying 

l i r: t e d  above 

C A  

c u  

C ALKH 

D H I S T  

Upp e r  limi t 
CA 

CA LKH 

DEIST 



Table 6 . 8 S ummary on the  C o s t , M o d i fi c a t i on o f  t he 236 .  

C on s t rain t s  and t h e  Pe r c e n t age L o s s e s  o f  Re s t ri c t e d  Nut rie n t s 

f o r  .:- i f fe re n t  Drying l· 'e t hods 

T cmpc r·n t u re 
and t ime o f  

Drying 

7 1 °C for 

1 hour 

89°C for 

8 minutes 

1 04
°C for 

60 seconds 

1 60°C !or 

30 se cond s 

• 

Wi thout Addi t i on or r alc i u� Carbon u t e  
Pe rce n t aee l o�rcs 

or Re utricted 

C os t Hodi ric a ti on 

4 . 2 1 4  Cul ci u� upper 
l im it a t  

760 m g  

Calcium upper 

limit  a t  

7 6 0  mg 

4 . 22 1 Cal c i �� upper 

limit at 

760 mg 

Nu t ri en t s
� 

V i tamin A 
Tocopherol 

Ribo fl3vin 

4 . 5 

4 · 5 

1 9 . 5 

Vi ta�in A 5 . 0  

Toc ophe rol 4 . 5 

Ribo flavin 20 . 5  

S ul phur ami n o  

acids 2 . 0  

V i t amin A 

Tocopherol 

Ribo flavin 

Sulphur ami n o  

5 . 0  

4 · 5  

2 1  . 5  

acids 2 .0 

With Addi tion of C a l c ium Ca rbona t e  

PercP ntar.� l o c G e s  

o f  Re c t rictec1  

Cost  �·od i fi c n t i on 

2 . �74 � e d i fi c a t i on 

w.:�s not 

req u i red , 

N u t r i e n t s  a 

Vi t amin A 

A sc o r ci c  

c c  id 

4 . 5 

c a l c i um upper R i c o f l a v i n  1 9 . 5  

2 . 880 

limit a t  

630 mg 

1-'odi fi ca t ion 

was not 

re qui re d , 
calcium uppe r 

l imi t at 

630 mg 

Pa n to t he ni c  

ac id 5 . 5  

Fiotin 8 . 0  

S ul rh u r arr.i110 
a c i ds 2 . 0  

V i t a m i n  A 
Asc orbic 

acid 

Ri �o flavin 

Pan t o t he n i c  

acid 

Biotin 

S ul phur amino 

5 . 0 

1 4 . 0 

20 . 5  

6 . 0 

8 . 5  

acids 2 . 0 

2 . 832 �ed i ficat ion 

v:as not 

re qui red , 

Vitamin A 

A sc orbic 

a c i d  1 4 . 5  

c a l c iu� upper R i b o fl a v i n  2 1 . 5  
limit a t  Pan to t he n i c 

630 mg ac i d 

Ei ot i n 

S ulphur &!:lino 

6 . 0 

9 . 0  

a c i d s  2 . 0 

4 . 1 3 1 Calc i um upper 'Ji t amin A 4 . 5  2 . 876 Y.odi !ication Vita�in A 

Ascorbic 

a c i d  

Ri b o flavin 

Pan t o t heni c 

ac id 

4 · 5  
limit at Toc ophe rol 

760 mg Riboflavin 

4 . 099 Calcium uppe r 

l imit  a t  

760 m g  

Sulphur amino 

acids 

Vitamin A 

'!'ocophe rol 

Ribo fla vin 

Sul phur amino 

4 . 0 was not 

1 8 . 0  req uired , 

2 . 0  

4 . 5  

4 . 0 

1 7 . 0  

c a l c i u:n uppe r 

limi t at 

630 mg 

2 . 87 1  Y.odificat i on 

was not 

require d ,  

'l'i o ti n 

1 3 . 5  

1 8 . 0  

S ulphur amino 

a c i d s  2 . 0 

V i t a m i n  A 

A s c orbic 

acid 1 3 . 0 

calcium upper Ribo flavin 1 7 . 0 

acids 2 . o  l i�it a t  F a n t o t he nic 

3 . 662 Histidine and Vi tamin A 

lysine e xceeding 

upper limits �ocopherol 

Ribo fla vin 

Pan t othenic 

acid 

!lulph ur amino 

630 mg acid 5 . 5  

Eiotio 8 . 0  

S ul ph u r amino 

a cid e 2 .0 

5 . 0  2 . 930 l'odi !i c a t i on 

was not 

V i tamin A 

Ascorbic 

4 . 0 

1 7 . 5  

6 . 0  

required , acid 

calcium upper Ribo flavin 

limi t at Pan to t he nic 

630 mg a c id 

1 5 . 0  

1 7 . 5  

6 . 0  

Piotin 1 0 . 0  acid 6 . 5 S u l ph u r a"ino 
acids 6 • 

Figure eiven to the nooreet 0 . 5  percent . 
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A s  a c on s e q ue n c e  o f  t h e  h i ghe st l os s e s  o f  vi t amin A ,  

t oc oph e r o l  an d ribo flavin at 7 7 °C � n d  7 1 °C f o r  1 h o u r  than 

0 
o t h e r  t i m e s  and t e m p e rat ure s ,  e x c e pt at 1 60 C ,  t h e  c o s t  o f  

t h e s e  t w o  s o l u t i o n s  w e r e  h i gh e r  t h�n o t he rs . Howe ve r , 

wi t h  the m o d i fi c at i on o f  lysine a n d  hi s t i din e uppe r lini t s , 

the c o st o f  d r um d ryinp, at 
0 1 60 � w � s  the cheape s t . A s  

r e vi ewe d in T a b l e  ( . 3 , t h e  c o d: o r  t l w  r; u l u t i on s  t e nd e d  to  

d e c re a s e  w h e n  t h e  hi rll t empe ra t u re s and short time s w e r e  

us e d . 

6 . 3 . 2 Obt aining the sol utions f o r  d i f fe rent d rying r:w t h o d s  

v1i t h  t h e  addi t i on o f  c nl c i  w n  c D. ru on :-· t e  

T he fe asi b l e  s ol u t i o n s  f o r  di f fe rent time s a n d  

t e�::pc- 1·n. t ur e s o f  d ryj_n� w e re o b t a i n e d  v1i thout a n y  r:w d i fi c a t i on 

o f  t h e  c on st rain t s . 'i ' h e  n u t ri t i on n l  a n d  ro.w m at e ri P l  

c ou r o [;:L t i on s  are cho\'tn i n  'f' abl e  C . 9 . 
T h e  ro. w  m a t e ri al C 0!;1posi t ion s . The e f fe c t  o f  ad din g c a l c i um 

c a rb ona t e  was found in t h e  di f fe re n c e s  in the raw ma t e ri al 

c omp o si t i on s . The  sol u t i on s  wi t h  indi gen ous raw mat e ri als 

c on t �in e d  a h i ch l e ve l  o f  c ol l a r d , s u c rose an d a m o d e ra t e  

l e ve l  o f  mun gb e an s t ar c h , d u c k  e e� and an c h ovy . Wi t h  t h e  

addi t i on o f  c a l c i um c arb on at e , t h e  s o l u t i ons c on t ain e d  h i gh 

l e ve l s  o f  swe e t  p o t a t o  and m od e r a t e  l e v e l s  o f  suga r , ye l l ow 

swe e t  po t at o , c a s s a va s t a r c h  and anc h o vy . 
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.Raw Materio.l Cont ent 

<,> 

.lnchOYJ 

Bu! C•lo meat 

CassaYA •ta.rch 

C o c onut 

Col lard 

Duck egg 

GuaT& 

Stripe aack:er•l 

Milk tiah 

Ric e ,  browa. 

Ric e ,  parboiled. 

See:a.me 

Soybe&A 

Sponge gourd 

Sweet pota t o ,  •hit• 

S•eet potato, 'ello• 

Suc:-ose 

Calei.U!I carbonate 

Nutrient Cont:cnt 

··�bt g 

Dr1ec1 we ight C 

Calorie kcal 

Pro t e in  g 

l'at g 

Carbohydrate ' 

Fibor C 

Linoleic acid. 

Retinol ccg 

a-caro t e n e  .c, 

Vi.h.aln A. I .. tJ. 

Vitaai.o I) I .11,  

V1tami.o !: I .U.  

Yitaa!D  l I . U .  

Vacu\.la Dry i n g  foam s.s t  Drying Dru• Dr1 ing 

�2°C/2 hr 77°C/1 hr 71 °C/1 hr 89°C/8 •in 10� °C/60 ••• 1E0°C/60 ••• 

2 5 . 8  

0 . }  

5 5 . 8  

10 , 1  

2 5 . 0  

2} . 9  

27 . 5  

7 . 7  

1 9 . 9  

5 . 5  

1 � . 6  

1 5 , 2  

1 . 5  

1 � . 2  

104 . 6  

56.0 

,3 , 7  

0 . 75 

�52 . 1 

203 .6 

880 . 0  

2 2 . 0  

1 7 . 6  

158 . 2  

4 . 6  

} 106 . 0  

1 1 0 . 5  

1 16 1  . o  

2}03 . 7  

�oo.o 

_ } , }0 

1593 . 9  

23.? 

0 . }  

55 . 9  

9 . 5  

2 2 . 7  

25 . 1  

30 .0 

9.4  

20 . 2  

6 . 9 

1 2 , }  

1 5 , 2  

1 , 5  

1 3 . 4  

1o8 . 5  

55 . 9  

,, , 1  

0 . 77 

�54 .6 

203 , 7  

88o . o  

22. 1 

1 7 . 6  

158 . 2  

' · 7  

} 1 0} . 7  

1 1 5 . 4  

1 1 58.6 

2 } 1 5 . 3  

�oo,o 

3 , }0 

1 493.8 

2 4 . 2  

o . }  

56 . 1  

9 . 6  

22 . 2  

2 4 . 9  

2 9 . 8  

9 . 1  

20 . 1  

7 . 0  

1 1 , 8  
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1 9 . 9  
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,56.0 
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0.75 
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22.0 
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1 6 . 0  
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1 7 , 6  
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120 . 1  
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} . }0 
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Nutrient Co:lttnt 

Aecorbio acid ag 

Thiamine •&" 

RibotlaTin •« 

Niacin mg 

Vitamin BJi mg 

VitamiD B12 me 

Panto thenic aci4 

J'olic aei.d. q 

Choli.oe mg 

Bioti.o acg 

Sodiua m.g 

Chloride mg 
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Calc iua ag 
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Magneeiu:a 11g 

Iron •S' 

Iodine ag 

Mangan••• •a 
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tine •1 

Iaoleucine ag 

Leucine mg 
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c,..t1n• ., 

Phen7lalanine 

Threon1...D• •1 

Tryptophan ag 

T;rroeine ag 

Valine ag 

Bietidino •< 

Coot l>oht 

Vaouua Drying Ton mat Drying Dr.,. Drying 

52°C/2 hr ??°C/1 hr 71 °C/1 hr 89°C/8 a1n 10\ "c/60 ... 169°C/6o ••• 
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0 , 2} 
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2 1 } , 0  
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'50.0 
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��.0 

786 . 8  
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984 . 0  

1559,0 
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224 . 0  
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888 . 0  
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2 .88o 

101 . 7  

0 . 7 1  

0 . 7 5  
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1 . 5 

0,00} 

2 , ?9 

0.2� 
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1 , . �  

1 9� . , 

2 1 } . 0  
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'50 . 0  
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8 . 8  
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767 .6 
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6 . 0  
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1567 . 0  

1}20.0 

675 . 0  

224.0 
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89}.0 

}}9.0 

7}9. 0  

1 18 2 . 0  
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2 . 876 

101 . 1  

0 . 71 

o.66 

5.78 

1 . 5  

0,00} 

2 . 79 

0.24 

2}5.9 

"·' 

1 9' , 0  

2 1 } . 0  

1760 . 0  

6}0.0 

450.0 

}91 . 1  

8 . 8  

H . o  

710.0 

?40.0 

6.0 

988 . 0  

1565.0 

1 } 1 9. 0  

67J,O 

22, . 0  

929.0 

892 . 0  

}}7.0 

7}?.0 

1 1 78,0 

48�.0 

2.8?2 

103., 

0 . 70 

0 . 75 

5 . }0 

1 . 5 

0 . 00, 

2 , 82 

0 , 2 1  

H2.1. 
1 4 , 7  

1 99 . 1  

2 1 } . 0  

1760 . 0  

6}0,0 

450. 0  

}77 . 2  

8.8 

H . o  

759.0 

7}9 , 7  

6 . 0  

1007 . o  

1600 . 0  

1}58 . 0  

7 1 } . 0  

222.0 

9' 2 . 0  

9 1 1 . 0  

, , , 0  

748 . 0  

1 1 80 . 0  

•82 . 0  

2 . 9}0 

T ab l e  6 . 9 !Tu t ri t i onal and Raw T . a t e rial C o�p o s i t i on s  of the S o lu t i on s  

f o r  D i ff e rent l'·l e th o d s  o f  Pro c e s s i ne wi th A. dd e d  C al c ium Carb ona t e  
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c arbonat e ,  the c ontent o f  vi t am in K was found t o  b e  

c on s i d e ra b l y  l e s s . The s ame �as found f o r a s c o rbi c a c i d , 

linol e i c  a ci d , vi t wnin L 1 2 ,  f o l i c  3.C i d , c holine and i r on 

b ut t o  a l e s s e r  e x t e n t . � h e  d i f fo re n c e s  i n  t h e raw 

ma t e ri a l  c omp os i t i on s meant t h a t  to ob t a i n  t h e  n u t r i e n t s  

fro�:� i n d i ge n o u s  raw ma t e ri a l s  wi t ll i n  t h e  sp E.: c i l' i e d  l ir.J i t s , 

rau mat e r i al u w i t h  h i Bh c on t e n t  o f  t h e s e  nu t r i e n t s  m u s t  b e  

se le c t e d  i n  ord e r  t o  o b t a i n  ad e q uat e l y  t h e  am o un t  o f  o t h e r  

nut rie n t s  and ye t maint ain t h e  m i n i m u� rati o o f  c a l c i um t o  

pho sphor us . 

Re garding pro t e in q ua l i ty , s u lphur ami n o  a c i d s  w e re 

al s o  a t  t h e  70 pe rc e nt l e v e l  o f  e re amino a c i d s . T h e  l e ve l  

o f  pr o t e i n pe r 1 00 kc al from t h e  s o luti ons f o r  d i f fe re n t  

pr o c e s L i n g  m e t h o d s  w e re found a s  fo l l ow s : 

0 
Vac uum d rying a t  5 2  C for 2 h ours 

0 
Vac uum d rying a t  77  C f o r  hour 

Foam mat d ryi ng at 7 1
°

C for h o u r  

was at 2 . 5 0  g 

was at 2 . 5 1  g 

was at 2 . 5 0  g 

Foam ma t d rying a t  89
°

C for 8 min ut e s  was a t  2 . 5 1 g 

D rum d ry i n g  a t  1 04
°

C f o r  6 0 s e c on d s  was a t  2 . 50 g 

Drum d rying . 0 a t  1 60 C f o r  30 s e c on d s w a s  at 2 . 49 g 

I t  was o b vi ous t h a t  i f  p r o t e i n  was t o  b e  c orre c t ed 

as d i s c u s s e d  e arl i e r , the l e v e l s  o f  protein in t h e se 

solutions n e e d e d  t o  be ad j u s t e d  t o  2 . 57 g p e r  1 00 kc al . 

T h e r e fore , the s o l u ti ons wi t h  t h e  addi t i on o f  c al c i um 

ca rbona t e  re qui r e d  t h e  prot e i n  l owe r level t o  b e  m od i fi e d  t o  

2 . 57 g p e r  1 00 kc al . 

Fa t  c on t e n t s  for all the solutions we re a l s o  found 

at t h e i r  l owe r limi t s  and a s s o c i a t e d  wit h  the re s t ri c t e d  

c on st rai n t . T h e r e fore , t h e  fat l owe r limit was n o t  modi fie d 
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as d i  c ussed  e a r l i e r . 

Fib r e  c on te n t s  ob s e rv e d  f o r  a l l  t he c o lut ions w e r e  

fr om 0 . 52 - 0 . 5 5  g p e r  1 00 kc al . A e  d i s c us s e d  e a rl i e r , i t 

was n o t  ne c e ssary t o  spe c i fy t h e  m a x i m u m  l imit f o r  fi b r e . 

T h e  c o s t s . �i t h  t h e  a d d i t i on o f  c n l c i um c n rb ona t e , t h e r e 

wa s a c onsid e ra bl e  re d u c t i on i n  t h H  c o s t s  o f  t h e  e o l u t i on c . 

I t  vw s c h e ap e r  t o  s e l e c t  t he rav1 Jn n L e ;·· ial E '::i t h o ut b c i n r; 

re s t ri c t e d  by t h e  m i n il:'l Ulll r a t i o  o f  c a l c i u:-n t o  p:1 0 s p h o ru s . 

I n  ad d i t ion , the  cal c i un1 from sy n t he t i c s o u r c e wa s c h e ape r 

t h a n  from ind i ge n ous raw mat e ric:; l s . I n  c onsid e ring t h e 

d i f fe re n c es i n  t h e  c o r· t  o f  the .s o l ut i on c  fo r d i f fe re n t 

d ry i n [� m e t h o d s , ·"T Rbl e 6 . 7 S 1 J OW S  t h e r e s tri c t e d c on e t ra i n t s . 

I n  a d d i ti on t o  v i t � 1 m i n  A ,  rib o f l a v i n  and Fulphur m ni n o  a c i d s , 

f o u n d  a s  re s t ri c t e d c on s t rain t s  i n  t h e  s o l u t i on s  w i t h o u t  

c ol c i um c a r b on o. t e , t 1w o t h e r  n u t r i e n t s  !"l f' f' O c i ,c� t e cl  ·:i i t ll 

rc E t ri c t e d  c on s t r t1i n t s  ·;.: e r e  1"'1n t  J i: i 1 e n i c  a c i d , b i o t in , i od in e  

an d i r on . A s  r e v ie w e d  i n  T a L l c  ( . 8 , t h e  hi Bhe s t c ost  w a s  

fo �n d in t h e  s o l u t i on f o r d r um d ry i n g  at  1 60
°

C b e c a u s e o f  t h e  

h i ch e s t  l o s s e s o f  p a n t o t h e n i c a c i d , b i o ti n  n n d  s u l p h u r  a mino  

a c i d . Next  was 77 °C/ 1 h o u r  b e c a u F e  o f  rib o fl a v i n  and b i o t in , 

f o l l o w e d  by 7 1  °C/ 1 � 1our b e c a u s e o f  r i b o f l a vi n , a s c orb i c  a c i d  

and pan t ot h e ni c a c i d , 89
°

C/8 minu t e s  be c a u s e o f a s c o rb i c 

a c id and bi o t i n , 52
°

C f or 2 h o urs and t he c he ap e s t  wa s a t  

1 04
°

C f or 60 s e c ond s . I t  c ou l d  b e  c on c l u d e d  t h a t  w i t h  l e ss 

re s t r i c t i on o n  t h e  c al c i um and pho s ph orus ra t i o , t he c o s t  

o f  th e s o l u ti o n  w o u l d  b e  high at v e ry high tempe rature s s u c h  

0 a s  a t  1 60 C .  For t h e other t imes and t empe rat ure s ,  t he re 

was n o t  m u c h  d i f fe re n c e  in the c o s t  o f  the l owe r 

t e mpe rature/l on g  time or high t empe rature/short time 

( i . e .  5 2
°

C/2 h ou r s , 89 °
C/8 minu t e s  and 1 04

°
C/60 s e c on d s ) 



b u t  a t  me d i um t empe r a t u r e s an d t im e s  s u c h  as 77 °C / 1  h o u r  

a n d 7 1 °C/1  h ou r  t h e  c o s t s  w e r e  B li r,h t ly h i gh e r . 

6 . 4 S e l e c t i on o f  d ryi ng pr o c e s s  

24 1 . 

A s  d i s c u s s e d  e a r l i e r , t h e s e 3 d ry i n g p r o c e s s e s , 

VR c uum d r yi n g , foam 1 a t  d ry ing an d d r um d ry i n g ,  we r e  

a p rl i c ab l e  t o  'r hail and a s  f a r  a s  c o 1:= t  and avai l abi l i t y  v1 e re 

c o n c e rn e d . T h ou[h the o t h e r  q un l i t y  o f  p r o d u c t  s u c h  a s  

c o l o u r  an d f l a v o ur c o u l d  b e  a f fe c t e d  b y  t h e s e  p r o c e s c e s , 

t h e  d i f fe re n c e s  i n  t h e s e q ua l i t i e s  w o u l d  b e  o n l y  sm a l l . 

T h e r e f o r e , i t  w a s  d e c i d e d  i n  t h i s  s t u d y  t o  s e l e c t  t h e  p r o c e s s  

a c c o r d i n G  t o  t he c o c t  a n d  n u t ri t i o n 8 l  VA l ue o f  t h e  s o l u t i o n s . 

A s  r e v i e w e d  i n  T ab l e  C . 3 , t h e  c o s t  o f  t h e  s o l u t i on s  

wi t h  a n d  wi t h o u t  c al c i um C R rb on a t e  we re c he a p e c t f o r  d rum 

d ry i n g  i . e . f o r  hi c:h t ernpe rs t u r c  and s h o rt t ime p r o c e E� r-: . 

N e v e r t h e l e s s , a v e ry hi ph t em p c t ·a t u rP r ro c e s s  re s ul t e d i n  

d i f fi c u l t i e s  i n  m a i n t n i n in [  t h e  n u t r i t i on al b 8 l a n c e . 

B e twe e n  t h e  2 tempe r a t u r e s  and t i � e �  d e s c ri b e d  f o r  d rum 

d ryi n c; , t he 1 0\·:e r  t e 1:: po r a t ure wn s c h e npe r and i t  vm s C <:i si e r 

t o  E1ai n t 2 i n  n u t ri t i on a l  b a l an c e . 

T h e re f o r e , t h e  d rum d rying p r o c e s s  wac s e l e c t e d  a s  

t h e  m o s t  sui t a b l e  pr o c e s s . H owe v e r , furt he r inv e s t i ga t i on 

w o u l d b e  n e e d e d  wi t h i n  t h i s  range o f  t e m p e r a t ure , 1 04- 1 60 °C 

t o  f i n d  t h e  o p t i m um p r o c e s s . 

6 . 5 C on c l u si on 

Wi t h  the p re d ry i n g  p ro c e s s  at t h e  h i gh e r  t empe ra t ur e  

i t  was m o r e  e xp e n s i v e  a n d  m o r e  d i f fi c ul t  t o  c om p l y  wi t h  t h e  

spe c i fie d n u t r i t i on a l  r e q ui r e m e n t  a n d  t h e re fore a l ow 

t em p e ra t ur e  p ro c e s s  w a s  m o re d e si rab l e . I n  t h i s s t ud y , a 

ba t c h  pr o c e s s at 98°C was c h o s e n  t a kin g  i n t o a c c o un t  t h e  

s ui tabi l i t y  o f  t h e  p r o c e s s  f o r  appl i c a t i on i n  T h ai l an d . 



T akin g  i n t o a c c o u n t  t he l o s s e s  o f  n u t r i � n t s 

a c c o r d i n g  t o  t h e  s p e c i f i e d  c on d i t i o n s  o f  d ryin g , 

f o rr:1 u l a  t i on s  c ou l d  be ::>b t a i n e cl t o  sa t i s fy t he s p e c i f i e d  

n u t ri t i on al re q ui re m e n t  i n  m o s t  c a s e s  wi t h  o n l y  

2'-l-2 . 

m o ci i  f i e  a t i on o n  t he e a  l c i  ur�1 uppe r l imi t . '·"he n  h i gh 

t e wrc rn t ure s we re u s r r , l : i O d i fi c : J l i o n c v: c r c re q ui re d  f ,J r  t h e  

uppe r l i mi t s  o f  a n i n o  a c i d s , hi s t i d i n e  a n d  l y si n e . p h e 

nu t ri e n t s  i n f l u c n c i n �  t h e  c o s t  o f  t h e  f o r�ul a t i o n s  we re 

vi t amin A ,  t o c ophe r o l , ri b o f l avin and s u l p h u r  ami n o  a c i d s . 

T h e r e f o r e , t h e  c a s t E  d e p e n d e d  o n  t h e e x t e n t  t o  �h i c h  t t e s e  

n ut ri e n t s  we re d e s t r ::.:y e d . I n  c a t e r-·o ri zi n r  t h e  t e r.rpe n l t u re s  

a n a  t ime s o f  p r o c e s · i n r  a t  52 °C/2 h o u r r  a s  l ow t e m p e r a t u r e  

a n d  l o n �  t ime , a t  7 1 °C a n d  7 7 °C f o r  1 h ou r  a s  m e d i um 

t e npe r: � t u r c  a n d  t in: e , a n d  at 3C) 0c; :: 1n i n u t c s , 1 04 °C/60 

L· c c :)ll d c  a n d  1 C0°C/3C �� e c ond s u c.- hi ;_ ·;h t c :r:pc ro t u r e  c:. n :J s L o r t  

t i m e , i t  c o u l d  b e  c on c l ud e d  t ha t  t h e  c o s t  o f  t h e  

f o r�n u l a t i o n  v.t h i gh t e mp e r a t ure c. r Hi s h o r t t im e  VJ ,:l f:' t h e 

c he a p e s t  and at m e d i um t e m p e r a t ure a n d  t i m e  was t h e  h i gh e s t . 

'J' h i fO w u s  d i re c t l y  r e l R t e d  t o  t h e  s e n f· i t i vi t i e s  t o  he a t  o f  

U: o s c n u t ri e n t s  m e n t i on e d  a b o v e . · · i t h  t h e  p ar t i c u L ::.r 

n u t ri t i on a l  re � ui re m e n t s  o f  t h i s  in fan t f o o d , n u t r ie n t s 

t ha t  �e r e  q ui t e  s e n s i t i v e  t o  h e a t  r u c h  a s  f ol i c  a c i d , 

t hi am i n e  an d  a. s c o rbi c a c i d  w e re e a. s i e r  t o  ob t a i n  f rolt: t h e  

i n d i ge n o us rav! m :; t e ria l e  a n d  t h e re fore we re c he ap l y  

ma i n t a i n e d  a t  t h e  re q ui r e d  n u t r i t i o n a l  bal a. nc e . 

Ha.v i n G  c on si d e re d  t h e  c o r - t  a n d  n u t ri t i o nal v a l u e  o f  

t h e  s o l u ti on s  f o r  d i f f e re n t  pro c e s s e s , d rum d ry i n g  wa s 

c h o s e n  a s  t h e  m o s t  s ui t ab l e  pr o c e s s . 

A s  d i s c u s s e d  e a rli e r ,  o n e  o f  t h e  l im i t i n g  fa c t o r s  

w a s  t h e  cal c i um t o  ph o s t h o rus r a t i o  a n d  t h e a d d i t i on o f  
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c a l c i um c arb o na t e  re d uc e d  t h e  c o st  o f  the formul a t i o n  

marke dly . I t  wa s al s o  t rue whe n  p r o c e s sing l o s s e s  w e re 

in c l ud e d  i n  t h e  mo d e l . ''ii t h  ad d i t ion o f  c a l c i um c a rb onat e , 

di f fe rent nut ri en t s  we re f o und t o  a f fe c t c o st � The s e  

nut r i e nt s  w e r e  vi t an i n  A ,  a s c o rb i c  a c i d , ribo flavin , 

pan t o t heni c a c i d , b i o t in and sulphur amin o  aci d s . 

Ove ral l , i t  c o ul d be c on c l u d e d  t h n t  the  e x t e n t  t o  

whi c h  the c o st o f  formulat i on d i f fe re d  with p ro c e s si n g  

me t ho d s  wa s smal l  i n  t h i s  Lt udy . l� e ve rthe le c s , i t  gave 

t h e  pro fil e  o f  the limi t i n g  nut r i en t s ,  the  n u t r i t i onal 

val ue , the r aw mat e ri al c om p o s i t i on and the p r o c e s s  w i t h  

t h e  c h e ape s t  f o rm ul n t i on . I n  pre d i c ting t h e  l o s s e s o f  

n u t rients d urin g pro c e s sin g , one c a n  s e l e c t  t h e  pro c e s s in g  

me t h o d  t o  gi v e  t h e  c h ea p e s t  f o rm u l A t i on acc o rdinf, t o  any 

nu t ri t i on a l  r e q ui re m e n t . by t h i s  m e th o d , proc e s s  an d raw 

ma t e ri al s  c an be se l e c t e d  t oEe t h e r  to gi ve the m o s t  

sui t able nut ri t i onal prod u c t . 
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Having s e l e c t e d  the m o s t  sui t a ble proc e s sin g m e t ho d  

a n d  t h e  raw mat e ri a l s  ac c o rdinro t o  the nutri t i onal 

r e q ui r em e n t s , t h e  n e x t  c on s i d e ra t i on w a s  to m odi fy the 

m o del for the s pe c i fi ed qual i ta t i ve chara c t e ri s t i c s  i . e .  

f o r  the p r o d u c t  ac c e pt abil i t y . The  produc t , using the final 

f o rmula f r om the p r o c e ssing mod e l , was proc e ss e d  and 

e valuat e d  and it  W D G found tha t ad di t i on a l  c on s t ra in t s  we re 

re o ui r e d  re gard i n g  c o l our and swe e t n e  �· s o f  the fo rmula t i on . 

T hi s  chap t e r  d i s c us G e s the in c orpora t i on o f  the c on s t raint s  

f o r  c o l o ur and sw e c t n e E s  in t o  t h e  m o de l . 

7 . 1  P r o c e s sing o f  t h e  final formula t i on 

The formula o b tain e d  for d rum d rying at 1 04°C/60 

s e c ond s was pro c e s se d . Un fortun <:! t e ly , m o st of  the ra w 

m a t e rial s in  thi E fo rmul a  w e re n o t  a va ilabl e in N e w  �e a land . 

N e w  �e a l an d  r a w  ma t e rials re sembl ing t hem in n u t ri e n t  

c o�posi t i on , c ol o ur and flavour we re use d a s  foll ows : 

snappe r was use d f o r  anc hovy , mil k  f i s h  

s t ripe m a c ke re l  

grop e r  " " s e rpenthead fish 

h e n  e gg " " d u c k  e gg 

c hi c ke n  gi z z a rd " " d u c k  gi z zard 

brus sel s p r o u t  " 1 1  c ol lard 

spinach 1 1  1 1  ivy gourd 

s oy bean c ur d  was p r e pare d from soybeans ( 60 ) .  
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The o t h e r  raw mat e ri al s  i n  the formula w e r e  r ad i sh , mungb e an 

s t ar c h , se sam e  and sugar (T able 6 . 6 ) . 

The raw m a t e rial s were c l e ane d ,  prepare d as t h e  

" e d i b l e  port i on" , c ut int o small pi e c e s  and w e i ghe d . T h e  

mixe d raw mat e ri a l s  w e re c o oked in a s t e am j ac ke t e d  pan a s  

d e s c ri b e d  pre vi o u sly f o r  t h e  pre d rying proc e ss . T h e  

t e mpe rat ure was rai s e d  t o  9 8°C and h e l d  for 8 1  minut e s . T h e  

c o oke d mixt ure was c omminut ed w i t h  a J e f f c o  we t di sin te grat or . 

T h e  d i s t ribution o f  t empe rat ure s d urinG h e a t in g  up and 

c oo l in g  down was as  f o l l ow s : 

Heating C o o ling 

5 minut e s  52 °C 5 minu t e s  89 °C 

1 0 " 67 °C 1 0  " 82 °C 

1 5  1 1  82 °C 1 5  " 7 2°C 

20  " 9 6 °C 20 " 6 5 °C 

2 3  " 98°c 25 " 54 °C 

30 " 43°C 

35 " 38 °C 

40 " 34°C 

45 " 30 °C 

T h e  p a s t e , having t o tal s oli d s  o f  30 pe rcent , was d ri e d  on 

a s i n gl e  drum dry e r  to a m oi s t ure c on t e n t  o f  2 . 8 p e r c e n t . 

Wi t h  t h e  expe rimental d rum d rye r ,  i t  was found di f fi c ul t  t o  

hav e a good c on t rol on t h e  drum t emperat ure b e low 1 25 °C 

and i t  was n o t  p o ssible t o  ope ra t e  t he d rum at  a spe e d  

l owe r  than 2 rpm . T h e r e f o re , t h e  d rum t empe rat ure o f  1 25 °C 

was u s e d  and drying t ime was 1 5  s e c onds . T hough the 

d i s t ri but i on o f  t emperature during heating up , c o ol i n g  d own 

and the d ry i n g  t ime and t e mpe rat ur e  we re sligh t ly d i f f e r e n t  

t o  t he e stimat e d  t ime s a n d  t empe ra t ur e s , the  n ut rie n t  l o s s e s  
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w e r e  c al c u l a t e d t o  b e  at th e s ame l e v e l  as f o r  d rum d ryin g  

a t  1 04°C/60 s e c onds . T h i s  w a s  b e c au s e t h e  l o s s  d urin g 

h o l din g t i m e  o v e rshad owe d the l o s se s  d u ri n � h e at in g u p  and 

c o o l i n c  d ow n  an d al t h o uGh a hi chc r  t emp e ra t ure was u s e d  f o r  

d ryi n g , t h e  d rying t ime w a s  c on . i d c ro b l y  sh o r t e r . T h e re f o re , 

t h e  op t imum f o rmula f o r  d r y i n c  at 1 04°C/60 s e c on d s  wa s v al i d  

f o r  t h e  e xpe rir:1 e n t al pr o d u c t . I t  :n u s t  b e  n ot e d  t h 0. t  t h e  

l o s s e s  o f  n u t ri e n t s  c an be a d j u s t e d a c c ordin g t o  t h e  ac t ua l  

p r o c e s s i n g  c on d i t i on s , t h e D o d e l t h e n  s im p l y  m o d i fi e d  a n d  

t h e  p e rt i n e n t  o p t i m um s o l u t i on ob t ain e d . 

E va l u a t i on o f t h e  nro d uc t ·------------A -----

T h e  e va l u a t i on o f  t h e  q un n t i t a t i v e  an d q u ali t a t i ve 

c h a ra c t e ri s t i c s  s h oul d b e  c a rri e d o u t  i n  T hai l a n d w h e r e  t h e  

T hai ro.v; m a t e ric:1.l s c an b e  u s e d  an d 'I' hai m o t h e rs c a n  j ud ge 

t h e  1; r od u c  t .  '.'Ill e n  9 o u t  c f 1 3  rav.' r:1 a t e ri a l s  c o u l d  n o t  b e  

o b t ai n e d  i n  :ne w  l e al£md , i t  w a s  f c l  t t h a t  e v<J l ua t i on f o r  t h e  

q u an t i t at iv e  charac t e ri s t i c s  i . e . t h e  n u t ri t i o n al 

c o m p o s i t i on o f  t h e  produc t w o u l d  n o t  b e  m e anin g f u l . F o r  t h e  

q ua l i t a t i v e  c h arac t e ri s t i c � ,  t h e  p r od u c t s h oul d b e  e va l ua t e d  

b y  a n umb e r o f  T h ai m o t h e rs an d f e d  t o  'l' hai i n f< m t s  b u t  i t  

w a s  n o t  p o s si b l e  t o  f u l l y  i n  v e  c t i[;D. t e  t hi s i n  N e w  7.e alcn d . 

I n  o r d e r  t o  i l l u s t ra t e  h ow t o  m o d i fy t h e  m o d e l  f o r  

t h e qu al i t at i ve c harac t e ri s t i c s , � � h a i  m o t h e rs in 

Palmc r s t on � o r t h  w e r e  a sk e d  f o r  t h e i r  opin i o n s  on t h e  c o l ou r , 

swe e t ne s s , c on s i s t e n c y  an d o v e rall a c c e pt ab i l i t y  o f  t h e  

pr odu c t . 2'h e c on s um e r  pan e l  f o rm i s  shown in Appe nd ix 1 5 .  I n  

pre parati on o f  the pr od uc t  f o r  t h e  m o t he r · ,  t h e  d ry p o wd e r  

w a s  mixe d wi th hot  wat er  at t he rat i o  o f  1 t o  5 b y  w e i gh t . 

Bas e d  on t h e  dri e d  we i gh t  o f  the f o rm ula a t  2 1 1 g ,  the 

appr oximat e  volum e  t o  s upp ly a dai l y  e n e rgy r e qui rement at 
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880 kcal w o u l d  be 1 270 ml , whi c h w� � fou � d  t o  be t he v o l um e  

n ormal ly t a ke n  b y  t h e  i n fAn t 6 - 1 2  m on t h  o l d  ( 8 1  ) .  

For e a c h  o u 0 l  i t a  t i  ve c h<J r rt c  t r' r i c t i c , t he d e f' c  r ip t i on s  

0 1  t h e  q u e t.: t i onnn i re '.'1 C rc n s c i c 'n c d  n r- c or c o f  1 t o  5 
( Aprendix 1 6 ) . � h e � v era re s c or ·c p fro� t h e  five w � �en we r e  

(l t' f 0 ll 0 VJ [', : 

/1. v e  r2 r·e s e  or e 

A v e  ri' !"e opinion 

C o l Jur  � u c r i n o E s  C nn r i s t e n c y  

Eli �htly Sligh t ly 

2 . 8 
Jus t  ri gh t  

d a rk swe e t  

Ovr: r a l l  

a c  c ""' pt a b i l i  t y  

3 . 6 

J.. c c e p t ab l e  

From t h e  c on sume r pane l , the  o v e rall a c c ep tabil i t y  

c ould b e  improve d by modi fyi.ng for a l i ph t e r  c o l ou r  and a 

l e ss s�c e t  pr o d u c t . T h o u gh a s l i gh t ly swe e t  pro d u c t was 

pre fe rre d by the �: o t h e r s , the prod u c t  was sligh t ly s w G e t e r 

t h a n  d e s ir e d . T h e  c onsi st e n c y  o f  t h e  m i x e d  p r o du c t w a s  

ab o u t  righ t . The d i l ut i on n e e d e d  for i n fant food is us ually 
5 to G par t s o f  wa t e r  t o  one part o f  d ry pr od u c t ( 5 ) .  A s  

a J!la t t e r  o f  fa c t , the m o t he r c n Cl d  j u s t the am ount o f  v1e.t  e r  

t o  gi v e  t h e  pre f e r r e d  c o n si s t e n c y . � h o uch t h e  d i l u t i on 

w o u l d  have an e f fe c t  on th e flav o u r  and c ol o u r  t o  a c e r t ain 

e x t e n t , i t  v1 a s  n o t e x p e c t e d  t o b e  m u c h  v1 i t h i n  the  ran ee o f  

d i l u t i on n o rm ally use d . A s  the ro t i o  o f  5 t o  1 use d 1 i t h  

c on s ume r pan e l w a s  found t o  be ab out  ri ght , t h i s  d i l u t i on 

was use d in t hi s  study . 

The qual i t f tive c harac t er i c t i c s  were al so e valua t e d  

ob j e c t i v ely, t h e  D U -C OLOR c ol orime t e r  was us e d  f o r  c o l o u r  

and the  Brook fi e l d  vi s c ome t e r  w a s  u s e d  for c on s i s t e n c y . 

F o r  the tas t e  as swee tne s s , the pe r c en t age o f  adde d  sugar 

in t he dry wei gh t  was use d . The Thai  N ot i fi c at i on s pe c i fi e d  

sugar relat e d  t o  c arb ohydrate  t o  b e  n o t  l e s s  t han 2 0  pe rc en t , 
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whi c h  was e quivalent t o  9 . 2 - 1 4 . 3  pe r c en t  o f  e n ergy from 

sug a r  as d i s c usse d in 2 . 1 • 1 6 ,  or ::tP } 'roximn t ely 1 0  - 1 5  

pe r c e n t  sugar on the d ry basi s . 'r he re fore , t he swe e tne s s  

i n  t h e  formulat i on would  b e  overshadowed b y  the add e d  

sugar , a s  t h e  sugar c on t e n t  d e rive d  fro� o t h e r  food  ra� 

mat e rial s would be c on c i d e rably cmnl l e r . 

T h e  m e a s uremPn t o f  c ol our , c o n si s t e n c y  a n d  the 

pe r c e n t R �e o f  ad d e d  suear we re as foll ows : 

7 . 3 

C ol our Swe e tn e s s  

C IE T ri s t imuli Pe r c en t a ce ad d e d  

X 
y 

37 . 0  

37 - 9 

z 2 1  . 9 

sugRr on dry w e i gh t  

L�9 . 6 

Consistency  

c ps . 

5 1 0  

H o d i  fi c o. t i o_
n
_

o_f_� he
_

mo
_

d_
e_l_0£C Qr d i�_t � _t_h_e_r_e�o�u_i_

re d  

q u a l i ��t i ve c ha ra c t e ri s t i c s  

C on s t rain t s  f o r  c olour and swe e t ne c s  w e re c on s i d e re d 

f o r  inc 8 rp o ration int o t he mo de l . 

7 . 3 . 1 C on s t raint s f o r  t he c ol o ur 

In t h e  pro c e s s e d  in fan t fo o d , gre e n  ve ge t abl e s , as 

c ol l a r d  and i vy gourd , w e re t he ma j or raw mat e rial s 

c on s i s t i n g  o f  42 pe r c e n t  o f  the t o t a l  wei �ht . 

T o  sele c t  t h e  raw mat e rials t aldn g  int o a c c ount t h e  

pre f e rr e d  c re amy c o lour , an e xpre s si on f o r  t h e  c olour 

c on s t raint had  to  b e  put int o the line ar programmin g m ode l . 

I t  h a s  b e e n  shown in t he l i t e rat ure t hat c o lour and fla vour 

c an be inc orporat e d  i n t o the  model once  t he e xpre s cions  f o r  

t he se variab l e s  a r e  e st abli shed ( 1 1 2 , 250 ) . Walsh e t  a l . 

1 97 1  and Harp e r  and Wanninger 1 970 e xpressed  t h e  c o n s t raint 
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for c ol o u r  re l a t e d  t o the p ro c e s � in g  c on d i ti on s . I n  t h e  

p re s e nt s t ud y ,  i t  w a s  c on s i d e r e d  m o r e  importan t t o  e xp r e s s  

c o l o u r  a s  relat e d  t o  t h e  r a w  ma t e ri a l s . � h e r e fore , i t  wa s 

ne c e s s a ry t o  d e fi ne t h e  c o l o ur o f  t h e  ra w m a t e rial s a nd 

c on E t ra i n t s f o r  the c o l � u r . T h e  c o l o u r s  o f  raw m P t e ri a l s  

c o ul d b e  j udge d e i t he r b y  o b j e c t i v 0  o r  c u b j e c t i ve Mc t 1 o d � . 

Tho uch t he ob j e c t i v e m e t hod v.ro u l d  b e  :n o r e  a c c ur a t e , t h G  

E ub j e c t i ve m e t h o d w� s s i m p l e r  an d l e s �  t im e  c on s um in c . A t  

thi s s tage o f  re s e a r c h  wh e n  t h e  p u r p o � e  w a s  t o  in ve s ti �a t e  

t h e  p o s s i bi l i t y  o f  i n c l ud i n g  a n  a c c e p t a bl e q ual i t y i n t o  the 

m od e l , i t  wa s fe l t  re a s on a b l e  t o  d e fine the c o l o u r  o f  r R w  

m� t e rial s s ub j e c t i v e l y . 

T o  d e fin e  the c ol o u r  o f  t h e  raw mat e ri al s , t h e  

c ol o u r  o f t h e  c o o)(e d  raw mD t e ri a l E  · · · e re c on s i d e re d . T h e s e  

ro.w m a t e ri a l s \'.; e r e  d i vi d e d i n t o  L f  c a t e go ri e :=:- , i . e . rovt 

rn a t c ri � l s  wi t h  whi t e  o r  c re a m y  c o J o u r s u c h  a s  mun gbe an 

s t a r c h  a n d  f i c h , y e l l o� c o l o u r  � u c h  � r  d u c k e gg , b ro�n 

c ol o ur s u c h as d u c k  gi zzarcl and :.:; t ri p e  m a c ker e l  and c;re e n  

c o l � u r  8 U c h a s  c D 1Lu', ;. and i v y  c J u r d . ' '!i thin e a c h  c .::� t e c o ry 

o f  c o l o u r , t h e  c ol o u r o f  r a w  rn<:' t c. ri a l s  w e re n o t  e q un l ly 

gre en , o r  ye l l ow or b rown o r  c re amy whi t e . T aking t h e  

d i f fe re n c e s  in t h e s e  c ol our s , t h e  raw m� t e ri a l s  i n  e a c h 

c a t e go ry w e re d i vi d e d  i n t o  3 d i vis i on s . T h e  r aw ma t e ri a l s  

we re j ud ge d  s ub j e c t i ve ly . T h e  r a w  mat e ri al s  wi th t h e  m o s t  

gre e n ,  o r  ye l l ow or brown we re assign e d  a s c or e  o f  3 ;  the 

raw mat e ri a l s  wi th the l e a s t  gre en or ye l l ow or b rown w i th 

the s c ore o f  1 and the raw m a t e ri a l s  wi t h  the c ol our o f  

gre e n  o r  ye l l ow o r  brown in b e twe e n  the firs t  2 groups we re 

a s s i gn e d  a s c o re o f  2 .  The raw mat e ri a l s  wi th whi t e  o r  

c reamy c ol our w e r e  n o t  s ub d i vi d e d  b e c ause o f  ve ry l i t t l e  
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di f fe r e n c e s  i n  t he c ol our and a s c o re o f  3 was a s si gn e d  t o  

a l l  the raw mat e rial s . T he raw m, t e rial s  in d i ffe rent 

c ct t e gori e s  o f  c ol our and c o l our s c o r e s are shown i n  Tab l e  7 . 1 . 

'l'able 7 .  1 The C l n ssi fi c at i on o f  Raw Mat e rial s A c c o rdin g 

t o  Di f fe re n t  C ol our� and Di f f e re n t  S c ore s  

Rc..w m l' t e r i n l a  Score o r  colour Ruw mnteriols Scoro ot colour Ruw m n t e i-1ale Sc ore or colour �.1w rn ..... t A r i n l e  Seorr or c olour 

� 
Anc hovy 

rotUe go urd 

Ca rp 
Ca<· hew nut 

CasGava starch 

Coconut 

Cucwnber 

Ooro'b 

Couramy 

l-:i l k ,  d ry 

Y. i l ;. ,  whole 

� i l k  fish 

V.ul l e t  

�:ung'cean , starch 

Peanu t ,  dry 

feanu t, raw 

Perch 

Rod i s h  

Rice flour 

Rice , � l u tinuous 

!lour 

Ric e ,  g l u tinuous 

:r. i l l e d  

Ric e ,  m i l l e d  and 

F 0 1 1 shed 5% 
Rice , parboiled 

Se rpenth e ad fish 

SeCiase 

�l<.ia milk, dry 

Sl<.1111 mi l k , fluid 

Sneppe r 

3 
.} 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

.} 
3 
3 
' 
3 
3 

Soybean !lour 3 
Sponge gourd 3 

. ';!ox t;ourd .} 

Y e l l ow, reddish yell ow 

Bamboo 

Banana 

Banana , c OllUIIOD 

variety 

C11rrot 

Cauliflo .. r 

Corn 

Cowpe a ,  dry 

Eel�, duc k 

Eee ,  hen 

Gunva 

Lemon 

J-4ungbean ,  whole 

Orange 

Oran ge , mAndarin 

PapAya 

Pigeon poa 

rinoapple 

Prawno 1 river 

Prnwn e ,  soa 

Pumpl<.in 

Soybean 

Soybe a n ,  curd 

Sprouted mungbean 

Squid 

Sweet potat o white 

3 

2 
3 
3 

3 
3 
3 

2 

Sweet potato yellow 2 
Tomato 3 
l'fate rmelOD 3 

� 
Bee f  

B u f falo 

3 
3 

C a t fi e h ,  fresh wate r 2 
Cat fish , sea water 

Chicken, matured. 

Chicke n ,  young 

Duck 

Eel 

Eeg plont 

Oizz� rd • chicken 

Gizz.o rd , d u c k.  

H a r d  tnil fish 

HeD r t ,  bee t 

Hea r t ,  hog 

Live r ,  bee t 

Li v e r , chicken 

Live r ,  d u ck 

Live r ,  hog 

Mushroom 

Pork , lean 

Ric e ,  black 

g l u t i n uoua 

Ri ce , brown 

Span:l.sh aacke rel 

5 tripo •a eke rel 

Sugar 

2 
3 
2 
3 
2 
2 
' 
3 
2 
3 
3 
3 
3 
3 
3 
3 
2 

2 
3 

� 
Eet�n F ,  snap 

ColJUngc 

r.ehbar,e , chinese 

Col lo rd 

C owpeR , yardlong 

Ooabean 

HuFtard , ttreen 

Peas 

Snnke courd 

Swomp cabbar;e 

3 
3 
3 
2 
3 
2 

2 
2 
3 

T o  d e fine the  c ol our o f  t h e  product  formul at i on , the 

t e rm " c ol ou r  intensity"  and " t o tal c ol our int en si t y "  we re 

u s e d  in t h i s  s t udy . The c ol our i n t e n s i t y  for e ac h  c ol our was 

d e fine d as a s ummation o f  the we i ght o f  each raw mat e ri al in 

t he formulat i on mul tipli e d  by i t s  c ol our sc ore . The t o tal 
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c ol o ur i nt en s i t y  wa s de f in e d  as the s um o f  all c ol our 

in t e nsi ti e s . 

By t h i s  d e fini ti on , the  t otal c ol our int e n s i ty o f  

t h e  p r � c e s s e d  i n fan t f o o d  di s c ussed  in 7 . 1 was divi d e d  1 3 ,  

49 , 1 1  and 28 pe rc e n t r e spe c t i ve l y  for br own , gre e n , yel l ow 

and whi t e  a s  shown i n  T able 7 . 2 . 

T a h l e  7 . 2 D e t e rminat i on o f  t h e  D i f fe re n t  C ol ou r  

I n t e nsi t i e s  i n  the  Ini tial Form u l a  

Raw mat e rials \'/ei gh t  C olour Colour 

g rating intensity 

� 
Striped mackerel 1 2 . 0 3 = 36 .0 

Gizzard duc.lt 6 . ?  3 = 20 : 1  

Sugar 1 05 . 0  ,. 1 05 . 0  

Total brown inte nsity 1 6 1 . 1  

Green 

Collard 20? . ?  3 = 623 . 1  

Ivy gourd 4 .0 3 .. 1 2 .0 

Total green intensity = 635 . 1  

Yellow 
Soybean curd ? .8 = ? .8 

Egg 42 . 5  3 .. 1 27 .5 

Total yellow intensity 1 35 · 3  

Whi te 

Anchovy 26 . 2  3 = 78 . 6  

Milk !ish 1 3 -3 3 .. 39 .9 
Serpent bead !ish 4 · 8 3 .. . 1 4 . 4  

Radish 5 . 8  3 • 1 7 . 4  

. Mungbean starch 5 1 .0  3 .. 1 53 -0 

Se same 1 6 . 8  3 "' 50 . 4  

· T o tal white intensity = 353 . 7  

Total intensity = 1 6 1  . 1  -t 635 . 1 -t 1 35 -3 -t .353-7 

.. 1 28 5 . 2  

Brown c olour a s  percentage o !  total intensity = 1 6 1 . 1 X 1 00 = 1 � 

Green " " " 

Yellow " n " 

White " " " 

= 

• 

• 

1 285 . 2  
6�2• 1 X 1 00 

1 285 . 2  

135.3 X 1 00 . 
1 285.2 

35�.7 X 1 00 

1 285 .2 

= 49% 

• 1 1% 

= 28% 



T o  de fine t he c on s t raint f o r  the c ol ou r  o f  t h e  

formul a t i on ,  t h e  c ol our i n t e n si ti c s  o f  t h e  ac c e p t abl e 
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pr od u c t we re r e q ui re d . I n f o rma t i on ob t a in e d f r om t h e  

e val u a t i on o f  t h e  p r o c c � s e d  prod uc t showe d t h a t  the c ol our 

was s l i gh t l y  d ark , whi c h  m e an t  t h n t  t h e  raw m a t e ri a l s  w i t h  

gre en , y e l l ow an d b rown c o l ours sh o u l d  be re d u c e d . T o  

r e s t ri c t t h e  s e l e c t i on o f  c ol o u r r � r � �  �a t e r i al s , i t  � � s 

d e c i d e d  t o put u � pe r limi t s  on t h e  c ol o ur in t e n s i t y f o r  

e a c h  o f  t he c ol o ur c a t e gori e s . fl. s t h e  c ol our o f gre e n , 

y e l l ow an d brown , e ach ha s a di f fe re n t e f fe c t  in a d d in g  

c o l o u r t o  t h e  fo rm ul n t i on , the  l i�i t f o r  e a c h  c ol our 

in t e n si t y wo s s e t  di f fe re n t ly . C onsi d e ra !._ i on w a s  al s o  

ci v e n  t o t h e  fa c t  t hat t h e  t otal in t e n s i t y o f  g re e n , y e l l ow 

a n d  b r own c ol o u r s  m u c t b e  l e s c t h nn tha t o f  t he pre E cn t 

pro d u c t  ( 7 . 1 ) .  T o  st a rt t h e  mod i fi c n t i on o f  t h e  m o d e l , t he 

uppe r l imi t s f o r  b rown , gre e n  a nd ye l l ow c ol o ur i n t e n si t i e s  

we r e  s e t a t  1 2 ,  30 , 4 0  pe r c e nt o f  t h e  t o t al c ol our i n t e n si ty . 

The i n t e n si ti e s  o f  the c ol ou re d raw m a t e rial s add e d  t oge t h e r  

h a d  t o  b e  l e s s  t han 60 pe r c en t o f  t h e  t o t a l  i n t en s i t y o f  

the f o rmula.t i on . 

7 . 3 . 2  C onst raint s  for t h e  t as t e  

The amo un t  o f  add e d  sugar i n  t he pr o c e s s e d  i n fa n t  

f o od wa s qui t e  high a t  49 . 6 pe rc e n t  o n  the  d ry basi s . T o  

s e l e c t  the  raw ma t e rial s t aking i n t o a c c o unt t h e  p re fe rre d 

s l i gh t l y  swe e t  t a s t e , an e xpre s s i on f o r  t he t a s t e  c on s t raint 

was re q uire d i n  the m o de l . As d i s c u s se d earl ie r , the 

swe e tn e s s  of t he formula was due t o  a.dded s u ga r  more than 

to  i n d i gen ous raw mat e ri al s  so t he upp e r  limi t for swe e tn e s s  

was spe c i fi e d  a s  add e d  s ugar . I t  was al so d e c i d e d  t o  s p e c i fy 

suga r  b a s e d  on t h e  dry basi s as i t  would c l e arly indi c at e  
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t he am o un t  o f  add e d  sugar i n  t he d ry prod u c t . T o  s t a r t  

t h e  m o d i fi c a t i on o f  t he m o d e l , t h e  upre r l i m i t  o f  t h e  s u rar 

w a s  spe ci fi e d at 35 pe rc e n t of  t h e  d ry � o l i d s ,  a l e v e l  l owe r 

t h a n  t h e  p r e v i o u s ly pro c e s s e d  i n fa n t  food . 

7 . 3 . 3 S e t t i n g up the d a t a  for c o l o u r  a n d  t n s t e  c on � t ra i n t s  

T h e  l i n e 2 r  rr l E t i on s h i p s  o f  ra� ma t e ri a l s  wi t h  

c o l ou r  w a s  e x p r e � � c d  i n  t h e  s a m e  w � y  a s  f o r  c os t  and 

c o�posi t i on in 3 . 3 : 
For gre e n  r uw ma t e rial s  

n 
G = ;£ 

i = l 

For b rown 

n 
F = � 

i = l 

a X 
gi gi 

raw m a t e ri al s 

a X 
bi b i  

For  y e l l ow rnw m a t e r i al s 

n 
y = � 

i = l  
a X 

yi yi 

For whi t e  ra w m a t e rial£ 

n 
\'J = � a X 

i= l wi wi 

whe re G ,  B ,  Y and W re p re s e n t e d  the gre en , b r own , 

y e l l ow and whi t e  c ol o ur i n t e n si t i e s  o f  t h e  formulat i on ; 

a 
gi ' abi ' a

y i 
and a 

wi 
r e p re s ent e d  t h e  c o l o u r  s c o r e  a n d  x

gi , 

x
b i ' xyi ' x

wi 
r e p re s en t e d the w e i Gh t o f  the gre e n , ye l l ow , 

b r own a n d w hi t e  raw mat e ri a l s  re sp e c t i ve ly . 

T h e  c ol our c on s traint s  we re a l � o  in c o rp o ra t e d  i n t o  

t h e  mod e l  a s  d i s c u s s e d  in 3 . 3 , e . g . the uppe r l imi t o f  gre e n  

c ol our i n t e n s i ty at l e s s  than 3 0  p e r c ent o f  t h e  t o t a l  

i n t en s i t y  was e xpre s s e d  a s  



G C OL OUR = 
G 

0 . 3  
T OI'AL I 

G C OLOUR = G - 0 . 3 '�' 01'AL I -( 0  

whe re G C OL C1UR repre sent e d  the uppe r l imi t o f  gre e n  c ol our 

i n t e n s i t y  a s  proporti o n  o f  t ot a l  i n t e n Gi t y , T OTA L I 

r epre s e n t e d  t h e  t o t a l  in t e n si ty which i s  G + B + Y + W .  

T h e  c on st raint on swe e t ne s s  a t  l e s c  t han 35 p e r c e n t  o f  d ry 

w e i gh t  w as e xpre s e d  as 
S UC R OSE 

S ' 'IEET = 

= S UCROSB - 0 . 35  D1!/T -(0 
v:h e r e  S�'.'EET re p re s e n t e d the upr,e r l imi t o f  add e d  suga r ,  

S U CROSE rep r e se n t e d  t he a dded s uga r . 

? . 3 . 4 Ob t ai n i n r;  t h e  F o 1 u t i o n  for t h �:  u ::; d i fi e d  m o d e l  

I t  l'f a i.e  f o u n d  r i o t  p o E: s i l l c  t o  o b t e i n  a s o l ut i ::;n <o t 

t h e  � o d i fie d  l e v e l  o f  c on � trni� t r . � h e  prob l e m  ha d 3 

i n f e � sibi li t i e s , c n l o r i e  w a s  l a� e r  t h a n  t he m i n i m um 

r e q  uirc . 1: e n  t ,  e a  l e  i ur. and gre e n  c ol o ur i n  t e n  si ty uppe r limi t s  

w e r e  e x c e e d e d . The c on s t ra i n t s  a t  b o u n d s  w e re found w i th 

t he f o l l o w i n g  up� n r  � nJ l ow e r  l imi t s . 

Uppe r l imi t s  

c u  

CALf ROl'II  

C ALKH 

D H I S'J' 

Low e r  limi t s  

J'T I A  

V ITD 

CALV ITAL 

VIELINOL 

CA LR IB OL 

CAL I L  

CALZNL 

CAPL 

CS ULAA 
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I n  o rd e r t o  ob t ain a f e a s i b l e  s o l u t i on , the 

s l a c ke n i n g  o f  the  uppe r l i mi t s  w .  c c on s i d e red . I t  w a s  n o t  

p o s s i b l e t o  obt ai n  a s ol ut i on b y  re l e a s i n e  am i n o a c id upp e r  

liDi t a s  f o un d  �i t h  c ry in g  a t  1 60°C ( 6 . 3 . 1 ) . Among t h e  

c on s t ra i n t s  a t  b o un d s , C U , CAIX WJr l T ,  C AlX'' and S::JT.f'T' , i t  was 

d e c i d e d  to m odi fy CU b e f o r e any m o d i fi c a t i on s  e i t h e r o f  

p r o t e in upp e r  l imit b e c a u c e  thi s � a s  spe c i fi e d  by t h e  T h a i  

N o t i fi c a t i on , o r  p ot a s s i um uppe r l i m i t  b e c a u s e  thi r- a f f e c t e d  

t h e  r e n a l  s ol ut e  l oad o r  the l e v e l  o f  s u ga r  b e c au s e  t h i s  

a f fe c t e d  t a s t e  a c c e p t abi l i t y . Th o u �h t he re i s  e. po s sibl e 

ha rm f u l  e f f e c t o f  c oppe r  ( 53 ) , the e x a c t  l e v e l  i s  n o t  kn ovm . 

1' h c; c o pp e r  i n t he  n oY"m£'1.1 d i e t  f o r  ;Hl u l t s  i s  2 m g  p e r  cl ay 

( 5 6 ) . 'T' h e re fore , t h e  upp e r  l i !: J i t  ':: ;: r- i n c reCJ s e d  from 7Lr0  

t o  900 m c g  p e r d ay . � · h i s  l e v e l  w � E e q ui v al e n t  t o  t h e c oppe r  

c o n t e n t j_ n t h e  v o l u r:c  o f  h uman m i ll--: r.� ur!JJ  y i n g:  t wi c e  F! �: m u c h  

o f  t h e  en e r gy re q uirc rr.c n  t a n d  s o  '.':n r - c on r- i d e  re d F a  fe t o  use 

f o r  t h i s  i n fan t f o od . 

""'he re fore , t h e  uppe r li!!li t f o r  h i s t i d i n e  wa s f r e e d  

c.-· n d  t l H' C O}liJ C r  ur:;'c r l i mi t w a s r- e t  .<"1 t 9 0 0  m c c;  p e r  d ay . 

l r o �c v e r , i t  was n o t  p � s s i b l e  t o  ob t a in t he s o l u ti on , o n e  

i n f c a � i b i l i  t y  w a E  f o und a s s o c L , t n cl w i t h  the uppe r  1 i m i  t o f  

gr e e n c ol o u r  in t e n s i t y . The po s si b l e  gre en c o l our i n t e n s i ty 

\'.'a s f o u n d  t o  b e  a pp r ox ima t e ly 3 5  pe r c e nt vri t h  c oppe r ur·pe r 

l im i t at 900 m c g  pe r d a y  a n d  h i st i d in G  uppe r l imi t fr e e d . 

I t  w a s  t he r e f ore d e c i d e d  t o  e valuat e t h e  ac c e ptabi l i t y  o f  

pr od u c t from t h e  f o rmula t i on wi t h  3 5  p e r c e n t  gre en c o l our 

i n t e n sity b e fore any furt h e r  m o d i fi c a t i on . The nu t ri t ional 

and raw mat e rial c omp o s i t i on s  and c o s t of t he formul a t i on 

i s  shown i n  T ab l e 7 . 3 . 
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Tab l e  7 . 3 �� ut ri t i onal and R;- v..r �· Tr> t f. rial C omp o si t i on s  and 

C os t .:: o f  the S ol u t i ons v;i th C ol our n nd 'T .,  f' t e  C onstrrl in t s  

C o�pared t o  t h e  Ori cinPl S ol ut i on 

<c> 

hrralo 
C.•-•• atarah 

C'ttooa\1\ 

Coll&r4 

lbut.abu.A otarob 

1:1o o t  bro� 

...... 

lfoa.c• ro!U'd. 
•• 11.14. 

ltrlP't' -....ll:nd 

Calciwt ca.r'oonat.a 

ht . 
4arkb,z'4.rato 
f'iUo l 
lJ.ao.ldA a.cU SC 
a.U.Aol .cc 

b41.c'-aov• 

law ftatedAh 

0,2 

7.1 

'>62,0 

-.a 

880,0 

.,_, 
17,6 

1!56,6 

J .• 6 

,,93.) 
"·' 

1)06 . ,  

2)0).7 

J.dd•d. Cahiva Sol\atioa 

Carbon•t• 

19,a 

o.z 

,a,o 

7.7 

s.o 

1:6 . 7  

J7 , ,  

,,,, 

1,,a 

1 , 7  

"·' 

.,,,0 

20).7 

8!o.o 

22.6 

1,,, 

'·' 
)188,, 

122.6 

2)0).7 

9.0 

,,0 

1),J 

,.a 

12.0 

1Q5.0 

50}.1 

211.,, 

,,,, 
29.6 
18.) 

1:1'7.1 

'·' 
}71t1.J 

176.a 

Wutriont Content 

V1t.a.a.1.n I 1 . 0 .  

A.aoorblo acid! q 

Tk!Aai.u q 

at.botl..niA a« 

liaci.D. q 

'f1t&ai.D 112 .. 

,._.to1.Jwoic acid 

., rol.i.a a.o14 •• 
CU11.na q 

lloU.A *I 
llo4J. .. ..  

Potaaalu.a q: 
C&lclaa q 

troll .. 
Io41.a. IIC 
JlaA.Ca.D••• ... 
Cop�r .a1 

M.tb.ioo.Ue q 

1'b.reoo1n• Ill 

t'rrptopt&Ao. •I 

'•lLu llC 

7 . 4 Eval uati on o f  the m o di fi e d  pr o du c t  

latipaou.a 

•• Kateri.&b 

,,_ ,  
o.� 
0.66 

. ,,,, 

o.-
2.98 

21).0 

1?60.0 

11 . ..0 
"·0 

100>.2 

'100.0 

'·" 

13'9.0 

,,,0 

881.0 

"'2.0 

670.0 

A44ecl Calci�.a� 

Carboaata 

ltOO.O 

0,72 

0.66 

'·" 
'·' 
o.oo, 
··'" 
o.,, 

z,.o 

11'60.0 

6)0,0 

lt50.0 

,,0.6 

8,a 

"·0 

8)0., 

7lt0.0 

6.2 

1001t.O 

,,7,,0 

1)91.0 

690.0 

2)1 . 0  

922.0 
891 .0 
3'7,0 

758.0 

1226.0 

a.an 

ltOO,O 

).90 

,.,7 

198.7 

0,97 

o.69 

, , 1 ,  

1 .6 

o.O?S 

2.91t 

lt26 . 9  

.a., 

l:61t . 9  

"''·' 

18)0.6 

760.0 
, ... , 

209.2 

,,,a 

.,.a 

, .7 

?\0.0 
•• 6 

2001 .0 

915.0 

289.0 

1}86,0 

12}4.0 

*-27.0 

87},0 

161,.0 

651.0 

T h e  pro duc t a c c ording t o  t h e  modi fied f o rmu l a t i on 

was pro c e s s e d  as d i s c usse d i n  7 . 1 and evalua t e d  for the  

quali tative c ha rac t e ri s t i c s  as d i s c ussed in 7 . 2 . 

7 .  4 .  1 Measurements on t h e  q ua l i t a t ive c hara c t e ri s t i c s  o f  

t h e  modi fie d  prod u c t  

From anothe r c ons um e r pan e l  t e c t , the ave rage s c o r e s  



we re f o un d  as f o l l o w s  

C o l our 

A v e r<�tc s c o r e  j . O 
J� ve rage J u s t 

o pi n j_ on ri ght 

T a s t e  

3 - 5 

Just r i �S h t  -

s l i gh t l y  r:we e t  

C on s i s t e n c y  

3 . 0 

<J u s t  

r i ght 

2 57 -

Ov e ra l l  

a c c e p t abi l i t y  

4 . 0 

A c c e p t a b l e  

T h e  p r o d uc t w � s  a l s o  m e P � u r e d  ob j e c t i ve ly a s  i n  7 . 2 , 

the m e a 0 ur e m e n t  o n  c o l ou r , c on � i st e n c y  a n d  t h e  pe r c e n t a �e 

o f  a d d e d  s uga r w e re 9 2  f o l l o w s  

C ol our 

C IE T rist imuli 

X 57 . 3 

y 5 4 . 8 

Z LrO . 3 

Swe e tn e ss 

Pe r c e n t ?. ,n·e a d d e d  

s u �nr o �  d ry w e i �ht 

1 9 . 00 

C on si s t e n c y  

c p s . 

4000 

From the f o rm u l a t i on , t ho c o l o u r  i n t e n s i t i e s  o f  

b r ov:n , c r e e n , y e l l o v: and whi t e  \/ e r e  3 ,  35, 8 an d 5 4  p e r c e n t  

r e r p c c t i v e ly . 

7 . L1 , ;� C ompari !: o n  o f  t h e  i n i t i o. l  �m d m od i f i e d  p r o d u c t s  

C on s i d e r a t i on was gi ve n t o  p rod u c t a c c e pt a b i l i t y , 

n u t ri t i o n a l  c om p o s i t i o n  and c o st . 

P r o d u c t  a c c e pt ab i l i t y  T ki n g  c o l o u r , t a s t e , c on si s t e n c y 

and o v c ro. l l  a c c e pt abi l i ty i n t o  c o n si d e r a t i on , t h e  m o d i fi e d  

produ c t w a s  ac c e p t e d  s l i ght l y  b e t t e r  t han t h e  in i t i a l 

p r o d u c t a s  s h own i n  T ab l e 7 . 4 . 



T ab l e  7 . 4 T h e C on s ume r Pa n e l  S c o re s  f o r  t h e  Ori gi n al 
a n d  n o d i fj_ e d  P r o d uc t s 

258 . 

Col ou r Swe e t n e s s  C on s i s t e n c y Ov e ra l l  

Ori gi n al p r od u c t 3 . 6 

l-: od i fi e d p r o d u c t 3 . 0 

!'. vr> r a r;e s c ore 

3 . 2  

) . 0 

A c c e p t a b i l i ty 

T h e  c o l ou r  an d c onsi s t e n c y  we re j us t  ri �ht b u t  s u rpri s i n gl y  

t h e  p r od uc t w a s  s t i l l  c on si d e re d  sl i gh t l y swe e t  a l t h o u gh 

t h e  pe r c e nt s ugar had b e e n re d u c e d  from 4 9  t o  1 9 . P y  

r e s t ri c t i n g  t h e  � e l r c t i on o f  r o �  D � t c ri a l s  f o r t h e i r  c ol o u r s  

and t a s t e  a n d  ye t re q u i rin g t he cn�e n u t ri t i on a l  value , t h e  

r a w  ua t e r i a l  c omp o s i t i a n E  f o r  t h e  2 pr o d u c t s w e re q u i t e  

d i f f e r e n t . G re e n ve �e t a b l e s , i n  p : r l i c ul � r  c o l l � rd , 

d e c re n s  _ d . �' h e re wa F a l .s o  o C e e 1 ·c n .  c i ll  t h e  o m o un t o f  d u c k  

e cc D n d  s u car i n  t h e  m o d i fi e d  p r od u c t . � � l ra r a w  m a t e r i al s 

i n  t h e  m o d i fi e d  prod u c t we re b u f f a l o , c a s s e. v a  s ta rc h , c o c onu t , 
p a rb o i l e d  ri c e , s p on Ge s o u r d  and wv t e rm e l on . T h e s e  

d i f f e re n c e s  i n  t h e  r a w  �� t e r i n l � � 8 d e  t h e  o v e r a l l  

a c c c p t � b i l i t y , t h e  c ol o ur and t � E t c  o f  t h e  m o d i fi e d  p r o d u c t 

b e t t e r  than t he i ni t i o l p r o d u c t . T l  o urh t he d i f f e re n c e s  i n  

t he a m o u n t  o f  s ugc r a n d  vi c osi ty re a d i n gs we r e  q ui t e 

c on si d e rabl e ,  t he re wa c l i t t l e  d i f fe re n c e in t h e  a c c e pt abi l i ty 

o f  swe e t n e s s  and c on si st e n c y . T h e  m o d i fi e d  pr od uc t w a s  only 

t h o u �ht to b e  s l i gh t l y  l e s s  swe e t  t ha n  the i n i t i al p r o d uc t 

a n d  t h e  thi c ke r  c on si f' t e n c y w a p,  a c c e p t e d . 

N u t r i t i onal c ompo si t i on s a n d  c o s t s  � h e  d i f f e re n c e s  i n  

c om p o s i t i on we re only sl ight e x c e p t  f o r  t h e  hi ghe r c on t e n t s  

o f  c oppe r , hi s t idine and mangan e s e i n  t h e  m o d i fi e d  p r o duc t . 
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Other d i f ferenc e s  were the  c on t e n t s  o f  vi t amin K ,  a s c orbic 

a c i d , vi tamin B 1 2 ,  choline , bi o t in , s odi um , c hl orid e ,  

p ot as si um , c al c i um ,  pho sphorus and iron whi c h  we re s l i gh tly 

l e ss in t he mod i f i e d  p r od u c t . N e v e r t h e l e s s , the nut r ie n t  

c on t e n t s  o f  the m od i fi e d  p r od u c t we re wi thin the spe c i fi e d  

limi t s , e x c e p t  fo r c oppe r and hi s t i di n e . The c o st wa s 

s l i gl i t l y  c h e C3.pe r in t he :n o d i fi e d  s olut i on , this waE ' u c; t o  

the �lackeni n g  o f  the c onF t ra in t s f o r  c oppe r a n d  h i [' t i d i n e . 

I t  c ould b e  c on c luded  t h a t  h a v i n g  inc l u d e d t h e  

c onstrai n t s  f o r  c olour a n d  taE t e , t h e  p r o d uc t w a s  b e t t e r  

a c c ep t e d . T h e  gr e e n raw m a t e ri a l s  a n d  suga r w e r e  re d uc e d . 

Tho ugh i t  was n e c e s sary t o  increase  the uppe r l imi t o f  

c oppe r fln d h i s t i di n e  in t h e  f o r� u l o t i on , i t  w a s  in the 

ran.�·e c on si d e re d  n o t  t o  hElve a n y  ho rr� ful e f f e c t . f\ m on g  the 

C Oi l s t rnin t s  f o r  c ol o u r  and t , r- t e , only t h e  gre e n  c o l ou r  

i n t e n s i t y  wa s f o un d  a s  a re P t ri c t e d c on st raint . 

The modi fi c a ti ons o f  t h e  c ons tra int s for produc t 

ac c e p t ab i l i t y  in this study we re f o r  t h e  c ol our an d  

Ewe e t ne s s . V.'he t h e r  t h e re wa. s  a c ha n ge i n  t h e  flav o ur o f  

the f o r m ul a t i on d ue t o  d i f f e r e n c e in the raw m a t e ri a l  

c omposi t i on w a s  n o t  E t ud i e d  a r; b o t h  ini tial a n d  m od i fi e d  

produ c t s  w e re ac c e p t e d . I t  w a s  pos sible that c e rt ain raw 

mat e rial s mi gh t be pre ferre d m o re than o the r s . T h e  raw 

mate ri al s ' c ompa t ibili ty can be inc l uded in a line ar 

pro gramming m od e l ( 4 ) . Howe v e r ,  t h e  raw mate ri al s  

c on sid e re d i n  thi s st udy we re go n e ro l l y  use d for i n fan t 

food and the a c c e pt able qual i t i e s  c onsidere d importan t  w e re 

c olour a n d  swe e tn ess . There fore , only c onst rain t s  for 

c ol our and swe e tn e s s  were c on si de re d . 

In this st udy , only a c e rtain level o f  c ol our and 



ta s t e  c on s tra�n t s  w e re s t u d i e d . I t  would be p ossible t o  

ob t i n  an ac c e p t a b l e  product by v a ry i n g  t h e s e  c ol o ur and 

tas t e  c on s t rain t s  a t  ot h e r  l e v e l s . H owe ve r , i t  wa s fe l t  
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th0-t any r.'l o r e  inv e : : ti rat i on o n  t h e  :.1 o d i fi c ,'1 t i on s  w o u l d  b e  

o f  l imi t e d  val ue un t j_l  t rue T hai r A w  m ,  t e rial s c ould b e  

c on s um e r  s urvey w a s  po P � i b l e . 

7 . 5 pr o c e s £>inr, o f  t h e  d e s icn e d  i n f:J n t  f o od u sing [:-y n tJ-"_:; t i c  

r .'N r:: !'l t e r i D.l s 

N u t ri e n t r  c o u l d  b e  ad d e d  n �  G y n th c t i c raw mn t c r i a l s , 

e .  c; . v i t ami n s , am ir r:J <t ci d s and 1�i n c re1 l r  and thi s w o u l d  make 

it c o Gi e r  t o  ob t ai n  a s o l ut i o n  ( 6 3 ) . A n  inve s t iga t i on wa s 

re q ui re d  f or the c o � t  a n d  a v ai l a b i l i t y  o f  these  syn t h 8 t i c  

rmv m o. t c ri a l s . 

T h e  c on s t rai n t s  at l owe r l i mi t c  f o und i n  th e 

f3 D l  u t i  on f o r  t h e  m o d i fi e d  p r o d uc t Vi e re t · r  A ,  V I T D , C !l  L"'J\ 'T' L , 

C M)JJ1'flf , , V JE I .P·! CH . , C .!\T .R I P OL , C t.l,JL , CM,7NL , CAPL and 

C S iTLAA . I f  t h e  c o F. t s  of these v i t amins and mine ral s w e re n o t  

t o o  e x p e n si v e  and t h ey \'e re a v ai l o. b l e  in Thailand , t h e  

e d d i t i on o f  t h e s e  vi t � � in s a n d  min e ra l r  would a l s o  re d u c e 

t h e  c o s t  o f  t h e  s o l ut i on . 

I n  t hi s  p re s e nt s t udy , d i f fi c u l t i e s  in ob t ain in g  

t h e  min i m um re q ui reme n t  we re only f o un d  re l a t e d  t o  c a l c i um 

anJ phosphorus r a t i o  a n d  the ad d i ti on o f  c al c i um in de pe n d e n t 

o f  ph o sphorus ma d e  the obt a i nin g o f  t he soluti on e a si e r . 

I n  a d d i t i o n , t he sol ut i on was found c heape r wi th the 

a d d i t i on o f  c a l c i um a s  d i s c us s e d  i n  3 . 5 and 6 . 3 . 2 . 

A s  c a l c i um was found t o  b e  the most  d i f fi c ul t  

n u t ri e n t  t o  ob t ai n  and t h e  a d di t i on o f  c al c i um c a rb ona t e  

gave a c heaper s oluti on , a b e t t e r  balan c e  in t h e  n utri t i on al 

c omposition and b e cause calcium c arb ona t e  was availab l e  �n 
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T hailand , i t  was d e c i d e d  t o  s t ud y the a c c e p t ab il i ty o f  the 

p r od u c t  w i t h  add e d  c a l c i um c a rb onate . T h e re fore , t h e  

c on 2 t ra in t s  for c o l our and t a s t e  we r e  i n c l ud e d  int o t he 

m ode l wi t h  a d d e d  c al c i um c arb on a t e , a n d  wi th d rum d r y i n g  

c on d i t i on s  a t  1 04 °C/60 s e c o n d s . 

f\. s  d i s c u .s c e d  i n  ( . 3 . 2 , t he f' J rr:: u l o.  wi t h  a d d e d  

l e v e l  from 1 . 80 g t o  2 . 5 7  g p e r  1 00 \:c C\ l  t o  c or.1pen sa t c  

f or t l1 e  amin o D. C i d s  a t  7 0  percent  o f  G l" f'� nrr.in o a c i t: c . 

T he r e f ore , p r o t e i n  l o De r l e v e l  �a s al E o  a d j ust e d  t o  ? . 57 g 

p e r  1 00 kc a l . T h e  s o l  uti on w a �- ob t a ined wi th o ut any 

m o d i fi c a t i on on c o_ pe r ,  h i s t i dine or ' cal c i um upp e r  l i mi t . 

T h e  prod u c t  w a s  1 ro c c s 2 e d  ?n� e v a l ua t e d  a s  d i s c us s e d  e a rl i e r 

i n  7 . 1 <.� n d '7 • 2 • 

7 . 5 . 1 �! e a s u r e r::.c n t r- J l :  t h e  q ual i t a t i ve chara c t e ri s t i c c  

Fr om a c on c ur ·1 e r  pan e l , t he r:;_ v e rtl £"8 s c ore s rie re f ound 

D. F  f o l l ows 

C ol o u r  .Swe r:: t n c r  E> C on s i c t e n c y  Ov e rall  

a c c P. >  L . 1 ;  L J.i  ty 

A v c rc, t>:,e s c ore ; . . o -· ... , ) . U 3 . 0 4 · 5 
A V C :.'." [l !''G cT u c t  J u r- t  Just A c c e p t a bl e  t o  

opin i o n  ri r;ht rirht ri c;ht h i ghl y 2 c c e p t able 

The p r o d u c t  wa s al s o  m e a sured ob j e c tively as 

d i u c u s s e d  i n  '? . 2 , t h e  mea�uremen t s  on c ol o ur , c onsistency  

a n d  the  percentage o f  add e d  su , a r  were as follows 

C ol ou r  S we e t n e s s  C onsistency 

C IE T ri s t imuli pe rcent age ad d ed 
sugar on d ry we i ght 

X 64 . 9 

y 6 7 . 3 

z 5 1  - 5 

2 1 . 4  

cp s . 

1 500 
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Fr om the obtain e d  formul a t i on , the c ol our inten s i t i e s  

o f  gre en ,  y e l l o w , b r own a n d  whi t e  we re found a t  3 , 4 1 , 9 

and 4 7  pe r c e n t  re spe c t ive l y . 

7 . 5 . 2 C ompar i s on o f  t h e  mod i fi e d  1 .: r ·od u c t  wi t h  a n d  \'ri t lv :m t  

ad e d  c al c i um c arl� onat e  

C on c i d e ra t i on w a s  gi v e n  t o  p r o d u c t  a � c e p t abi l i t y ,  

n u t r i t ional c omposi t i on s  and c o s t s . 

P r o d u c t  a c  c ept a bi l i  ty '1' h e  prod u c t  \'.' i t  h c :l  l c i  um c a r 1 o n ., · t e  

w r1 s b e t t e r  a c c e p t e d tha : t h e p r od u c t vii t h  only indige n o us 

rcnv met c ri.a l s  a s  sho;,.m in 'T' a b l e  7 . 5 . T h e  rn.w m[l t e ri a l  

c o. ,1 f O E i t i ·Jn f: o f  i n d  i t  o n o u s  c;.nd c a l c i urr c ' )  rb on[l te a c  d e c: f o rm ul a e  

w e re q ui t e d i f fe ren t . � h e  gre e n  ve [e t a b l c s  we re c on s i d e ra b l y  

le �·:c t h a n i n  the  fonn u L·l w i t h  i n d i  , . .  e n o u s  raw mat e ri a l s  and 

l e s t fi c h  an d m orE': c ,'�i" v; e re w::e d . F :x t ra r <' W  ma t e ri eJ. e in 

the p r o d u c t v1 i th ."' c: c1 c ·.1 c .:1 l c i ulr. c a rr! O n n t e  1.ve re gun vo , mil k 

f i E h , b r own ri c e , c o y b e �n , s q ui d , s t ripe ma c ke re l  and in 

part i c ul ar swe e t  p o l 2 t o wl i c h  was 36 pe r c e n t o f  the t o t a l  raw 

L1 : , t lo ri r· l s . T h e s e  d l f f(' re n c e s  i n  t h e  rnw ma t e ri al s m P d e  t h e  

c o L) u r , t a s t e  a nc  o v c- t"l l :L a c c r: r t · · t i l i t y  o :  t he C C"J l c il ... r"! 

C "Tb Cll1 � l t e  c. d d e d  f o rm u ] <' be t t e r  t ll ;- n t l � e  ind i ge n ouE f 0 r• • ul a . 

F'r .) • ;  t h e  d i c c ur. sJ on 'N l i. h t h e  c on F utt e r pane l , the  c u c t c=t rd or 

e f � 2nd  s t ar c h  o d o u r  � a s pre fc r r e �  o v e r t h e  �rn e n  ve �e t a b l e  

od o ur of the ind i ge n o u s  pr oduc t . 

T �ble  7 . 5 T h e  C on sume r  Pane l S c o re s for t h e  Mod i fi e d  

I n cl i t�e n o us Produc t and Cal c i um Ca rb on a t e Ad d e d  Produc t 

C ol our S we E t n e s s  C onsistency  Ove rall 

a c c e p t a b i l i t y  

I n di ge n o u s prod uc t 3 . 0 3 · 5 3 . 0 4 . 0 

C al c ium c arb onate  

ad d e d pr od uc t 3 · 0 3 . 0 3 . 0 4 . 5 
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The c ol our inte n si tie e o f  t he t w o  prod u c t s  were a s  f o l l ows 

I nd i ffenous p r od u c t 

C a l c i u� c a rb on a t e  

a d d e C.  p r oduc t 

P rawn Y e l l o w  '//h i  t e  

Fe r c c n t P [e o f  t o t H l  in t e n s i t y  

3 . 0 35 . 0 8 . 0 5� . 0 
3 . 0 4 1 . 0  47 . 0 

The s we e t ne s s and c on si s t e nc y  o f  t h e  p r od u c t wi th 
n o d c d  c a l c i um c � r b on n t e w e re f ound t o  b e  j u s t  richt d c cpi te 
s l i ch t l y  hi ghe r c on t e n t  o f a d d e d  s u �a r  and smal l e r v� l u e  

i n  t h e  vi s c osity r e a  ing . T h e  d i f fe re n c e s i n  t h e  vi s c ositie s 

o f  t h e  ind i ge nous and c a l c i um c a rb ona t e  a d d e d  p r o d u c t s  were 

d u e  t o  t he d i f fe re n t  v i s c ou s prope rt i e s  o f  the e xt ra s t a r c hy 

rrw t e ri<1 l s  s u c h  a s  c ru:: 1:'0 va rs t t-l r c h , �:nm gb e a n  s t n r c h , ri c e  an d 

ewe e t  p o t e. t a .  

'J' h e  c o l o u r  ;; f t h e  a d d e r! c ·, l  c j_ l.;::. c a rb on n t e  f' T O c u c t  

\': : u ;  J. t r;h t e r  <' i '  r: h .wm 1:- y  the  T ri s ti t · : l. l w- rC' r1 chn e:  bu t l ! ! C ' t v1o 

c ol o u rs we r e  e q ua l l y  p c c e p t a b l e  to t h e c P  c on sume r s . 

T'l u t rj_ t i o n a l c onro cit i •Jn s c:m d c o s t F  'T' h c:  d i f fe r e n c e s in t h e  

n u t ri t i on a l  c om r o s i t i -;a •:, e r e i n  t 1 w 1 JI' <· r c on t e n t s  o f  

vi t :J t: .in 1\ , a s c orbi c r· c id and t h e  l t i <:;L c r  c on t e n t  o f  l'W �! r':o n e s e , 

c oppe r CJ n d  c a l c i um w e re a t  t h e  ori c· i n :> l  c ons t rA in t s . 'T' h e  

c o � t o f  the f o rm u l a  wi t h  c a l c i um c a rb on ate was appr oYi� a t e ly 

1 0  p r c e n t c he ape r . 

7 . 6 C on c l usi on 

T o  inv e s ti gate  t he a c c eptability o f  t h e  ini t i a lly 

d e s i gne d produc t ,  a c on s um e r pan e l  o f  5 Thai marri e d  wo�en 

s t ud yine or st ayine in ralm e rst on Nort h , w h o  used to  l o ok 

a ft e r  t h e i r  c hi ldren in Thailand , was used t o  inve s t i fa t e  

both the mo th er ' s opini on and t h e  product a c c e pt abi l i t y  t o  

t he in fant . T h e  initial prod u c t was a c c e p t e d  t hough i t  was 



2 6 4 . 

th ou gh t t ha t  s l igh t imp r o v em e n t s  c o uld b e  mad e i n  c o l ou r  

a n d  t a s t e . A m o r e  a c c e p t a b l e  prod u c t W 8 S  o b t ai n e d  b y  

in c l ud i n g  c on s t ra in t s f o r  pr o du c t a c c e pt ab i l i t y  re ga rd in g  

t a s t e a n d  c ol ou r  whi c h  r e s t ri c t e d  b o t h  a d d i t i on o f  s u � a r  

a n d  t he s e l e c t ion o f  a l a rge am ount o f  c ol o u re d  raw 

!nn t e ri a l s  in the f o r: . .  uL1 t i ::m . 

J t  w a �  f o una d i f fi c u l t  t o  r r d u c �  t he us e o f  • r 0 0 n 

ve ge t ab l e s , and n u t ri t i onal c on s t r� i n t c  n e e d e d  t o  b e  nd j u s t e d  

i n  t h e  c op p e r a:1d h L:.' t i r1 i n e  up:pe r l i :':l i  t E . J T  ov:e v e r , v:h::> n 

c a l c i um c arb ona t e  w a F  u s e d  w i t h  t h e  i n d i pe n o u s  raw ma t e ri al s , 

t h i s  d i f fi c u l t y waE ov e r c om e . � o t  o n l y  w� s a d j u s t m e n t  t o  

t h e  ini Lial nut ri t i on a l  c on s t r� i n t .s n o t n e c e s s a ry b u t  t h e  

p r J d u c t w a s  c h e ap e r a n d  al s o w a s m o r e  � c c e p t a b l e  i n  fl � v ou r , 

c o l_ o ur n n d  t e x t u r e  t o  t ! J e  c on s urr. e r � . T h C'  r r o d u c t  wi t l-1 

,;J c!. cl e d  c a l c i utl c a rb J n <'. l e h a c  a h i ! "" lH' r p .:)t e ntial for 

n c C t' Jl t ( ,  t i l i  t y  in 'J ' hnil nnd . 

I t  w a e  re ali z e d  t h a t t h e  s t u d y  was b a s e d  on t h e  

opi n i on o f  o n l y  a f e w  T h a i m o t h e r s  a n d  b e s i d e s , m o s t  o f  t he 

N e w  '"": e al a n d . l'Te v e r t b e l e .s s , t he i n c l u si on o f  t h e  c on �: t rain t s  

c on si d e re d  i m p o r t ant fo r pro d uc t  R c c e pt abi l i ty was i l l u F t r a t e d  

a n d  t h i s  m o d i fi c a t i on c o u l d  b e  d on e  o � P i J y on c e  t h e  p r od uc t 

wa s m a d e  and t e s t e d  in Thai l and . I t  m i gh t  be ne c e c c p ry t o  

i n c l ud e  od o ur an d f l a v o ur s c ore s o f  t h e  raw m ateri a l E i n t o 

t h e  m o d e l . 
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CHAPTER 8 

A POSSIBLE SCI-IEt"E FOR DESIGTJING AU 

ITJF ANT FOOD FOR THA I LMW 

From thi s s t udy , i t  i s  p o s sibl e t o  p re s e n t  a s cheme 

to d e si gn an i n fant food produc t . T he s c heme was shown by 

the e xp e rimental work to be a pra c ti c al me th od , but furthe r 

work has t o  be d one in Thailand on the final proc e s sing me t h od 

and t h e  t e s t ing o f  the p roduc t . 

8 . 1 The s c heme 

In the d e s i gn o f  a n  in fo n t  f o od , t h e  prod uc t  

spe c i fj_ c at i on i s  f:Lrst  de c id ed . Eav i n g  t he p r oduc t 

s pe c i fi c a t i on , the next d e c i si on i s  t h e  r o w  ma t e ria l s  and 

the proc e s s  t o  use . �hen the nutri ti onal q uality and c os t  

o f  t he product  i s  o f  importan c e  as in this pre sent  s tudy , 

the raw mat erial s and proc e s s  are se l e c t e d  with re ga rd t o  

b oth t h e  e f fe c t s  o f  p ro c e s sing o n  t h e  n utri en t s  and the c os t s  

o f  the  raw ma t e ri al s . 

The  s cheme for the d e si gn o f  a n u t ri t i onal in fant 

food iG shown in Fi gure 8 . 1 . Fi rs t , the produc t must be 

sp e c i fi e d  acc ording to quan t i tative and q ual i tative 

charac t e ri sti c s . T h e  quanti tati ve c harac t e ri s t i c s  are then 

modi fie d  ac c ordine to di f fe re n t  sele c t e d  time s and 

temp e rat ure s o f  pro c e s sing . Possible raw mate rial s are 

se l e c t e d  t o  suit the prod u c t  a c c e ptability c harac te ri s t i c s . 

T h e  l i n e ar programming model i s  then s e t  up a c c ording t o  the 

modi f ie d  quanti tative c harac t e risti c s  and the  qualitative 
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c h A ra c t e ri s t i c s . Wi t h  t h e  u s e  o f  t h e  l in e n r  p r o gramming 

t e c hni q ue , t h e  l ow e s t  c o � t  formul a t i on , whi c h a l s o  provi d e s  

t he re q ui re d  nu t ri en t := t a ki n g  i n t o a c c o unt t h e  e f fe c t  o f  

p r o c e s sin g , c s n  b e  ob t a in e d . T he p r od u c t  i s  th e n c va l u � t e d  

f o r  i t c  a c c e p t abi l i t y . I f  a c c e p t � b l e t h e  pr od uc t  i s  re a d y  

f o r  m a n  u fa c t u rinp; . ; · ' he n improve m e n t  i n  t h e  prod u c t  i s  

n e c e s s D ry , a r p ropri a t e  m o d i fi c a t i on s  c a n  be i n c orpora t e d  

int o t h e  m od e l  un t i l  a n  a c c e p t � b l e  p ro d u c t is ob t a ine d . 

8 . 2 T h e  pre c e n t  a c h i e v em e n t  

The s c hene wo � d e v e l op e d , m � kin e i t  p o s sibl e in 

p r o d u c t  d e s i cn t �  c on si d e r n u t ri t i o n R l  re � ui re m en t c , 

p1 · 0 c 0 .s r� i n g  e f fe c t r: and c on surne r a c c e p t 0 b i l i t y  t o ge t h e r  i n  a 

c u;l n t i t a t i vc r:y E t e !Yl . r:l he u s e ful n e t: s  o f  l i n e A r  p r o rr : m • ' i n g  

i n  U1 e d e  F i pl o i' n u t  ri t i on .s l  f C) od E .,. .. .,., c e �- t d, l i F. he d c y  

E d ,·: �· rd r: on ( C� ) ,  n e v c r t h e l c F E  t h e  l o r s P- P  o f  n u t ri e n t E d u rinr, 

pr o c c s c i n g  � e re not i n c l ud e  I n  t hi c  pr e s en t s t u d y , t h e  

e f fe c t  o f  p r o c e l s i n g  o n  t h e  d e s t ru c t i on o f  n u t ri e n t s  w a s  

:p r e c < ; l c ul a t e d  a nd t he l o E: s e s o f  n ut ri e n t E d u e t o  p r o c e c :: i n e;  

� e r r in c l ud e d  i n  t h e  l in e [ r p r o c r s m� i n c  m od e l . T h e  p r C) fi l e  

o f  l i m i t i n g nut ri e n t s wn s ob t a in e d ;  t he p r o c e s s  a n d  ra� 

mat e ri n l s  we re s e l e c t e d . 

I t  w o s  a l s o  �hown t h a t t he a c c e p t A bl e  fe a t ur e s i n  

e n  infant  f o od , d e t e r� in e d  b y  a c on c ume r  s urve y amon g E t  

T hai m o t h e rs , c o ul d b e  i n c o r p o ra t e d  i n  t h e mod e l . The 

p ro d u c t f r om t he p r o c e s si n g  m od e l  w a �  t e st e d  by Thai m o t he rs 

a n d  t h e n  ad j ustm e n t s  m a d e  t o  t h e  m o d e l  un t il a c om pl e t e l y 

s a t i s fa c t or y  in fan t  f o o d  w a s ob t a i n e d . The fin a l  f ood 

p r o vi d e d t h e  nut r i t i o n  ne e d e d  by t he i n fant  and was 

a c c e p t abl e in e a t in g q ual it y t o  the  mot he r . 

I t  wa s p r ove d t h a t t he s c h e m e  w a s  a pra c t i c ab l e  and 



l o gi c al �e t hod for  d e sign i ng i n fant f o od s . 

8 . 3 Fu t u re work r_�_ca�ctine; th�od u c t  

2 6 8 . 

8 . 3 . 1  M od i fi c a t i on s  f o r  c omp o s i t i on , c o st o f  r w m a t e ri al s 

and pro c e s s ing i n  T hail and 

I n  thi s  pre s e n t  s t udy , t h e p r o d u c t was d e s i gn e d  

t aking int o c on si d e ra t i on sui tabl e raw m a t e rials ava i l a b l e  

i n  Thai land a n d  a l s o  t h e  proc e s se s tha t would b e  appl i c able 

in Thail and . It  i s  realized that t h e s e fa c t ors are s ub j e c t  

t o  c han ge s wi th c han ge s  i n  c i r c um s t �n c e s . Howe ve r , any 

c hange s in the s e  variab l e s  can be s t udi e d  at any time . T h e  

chan ge s  in th e r a w  ma t e ri a l  c om p o s i t i on and c ost c an b e  

easily ac c omm adat ro b y  e i t h er c han gin g t h e  c omposit i onal and 

c o s t  d a t a  o f  raw mat e ri a l s  in the m o d e l  or inc orpora t ing 

more d a t a for n e w  raw mat e ri a l s . � h e n  c hanging th e p ro c e s s , 

t h e  n e w l osse s o f  n ut ri en t s c an b e  p r e d i c t e d , a c c o rding t o  

t h e  t ime and t e mpe r at u r e o f  t he p r o c e ss , f r om the 

re la t i on sh ip of  r e a c ti on r a t e  c on s t a n t  and t empe ra t ure 

d e tai l e d  in t hi s  th esi s . The n u t ri t i on al c on s t rain t s  in the 

linear p r o c;rar.u:1in g  m od e l c an t h e n  b e  m o d i fi e d a c c ord j_ r: ;;ly 

and the solut i on obt ai ne d . 

8 . 3 . 2 M od i fi c a ti on for prod u c t c han ge s  

T h e  c han ge in prod uc t spe c i fi c ations can b e  

in c o rp o rat e d i n t o  t h e  m od el by c han gin g c on s t rain t s  and/ o r 

input in g more c on s t rai n t s  e xp re s �in c  the new quan t i ta t i v e  or 

q ual i t a t ive c h a ra c t e ri s t i c s o f  t h e  p r o duc t . 

Vari a t i on in the flavour o f  the produc t may b e  

re q ui re d . T h i s  c an b e  achie ved b y  fixing the quan ti t i e s  

use d  o f  c e r t ain raw m at e ri al s . 

The pro d uc t  for in fant s  from birth t o  3 monthc an d  
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3 - 5 mon th s c an a l s o  b e  d e v e l ope d u s i n �  this e s tabl i sh e d 

m o d e l  w i t h  n e w  c on st rai n t s re l a t e d  t o  the nut ri t i onal n e e d s  

o f  the s e  aee gr oups . 

M o d i fi c a t i on may also hav e  t o  be  made t o  the � o d e l  s o  

t h A t  the p ri c e  o f  the final produc t i s  a c c e p t abl e . The c os t  

o f  t h e  r3w �3t e ri a l s  t o  p ro vi de t h e  d ai l y  re q uiremen t o f  the 

in fan t w a s  3 . 70 baht UEing only i n d i r c n o u s  f o od ma t e r i a l s  

a n d  2 . 90 b a h t  w i t h  a d d i t i on o f  c A l c i um c a rbon a t e  t o  t h e  

i n d i ge n o u s  raw m at e ri al s . The L c c e p t ab l e  p r i c e  o b t a i n e d  

f r on the c on s um e r  survey wa c fr om 4 - 6 baht . rr h e  c ost o f  

m a n u fa c t ur i n g  i n  Th u i l n n d wil l ho v e  t o  b e  in ve � t i ea t e d e nd 

a n  a t t e�p t made t o  s e e  t ha t  t h e  p ri c � o f  t he pr oc e P s e d 

p r o d u c t i s  a c c e pt abl e . f y  t h e  n ua n ti t a t i ve approach a s  

i l l us t r a t e d  i n  Fi gure 8 . 1 , modi fi c a t i o n s  t o  the prod uc t , raw 

ma t e rial s and p r o c e � s  c 3n be m a d e un t il a pr od u c t w i t h  an 

a c c e p t ab l e  p r i c e  i s  ob t ain e d . The c o s t o f  t he pr o d uc t i s  

e xpe c t e d  t o  d e c re a se wi th the use o f  syn t h e t i c  vi t amin s and 

m i n e ra l s , but the po s cibility o f  t h e i r  u s e  in T h a i l a n d  w i l l  

h a ve t o  b e  i nv e s t i ga t e d  a n d  th e i r i n c o rp o ra t ion i n t o  t he 

m ode l st udie d . 

8 . 3 . 3 The t e s t s  re q ui r e d  for the  prod u c t 

Though the d e s i gn e d  pro duc t  w a s  a c c epted by a sma l l  

group o f  Thai m o t he rs , t h e  prod u c t m u s t  b e  t e s t e d  for 

ac c ept ability whe n e xa c t  T hai mat e ri a l s  and a large r numbe r  

o f  Thai m o t he rs and i n f an t s  are avai l able . 

An aly s i s  o f  t h e  nutrient c om po si t i on o f  t he produc t 

i s  a l s o  r e q ui re d  aft e r  the c orre c t  raw mat e rial s are 

available , and p ro c e s s e d int o  the produc t . As  a l arge 

numbe r  o f  nut rient s w e re c onsidered in this s t u d y , the 

analysis of all the s e  nut ri ents w o ul d  re q uire a lot of t ime . 

Howeve r , only c e rtain nutri e n t s  were d i f f i c ult t o  obtain 
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fro� the  f o od raw ma t e ri al s a n d  we re n e ar their minimum 

l e v e l  i n  t h e  formula . T h e s e  n ut ri en t s should be de t e rmined  

fi r s t . For drum drying at  1 04 °C/60 s e c on d s , as s e l e c ted  for 

t h i s  s tud� or 1 25 °C / 1 5 s e c on d s a s  empl oy e d wit h  the 

e xp e rin e n t al pr od u c t , t h e  p re d i c t e rl  l ioi t in g  nu t ri e n t s � e re 

vi t 2n i n  � ,  v i t a min B ,  ri b o fl avi n o n d  t he E ulphur ami n o  

a c i d s  v.'i t h  t h e  j_n cH sc n o u s  rm·; n1 .::· L c r-Lal fo rm u l a e a n d  the 

a d d i t i on a l  l imi t ing n u t ri e n t s � i t h t he ad d e d  c al c i um 

c 2rb ona t e  fornulae De r e  a s c orb i c  � c i d , p n t o t h e ni c a c i �  a n d  

biotin . 'T'hc ce n u t ri e n t s  sho u l d be c on s i d e re d for aE' G r' ying 

b e f o re the o t h e r  n u t ri e n t s . 

I t  � u s t  a l s o  be not e d  thnt  i t  i s  imp o r t a n t  t o  

sub j e c t  t h e  f i n a l  p r o d uc t  t o  c li n i c a l  t e s t s  t o  e n s ure t h at 

t h e re i s  n o  haz ard o u s  0 f fe c t  t o  an i n fR n t  ari si ng f r om 

un f n r s e c n  prope rt i e s  o f  t h e  rD '.'.' �l : ' t c ri o l c  and the pro c r: t· ::: i n g  

t e c h n i q ue . 

� • • L ;.  F u t u r e  v1 o r k  re ;�a rd ing t h e  n od c l  

T h ouch t h e  e f f e c t s  o f  pr o c e s ci n c  o n  t he n ut ri e n t 

l o ::: f� e s  w e r e  c on s i d e r e d  in t he e �, t � · b l i s h e d  rr1 ode l ,  i t  V!El.S n o t 

p o s si b l e  t o  i n c l ud e  t h i s  e f f e c t  d i re c t l y  i n t o  t h e  l ine a r  

p ro cramming b e c au s e  o f  the exponential relati onship o f  the 

r e A c t i on rat e c on s t c> n t  and t e mpe rr1 t u r e . H owe ve r , i t  j_ s  

p o s sibl e t h c . t  a subprorramme t o  c .:-1.l c u l a t e  the l o s se s  o f  

nut r i e n t s , s u c h  a s  d e s c ribe d by T e i xe i ra e t  al . 1 96 9 , c ould 

be a t t a c h e d  t o  t h e  l in e n r p r o gramm i n g  m ode l and t ime and 

t empe ra tu re f o r  p ro c e s r · in� c o u l d  b P  se l e c t e d  by t he m o d e l  

a s  we l l  as  the  raw m a t e r i a l s . 

Furthe r c onside rat i on c ould be given t o  t he 

c ompatibility o f  t he raw m a t e rials wi t h  in fant foods as 

seen  by Thai mothers . T h ough i t  prove d not n e c e s sary t o  
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i n c l ude i t  i n  t h i e  r t udy , i t  c � n  b r  i n c l ud e d  in t o  t h e  l i n e ar 

p r o t.;rarnL in g m od e l  by t h e  ur c o f  t 1 J t: m u l t i d i me n s i on a l  

s c c:t l i n �: t e c hn i q u e  ':;h e n  i t  i r-:: n e n rl s d  ( L 1 ) . 
I n  t h e  r r e � r; n t  ; · t ud ' , t h e  ' - j_n r · t i c r1 n t n  f o r t h e  

d e ;· t. ruc t i on o f  1 1  ·" ' , ··_ n o  a c i d r· ,:' : : c! 1 1 v i  t ·v.1 i n s  \': e re c o l l e c t e d . 

v , , +  . '·· \.-

Q):y [ T ll nnd l i gh t  r- l � o  n e e d  t o  b e  i. n c l  uC. e d . F owe v e r ' t h e  

t he n u t ri e n t s  pr e d i c t e d t o  h n v e  t h e  h i che s t  ra t e o f  re � c t i on 

c o n c t. 2 n t s  \': e re c o: : .})a rab le \'t i. t h  t h o s e  re p o rt e d  p re v i o w::l y  in 

t h e  1i t e r .-� t u r e  a n d  t h i s  kine t i c  d ;.J.  t a  c a �1 be us e d  un t i l  r1 o re 

rJ' 110 u gh tlJe 1 0 ��- � C S  d u rin g  p r o c c ; c; i n [  \'JE? re i.n c l ud c d  

i � "  t � . i F  s t ud y , t t c  J :J [· �  C' S  d u r i n r  s t o rae;e w e re n ot i n c J. ucl e d . 

A s  :-1 l r e .: l d y  d i. c c urc e rl ,  t h e  ro. t e c  o f  rco c t i on c h.:m r e cl  rw r' · e d J. y  
a t  l o� r1 oi s t ure c on t e n t s . The d � t 2  o n  t he r8 t e  o f  r c � c t i on 

re L t e d  t o  r1 oi r- t u r c  c on t e n t  '. :e r e  l i .  , i  t e d  ,q n d  i t  vm s n o t 

p o s r.� i b l e  t o  r :�c (! j_ c t  t h e  n u t ri e n t  l o ; · c· c· " d u ri n g  s t o rt1 r:;e . 

i" r e v c r t h e l e s s , t he c o 2 l e c t i on o f  Ll r-. t <' for thi s e t ud y !:: h o u l d  

prc ; e n t  t h e  b a ckground i n fo rm n t i o n for furthe r s t ud y  i n  this 

n r e a . ".'hen ;-;:i n c t i c  d a t a  is avai l ab l e , t h e  m oO. e l  c e.n be 

c h a n ge d to i n c l u d e  the e f fe c t s  o f  s t o ra ge on n u t rie n t s . 

8 . 5 C on c l u s i on 

I t  was shown that there i s  a n e e d  for a n u t ri t ional 

in fant f oo d  f o r  Thail an d . A q ua nt i t a t i ve m o d e l  was 

e s t ab l i sh e d  to se l e c t  t he raw ma t e ria1 s for t hi s  i n fant fo o d , 

r e gard ing n u t ri t i onal re quiremen t ,  a ppec. ran c e  and e a t i n g  

charac t e ri s t i c s  and p r o c e ssing l osse s . It  was found 

p o s sible t o  proc e s s from Thai indige nous raw mat e rial s an 



272 . 

a c c e p tab l e  prod u c t providing a b a l a n c e d n u t ri t i on a l  d i e t  

f o r  in fan t s . N ot onl y n p ro c e s s e d  prod u c t  can be d e vel ope d 

based  on t hi s  q u a n t i t a t i ve model , P U�fe s t ions c ould a l s o  be  

made  for the b e s t  us e o f  t he r n w  Ma t P ri a l s  a vailable in  the  

di f fe re n t  parts  o f  the c oun t ry , e F p e c i � l ly by the l ow 

i n c ome m o t h e rs w h o  C A n  not  a f ford t he p r o c e s s e d  prod uc t . 

T h i s  re s e a r c h  pre c c n t e d  a cy s t e mn t i c  a pproach t o  i n fant  

fe e d in g  s o  t ha t  impr oveme nts  in t he n u t r i t i onal sta tus o f  

Thai c hild re n  c a n  b e  pl an n e d . 
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_:_g md . •  54 : 4 9 , l �J h 5 . ( JJ O t s e e::;. ) 

·P e t e rs o n , !i . Vl . '1.'H1 ·.-.'al t on , J . F . 'i 'h e au t o - o :z j_d ::<. t i on o f  

b . . 1 1 ' 1 r:. 5 • 1 2 1 2  - l ·� ] '7 ·1 c, ' -z, ::: s c: o r  l C  ac J. l . t .  · •.rn . cn e:m . . o c . � · _ _/ _ , _ 7 ,+ ./ • 
o : o t  s e en )  

l ' j_.L r: , Y, . : J .Y! d. J) :ro,·n1 , . · . JJ . , ·: u t r.' i t i. n rt :  ' YL  j_n t ec�;rri t c d  
·; �l }::r.· o · c n . ' f' H Y o rk , , : ohn ' ' i l ey : :.nu : : o n , 1 � 6 7 . 

:L i l  r-H W 1 e  n: e a t s , :t· i s h , c� <:l i ry ., r ou u c t s  ;•.nd c m··Yi P r c j_ ·:tl 
inf.'i.n t  f o rmul 'lf-> . J . C'1. '':r� c ._�!l_Ch en . 1 7 : 1 :! 9 4 - 1_ ·.::; 9 7 , 

1 9) 9  . .  

} r:j_ c e ,  r . o . ,  B ruc e , 

] ' 1 1 1  ., ] "' l C r Li .:..:.£.?. :  - J  _ _ _ ) ,  . ) G � . 

and � 'n.- ··e1 , H . ':1 . C o pp e r , 
1'1 r ' Dt'�<:m e s e  "'.nd z j_nc b ,-.1P..n c e  in pread o l e s c e nt {;i r1 s . 

/'.." . tT . c l i n . nut r . 2 3 : 2 5 8 , 1970 . ( l: o t  s e en ) 

:2 aab , C .  '· . , Luh , B . �) . and �) c h�rre i ee rt , B . :� . gff e c t  o f  

h er-tt p r o c e s s in ': on t h e  r e t en t i on o f  v i t am i n  1) 6 i n  

1 ima b e ans . A re s earch n o t e . J . Fd S c i . 2§ : 5 4 4 -

5 4 5 ,  1 97 3 . 



198 . 

1 9 9 . 

2 0 0 . 

2 0 1 . 

? 0 2 . 

2 0 3 . 

204 . 

2 0 5 . 

Rac ki s , J . J . � oyb e an try p s in i nh i b i t o r s : the i r  

i nac t iva t i on durinc rc eal p r o c c s s in0 . F d  T e chn o l . 

�.Q : l 4 8 2 - 1 � 84 , 1 9 6 6 . 

295 . 

1 � :-:tr"R.nuj an , R . •'- · ·:m e) A nr-tn t "l.k ri ; · � wm , C . P . :=3 tab j_ l i ty o f  

t o c o ph er o l  in f ·• t s d.u r j n · ·  c t O Y' 1 ,  ' P.  ,.l �J(l h ea t i D 'S . 

J n l1 i:1.n tT . ' 1 "., j_ rv '-k L 11 : 17 �' - ] 811 , 1 95 8 . ( r: o t  s e en ) 

l . J . and 1·- o rc;an , c . :n . The nu t rj_ t i onally ava i l ab l e  

l y � ino �n� Me t h i o n i n e  o f  h e � t e d  c qs e i n-elu c o s e 

�nixture s . J .  ::3 c i . 1�d '•- ' T i c . 1 4 : 5 4 4 - 5 5 0 , 1 9 6 3 . 

��e evc s , M .  ,T . The e f f E? C t  of h P n.  t t re a t m e n t  o n  l y s i n e  

ava i l ab i l i t y  · 1 nd d y e  b i n d i ng c a pa c i ty of skim Di lk . 

}'a lmers t o n  ; ' o rt }:. , I�eH ·,� ea l " nd. , 1 9 7 6 , Th e s i s 

( �  � u"J t c ra t e ) ,  : · ;T ey Uni v e r � · i ty . 

1{n ; r_ c t i on r'l. t e s  f o r  t}l e 

d e c om p o s i t i o n o f  th i �m i n n  i n  p o rk nt vRri ou s  

c o okin__; t cr p c•"• tv re s . }'d. ' c s . 10 : 9 9 - 107 , 1 9 !. 5 . 

��. i c e , :S . E . ,  'P P. u1� ,  J . -. · . 'l.Yl ' '  - J' i. r d , i" . �: . Bff e c t  o f  
c orr• . e r \' i  •J �1n · i Y1 , !": rw l : i n  , " t o r,., � C'  :l.nd c o o v j_ n ,..,: 
o p 0  ·;o. t j  onf· lJ ' •on -,j t ·lr in c o n t r· ·,., t  o f  p o rk h 'l.r:P . 

·: " d _ r-: e s_ . l ? : " ·;, ,  _ ')f1 6 , J 9.tt7 . 

-�i c e , J i t n r i n  r - c o rn pl c x  s tud i e s 

on d eh y d r:1 t e d  J r te '".t s . Jo'd �tc s . 2_ :  9 / - 9 9 , 1 9 4 4 . 

l i ch · � rd s on , J1 . n . ,  · .'iJ k e s , 8 . ·r nrl Ri t c h ey , S . J . 
C o�para t iv e  vi t �min K ac t iv i ty of  fro z en i rr�d i at e d 

B.nd h e a t -pro c e s s ed fo od s . J . I�ut r . 7.2 : 369-37 3 , 
1 9 6 1 . 
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2 0 6 . Ri chard s on , T . Enzyme s . in Pri n c i p l e s  of f o o d  s c i en c e , 

part I ,  ? o od Chemi s t ry . F enn er:m , O . :R . ( Ed i t o r ) F e 1.v 

York , T":arc e l  D ekk e r , 197 6 . 

207 . H ob ins on , C . l i b e r  in tl:. e d i e t . :'. m . ,J . cl in . �· :ut r . 
_1 : 2U8 , 1 9 5 6 . 

2 08 . :t o r  r i c;u e �z , i . . S .  , I rH i n , · . I .  \ . r: o n :>  p e c tus o f  r e s earch 
on vi t rtr:: in \ r e n u i r e :-" e n t s  O J. r ·  · •.n . ,T . rut r . 102 : 

909 , 1 9 7 2 . ( r o t  G e en )  

?0 9 . :1o ll s , ·0 • ._ . and P o r t e r , J .  ':J . G . or: te e ffe c t s  o f  pro c e s s ine 

210 . 

:' n c1 s t o ra;o;e on t ll c· nu t r i  t i  v e  v· · lu (; o . ·  . ;d lk . ..., :r_(; r, i 1k 
p1 · od.u c t s . Pr o c . - utr . ' ' o c . _2_2 : �Ll , l S7 3 . 

· : o . · :-- ' n . ; , :ff c c t  o r  t i m e r·md t e u p c ra ture o f  s t o r .... , -;e  o n  

v i  t :�.r:1 i n  C re t en t j_ o n  i. n c a nn e d  c i  t ru R  jui c e s . 

.2_ : �? 7 - 3 3 , 1 9 4 4 . 
l''d He s . ---

2 1 1 . Ho s s en , J . JJ . and : i l l e r , H . C . J.� o o d extrus i o n . Fd 

2 1 2 . 

2 1 3 . 

2 14 . 

2 1 5 . 

Te c hno l . �7 ( 8 ) : 4 6 -5 3 , 1 9 7 3 . 

' l � c� e t t , W . � . J r .  U s e  o f  s o l i d  f o o � s e arly i n  infancy . 

C • P .  1.1 :  98 , ]_ 9 5 G • ( H o t  s e  en ) 

:� :1.J_ t e r , '.L T . The c ' .en i s t ry · m e. ph,y s i o1 oc;y of t h e  

thyro i d ho rcon e . in The ho rmon e s : phys i olonr ,  

ch em i s t ry " '!.nd. · ·- �n-l1i c at i on s . \T o l . 2 ,  i)in c m , G- . rmd 
Thimann , }\ . ·/ . ( , .;di  t o r ) , 1. e1·: Y o rk , A c ad emi c P r e R s , 

1 9 5 0 . ( Fo t  s t>. e n ) 

c:: ., - l s on , \ . 8 . : .... . J . F eat t reatT!'1ent of c o c onut me a t s .,.nd 

c o c onut rn c'"'.1 R . ,T . ,Sc i . J<'d r�_ ·Ti c .  ? 2 : 3 1 2 -31 6 , 1 97 1 . 

>. c a la , J . F ib e r , t he f o rgo t t en nut ri en t . Fd Te chn o l . 

28 : 34 - 3 6 , 1974 . 
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�khlae::;e , C . an(, ;Jo rtb e re; , B . l·�an,�an e s e i n  th e d i e t o f  

h e a l thy pr e s ch o o l and s c h o o l  c h i ld ren . A c ta 

]?_?:_�d i .!=!.:..t�. .. � c �' nd . 6 1 : 6 4 8 , 19 7 ? . ( E o t  s e en ) 

cllro e d e r , H . A . J,o s s e s o f  vi t · n'l i n 'l.nd t ra c e  m i n e ral s 

r e sul t inL.; f rom !'ro c e � s i n:.· ; J f" d  !1re s e rv:-> t i o n  of f o od s . 
;\m . J . c l i n . l·� u t r  . .2.1 : 5 6 2 - 5 7 ? , 1 9 7 1 . 

S chro e d e r , JJ • •  J . , I a c ob e l l i s ,  I · . and '-)r.�i th , ; . E . 
I nfluen c e  o f  h e · 1. t o n  t b e  d i t;e s t ib i l i  t y  ·o f m e a t  

pr o t e i n s . �1 u t r . 7 3 : 1 4 3 -1 5 0 , 1 9 6 1 . 

•:• c ':tul z , J . ::-1.nd '·' Fl i  th J E . J . • \  ,., : � a� t i ta t i ve s tu dy o f  

ab r� o rp t i on o f  f o od i r o n j_n i n f ·, nt s  R nd c hi l dren . 

'q . J .  IJi s . Ch i ld . � h : 1 0 9 , -------

· · J ··. · o  ;·t :i cr:1 , 
·� ::: .. o\� u c t s . 

( <  \ ' .  \ .  

i ,- l � o n , . . ' 

-� �� �) Fl . ( Ii o t  s e en ) 

c: T n t i  r r: , ,J . , . and 

I 9 Lj ) • 

�) e o re ll , 'd . IT . , Harri s , R . �) .  '.i'h e  vi t :l.r" in s , Vo l . J I . 
� - ci·T Y o rk , \ c aCl e·�i c ? r e 1> s , 1 9 7 1 . 

: e l e zn eva , ' \ . r . ··, ff e c t o f  v i t �1.n i n C , P , B l 2 o n s om e  

b i o c · .eJ:l i c -:. 1  int i  i c e s o f  e n e 1:, · �  · l tC t ':l.o o l i G m i n  t h e  

l ive · .- o f  r2. t s  Y i  t h  � cu t o  e x: r e T i m e rl t 'l.l h e pa t i s . 

j\�ut r . '\ b s t r . Hcv: . 4 1 : 8 2 9 , 1 9 7 1 . O� o t  s e en ) 

3 i e b e l , J .  1� . S � e c j  f i e  heat o f  V'l ri o · s pr odu c ts . 

I c e  Re f rig . £ : 2 5 6 , 1 89 ? . 

·j i J.J. s , V . E . C onsume r r e p o rt o n  c :l.nn e d  n.nd i n s t an t  

baby fo o d . J.' o oc1 'P.c chn ol o cy ' e s e arch C entre , 

Palme r s t o n  No rt h , � ew � ea land , 1 9 7 6 . 

the 

S i ngh , R . P . K in e t i c s of n�un l i  t y  d egradat i on : a s c o rb i c  

a c id o x i d at i on i n  infant i' r :  r 1r ula during s t o rae;e . 

J . Fd S c i . 4 1 : 304 - 3 08 . , 1 9 7 6 . 



226 . Singh , R . P . He ldman , D . R . and Ki rk , J . R . Kine t i c 

ana lysi s o f  l i ght -ind u c e d  rib o fl avin l o s s  i n  

w h o l e  m ilk . ,J . F� S c1: . 4 0 : 1 6 4 - 1 67 , 1 975 . 
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227 . S i s t run k ,  � . A . and C a sh , J . � . A s c orbic  a c i d  and 

c o l o u r  c han�e s in su�me r s q ua £ h  as i n fl uen c e d  by 

b l an c h , pH and o t h e r  t r e a  t r.1 e n  t s . J . Fd S c i . 

35 : 645 -64 8 , 1 970 . 

22 3 . S tahli e , T . D . S ome aspe c t s  o f  child he alth in 

Thai land . J . tro_p . ' e d . J iyc; . 64 : 79-87 , 1 96 1 .  

229 . S ti gl e r ,  G . J . The c oQ t  o f  sub sis t ence . J .  Fm f. c on . 

2 7 : 303 , 1 91t5 · ( tl o t  s e e n ) 

230 . S t umb o , C . R . A t e c h ni q u e for s t ud y i n g re s i � t a n c e  o f  

b a c t e ria l E p orc s t o  t e � p o rR t u rP in t h e  hich e r  

range . "' d  'l' e c hnol . ?._ : 2 2B-?Lf 0 , 1 94 8 . 

23 1 . .S ul l i va n , 1 . : · · . , Luhby , A . L . <�nd .'"i t i·ei f f ,  R . R . 

S t ud i e s  o f  t h e  d ai l y  r e q uirement for fol i c  a c i d in 

i n fa n t s  and t h e  e t i o l o Gy o f  f o l 8 t e  d e fi c i e n c y  i n  

g o a t ' s  m i ll� me p: a l a b l c ,- t i c  anemia . Am . J .  C l in . 

� i u t r . ]] : ..5 1 1 ,  1 96 E. . ( " ot s r en ) 

232 , S u t h e rl and , LT . tvl . Glue c k ,  f1 . 'l' . and Gles e r , G . 
Hem orrha 1�i c disease o f  t he ne v1born . Am . J . Di s . 

C hi ld . 1 1 3 : 524 , 1 967 . ( ro t  seen ) 

233 . Tad e u s z , ' '·: . I n f l uence  o f  t he produ c t i on proc e s E"  on 

the  c on t e n t  o f  fol i c  a c i d  in fish meal s . M e d . �e t . 
2 7 : 36 -39 , 1 97 1 . (Not  s e en ) 

234 . Take o ,  N . and Takat oshi , I . C hange s o f  t he milk 

c a s e in b y  various t re atmen t s . IV Change s o f  t he 

c a � : e in solution by he at  t re a tment . Nippon N oge i  
Ka zaku Kai shi � ( 4 )  : 1 30- 1 3Lt- ,  1 96 7 . ( N o t  s e e n ) 



2 3 5 . rr· �,.n t iv o ncs e ' p . ?.i c e  f o rt i f i c r: t i on pr o j e c t r e :r o r t . 

Ch i ancn R i , Thai l and , 19 6 9 . 

2 3 6 . rr e i x e j_ ra , A. . A . , D L o n , J . 1 : . , � a:· : r n.dn i k , _ J . 1d . and 

-� i n rc P1 e i s t e r , r ;.. 1.; . C ompu t r; -r  O IJ t i n i z at i on o f  

nut r i er:. t  r e t e P t i on j_n t h e  t h e :r" " l  · � :co c e s s iw ·  o f  

c on 6uc t i on-h (� :>. t e d  f o o cl s . · r ;_ 'i' c c } > n o l . 2 3 : 84 5 -849 , 
1 9 6 9 . 

2 3 7 . T o o l cy , P . ,J . 'l.m1 :r. avrri e , R . !\ . =-;f f e c t  of d e e p  f a t  

f ryin:_; o n  the avn. i l ah i l i  t y  o f  lyr· i n c  i n  f i sh 

f i l l e t s . J .  Pd Te c hno l . 2 : 2 4 7 - 2 5 3 , 1 974 . 

2 3 8 . � o r r c y , M .  D ehyd r� t i on o f  f ru i t s  �n d ve ge t ab l e s . 

?:ew J e r s e y ,  N o y e s  d a t a  c o rp o rat i on , 1 97 4 . 

2 3 9 . lTncl erHood , B .  J . Tra c e  e l em e n t P  i n  human and animal 

nu t ri t i on . j rd e d . N ew Y o rk , A c a d e � i c  Pre s s , 

1 9 7 1 . 

24 0 . \T · ; lyas evi , A . ,  P e nchakarn , ... . , • Jhn.nC'..m i t t a , �.; . An c:':ia 

299 . 

i n  precnant woman , infan t s  � r �  n r e s ch o o l  c h i l d r e n  

i n  Tha i l "'..nd . tT . m e d . ''. s e . 'T'h · l i . 1) 7 : 3 01- 3 0 6 , 19 7 4 . 

2 4 1 . 

2 4 ? . 

24 3 . 

V n.lyn. s evi , J·, . , T)lW.n 'lP.li t t a , ;; . 

J' :tnr;k o l::: , �'h n.i l ;• n d . 

Vn. lya s evi , A . , Ha l s t o �d , � . � . , r� n tuwat ana , S . and 

Tf'l.nkayul , C .  S tu d i e s  of b l ad d e r  s t on e  d i s eas e i n  

Thai land . IV . Die tary hab i t s , nut r i t i onal i ntak e , 

and i nfant f e e d i n.'� prac t i c e s  P..r:wnc r e s id en t s  o f  a 

hypo - P nd hyp e r e n ri emi c are a . An . J .  cl in . Nut r . 

2 0 : 1 3 4 0 -L: S l , 1 9 6 7 . 

Van �rs d e l , W . B . , C o p l ey , M . J . and Morgan , A . I . J r . 

F o o d d ehyd ra t i on . 2nd e d . V o l . l , C onne c t i cut , The 

.'\VI pub !h i s hing c ompany , 197 3 . 



2 4  4 .  

? 4 5 . 

2 4 6 . 

2 4 7 . 

2 � E3 . 

?. � 9 . 

2 5 0 . 

2 5 1 . 

'!an 3uren , ,T . P . , ;; t e i nkrau s , K . � · . ,  Hac kl e r , L . R . ,  
:am·ri , I . }; , and T i'l nd , ll . T) , h1 cl i c e s  of pro t e in 

�ua1 i ty in d ri ed s oymi lks . <T . ::1.  -ri c . Fd Che1:1 . • 

1 ? ( 6 ) : 5 2 4 - 5 ?8 , 19 64 . 

300 . 

: rareJ.;< , c ; . i T i cl. et l , ' . .  an(l Z nr.· o r" , '· ' . I n flue n c e  o f  
t h e r�· , a l. t r c · J t : • •' •  t on t i ·, n  :•:v " j J r-> 1i l C  rw· in o  a c j_ r� · �.::1d 

··. n . T:ror"1 �.t . 

·.rar; d . s h , S . A . :1.·1o C! arp en t e r , ; , ,1 . H e c h an i f� m s  o f  r� o a t  

<l �n· ;,ce i n  1! , · o t c  ins . 5 . Th e nu t ri t i on8.l vR.lues of 

h e n t - d amn: ; ed <<·1 .  -propi onyl:1.ted  �;r o t e ins a. s  n nu rc e s 

of l y � i n.c; , . e t ·  i on in e '1.ncl  t r.y- r t o ph an . B r . eT • .  ut r . 

c) 4 : 3 ?. 5 - 3 3 7 , 197 �) . 

V j  l l egas , A .  M .  , G onz 'l l e z , f.. . . ,_m l_ C' a l d  e r on , R . 
: OV:-:t J uat i on of s e :: ".f.1 P prn t Pj_ n . C' e re.'l.l C!h em . 34 : 
·:;7 9 -)85 , 1 9 6 8 . 

· '- o 2 .,.: o vi c h , C . : '. 1 ; :· r i' e i f e r , '! . :/ . . tab i l i ty o f  as c o rb i c  

a c iJ i n  b l e n d s  w i th wh e �t f l ou r , CSM and i nfant 

c e ren.J s . C ere ·l1 ' c i . t od · ':_y 1 ·2_ : 3 17 -3 2 ? , 1 9 7 0 . 

· .· · 1J 1 · 1 c e , G . t·1 . Nat u ra l  '!' o y j  , , � , . i n  S ymn o s iur, on i' o oc1 
t o:z i ns . · · · o od �P e chno l ogy t ; on f e r en c e , M a s s ey Un i 7e r­

f:. i ty , l : eH 7, e al8.nd , 1 9 7 0 . 

' 1al sh , J) . 1.; . , \ b el inL , K . A .  'l.n r1 D i c k , J .  W .  A l in e a r  

pro :�;r:-tmm i ng 8 .  r p r o a c h  to G J''l.:)l e t t i  pr o c e s s i n;::; . 

f; e real ::\ c i . T oday 1 6 : 3 8 5 - 3 89 , 1 9 7 1 . 

Wann ince r , L . A .  J r . M at h emat i c al Mod e l pred i c t s  

s t ability of as c o rb i c  a c i d  i n  f o od pr oduc t s . 

Yd Te c hn o l . 2 6 ( 6 ) : 4 2 -4 5 , 1 97 2 . 



2 5 2 . 

? 5 3 . 

2 5 4 . 

2 5 5 . 

2 5 6 . 

2 5 7 . 

2 5 8 . 

30 1 . 

\•la t anab e , A .  r i ne t i c s o f  t h e  t l e rrH:J.l d c c ompo s i  t i on o f  

t h i afY1. i n e  h y d r o c? • .l o r i d e  in fl!].U e ou f : s o l ut i on s . J . 'harm . 
( r o t s P.en ) 

· .' e j_ s s b e r,u e r , A .  ' ' Y' ( 1  'Ph on1. s , D .  S .  J r . C x i d R  t i o n n r o c e ;; s e s  

. . ,_,I , rrh c  ;T11 t o  o ·- i d a t i on o f  " �> r: n ro i c  nc i d . '-T • '·- m . 

' ·i i r  cl m·r s on , E . M .  �b H o rp t i on �nf e x c re t i on o f  fat , 

n i t rog en , F�-� d r.� i n e raJ s from ' ' f i l l e d " milks b y  

b �� i e s o n e  we ek o ld . La11 c e t  2 : 1099-1105 , 1 96 5 . 
( P o t  s e en ) 

�'li r1d m..,rs on , 'S . l. . , Chr- m , E . , Harris on , c-;. , :;; , and I'i i l n e r , 

n . : l . G . /� C Cl.lmuJ. a t i o n  o f  Cu , '� n ,  • . n ,  C r  an d C o  i n  t h e  

lmr� ·111 l i v e r  ·h c! :! ' ore b i rth . 1 i o l o  i a  Y e ona t . 20 : 
:·; 60 ' 197 2 .  

· ·,' i c: d ovTs o n , · .; . t-1. , : c C 'tn e , 1L A . ,  � · n.rris on , G . E .  a nd 

�ut t on , A . � -;ff o c t  a t· .- c i v i n  · :!Jh o �:; nrnt e  s u yr p l e f'l e:n t s  

t o  �) re 2 s t - f e d b · •,h i P s  o n  n·, l s o r}J t i on :-�r. ri e x c re t i o n  o f  

C '1 l c j _um , s t ront ium , P1n.�:n e s 'i 1 J J11 · • YJ.d }!1l o s ph o rus . · 1 - �. r e  e t  

2_ : 1 ? 50 , J. 9 () 3 . (.�o t  s e en )  

· ' o oc1 rni':P , C . · ·: . 1 s c o rb i c  � c i d . i n  · u t r � t i o n . � e �t on , 
G . H .  : �.n cl f'r1 cE e ;· ry , I 

;.� · . r  J .  • ( 1 -;o i. t o rs ) , · e H Y o rk , '\_ c 8.d e n i  c 

Yr.m e z , }<j , , ! '. :=t l l e s t e r , p .  and 1 '1 o n o s o , (� . Eff e c t  o f  

d ryine t em p e rature on qual i t y  o f  fi s h  pr o t e i n . 

J . S c i . J<' d A rrri c • .£1 : 426-428 , 1 970 . 

N o t  s e e n  The ori ginal was not s e e n  and the  c on t e n t s  o f  the 

art i c l e  were extra c t e d  from an abs t rac t . 
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Re gion 

N orthe a s t  

N orth 

S o u t h  

C e n tral 

Bangkok 

Whole kin gd om 

R e c re a t i on 

EY RF. rn Ol-1 r r  P.UR!, L  A "D TJ? F  M :  AP..T:'. "� . ( 1 83 )  

M e d i c a l  & T oba c c o  M i s c e l lane ous Food Food away 

pe rsonal a l c oh ol purc h a se & from h ome 

care expense prepare a t  

h ome 

Urban Rural Urban Rural Urban Rural Urban Rural Urban Rural Urbon Rura l  

5 . 04 2 . 8 4  4 · 85 8 . 20 6 . 89 5 . 42 6 . 7 1  7 . 70 43 . 1 6  4 1  · 39 9 . 9 1  4 . 89 

6 . 3 1  3 . 30 6 . 54 6 . 79 4 . 8 1  6 . 1 8 7 . 25 7 . 8 6 40 . 78 4 2 . 4 6  7 . 67 5 . 54 

6 . 40 2 . 92 5 . 96 8 . 02 4 · 85 5 . 1 4 9 . 1 3  9 . 1 9  37 . 20 4 1  . 39 9 . 26 8 . 07 

5 . 29 3 . 78 5 · 43 7 · 33 5 . 77 5 . 1 9  6 . 94 9 · 6 5 4 1  . 4 2  42 . 76 1 2 . 42 6 . 80 

7 . 4 6  5 . 5 2 5 . 3 1  5 . 30 4 . 89 5 . 38 7 . 49 5 . 75 33 . 83 42 . 79 1 2 . 48 1 0 . 26 

6 . 76 3 . 36 5 · 44 7 . 4 5  5 · 1 8  5 . 4 8  7 . 48 8 . 5 1  36 . 55 42 . 1 4 1 1 . 1 8 6 . 29 

Housing Cl othes T ransport 

Urban Rurol Urban 

1 0 . 22 1 1 . 63 8 . 09 

1 1 .  74 7 . 8 8 9 . 4 6  

1 3 . 65 7 . 57 8 . 3 1  

9 . 70 8 . 58 8 . 93 

1 3 . 2 1  1 0 . 4 8  7 . 74 

1 2 . 4 0  9 . 1 6  8 . 1 2  

Rural Urban 

1 3 . 4 1  5 . 1 3  

1 4 . 23 5 . 74 

1 1 . 9 1  5 . 24 

9 . 97 6 . 66 

7 . 65 7 . 65 

1 2 . 07 6 . 89 

Rural 

4 . 5 2  

5 . 7 6  

5 . 79 

5 . 94 

6 . 87 

5 . 54 

I...J..J 
0 
1\.) 

:r> 
'U .___, .) t:rj 
:z: 
t::J 
H 
:>< I �  
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BRF.J\S'l' FEED JNG FOR I JFA NT ( 0 - 1  YEJ\ R ) ( 1 7 9 )  

B r e a s t  fe eding for in fan t ( 0 - 1  ye ar ) 
( in pe r c e nt age ) 

A l l  Gan gkol� 

areas l'i i d d l e  Low 

B r e a s t  f e e d i n g : 

-yes 

-no 

-no an swer 

1 00 . 0 

88 . 4 

1 0 . 9 

0 . 7  

Dura t i on : 1 00 . 0 

-l e s s  t han 6 ffion t hs 9 . 4 

-b e twe e n  6 - 1 2 m on ths 1 3 . 4 

-b e twe e n  1 -2 y ears 49 . 2 

-more than 2 ye ars 22 . 1 

- n o  answ e r  

R e a s on f o r  weaning : 

-no t  e n o ug h  milk 

- on s e t  o f  n e w  

pre gn an c y  

- c h i l d r e n  grown up 

- o u t s i d e  work 

-bad h e al t h  

- c h i l d re n  s t op 

- o t h e rs 

-no a nswe r 

5 . 9 

1 00 . 0 

7 . 7 

1 6 . 5 

37 . 1 

1 5 . 7 

3 . 6 

3 . 0 

5 . 2 

1 1 . 2 

i n c ome in c ome 

1 00 . o 

6 1 . 5  

3 8 . 5 

1 00 . 0 

5 3 . 1 

1 5 . 6 

3 1 . 3  

1 00 . 0 

28 . 1 

1 2 . 5 

1 5 . 6 

40 . 7 

3 . 1 

1 00 . 0 

90 . 0 

1 0 . 0 

1 00 . 0 

1 6 . 7 

1 5 . 8 

48 . 1 

1 6 . 6 

2 . 8 

1 00 . 0 

22 . 1 

8 . 4 

33 . 4 

1 1 .  1 

5 . 4 

3 . 8 

1 . 8 

1 3 . 0 

Ot h e r  

Urban 

1 00 . 0 

7 8 . 9 

1 9 . 7 

1 . 4  

Rural 

1 00 . 0 

9 2 . 3 

7 . 1 

0 . 6 

1 00 . 0 - -1 00 . 0 

1 2 . 7 6 . 1 

1 4 . 0 1 2 . 9 

62 . 9 4 6 . 8 

8 . 6 26 . 7 

1 . 8 

1 00 . 0 

1 0 . 4 

44 - 4 

1 9 . 7 

5 . 0 

3 . 1 

8 . 4 

2 . 7 

7 . 5 

1 00 . 0 

5 . 8 

1 9 . 6 

36 . 6 

1 3 . 9 

2 . 9 

2 . 8 

5 . 0 

1 3 . 4  
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C Ol':SUVEn SURVBY l<'ORJ';I 

E n gl i sh t ran sl a t i on o f  'T' h o_i s u r v e y  fo rm . 

1 • Y o u r  l a s t  c h i l d  a g e  i s  

t o  3 m o n t h s  D 
3 - 6 m o n t h s  D 
6 - 1 2  m o n t h s  0 

2 . F o r  m i l k  fe e d i n g , what a ce s o f  your c h i l d re n  d o  y o u  

fe e d  f o l l ow i n g  m i l k  

B r e a s t  m i l k  

Hi l k  p o wd e r  

E vap o r a t e d  un swe e t e ne d 

c on d e n s e d  m i l k  

E v ap o ra t e d  swe e t e n e d  

c on d en se d mi l k  

F r e s h  p a s t e uri z e d  milk 

Ot h e r  kind o f  m i l k  

A ge f r om 

. . . . . . . . . . 

. . . . . . . . . . 

. . . . . . . . . . 

t o  D o  n o t  

. . . . . . . 

. . . . . . .  

. . . . . . . 

3 . J f  y o u  d o  n o t  u s e  b r e a s t  fe e d i n g , wh e r e d o  y o u  buy 

mi l k  p r od u c t t o  use 

H a rke t 

G r o c e ry 

S upe rmarke t 

0 
0 
0 

u s e  

0 
D 

D 
0 
0 
D 

4 . What d i d  y o u  fe e d  y o u r  y ounge s t  c h i l d  ye s t e r d ay 

Y o un g� s t  c hi l d  age B r e ak fa s t  M i d d l e  Lun c h  M i d d l e D i n n e r  

t o  3 months • . . . . . . . 

m o rn i n g  

. . . . . . . 

a f t e rn o on 

. . . . .  . . . . . . . . . . . . . . . 

3-6 m o n t h s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . .  

6 - 1 2  m o n t h s  . . . .  . . . . 

1 -2 ye ars . . . . . . . . 

. . . 

. . . 

. . . 

. . . 

. . 

. . 

. . . . . . . . . . . . . . . .  . . . 

. . . . . . . . . . . . . . . . . . . 
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5 . How d o  y o u  prepare solid  food 

Birt h -3 m onths 3-5 mon ths 6 - 1 2 months 1 -2 y ears 

Prepare 

D [] spe cially fl D 
T akin g from D D fami ly m e al s 0 D 
S ome t im e s  pre pare 

spe cially , 

s ome t ime s t akin g  

from family 

o· 0 o· meals D 
Prepare one 

fe eding e ach t im e  D D D D 
Pre pare few fe e d ing 

e a c h  t ime and 

ke ep t o  h e a t  up 

D f o r  n e xt fe e ding D D D 
6 . D o  y o u  have any d i f fi c ul t y  i n  p r � pa ring s ol i d f o o d  

ye z: n o  not s ure d o  not  kn ow 

u 0 D 0 
7 .  J n  c as e  t h e re i s  a c on v e ni e n t  in fant food , y o u  wo ul d 

l i 1 � c  i t  t o  be 

D ri e d  produ c t  u 
Re ndy t o  use c an ne cl p ro d u c t  0 
Re ady t o  use  bot t l e d  produc t D 

8 . Fo r t h e  prod u c t  that you are i n t e re st ed in q ue st i on 

7 , how much would y o u  prepared to b uy for a d ay fe e d in g  

. . . . . . . . . . . . . . . . . . . .  

9 . You would like t he flavour t o  b e  

[_j b l and 

bah t .· 

I I a l i t t l e  swe e t  

0 rat h e r  swe e t  

c=J meaty flavour 

I I o t h e r s  a s  . • . . • • • • • • • •  



an d t h e  c ol o u r  

a n d  the t e x t ure 

306 . 

t o  b e  

0 c r e am o r  whi t e  

D l i ;rht b r ovm 

0 l i {;h t 

[] li r�:h t 

0 o t h e r s  

v;h e n  r e E\ d y  

0 t hi c k  

0 me d ium 

0 t hin 

pink 

g r e e n i s h  

a s  . . . . . . . . . .  

t o  f e e d  

[] o t he r� a s  • • . • . . . • • •  

1 0 . In y o ur h ou s ehol d , d o  y ou h a v e  t he f o l l owing 

[] re frirc ra t or 

11 the rmos 
0 d 'J  n o t  h a v e  b o t h  

1 1 . Your o c c upn �. i on i s  

H o u s e wi fe  

G 'Jvc rnme n t  

o f fi c e r [] 
1 2 .  Y o ur 

(20 Ll 
40 -L�9 0 

1 3 .  Your 

l e s s  t han 500 

500 - 1 000 

1 000 - 2000 

2000 - 3000 

4000 - 5 000 

) 5000 

a c; e  i s  

f am i l y  

baht 

baht 

b ah t  

b a h t  

baht 

b ah t  

F e  rrr, e r  

o f fi c e  !I 

20-29 0 
) 49 0 

m on t hly i n c ome i s  

n 
0 
0 
0 
u 
Ll 

Eu s i n e s s  

".'orki n g  i n  
fe. c  l o ry [] 

30 -39 11 
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I n f o rma t i o n  w e re t a ke n  re car� i n g  f o l l o wi n g  q ue � t i ons . 

1 .  Type o f  f o od s e ll i n g  b u s i n e s s  i . e .  gr o c e ri e s  or  

supe rmarke t . 

2 .  T ype o f  b aby f o o d  i . e . c an , b o t t l e , d ry powd e r  o r  

o t h e r . 

3 . D e s c ri p t i on o f  t h e  baby food prod u c t s  in st o c k  i . e . 

brand name , d e s c ripti on o f  prod u c t , t ype o f  pa c kage , s i z e  o f  

c on t ai n e r  and p r i c e  o f  t h e  pr o d u c t . 



APPEND I X  5 

T HE THA I N OT I FI C A'T' I Q1,J ON THE 

QUAL I T Y  OF I N F A NT FOOD 

308 . 

By virtue o f  the prov i s i on s o f  S e c t i on 5 ( 1 ) ( 2 )  ( 4 ) 

( 8 ) an d ( 9 )  o f  t he Fo od Qual i t y  C o n t r o l  A c t  B . E . 2507 as 

ame n d e d  by An n o un c em e n t  o f  t h e  R e v o l u t i on a ry Pa r t y No . 4 9  
dat e d  1 8 t h  J anuary B . E . 2 5 1 5 ,  t he V in i s t e r  o f  Publi c  H e a l t h  

h e reby i s s u e s a not i fi c a t ion a s  fo l l ows : 

1 .  Baby food shall b e  c on t r o l l e d  fo od . 

2 .  Baby food m e a ns fo o d whi c h  i s  u s e d  in pla c e  o f  t h e  

m o t h e r ' s  m i l k  for t he baby f r om t h e  d a t e  o f  bi r t h  to the  age 

o f  t w e l v e  mon t hs . 

3 .  T h e  ge n e ral qua l i t y  or  s t a n d a rd o f  baby food sh al l : 

( 1 ) n o t  c on t ain mat t e r  und e r  t h e  c a t e g o ry o f  

h o rm on e  o r  a n t i -bi o t i c  

( 2 ) n o t  b e  fo un d  t o  c on t a i n  bac t e ri o f  t h e  t yp e  

c c o li  in 0 . 1  gram o f  baby food 

( 3 ) c o n t ai n not o v e r  1 0 , 000 ba c t e ri in 1 gram o f  

pa ' ; t  uri s e d  baby food , o r  n o t  ove r 1 ' 000 bac t e ri 

i n  1 gra1n o f  s t e ri l i z e d  baby food 

( 4 )  h a v e  m o i s t ure c ont e n t o f  n ot more t ha n  8% o f  

t h e  we i gh t  f o r  p ow d e r  food 

( 5 )  be dissolv e d  e venl y  f o r  food whi c h  i s  f o r  

d rinki n g  

( 6 )  gi ve ene rgy o f  n ot le s s than 3 5 0  ki l o c a l ories  

pe r 1 00 grams o f  f o od , exc l udin g the  we i ght o f  

wat e r  

( 7 ) give ene rgy o f  n o t  l e s s  t han 6 5  kil o c al o ri e s  

and n o t  m o re t han 7 0  kil o c a l ori e s  per 1 00 grams 

o f  food whi c h  is l i q uid for d rinking . 



4 . The qual i t y  o r  s t a nd a rd o f  bRby fo od in the v o l ume 

o f  food t o  give e ne rgy o f  1 00 kil o c R l o r i e s  for baby f o od t o  

fe e d  baby f r om t h e  t im .:: o f  b i r t h  sh"" l l  c on t ain : 

( 1 ) Re feren c e pro t e in o f  n o t l e s s  than 1 . 8 gra� s  

and not  m o r e  t han 3 . 5 Grc:w:s ; a s  f o r  o t h e r pro t e ins e i t he r  

v;ho l e  o r  part  t h o s e  ��> r o t s i nr: cha l l  l.1 · , v e c on c un� a b l c  v:.?-l ut:; o f  

n o t  l e s s  than ?0/.; o f  t h e;  prot e in s  o f  e :_' ' ' , but a l l  l; r o t c ins 

o f  such b�by f o o0 w � c n  c n l c ul a t o d  i n  c oDpati s on wit h  

re fe re n c e  pr o t e in shall n o t  be l e e r: t h a n  1 . 8 cram c 3 nd n o t  

r:� o r e  t han 

( 2 )  Fat o f  n o t  l e s s  t han 2 crnms an d n o t  m o r o  t han 

4 �rams , and fat t y  a c i d , lino l e i c  t ype , o f  not l e s s  t h an 

200 mi l l i gro.ms . 

( 3 ) S u gar o f n o t  l e s s  t h a n  40�  o f  all c arb ohydra t e . 

( 4 )  V i  t m.in s i n  t h e  q uan t i t y  o s  foll ovJs : 

( a )  Vi t ar.1 i n  /1. n o t  l e R G  than 250 in t a rn 2 t i onal 

uni t s  or 75 mi c r o Grams , c al c u l a t e d in re tinol , o r n o t  l e s s  

( b )  \fi t aJr. i n  D 

( c ) Vi t amin E 

( d )  

( e ) 

( f )  
( g )  
( h ) 

Vi t amin K 

Vi tamin c 

V i t amin B 1  

V i t amin 12 

Ni c o tinamid e  

( i ) Vitamin B6 

( j )  Pantothynic 

acid 

not l e e s t han 

n o t  l e sr: t han 

n o t  l e s s  than 

not  l e s s t han 

not  l e s s  t han 

n o t  l e ss t han 

n o t  l e s s  than 

n o t  l e s s  than 

60 i n t e rn n t i on a l  

uni t s  

1 i nt e rn ( t i onal 

uni t  to 1 r;rarn 

o f  l i n o l e i c  acid 

8 mi c rograms 

1 0  milligrams 

50 mi c ro grams 

70 mi c ro gr.suns 

5 00 m i c r o crams 

50 mi c ro grams 

n o t  l e s s  t han 300 mi c ro grams 
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( k )  Ph oli c  acid not  l e s s  t h an 4 mic ro grams 

( 1 )  Bi o t in e  not l e s s  t han 5 mic ro grams 

( m ) Vi t amin B l 2 n o t  l e s s  t ha n  0 . 05 m i c r o  gram 

( n )  Kol in not  l e s s  t han 1 2  mi l l i grams 

( 5 ) t 'linerals  in the q uan t i t y  D. S  fol l ows : 

( a )  S o d i um n o t l (� S S  than 20 mil li p-ram s , 

and n o t  o v e r  

80 mi l l i c;rarns 

( b )  Pot a s si um n o t  l c s �  t han 80 mil l i gram s , 

and n o t  ove r  

200 milli gram s 

( c )  Chl o ri de n o t  l e ss t han 6 0  mi lli grams , 

and n o t  o v e r  

1 50 mi l li gram s 

( d ) C al c i um n ot l e s s  t han 50 milli grar:�s  

( e )  f h o s p h o r u s  n o t  l E} S f' t ha n 25 mil l i grar.:s 

( f ) l'1o gn e sium n o t  l e s s  t h an 6 mi. l l i r;r8ms 

( g ) I ro n  n o t  l e s s  t han milli gram 

( h )  I odin e not l c; s r- t han 5 mj_ c roe;rams 

( j_ ) C opper not  l e  f� s t han 60 micro grams 

( j ) ?1j_n c  n o t  l c s r- t han 0 . 5 millj_r;ram 

( k )  Han c;anese  n ot l e s s  t han 0 . 2 mil l j_ r,ram 

Houe v e r , the ra t j_o  o f  c a l c i um t o  phospho rus shal l 

n o t  b e  l e s s  t han 1 . 2 a n d  n o t  ove r  2 . 0 . 

5 . The quali t y  or s t andard o f  b aby f o od in t h e  v o l ume 

of  f o od t o  give ene rgy of  1 00 ki l o c al o ri e s  for b aby food  t o  

fe e d  baby from three  m onths old and upwards shall c on tain : 

( 1 ) Re fe renc e  protein o f  n ot l e s s  t han 1 . 8 grams 

and n o t  more t han 3 . 5 grams ; a s  f o r  o t her pro t e in s  e it h e r  

whol e or part t h o s e  proteins shall h ave c on sum ab l e  value o f  

n o t  l e s s  t han 7�/o o f  t h e  prot e in s  o f  e gg , but all prot e i n s  

o f  s uc h  baby food when cal c ul a t e d  in· c ompa rison w i t h  
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re fe ren c e  pro t e in shall n o t  be l e s s  than 1 . 8 grams and n o t  

m ore t han 3 . 5 grams . 

( 2 )  Fat t y  ac i d , l i n o l e i c  type , o f  n o t  l e s s  t han 

200 mi l li grams . 

( 3 ) S ugar o f  n o t  l e s s  t ho.n  20,(-, o f all c arbohy d rat e . 

( 4 )  V i t amins i n  the  q uan t i ty as foll ows : 

( a )  V i t amin A n o t l e s s  thnn 250 i n t e rnati onal 

uni t s  o r  75 mi c ro crams , c al c ul 2 t e d  in re tinol , or n o t  l e s s  

t han 45 0  mi c r or.:rams , c a l c ul at e d in be tac ar o t e i n . 

( b ) Vi tami n E n o t  l e s s  than int e rn a ti onal 

unit p e r  1 gram 

o f l i n o l e i c  a c i d  

( c )  V i t amin c n o t  l e s s  than 1 0  milli gran s 

( d ) Vi tamin B 1  n o t  l e s s  t han 50 micr o e;ra m s 

( e )  Vi tm:1i n  B2 n o t  l e s s  than 70 mi c r o grams 

( 5 ) l'l i n e r a l s  in the q uan ti t y as foll ows : 

( a )  S odium n o t  o v e r  80 m i l l i Grams 

( b ) Chlori d e  n o t  ove r 1 50 m i l l i grams 

( c ) C a l c i um n o t  l e s s  than 5 0  mil l i grams 

( d ) I r on not  l e s s  than m i l l i gram 

( e ) I odine n o t  le s s  t han 5 mi c r o  grams 

The rati o  o f  c a l c ium t o  phosphorus s hall n ot be l e s s  

than 1 . 2 and n o t  over 2 . 0 . 

6 . Baby food whi c h  is li q ui d  shall have t o  go t hrough 

t h e  proc e s s  o f  pas t uri s e d or s t e rili z e d , as  the c as e  may b e . 

7 .  Pasturi s e d  baby food shal l be ke p t  in the  

t empera t ure of  n o t  ove r  1 0° c e n t i grade and the pe riod of  

time for s al e  shall n o t  be over two days from the date o f  

p acking in the  c on tain e r  for sale . 

8 .  The c ontain e r for baby shall : 

( 1 ) b e  prop e r l y  seal e d , c le an and hygenic 
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( 2 ) b e su f fi c i e n t l y  p r o t e c t e d f r om moi s t u re , i f  

u s e d  t o  c on t ain poTid e r  fo od . 

9 . Baby f o o d  whi c h  has b e e n  h r o u gh t  or imp o r t e d  i n t o 

t h e  Kingd om f o r  �al e , o r  m a n u fa c t u r e d  f o r  sale o r  s o l d  

sl1.1.l l  l1 c l a b e l l e d , an·. s u c h  label s rw. l l  c on t ai n  a. t  l e ;:-t s t  

t h e  f o l l owing i n  c l e r: r l y  re a d ab l e  'P hai l a n gua ge : 

( 1 ) " Baby f o o d  1 1  i n  l e t t e r s  o f  n o t  l e s s  t l1 an 5 
�il line t e r s i n  si z e , a n d  s t a t i n c t h e  c on t e n t  t ha t  i t  i s  

u s e d  f o r  f e e d i n g  baby fr om t he d a t e  o f  b i r t h  o r  f o r  f e e ding 

b ab y fron t h e  age o f  t hre e m o n t h s  upTia r ds , as t h e  c a s e  may 

be . 

( 2 )  " Pas t uri e e d " o r  " S t e ri l i z e d "  fo r baby f o o d  whi c h  

h :::: c be e n  t h r o urh t h e  pro c e s s  o f  pn s t u ri s e d o r  s t e ri l i z e d , a s  

t h e  may be . 

( 3 )  Nan e and ro �i s t r � t i on n u� b e r o f  f o o d . 

( Lj ) Name and ad d r e s s  o f  } il .J. c r:  o f  1nan u fa c t u re . 

( 5 )  N e t  Tie i ch t  or v o l ume o f  f oo d . 

( 6 ) Dat e o f  manu fac t ur e  o r  c o d e  whi c h  has b e e n  

r e  Ci L t o  r e d  \Vi t h  t h e  i' ;ini c t ry o f  Fub l i c  J l e 2- l  t h . 

( 7 )  Det t e o f  e:x:piro. t i o n  f o r  t h e- o. r;c o f  u s e  f o r  

p o � t u ri se d  baby f o o d . 

( 8 )  V o l um e  o f  imp o r t an t  i n cre d i en t  i n  p c r c e n taee o f  

we i gh t  o r  i n  un i t s . 
( 9 ) Me t h o d o f  appli c a t i on . 



1 • SC OPE 

APPENDIX 6 

3 1 3 . 

T h i s  s t an d a rd a pp l i e s t o  f o o d  in l i a ui d  o r  po�d e re d  

f o rr:1 i n t e n d e d  f o r  u s e  a s  a s u b sti t u t e for h um <'l. n  m i l :<;: i n  

m e e t in g  th e n o rm a l  n u t r i t i o n a l  re q u i re m e n t s  o f  i n fa n t s . I t  

al s o  app l i e s  t o  t h o s e  f o ods i n t e nd e d  f o r  in f a n t s wi t h  

s p e c i a l  nu t ri t i onal re q u ire m e n t s , e x c e p t with re ga rd t o  

o t h e r  pr o vi si on s c on c e rn i n g  t h e s e  s p e c i al re q ui re me n t c . 

2 . DE S C R I PT I ON 

2 . 1 I n fan t f o rm ul a , w h e n  i n  l i o u i d  form , may be u s e d  

e i t he r di re c t l y o r  d i l u t e d  wi t h  wn t e r  be f o r e  fe e d in g  a s  

a p :  ropri n t e . I n  pov;d c: re d  f o r:n  i t  rc tj ui r e s  wt1 t e r f o r  

p r e pa re:� t i on . 

2 . 2 T h e  p r o d u c t sha l l  b e  n u t r i t i o n a l ly � d e q ua t e  t o  

p rom o t e  n o rma l  gr ow th a n d  d e v e l o pm e n t  when us e d i n  a c c o r d an c e  

\'.' i t h  it s d i re c t i on s  f o r  u s e . 

2 -;: • _./ The  pro d u c t  i �  s o  p r o c e s s e d  by phy s i c a l  m e a n s o n l y  

CJ n d  F O  }L C :(age d o E  t o  r r e v c n t s p o i l : rc anc: c on t am j_ n .:- \ i o n  

u n d e r  e ll n o rmal c on d i t i o n s  o f  h rm d lin c; , E t o ra ce and 

d i :? t ri b u t i on in t he c oun t ry whe r e  the p r od u c t  i s  s o l d . 

3 . DEFINIT I ON S  

3 . 1 'l1 h e  t e rm " i n fan t n  me an s  a pe rs on not  more than 1 2  

mon t h s  o f  age . 

3 . 2 The t e rm " c al orie "  mean s  a kil o c al ori e or " l a rge 

c a l orie " ( 1  kil o j oul e is e q ui val e n t to 0 . 239 kil o c al o rie s ) . 

4 . 
4 0 1 

4 0 1 0 1 

E SSENTIAL C Ot··1POS IT I O:N AND QUALIT Y  FACT ORS 

E s s e n t i al C omposition 

I n fant formula i s  a prod u c t  b a s e d  on milk o f  c ows or 
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o t h e r  animal s and/or on o t h e r e di b l e  c on s t i t u e n t s  o f  anima l , 

i n c l ud i n g  fish , o r  pLm t ori gi n ,  •: ·rd c h h e  v e  b e e n  p r o ve c t o  

b e  � u i t R b l e  f o r  i n fD n t  fe e d in g . 

4 . 1  . 2 I n f2<n t for r: u l D  � l t ... l l  c on t : , i n ,  r c r 1 00 <W a i l ab l e  

C ,"' l ::> ri t: c  ( o r 1 00 :d l o j o u le f' ) o f  i n t ? \ c , t l l e  fol l m'!in r_:  

( � \ (l ) Vi t <1 ::1 i n s  
s t h c r  t h an 

vi. t A m i n  E 

Vi tamin A 

V i  t c.u-:1 i n  D 

:� F e  orbi c a c i d  
( V i ta m i n  C )  

'2' h i n mine 
(Vi t a 1nin F 1 ) 

Ri t o f1 < win 
( V i t am i n  F2 ) 

r;i c  o t inami d e  

V i t amin E 6  \l 
Fol i c  a c i d  

ran t o t he n i c  

a c id 

V i t amin B 1 2 

V i t amin K 1  

t. :.10 un t s  p e r  1 ()0 
· v� .l. l o. b l c  

l' i r  i:1 1um -----
250 J . u . 
or 75 

rn c g  

e:xpre s f' e d  

re t i n ol 

8 r.1 g  

LrO m c g  

60 m c g  

2 5 0  mc g 

3 5  m c g 

4 m c g  

300 m c g  

0 . 1 5 m c g  

4 m c g  

C tl l o ri e r· 

l ' A :ximum -·- --

750 T • TJ • 

or ??5 

m c g  

e :x p re s r- e d  

re t i n o l 

1 00 T . n . 

n on e  
E' p e  c i  fj_ e d  

" 

1 1  

" 

" 

1 1  

" 

" 

" 

f, r� o un t s pe r 1 r}J 
;:e va i l n t l e  

t 'inimum 

60 I . U . 

or 1 R  

m c g  

e :xp r e r: se d  

re t i n ol 

1 0  I .  U . 

1 . 9 

1 0  rr: c g  

6 0  m c g  

9 mc g 

m c g  

70 m c g  

0 . 04 m c g  

1 m c g  

ki 1 o j ') u 1 e s 

Ksl xi r.J Um 

1 80 T • J • 

o r  5 5  

m e  er 
e x p r e s s e d  

re t i n ol 

n o n e  

spe c i fi e d  

" 

" 

1 1  

1 1  

" 

" 

" 

" 

� Formulae with a hi ghe r prot e in c on t e n t  than 1 . 8 g . p r o t e in/ 

1 00 c al orie s shoul d c ontain a mi n imum o f  1 5 m c g  vit amin B6 

pe r gram o f  pr o t e in . 
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B i o t i n  1 . 5 m c g  n one 0 . 4 m c g  n on e  

( Vi t amin H )  s p e c i fi e d s p e c i fi e d  

( b ) V i t a m i n  E c� � 1 1  1 1  

t o c oph e r ol 

c ow p o u n d s ) 

mi nim um o f  

1 I .  u .  p e r  g 

l i n o l e i c  v c i d  

( c ) i 1 i n e ra l s  

S o d i um ( 1\i � ) .-.. c 20 mg 6 0  m r;  5 m g  1 5 m g  

Po t a s si um ( K )  80 mg 200 mg 20 m .-:;  5 0  m g  
-

C h l o ri d e  ( C l ) 55 m r;  150 ID t';  1 4  m g  35 m g  

C a l c i um ( Ca )  * 50 m g  n one 1 2  m g  n on e  

sne c i fi e d  spe c i f i e d  

* 
Ph o f' p h o rus ( P )  25 m g  1 1  E mg 1 1  

r ·  r:. p_n e  s i  u rn  ( r- i g )  6 m g  , ,  1 . 4  m g  1 1  

I ron ( Fe ) r1 g * *  1 1  0 . ?5 m g * *  1 1  

I r on ( Fe ) 0 . 1 5  mg 1 1  0 . 04 rn g 1 1  

I od i n e  ( I ) c:; m c g  1 1  1 . 2 m c g  1 1  
./ 

C oppe r ( C u ) 60  m c g  1 1  1 4  m c g  1 1  

7,:i. n c  ( Zn ) 0 c: m g  1 1  0 . 1 2  m g  1 1  
' -' 

J< anc,c=me s e  ) rn c e;  " 1 . 2 r.1 c g  1 1  

( d ) C h o l i n e  7 m g  1 . 7 m g  

( e ) P ro t e in ( p e r  1 00 n v a i l a b l e c a l o ri e s ) \]_ 
* T h e  C a : P  rat i o  s h a l l b e  n o t  l e s s  t h a n  1 . 2  a n d  n o t  m o r e  

t h<m 2 . 0 . 

* *  T h i s  p r o du c t i s  t o  b e  l ab e l l e d  I n f a n t  F o rm u l a  wi t h  I r on . 

A m o un t s  pe r 1 00 a va i l a b l e  ki l o j o ul e s : m u l t i p l y  a l l  

f i eu r e s giv e n  p e r  1 00 avai l a bl e c a l o r i e s  by 0 . 239 . 
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( i )  Shall n o t  be l e s s t h an 1 . 3 g pro t e in o f  nu t ri t i on a l  

qual i t y  e q uival e n t  to th a t o f  c a s e in or a g re n t e r  

q uant i t y  o f  o t he r  p r o t e i n  i n  prop o r t i on t o  i t s 

b i o l o Bi c al V 2 _ uc . The q ua l i ty o f  th e pr o t e in sh a l l 

n o t  be l e s s  the n 8 5% o f  t ho t o f  c a2 e in . T h e  t o t c:: l  

q ue n t i t y  o f  r r o t e i n  E h o l l  not b 0  m o re than � 1 · • � he 

1�1 inimum v a l ue s e t  f o r  q ua l i t y .::lfu:l. t h e  m Cl Yi r1 ur: 1  f o r  

quan t i t y  o f  t h e  p ro t e i n �� y be m o d i fi e d by n a t i onal 

a u t h o r i  t i e  E'· a c c o rd in e to t he i r  ov:n re gul 0 t i on 1:: nd/ 

o r l o c a l  c o ndi t i o n s . 

( i i ) I s o lc: t e d  c:unin o a c i d s  may be < t c1ded  t o  i n fan t f o r m u l a  

only to iBprove its nu t ri t i onal v a l ue f o r  i n fa n t s . 

E s c e n t i o l  ami n o a c i d s  �ay be a d d e d t o i mpr o v e 

r ro t c i n  q u c l i t y , only i n  n r:. o un t r- nc c e F s :, ry f o r  tha t 

purpo s e . On ly n a t u ral 1 f o r� s  o f  ami n o a c i d s  may be 

u s e d . 

( f ) Fat and Lin c l e a t e  

T h e  p r od u c t s h a l l  c on t ain l i n ol e i c  a c i d  ( in t h e  f o rm o f  
gl y c e rid e s )  a t  a l e ve l n o t  l e s s  than 300 m g  p e r  100 · 

a vai labl e c a l o r i e s  ( o r 70 m �  p e r  1 00 a va i labl e ki l o j o u l e s )  

and fat a t  a l e v e l  n o t  l e s � t h a n  g a n d  n o t  more than 

6 g p e r 1 00 El V� i l a b l e c A l o ri e s  ( o r n o t  l e s s  t h a n  0 . 8 g 

a n d  not m e re t han 1. 5 g p e r  100 a vai l abl e  kil o j oul e s ) . 

4 . 2 

4 .  2 .  1 

Opt i on a l  Ingre d i e n t s  

In  add i t i on t o  t h e  vi t am i n s  an d mine ral s  li s t e d  

und e r  4 . 1 . 2 ( a ) , ( b ) a n d  ( c ) , o t h e r  n u t ri e n t s  may b e  a d d e d  

when re qui re d i n  o r d e r  t o  provide nut rien t s  o rd i na rily f ound 

in h uman milk and t o  ensure t hat the f ormul a t i on i s  sui t ab l e  

a s  t h e  s o l e  sour c e  o f  nu t ri e n t s  o f  t h e  in fan t . 

4 . 2 . 2 T he use ful n e s s  o f  t h e s e  nut r i e n t s  shall be 

s c i e n t i fi c al ly s h own . 
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whe n a n y  o f  t h e 2 e  n u t ri e n t s  i s  a d d e d , t h e  f o rm u l a  

shall c on t a i n  s i gn i fi c P n t am oun t s  o f  t h e s e  n u t ri e n t s , 

ba s e d  on l e v e l s  in h uman m il k . 

4 . 3 C o n si s t e n c y  a n d  Pa r t i c l e  S i ze 

'!!hen p r e p 3 r e cl  a c c o rct i n t '. t o  t h e  l ;J.b e l  d i re c t i o n s  f o r  

u ; e , t h e  prod u c t  s h ;, l l  b e  f r e e  o f  l u::1 r 1:· ,:m d  o f  l .:n-rc c o c:: r s e  

})C� r t i c l e s  a n d  s ui t r, Ll r  f o r  b e i n r  fe d t h ro ue;h ;.:;_ s o f t  rubb e r  

o r  pl a c t i c  ni ppl e . 

4 . � Puri ty Re n ut r e m e n t s  

A l l  i n gre d i e n t s  s h a l l  b e  c l c c:: n , o f  f O Od q ual i t y , 

s 2 fe a n d  s u i t a b l e  for i n Ge r t i on by in fn n t c . T h e y  sh ? l l  

c on f o nn '::i t h  t he i r  n o rm<3 l C] UD l i t y re 'l ui re m e n t s , s u c h  a s  

c ol o u r , f l a v o u r  and o d ou r . 

� . 5 S pe c i fi c  P r o h iL i t i on 

The p r od u c t a n d  i t s  c orr: :r; on e n t �; s h ;� l. l  n o t  hc ve be e n  

t re : ' t e c  by i on i z i n c  rrd i a t i on . 

5 . F O OD 1\ DD J'T' I \'F..S 

( Li s t  o f  f o o d  a d d i t i v e s  t o  be e st abl i sh e d ) . 

6 • C ::r . T AI" P� !� � .  '1' S 

6 . 1 Pe s ti c i d e  Rc s i d ue s  

T h e  p r o d u c t s h n l l  b e  p r e p a r e d  � i t h  s pe c i a l c a r e  un d e r 

g o o d  m a n u fa c t u r i n g  p ra c t i c e s , so t ha t  r e s i d u e s  o f  those 

p e s t i c i d e s  whi c h  mv.y be re q u i r e d  i r, t h e produc t i on , s t ora ge 

o r p ro c e s s i n g  o f  t h e raw m a t e r ia l o or the fin i s h e d  f o o d  d o  

n o t  re m ai n , or , i f  t e c hni c a l ly una v o i d ab l e , a re re d u c e d  t o  

t he maxim um e x t e n t  po s si bl e . 

6 . 2 Ot h e r C on t aminan t s  

T h e  prod u c t  shall b e  free f r om re sidue s o f  horm on e s 

and an t ibi oti c s  and pra c ti c ally free from o the r c on t aminant s . 

7 .  HYG JENE 
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7 . 1 T o  t h e  e x t en t  po s si bl e  i n  � o o d  man u fa c t urinf p r� c ti c e  

t h e  produ c t  s h a l l  b e  f r e e f r om o b j e c t i o n a b l e  ma t t e r . 

7 . 2 Whe n  t e s t e d  by a ppr o pri a te me thod s o f  sampl i n g and 

e xam i n a t i on the produc t : 

( a )  s h a l l  b e  fre e frOD p 2 t h o ge ni c mi c r o - o rg� ni srn s ; 

( b )  .s h ,:.. l l  n o t  c on t n.in uny r uL c t an c e s  o ri ginc:.t i n g  

f r -Jrn l!l i c ro - oq;oni !:' lr! E: i l  ;1 m o u n t s  wh i c h m ;� y  

r e p re s e n t  a h a z a rd t o  he � l th ; a n d  

( c )  sh a l l n o t  c o n t � i n � n y  o thr r p o i s o n o u s  o r  

d e l e t e ri o u s  s ub s t o n c � r  in R m o un t s whi c h  mP y 

re pr e c en t a h a z a rd t o  h e al t h . 

? . � T h e  p r o d u c t Ch8 l l  b e  prc p� rc d , rR cke d , a n d  h e l d  und e r  

r .:-> n  i t ; �  ry c o n d i. t i  ons and s h o u l d  c o:-��rl .�' rJ i t n. t h e  C o d e o f  

; ry ci 0l1 :L_s:___Pre1 c U_ c e_fo!:_T�?_?ds _ _J_?r_ ].:0 frm �.C- an.9__ _ _g_bi l d re n  ( t o  b e  

prc;y� · ro d by t h e  C omn!j_ t t c c  o n  F o o d  T 'y p:i c ne ) . 
8 . fA C KMJ J'J G 

8 . 1 T h e  prod u c t  s h <'l l l  b e  p.:1. C �'i: e d i n  c on t c:: i ne r s  whi c h  VJi l l  

sa fe gua rd the hy�i e n i c  a n d  o t he r  q u ali t i e s  o f  t h e  food . 

'.'! h e n  i n  l i q ui. d f o rm t h e  pr od u c t s h n l l  b e  pac ke d i n  

lt e r� c t i c a l l y  s e a l e d  c on t ai n e r s ; n i t r o c e n  and c arb on d i oxide 

may b e  u s e d  a s  p c:. c ,-cing �n e d i a . 

3 . 2 'J'he c on t n ine rs , inc l udin r r<'l c kagj_ n g  m a t e ri D l s , .shall 

b e  mad e only of sub s t [ln c e s  wh i c h a r e sa fe a nd sui t ab l e  for 

t h e i r  in t e n d e d u s e s . · · ;h e r e  t h e r. o d e x  A li m e n t arius 

C ommi s si on has e s t abl i s h e d  a s t � n rl a rct f o r  any s u c h  s ub s t a n c e  

u s e d  a c  pa c k a gi n e ma t e rial s , that st  n d a rd sha l l  appl y . 

9 . FI LL OF C O ITA JNER 

I n  t h e  c ase o f  pr od uc t s i n  re a d y- for-use fo rm , t h e  

fi l l  o f  c on t ain e r  shal l  be : 

( i ) n o t  l e s s  than 8�/J v/v for prod u c t s  weighing 

l e s s  than 1 50g ( 5 oz ) . 



( ii ) n o t  l e s s t han 8�' v/v f o r  p r od u c t s  in the 

we i gh t  range 1 50 -250 g ( 8  oz . ) ; a n d  

3 1 9 . 

( ii i ) n o t  l e 2 1  t han 90\ v/ v f o r  p r o d u c t s  we i ghing 

m o r e  t han 250 g ( 8  o z . ) o f  t h e  wa t e r  c a pa c i ty 

o f  t h e  c on t <' i n e r . 'T' !J e w a t e r  c apa c i ty o f  t h e 

c on t a i n e r  i s  t he v o 1 w�1 t-: o f  c.] j_ E- ti J. l e d WC' t e r  <1 t  

20°C r:ti c h  t h e  s e a l e d  c on t r.: i n e r  wi J. l  h o l d  

v.rhe n  c om }. l e t e l y  fi l l e : . 

1 0 . LABEIJ , IN G  

I n  � d di t i o n  t o  S e c t i ons 1 ,  2 ,  � � nd 6 of t h e  

R e c omme n d e d  I n t e rn a t i on a l  Ge n e rCJ l ::' t .s n d G rrl. f o r  t h e  Lab e l li ng 

o f  p r e pa c ka ce d  Fo o d s ( CA C/RS 1 - 1 9 6 9 ) , t h e  foll owi n g  �pe c i fi c  

p r o v i s i on s  etp pl y ( � ub j e c t  t o e n d o r c f: r� e n t  b y  t h e  C o d e x  

C oynl ; i t t e e  o n  Food L :" be])ing ) : 
1 0 . 1 T h e  N am e  o f  t h e  Fo od 

1 0 . 1 . 1  T h e  nnme of the prod uc t r- :n · i l l  b e  o i t h e r  " In fan t 

n � l ure o f  t h e  f o od , in a c c o rd a n c e � i t h  nn t i on a l  usa ge . 

1 0 . 1 . 2 T h e  s o u r c e s  o f  pr o t e in i n  t h e  p ro d u c t sha l l  b e  

c l e a rl y s h own o n  t h e  Lab e l . 

1 0 . 1 . 3 I f  gm; or ! :l O r E  o f  t h e  p r o t e i n  i s  d e ri v e d  f r o ::l w h o l e  

o r  c icil: J  mi l k ,  a s  f: Uc h o r  w i t h  rr i n o r  r:1 0d i fi c n t i on , t h e  pr o d u c t 

m a y  be l a b e l l e d " I n  L ' n  t "' o rmul a bn s e d  on �-:ilk' ' . 

1 0 . 1 . �- A p r o d u c t wl 1i c ll c on t C.l i n s  n e i t h 0 r m i l k n o r  any �ilk 

d e ri vC! t i ve may b e  l a b e l l e d  " f re e f r o m  m i l k  a n d  mi l k  pro d u c t s " . 

1 0 . 2 Li st o f  I n gre d i e n t s  

1 0 . 2 . 1 A c ompl e t e l i s t o f  ingr e d i e n t s  shall be d e c l a r e d  on 
t he l a b e l  in d e s c e nd in [ ord e r  o f  proport i on e xc ept t h a t  in 
t he c a se o f  a d d e d  vi t ami n s  a n d  a d d e d mi n e ral s , the s e  
i n gre d i e n t s  sha l l  b e  arran ged a s  s e pa ra t e  groups f o r  vi t amin s 
and mine ra ls , respe c t ive l y , and wi thin t hese  groups the 
vi tamins and min e ra l s  need not to be l i s t e d  in d e s c ending 
o rd e r  of  proport ion . 
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1 0 . 2 .2 Th e spe c i fi c a n d  n o t  t h e  c l a s s  n ame s h a l l  be 

d e c l ared  f o r  ingre die n t s  o f  a n i m n l  o r  pl a n t  o ri gi n  a n d  f o r  

f o od a d di t i ve s . 

1 0 . 3 De c l ara t i on o f  � u t r i t i ve V. l u e  

T h e  d e c l a r<� t i on of nu t r i ti o n i n f orma t i on sh n l l  

c o n t ai n  t h e  f o l l ov:in n; i n f o rr12 t 1. on j_ n  t he f ol l O 'I'Iin g o rd e r : 

1 0 . 3 . 1 T h e  am o un t  o f  e n e r gy , e :.: !' r · (� :-: .: (· d i n  C (" l o r i e E  ( : ;- c ;-> 1 ) 
o r  ki l o  "oul e s  ( k j ) ,  .::md t he n umb e r o f  ere m s  o f  p r o t e in , 

c r :·b ohy d r a t e  and f a t  p e r  1 00 e; r o n � · o f  t h e  f o o d  a s  :::o l d. a s  

W e l l  a c  pe r S p e c i fi e �  n U Pn t i t y  0 f  t b P  fo od a S  C U E�C r t e d  for 

c on s ump t i on . 

1 0 . 3 . 2 The t o t< • l  c: u,:�n t i t y  o f  e c: c h  v i t ami n , m i n e r a l , 

C �l O l j_ n c  D.l1 cl a�1y o r t i on a l  i n [ rE c i c n t  <J f'  l i f' t e d  i n pn r�'J ['T.J phs 

� .  1 . ? ; ; nd L1 • 2 o f  t l; i ::· s t:-::n d a r:J �: �e r 1 GO r:-r ·, ::i s o f  t h e  f :; o( l  C! S  

s o l d  < '  � :  w e l l  a �� }-i e  r : i < c i  fi e d  q unn t i  ty o f  t !1 e  f o o d  a E  

E' U r  . . . c; r· t e d  for c on curniJ t i on . T n  <l r 1 d i  t i o n , the d e c l n r · t j_ on 

pe r 1 00 c al o ri e s  ( o r  p e r 1 00 ki l o j oule s ) i s  pe rmi t t e d . 

1 0 . 4 I f  s p e c i a l  d i e t o ry c l <J i m c  � re mad e that t h e  f o od 

c on t ; : i n s  r>r o t e in c- , v i t ·m i n s  o r  rn in e r."' l f' , t h e  1 b e l  .: l·· "' l l  

al L o  c on t ain t h e  f o l l O i'. in g i n  f o r�nn t i on : T h e  a m o un t  r e r  1 00 
grams o f  t h e  fo od a s  s o l d  as we l l  o s  p e r  2 p e c i fi e d q u an t i t y  

o f  t n e  f o od a s  s ugge s t ed f o r  c on s umpt i on o f  pr o t e in a r;. cl 

e a c h  o f  t he s t n t e d  vi t ami n s  a nd min e r a l s  e xpre s s e d i n  

p e r c e n t 2 ce o f  t h e  r e c omr;1 e n d e d d c: il y  in t ake o f  t h e  re :=; p e c t i ve 

nu t ri e n t . 

1 0 . 5 N e t  C o n t e n t s  

The n e t  c on t e n t s  o f  In fo n t  � o rmul a shall b e  d e c l ar e d  

by v o l ume i f  i t  i s  i n  l i q u i d  fonn , o r  by we ight i f  i t  i s  i n  

powd e r e d  f o rm . The de c l ar a t ion o f  we i ght o r  volum e  s h a l l  b e  

mad e i n  eit·h e r  the me t ri c  ( 1 1S y E: t e m e  inte rn a t i onal" un i t s ) 
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or i n  a syst em o f  me 8 sure ment  a s  re n ui re d  by the c o u n t ry 

in wh i c h  the f o o d  i s  00l d , o r  in b o t h  sy 8 t e m s . 

1 0 . 6 N am e  a n d  A d d re s s 

'l'he name and D ci d re s s  o f  the  m an u fa c t ure r , pD c l�e r , 

d i s t ri b u t o r , i mp o r t e r , e xp o r t e r  o r  v e n d o r  o f  t h e  f o o d  sh� l l  

b e  d e c l 0 red . 

1 0 . 7 . 1 The c o un t ry o f  origin o f  the  food shall be  d e c l a r�d 

i f  i t s omi s s i on w o ul d  m i s l e a d  o r  d e c e i ve the c onsune r . 

1 0 . 7 . 2 '.'!he n  the f o o d  u n d e rgoe s p r o c e r- ci n :� in D .:: e c on d 

c o un t ry wh i c h  c h� n �c s  i t s n r t ure , t h e  c o un t ry i n whi c h  t h e  

p r o c e �- si n c  :i . .s rJ e r f o n:l e d  sha l l  b e  c o n s i cl 8 r e d  t o  b e  t h e  

c o un t ry o f  ori r: i n  f o r  t h e  p u r p o c c ; o f  J .  'l l , A l l j_ ne . 

Lo t I d e n  t i  f i e  · ·. t i  o n  

' > e h  c on t �·,i n e l · s lw l l  b e  e m l! o :  s e d  or ct h e rvl i r:e 

:p e r'u'- n e n  tly r .w  rke d , in c o d e  o r  l n  c l  e n  :c , to id en ti fy the 
p r o cl u c i n ; �  fac t o ry and t h e  l o t . 

1 0 . 9 . 1  'l' h e  d �� t e  o f  n n n u f a c t ur e  or t)lG d c; te o f  e xpiry shall 

b e  d e c l a r e d i n  c le a r  and w hi c h  e ve r  i s  u s e d  shall be 

in d i c o. t e d . 

1 0 . 9 . 2 S t o r a ge in s t ru c t i on s  shall a p p e a r  on t he l ab e l  or 

on t he ac c ompanyin g  l e o fl e t . 

1 0 . 1 0  I n f o rma tion for U t i l i z a t i on 

1 0 . 1 0 . 1 Dir e c ti ons as t o  the  pre pa rat i on and us e o f  t h e  fo od , 

an d i t s  s t o rage and ke e pin � a ft e r  t he c on t ai n e r has b e en 

ope ne d shal l apre ar on the  l abe l o r  on t he ac c ompanyin g  

l e a fle t . 

1 0 . 1 0 . 2 I n fo rmati on t hat i n fan t s  ove r six months  o f  age 

should re c e ive  suppl e me n t a l  fo od s in addit i on to formula 

shall appe ar on th e l abe l . 
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APPEND IX 7 

'l' HE AVERAGE ' \'E I GHT OF H A LF. MTD FEMALE 

INFANTS BY A GE GROUP ( 1 39 )  

Age m onths Weight Kg V/e i 8'ht Kg A ve rage vre i c;ht 

(HD.l e ) ( Femal e ) 

A t  birth 3 .  1 2  3 . 0 1 3 . 07 

4 . 6 5  4 . 46 4 . 5 6  

2 5 . 59 5 . 29 5 . 44 

3 6 . 34 5 . 6 1 5 . 9 8  

4 6 . 5 6 . 5 6  6 . 5 3  

5 7 . 5 6  G . 8o 7 . 1 8 

6 7 . 74 7 . 33 7 . 5 4  

7 8 . 1 9  7 . 48 7 . 84 

8 8 . 5 7 . 7 6 8 . 1 3 

9 8 . 6 2  7 . 96 8 . 29 

1 0  8 . 48 8 . 2 2  8 . 35 

1 1  - 1 2 9 . 06 7 . 93 8 . 50 
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APPEND IX 8 

S Ui'1l'-I A R Y  OF L Jf\TE AR Pl�OGRM1 : nro  l' i OD E LS 

nr N UTR IT I ON PR OPLf<t•iS 

Ye ar A ut hor 

1 9 1 · 5 e t · l a 
'-j- ,__; l g  e r  

Are a J um b e r  Number 

C . S . A . 

o f  o f  

f o o d s  nut rients 

7 7  9 

1 95 9  Smi t h , V .E� U . S . A . 7 3 1 2  

83 

572 

1 96 1  Smith , P .E� U . S . A . 400 

30 

1 96 1  

1 964 

d S ukhatme 

Wi rths e t  
e al . 

1 96 5  \\fi rths e t  
f a l . 

1 96 6  d e  .tvl oor 
e t  al . g 

1 969 IIrubyh 

1 '.1 orld 1 0  
f o od 

groups 

Ge rmany 38+ 3  

vi t o.min 

t abl e t s  

De v e l op- 1 0  

ing f o o d  

nations groups 

Be l gi um 

C z e c hosl ovakia 1 6  
f o od 

groups 

1 2  

1 2  

8 

8 

3 

1 2  

8 

1 0  

1 1 

Nut ri e n t s  

c al o ri e s , p r o t e i n , C a , 
Fe , v i t  A ,  thiamine , 

ribo flavin , niacin , 

vi t C 

a s  S ti gl e r  

plus c a rb ohyd ra t e , 

fa t , P 

included r e r t ri c ti on s  

on f o o d s  

a s  S ti ["l e r  l e s s  

c a l orie s ;  pl us vi t . E . 

c al ori e s , animal 

prote i n , ve ge t able 

pro t e in 

ns S t i gl e r  plus  t otal 

fa t , ve ge t ab l e  fat 

and anima l protein 

c al o rie s ,  pro t ein , 

animal protein , 

isol e u c in e , lysine , 

me thioni n e , 

thre onine and 

t rypt ophan 

as S t i gl e r  plus fat  

as S ti gl e r  plus 

animal p r o t e in and 

fat  



1 9 6 9  

1 97 1 

1 97 1 

1 972 

a .  
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I n gl e t t e t  ge ne ral 6 7 p r o t e in , l y s in e , 

al . i S -am i n o C� c i d s , 
i s o le uc i n e , 
t h re on in e , 
t ryp t o :rh c:m , v2 l in e  

ra t ri c k  F r<J zi l n . a . n . a . n . a . 

e t  al . j 

Pin t o k 
f r ·: z i l  n . a . n . a . i nc l ud ed c : r e n t i al 

ami n o  a c i d s  

C c;. vin s e t  [_Se n e ral 6 1 1 p r o t e i n  a n e  1 0  
a l . 

1 e s s e n t i a l  am i n o 
a c i d s 

S t i gl e r , G . J . T h e c o s t  o f  c u b s i : t e n c e . 

27 : .303 , 1 9 L t 5 · 

J .  f'rn :.: c on . 

b . Sll1 i t h , V . F' . T .i n e f' r  p r o c;rm�r· ! i n g  m o d e l s f o r  the 

d e t e rmi n 2 t i on o f  p a l at a b l e h um a n  d i e t s . ,J . w m  E c on . 

� : 272 , 1 9 5 9 . 
c .  Sn:i t h , P .To� . T h e  d i e t  probl c t:: r o v i s i  t e d : a m o d e l  f or 

c on v e x  e c on omi s t s . J . fr1 F. c on . � : 706 , 1 9 6 1 . 

d .  S ukha t m e , P . V . � he w o r l d ' �  h u n �c r  D n d  fu t u r e n e e d s  o f  

f o o d  s uprl l i c r: . j} , R . ,c· t c:t t i � ; t . D o e . 1 24A : Lr 6 3 , 1 96 1 . 
e .  ·· '.'i r t h s , , .! . , P e c h e r , t\ . an d P r i n z , :: ' . V e r s u c he z u r  

E e ri c hn u n g  v on V i n i m a H: o s t e n  d R r  rn e n ("' c hl i c h e n  

E rHr un g n i t  : li l fe d e r  L i n e c:1 r c n  f ro r;r ammi e run g . 
Z . F. rn13.h rvvi s s . 39 : 39 ,  1 9E L t . 

f . ' '.' i r t hs, '.;.' . , F e  eh e r , f.. . and l r i n z , 1 1 ;  D i e  e rn�h r un g 

von e n t w i c kl ungs f�hieen v 8 lke rn a l s  line a re s 
" 

Ent s c he i d un gsmod e l l unt e r  b c r ond e re r  P e r u c ks i c h t i �u n g  
d e s  E i we i s sbc r·d <t r f r; . [' c r __ �_!_,_?.nd w . 43 : 5 85 , 1 9 6 5 . 

g . D e  l': o o r , /1. . , T T e n d r i kx , /1. . , V e rh e l s t , t ·� . and vand e r  

E e c ken , J . JJe t b e re ke n e n  van d e  minimum ko s t pr i j s 

v o o r  e e n  m e d i s c h  en s o c i a a l  v c rantwoorde v o e d in g  

d o o r m i d d e l van l in e ai re pr o� ramm e ring . V o e d in g  

27 : 1 25 ' 1 966 . 
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h . Hruby , J .  V e rs u c h  zu r P e s t i�mung d e r  o p t ima l 

325 . 

errp fohl e n e n  Lebensm i t t e l m i n fe n  a u f  d e r  PR s i s  d e r  
Li n e a r e n  f ro grarnmi e r un p; . ? . • F. rn � h rwi ss . 
J.1. :  1 7 '  1 970 . 

i .  I ngl e t t , C . T·, . , C a vin s , " • . f . , Kw ol e k , 1!! . F . e1nd ' '.'al l , 
J • .  S . U rc i n J" a c onputc' r  t o  o :� t i 11i z e  c e re <l l -b n f' C C  
f o o d  c o:·,q . _-:, ::- i t i  on . C :  c r!::..:�-- [-; c i :�d EJy � :  C? , 1 S E/) . 

�_]_ : 37 1 ,  1 <)7 1 . 
k . Pin t o ,  C . ' ' . f r e p a rat i on -:; f  t h e  be st  p o s f:�ib l P- f o od 

mi z t u r e r: . ��. r c h o c . l c�l_. _::-
_
0�

-· :· � ut r . 2 1 : 1 6 9 ,  1 ,.. :7 1 . 

l .  C avin s ,  J . "' . , T n 1�1 e t t , r · . 'C . · · n d  . , . ;1 1 1 , ,J . S . J .in e a r  

p r o Dr.:u . .  • . j_ n !  c on t r o l r , 2 rr i r. o  '"' c i d  b .s: l a n c e  i n  f o o d  
f o r::1 U l a t i o� . T" d  T e c l : n ol . 2 G  : Lj ( , 1 g72 . 
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APPEND IX 9 

R E C ORDED AND F � 'J' Ii'1A'J'ED YF A HLY PROD UC'r I ON 

P'ood raw •t\ h r1ala 

&a ana I c.OCD."on 'rarie t1 

Banana dwar t 
Grape 

Guava 

Oron.;e 

Pineapple 

Watermelon 

Heats and pou l t ry 

s .. r 
Buffal o  

Chicken, •atund 

Chicken, :roun1 
Duck 

Li.Te r ,  beet 

L1Yer, duck 

u ... r, no, 

£!58 and nzilk 

E11, bell 

Egg, duck 

Milk,
· 

cow whole 

SlUm, nw.d 
Milk, dry 

Ski..m, dr7 

Fiah and oell !1ah 

Anchory• 

Ca t tiah , treah water• 
Cat !ieh, ••• water• 

C&rp 

Dorab• 

Eel 

Gov.rG:r 

Hard tail 

Mackerel, apanish• 

Mackerel, atripe 

Hilkruh• 

Hullet• 

Prawua, 

r1•er ,  ••diua 

Perch 

Snapper• 

So rpnthead 

Squid• 

OF R fl \'i HA'l'EJ< I J\ LS . 

Production 

( to n a l  

1 ,4 1 0 , ) 1 0  

3}0 , 699 

89.�57 

76,392 

760 , 8 1 4  

�1� , 209  
620 ,76� 

� . 667 ,000 

87 ' 165 

f.otiaAled 
prOduc t ioa 

( tona l 

1 � .0 

26.0 

1 01, . 0  

0 

691 ,6� 2 1  ,}}}.0 
!or export aa 

breed1D&' only 2,666.0 

• 
Included in beet 
duck, chicken and 

swine production 

!. 

1 2 , 223 

1 ,6� 

1 1 , 1 52 

42.615  

1 6 6 , 308 

� .058 

1 29 , 623 

a.�,a 

20, 232 

� .a a11Uon 

•rs/dq 
2 . 5  a1U1on 

•u/dq 
• 

2�0 
• 

• 
1 '  

• 

( 1 6 3 )  

rood raw &.3llr1nl• rroduc Uon 

( tone ) 
f.at1fllnted 

produc lion 
( tone l 

f.•resle; atarch.r roote, tut-f'r8 nnd rruit.e, let;ut��ee, nut 
� 
Cashew evt. 
Caeea•• alarcb. (21 1 , 2 

a1ll1on babt) 

Cowpea dry 

Coconut 

�t.:.,lbean, whole 

Plan u t ,  raw rltb &bell 

P.anut , cSr, and abelled 

Pipon pea 

Ric:e bra-a 

Rica now-
Rice clutinuoue, nour 

Rica &].uUa.uoue , llillad 

Rice , •1Ued and polished 

Rice ,  pariloilad 

Seaame 

Soybaao c:ard 
Sotbean noa.r 

Sus:ar 
Sweet potato 

Sweet potAto 7allow 

Ver;etablea 

8&2boo 

Be an e ,  &IUIP 
Cabba.s:• 
Cabbage , c.b.inaee 
CalllHlour 

Collard 

Cowpea, ,..rdlons 

Go& bean 

x.nollrd 

Puo 
Mu.8 tar4' ere• n 

Spouted aa.a,bean 

S•a:apcab'ba'e 

Bottle sollrd 

Cora 

Cucuaber 

Ecolaat 

l'>oopk1a 

1Uo41all 

Saalt• rollrd . 

Eopoep cov.rd 
... sovnl 
T-to 

1 69 , 826 

1 8Z , 826 

I 
1 } ,270,000 

l 
17 ,900 

285 ,791 

98 , 1t48 

1 , 938-2 

99,?97 

1 1 .96 

40.0 

7 2 . 1  

1 00 . 1  

8o . 1  

2 . 0  

2 .0 

32.0 

72 . 1  

zo.o 

1 .0 

2.0 

JZ0.3 

8o . 1  

40.0 

200 .0 

z.o 

80.o· 
200.0 

Z7,,n.o 
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./',PfF.ND IX 1 0  

L I S T  OF RT�1"1mENCES FOR THE 

F OOD c m-�POS I TI OPS 

B o ot h , V . H . and B ra d f o rd , 1-: . J ' . 'l ' o c o�:h e ro l  c on t e n b : o f  

v e g e t abl e s  and f ru i t s . fr . J . P u t r. l1 : 57 5 -5 8 1 ,  1 9 6 3 . 

F o �e s , A . d e F . and C h u r c h , C . F . 

c omD onl y use d . Phi lad e l phi2 , 

1 9 6 6 . 

7 o o d  vn l u e s  o f  por t i on s 
l ,., l • .:. · . T .i p pin c o t t  C omp;::m y , 

Br o�n , F . T h e e s t imH t i on o f  vi t amin E . 2 . Ouan t i t� t ive 

a n a l y s i s  o f  t o c op� a r o l  mixt ures  by paper c h rorna t o �raphy . 

1 ' h e  f i  o c he m . ,J . 5 2 : 5 2 3-5 2 6 , 1 9 5 2 . 

r unn e l l , R . !I . ,  Ke o. U_n G ,  J . , ('un ref' i n o , !1. . and Parm , G . K . 
!\ l ph :-' - t o c o ph e r ol c on t e n t  o f  f o o d c . fern . J . Clin . : : u t r . 

1 7 : 1 - 1 0 ,  1 9G5 . 

Chan e y , !,., . S . an d Ro s s , ' : . L . r u t ri t i on . 3
t h e d . F os t on , 

i � O UGh t on l i i f fJ i n  C o!�prm y , 1 97 1 . 

C hi l e nn I o d i n e  E d u c a t i o n a l  P u ra ? u . T od ine c on t e nt o f  f o o d c . 

Lond on , .S t on e  E o u s e  Lishopc[' t e , 1 9 5 2 . 
Christi e , ;_If . W . and �- o ore , ,T . F . The £:: t r u c ture s o f  o u i p o .s e  

t i ::- �·: u e  :�nd h e : - rt , u � · c l e  t r i g1 y c e ri d e s i n  d om e f' t i c  

c h i c ke n . ,J. [; c i . "'d l� t�ri c . 23 : 73 -77 , 1 97 2 . 

C ommonwe a l t h  P u r e a u  o f  ·· n i m a l  �, u t ri t i  on . 'T c; bl e s  o f  t h e  a1n i n o 

a c id s  in f o o d u  nd fe c d i ncs t u f f s . ?n d e d . T e c hni c � l  

c ommuni c at i on N o . 1 9 . England , 1 97 0 . 

C on s um e r  and F o o d  E c on omi c s Re s c �r c h  Di vi ci on . Pan t o th e n i c  

a ci d , vitami n I3 6  a n  cl vitamin r 1 ?  i n  f o o d .s . H om e  
e c on omi c s  r e s e ar c h  re po rt , r ; o . 36 , " 'ashingt on D . C . , P . S . 

Gove rnme n t Pri n t inG O f fi c e , 1 969 . 

D .:n:-, , 1 1 . and Glavind tT . LX T I I . Vi t CJ rn i n  T\ in the pl a n t . 

Pi o c hem . J .32 :485 -487 , 1 938 . 

Dam , H . , I j ort h , E . and Krus e , I . On the  d e t e rmina t i on o f  

vi t amin K in c hloropl a st . Physi ol o6ia rl . l :379 -3 8 1 , 1 948 . 

E dwa rd s on , W . The d e s i gn o f  nut ri t i onal prod uc t s  for a 
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.1\PT'F. TDIX 11  

RA\'.f tv!ATF. R J AL C O�'� P O.S JT J OF '1' A P LES 

A c ompl e te l i s t  o f  the nut ri ent  c omposi ti on data 

u c e d for  the appli c a t i on of  the  lin e a r  pr ogramming m o d e l  

for the d e s i gn o f  i n f a n t  food i s  gi ven . C ornposi t i on .ql d a t a  

o n  e ac h  o f  t h e  nutri en t s  i s  i n c l ud e d  f o r  9 6  raw m a t e ri a l s . 

C omposi tiona l d at a  i s  divided  in t o  3 parts as  

foll ows : 

1 .  C os t , proximo t e  analysi s ,  vi t a m i n c  and mine ra l s . 

2 .  V i t amins a n d  mine ral s ( c on tinue d ) . 

3 .  E s sential  ami n o  a c i d s . 



. PART 1 
C\J ("f') FOOD rosT \VEIG!IT DRIED 1'/EIGRT CALO RIES PIDTEIN FAT CA:uD- FIBRE CALCIUM I"riOS- lOON SJDilJ!.f POTASSIUM !W.l'DIOL B-cA:l:'TEt-!E THIAMHIE RI'OOFLAVIN N HCIU AS(l)RBIC 
("f') HYDRATE I'il0 RUS ACID 

BAHT/100G 100G G/100G KCAL/100G G/100G G/100G G/100G G/100G J,lG/100G !.�G/100G J,:Gj100G r.:G/100G MG/100G t:.CG/100G !.!CG/1�0G 1�G/100G MG/�OOG T!.G/lOOG HG/�OOG 

AI!CHOVY 2 . 4658 1 . 00 23.10 9 9 . 00 18 . 50 2 . 20 o . oo o . oo 279 . 00 264 . 00 1 . 20 147 . 00 447 . 00 25 . 00 o . oo 0 , 01 o ; oa 3 : 50 3 : oo  
BA.,�roo o .  7143 1 . 00 9 . 00 28.00 2 . 50 .  0 . 30 5 . 30 1 . 20 17 . 00 47 . 00 0 . 90 6 . 00 402 . 00 o . oo 1 5 . 00 0 . 1 1  o ; o9 o; 60 9 ; 00 
BAJ.!A.l"Al 0 . 4762 1 . 00 28 . 40 . 1 00 . 00 1 . 20 0 . 30 26 . 10 0 . 60 1 2 . 00 3 2 . 00 o . so 4 . 00 401 . 00 o . oo 225 . 00 o ; o3 0 . 04 o ; 6o 14 : oo 
BA'lA�:A2 0 . 9061 1 . 00 20.80 n . oo 1 . 80 0, 20 1 8 . 00 0 . 20 1 0 . 00 24 . 00 1 . 30 1 1l . oo 435 . 00 o . oo 80 . 00 0 . 03 o ; o4 o : 6o . R ; oo 
IEI::F ) . 5294 1 . 00 28 . 20 150.00 20 . 00 7 . 20 o . oo 0 . 00 9 . 00 171 . 00 ) . 00 93 . 00 489 . 00 1 5 . 00 5 . 00 0 . 07 0 . 34 6 ; 70 o . oo 
m:saAP o. 31 58 1 . 00 8 . 50 28 .00 1 . 90  0 . 40 5 . 60 1 . 00 7 5 . 00 4 9 . 00 1 . 20 2 . 00 196 . 00 0 . 00 323 . 00 0 . 05 o ; 1 o  o ; 6o 1 R : oo 
ID'!'!'LEGD 0 . 2)53 1 . 00 4 . 70 1 6 .00 0 , 60 0 . 20 ) . 50 0 . 70 14 . 00 1 6 . 00 0 . 40 3 . 00 1 5 1 . 00 0 . 00 1 0 , 00 o : o3 0 . 03 o;o4 1 0 . 00 
BUFFALO ) . 5294 1 . 00 23 . 50 120.00 1 7 . 70 4 . 90 o . oo o . oo 14 . 00 221 . 00 3 . 30 91 . 00 27) . 00 5 . 00 L OO o ; o6 155;00 3 ; 50 .  o : oo 
CAB3A:;E 0 . 4070 1 . 00 7 . 00 2 2 . 00 1 . 60  0 , )0 4 . 40 0 . 80 55. 00 31 . 00 0 . 80 . 10 . 00 238 . 00 o . oo 280.00 0 . 60 0 , 06 o ; 3o 4 6 : oo 
CABBAGEC 0 . 4069 1 . 00 5 .8o 1 7 . 00 1 .70 0 . 20 ) . 10 0 , 70 102 . 00 46.00 2 . 60 22 . 00 279. 00 o . oo 2305 .00 0 . 07 o : 1 3  o ; ro 5 3 ; oo 
CARB 1 . 9300 1 . 00 54 . 30 69 . 00 11 . 30 2 . 30 o . oo o . oo 20 . 00 135 . 00 0 . 70 73 . 00 261 . 00 o . oo o .oo 0 . 04 0 . 11 1 . 60 o ; oo 
CA!UlO T  2 . 6506 1 . 00 1 0 . 40 37 .00 1 .10 0 . 30 8 . 30 0 . 90 36 . 00 )8 . 00 1 . 20 7 0 . 00 245 . 00 0 , 00 7000. 00 0 . 06 0.05 o:1o 8 ; oo 
CAS!!E.7 0 . 7000 1 . 00 9 6 . 00 568 . 00 1 8 , 00 46. 30 28 . 70 0 . 60 28 . 00 462 . 00 ) . 60 26 . 00 420 . 00 o . oo 5 .00 0 . 25 0 . 34 2;40 L oo 
CASSAVAS 0 , 4 000 1 . 00 88 . 00 354.00 0 . 50 0 . 20 8 6 . 90 o . oo 0 . 00 o . oo o . oo l l . OO 926 . 00 o . oo o . oo 0 , 00 o : oo o . oo o ; oo 
CATFISIIF 1 . 6320 1 .00 21 . 90 98 .00 18 . 20 2 . 20 o . oo o . oo 3 4 . 00 n 6 . oo 0 . 20 6 3 . 00 440 . 00  8 5 . 00 0 ,00 0 , 10 0 . 04 2 : 20 3 ; oo 
CATFISl!S 2 . 449 1 . 00 21 . 50 91 . 00 19 . 30 1 . 00 o. oo o . oo 37 .00 181 . 00 1 . 50 103 . 00 4 68 . 00 2) . 00 o . oo o ; o8 0 . 09 1 : 5o 3 : oo 
CAULIF 0 . 9 1 67 1 .00 9 . 50 29 . 00 2 . 80 0 . 20 5 . 70 0 . 90 )0 .00 51l . OO 1 . 00 20 . 00 349 . 00 o ; oo 5 5 . 00 0 . 07 0 . 08 o : 1o n : oo 
crrrCKs:n.� 2 . 6250 1 . 00 44 . 00 302 . 00 18 . 00 25.00 0 . 00 o . oo 1 4 . 00 200.00 1 . 50 4 6 . 00 407 . 00 170 . 00 145 . 00 0 . 08 0 . 1 6  8 . 00 o : oo 
CT!ICKE:o."Y 2 . 8000 1 . 00 21l . 50 1 51 . 00 20 . 20 7 . 20 o . oo o . oo 1 4 . 00 200 . 00 1 . 50 46 . 00 407 . 00 50. 00 40 . 00 0 . 08 0 .1 6  6 . 10 o ; oo 
ro romrr 0 . 6000 1 . 00 4E . 30 3 1 2 . 00 ) . 20 28 . 20 1 6 . 00 3 . 00 23 .00 1 1 2 . 00 2 . 50 7 . 00 5 5 5 . 00 0 . 00 o ; oo 0 . 05 0.03 o : 6o 3 ; oo 
CX:LLARD 0 . 3 378 1 . 00 11 . 00 3 5 . 00 3 . 00 0 . 40 6 . 80 1 . 20 230 . 00 5 6 . 00 2 . 00 42 . 00 490 . 00 o . oo 27o ;oo 0 . 1 0 . o : l 3  o : 4o 93 ; oo 
ro rrx  0 . 51105 l . CO 37 . 50 l34 . 00 4 . 2JJ 1 .  70 3 0 . 70 1 . 1 0 5 . 00 1 2 6 . 00 0 . 90 ) . 00 259 . 00 o . oo 1 60 , 00 0 . 20 O , l l  1 . 50 R ; oo 
(Xl'.7P EAD 0 . 5000 1 . 00 81l . 50 340. 00 22 . 70 1 . 60 61 . 00 4 . 20 1 1 0 . 00 )82 . C·O 6 . 50 6 . 00 688 . 00 o . oo 10.00 o ; 59 0 . 22 2 : 30 L OO 
CC'WPEAYD 0 .  2273 1 . 00 11 . 70 3 7 . 00 ) . 00 0 , 20 7 . 90 1 . 60 44 . 00 4 5 . 00 0 . 70 6 . 00 2 3 3 . 00 0 , 00 225 . 00 0 . 1 2  o : n  L OO 22 : oo 

cucm.:nzn 0 . ))46 1 . 00 ) . 80 1 2 . 00 0 . 60 0 . 1 0  2 . 70 0 . 50 21 . 00 24 . 00 0 . 40 1 ) , 00 1 54 . 00 o . oo ll5 . 00 o : o3 o ; o4 o : 2o n ; oo 
DO :lAB 1 . 5405 1 . 00 23 . 50 9 5 . 00 21 . 00 0 . 60 o . oo 0 , 00 97 . 00 278 . 00 1 . 10 1 28 . 00 235 . 00 25 . 00 o . oo o : o4 o ; o6 6 : 6o 3 : oo 
DUCK 2 . )000 1 . 00 4) . 60 326 . 00 1 6 . 00 28 , 00 o . oo o . oo 15 . 00 1813 . 00 1 . 80 100 . 00 31 9 . 00 o . oo o . oll o : 1 o  o : 24 s : 6o o ; oo 
ESL 2 . 11571 1 . 00 1 8 . 00 77 . 00 1 6 . 50 0 . 70 o . oo o . oo 30 . 00 93 . 00 3 . 30 116 . 00 1 1 2 : oo 25 . 00 o.oo o: o4 0 . 22 l . f\0 o ; oo 
EC'.CDK 1 . 4R48 1 . 00 2 9 . 40 188 . 00 1 3 . 20 14 . 20 0 , 70 o . oo 64 . 00 220 . 00 3 . 60 191 . 00 25ll . oo 370 . 00 185 . 00 0 . 1 6  0 . 40 o : 2o o ; oo 
BGCJIF.:'1 1 .  '?318 1 . 00 26. 30 163 . 00 1 2 . 90 11 . 50 c . Ao o . oo 61 . 00 222 . 00 ) . 20 1 5R ,oo 1 76 . 00 500, 00 170 . 00 0 . 1 0  o : 4o o: 1o o : oo 
EG-'.:PL.\::1' 0 . 3240 1 . 00 r . oo 26 . 00 1 . 60 0. 30 5 . 60 1 . 00 2 2 . 00 37 . 00 0 . 90 7 . 00 221 . 00 0 . 00 5o:oo o ; oR 0 . 07 0 . 70 6 ; oo 
GIZ.3C:UC 3 . 608.2 1 . 00 23 . 90 1 07 . 00 20 . )0 2 . 00 0 . 60 o . oo 28 . 00 1 50 . 00 0 . 50 0 . 00 200 . 00 0 . 00 o . oo 0 . 05 o : 22 5 : 10 o ; oo 
GI ZZDUCK 3 . 6082 l . CC 22 . 30 110 . 00 20. 20 2 . 30 o. ro 0. 00 28 . 00 1 54 . 00 5 . 10 0 , 00 0 . 00 o. oo o . oo 0 . 70 0 . 20 5 : 6o o : oo 
GO,\Iltl 0 . 3158 1 . 00 1 0 . 50 34 . 00 1 . 90 0. 1 0 7 . 90 1 . 60 53 . 00 411 . 00 0 . 20 3 . 00 205 . 00 0 . 00 340. 00 0 ; 1 9  o . oR 1 . 00  2L OO 
COU:t\!.:Y 2 . 1054 1 . 00 1 9 . 10 81 . 00 1 7 . 00 0 . 80 o . oo o. oo 70. 00 177 . 00 2 . 30 7 2 . 00 27fl . oo 295 . 00 65 . 00 0 , 05 0 . 19 2 . 00 0 . 00 GRAPE 1 . 9231 1 . 00 1 4 . 00 50. 00 0 . 50 0 . )0 . 1 2 . 80 0 . 90 9 . 00 20 . 00 0 . 60 6 . 00 111 . 00 o . oo 50 . 00 0 . 1 0  0 . 0 6  0 . 20 4 : oo 
GCJWA 0 . 4082 1 . 00 1 9 . 40 69. 00 1 .00 0 . 40 1 7 . 30 5 . 60 1 5 . 00 24 . 00 0 . 70 4 . 00 291 . 00 Q . OO 75 . 00 0 . 05 0 , 04 1 . 10 1 3 2 : oo 
HARDTAIL l .  7379 1 . 00 22 . 60 99 .00 1 9 . 80 1 . 60 o . oo o . oo 45 . 00 140 . 00 0 . 60 102 . 00 390 . 00 25 . 00 o . oo ·1· 0 . 07 0 . 1 3  6 . 00 3 : oo 
HZAR'!'EF 2 . 6804 1 . 00 21 . 90 1 22 . 00 14 . 40 5 . 80 1 . 00 o . oo 7 . 00 147 . 00 4 . 80 80 . 00 )00 . 00 4 0 . 00 1 0 . 00 -::· .  0 . 35 o : 36 7 . 00 L OO 
IIEARTHOG 1 . 9231 1 . 00 2 3 . 10 1 23 . 00 1 5 . 20 5 . 90 1 . 20 o . oo 26 . 00 169 . 00 ) . 00 o . oo 134 . 00 25 . 00 5 . 00 " . 0 , 36 0 , 71 5 . 40 1 . 00 

IVYOOURD 0 . 6000 1 . 00 9 . 40 28 . 00 4 . 10 0 . 40 4 . 20 1 .00 126 . 00 30 . 00 4 . 60 38 . 00 461 . 00 o . oo 10845 . 00 0 . 1 7  o ; 1 3  ) . 80 411 ; oo 
L D.:ON o .  7463 1 . 00 9 . 60 28,00 0 . 70 o . ao 7 . 60 0 . 70 3 2 . 00 1 9 . 00 0 . 30 4 . 00 137 . 00 o . oo 1 5 . 00 0 . 04 0 , 02 0.10 50 . 00 
LI VERBF 3 . 0928 l . CO 28 . 40 1 28 . 00 19 . 00 3 . 1 0  5 . 00 0 . 00 7 . 00 31 0 . 00 8 . 70 1 1 0 . 00 21 3 . 00 111150 . 00 2635 . 00 0 . 32 1 . 6R 1 2 . AO 24 . 00 
LIVERCH 3 . 6082 1 . 00 28 . 00 144 . 00 17 .80 6 . 60 2 . 30 0 . 00 10.00 297 . 00 9 . 70 86 . 00 335 . 00 869 5 . 00 1930 . 00 0 . 3 6  1 . 92 1 0. 00 7 . 00 
LIVERDi\ ) . 6082 1 . 00 30 . 30 168 . 00 1 6 . 90 9 . 70 2 . 20 o . oo 1 4 . 00 244 .00 3 . 90 8 6 . 00 325 . 00 5000 . 00 o . oo 0 . 36 1 . 32 1 0 . 00 P , oo 
LIVERHOG 3 .  9175 1 . 00 28 . 1 0  131 .00 1 9 . 90 4 . 10 0 . 40 o . oo 8 .00 361 .00 14 . 40 110 .00 447 . 00 383 5 . 00 850 .00 0 . 40 2 . 34 1 6 . 60 1 3 . 00 
MACK 2 . 9231 1 . 00 22 . 60 103 . 00 1 8 . 50 2 . 70 0 . 00 0 . 00 20 . 00 224 . oo 1 . 30 70 . 00 471 . 00 1 0 . 00 0 . 00 0 . 07 0 . 1 7  6 . 60 o . oo 
l!ACKST 2 . 1930 1 .00 22 . 00 98 . 00 18 . 50 2 . 10 0 . 00 0 . 00 94 . 00 153 . 00 1 . 20 110 . 00 486 . 00 35 . 00 1 0 . 00 0 . 05 0 . 09 7 . 90 3 . 00 



PART 1 . 
� � FOOD <XlST WEIGHT DRIED WEIGHT CALORIES PRJTEIN FAT 
� 

BAHT/100G lOOG G/100G KC.U./100G G/100G G/100G 

MILKO.:HIH 1 .1110 1 . 00 12 .30  63 . 00 3 .10 3 . 50 
�ITLKDR 5 . 0000 1 .00 96 .20 490 . 00 26.00 26 . 60 
tiTLKFISH 2 . 1739 1 . 00  27 . 40 1 38 . 00 20 . 60 5 . 50 
r.mLET 3 . 3077 1 . 00 25 . 90 1 24 . 00 20.70 3 . 90 
MUNGill!ST 0 . 7000 1 .00 88 . 00 3 56 . 00 1 .  70 0 . 30 
Mtr.�GB:·lW 0 . 1\700 1 . 00 89 . 4 0  341 .00 22 . 90 1 . 20 
MUS!i !(IOI.: 1 . 6484 1 .00 11 . 30 37 .00 2 . 70 0 . 90 
tPJSTARDG 0 . 6667 1 .00 8 . 20 24 . 00 2 . 40 0 . 40 
0:\A';:;E 0 . 9375 1 . 00 11 . 40 40 . 00 0 .80 0 . 20 
o:tA:rcm 0 . 11 571 1 . 00 11 . 4 0  41 . 00 0 . 70 0 . 20 
PAPAYA 0 . 2778 1 .00 1 2 . 90 4 5 .00 0 . 50 0 .10  
PEA::CT 0 . 3846 1 . 00  57 .80 303 .00 1 5 .00 19 . 40 
l'EA!!UTDR o .  7000 1 . 00  92 . 70 548 . 00 23.40 45 .30  
FEAS 2 . 1050 1 . 00 24 . 40 94 . eo 6 . 20 0 . 40 
PL'Rc:ll 2 . 0860 1 .00 18 . 00 81 .00 17 . 20 o . no 
PI APPLE 0 . 3 636 1 .00 1 3 . 00 47 . 00 0 . 70 0 . 30 
rr ::n.\ 0 . 62 94 1 . 00 811 . )0 n; . oo 20 . 40 1 . 20 
PQ!li{L 3 . 9024 1 . 00 49 - 90 376 . 00 14 . 1 0  35 . 00 
pr:x:::;:uv 9 . 3910 1 . 00 21 . 00 82 . 00 1G .20 1 . 30 
P:t\".TS 12 . 0000 1 . 00 20 . 80 87 . 00 17 . 60 0 . 90 
Pu;,::rnN 0 . 2990 1 . 00 8 . 10 27 . 00 0 . 70 0 . 20 
�ISH 0 . 2409 1 . 00 7 . 00 24 . 00 1 . 00 0 . 10 
RI CE:!1 0 . 3 500 1 . 00 87 . 90 360 . 00 7 . 40 2 .10  
RICEiD::l 0 . 4000 1 . 00 86. 50 354 . 00 7 . 60 L EO 
RICI:?W 0 . 6000 1 . 00 88 . 20 366 . 00 6 . 40 o . 8o 
RICIX;LUF 0 . 7000 1 . 00 91 . 20 372 . 00 6 . 60 0 . 40 
RI C"BGLUM 0 . 3500 1 . 00 86 . 10 359 . 00 8 . 40 1 . 60 
:uc�.:rro 0 . 3470 1 .00 88 . 20 366 . 00 6 . 40 o . eo 
rJ CEPAlXl 0 . 4240 1 . 00 87 . 60 364 . 00 6 . 70 1 . 00 
sc::t::;:;:JJ 2 . 7272 1 . 00 18 . 00 7 5 . 00 1 6. 60 0, 50 
sw.�,;.:z 1 . 0660 1 . 00 94 - 20 582 . 00 1 7 . 20 52 . 80 
sr:r..:nR 5 . 0000 1 . 00 95 . 80 3 59 . 00 34 . 80 1 . 00 
s:u::nrr 1 .0000 1 . 00 9 . 00 34 . oo 3 .40 0 . 1 0  
s:u"JJ!.Jtm 0 . 2222 1 . 00 5 -70 1 8 , 00 0 . 90 0 . 00 
s :: ,'J'PER 2 . 546 1 .00 22.10 99 . 00 18 . 70 2 .10  
SOYI'l\ 0 . 4 500 1 . 00 89 . 8 0  400 . 00 35 . 10 17 . 70 
son::cn 1 . 2000 1 .00 13 . 30 63 . 00 7 . 90 4 . 10 
SOYll.:F 0 . 7500 1 .00 94 . 00 429 . 00 29 . 80 19 . 50 

. SFlPJ:lGBN 0 . 2151 1 . 00 9 . 90 30 . 00 4 . 20 0 . 20 
SPOCXlUR!l 0 . 2532 1 .00 5 . 70 19 . 00 1 . 10 0 . 20 
SQ!TID 0 . 1 613 1 .00 18 .00 75 . 00 15 . 30 0. 80 
St'C'li.''SE* 0 . 5000 1 . 00 94 . 20 31'9 . 00 1 .10 0 . 30 
SjiCAEEA.G 0 . 4167 1 . 00 10 .00 3 0 . 00 2 .70 0 . 40 
S . . :ESl'POP 0 . 1724 1 . 00 27 . 70 1 013 . 00 )_ , 00 0 . 30 
S\ESTPOY 0 .1724 1 . 00 29 . 30 115 . 00 1 . 20 0 . 30 
m:.� A. TO 0 . 3723 1 . 00 6 . 20 20. 00 1 . 20 0 . 30 
'oVA!.IELON 0 . 2542 1 .00 8 . 60 30 . 00 0 ,80 0 .10  
WAX<XlURD 0 , 2111 1 . 00 3 .80 1 2 . 00 o . so 0 . 10 

* sugar content 90.8 g/100g 

CA!UXJ- FIBRE C.U.CIID.! PI10S- IRJN SODIUM POTASSIUM RE!'HKlL ll·CA!10TENE THIA!.!INE RIIDFLAVIN N HCIN ASOORBIC 
HYDRATE PllO!lUS ACID 

G/100G G/100G l.lGj10CG I:C/100G !.IG/100G MG/100G MG/100G MCG/100G l!CG/100G MG/100G MG/100G MG/100G MC/lOOG 
5 . 00 o . oo 114 . 00 102 .'00 0 .10 36 . 00 149 .00 

37 . 60 o . oo 895 . 00 740 . 00 0 .90 380 . 00 1 330. 00 
0 . 00 o . oo 42 . 00 153 .00 1 .10 80 . 00 Jill . OO  
0 . 00 o . oo 56 . 00 203 . 00 1 . 40 69 . 00 485 . 00 

85 . 40 o . oo 35 . 00 43 . 00 1 . 30 7 . 00 5 . 00 
61 . 80 4 . 4 0 105 . 00 330 . 00 7 . 10 6 ,00 1 1 32 . 00 

5 . 70 0 . 90 8 . 00 103 . 00 1 .00 1 2. 00 322 . 00 
4 . 30 1 . 00 160 . 00 48 ,00 2 . 70 24 . 00 297 . 00 
9 . 90 0 .40  21 .00 20 . 00 0 . 30 2 . 00 162 . 00 

1 0 . 20 0 . 30 26 . 00 14 .00 0 . 20 1 . 00 149 . 00 
11 .80 0 . 50 24 . 00 22 .00 0 .70  4 . 00 221 . 00 
21 . 80 1 . 10 56 . 00 245 . 00 2 .10 4 . 00 421 . 00 
21 . 60 2 . 10 58 . 00 357 .oo 2 . 20 5 . 00 662 . 00 
16 . 90 2 . 40 32 .00 102 . 00 1 . 20 6 . 00 350 . 00 

0 . 00 o . oo 70 . 00 177 . oo 2 . 30 73 .00 10{1 . 00 
11 . 60 0 . 50 1 7 . 00 1 2 . 00 0 . 50 2 . 00 1 25 . 00 
6 3 . -1 0  4 . 40  1 03 . 00 224 . 00 4 . 90 26 . 00 654 . 00 

0 . 00 0 . 00 8 . 00 1 51 . 00 2 . 1 0  4 ) . 00 400 . 00 
0 .40 0 . 00 1 61 . 00 292 . 00 2 . 20 418 . 00 316 . 00 
0 . 90 0 . 00 79.00 184 . 00 1 . 60 185 . 00 333 . 00  
6 . 60 0 . 130 24 . 00 33 . 00 0 .70 8 .00 350 . 00 
5 . 30 1 . 00 27 . oo 30 .00 0 .40 27 . 00 221' . 00 

77. 10 o . Ro 21 . 00 243 . 00 3 . 40 1 1 . oo 288 .00 
7 6 . 00 0 . 70 16 . 00 24 6 . 00 2 . 80 5 . 00 202 . 00 
80 . 60 0 . 30 24 . 00 1 35 . 00 1 . 90 5 . 00 241 . 00 
82 . 70 0 . 30 12 . 00 1 48 . 00 0 . 80 4 . 00 84 . 00 
75. 40 0 . )0 16 .00 130 . 00 1 . 20 3 . 00 2132 . 00 
80 . 40 0 . 30 24 . 00 135 . 00 1 . 90 5 . 00 241 . 00 
79 . 30 0 . 60 7 . 00 13) . 00 l . 20 2 . 00 200. 00 
o .oo o . oo 20 . 00 )8 . 00 0 . 70 73 . 00 109 , 00 

19 . 80 5 . 40 750 . 00 614 . 00 12 . 00 49 . 00 508 . 00 
5 2 . 00 o . oo 1 200 . 00 980 . 00 1 . 00 470 . 00 1745 . 00 
4 . 80 o . oo 1 10 . 00 92 . 00 0 . 1 0  38 . 00 149 . 00 
4 . 50 O . )C 1 9 . 00 3 4 . 00 1 . 00 3 : oo 123 . 00 
0 . 00 0 . 00 34 .00 144 . 00 1 . 00 1200 . 00 373. 00 

32 . 00 4 . 20 226 . 00 54 6 . 00 8 . 50 6 . 00 1 501\ . 00 
0 . 40 0 . 1 0 1 50 . 00 1 04 . 00 2 . 20 12 . 00 1 51 . 00 

39 . 90 3 .80 1B9 . 00 540 . 00 7 . 50 340 .00 1660 . 00 
5 . 00 0 . 90 1 5 . 00 71 . 00 1 . 20 7 . 00 222 . 00 
4 . 00 1 . 00 2 . 00 30 . 00 0 . 70 3 . 00 154 . 00 
0 .70 0 . 00 15 . 00 194 . 00 1 . 00 176.00 266 . 00 

90.80 o . oo o .oo 72 .00 5 . 80 1 4 . 00 324 . 00 
5 . 60 1 . 10 60 . 00 4 2. 00 2 . 50 44 . 00 469 . 00 

25 . 60 0 . 80 21 . 00 50 . 00 0 , 90 31 . 00 210 . 00 
27 . 10 0 . 80 36:oo 56.00 0 . 90 36 .00 304 .00 

4 . 20 0 . 70 .? . 00 30 . 00 o; 6o 4 ; oo 235 . 00  
7 .40 0 . 10 4 . 00 10. 00 0 . 70 6.00 86;oo 
2 . 90 0 . 60 17. 00 19 .00 0 .40  5 . 00 111 ,00 

3 5 . 00 
210 . 00 

65 . 00 
45 .00 

o .oo 
o .oo 
o .oo 
0 . 00 
o . oo 
o .oo 
o .oo 
o .oo 
o .oo 
o . oo 

295 . 00 
o . oo 
0 . 00 
o . oo 

25:oo 
20 , 00 
0 . 00 
o .oo 
0 . 00 
o .oo 
o . oo 
o . oo 
0 . 00 
o .oo 
o .oo 
o .oo 
o . oo 
5 . 00 
o . oo 
o . oo 

25 . 00 
o . oo 
o . oo 
o .oo 
o . oo 
o . oo 

15 .00 
0 , 00 
o . oo 
0 . 00 
o .oo 
o . oo 
o .oo 
o . oo 

2o: oo 
180 . 00 
1 2o : oo 

0 . 00 
0 . 00 

55 . 00 
0 . 00 

182'i . OO 
1 50 . 00 
465 . 00 
710 . 00 

20 : 00 
o . oo 

405 . 00 
65 . 00 
35 . 00 

160 . 00 
o . oo 
o : oo 
5 . 00 

785 : 00 
o .oo 
o . oo 
o . oo 
o . oo 
o . oo 
0 , 00 
o . oo 
o . oo 
o . oo 

1 5 . 00 
o . oo 
o . oo 

810 . 00 
o : oo 

10·,00 
o . co 

90 . 00 
20. 00 -

170 . 00 
o ; oo 
o:oo 

2865 . 00 
35 .00 

1 68o; oo 
505 ; 00 
140 . 00 

5 . 00 

. . 

0 . 04 
0 . 20 
0 . 10  
0 . 07 
0 . 00 
0 . 53 
0 .10  
0 . 06 
o .oi 
o : 9o 
0 .03 
0 . 97 
1 . 00 
0 . 28 
o : 1 5  
0 . 06 

o :49 
0 . 69 
o : o4 
0 . 04 
o : o3 
0 , 02 
0 . 30 
0 . 34 
0 . 10  
0 . 10  
o : l6  
0 . 10  
o : 2o 
o : 1s  
0 . 72 
0 . 30 
0 . 04 
0 . 04 
0 . 06 
0 . 66 
o ; o4 
0 .40 
0 . 11 
0 . 03 
0 . 03 
0 . 500 
0 . 09 
0 . 14 
0 . 12 
o ; o6 
0 . 03 
0 . 03 

o : l 4  o : 2o 1 : oo 
1 . 00 o:8o 2 : oo 
0 . 1 0 s . Ro o: oo . 
0 . 1 5 4 ; 6o o : oo  
o : oo o:oo o : ro 
o : 26 2: 50 4 : 00 
o : 42 4 ;!'o 3 : oo 
0 . 14  o .llo 73 : oo 
o : o4 0 . 40 4 3 : oo 
o : o4 0 . 40 4 2 : oo 
o :o5 o : t�o 73 : oo 
o:1e  9 : 70 n ; oo 
0 . 13  16 :r.o o :oo 
0 .11 2 : Ro 21 : oo 
o : 19  2 :oo o : oo 
0 � 03 0 ; 30 22 ; 00 
o;21 2 : 2o o ;oo 
0 . 1 6  3 :70 o : oo 
o : 13  2 :oo 1 .00 
o : on 2 : 30 L OO 
o : o4 0 : '50 14 :oo 
0 . 03 o :o6 42 : oo 
0 . 1 2 9 : oo o: oo 
0 . 07 5 : oo o : oo 
0 . 05 2 : 10 o: oo 
0 . 02 1 : 70 o ; oo 
o : o6 2 : 40 c : oo 
0 . 05 2 .10  o ;oo 
0 . 08 2 : 6o o : oo 
o : 1o  3 : 20 o ; oo 
o : 17 5 : 10 o :oo 
1 . 60 1 :10 'j : oo 
0 . 16  o : 1o  2 : oo 
o : o5 o : 1o 6 ; oo 
0 . 1 1  4 . 70 3 ; oo 
0 . 22 2 : 20 o : oo 
o : o2 o : 4o o : oo 
0 .16  2 : oo o : oo 
0 . 10 0. 80 1 1\ ; oo 
o : o4 o : 3o 1o :oo 
o . oR 3 : 20 o : oo 
0 . 10  o :oo o : oo 
0 . 1 6  o :1o  47 : oo 
o : os o :1o 21 : 00 
o : o5 o : 6o 3o ;oo 
0 , 04 0 . 60 23 : oo 
o ;o2 o:4o 6 :oo 
0 . 03 0 . 20 20 . 00 



PART 2 
• 

.q. FOOD VITA!.:IN P AN'IQ TI:E:\1 C VlTM:DI FOLIC MAG:U!:SIUM MA!!G.\!·!ESE zn:c OOP?!:rt IODI::E LiliOL;:;IC VIT,\l.:TN VITAi:TN BIOTIN C'"r!OLD!E CI:LO:U:DE VI:!'�'!� ('f) 
B6 ACID B12 ACID ACID E JC D ('f) 

�;Gj100G J.lG/100G MCG/100G t.:G/100G t;G/100G MG/100G :.lG/100G !.�G/100G !.IG/100G l.<G/100G IU/100G J.:OG/100G MCG/100G t.:G/100G I:G/100G IU/100G 

A.HC!'OVY 0 . 26 1 .00 6 . )0 0 . 01 2  )8 , 00 0 . 02 0 . 50 199 . 00 0 . 40 44 . 46 0 . 42 o . oo 4 . 00 85 ; oo 197 ;00 no ; oo 

lJiJ,':'.l)Q 0 . 24 0 . 62 o . oo 0 , 007 88 . 00 0 . )0 1 . 10 19o ; oo 2 . 80 0 . 00 0 . 5 5  0 , 00 0 . 50 1 3 . 50 )LOO o : oo 
BA.:;A:�Al 0 . 51 0 . )1 o .oo 0 . 009 41 . 00 0 . 10 0 . 20 200. 00 8 . 90 o . oo 0 , 3 )  o . oo o . oo o : oo 7P : 5o o : oo 
m::AXA.2 0 . 51 0 . )1 o . oo 0 , 009 41 . 00 0 . 1 0  0 . 20 200 . 00 8 . 90 0 . 00 o : 33 o . oo o . oo o ; oo 78 :50 o : oo 
BE:':F 0 . 4 2 0 . 47 1 . 40 o . oo6 28 .00 0 . 02 2 . 20 1 60 . 00 2 . 30 290 . 00 o ; 66 o . oo ) . 00 9 0 . 00 7o ; oo o : oo 
m:�TAP 0 . 1 5 0 . 20 o . oo 0 , 027 2 3 . 00 0 . 03 0 . 1 2 1)0 . 00 1 . 00 0 . 00 o . oo 1 16 . 20 o ; 7o 32 : 30 2 2 : 70 o : oo 
.OO'I':I'LSGD 0 . 04 0 . 16 o . oo 0 , 005 14 . 00 0 . 1 )  0 . 70 0 . 1 2 0 . 53 o . oo o . oo o . oo 0 . 40 o ; oo 36 : 5o o : oo  
.B'JF?llO 0 . 18 0 . 47 1 . 40 0 . 010 28 . 00 0 , 02 2 . 20 160 . 00 2 . 30 290 . 00 0 . 69 o : oo 3 ; oo 9o : oo 1o: oo o : oo 
CAB, AGE 0 . 1 5  0 . 21 o . oo 0 . 046 1 7 . 00 0 . 11 0 . 50 160 . 00 2 . 00 o . oo 0 . 22 2320 . 00 o ; 1 o  1 7 . 09 39 ; 6o o : oo 
C,\BJ:\GEC 0 . 1 6  0 . 20 0 . 00 0 . 019 1 7 . 08 0 . 11 0 . 18 230 . 00 21 . 00 o . oo o ; n  4H8o :oo o ; 5o 17 : 09 39 ; 6o o : oo  
CA rill 0 . 19 0 . 15 1 500 . 00 o ; oo1 ) 0 . 00 0 . 02 0 . )0 100 . 00 73 . 4 0  1 G . 1 0  0 . 42 0 . 00 4 : oo 8s : oo 191 : oo 4 o : oo 
CAl�'!' 0 . 25 0 . 18 ... .  0 . 00 0 . 008 1 5 . 00 0 . 20 0 . 15 80 . 00 7 . 00 o . oo 0 . 55 104 . 00 0 , 60 7 . 00 6'1 ; ') 0  o : oo  
CAS:Z.'l 1 . 00 1 . )0 o . oo 0 . 077 131 . 00 2 . 00 3 . 50 310 , 00 2 . 10 0 , 00 1 1 . 40 o . oo 2 . 00 11o: oo 1 'i . OO o : oo 
CAS3AVAS 0 . 11 0 . 52 o . oo 0 . 024 4 . 00 263 . 00 0 . 20 1 00 . 00 3 . 00 ')0 . 70 o ; oo o ; oo 0 . 47 )4 ; 34 1 ) ;10 0 : 47 
C.� 1'FIS:IF 0 . 17 0 . 46 3 . 40 0 . 01 5  )8 . 0 0  0 . 02 0 . 50 199 . 00 2 . 00 44 . 46 0 . 42 o ; oo 4 . 00 11 5 : oo . n : 3o 4 o : oo 
CA'!'S'! SllS 0 . 37 0 . 46 2 . 50 0 . 01 5 27 . 00 0 . 02 0 . 50 199 . 00 42 . 00 20 . 30 0 . 42 o . oo 4 ; oo R5 ; oo 1 4 1 . 00 4 o : oo 
CA'JLIF 0 . 27 1 . 00 0 . 00 0 . 060 22 . 00 0 . 20 0 . 20 140 . 00 1 2 . 00 o . oo 0 . 1 6  3Roo.oo L 50 1 5 . 00 3 3 : 6o o : co 
cm ac::: :r:.t 0 . 50 0 . 85 0 . 40 0 . 003 2 9 . 00 0 . 02 1 . 50 180 . 00 1 . 40 29110 . 00 0 . 28 o . oo 1 0 . 00 92 . 00 61 : 00 o : oo 
C:ITCKE:IY 0 . 22 1 . 00 0 . 40 o . oo: 2'? . 00 0 , 02 1 . 50 180 , 00 1 . 40 860 . 00 0 . 27 o ; oo 10 . 00 92 . 00 61 . 00 o : oo 
cc. cmarr 0 . 07 0 . 33 o . oo 0 . 027 1 60 . 00 1 . 30 5 . 00 50.00 2 . 10 111 0 . 00 2 . 57 o : oo 2 . 00 66 ; 411 11 4 : 00 o : oo 
COL LARD 0 . 15 0 . 21 o . oo 0 . 461 19 . 00 0 . 1 9  0 . 18 70 . 00 9 . 40 o . oo 0 . 22 4565 . 00 O . 'jO 1 7 : 09 39:6o o : oo 
con:; 0 . 22 0 . 58 o . oo 0 . 043 1 ) . 00 0 . 20 0 . 20 90 . 00 o . so 901 . 00 l .  61 3 3 . 20 o ; oo 1 3 : 1 3  o ; oo o : oo 
co·::PEAD 0 . 42 1 . 20 0 . 00 0 . 439 53 . 00 1 . 77 ] . 42 306 , 00 2 . 30 o . oo 8 . 62 o . oo 17 . 00 290. 00 60 , 00 o : oo 
co·:,'P£AYD 0 . 14 0 . 20 o . co 0 . 027 2] . 00 0 . 03 0 . 12 90 . 00 1 . ')0 o . oo 2 . 10 292 . 50 0 . 70 34 . 00 2 2 . 70 o : oo 
C:JC'.J:.:BER 0 , 04 0 . 24 o . oo 0 . 006 15 .00 0 . 20 0 . 20 90 . 00 0 . 50 o . oo 0 . 11 o . oo 0 . 40 0 . 00 24 . ]0 o . oo 
DO RAB 0 . 50 0 . 53 l . CO 0 . 079 38 . 0 0  0 . 02 0 . 50 199 .00 73 . 40 12 . 1 0  0 . 4 2  0 . 00 4 . 00 ll5 . 00 1<)7 . 00 40 . 00 
DUe;{ 0 . 50 0 . 90 0 . 40 0 . 00] 20 . 95 0 . 02 1 . 50 392 . 00 1 . 40 6864 . 00 0 . 28 0 . 00 1 0 . 00 9 2 . 00 61 . 00 0 . 00  
EEL 0 . 23 0 . 1 4  1 . 00 0 . 01 3  38 . 00 0 . 0] 0 . 50 100 . 00 80 . 00 14 . 20 . 0 . 4 2 o . oo 4 . 00 85 . 00 4 6 . 00 35 ; oo 
EGGDK 1 .  70 1 .  70 4 . 50 0 . 016 1 1 . 00 0 . 02 o . flo 5 5 . 00 9 . 59 987 .80 2 . 20 11 . 00 25 . 00 4011 , 00 1 'i9 . 00 1o : oo 
E�'-:'EN 0 . 10 l .  70 2 . 00 0 . 004 11 . 00 0 . 02 0 . 90 5 5 . 00 1 0 . 83 800 .00 2 . 20 80 . 00 25 . 00 480 . 00 1 5 9 . 00 1 o : oo 
SGGPLft.::T 0 . 09 0 . 23 o . oo 0 . 01 5  18 . 00 0 . 20 0 . 30 90 . 00 0 . 50 o . oo 0 . 00 o . oo 0 . 40 o . oo 6LCO o ; oo 
GIZZC!ITC 0 . 1 5  0 . 75 19 . 00 0 . 000 1 3 . 00 0 . 05 0 . 50 0 . 1 2  o . oo o . co 0 . 00 o . oo 0 . 00 0 , 00 o ;oo o ; oo 
GIZ�U:JC'f. 0 . 1 5 0 . 75 19 . 00 o . ooo 1 3 . 00 0 .05 0 . )0 0 . 1 2  o . oo o . co o . oo o .oo o . oo 0 . 00 o . oo o ; oo 
GOA:lN 0 . 15 0 . 20 0 . 00 0 , 027 23 .00 0 . 0) 0 . 1 2  90 . 00 1 . 50 0 . 00 2 . 10 o . oo 0 . 70 )9 . 90 22 . 70 o : oo 
r.o '"t\l.IY 0 . 50 0 . 53 1 . 00 0 . 001 38 . 00 0 . 02 0 . 50 100 . 00 73 . 40 1 6 . 10 0 . 42 o . oo 4 . 00 11 5 . 00 197 . 00 4o : oo 
GR�PS 0 . 09 0 . 04 o . oo 0 . 005 6 . 60 0 . 20 0 . 1 0 7 0 . 00 0 . 50 o . oo 0 . 00 o . oo o . oo o . oo 0 . 90 o ; oo 
G'JAVA. 0 . 14 0 . 17 0 . 00 0 . 006 8 . 00 0 . 20 2 . 40 20 . 00 1 . 00 0 . 00 0 . 00 o . oo 0 . 00 o . oo 5 . 90 o : oo 
H .'\rtD'l'AIL 0 . 60 0 . 50 1 . 00 0 . 079 )8 . 00 0 . 02 0, 50 100 .00 8 . 00 ) 2 . 40 0 . 4 2  o . oo 4 . 00 R5 ; oo 197 . 00 4 c : oo 
HE.-\RTBF 0 . 36 2 . 50 1 3 3 . 00 0 . 000 1 9 . 00 o . os 1 . 53 280 , 00 7 . )0 707 . 00 1 . 18 o . oo r . oo 1 70 . 0(' 11 3 . 00 o : oo 
JGBT:o'OC 0 . ]6 2 . 50 ) 3 , 00 0 . 011 1 3 . 00 0 , 10 1 . 60 285 . 00 1 5 . 00 719 . 00 1 . 18 o . oo R . oo 23o ; oo 1 1 3 . 00  o ; oo 
IVYGOU!Ul 0 . 19 0 . 17 o . oo 0 . 08) 19 . 10 0 . 11 0 . 22 2)0 , 00 8 . 40 o . oc 0 . 1 1  o . oo 0 . 50 1 7 . 09 39 . 6o  o : oo 
L'!'rON 0 . 04 0 . 10 o . oo 0 . 005 11 . 60 0 , 20 O . t11 260 . 00 2 . 60 240 . 00 0 , 00 o . oo 0 . 1 6 5 : 00 2 : 6o o : oo 
LIV::!13F 0 .82 7 . 70 5 2 . 70 0 . 250 20 . 8 0  0 . 30 3 . 06 1500 . 00 6 . )0 1249 . 00 1 . 54 ) 6 . 00 100 . 00 490 , 00 1oo : oo 4'i : oo 
LIVSrtCH 0 . 72 6 . co 27 . 90 1 . 1 28 23 . 30 0 . 20 3 . 06 300 . 00 l . flO 1429 . 00 1 . 1 0 9 6 . 00 80 . 00 )40. 00 10o ; oo 4 -; ; oo 
LIVE:IDK 0 . 72 4 . 10 3 2 . 00 0 . 380 23 . 30 0 . 20 3 . 06 300 , 00 l . RO 1 4 29 . 00 1 . 10 96. 00 Ro , oo 340 . 00 100. 00 4'i . OO 
LIVERHOG 0 . 62 6 . 40 65 . 20 0 . 259 23 . )0 0. 30 ) . 06 5 1 0 , 00 1 2 . 00 1429 . 00 1 . 1 0 96. 00 8 0 , 00 540 . 00 102 . 00 4'i : oo 
MACK 0 . 28 0 . 24 2 .40 0 . 03 6  35 . 00 0 , 02 0 . 5 0  200.00 40. 00 1 4 0 . 00 0 . 4 2  o . oo 4 . 00 f\5,00 62;70 1oo : oo 
MACKST 0 . 27 0 .1 6 0 . 90 0 . 005 38 . 00 0 . 02 0 . 5 0  199 . 00 5 3 . 00 42 . 6o 0 . 4 2  o . oo 4 . 00 85 . 00 7 3.10 700 . 00 



PAJT 2 
. 

1.!'1 FOOD VITAJ.HN PA.'rn:JTJIE!!IC VIT!1.MDI FOLIC UAG:IESIUM MANGANJ!SE ZINC COPPE:! IODillE LIN0LSIC VlTA:.�IN VITAJ.liN BI0TIN CHOLINE CRI..O'UDE VIT�l'IN 

(V) B6 ACID B12 ACID ACID E K D 
(V) 

MG/10(X; H G/100G NCG/100G MG/lO(X; �:GjlOOG MG/100G MG/lOOG MG/100G 11G/100C �;GjlOOG IU/lOOC MCG/10(X; MCG/100C r.m;10oG J.IG/lO(X; IU/lOOC 

M'ILKCO'IIH 0 . 04 0 , 30 0 . 40 0 . 000 1 6 . 00 o . oo 0 . 40 20 . 00 9 - 90 105 . 00 0 . 06 8 . 30 2 . 00 1 5 . 00 98. 00 L OO 
MILr..'DR 0 . 27 2 . 40 2 . 30 1 . 795 124 .87 0 . 02 3 . 1 2  1 56 . 00 70. 40 798 . 00 0 . 33 o . oo 1 3 . 00 117 .00 78�;oo 1 2 : oo 
MILKFISH 0 . 42 0 . 53 3 . 40 0 . 01 5  38 . 00 0 . 02 0 . 50 1 60 . 00 71 . 24 1 1 1 . 60 0 . 4 2  o . oo � . 00 8) . 00 191 : oo 12o :oo 
�mLL"'l' 0 .38 0 . 7 2  8 . 60 0 . 013 3 3 . 00 0 . 02 0 . 50 160 . 00 67 . 00 79. 10 0 . 4 2  o . oo 4 . 00 8 5 ; oo 39 ; 5R no ; oo 

1>.'111\GllNST 0 . 2 5  2 . 50 o . oo 0 . 121 270 . 00 l .  77 3 . 42 760 . 00 2 . 50 900 . 00 o . oo 207 .00 2 . 60 280. 00 l . RO o : oo 

troNc�r.v 0 . 47 2 . 50 o . oo 0 . 1 2 1  270 . 00 l .  77 3 . 42 760 , 00 2 . 50 900 . 00 1 . 85 20. 750 207 - 50 280 . 00 l . AO o ; oo 

MD'S�OM 0 . 5 3  0 . 21 o . co 0 . 03 1 4 . 00 0 . 10 0 . 30 65 . 00 1 8 . 00 o . oo o . os o . oo 1 7 . 00 o . oo 84 : 50 o : oo 
MD'STI\RDG 0 . 1 6  0 . 21 0 .00 0 . 1 67 27 . 00 0 . 11 0 . 18 230 . 00 8 . 40 o . oo 0 . 1 1  3320 . 00 0 . 50 1 7 . 09 B9 : oo o ; oo 

0 :\,\l!::;E 0 . 04 0 . 25 o . oo 0 . 005 1 0 , 00 0 . 20 0 . 41 0 . 1 2 1 . 50 60 . 00 0 . 22 o . oo 1 . 00 5 . CO 3 . 20 o : oo 

o RA.:;:;al 0 . 0 3  0 . 22 o . oo 0 . 005 1 0 . 00 0 . 03 0 . 60 56 . 00 1 . 50 60 . 00 0 . 22 0 . 00 1 . 00 5 : oo 2 . 40 o ; oo 

PAPAYA 0 . 03 .0 . 22 o .oo 0 . 005 8 . 00 0 . 01 0 . 40 14 . 00 1 . 00 o . oo o . oo o . oo o . oo 0 . 00 5 : 9o o : o o  

PE.\l;D'T 0 . 30 2 . 80 
' 

o . oo 0 . 1 24 185 . 00 1 . 60 1 . 90 420 . 00 6.80 6300 .00 4 . 65 1 8 : oo 17 . 00 170. 00 6 :1\o o : oo 

FW!'J'!'DR 0 . 50 4 . 49 o . oo 0 . 141 198 . 80 2 . 50 2 . 00 44 6 . 70 7 . 20 1471 1 . 00 1 1 . 40 18 : oo 18 : oo 180 . 00 7 : 20 o : oo 

I'EAS 0 . 1 5  0 .8 2  o . oo 0 . 02 5  33 . 00 0 . 04 0 . 77 240 . 00 4 . 20 o . oo 0 .11 610 .00 0 . 50 70 : 76 3A ; oo o : oo 

PERCH 0 . 20 0 . 1 5  1 . 50 0 . 001 30 . 00 0 . 02 0 . 50 1 00 . 00 73 . 40 1 6 . 1 0  0 . 4 2  o . oo 4 . 00 8s ; oo 1 97 : oo 4o:oo 

PI APPLE 0 . 09 0 . 1 5  0 . 00 0 . 006 2 2 . 00 0 . 11 0 . 26 380 . 00 4 . 60 0 . 00 o . oo 0 . 00 0 . 00 o ; oo o : oo o : oo 
PIGP:::A 0 . 25 1 . 50 0 . 00 0 . 193 108 , 00 2 . 00 J\ . 20 710 . 00 2 . 30 0 . 00 2 . 31 11 6 . 20 1 7 . 00 64 ; 00  6o;oo o : oo 
FO:lKL 0 . 18 o . ll6 1 . 40 0 . 01 0  2 6 . 1 0  0 . 03 2 . 50 49 . 20 4 . 50 3750 . 00 0 . 69 o . oo 4 ; oo 105 :oo 4 9 : 00 o : oo 
PrtA7Jl11UV 0 . 17 0 . 21 1 . 00 0 , 001 4 2 . 00 0 . 02 o . so 9 9 . 00 2 . 00 o . oo 0 . 42 o . oo 4 . 00 e s . oo 5oo ; oo o : oo 
P :lA','/llS 0 . 1 7  0 . 21 1 . 00 0 . 001 42 . 00 0 . 02 0 . 50 199 . 00 1 1 2 . 00 0 . 00 0 . 4 2  o : oo 4 . 00 r.s : oo 5oo : oo o : oo 
F'Ul.:J'KIN 0 . 1 1  0 . 40 o . oo 0 . 009 1 0 . 00 1 6 . 00 0 , 1 0  210 . 00 1 . 10 o . oo o . oo o . oo 0 : 40 o : oo 36 : 50 o : oo 

R.:\DIS:l 0 , 06 0 . 18 o . oo 0 . 007 1 5 . 00 0 . 05 20 . 00 1 5 0 . 00 8 . 00 5 0 . 70 0 . 05 o . oo O . t\7 o ; oo 2o : oo c : oo 

!UCEBL 0 . 17 0 . 55 o . oo 0 . 010 17 . 00 1 . 10 2 . 20 280 . 00 2 . 00 466 . 00 0 , 3fl o . oo 3 . 00 9o : oo ;n : oo o : oo 

!li CEB:lJ o . s s 1 . 10 o . oo 0 . 019 90. 00 1 . 33 0 . 18 0 . 34 1 . 80 3 5 5 . 00 o ; 95 o . oo 9 . 00 10o :oo 1 3 o : oo o : oo 

RICSFLO 0 . 1 5  0 . 22 o . oo 0 . 003 14 . 00 0 . 90 1 . 50 230 . 00 2 . 00 1770 . 00 o . oo o : oo 3 . 00 90 . 00 27 . 00  o : oo 

RICSGLUF 0 . 17 0 . 5 5  o . oo 0 . 01 0  17 . 00 1 . 1 0  2 . 20 280 . 00 2 . 20 er. . oo 0 . 38 o . oo 3 . 00 90 . 00 21 : oo o : oo 
'U C:':GLD'M 0 . 17 0 . 55 o . oo 0 , 010 17 . 00 1 . 10 2 . 20 280 . 00 2 . 00 350. 00 0 . 31l o . oo 3 . 00 90: 00 21 : oo o ; oo 

rnc:::.:rro 0 . 11 0 , 22 o . oo 0 , 003 14 . 00 0 . 90 1 . 50 230 . 00 2 . 00 lCO . OO . 0 . 311 o . oo 3 . 00 90 : oo 21 : oo o : oo 
RICZI'AID 0 . 4 2  0 . 90 o . oo 0 . 019 52 . 00 1 . 33 1 . 90 340 . 00 2 . 00 220 . 00 0 . 3R 0 . 00 1 0 . 00 9o : oo 21: oo o : oo 

SS:U3.ill 0 . 1 9  0 . 1 5  1 . 50 0 . 001 30. 00 0 . 02 0 . 50 100. 00 7 3 . 40 1 6 . 1 0  0 . 4 2  o . oo 4 . 00 8 5 . 00 197 : oo �o : oo 
SESA!-.� 1 . 25 0 . 38 o . oo o . oo 1 0 . 65 l .  77 3 . 42 360 . 00 2 . 10 16700 . 00 1 0 . 4 5  0 . 00 1 7 . 00 13R,40 L P-0 o : oo 
S"r:TI.:DR 0 . 38 3 . 60 3 . 20 0 . 002 364 . 90 0 . 02 3 . 1 2  156 . 24 1 2 . 00 30 . 00 o ; o3 o . oo 1 6 . 00 10 , 00 1130 . 00 o : oo 
s;:n.nu 0 . 04 0 . 37 0 . 40 0 . 000 1 6 . 00 o . co 0 . 40 2 C . OO 4 . 50 3 . 00 o . oo o . oo 2 , 00 L OO  102 . 00 o : oo 
s::;\GOU!ID 0 . 04 0 . 1 6  0 . 00 0 . 006 1 4 . 00 0 . 15 0 . 70 122 . 00 0 . 4 5  o . oo o . oo o . oo 0 . 4 0  o . oo 36; r:;o o : oo 
s::AI'FER 0 . 20 0 . 20 0 . 10 0 . 050 38 . 00 0 . 02 0 . 50 100 . 00 30 . 30 4 2 . 60 0 . 4 2  o .oo 4 . 00 197 : oo 197 ; oo .w; oo 
SOYDX 0 . 8 2  1 . 60 o . oo 0 . 210 236.00 1 . 20 3 .80 300 . 00 2 . 50 900 . 00 27 . 25 207 . 50 1 7 . 96 280 . 00 1 . 80 o ; oo  
S'JYIJ:lCD 0 . 10 0 . 21 o . oo 0 . 027 27 . 00 0 . 1 5  0 . 60 39 . 00 3 . 30 2 1 4 . 00 6 . 31 4r. . o5 2 . 70 41 .47 o : 50 o ; oo 
SOTilNF 0 . 57 1 . 60 o . oo 0 . 210 236 . 00 1 . 20 3 .130 300 . 00 2 . 50 900 . 00 27 . 00 207 : 50 1 7 . 90 233 : 30 o : 45 o ; oo 
SP.tUclG!N 0 . 24 0 . 62 o.oo 0 . 007 29 . 00 0 .19 0 . 37 83 . 60 0 . 27 o . oo 0 . 5 5 o . oo 0 . 50 17 . 09 3 1 : oo o : oo 

srocc:::m 0 . 04 0 . 1 6  o . oo 0 . 006 1 4 . 00 0 . 15 0 . 70 1 2 2 . 00 1 22 . 00 o . oo o . oo o . oo 0 . 40 o . oo 3 6 : so o : oo 

SQ!;ID 0 . 07 0 . 06 1 . 30 0 . 01 2  38 . 00 0 . 02 o . so 20 .90 2 2 . 50 1 6 . 20 0 . 42 o . oo 4 ; oo 8 5 ; oo 197 ;oo o : oo 

s·.-:cABil.�G 0 . 1 9  0 . 1 7  o . oo 0 . 1 2 2  17 . 00 o . n  0 . 18 70.00 2 . 10 0 , 00 0 . 1 1  �ooo:oo 0 , ') 0  1 7 ; 09 39; 6o o ; oo 

S".'/EE'I'FO p 0 . 27 o .so o . oo 0 . 05 2  201 . 00 387 . 00 2 . 00 260 . 00 0.45 50 . 70 0 . 05 277 . 00 0 . 47 u ; 66 2o:oo o ; oo 

S'IIEETFOY 0 . 27 o .so o . oo 0 . 05 2  201 , 00 387 . 00 2 . 00 260 ,00 0 . 45 50 . 70 0 . 05 217 . 00 0 ; 47 11 . 66 20. 00  o : oo 
TOMA'!O o .o8 0 . 31 o . oo 0 , 006 1 5 . 00 0 . 20 0 . 20 190 . 00 1 .  70 o . oo 0 . 24 310 . 00 1 . 20 o . oo  51.00 o : oo 

WAMELON 0 . 0 5  0 . 30 o . oo o . ooo 1 5 . 00 0 . 03 0 . 18 70 . 00 1 .00 o . oo o . oo o . oo 3 . 60 0 , 00 4s : oo  o : oo 
WA.XOOURD 0 . 04 0 . 1 6  o . oo 0 . 005 1 4 . 00 0 . 1 5  0 . 70 122 . 00 0 . 70 o . oo o . oo 0 , 00 0 . 40 o . oo 3 6 . 50 o . oo 



• PART 3 
\.0 
(V) 

R'OD ISOL!>'JCI!OE LE:'CI:m LYSINE US'l'IITONINE CYSTINE PFIZ:lYL.\1.\NINE 'l'Y"K:'SINE THRWl·iiN'E TRYP'K' PH fu'l V�Hl\"S HTl'!'I'!lih"E (V) MG/G P;{)T . MG/G P!.l:>T . !.'0/G PIDT. MG/G PIDT. MG/G PilOT, MG/G P!.l:>T. !.:GjG ProT. MG/G P:()T, MG/G POOT. ��G/G P:t'T. l'G/G P10T. 
A!�CHOVY 338 563 598 229 62 2111 251 321 R3 366 1 6A 
BA!.:IDO 210 34 0 320 71 52 220 131 210 64 260 100 
D.UlANA1 l l O  290 230 36 42 140 72 1 60 72 no · 420 
RU!ANA 110 290 230 36 42 140 72 1 60 72 170 l\20 
JE"C:F 300 550 570 140 75 280 2?.0 2P.O 69 340 220 
B�3:JAP 234 432 344 81 53 266 209 241 63 306 147 

256 406 )00 
. 

94 69 31 2 231 21 9 67 400 1 311 B:Yr !'LS�D 
B\JITALO 252 452 442 14 2 67 230 1117 241 59 262 220 C,\B'9AGE 190 250 260 89 1 30 210 3R 230 )A 230 110 
CI>.J!lAGZC 242 296 148 36 0 58 0 54 27 7 6  1 1 0  CHB 579 , 958 1121 362 108 506 434 542 1 25 633 )62 
CAil.'l01' 120 ·c· 200 190 38 30 1 30 82 1 "0 4 6 1 90 P1 
CAS:iE'I/ 250 400 3C6 56 69 256 1 25 250 lOO 369 1 31 
C!..SSA.VA.S 247 338 544 83 90 202 60 225 72 262 . 1 3 6  
CATFISHF 289 499 5 52 231 77 224 207 274 1 68 404 1 63 
CA'I'FISHS 289 499 552 231 77 224 207 274 61 404 1 63 
CAULIF 302 436 356 99 500 225 88 264 86 347 1 20 
CHICKEX!.! 3 34 460 497 157 82 250 209 2413 64 )lA 1 64 
c!:rc:cr;:-;y 498 456 492 155 81 248 207 246 63 31 4 1 64 
COCX't�l' 280 450 220 llO llO 260 167 190 1 30 3'i0 l :>Fl 
COLI.�nD 375 4 1 3  387 56 65 )56 81 2117 7 5  325 1 1 0  
C() f!}l 240 780 170 llO 1 50 310 140 240 46 340 1 50 
CO :.'PZtJl 277 468 428 65 74 358 Ill) 235 76 2i'4 165 
CO'.'IPEAYn 416 561 374 187 25 442 192 294 63 302 147 
c::cr.11.: B!m 240 390 310 67 26 250 210 240 58 340 1 20 
OORAD 331 505 575 181 87 2A1 225 275 61 337 1 6A . 
D!iCK 418 575 589 1 96 1 02 312 261 310 80 3911 1 64 
EEL 21lO 510 )130 170 59 230 260 . 300 58 )60 1 30 
EGCDK 403 568 506 450 79 343 269 271 106 4 64 1 34 
EGG HEN 378 547 417 192 1 50 348 240 302 106 4 37 1 60 
EGGPLI'l.\"1' 270 380 330 71 33 260 240 230 5 1  320 1 30 GIZ:O:C!IIC 344 577 510 141 67 349 201 322 67 306 1 06 
GIZZDUCK 344 577 51 0 141 67 349 201 322 67 396 106 
GO \BN 234 432 344 81 53 266 209 241 63 306 147 
eo �r::w:Y 331 505 575 lll1 87 281 225 275 61 337 1 6A GR�PS 50 1 30 140 210 lOO 1 30 llO 1 70 25 170 230 
GUAVA. 6) 14 6 292 10  4 2  104 42 1 2 5  A3 1 'i6 64 
HA:t!lT.UL 249 379 501 151 62 1 99 194 224 57 344 1 611 
HEA'l'!'SF 464 581 622 220 79 273 217 272 63 326 179 
HE,!.:l'!'HOC 41l8 498 615 244 90 291 22il 293 6) 350 1R2 
IVY:AIU<ID 180 380 320 34 27 240 200 220 72 240 1 20 
LE:.:ON 188 3 28 219 94 156 11\8 266 188 63 1 72 64 
LIVE!UlF 368 598 501 211 80 369 227 248 92 440 1P5 
LIVERHOG 448 583 492 199 99 2P.8 212 250 77 356 1 66 
LIVERDK 456 575 438 1 63 7 5  269 188 238 63 31 3 1 1 9  
LIV::rtC"r! 456 575 438 163 75 269 188 238 63 313 119 MACK 313 444 719 194 68 188 224 356 5 3 338 220 
l.lACKST 277 425 539 152 68 212 224 247 99 413 220 



• PART 3 
c-("") rooD ISOLEUCINE LEUCINE LYSINE METHIONINE CYSTINE PHENYLALANINE TYROSINE THRIDNINE TRYPI'OPRAN VALINE HISTIDINE 
("") 

MG/G PROT. KG/G PIDT. MG/G PROT. MG/G PIDT. MG/G PROT . MG/G PIDT. MG/G PIDT. MG/G PIDT .  MG/G FOOT. MG/G PIDT. MG/G POOT. 
-

MILKOOII'H 320 590 480 150 50 280 350 270 92 410 160 
MILKDR 398 5131 550 275 20 313 299 263 104 445 191 
MILKF'l;SH 375 626 639 220 86 328 274 364 75 436 1 68 
l:'JLLF:l' 310 550 670 200 85 260 240 280 131 320 200 
MUNGDNST 257 439 586 125 31 344 152 202 118 269 181 
MUNGBNW 257 439 586 125 31 344 152 202 118 269 181 
l>.'USHIDOM 140 230 280 29 33 1 30 120 170 64 160 8"4 
l!USTfJIDG 242 296 148 36 70 58 115 54 27 76 110 
ORA.l'IGE 180 170 . 330 94 75 230 130 94 44 240 94 
ORANGD! 180 170 330 94 75 230 130 94 44 240 94 
PAl'A.YA 63 146 292 10 42 104 42 125 83 156 64 
PEANUT 201 350 210 58 58 261 156 188 69 314 1 37 
PEA.NUTDR 201 350 210 58 58 261 156 188 69 314 137 
PEA.S 360 510 450 25 71 200 220 220 61 610 39 
PERCH 881 1459 1706 550 165 771 660 826 190 963 550 
PIA.PPLE 94 219 225 47 63 156 63 188 78 209 64 
PIG PEA. 419 588 650 169 44 419 225 263 35 400 363 
FQRKL 507 484 584 220 74 248 234 339 61 400 305 
PRAI'INRIV 245 485 500 159 71 253 198 238 63 387 110 
FilA \'INS 245 485 500 159  71 253 198 238 63 387 110 
PUMP'.<: IN 150 213 436 145 330 184 81 242 67 125 91 
RADISH 40 64 42 11 12 42 48 50 13 61 19 
RICEBL 188 450 175 56 81 194 94 150 90 269 113 
RICEBID 285 536 248 141 104 344 295 243 78 403 150 
RICEFLO 277 521 263 146 . 76 338 172 236 76 350 155 
RICEGLUF 188 450 175 56 81 194 94 150 90 269 113 
RICJ:X;LUM 188 450 175 56 81 194 94 .. 150 90 269 113 
RICEJ.aro 277 521 263 146 67 338 172 236 72 350 155 
RICEPA.ID 306 563 219 225 lOO 350 300 288 73 463 188 
SERHEAD 850 1408 1647 531 159 744 637 797 183 930 531 
SESAJ,3 293 487 196 204 62 338 219 295 87 354 168 
SKIMDR 418 583 559 228 24 312 286 283 81 424 161 
SKIMFLU 320 590 480 150 50 280 350 270 92 410 160 
SNAGOURD 256 406 300 94 69 312 231 219 67 400 138 
SNAPPER 319 489 603 193 80 256 249 287 74 441 221 
SOYBN 290 494 391 84 81 341 165 247 76 291 168 
SOYBID' 290 494 391 84 81 341 165 247 76 291 168 
SOY ill< CD 261 448 333 78 78 321 169 170 96 264 191 
SFt:UNGBN 256 369 500 106 25 288 281 300 144 375 144 
SFQGOURD 256 406 300 94 69 312 231 219 67 400 138 
SQUID 314 425 491 152 87 229 222 205 52 399 103 
SWCA.BBA.G 190 250 260 89 65 170 130 210 38 230 110 
S71'EF:l'FQ p 250 400 26o 67 76 260 300 310 79 380 120 
S»EETFFY 250 400 260 67 76 260 300 310 79 380 120 
'IDMA'l'O 81 160 190 31 8 150 190 120 31 87 86 
WAYELON 200 180 640 64 20 16o 120 280 67 160 64 
WAXGOURD 256 406 300 94 69 312 231 219 67 400 . 1)8 
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APPEEDIX 1 2  

ATBREVIATED �: l\.H:ES US 1·�D FOR 

R01:TS J\lTD C OJ,UT"�JS 
1-' r·W t:' L [ ;.: I l� j ;, F  A N T  I SUi-iH A F< Y  

C O L U M N  S UI•W, A ii.  Y 

'+ 5 A t, C H U V Y  4 2  E:l A I'� I3 0 G 4 0  tl A N A f, A 1  4 0  H A N A N A 
'+ 2  t:l E t F  4 3  t:s t� S N A f' 4 0 b 0 T T L E G D  4 2 b L: F F A L O  

... 3 C A B b A G E 4 3  C A B e A G E C 4 6 C A I< b  4 4  C A f;: R O T 

... , C A S H ll\'  3 2  C A S S A V A S  4 6  C A T F ! S H S  4 3  C A U L  I F  

'+ 2  C H ! C K E N Y  4 2  C H  I C I< E N it. 4 5  C UCGN U T  4 4  C O L L A R D 
<+ 3  c vkl\ 4 5  C C �1 P E A D  4 4  C O w P E A Y D 4 0  C U C U� B E R 

... , D O R A B  4 1  O U C K.  4 6  E E L 4 5  E G G D K  

<+ 5  f:. G G H t r< 4 1  t G C: P L A N T  3 4  G I Z Z C H ! C 3 :i  G I Z Z D U C K 
<+ 2  G O A t:l i\ 4 5  G O U RAI'W 4 0  G R A P E 3 ':1  G U A V A  

'+ 6  H A k O T A ! L  4 4  H E A R T B F 4 3  H E A R T  H O G  4 3  I V Y G O U R O  
4 1  L t.' -1 G N  4 6  L I V E F< B F  4 6  L ! V E R C H 4 5  L l V E R D K  
'+ 6  L ! V l:. H H O G  4 5  M A C K  4 6  MA C K S T  4 5  .� ! L K C O W H  

'+ 4  ;"\ J L I( D R  4 5  �1 1 L K F  l SH 4 5  t�.U L L E T 4 5  ."1U 1\ G tl N S T 

4 6  :'-1 U 1\ G t' N W  4 1  M U S H R Ou� 4 4  l'i U S T A R D G  4 3  O R A N G E  

4 3  O R A " G t: M  3 9 P A P A Y A  4 6  P E A I\ U T  4 3  P E A N U T D R  

4 6  P E R C H 4 0  P I  A P P L E  4 6  f-' I G P t: A  4 0  PO R K L  

4 1  1-' U l'! t-' K  1 1'\ 4 6  R A D I S H 4 1  R ! C E B L  4 1 R I C E B R O 
3 '1 R ! C L F L O 4 ()  R ! C E G L UF 4 0  R ! C E G L UM '• 0 R I C E H I P O 
'+ 0 R J C E f' A BO 4 6  S E R H E A C:  4 5  S E S A M E 4 1  S K I M F L U  

'+ 2 S i<. I h D R  � P.  s r, A G O U R D  4 7  SO Y B �, 4 6  SO Y B N F 

<+ 7  S G Y B I K D  4 2  S P H U N G B I'\  4 0  S P O G v U R D  4 5  S QU I D 
4 4  S I·.' C A 8 l:l AG 4 3  S \\· E E T P O P  4 3  T OM. A T C  4 1  viA.'�E L ON 
3 9  'N A X G v U R D  1 5 S U C R 0 S E  3 v: :O. I G H T  1 Dl•i T  
3 6 C A L 2 0  P H L. T 2 F A T 1 C H O  

3 C A  3 p 1 F E  2 NA 

2 K 1 R E T I I\ O L 1 B - C A R O  l T H I A 

1 R I BO l N I A 1 V I T C 1 V I T B 6  
l P A I'\ T C A 1 V I T B 1 2  1 F O L I C  1 MG 

1 MN 1 Z N  1 c u  1 I 

1 V ! H . 1 R I O T J N 1 C HO L I N E 2 C L  

2 V I T D 2 I S O 2 L E U 2 L Y S  

2 :V: E T H 2 C Y S  2 P H E  2 T H R E O  
2 T R Y P  2 T Y R 2 V A L  2 H I S T 
2 L 1 r\vA V I T K 3 5  C A T F I S H F  4 4 P E A S 

3 0  P f.- A I• �. R  I V  3 4  P F< A \-: N  S 3 4  s r, A P P E R  4 4  S \\' E E T PO Y  
2 V I  T A  

R 0 ':; S U '•1.'-� A R Y  

9 6  C O S T  96 loi E I G H T  9 6  [) v,· T 9 6  C A L  

9 6  P F W T  9 5  F A T  9 0  C H O  7 2  F I B  
9 5  C A  9 5  p 9 5  F E  9 3  N A  

9 5 K 4 5 R E T  P� O L  7 8  B - C A R O  9 5  T H J A  

9 5  H J B u 9 4  I\ I A  7 7  V I T C  9 5  V J T 8 6  

9 5  P A c; T ')A 5 1  V I T B 1 2  9 3 F O L I C  9 5  MG 

9 5  ,·�N 9 5  Z N  9 5  c u  9 3  I 
7ii V J T E 8 7  B I O T I N  7 7  C H O L I U E 9 2  C L  
3 7  V I T D 9 1 I S O 9 1  L E U  9 1  L Y S 

9 1  f•; £ T H  9 1  C Y S 9 1  P�tE 9 1  Hi R E O  
9 1  T R Y  f.> 9 1 T Y R 9 1  V A L  9 1  t� I S T  
8 2  L I ''10A 3 3  V I T K 1 S U G A R  2 C A L P R O T L  

2 C A L I- R C T H 2 C A L F A T L  2 C A L F A T H  2 C A L L I N O L  
2 C H OSUL 2 C A L D W T  2 V I  T A  2 C A L V I T A L  
2 C A L V J T O L  2 V I E L J NOL 2 C A L V I T K L 2 C A L V ! T C L  
2 C A L T H I  A L  2 C A L R J B C L  2 C A L I\ I A L 2 C A L B 6 L  

2 C A L fl 1 2 L  2 C A L P A T O L  2' C A L F U L L  2 C A L B I O T L  2 C A L C H O L  2 C A L N A L  2 C A L N A H  2 C A L K L  

2 C A L I(H 2 C A L C L L 2 C A L C L H  2 C A L C A L  
2 C A L P L  2 C A  L .YlG L 2 C A L F  E L  2 C A L l L 
2 C A L C U L  2 C A L Z I'< L  2 C A L M I\ L  2 C A P L  
2 C A P H  2 '  D I S O 2 D L E U  2 D L Y S  
3 O SULA A 3 D A i� O M A A  2 D H t R E O  2 D T R Y P  
2 D V A L  2 D H I S T 2 C I S O 2 C L E U  
2 C L Y S  3 C S U L A A  3 C A H OM A A  2 C T H R E O  
2 C T R Y P 2 C V A L  2 C h ! S T 2 C A L V ! T A H  
2 C A L V I T DH 



APPEND IX 1 3  

F OR D I FFEI?EN1' � ���:TT : ODS OF DRY J J T G  

Prod u c t t y pe a n d  d e tail 

I . V a c uum drying 

Tonw t o  j u i c e  

T omo. t o  j ui c e  

T oma t o j ui c e  at  4 6 . 1 ° 

Eri x , 1 /8 "  d e p t h  on 
t ray - pulp remov e d  

T o:na t o  pu lp 

Orange j ui c e , with 
pulp c on c en t ra t e d  t o  

6 0° Brix 

I I . Foan mat dryin ga 

G e n e ra l  pro d u c t> 

thi c kne s s  0 . 1 - 0 . 5mm 

G e n e ral prod u c t  

T oma t o  j ui c e  at  3�� 
s o li d , 0 . 7% mono­
gly c e ri d e  as 
s t abili z e r , d e n s i t y  

0 . 5 g/ml 

'1' ir:1e and 

t empe r.::; t ure 

7 1  °C for 1 h o ur 

She l f  t e mp e ra t u r e  at 
1 05 °C ,  prod u c t at  57 -

77 0C for 1 hour 

Shel f tempe r 0 t ure at  

93 °C ,  prod u c t  4 9-68 °C 

for  2 hour� , pre s s ure 

a t  2 rm-:: L1�  • 

S h e l f t t: i !1 p c r� t u r e  9 3 ° C  
f or 1 h o u r  

S h e l f  t e mpe ra t u r e  a t  

9 3o
c , 1 t p r o c. u c  

t t t 52 oc e mpe rc- ure a _ 

f o r  Lt 5 r d n u t c s  

0 66  C for few �inu t e s  

0 
4 9 - 1 04 C at the 
b e ginning and 49-7 1 °C 
t oward s the end  

7 7 °C for 8 minu t e s 
and 49� for 4 minu t e s 

T omato  j ui c e  at  30% 
so l i d , 0 . 7% mon o ­
gly c e ri d e  as stabi li z e r  
d ensity 0 . 5 g/ml , 
th i c kne s s  1 /32 " 

77 °C for 1 -2 minu t e s  

339 . 

I�e f e r e n c e  

C opl ey e t  al . 

1 95 6  ( 5 2 )  

Ka u fm;j n e t  al . 

1 955 ( 1 32 )  

E oye 2 1 96 9  ( 1 8 7 )  

roy<:; c 1 969 ( 1 87 )  

T o r r e y  1 974 ( 238 ) 

V an A r s d e l  1 9 73 
( 243 ) 

N oy e s 1 969 ( 1 87 ) 

Van Arsde l  1 973 
( 243 ) 

Van A r c- d e l  1 973 
( 243 ) 



T oma t o j ui c e  at 3�G 
s ol id , u u cr o s e  

d i pv lm i t a t e  a s  

s t r. bi l i ze r , d e n s i ty 

O . L1 glml , 
t h i  c :ill e E s 1 I 4 1 1  
t hi c ��n e r· s 1 18 1 1  
t hi c Ln e .s s 31 1 6 1 1 

t hi c lm e .: s 1 I Lt 1 1 

T orr.a t o  pa st e , 307� 
sol id , r;lyce ryl 
m on o s t e R r a t e  a s  

s t abi li z e r , d en si ty 

0 . 4 glml , fin al 

m o i s t u r e  c on t e n t  25� 
C i t r u s  j ui c e  

Oran ge j ui c e , 5 �� 

s ol i d , s oya b e a n  
p r o t e i n c s  s t abi l i z e r  

d e n si t y  0 . 35 glml , 

fi n al l;, oi s t u re c on t e n t  

301 ;u 

7 1  °C f or 90 minu t e s  
0 8 2  c f o r  1 1 5 �:1 i n u t c s  

77 °C for e o  min u t e f:  

82 °C f o r  ( 0  J:, i n u t c s  

A t  7 1 °C f o r  8 mi nu t es 

and relative h umi d i ty 

a t  5o/ 
;a 

I n  3 s t � re s  o f  d ry in g  

t e mp e r � t u re s a t  89 , 
0 77  and 54 C f o r  t ot e l  

t i me o f  1 ?  � i n u t e s  

T e m p e r a t u r e  r2n ce o f  

82 - 54 °C f o r  1 2  minu t e s  

0 
Ban�n a pas t e , me t h o c e l � t  77 C for 2� hours 
a s  s t abi l i z e r , d ensi ty 
0 . 27 glml , thi c kn e s s  1 14 " 

F o t a t o  paste , gly c e ryl A t  7 1 °C for 60 min u t e s  
m o n o s teara t e  a s  

s t abili z e r  densi ty 

0 . 45 glml , thic kness  

1 18"  

340 . 

� oye s 1 969 ( 1 87 )  

T o rrey  1 974 ( 238 ) 

G rn. h a m  e t  a l . 

1 9 6 5  ( 1 00 )  

T orrey 1 974 ( 238 ) 

T o r r e y  1 974 ( 238 ) 

T orrey 1 974 ( 238 ) 

P o t a t o  paste , glyc e ry l  At  7 1 °C for 60 minut e s  Noye s 1 969 ( 1 87 )  
m on ostearate as 

s t abil i ze r ,  density 

0 . 45  glml , thic lme c s  

1 18 1 1  

aAll t emperature s are ai r t empe ra t ures 



I I I . Drum d rying
a 

Ora n ce j ui c e , 6 0° P r i x , 

s o d i um c a rb oxym e t hyl 

c c ll ul o r:e  as 
t=: t n L i lL �e r , t hi c i;.ne s s  

1 / 1 0 1 1  

0 
A t  1 1 2 r. for 1 0 . 2 

s e c on d s  

A t  1 3 3 - 1 ? 7 °C ,  

p .::·e fc: rt'l c l  o 

t empe r? t ure at  1 4 9 °C , 

for L1 : � c: c on d E: , s t e am . 

a t  90 } C i 

F t · t 20� ·  J · � h t  1 5° - 1  (. 2° r.·· ,  f 20 -·o · a t o  �!a ::�  c ,  _ . ·:· E"O _ l u G H :; _ o r  

fj_ : tal r:wi s t u r e  c on t e n t  

;� \'.T C t  p :J t at o , 1 �)-2�i.:j 
::.o o J i d c , f i n n l  1 :1 o i r- t  u r e  

c on t e n t  2 -4;:� 

m o i s t u r e  c on t e n t  � ;  

T' 1 • �l 1 1 G 1 0c' � unp1'>:ln I a�<::e ,  - .J. , 
s ol i d r , u o i s t u r e  

c on t e n t  2.- 1 1�{, 

D\:c e t  p o t a t o  o r  
pu:·.�JJ l cin 20, i  s o l i d s , 

fin c l  m o :i s t ur e  c on t e n t  

4 . 5 -5 . 0% 

C o ol<;:e d e er; , w i t h  2Cf/; 

wat e r  

s e c on � c ,  c t o � �  n t  

7 5 - 30 pr ·i  

? r;  TJ C i  

1 6 , 20 c C C Oll d B  
d e p e n d in g  on d r u� 

c l e a ran c e;  

f' · ·1 c: 7 ° ( ' r.· + r "' r· • t . t:  :J _, ,  � " '· '" "  a 

70 r s i  

2 0  se c ond s , s t e am a t  
75 - 80 psi 

A t  1 42 °C ,  s t e am at 

L1-0 psi 

34 1 .  

T o r r e y  1 974 ( 238 ) 

T o r r e y  1 974 ( 238 ) 

\f<:m ! r: (l e l  1 973 

( 2 1+3 ) 

' i oyc E: 1 0( 9  ( 1 .37 )  

r oy e s  1 9 69 ( 1 37 )  

� o y e s  1 969 ( 1 87 )  

Van !� r F cl e l  1 973 

( 243 ) 

l1 oye s 1 969 ( 1 87 ) 

Frui t c e re a l  baby fo o d , 

mi x t ure o f  c e re al 

Ra n ge o f  s t eam a t  30- T o rre y  1 974 ( 23 8 ) 

90 psi , pre ferable at 
grain fl our , frui t , 

suga r , mi lk , ve ge t ab l e  

oil ; pre ferab l e  s o l i d s  a t  

25% , final m o i s t ure 

c on t e n t  z;/o 

80 psi 



Hi gh p r o t e in baby 
fo od 

Ei gh s t a r c h  baby food 

At 1 6 5
°

C for 30 
se c onds 

0 
.1\ t  1 5 3 C for 20 

se c on d s  

a 
A l l  t em p e re t ure s are d rum t c mpc r � t ure s 

3f..J.2 . 

Che 8 S V/r1 S ( 42 )  

Che s s\'!aE ( 42 ) 
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APPENDI X  1 4  . \ 

PROD UC T  TE!'·jPE 11!\.T URES DURING VA C UUH 

DRY ING OF T OMA'J' O  J U I CE 

G i v e n  b y  Ko u fm an e t  al . 1 9 5 5  

'r i me , minut e s  T empe r a t ure , QC 

5 - 1 5 
1 0  -22 

20 -22 

30 - 8 . 3 

40 4 . 4 

50 37 . 0 

5 5  57 . 0 

60 80 . 0 

65 77 . 0 

70 5 2 . 0 

7 5  27 . 0 

Gi v e n  b y  Jl Qye s 1 96 9  

T ime , mi n u t e s  T e m pe rn t u r e , QC 

1 0  1 6  

45 49 

65 68 

90 6 2  

1 20 68 



APPEND IX 1 5  

C ONSLn·TER PANEL F ORM 

3 4 4 . 

T h i s i s  an in fan t f o od p r od u c t d e s i gn e d t o s u p p l y  t h e  

d a i l y  r e c u i re m e n t  f o r  T ha i  i n fan t , � fe f r o m  6 m on t h s t o  o n e  

y e a r . '} ' h e pro C. uc  t a �  n d ry r ov:c! c i r:  !;re p a r e d  b y  cl.i s s o  l v i n g  

i n  hot -.-. a t e  r . 

P l e a s e  l O ·J ' ·- ;---. n0 t c:: c t c- t h e  :' r e :r,.-· r e d  p r o ct u c  t c ;  re ful l y  

and r:i ve y o u r  o pi:l i ·Jn o n  t h e  s: c c ·  > tz � :'j_ l i t y  of t h e  c ol o u r , 

t e' s t e  and c on s i st e n c y  by p l CJ c i11 i" : •  t i c k  ( v ) i n  t he s pa c e  

b e s i d e  t h e  opin i on �hi c h  i s  c l o � e s t t o  y o u r own . 

1 .  Ooini on o f  c o l our 

l!l U c h  too dark 

s l i gh t l y  d ark 

j u s t  ri ght 

s l i gh t l y  pal e 

t o o pal e 

2 .  Opin:L o n  o f  c on � i r t e n c y  

m u c h  t o o  t hi c k  

s l i e;ht l y  t hi c �\. 

j us t  r i g h t  

s l i eht l y  t h i n  

t o o thin 

3 . Opi n i on o f  t a s t e  

t oo sw e e t 

sl i gh t ly swe e t  

j u st r i ght 

sl i ght ly bland 

too b l an d  

t o o  s e l t y  

s l i gh t l y  
s al t y 

C omm e n t s  o n  c o l o u r  

C omm e n t s  o n  c on .:- i s t e n c y  

C omm e n t s  o n  t a s t e  

4 .  T a ke e v e rythin g i n t o c on s i d e rat i on , what i s  y o u r  opini on on 

h i gh ly a c c e p t abl e t h e  o v e rall a c c e p t abi l i t y  

ac c e pt able 

j us t  a c c e p t ab l e  

n o t  q ui t e  ac c e p t ab l e  

una c c e p t able 

5 . Any o t h e r  c omme n t s 

o f  t h e  p r o du c t . 
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APPEND IX 1 6  

SC OR ING FOR T HE '-� 0r HF.R.S ' OPJln mrs 

The mo t h e rs t a s ted t he pro d uc t  ind� vid ually and 

rec orded t he i r  O }:inion s a n d  c orrd:le n t r:  0 1 1  the forms . They 

also d i s c u s s e <l  t he J: · r o d u c t  \'ii th t 1 w r;a n c l  o r ga niz e r . T o  

o b t nin an " e.ve ra ce "  opi ni on on t h e  p r o d uc t , t he opin i o n s  

o n  t h e  c on s um e r  pan e l  form we r e ri v e n  s c o r e s  a s  s h o wn 

below and t he m e a n  of t he scor e  wa s d e t e rmin e d . T h i s  �as 

only m e a n t  a s  an indication and in n o  way w a s  s t a t i s t i c a l  

a c c ura c y a s sum e d . 

T h e  des cripti on o n  t h e  form i n  A ppe ndix 1 5  were 

s c o r e d  f r om 5 t o  1 , 5 bein g t h e  t op d e s c ri p t ion a n d  the 

b o t t om ' e s c r i p t i o n � t  1 . For c x n�pJ. e , t he E c o r i n g  of 

c ol o ur opin i o n  \': :� c 

C ol o u r  opi n i on 

m u c h  t oo d 0.rk 

sli ghtl y too d P rk 

j us t  ri ght 

s l i ch t l y  pr1 l e  

t o o  pal e 

-: : c o re 

5 

2 

For ovc r.c1ll <.: c c e p t a b i l i  ty , " h i chly ·-, c c e p t abl e n  w0. s 

s c ore d at 5 and " un a c c e p t a b l e "  at 1 .  

T h e  averCl c·e scores were c ,"1_l c ul [l t e d  an d t he " avera re 

opj_ni o n "  we r e  t ake n from t h e s e  s c o re s . 
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