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AESTRACT

A guantitative model was developed to design a
processed infant food product for Thailand. Linear
programming was used as a basis for the modelﬂ The
model can select not only the raw materials but also the
process, taking into consideration the nutritional
fequirements of infants and the product acceptability.
Furthermore, any changes in the raw msterials, procecs and
product quality can be easily stucdiced with the model.

The model was developed in three consecutive csteps.
Firstly, the Thail infantt's nutritional requirements, 2nd
the composilions and costs of guils-ble indigcenous Thal raw
materials were included in the lincer programming model.
Secondly, the effect of heat processing on the destruction
of the required nutrients was congidered for different
procesces and the nutritional constraints in the mocdel
were modified to allow for the locses during processing. A
mixture of raw materials was chosen by the model for each
process and the most suitable combination of process and
raw materials was selected. Finally, eating qualities were
included in the model which enabled the model to select
the raw materials not only subject to the modified
nutritional constraints but also to the required eating
quality.

To include the losses of nutrients during heat

processing, data on the destruction of nutrients by heat
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processing were collected from the literature to predict
the reaction rate constants at different temperatures.
First order reaction kinetice were assumed. The

Arrhenius relationship between the reaction rate constant
and the reciprocal of the absolute temperature was found
to be generally true for the destruction of 211 vitamins
and essential amino acids. The losses of vitamins and
amino acids during a procesg were thue calculated from the
Arrhenius relationship using the time and temperature
history of the process.

By including these losses of nutrients into the
nutritional constraints in the model, their effects on
the nutritional compoeition and cost of the formulation
were compared for different proceases and a choice was made
of the most suitable process. “evernl cooking and
dehydration processec which could be uced for infant food
processing in Thailand were compared and batch cooking
followed by drum drying was found to be bect.

Consumer evaluation of the drum dried product
suggested a need for improvement in the taste and colour
of the product. Constréints restricting the selection of
sugar and of raw materials with strong colours were
included in the model, and a more acceptable product was
obtained.

This model can be used not only to formulate an
acceptable mixture of raw materials for any process but
also to compare different processes for the production of

an acceptable and cheap infant food.
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THE NEED FOR AT THFANT FOOD IN THATILANWD

The aim of this ctudy is to design a nutritionally
balanced procesced infant food for general use throughout -
Theiland. As far as possible, indigenous raw materials
andé simple processing methods are to be used.

The first problem was to identify the need for an
infant food in Thailand. The precent infant feeding pattern
was stucdiec¢ in order to discover any nutritional deficiencies
and to find the most suitable infant food to introduce.

In this first chapter, the protlems of infant
malnutrition in “hailsand and in particular the present
feeding patterns are cdiscussed. The qualitative
characteristics needed in an infant food and the type of
products availabvle in Thoiland for infant feeding are

identified.

1.1 Relevant information on Thailand

Thailand is an agricultural country, 83 percent of
the population work in farming and/or fishing. The
population was estimated to be 38 million in 1971, with the
rural population as 84 percent of the total population (180).

The country can be divided into 4 major regions. The
Central plain, stretching 4LOO km north from Pangkok,
contains approximately one-third of the population. The
Northeast, centering around Nakorn Rasjasima contains about

one-third. The Northern region centering around Chiengmai



and the Southern region, covering the Thai portions of the

Indo-China Peninsula, contain the remaining one-third of

the country. The area and population by region is shown

in Table 1.1

Table 1.1 Area and Population by Region (180 )

(Area: square kilometers; DPopulation: thousand)
Region Area Population
1960 1970
Central 103,579 8,347 11,332
Northeast 170,226 9,078 12,499
Morth 170,006 5,777 7,763
South 70,189 3,302 4,438
Total 514,000 26,504 36.032

Income per capita differs markedly from region to

region and also between the rural and urban areas as shown

in Table 1.2. Income per capita over the whole country is

about 3600 baht, the highest fipgure is in the Central

region, followed by the South, the North and the Northeast.

Table 1.2 Income Per Capita by Region (180)

Income per capita, Eaht

Region 1968 1969 1970 1971
Whole Kingdom 3196 3440 3480 3692
Northeast 1600 1668 1694 1766
North 2200 2370 2380 2520
South 3098 3376 3430 3482
Central 5692 6158 6304 6702




Even though there are some differences in the
income per capita by different regions, the highest portion
of income in all regions is spent on food with little
difference in urban and rural areac as shown in Appendix 1.

For the general food habits of the Thai people, the
main diet is rice, constituting about 4O percent of the
total expenditure on food. The protein foods such as meat,
pork, poultry and fish account for 27 percent, vegetable
and fruit 11 percent and milk and eggs only 4 percent (179).
The nutritional survey conducted in 1960 by the
Interdepartmental Committee on MNutrition for National
Defence, ICNND, established deficient intakes of vitamin A,
thiamine, riboflavin, while in general calorie and protein
intakes werc rather low but adequate. In 1966, the
Ministry of Fublic lliealth conducting a nutritional survey
of 10 villages in the province of Ubol of the Northeast
region found a similar result to the one conducted in 1960.

Dietary habits during pregnancy and lactation are
observed to be markedly different among individuals (08).
The custom of food restriction during the pregnant and
lactating period is practised in many parts of the country,
in particular rural areas. The restricted foods are
nutritional foods such as meat, eggs and fat (179 ). A case
study in the Northeast revealed that the food intake of a
pregnant woman was short in calorie, protein and almost all
nutrients except phosphorus, thiamine and niacinj; 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 Nutritional status of infant in Thailand

The first year of life is a very important period,
the new born baby must triple his weight and increase his
length by half. Therefore, the food intake at an early age
of 1life is very important, it must be adequate in terms of
quality as well as quantity.

Within the Thai population of 34.15 million in
1970, 5.6 million were children aged from O-4 years. The
vital statistics of Thailand 1970 (171) showed the number
of deaths of children in O-4 year period as high as 22.6
percent of the total deaths with the following age

‘distribution:-

Under 1‘year 2, 1
1 year B .7
2 years 2.7
5 years 2.2
L years 1.9
0-4

Total years 22.6

The mortality rate is high compared to that found

in countries such as U.S.A. and Denmark as shown in Table 1.3

Table 1.3 The Mortality Rate of Children 1-4 Years of

Age in Selected Countries Compared to Thailand (171).

Country Mortality rate per 1000 children
U.S.A. 1.1
Denmark 1.1
Columbia 18.6
Mexico 19.3
Thailand 22.6

El Salvador 26.6




Statistical data on malnutrition of children in
Thailand is scarce and those available are rather out of
date. The survey on the number of malnutrition cases
admitted and the deaths at all of the hospitals in the
country in 1968 by the Ministry of Fublic Health, Table 1.4,
revealed that the major nutrient deficiencies were thiamine,

protein, calorie and iron.

Table 1.4 Cases Admitted and Deaths of Infants by

Malnutrition (Number and Percentage)

whole Kingdom Bangkok Frovincial
Admission Death Admission Death Admission Death
No. % No. % No. % No. % No. % No. %

‘Total 111 100 20 100 43 100 8 100 68 100 12 100

Avitaminosis and

other deficiency 96 86.5 18 90.0 32 74.4 6 75.0 64 94.1 12 100.0
Beri beri 39 25.3 6 30.0 17 39.5 4 50.0 22 32.4 2 16.7
Vitamin A 7 6.2 4 20.0 3 7.0 - - 4 5.9 4 33.3
Malnutrition 21 18.9 3 15.0 5 11.6 1 12.5 16 23.5 2 16.7
Kwashiokor 15 13.5 5 25.0 3 7.0 1 129 12 17.6 4 13.3
Others 14 12.6 - - 4 9.3 - - 10 14.7 - -

Iron-deficiency

anaemia 15 13,5 2 10.0 11 25.6 2 25.0 L 5.9 = -

re=n

In 1968, Dhanamitta and Valyasevi (61) studied the
nutritional status of more than a thousand infants in the
Northeast and found the percent prevalence of malnutrition
based on weight and height ranged from 50 percent of the
subjects on the main road to 95 percent in the remote areas.
In 1974 a study was carried 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 1973, the interministerial



working group for the development of national food and
nutrition policy guidelines for Thailand reported the
problem of malnutrition in Thailand ecspecially in the
preschool children. Approximately 50 percent of children
under 5 years o0ld suffered from malnutrition. Khanjansthiti
and Wray (140) in 1974, looking for evidence of protein
calorie malnutrition (PCM) in 4 slum areas of Rangkok
municipality in children aged from birth to 72 months, found
that the rate of PCM was strikingly high, 83%.63 percent.

The highest percentage was found at the age of 12-17 months
but PCM was found starting from the beginning of 1life as

shown in Table 1.5.

Table 1.5 Percent of PCM in Preschool Children in

Various Categories, by Age in Months in 4 Districts

Age in months

0-5 6-11 12-17 18-23 24=-35 36-47 48-59 60-72

1°PCM  23.0  16.0 28.25 LO.75 27.75 32.5 L45.25 29.0
2°PCM  28.0  31.5 L45.5 27.0 35.5 38.25 25.75 L5.5
39PCM 7.75 15.5 10.5 3.75  5.75 L4.25 2.25 7.0

Total
PCM 58.75 63.0 84.25 71.5 69.0 75.0 73.25 81.5

At Ramathibodi Hospital in Rangkok and Ubol Hospital
in the Northeast, Valyasevi et al. 1974 (240) studied
anaemia in pregnant women, infants and preschool children
and reported a high incidence as one-third of the number of
infants up to the age of 2 years suffered from anaemia.
Therefore, it can be concluded from the literature available

that PCM, vitamin deficiency and anaemia are the major



nutritional deficiencies facing infants in Thailand.

A study under the rice fortification project by
Tantivonse 1969, investigated 1500 preschool children aged
from 6 months to 5 years in the farmer families of 26
villages in Chiengmai ,found that the growth performance of
Thai children could match with the Harvard standard (123)
up to the age of 6 months as long as they are fully breast
fed. It was confirmed by the work of Kanjanasthiti et al.
1973 who conducted studies on the growth of Thai infants
and school children selected from the middle class families
of Bangkok and found that the growth of Thai children at
the start was comparable to those of the North American
standard and became slower after 6 months. This evidence
indicates the need for nutritional solid food. Kanjanasthi
et al. 1974 suggested that nutritionally adequate foods for

weaning periods were urgently necded.

1.3 Reviews on infant feeding practices in Thailand

Generally the infant is started on breast feeding,
the duration for\breast feeding ranging from less than 6
months to more than 2 years. From the survey by the
National Economic and Social Development Roard, NESDR
(Appendix 2) only a few mothers stopped breast feeding when
the infant was between 6 months to 1 year old. About half
continued breast feeding until the infant was between 1-2
years old. The number of mothers continuing breast feeding
until the infant was more than 2 years was quite high.
There were differences in the duration of breast feeding
between urban and rural mothers (179). |

The breast feeding is supplemented by other foods.

The supplementary food varies greatly from region to region

ti
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(242). In Central regions, most mothers feed the infant
first on banana then after 6 months on a mixture of mashed,
boiled rice and banana. Fifty percent of the infants in
Bangkok are introduced to solid foods such as cooked egg
yolk or mashed rice with vegetable or meat soup at the

age of € months or older (179). For the urban poor area,
one-third of the children are introduced to canned milk

and started on carbohydrates as early as 1 to 2 months. 1In
the Northeast, mothers start with a mixture of chewed
glutinous rice, banana and few drops of human milk wrapped
in banana leaf and cooked over a charcoal fire. This
supplementary feeding is introduced as early as 2-3 days
after birth. 1In the North, the supplementary feeding begins
after the first month, the mother chewe cooked glutinous
rice and sometimes banana is added. The change to the use
of mashed boiled rice was reported in some villages in the
study by Halstead et al. 1967 (03). In the South,
supplementary feeding starts around the age of 3 months
with a mixture of mashed cooked rice and banana. Table 1.6
shows the type of food fed to infants aged from birth to 1
year is in general human milk supplemented with banana and

mashed rice.



Table 1.6 Type of Food Fed to Infant (0-1 year)

Food for Infant (O-1 year)

(percentage)

All Pangkok Other

Middle Low
Areas Urban Rural
Tncome Income

100.0 100.0 100.0 100.0 100.0

Breast feeding 3.7 10.0 35.2 36.1 Hdo)
Powdered wilk 8.6 40.0 18.9 14.4 3.9
Sweetened milk 7.3 20.0 8.1 S.4 7.4
Breast feeding and

powdered milk 3.2 10.0 5.4 2.7 2.8
Breast feeding and

sweetened nilk 1.4 16.7 2.7 2.7 1.4
Breast feeding,

banana and

mashed rice 34,7 - 16.2 28.8 39.9
Fowdered milk,

banana and

mashed rice 1.8 10.0 10.8 - 1.1
Sweetened milk,

banara and

mashed rice 2.9 - 2.7 0.9 1.8
Preast feeding,

and vitamin 1.8 - - 4.5 2.8
No answer 3.6 - - - 3.9

It can be concluded from the literature review
that breast feeding is commonly practised and there are
cases where it has been used for too long a period. Mashed
rice and banana are widely used as supplementary food. In
the rural and urban poor areas, the solid food is mainly
based on carbohydrate and is introduced rather early. This
leads to poor nutritional status for infants. The
investigation is needed for an up to date information on
the feeding practices which in consequence will give a

confirmative understanding of the nutritional status of
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infant and identify what are the need of the infant.

1.4 Investigation on feeding patierns

To find the more detailed information needed to
design an infant food, a survey wne made to find what is
fed to infants from birth up to 1 year. Two hundred
mothers with children aged up to 1 year were interviewed
from 4 regions. As it was too costly and time consuming
to do random sampling in each region; 4 towns, one from
each region, were chosen - Pangltok for the Central,

Khon Kaen for the Northeast, Chiengmai for the North and
Pukhet for the South. These mothers with varying socio-
economic backgrounds were interviewed in child clinics or
their own homes. The number of mothers interviewed in each
town was proportional to the number of households in that
region (182), as shown in Table 1.7. The questions used in

the interview are given in Appendix 3.

Table 1.7 The Distribution of the Number of Households

in Thailand and the Number of Mothers Tnterviewed in Ilach

Region
Total population MNumber Percentage Number of

of distribution mothers

households of inter-

household viewed
Yhole Kingdom 324, 397,374 5,908,473 100.0 200
Central 10,611,877 1,821,558 BOWS 62
Northeast 12,025.140 1,952,653 e 67
North 7,488,683 1,363,041 22.5 L5

South 4,271,674 771,221 4.5 26
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The facts investigated in the survey were:
1. Number of mothers breast feeding.
2. Type of other milk used with human milk.
5. The duration the infants were on milk feeding,
both human and other types of milk.
L, Age of infant when solid food was introduced.
5. Types of commonly used solid food.
The result of the survey is discussed with
particular reference to the pattern of milk feeding and

introduction of solid food.

1.4.1 Milk feeding patterns
The use of human milk, dried milk and canned milk

is shown in Table 1.8.

Table 1.8 Milk Feeding Pattern

Number of Mothers Total for Fercentage for
Region all Regions all Regions

Feeding pattern Central Northeast North South
Breast milk alone 10 43 5 3 61 30.5
Breast milk and

milk powder 26 12 24 3 65 32.5
Breast milk, milk powder

and canned milk 6 3 9 9 2?7 13.5
Number and percentage(a)

of mother breast 42 58 38 15 153 ?76.5

milk feeding (67.7) (86.6) 8u.4)  (57.7)
Dry milk powder alone 20 6 ? 8 N 20.5
Dry milk powder and

canned milk - 3 - 3 6 3.0

(a) Percentage given in brackets.

Human milk is commonly used by 76.5 percent of the
mothers in all regions, with the highest percentage of

breast feeding alone in the Northeast. But 23.5 percent of
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the mothers feed their children with some other kind of
milk such as milk powder and canned milk. The figure for
breast feeding in this investigation is slightly less than
reported by NESDB (179) (Appendix 2), nevertheless it
similarly indicates breast feeding as common practice.

The next consideration was how long has breast
feeding been used and Table 1.9 shows the distribution of

different durations of breast feeding.

Table 1.9 Duration of Breast Feeding.

Percentage of mothers with different Percentage

duration of breast feeding of mothers

did not answer

Duration of breast feeding

1 2 -6 7 - 12 (month)

Region

Central 53.3 35.6 11.1 27.4
Northeast 20.9 L7 744 35.8
North 22.9 65.7 1.4 22.2
South 23.5 5]« B 41.1 34 .6
Average for

all regions 32.1 33,6 3.3 30.0

A high proportion of infants in the Central,
approximately 50 percent, are stopped in the first month
and another one-third are stopped between the second and
sixth month. 1In the Northeast, approximately 25 percent
within the sixth month and a higher percentage of 74.4
percent are still on breast feeding up to 12 months. 1In
the North, half of the mothers stop within the first 6
months and the other half between 7 to 12 months. In the

South, the majority of mothers, 89 percent, stop breast
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feeding within 6 months and only 11 percent breast feed
during 7 to 12 months.

About one-third of mothers were breast feeding at
the time of investigation and could not answer when they
would stop. Only the mothers who gave an answer are

tabulated for the duration of breast feeding.

1.4.2 Patterns for the introduction of solid food

Two important points were considered: types of
solid food commonly used and age of infant when different
solid foods are introduced. F¥rom the investigation, there
are 35 categories of solid foods: carbohydrates mainly as
rice and glutinous rice; protein as egg, meat, meat soup
and fish; and vegetable as cooked vegetable and vegetable
soup.

Table 1.10 gives the profile of food material types
commonly used in home preparation. Tt is only a qualitative
inaication of the food material types, and not related to

the quantity given.

Table 1.10 Percentage Distribution of Tifferent types

of So0lid Food Introduced to Infants in 4 Regions.

Percentage of Mothers using Foods

Carbohydrates Protein Vegetable
Glutinous Vege- Vegetable
Region Rice rice Total Egg Meat Fish Total table soup Total
Central 58.5 = 58.5 15.1 12.2 - 27.3 1.3 2.8 T4
Northeast  16.7  39.7 56.4 5.7 1241 18.4 36.2 5.1 2.3 7.4
North 0.9 66.1 67.0 9.2 11.9 0.9 22.0 5.5 5.5 11.0
South 60.0 - 60.0 5.0. - 5.0 10.0 5.0 25.0 30.0

Average for

all regions 34.0 26.5 60.5 8.7 9.1 6.1 23.9 6.7 8.9 15.6
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The age of infant when different solid foods is

introduced, is shown in Table 1.11.

Table 1.11 Age of Infant when Different Solid Foods

are Introduced in Various Regions

Age in months
Region Type of solid Food

Carbohydrate Fgg Fish Meat or Vegetable or
meat soup vegetable soup

Central 3 3 - 3 )
Northeast Within fi}St

month 12 12 12 12
North Within first

month 3 12 6 6
South 6 12 12 6 6

In the Central, solid food is introduced in the
third month and covers quite a combination of food materials.
In the Northeast, carbohydrate is introduced very early
within the first month and other types of food material are
not used until after one year. In the North, carbohydrate
is introduced very early as in the MNortheast, egg is
introduced in the third month, meat and vegetable in the
sixth month, Different from other regions is the South
where solid food is introduced in the sixth month as a
combination of carbohydrate, meat and vegetable soup. Egg
and fish are given later at the age of one year.

From the established fact that an adequate intake
of all essential nutrients can be provided from milk within
the first 6 months (81), the practice in the Central, South

and North as far as age of infant when solid food is
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introduced can be regarded as an adequate practice provided
that the actual combination of solid food gives adequate
nutrients. But the mother in the Northeast introduces the
solid food based on glutinous rice very early within the
first month, and does not introduce other food materials

at all until the infant is one year old.

In the Central area, the infant nutritional status
depends on the quality of milk used in combination with
human milk as half of these mothers stop breast feeding
within the first month, and also depends on the
nutritional value of the solid food given. In the South,
approximately 59 percent keep breast feeding up to 6 months
and solid food is introduced later than other regions. 1In
the North, approximately 84 percent of mothers breast feed
their infant. Solid food is introduced within the first
month, mainly from glutinous rice. Within 6 months, a good
combination of raw materials are given. The nutritional
status of infant in this region does not only depend on
the nutritional value of solid food given but also on the
replacement of the glutinous rice given within the first
month.

In the Northeast, the highest percentage of mothers,
86.6 percent, use breast feeding. The infants in this
region are the most vulnerable group of all regions
considering that 74 percent keep on breast feeding after
6 months. A combination of food sources is only given at
the age of one year, while carbohydrate food mainly
glutinous rice is given in the first month. Obviously,
the infant in this group does need a nutritional food to

replace carbohydrate in the first month and to replace or
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supplement mother milk after 6 months.

Thus, the present feeding pattern reveals a
potential need for a nutritional infant food. The
categories of infants where nutritional food is seriously
needed are: group where breast milk is kept on after 6
months, group where breast milk is given up very early,
group where only carbohydrate is introduced. Even with
the less vulnerable groups, there is the question of whether
the home-prepared solid food gives nutrients to the

requirements of the infant.

1.5 The types of infant food available in Thailand

In order to consider the best food to design,it
was pertinent to observe the types of manufactured products
in Thailand that can be used for infant feeding. The
investigation was planned to determine the type of infant
foods available in the market together with the information
on prices and sizes, and whether it is locally manufactured
or imported. The investigation was performed by
interviewing the retailers in the PBangkok market on the
type of infant food available in the urban area and the
retailers in the Northeast, Khon Xaen, for the semi-rural
area. It involved 10 supermarkets and 15 groceries in
Rangkok and 15 groceries in Khon Kaen. The interview form
is shown in Appendix L.

From the result of the investigation, similar types
of products are found in the Bangkolk and Khon Kaen markets.
This indicates the unrestricted product distribution, even
in a province far from Bangkok. It was presumed that the

types of products found are well distributed throughout

the country.
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The types of available infant food observed from

the investigation can be divided into 2 categories.

1.5.1 Dairy products
The dairy products available are a combination of
imported and locally manufactured products. Table 1.12

lists the available dairy products in the market.

Table 1.12 Dairy Products Available in the Market

Brand Description of Type of Size of Price im Brand Description of  Type of Size of Frice inm
Products Fackage Con;nincr Paht Products Package Container Faht
2
Locally Maoufactured Product Iaported Manufactured Froduct
Alagka Evaporated liquid Rear brand Infant milk powder tin 454 30
ailk can 400 3.50 Lactogen Infant milk powder tin 454 30
Malfl Sweetened Nan Infant milk powder tin 454 30
.50
coodensed nilk  can 400 3.5 Yolly Infant milk powder tin 454 30
t a .
Wilk maid BUC0RED s - 26 Infant milk powder tin 454 4y
condensed milk can 400 3.50
Kie Infant milk powder tin 400 25
Carcation Evaporated liquid
. s 400 5.5 Infanil Infent milk powder tin 454 43
Fush=iit ¥ilk pouder tin 454 27.0 Mamex Infent milk powder tin 454 35
Peslargon Infant milk powder tin 454 3?7
Imported Manufactured Product
Duzex Infant silk powder tin 1135 75
Bear brand Sweetened :
condensed milk can 4,00 5.0 Snow Iafant ®ilk powder tin 450 33
Ravaii Evaporated liquid Lactogen Infant milk powder tin 4S4 20
ailk can 400 3.0 Similac Infant ailkk powder tin 454 49
Dunmilk Sweetened nilk Cerelac Wheat and milk tin 400 33

powder tin 128 5.0

1.5.2 Infant foods other than dairy products

All of the non dairy infant foods available in the
market are imported as listed in Table 1.13.

It is worth noting that there is an experimental
infant food developed by the Institute of Food Research
and Product Development, Kasetsart University, for infants
older than 3 months (30). It is a dry product consisting
mainly of rice flour; other minor ingredients are full fat
soy flour, sesame and brown sugar. It is an experimental
product with only a limited number of the nutrients as

specified by Thai Netificatioen for infants edder than “3
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months, some of the vitamins and minerals are supplemented.

Table 1.135 Types of Infant Food other than Dairy

Products Available in the Market.

Brand Description of Type of Size of Price in
products package container Baht
g
Aurora Instant baby cereal Paper
package 227 23.50
Heinz Paste (carrots,

chicken eoup,

vegetable_soup, egg

noodle and chicken, PRottle 128- 12.50-
apple and pear) 135 16.50
Heinz Teething biscuit Paper
package 114 13.0
Nestum 1ixed cereal Tin 283 15.0
Gerber Paste (vegetable and

lamb, green beans,

oatmeal, cream corn,

mixed cereal, apple

sauce with pineapple, 128-

cereal and egg yolk) PRottle 135 11.50

In considering the type of products available for
infants in Thailand, it can be concluded that dairy
products are the only type of product in general use for
feeding infants. Other foods, though available are all
imported, except for the experimental infant food. The
frequency of using imported infant food was not found in
the conducted survey of infant feeding pattern but it is
considered to be very small. There is a need for locally
produced infant foods and this is only partially met by

Kasetsart infant food. There is a need for a nutritionally

Palanced food whieh would supply &ll of the: Lpfane's
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nutritional requirements and which could be manufactured
in Thailand using only indigenous raw materials.

It can be concluded that, apart from the dairy
products, there is no locally manufactured product for
infants available in the market, despite the need for a

nutritional infant food.

1.6 The need for nutritional infant food

Considering the need for a nutritional solid food
for Thai infants, it is pertinent to consider the
necessity of having solid food and also the age of the
infant at which it should be introduced.

Fomon 1974 stated that a breast fed infant from
a healthy, well nourished mother with adequate calorie
intake obtained most of the specific nutrients except iron
and vitamin D. This is true for infants fed on cow milk
as well because the content of these 2 nutrients are
approximately the same in both human and cow milk. There-
fore, it is desirable to feed solid food in order to
obtain these nutrients not adequately available from milk.
This answers the question when should the solid food be
introduced. As far as iron and vitamin D are concerned,
an infant born from a well nourished mother is likely to
heve adequate storage of iron for almost 3 months. 1In the
industrialized countries where cow milk is widely used,
most of the evaporated milk, commercially prepared formulae
for infants and most fresh whole milk are fortified with
vitamin D. In these circumstances, solid food should be
given preferably after 3 months. In an early study, Marriot
1935 suggested that 6 months was the proper age for

introduction of so0lid fooeds. Butler and Veolmam 1954 did 4
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survey among pediatricians and found that 88 percent
recommended feeding solids before 3 months, 66 percent
before 2 months. This shows the trend in early
introduction of so0lid food. It appears that feeding so0lid
food between 2 and 3 months is preferable and is
recommended. An investigation on how the infant
tolerated the extremely early introduction of cereal and
strained foods was studied by Sackett 1956. Cereal was
fed on the second or third day of 1life, vegetable at age
of 10 days, strained meat at age 14 days and fruit at age
17 days, and the infant was found to tolerate them well.
However, there is no advantageous evidence to such early
introduction of =0lid foods (81).

In consideration of Thai infants, literature reviews
on the nutritional status pointed to the evidence of
malnutrition in particular of protein calorie malnutrition,
iron deficiency and vitamin deficiency in the poor urban
and rural areas. Reviews on the feeding practices
reflected a large number of breast fed infants and evidence
that human milik did not provide an adequate supply of
nutrients, especially after 6 months (228, 139, 235). The
information from the present investigation confirmed the
feeding practices reported in the literature. Though the
practices are different from region to region, it can be
concluded that the practice in the Central and in the South
could supply adequate nutrients provided that the prepared
solid food and milk given in combtination with human milk
are adequate both in quality and quantity. The practice
in the North and the Northeast indicated the evidence of

prolonged breast feeding, leaving the introduction of other
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nutritional foods very late, though solid food based only
on carbohydrate is introduced in the first month.

All this information leads to the suggestion that
having nutritional infant food available to mothers in
different regions will help in solving the problems of
malnutrition facing infants in Thailand. This fact has
already been emphasized by the research workers in the area
of infant nutrition (139). The infants aged from 6 months to
1 year are the group that needs this kind of nutritional
food more than other groups (139, 235). The suggestion of
a solid food will also not upset the good practice of feeding
human milk during the early months, as the infant can only
slowly be weaned onto the solid food. It is equally
important that this infant food must become available in
such a way that it will get used by most mothers i.e., it
must be as cheap as possible, convenient to use and in the
form preferred or required by the mothers. This infant
food must provide balanced nutrients according to the infant
requirements so that it can either be used as a supplement
to milk or as a sole source of nutrients.

Therefore, it can be finally concluded that there
is a need for nutritional solid food that can either be
used by itself as a sole source of food or supplementary to
milk. The age group of infant in most need is from 6 months
to one year, but the mothers might introduce solid food
earlier. Therefore, the infant food should be designed for
infants over 3 months. This infant food must be as cheap
as possible, derive as much of the required nutrients from
the local indigenous raw materials and in the form required

and preferred by the mothers.
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CHAPTER 2

DETERMINATION OF QUANTITATIVE AND QUALITATIVE
CHARACTERISTICS OF INFANT FOOD

It has been discussed that the Thai infant should
have a balanced nutritional food, at the latest by the
sixth month. Therefore it was decided to design a
nutritional food for infants aged from 6 months up to one
year. With the consideration that the infant food might be
needed for infants from 3 months, the quantitative and
qualitative characteristics of infant food were determined
for both groups of infants i.e. for 3 - 5 months and 6 - 12
months. The aim was to design a combination of indigenous
Thai food raw materials to be processed as an infant food
that provided a daily requirement of each nutrient and
complied with the Thai food regulations. What needed to be
considered was firstly, the quantitative characteristics of
the infant food, i.e. the daily requirement of the nutrients
known to have an important role in the growth of infants
between 3 months and one year o0ld; and secondly, the
qualitative characteristics with particular reference to the
mothers' attitudes towards food raw materials, processing,
product and the market feasibility. This chapter discusses
the infant nutritional requirements and also describes the
survey to discover the attitudes of Thai mothers towards
infant foods. From this study, the quantitative and

qualitative specifications for the infant food were defined.
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2.1 Infant nutritional requirement

hccording to Fomon 1974, '"The recuirement of an
individual for specific nutrients may be defined as the
least amount of that nutrient, that will promote an
optimal state of health.'" The recuirement is known to
vary with age, size, rate of growth and level of activity.
Furthermore, the nutrients are known to interact; for
example, the requirement for an individual amino acid
depends on the total consumption of protein, recuirements
of various vitarins depend on intaike of total calorie,
protein, fat, carbohydrate, specific amino acid and other
vitamine. The interrelation between minerals and other
dietary components are also known to be complex. Recause
of the uncertainty in the estimatinn of the requirements
for various nutrients, it is disirable to recommencd intake
in excecs of the estimated requirement. Consequently, the
margin between the erstimated requirement snd the advisable
intake depends on the degree of confidence in the assigned
value and the possible danger in having an excess.
Therefore, advisable intakes, when the nutrient requirements
are well defined, are set at a value slightly greater than
the estimated requirement. ‘When there is less confidence,
the advisable intake is generous and when the estimate of
nutrient requirement is highly uncertain, the advisable
intake can be as high as 3 times the estimated requirement
(81).

Therefore, to specify the cuantitative characteristics
of an infant food, the nutritional requirement of the infant,
with particular reference to the Thai infant, were considered.

However, whatever was specified had also to comply with the
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Thai Notification by the Ministry of Public Health (167)
on the standard for an infant food.

A wide range of nutrients known to have important
roles in infant nutrition was considered. Many literature
sources on infant nutrition and also personal communication
with both New Zealand and Thai paediatricians (111, 241)
were used in defining the requirements of the Thai infant.
The important references were the Thai Notification
(Appendix 5), the drafted infant food standard by Codex
Alimentarius (Appendix 6), relevant report by joint FAQ/WHO
expert groups (125, 126, 127) and the text took on infant
nutrition by Fomon 1974.

It was important to specify the amount of nutrients
necessary to maintain growth and normal health of the Thai
infant.

A number of nutrients are immortant to the infant
(39, 56, 81). Most of these nutrients are recommended by
Codex Alimentarius and the Thai Notification. Nevertheless,
there are other trace elemente such as sulphur, chromium,
cobalt, selenium and molybdenium which are discussed as
important trace elements (81) but are not specified by
either Codex Alimentarius or the Thai Notification. Very
little is known on their metabolism and their exact
requirement by the infant. Furthermore, very limited
information is available on the analysis of these elements
in food materials. Accordingly, it was decided not to
include these elements in this study until more quantitative
evidence for the infant's requirements is available. The
other nutrients that are recommended by the literature and

by Codex Alimentarius were considered in this study; the
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Table 2.1

Infant Food.

25.

The Nutrients Specified in the Design of

Proximate Minerals Vitamins Amino Acids
Analysis

Calorie Sodium Vitamin A Histidine
Protein Potassium Vitamin D Isoleucine
Fat Chloride Vitamin E Leucine
Fibre Calcium Vitamin K Lysine
Sugar Fhosphorus Ascorbic acid Methionine

Linoleic acid

Carbohydrate

Magnesium
Iron
Iodine
Copper
Zinc

Manganese

Thiamine
Riboflavin
Niacin

Vitamin B€
Pantothenic acid
Folic acid
Biotin

Vitamin Bi1e2

Choline

Cystine
Phenylalanine
Tyrosine
Threonine
Tryptophan

Valine

It is worth noting that among all these nutrients,

less is known about the methods of absorbtion, deposition

and excretion of copper,

zinc and manganese.

Cuthbertscn

1973 commented that the addition of these nutrients to

infant food should not be encouraged unless

information is available.

more

As they were specified by Codex

Alimentarius and only indigenous food raw materials would

be used, these elements were specified in this study.

The Thai Notification divides infant foods into 2

categories,

for infants younger than 3 months and for



26.

infants older than 3 months, while Codex Alimentarius
recommends for infants all in one group from birth to 12
months. It is questionable whether a single dietary
recommendation would csatisfy the nutritional requirements
for infants for the whole 12 months. However, the
differences in the specifications by the Thai Notification
arc thst with the older group of infants less nutrients
and a different relationship of sugar and carbohydrate are
specified., It is questionable whether those unspecified
nutrients are not important during that age of 4 to 12
months. Therefore, more nutrients were specified in this
study than were specified by the Thai Wotification, based
on the knowledge of infant nutrition and the recommended
standard by Codex Alimentarius.

Both Codex Alimentarius and Thai Wotification
specify most of the nutrients as related to energy per unit
of 100 kcal. To achieve the daily requirement for each
nutrient, the expression of each nutrient related to energy
will have no meaning in this design unless the minimum
energy intake is also specified. To comply with the Thai
Notification where the nutrient is specified per unit of
100 kcal, it was specified likewise in this study. The
first consideration was to estimate the energy requirement
of the Thai infant. Once the energy requirement was
estimated, the nutrients related to energy were defined so
that taking the recommended energy the infant would obtain
the daily requirement of each nutrient. To define the
minimum level for each nutrient, the following steps were

considered:
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1. For the nutrient specified by the Thai Notification,
the adequacy in providing for the daily nutritional
requirement was checked. The Thai Notification was
used in this design only when it met the advicable
daily intake. In cases where it did not, it was
increased so that at the required energy level, it
gave the advisable daily intake.

2. For the nutrient not specified by the Thai
Notification but where the advisable daily intake
had been established, it was specified as a daily
requirement.

3. When the nutrient is not specified by the Thai
Notification and the advisable daily intake has
not been established in the literature despite its
significance, the infant food standard recommended
by Codex Alimentarius was used.

Likewise, the maximum level especified by the Thai
regulation was studied to ensure that it would not lead
to an adverse effect. 1In cacses where a mavimum level is
not specified by Thai MNotification, it was defined
according to the available information on infant nutrition.
In cases where such information had not been established,
the recommendation by Codex Alimentarius was used.
However, where it was neither specified by Codex
Alimentarius nor available elsewhere, the composition of
human milk was used to derive the maximum limit at
selected energy intakes.

The following sectionsgive the detail on the

extent to which each nutrient was specified.
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2.1.1 Energy requirement

According to the report of a Joint FAQ/WHO Expert
Group (127), the energy requirement is defined as the
energy intake that is considered adequate to meet the
energy needs of the average healthy infant and recommends
that the energy intake is based on body weight. The
requirement per kg of body weight is highest in the first
3 months and lower in the second 3 months. During the
first 3 months, energy requirement can be estimated from
the observed intakes of the breast fed infant growing
normally. After 3 months, the infant is unable to obtain
his full energy needs from human milk alone and the energy
requirement depends largely on the infant's activity.

The average requirement during the first year given

by FAOQ/WHO Txpert Group (127) is shown in Table 2.2.

Table 2.2 Energy Requirement for Infants

Age Kcal per kg
<{ 3 months 120
3-5 months 115
6-8 months 110
9-11 months 105

Average during first

year 112

The recommended intake by the Ministry of Health,
Thailand (168) for energy requirement from birth to 12
months is 660 kcal per day. However it was felt that the
energy requirement of the Thai infant should be based on
body weight rather than being fixed at one value for the

whole group of infants from birth to one year. Therefore
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the available standard of Thali infant body weights as shown
in Appendix 7 (139) was used with energy intakes suggested
by FAO/WHO Expert Group (127). The calculated daily

recommended energy for the Thai infant is shown in Table 2.3.

Table 2.3 Recommended Daily Energy Intake for Thai Infant

Age Average weight Recommended daily?
month kg kcal®

(3 L35 530

3-5 6.56 760

6-8 7.83 870

9-12 8.38 880

8The recommended daily intake is given to the
nearest figure of 10.

Py yeal is equivalent to 4.184 kilojoules.

After 7 months, the calculated daily intake is
higher than the Thai recommendation at 660 kcal. The
consequence of decreasing energy requirement with age and
increasing body weight of the Thai infant gives rise to
approximately the same calorie intake for the infant groups
of 6 to 8 months and 9 to 12 months, but approximately 100
kcal different to the age 3 to 5 months. Because of the
small differences in calculated intakes, it is not
worthwhile to sub-divide the energy requirement for infants
aged 6 to 12 months. The daily energy requirement for
infants aged 6 to 12 months was ecstimated at 880 kcal.
Therefore, the model for the design of infant food considered
2 categories of estimated daily energy requirements i.e. at

760 kcal for infants 3 to 5 months and 880 kcal for infants
6 to 12 months.
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2.1.2 Protein requirement

The FAO/WHO committee on protein requirement (127)
suggests that, '"the most useful criterion of an adequate
protein intake is a growth rate that meets accepted
paediatric standards'". The safe level of protein intake
for infants aged 3-6, 6-9 and 9-12 months are given as
1.85, 1.62 and 1.44 g of protein per kg of body weight
respectively. BRased on the average weight of Thai infants
and recommended daily energy intakes (Table 2.3), the
equivalence of safe .level intakes of protein per 100 kcal
at different ages are 1.60, 1.46 and 1.36 g respectively

as shown in Table 2.4.

Table 2.4 Safe Level of Protein Intake for Different

Age Groups of Infants

Age Weight Safe level Calculated Recommended Safe level

month of of protein protein daily energy of protein
Thai intake intake per intake, intake per
infant per kg day kcal 100 kcal
kg
6-8 7.83 1.62 12.68 870 1.46
9-12 8.38 144 12.07 880 1.37

For the concept of advisable intake, Fomon 1974
observed that 1.6 g of protein per 100 kcal from a milk
based formula appeared adequate to support normal growth
for the first 6 weeks of life and estimated that 1.4 g per
100 kcal would be adequate during the remainder of life.
It is worth noting that human milk ratio of protein to

calorie is 1.5 g per 100 kcal. In setting the advisable

intakes of protein, Fomon 1974 increased the estimated
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requirement by 20 percent to allow for any uncertainty in
the estimation. Therefore, his advisable intake is 1.7 g
per 100 kcal from age of 4 months to one year.

It is specified in the Thai NMotification per 100
kcal that '"the infant food must contain not less than 1.8
g and not more than 3.5 g of reference protein; as for
other proteins either whole or part those proteine shall
have consumable value not lees than 70 percent of the
protein of egg." Codex Alimentariue recommends slightly
different by using casein as reference protein and specifies
not less than 1.3 g and not more than 4 g per 100 kcel and
quality of protein must not be less than 85 percent of
casein.

Therefore in specifying protein, it is necessary
to not only give minimum levels, but also to define the
protein quality. The protein quality can be defined by its
amino acid composition as well as by other biological
evaluations such as protein efficiency ratio (PER),
biological value (BV) and net pfotein utilization (WFPU).
Amongst these factors, amino acid composition is well
established and readily available. It was impossible to
find biological values for all the raw materials. It was
realized that digestibility should be included with amino
acid pattern to give a more accurate estimation of the
biological values, but these figures were not available.

Therefore, the protein quality was considered only in terms

Carmel, J. (The prediction of diets of high energy and protein value by
linear programning. Fcology of Food and 'rutrition 5:101-177, 1976.)

used NDP Cal ¥, an index specifying the nutritional relationships between
protein quantity, protein quality and energy. Protein quality was based

on the A/E ratio i.e. the ratio of each individual essential amino acid to
the total essential amino acids. This is basically the same presentation

of protein quality as in this thesis, and does not include the digestibility.
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of the amino acid composition. As the Thai Notification
refers consumable value to egg protein, it was therefore
decided to use egg protein as reference protein.
Specification at 1.8 g per 100 kcal by Thai Notification
and Codex Alimentarius covers the safe level of protein
intake suggested by FAO/WHO (127) as in Table 2.4 and Fomon
suggested only 1.7 g per 100 kcal at the age of 4 months

to one year. Therefore, the specification by the Thai
Notification was used at 1.8 g per 100 kcal, using egg
protein as the reference protein.

The next consideration was how to obtain the minimum
amount of reference protein,i.e. egg protein,when different
food materials were to be used in the design. They were
chosen to give an amino acid mixture as similar to egg
protein as possible. The question was the amount of the
other proteins needed as compared to the amount of reference
protein. For the amount of mixed proteins, the correction
factor can be applied (127) if the protein quslity of the
designed food is known. For example, if the protein
quality is at 70 percent egg protein, the correction factor
at l%% will make minimum value at 1.8 equivalent to 2.6
and the maximum value 3.5 equivalent to 5.0.

Logically, one would go for the best quality of
protein as much as possible. The problems arise in
obtaining high levels of amino acids as well as maintaining
other nutrients at their satisfactory levels. Edwardson
1974 found that the cost of a food mix increased with
increasing amino acid levels. Whether the increasing levels

will create difficulty in maintaining the requirement of

other nutrients in this infant food model will have to be
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confirmed. But from Edwardson's work and from the Thai
Notification, the 70 percent level of egg protein could
be used as the minimum limit. The actual level of amino
acids to be used in the infant food will be obtained by
experimentation with the model. Once this is known, the
amount of protein needed can be adjusted according to the
ouality of protein.

However, it is known that a high percentage of
calorie from protein, at 20 percent or more, results in
renal disease especially with infants of low birth weight
(81). 1In applying the correction factor, the upper level
of prrotein at 5.0 g per 100 kcal is eccouivalent to 20
percent. Though correction should te applied to both
upper and lower levels, it chould te within limite and
not leac¢ to high loading on the kidney. "hue, the minimum
and maximum protein contents per 100 kcal were set temporarily
at 1.8 g and 3.5 g until more information would be obtained
from the experiments with the model.

Therefore, the minimum ancd maximum protein content
per 100 kcal were specified at 1.8 and 3.5 g respectively.
The protein quality was expressed by its amino acid

composition as compared with egg protein.

2.1.5 Eessential amino acids reouirement

There are 11 essential amino acide known to be
necescary for infants (81, 127). Sfuggested pattern of
escential amino acids for infant feeding is given by FAOQ/
WHO report as shown in Table 2.5. Human milk.composition

is also given in Table 2.5. It is suggested by the Thai

Notification that protein quality provided by infant food
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must all together not be lower than 70 percent of the
quality 6f egg protein.

Therefore, the escsential amino acids pattern in
egg 1s used as standard and the minimum value of essential
amino acids derived from all the fond materialsmust not be
lecs than the value at 70 percent of amino acides in egg

R

exrresced in mg per g of protein as cshown in Table 2.5.

Table 2.5 Comparison of amino acids in egg, human milk

and FAO pattern

Escential Lgg Human FAO/WHO 70 percent
amino acid milk sugrected of egy amino
pattern acid

mg of amino acid per g of protein

Histidine 22 20 14 154
Isoleucine 54 62 35 =S rat )
Leucine 86 91 80 60.2
Lysine 70 66 52 49.0

Methionine and

Cyestine 57 L3 29 5.9
Phenylalanine

and Tyrosine 93 99 63 65.1
Threonine L7 L5 Ll 32.9
Tryptophan 17 16 8.5 11.9
Valine 66 6L L7 4L6.2

2.1.4 Fat requirement

It is known that with the exception of escsential
fatty acids;linoleic and arachidonic acid,in small amount,
it is not absolutely necessary to include fat in the diet

(81). However, a diet exceptionally high in protein and
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carbohydrate may give rise to diarrhoea and dehydration
in some infants. The high calorie density of fat appears
to be a particular asset during the early months of life
when energy requirement per unit of body weight is high.
On the contrary, a diel extremely high in fat and low in
cartohydrate content may give rise to ketosis (81).
Nevertneless, little evidence is known to define the term
"extremely high'". Fomon 1974 found from his clinical
experience that the infant diet often provided 30 to 55
percent of calories from fat.

The Thai Notification specifies the minimum and
maximum fat per 100 kcal at 2 g and 4 g which are
equivalent to 18 percent and 36 percent of calories from
fat respectively. Codex Alimentarius recommends higher
at 3.3 g and 6 g per 100 kcal, equivalent to 30 and 54 |
percent of calories from fat. The Thai Motification is
considerably lower than Codex Alimentarius and Fomon's
observa£ion. The maximum fat per 100 kcal will have to be
defined according to the Thai Notification at 4 g per 100
kcal but the minimum fat content can possibly be modified,
provided it is not less than 2 g per 100 kcal. Tt is an
area where experimentation can be designed to investigate
the feasibility and benefit of increasing the fat lower
limit. However, to use as a basis for further study, the
Thai Notification was temporarily specified.

Therefore, the minimum and maximum contentsof fat
per 100 kcal were specified at 2 g and 4 g respectively.

Linoleic acid is known to be responsible for
growth promotion and integrity of the skin (2, 81). When

linoleic acid accounts for 1 percent of calorie intake
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i.e. 111 mg per 100 kcal, health appears normal. In the
Thai Notification, linoleic acid is specified at 200 mg
per 100 kcal which is equivalent to 1.8 percent. It is
notable that the 1linoleic acid recommended by Codex
Alimentarius, 300 mg per 100 kcal, is higher than the
infant appears to need. As what is required by the Thai
Notification covers the infant nutritional requirement,
it was used in this study.

Therefore, the minimum content of linoleic acid

per 100 kcal was specified at 200 mg.

2.1.5 Vitamin A requirement

In the review by Rodriquez and Irwin 1972 , an
infant receiving 2% to 35 I.U. of vitamin A per kg of body
weight per day develcped normal weight gain and normal dark
adartation. Using Thai reference body weight (139), the
estimation of vitamin A daily requirements for infants at
age of 3%-5, 6-8 and 9-12 months were 199, 235 and 248 I.U.
recpectively. Fomon 1974 estimated the requirement of
vitamin A to be 30 I.U. per kg of body weight per day. He
estimated the daily requirement cduring the first year to
be 250 I.U. and set the advisable intake at 500 T.U. per
day. This is equivalent to 57 and 66 I.U. per 100 kcal
based on recommended energy intake, Table 2.3. The Thai
Notification and Codex Alimentarius specify the minimum
vitamin A per 100 kcal at 250 I.U. which well covers the
requirement of an infant during the first year as discussed
earlier, so it was used in this study.

Therefore the minimum vitamin A per 100 kcal was
specified at 250 I.0.,

However, the maximum limit of vitamin A, which is
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not specified by the MNotification but is 750 T.U. by Codex
Alimentarius, was brougit into consideration because of
the hazards of vitamin A over-dosape. FPersson et al. 1965
reported five casec of vitamin A toxicity develoring in
infants less than 6 months of age. In one instance, 18,000
IT.U. of vitamin‘A were taken daily for 3 months and in 3
instances, 22,500 T.U. of vitamin A daily for one to one
and a half months. Therefore, a particular value mucst be
cet for the maximwa 1limit for vitamin A. In this
circumstance where no exact value is established for the
ceiling intake of vitamin A, the value recommended by Codex
Alimentarius was used.

Therefore, the maximum vitsamin A per 100 kcal was

specified at 750 T.U..

2.1.6 Vitamin D requirement

The requirement for vitamin D during infancy is
known to be between 100 and 200 I.U. per day (49).
Regular intake of the advisable amount of vitamin D is
important becouce 1little vitamin D is stored in the body.
Though the Thai Notification does not specify vitamin D,
it wag considered important to include it in this study
as only 22 I.U. is provided from a litre of human milk.
An intake of 400 T.U. which is twice as much of the
reguirement is suggecsted as the advisable daily intake
(81). This is equivalent to 45 - 53 T.U. per 100 kcal
based on recommended energy intakes, Table 2.3. Codex
Alimentarius recommends vitamin D at 4O T.U. per 100 kcal,
€lightly less than given as advisable intake by Fomon
1974. Therefore, the advisable daily intake suggested

by Fomon at 400 I.U. was specified for the minimum
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vitamin D requirement.

Apart from the importance of trying to reach a
certain level of vitamin D, it is also important that the
intake of vitamin D must not be too high because of
evidence of toxicity. It was found that vitamin D daily
intakes of 3000 to 4000 TI.U. resulted in cases of
hypercalcemnia (26). Fomon 1974 recommended to avoid intake
greater than 1000 I.U. per day. fodex Alimentarius
recommended the maximum at 100 T.U. per 100 kcal. As for
vitamin A, recommended maximum limit by Codex Alimentarius
was specified for vitamin D i.e. at 100 I.U. per 100 kcal.

Therefore, the minimum vitamin D was specified at
LOO TI.U. daily and maximum limit was at 100 I.U. per 100
kcal.

2.1.7 Vitamin E requirement

The amount required by infant is uncertain, though
infants receiving low intake of vitamin E or failing to
absorb vitamin E demonstrated the same symptoms to those
seen in experimentally produced vitamin E deficiency in
animals (81). It is found that the infant maintains
satisfactorily a concentration of « - tocopherol in plasma
with a diet with vitamin E to polyunsaturated acid ratio
of O.4 mg per g or 0.54 I.U. per g (151), taking 0.74 mg
of natural form of D%~ tocopheryl acetate equal to 1 I.U..
In human milk, the ratio of vitamin E to linoleic acid is
in the range of 0.32 - 0.48 I.U. per g. The Thai
Notification and Codex Alimentarius specify the requirement
of vitamin E related to intake of linoleic acid at 11I1.U.

per g which covers the ratio in the diet discussed earlier

and twice as much as the ratio in human milk. This ratio
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was considered adequate for the nutritional requirement
of an infant and was used for this study.

Therefore, the minimum amount of vitamin E was
specified related to intake of linoleic acid at 1 I.U. per
g of linoleic acid.
2.1.8 Vitamin K requirement

The recguirement of vitamin ¥ is believed to be not
greater than 5 mcg daily (48). Fomon 1974 suggested 15
mcg as advisable daily intake. Human milk generally
provides less vitamin K than cows milk i.e. 2 mcg compared
to 8.7 mcg per 100 kcal respectively. Vitamin K deficiency
in new born period is more common in breast fed than in
formula fed infant (232). The United State Committee on
NMutrition (50) recommended strongly that new born infant
should receive a parenteral dose of phytylmenaquinone soon
after birth. Though the Thai MNotification does not recuire
vitamin K for infants older than 3 months, it was considered
beneficial to include vitamin K in this study because breast
feeding is common in Thailand. Furthermore, vitamin K
deficiency has been reported when unsupplemented formula
such as soy isolate formula has been used (174). Codex
Alimentarius recommends vitamin K per 100 kcal at 4.0 mcg
which is approximately 35 mcg per day. However, the daily
requirement is suggested as 5 mcg per day and the advisable
daily intake as 15 mcg, so the advisable daily intake was used.

Therefore, the minimum daily intake of vitamin K

was specified at 15 mcg.

2.1.9 Ascorbic acid requirement

Requirement for the infant is estimated to be 10 mg



daily (109, 257). The Thai Notification specifies the
requirement of ascorbic acid at 10 mg per 100 kcal, which
in effect will provide approximately 7 to 9 times of the
estimated daily requirement. Slightly less ascorbic acid
is recommended by Codex Alimentarius i.e. 8 mg per 100
kcal. Though the Thai Motification is higher than the
requirement, there is no evidence of toxicity of large
doses in human (144, 222). As it is the minimum level
that one has to comply with, the Thai Notification for
ascorbic acid was used in this study.

Therefore, the minimum ascorbic acid per 100 kcal

was specified at 10 mg.

2.1.10 Thiamine requirement

Requirement of thiamine is known to relate to the
metabolism of carbohydrate. On the basis of human and
animal studies, the requirement for thiamine is estimated

at 0.02 mg per 100 kcal (81). Human milk can provide
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adequate thiamine, it contains 0.021 mg per 100 kcal. The

Thai Notification specifies the minimum requirement of

thiamine at 0.05 mg per 100 kcal which will provide

approximately twice as much of the requirement per 100 kcal.

Codex Alimentarius recommends slightly less at 0.04 mg per

100 kcal. The higher value in the Thai Notification is

likely the consequence of vitamin deficiency in Thai infants

as discussed earlier.

Therefore, the minimum thiamine per 100 kcal was

specified at 0.05 mg.

2.1.11 Riboflavin requirement

The requirement of riboflavin is found to depend on



energy metabolism (29). Fomon

L1,

1974 (81) estimated the

requirement from the riboflavin content in human milk

(0.05 mg per 100 kcal) to be O.

34 mg per day during the

first year of 1life and hence sugrested the advisable intake

to be 0.4 mg per day.

The Thai Fotification specifies

minimum requirement of riboflavin at 0.07 mg per 100 kcal

which will provide approximately 0.53 to 0.62 mg daily,

based on recommended calorie intakes (Table 2.3).

Codex

Alimentarius recommends slightly less at 0.06 mg per 100

kcal.

It is noticable that ascorbic acid,

thiamine and

riboflavin are specified by the Thai Notification at higher

values than Codex Alimentarius

advisable intakes.

and higher than the known

This may be the consequence of the

vitamin deficiencies evident during infancy in Thailand

(Table 1.4).

As riboflavin specified by the Thai

Notification well covers the nutritional requirement, it

was also specified for this study.

Therefore, the minimum

specified at 0.07 mg.

2.1.12 Niacin, Vitamin B6 and
These vitamins are not
Notification for infants older
their important role in infant
considered in this study.
Niacin. Niacin requirement is
as is thiamine and riboflavin.

niacin can be synthesized from

tissues (39).

for the synthesis of 1 mg bf niacin.

riboflavin per 100 kcal was

VYitamin B12
specified by the Thai
than 3 months. Recause of

nutrition, they are all

related to energy metabolism
Under suitable conditions,

tryptophan in mammalian

Approximately 60 mg of tryptophan is required

However, the synthesis

of niacin from tryptophan in this study was ignored because
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tryptophan was defined related to protein cuality as
already discusced in 2.1.3. The minimum amount of niacin
that will prevent pellagra in the acdult is reported at
O.44 mg per 100 kcal (39). Fomon 1974 estimated the niacin
recuirement for infante to be 4.1 mg per day at age of 6
monthe and hence listed the advisnble intoke of niacin
from birth to 3 years at 5 mg per day. TIased on recommended
energy intakes (Table 2.3) this advisable intake of niacin
expressed per 100 kcal is at 0.57 mg and 0.€6 mg for 3-6
months and €-12 monthe respectively. Codex Alimentarius
recommended at 0.25 mg per 100 kcal, less than advisable
intaxe. As discusced earlier in 2.1, when the advisatle
intaxe has been ectaltlished, it was used in this study.
Therefore, the minimum deily intake of niacin ves
specified at 5 mg rver cday.

Vitamin B6 recuirement. The reccuirement of vitamin PE is

known to relate more to protein content than to calorie
content of the diet. Fomon 1974 precsumed that the
concentration of vitamin E6 in m~ture human milk was
adequate for infants during the first year of life and
suggected an intake of 9 mcg per g of protein as an
approximation of the reqguirement. He suggested O.4 mg as
advisable daily intake. Ueing this daily intake with the
recommended energy intakes (Table 2.3), the advieable
vitamin B6 per 100 kcal for 3-6 and 6-12 months were
0.045mg and 0.053 mg respectively. Codex Alimentarius
recommends vitamin B6 at 0.035 mg per 100 kcal. Therefore,
the daily advisable intake was used in this study.

The minimum daily intake of vitamin B6 was specified

at 0.4 mg.
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Vitamin R12 reguirement. Despite being known to be

involved in methylation of choline, eerine, methionine
anc¢ in the pyrimidine and purine metabolism, there is
little evidence availsble for the infant requirement for
vitemin R12. The brea:rt fed infant is estimated to have
approximately 0.3 mcg of vitamin EB12 daily (125). The
deily intake of vitamin B12 is recommended by the Joint
FAO/Y%HO Expert Group (125) to be 0.3 mcg for infant during
the firet year of life. Based on the recommended energy
intakes (Table 2.3), the reauired intake per 100 kcal is
at 0.034 mcg and 0.039 mcg respectively. Though Codex
Alimentarius recommends at a higher velue i.e. at 0.15 mcg
per 100 kcal, the recuirement of vitemin R12 is expected
to be less than 0.3 mcg daily (81). As for niacin and
vitamin E6 , the estimated dasily recuirement was used in
this etudy.

Therefore, the minimum daily inteske of vitamin E12

vas specified at 0.3 mcg.

2.1.13 Pantothenic acid, folic acid, choline and biotin
reguirements

There is lecss information for the specific needs
during infancy for these vitamins. Although pantothenic
acid and biotin are important as catalysts, they arec not
known to be essential for infants (39). In fact, these 4
vitamins are not specified by the Thai Notification for
infants older than 3 months. As it is uncertain that the
infant does not require these vitamine, it was decided to
include them in this study.

The infant requirement for folic acid has been

estimated at 20 to 50 mcg per day (231), and 50 mcg per day
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is equivalent to 5.7 to 6.6 mcg per 100 kcal respectively
based on the recommended energy intakes (Table 2.3). Codex
Alimentarius recommends pantothenic acid, choline, biotin
and folic acid at 300 mcg, 7 mg, 1.5 mcg and 4 mcg per 100
kcal recpectively. It is worth noting that, the composition
of human milk expresced per 100 kcal for pantothenic acid
is 245.3 mcg (81), 12.7 mg for choline (39), 0.56 mcg for
biotin (39) and 6.93 mcg for folic acid respectively (81).
The recommended standard by Codex Alimentarius compares
very well with human milk in the composition of pantothenic
acid, but slightly higher in biotin and considerably less
in choline and folic acid. As discussed earlier in 2.1,
when the exact requirement of infant has not been
ectablished, the recommended value by Codex Alimentarius
was used. Therefore, the pantothenic acid, choline and
biotin were specified as recommended by Codex Alimentarius;
Sullivan's (231) suggestion at 50 mcg per day was used for
folic acid.

Therefore, the minimum pantothenic acid, choline
and biotin per 100 kcal were specified at 300 mcg, 7 mg
and 1.5 mcg and folic acid was cpecified as minimum daily

requirement at 50 mcg (0.05 mg).

2.1.14 Sodium, chloride, potassium, calcium, phosphorus
and magnesium requirements

Fomon 1974 estimated the requirement for these
elements and listed the advisable intakes as shown in

Table 2.6.
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Table 2.6 Estimated Requirements and Advisable Intakes

of Major Minerals at the Age of 4 to 12 Months

Minerals Estimated Advisable
requirement intake
Sodium mg L8.3 138.0
Chloride mg 74 .6 213.0
Potassium mg 78.0 234 .0
Calcium mg 289.0 350.0
Phosphorus mg 110.0 130.0
Magnesium mg 13.5 20.0

Sodium, Chloride, Potassium requirements. As shown in

Table 2.6, Fomon 1974 suggested the advisable daily intake
for sodiﬁm, chloride and potassium to be 138, 213 and 234
mg for infants from 4 to 12 months respectively. There

hes been an incidence of development of hypertension

caused by high intakes of sodium chloride (105). The toxic
effect of chloride and potassium have been well discussed
in various literature (39, 193, 56 ). Therefore, not
only the minimum intake but the maximum intake should be
specified.

The Thai Notification specifies only the maximum
limits per 100 kcal for sodium and chloride at 80 mg and
150 mg respectively. Though the minimum contents of
sodium, chloride and potassium are not specified, they were
considered necessary because of their significance as
discuscsed earlier. PBEased on the recommended energy intakes
(Table 2.3), the advisable intakes by Fomon 1974 per 100
kcal of sodium is at 16 to 18 mg, chloride at 24 to 28 and

potassium at 27 to 31 mg respectively. It is noticable
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that Codex Alimentarius recommends for sodium, chloride
and potassium higher than the advisable intake, i.e. at
20, 55 and 80 mg per 100 kcal respectively.

For defining the minimum contents of these 3
elements, the advisable daily intekes were used in this
study.

Therefore, the minimum deily requirements were
specified for sodium at 138 mg, chloride at 213 mg and
potassium at 234 mg respectively.

For the maximum limits, the Thai MNotification
spccifies only sodium and chloride as mentioned earlier,
the Codex Alimentarius recommends the maximum limits per
100 kcal for all 3 elements at 60 mg for sodium, 150 mg
for chloride and 200 mg for potassium respectively. It is
worth noting that maximum limit of sodium is less than
that specified by the Thai Notification. According to the
discussion in 2.1, the maximum limits of sodium and chloride
by Thai Notification and Maximum limit of potassium by Codex
Alimentarius were used.

[fowever, the excess of these electrolytes are
excreted by the kidney and is referred to as the renal solute
load. The importance in infant feeding is given by Fomon
1974. Renal solute load is derived from the amount of
protein, sodium, potassium and chloride in the diet. It is
known that each g of protein yields 4 mosmol and each meq
of sodium, potassium and chloride contributes 1 mosmol (81).
Using Formon's composition of human and cow's milk, the
solute per 100 kcal from human milk was 10 mosmol and 34
mosmol for cow's milk. The renal solute load of the

specified levels of sodium, chloride and potassium was 32
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mosmol per 100 kcal. It is noticable that this value was
higher than human milx but less than cows milk.

The next consideration was to evaluate the
repercussion of having protein, sodium, potassium and
chloride at these maximum limits on the ability of infants
to concentrate these solutes in urine. The amount of
liquicd taken by infants in terms of milk or liquid food
less the losses through skin and faeces is the liquid left
for renal excretion. There is variation in the atility of
normal infants to concentrate urine above a certain value.
Some normal infants are not atle to concentrate urine above
€00 or 700 mosmol per litre (81).

With the assumption of losses through skin and
faeces of 600 ml and calorie concentration in food of 67
kcal per 100 ml, the concentration of solute to be excreted
in urine based on recommended energy intakes in Table 2.3
can be estimated. It was found to be in the range of 396
to 455 mosmol per litre as shown in Table 2.7 respectively.
As these values were lecs than 600 mosmol per litre, it was
considered safe to set the maximum limits of these elements,
i.e. for sodium and chloride,as by the Thai Notification
and potassium as by the Codex Alimentarius.

Therefore, the maximum limites for these elements
per 100 kcal were specified at 80 mg for sodium, 150 mg

for chloride and 200 mg for potassium.
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Table 2.7 Renal Solutes l.oad of Proposed Specification.

Recommended Liquid Liquid Total mosmol Istimated
energy intakes less the bared on 32 renal solutes
intakes based on 1loss of mosmol per load, mosmol
67 kcal 600 ml 100 kcal per litre
per 100 ml
760 1134 53k k3 455
880 1313 713 282 396

Calcium, Phosphorus and Magnesium requirements. As

suggested by Fomon 1974 in Table 2.6, the daily advisable
intakes for calcium, phosphorus and magnesium are 350, 130
and 20 mg respectively.

The Thai Notification specifies the minimum
requirement per 100 kcal for only calcium at 50 mg. PRased
on recommended energy intakes (Table 2.3),the daily intake
of calcium is in the range of 380 to 44O mg, which meets
the advisatle intake by Fomon 1974. Therefore the Thai
specification at 50 mg per 100 kcal was uced. Though
phosphorus and magnesium are not epecified by the Thai
Notification, they are xnown as important minerals (39, 56)
and were coneidered in this study. As discussed in 2.1,
advisable intakes for phosphorus and magnesium by Fomon
1974 were specified as the minimum requirements. Based on
the recommended energy intakes (Table 2.3), the advisable
intakes of phosphorus and magnesium per 100 kcal were at
15 to 17 mg and 2.3 to 2.6 mg. It is noticable that Codex
Alimentarius recommends these minerals higher than the
advisable intakes. As the advisable intakes of these
elements are known, they were used in this study.

Therefore, the minimum calcium per 100 kcal was
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specified at 50 mg. For phosphorus and magnesium, the
minimum daily intakes were specified at 130 mg and 20 mg.

However, a high intake of calcium together with a
high intake of vitamin D can lead to infant disorder,
hypercalcemia (221). The Pritish naediatric committee (26)
on hypercalcemia, calculated the diet of the infant chowing
disorder as providing approximately 400 T1.U. of vitemxin D
and 1200 mg of calcium. Decause of thie evidence, the
maximum 1limit of calcium was included in this study. <Cince
neither the Thai Notification nor the Codex Alimentarius
clearly specify the acceptable upper limit for calcium, the
upper level normally obtained from human milk waes used.

To set the maximum 1limit based on human milk
composition, the energy intake in excess of the energy
requirement of infant age one year must be chosen as a
yardctick. The minimum energy requirement was increaced
by 50 percent i.e. from 880 kcal to 1400 kcal and the
calcium content from 1400 kcal of human milk was used as
calcium upper limit. TFomon 1974 observed the 90th percentile
of normal American male infant aged 12 - 15 months to be
1430 kcal. Therefore, taking an energy intake of 1400 kcal
ac a criterion to derive the maximum 1limit of nutrient
chould be quite generous for the Thai infant. On this basis
the amount of calcium in 1400 kcal of human milk is 635 mg
(81) so 630 mg was used as daily maximum limit for calcium.
It is notable that this calcium maximum limit is well below

the calcium content found in the diet of disordered infant
(81).
Therefore, the maximum daily intake of calcium was

specified at 630 mg.

Regarding the calcium and phosphorus ratio, it is
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specified by both Thai Nétification and Codex Alimentarius
to be at the minimum of 1.2 and maximum of 2.0. Though
calcium and phosphorus ratio was once believed to be
important and that higher intake of phosphorus depressed
the absorption of calcium, subsequent experiments on the
human have shown that total phosphate intake has little or
no influence on calcium absorption (56, 81). For infants,
the ratio of calcium to phosphorus in human milk
(approximately 2.0 - 2.4) was believed to be effective in
promoting the absorption of calcium; but Widdowson et al.
1963 demonstrated that addition of moderate amounts of
phosphate to the diet of 5 to 8 day old breast fed infants
improved the absorption of calcium and magnesium. However,
in further experiments with artificial milk where calcium
and phosphorus ratio was considerably lower than breast
milk, i.e. 1.31 to 2.0, ¥iddowson 1965 found that calcium
was less absorbed by infants aged 5 to 7 days and absorption
was improved when the infant became 4 to € weeks o0ld. She
found with infants 4 to 6 weeks o0ld that the ratio of calcium
to phosphorus at 1.37 did not impair calcium absorption
compared to human milik; while at ratio 1.31, the absorption
of calcium was found lower than the estimated need for
tissue increment (81). However, the absorption of calcium
is not just simply related to phosphorus, it is also found
to be influenced by the absorption of vitamin D and fat (254).
Being aware of the problem, it was felt that the minimum
ratio of calcium to phosphorus must be adjusted at least to
the ratio of 1.37 as discussed earlier, which is near enough
to 1.4. The ratio at 2.0 is not found to present any

problem in calcium absorption.
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Therefore, the minimum ratio of calcium phosphorus
in this study was specified at 1.4 to 1.0 and the mazimum

at 2.0 to 1.0.

2.1.15 Iron, iodine, manganese, coprper and zinc

recuirements

Iron. It was estimated by Fomon 1974 that the net increment

of body content by iron, during the first year of greatest

need infant, is 214 mg. The extent of absorption is found

to vary widely. Though Schulz and Smith 1958 suggested

that more than 10 percent of dietary iron was absorbed by

most infants, Forion 1974 based his estimated requirement for

iron on 10 percent absorption. e recommended that a normal

infant should receive a cumulative intake of iron at least |
2140 nmg during the fircst year or 7 mg per day. The Thai I
Notification specifies iron at 1 my per 100 kcal. Codex
Alimentariue specifies iron et two leveles = at 0.15 mg per

100 kcal and also 1 ng per 100 kcal, with the condition that
product must be specified as infant formula with iron. It is
worth noting that, addition of iron to food has been obcerved

to remove the ability of humen milk to inhibit the growth of

Escherichia coli in the intestine (31, 53). Hence, for the

young child during the first 3 months where there is an
adequate iron storage, having iron added to food can be
advantageous or cdisadvantageous depending on the hygiene
of the feeding environment. However, with infants from 4
months to 12 months, it is necessary to provide adequate
iron from food. As a minimum of 1 mg of iron per 100 kcal
is required by the Thai Notification and it covers the
estimated iron requirement (81) bacsed on the recommended

calorie intakes (Table 2.3%), it was used in this study.
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Therefore, tge minimum iron was specified per 100
kcal at 1 mg.
Todine. Though iodine is an essential component of thyroid
hormone, the difficulty in the analytical method and the
wide variability in concentration in foodstuff make it
very difficult to establish the requirement (81). As an
example, iodine in human milk is given ty Fomon 1974 at 30
mcg per litre and Salter 1950 reported it to be in the
range of 40 to 80 mcg per litre. However the American Food
and Nutrition Board (181) recommended 5 mcg per 100 kcal
for an infant aged up to 6 months. The Thai Notification
as well as Codex Alimentarius specify iodine per 100 kcal
at 9 mcg, this value was used in this study.

Therefore, the minimum iodine per 100 kcal was
specified at 5 mcg.
Manganese. Though manganese deficiency hac been demonstrated
in experimental animals, the deficiency syndromes in human
beings have not been identified and therefore it is
impossible to estimate the requirement (81). Codex
Alimentarius recommends manganece at 5 mcg per 100 kcal.
Nevertheless, the intake of a normal one year o0ld child
has been reported to be approximately 0.8 mg per day (216)
or 91 to 105 mcg per 100 kcal based on the recommended
energy intakes (Table 2.3). IHuman milk contains 7 - 15 mcg
of manganese per litre. Taking 15 mcg of manganese and 750
kcal per litre of human milk, the manganese per 100 kcal is
approximately 2.0 mcg. It is noticable that observed intake
of manganese is considerably higher than what is available
in human milk and as recommended by Codex Alimentarius.

Cuthbertson 1973 commented that the addition of manganese
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in any form to the infant diet ic unwise until positive
identifiable benefits can be shown. Nevertheless, little
manganese is found in the body of new born infant (2595)

and it is known that manganese is important to human
nutrition (81). As discussed in 2.1, the recommencded value
by Codex Alimentarius was used in this study.

Therefore, the minimum manganese per 100 kcal is
specified at 5 mcg.

Copper. Copper is known to have nutritional significance
from the fact that it is a component in the structure of

many important enzymes (239). Nevertheless, the reauirement
for copper during infancy has not been determined.(Bl).

Price et al. 1970 estimated the copper requirement of 7

to 9 year o0ld girl to be about €0 mcg per kg per day and
Fomon 1974 accepted this value as the requirement for infants
and preschool children, which is equivalent to 52 to 57 mcg
per 100 kcal. Human milk and cow's milk provide approximately
53 to 45 mcg per 100 kcal respectively. Tt is worth noting
that suggecstion by Fomon 1974 and Codex Alimentarius are
approximately the same as provided by human milk. As
discussed in 2.1, the recommended value by Codex Alimentarius
was used in this study.

Therefore, the minimum copper per 100 kcal was
specified at 60 mcg.

Though a certain minimum content must be suggested
for infant food, it was also felt that a maximum limit must
also be defined due to its toxic effect. As discussed in
2.1, when the exact information is not available, the human
milk composition was used. Using the same criteria as for

calcium in 2.1.14, the amount of copper in 1400 kcal was



51-}0

742 mcg and 740 mcg was used as a maximum limit.
Therefore, the maximum daily intake of copper was

specified at 740 mcg.

Zinc. Though it is an essential nutrient (39, 56), there
is no satisfactory method for estimating the requirement
during infancy (81). The requirement of zinc for growth

is calculated to be 0.32 mg daily by Fomon 1974, but the
retention during the first 4 months is found to be less
than 0.3 mg daily. However, zinc balance study with older
infants has not been reported. Human milk contains 3 to 5
mg of zinc per litre. Taking 5 mg of zinc and 750 kcal per
litre of human milk, the zinc per 100 kcal is approximately
0.6€ mg. 7inc is not specified by the Thai Notification
but is recommended by Codex Alimentarius at 0.5 mg per 100
ikcal. As discussed in 2.1, the zinc recommended by Codex
Alimentarius was used in this study.

The maximum limit had to be conesidered for the same
reason as for copper. Using the same criteria as for copper,
the value of zinc derived from 1400 kcal of human milk is
9.2 mg and 9.0 mg was used in this study.

Therefore, the minimum zinc per 100 kcal was
specified at 0.5 mg and the maximum daily intake was

specified at 9.0 mg.

2.1.16 Other requirements by the Thai Notification
Apart from the nutrients required by infants, there
are 2 other specifications set by the Thai Motification.

Energy related to weight of infant food. It is defined

that the energy per 100 g of dry weight of infant food must
not be less Bhan 3550 keal, and if fopd e biquid for drinking,

the energy must not be less than 65 kcal and not more than
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70 kcal per 100 g of liguid food. Therefore, in designing
an infant food, the energy per unit weight must be taken
into account. In food composition table, the moisture
content is given and hence the energy per unit of dry
weight could be easily obtained. For inclusion in the
linear programming model, it is preferahle to base energy
on dry solids. According to Table 2.%, the amount of dry
weight required to give 760 and 390 kcal are 217 g and
251 g respectively. The question was whether the infants
aged 3 - 5 and € - 12 months are able to take these amounts
of dry weight. Observation by Tomon 1974 found the median
intake of American infants to be 18% ml per kg per day.
No such information is available for ™hai infant. 1In
application of this observation to the weight of Thai infant,
the volume expected for infant 3 - 5 and 6 - 12 months are
1240 ml1l and 1570 ml respectively. Therefore,:rthe zpprroximate
ratio of dry food and water would be 1 to 5.7 for infants
3 - 5 months and 1 to 6.3%2 for 6 - 12 months respectively.
Anderson and Fomon 1971 reported thec average ratio of dry
cereal and diluent to be 1 to 7.1 for infants less than 6
months and 1 to 5.5 for infants % to 10 months. Seemingly,
the estimated dilution to use with the energy of 350 kcal
from 100 g of dry weight is in the range reported by
Anderson and Fomon 1971.

Therefore, the minimum energy per 100 g dry weight
was specified at 350 kcal.

Sugar related to carbohydrate. It is also defined that

sugar content must not be less than 20 percent of all
carbohydrate. There is no information on how much sugar

should be taken by infants. It is known that infants
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usually obtain 35 to 55 percent of calorie from carbohydrate
(81). In normal diet of adult in United ¥ingdom, it is
found that 350 g of carbohydrate is taken daily of which
60 percent is starch, 30 percent as sucrose and 10 percent
as lactose (101)., Tn our specification, taking protein,
fat and cafbohydrate as major contrikutors to energy, the
likxelihood of energy derived from cartohydrate is 54 to
71 percent. Therefore, on the basis of 20 percent of
carbohydrate as sugar, the percentage of energy from sugar
is 9.2 to 14.3 percent. How the infant would manare this
amount of sugar is not known evactly. Nost of the
information available on sugar tende to concentrate on
lactose intolerance (134, 135). The availatle data
revecaled the normal sucroce metatolism of Thai children
aged 1 - 24 months, where 2 g of sucrose and lactose ver
kg of body were given (135). ’
Sucrose and dextrose have been reported to te added
in commercial infant foods such as fruit juices, creamed
vegetatle and dessert. A consumer report on baby food,
New 7ealand (224 ), revealed percentage of sucrose in two
instant baby foode at 21.3 and 28.3 percent. This is
equivalent to 24.1 and 27.3 percent of energy derived from
sucrose and approximately 30 to 32 percent of carbohydrate
are in the form of sucrose. Therefore, it seems that the
specification by the Thai Notification is in the practical
range.
As this sugar/carbohydrate relationship required
by the Thai Notification is in the practical range and there

is no evidence against this specified value, it was used in

this study.
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Therefore, the minimum sucrose content was
specified at 20 percent of all cartohydrate.

It is worth noting that lactose intolerance has
been reported in adults in Thailand ( 136 ). However, it
has been found that during infancy there is adequate
enzymes to digest lactose ( 135 ). Keusch et al. 19€9°
found that though the abnormality did not manifest itcelf
during infancy, by the age of 2 years all studied children
revealed lactoce malabsorption or lactose deficiency. As
this study deals with infants from 4 to 12 months, it was

considered not necessary to specify for lactose.

2.1.17 Fibre allowance

Introduction of solid food to infant is in a trend
towards an early age as discussed in 1.6. However, the
solid foods have been suggested to be strained up to about
4 to 5 months (39, 81). Fibre had never been recognized as
an important nutrient until the last 20 years. Suggestion
for the fibre intake was by Robinson in 1956 (207), with
an intake of 90 - 100 mg of cellulose per kg of body
weight. The significance of fibre is known in the laxative
quality and the biochemical effect on the absorption and
reabsorption of cholesterol and tile acids (215). How
important is this biochemical effect to the infant cannot
be discussed due to lack of information. The common
practice is that most food given to infant is either
cstrained, mashed or low in fibre. For instance, fibre
found in commercial strained food such as strained vegetable
is 1.55 g per 100 kcal and strained soup dinner at 0.34 g
per 100 keal (81). PFibre foumd in instant baby food is 6.7
percent by weight or 1.95 g per 100 kcal (224).
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In the design for infant food, one must be aware
that in the selection of raw material, the food will not
come up with a large smount of fibre. Ifevertheless, there
is not adequate evidence to define for maximum limit of
fibre. It is an aspect which will have to be considered

during the design.

2.1.18 The specifications for ctudied nutrients

The specifications are summarized in Table 2.8.

Table 2.8 Specification Set for Infant Food

Nutrients Expressed per Expresced per Other

100 kcal day exprescions

Minimum Maximum Minimum Maximum

value value value value

Fnergy kcal 760 daily for
3-5 months and
880 for 6-12
months

Protein g 1.8 3.5

Essential Pattern of

amino acids essential amino

acids rmust not
be less than 70
percent of egg
protein

Fat g 2.0 L0

Linoleic acid 200.0

mg

Vitamin A I.U. 250.0 750.0

Vitamin D I.U. 100.0 400.0

Vitamin E T.U. 1 I.U. per g of
linoleic acid

Vitamin K mcg 15.0

Ascorbic acid 10.0

mg



Table 2.8 cont'd
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Nutrients

Expressed per

Expressed per

Other

100 kcal day expressions
Minimum Maximum Minimum Maximum
value value value value

Thiamine mg 0.05
Riboflavin mg 0.07
Niacin mg 5.0
Vitamin P€ nmg 0.4
Vitamin B12 mcg 0.3
Pantothenic

acid mcg 300.0
Folic acid mg 0.05
Choline mg 7.0
BEiotin mcg 1.5
Sodium mg 80.0 138.0
Chloride mg 150.0 213.0
FPotassium mg 200.0 234 .0
Calciun mg 50.0 630
Phosphorus mg 130.0
Calcium

phosphorus 1.4 as minimum

ratio and 2.0 as

maximum

Magnesium mg 20
Iron mg 1.0
Todine mcg 5.0
Manganese mcg 5.0
Copper mcg 60 740
Zinc mg 0.5 9.0

Calorie per g

of dry weight

Sucrose as

percentage of

carbohydrate

minimum at 3.5

minimum at
20 percent
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2.2 Qualitative characteristics of the infant food

It is important that the infant food does not only
provide the reqguired nutrients for the infant but also
provides the quality prefefred by the mother and infant.
Though the infant is the ultimate consumer, the mother or
caretaker is the person who will choose, buy and feed the
food to an infant. Usually where the infant is looked
after by a helper, servant or caretaker, the decision on
food is under theé mother's supervicsion. Therefore, the
opinions and attitude of the mother towards infant food
were investigated.

The attitudes of the Thai mother considered
important in the designing of infant foods were related to
types of Thai food raw materials acceptatle in infant
fecding, decirable charactericstics of infant foods, methods
of preparation and handling of infant foods, existing
marketing channels and acceptatle prices of infant food.

An investigation was carried out together with the
invectigation on feeding patterns, the survey form is shown
in Appendix 3. The discussion on the results of the

investigation is given below.

2.2.1 Type of Thai food raw materials acceptable in infant
feeding

The purpose was to find the acceptable types of
food materials for use in the preparation of foods for
infants. As discussed earlier in 1.4.2 and shown in Table
1.10,the types of food materials used by the mothers are
rice and glutinous rice; egg, meat, fish, vegetable and
fruit. For fish and vegetables, it was not possible to

obtain the specific varieties because they were referred
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to by mothers in general as fish and vegetables rather
than by giving the specific names. TFruits also are used
to a considerable extent as shown in Table 2.9 , 118 out
of 200 mothers gave fruits to their infants. The most

commonly used fruit was banana, and to a lesser extent

orange. Other fruits used were pineapple and watermelon.

Table 2.9 Number and Fercentage of Different Types

of Fruits given to Infants in 4L Regions

Number of mothers giving different tyres of fruit

Region Panana Orange Both banana Other Number of

and orange fruits mothers giving

fruits
Central 14 1M 9 1 35
Northeast %2 L 1 3 40
North 17 10 5 5 35
South 5 2 1 - 8
Total 68 27 16 7 118
Percentage 57.6 22.9 13.6 5.9 100.0

Therefore, it can be concluded that there is no
restriction in using various typesof foods. Rice and
glutinous rice are used as basic food materiale. leat,
egg and fish are used together with rice and so are the
vegetables, but to a lesser extent. Fruits are commonly

used especially banana and orange.

2.2.2 Desirable characteristics of infant food by Thai

mothers
Having known that different types of food could be
used for infant, the further consideration was to find the

/

preferable forms and the perception towards taste, colour
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and consistency of infant food. The preferable forms were
investigated in order that the most acceptable process
could we decigned. Only dehydration, canning and bottling
as methods of processing were considered in this study.
Freezing was not considered for two rearons, firstly frozen
storage is not widespread in Thailand sand secondly infant
food hac seldom been procecsed as frozen food. As the
general feeding practice is to give mached rice and btanana
which is a littlec sweet or rice with vegetable and meat soup
whicih is a 1little salty, the perce,tion of taste wae asked
related to sweetnecs and saltiness. The colour was asked
relsted to colour of foodeg generally uced ruch as creamy
colour, light brown or light greenicsh. The consistency of
the designed infant food wculd be governed to an extent by
thie specification of calorie to dry weilght €0 that the dry
infant food once mixed with water was not too thick.
However, the general feeding practice ranges from rmashed
rice with banana or egg which is a thick paste, rice with
soup which can be regarded as medium and liquid milk which
can be regarded as thin. Therefore, the consistency was
asked whether the mothers preferred thick, medium and thin
consistency. It must be noted that these words are merely
an English translation, the interview was in Thai in which
this required meaning can be expressed without difficulty.
As shown in Table 2.10 most mothers preferred the
dry form, next was a ready to use mix in which canning was
preferred slightly higher than bottling. It is suspected
that this is caused by the widespread use of canned
products in Thailand. Obviously, dry infant food was found

to be the most acceptable form.
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Table 2.10 Number and Percentage of Mothers Preferring

Different Forms of Infant Food

Number of mothers

Region Dry powder Ready to use Do not know
bottle can

Central 33 16 5 8
Northeast 29 7 2L 7
North 23 9 12 1
South 16 L 2 L
Total number 101 36 L3 20
Percentage 50.5 . 18.0 21.5 10.0

In the perception of mother towards infant food, the
taste, colour and consistency of infant foods were
investigated. Table 2.11 shows the perception of mothers
towards different tastes. Ey far, elightly sweet flavour
was most preferred and next was a bland flavour. It is
noticable that mothers in the Central and in the South
preferred slightly salty flavour. This is due to the common
practice of giving meat and vegetable soup stock to infant
which is slightly salty. Comments for other flavours were

mild flavour, salty and sour and nutty flavour.

Table 2.11 Number and Percentage of Mothers Preferring

Different Flavours

Number of mothers

Region Bland Little Soup Little Others Do not
sweet flavour salty know
Central 11 2L L 13 10 -
Northeast 18 35 L 1 8 1
North 5 26 9 - 2 -
South 9 10 - L 3 -
Total L3 95 17 18 26 1

Percentage: Bla¥« -dad 85 9.0 1348 O0u®
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For the acceptable colour, Table 2.12 shows the

range of acceptable colours.

Obviously, light creamy colour

is correlated with infant food by the majority of mothers.

Table 2.

12

Number anc Percentage of Mothers Preferring

Different Colours

Number of Mothers

Region Light Any Light Others Do not know
cream colour brown

Central 33 1 7 7 4
Northeast 38 10 8 9 2

North 3L 1 1 9 s

South 22 1 1 1 1

Total 127 23 17 26 7
Percentage 63.5 11.5 8.5 13.0 3.5

For the acceptable consistency, Table 2.13 shows

that the acceptatle consistency of infant food before

feeding is in the range of thick to medium consistency.

Table 2.13 Number and Percentage of Mothers Freferring

Different Consistencies

Region Thick Medium Thin Do not
know
Central 26 18 15 3
Northeast 33 29 1 L
North 19 23 3 -
South 8 16 1 1
Total 86 86 20 8
Percentage 43.0 43.0 10.0 L .0

As far as the acceptable characteristics of the

finished infant food product are concerned, it can be
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concluded that Thai mothers prefer a dry product with

slightly sweet flavour, creamy colour and medium to thick

consistency before feeding.

2+.2.5 Method of preparation and handling of infant food

The purposes were to invecstigate the mothers' nced
of a processed infant food and the methode that the procescsed
infant food would be handled when it is available.

For the preparation of infent food, Table 2.14 shdws
that 4% percent of the mothers prepared food especially for
their infant and 4O percent divided it from the family food.
Sone 15 percent did not answer becauce their infants were
younger than 3% months and solid foods were not given. For
the quantity prepared, 29 percent of mothers prepared for one
feeding at the time, while 15.% percent prepared more than
one feecding and £5£.5 percent did not answer. ECeemingly,
mothers who did not answer either fcd their infants fron the
food prepared for the whole family or their infants were too

young to introduce =o0lid foods.

Table 2.14 Mumber and Percentore of "others 'With

Different Methods of Preparing I'ood for Infant

Number of mothers

Region Preparing food Quantity prepered
Specially Taken Do not ['or one More Do not

from ansver feeding than answer

family one

food feeding
Central 30 16 16 18 1 33
Northeast 20 L0 7 13 7 L7
North 26 15 L 17 9 19
South 4 9 3 10 L 12
Total CAC 80 30 58 31 111

Percentage 45.0 LHOKO 15RO 29.0 15.5_ 554 9
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In discussing whether it is convenient for mothers

to prepare food for infant, the mothers'occupation was
observed. Table 2.15 shows that ac high as 72 percent were
worlkking mothers, either farming or office work.

Statistically 83 percent of the population ies reported to

worx in farming (183).

Table 2.15 MNumber and Percenta;e Distribution of !Mothers!

Occupation

o vlorking mothers

Region Housewife Farming Government Office and factory
office work

Central 2L - 20 18

Northeast 14 27 17 9

North 3 1 32 9

South 15 - 1 10

Total 56 28 70 L6

Percentage 28.0 14.0 35.0 23.0

In this survey, 14 percent of mothers were found to
engage in farming. This may be the consequence of the
selection of mothers from the urban area more than the rural
area. Also, statistical figures included men and women
whereas in this survey only women with young children were
cselected. With this high percentage of working mothers, it
was expected that processed infant food would assist in the
home preparation for infant food.

For the opinions towards having to prepare food for
infant, Table 2.16 showe that 45 percent of mothers found it
convenient, 14 percent found it inconvenient and 38.5

percent did not answer the question, The majerity of.the
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mothers not giving an answer were in the Northeast. It is
suspected to be the consequence of not having to prepare
food for their infant specially, most of the mothers fed
their infante with human milk and glutinous rice. A small
number of mothers in other regions did not answer this
question, they had infants younger than 3 months old.
Despite the high number of working mothers, most of them

did not find it inconvenient to prepare food for their infants.

Table 2.16 Number and Percentage of Mothers with

Different Opinions in Freparing Tnfant Food

Number of mothers

Region Convenient Inconvenient Not sure Did not know
Central L7 5 3 7
Northeast 2 7 1 57

North 29 15 - 1

South 12 1 1 w2

Total 90 28 5 77
Percentage 45.0 14.0 2.5 38.5

In the investigation for the methods by which the
processed infant food will be handled, the available
facilities in the home were observed. It is common in
Thailand that each household in the rural area has an open
charcoal stove and in the urban area has either charcoal
stove or gas stove. In cases where a charcoal stove is
used, boiled hot water is kept in a thermos to save time
in getting the charcoal stove going. In realizing that if
a dry infant food is used, it may need dissolving in hot
water; and if canned or bottled infant food, a refrigerator

may be needed because of the higher susceptibility to
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microbial spoilage of the contents of an opened can in the
tropical environment. Therefore, the investigation was

also made on the availability of refrigerators and thermos

flasks in the houses.

Table 2.17 Number and Percentage of Facilities

Region Having both Having only Not having
Refrigerator thermos either
and thermos

Central 33 28 1

53.22% 45 .16% 1.61%

Mortheast 13 41 13

19.40% 61.19% 19.40%
North 29 13 3

Ol L L% 28 .88% €.66%
South ] 22 1

11.5%% 8L . 629 3.85%
Total 78 104 18
Percentage 39,0 52.0 9.0

As shown in Table 2.17, most households possessed

thermos flasks i.e.

91 percent whereas only 39 percent

possessed refrigerator as well and 9 percent did not possess

either of these items.

In the circumstances where hot water

can be easily obtained, dry infant food will be convenient

to handle by the majority of the mothers..

Though bottled

or canned product is convenient to use, a higher degree of

sanitation during handling is required in comparison to dry

form. The product can be designed to be used for one

feeding but some mothers may not use the whole container

at the time.

difficult for the 61

Once the container ies opened,

percent of mothers without

it wadll be
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refrigerators to keer it away from the spoilage in the
average temperature of 28°C (184). Though refrigerator
does not prevent microbiological spoilage, it makes it
possible to keep the opened container for a few days.
Because of the hygiene and convenience during
handling, dry infant food will fit in with the widespread
use of thermos flacks in the home better than the canned or

tottled infant food.

2.2.4 The existing marketing channels

The dairy based infant foods, the nearest product
to the procescsed infant food,was investigated for the market
distribution. The purposec was to determine the marketing
channels which would have to bc umed for the processed
infant food. Ac the normal marketing channele in Thailend
mey be different to other countriers, a trief description is
given. It ie common in Thailand for a district, either in
the rural or urban areas to have a so called fresh market,
where fresh commodities as well as procecssed commodities
are sold. Apart from this type of market, there is a
grocery type shop scattered around the country. In the big
city, there are supermarkets as well as fresh markets and
grocery shops. Thecse are the normal channels where food
commodities are s=old.

It was found as shown in Table 2.18 that the main
distributing channel for milk based infant food was through
the fresh market i.e. 34 percent and 29 percent through the
grocery, the rest were through health-centre and

supermarket.
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Table 2.18 Number and Percentage of Mothers with

Different Market Channels for Milk-based Infant Food

Distribution

Number of mothers
Region Market Grocery fuper- lHealth Others Do not

market centre answer

and
hospital

Central 6 21 9 19 1 6
Northeast 29 15 3 6 2 12
North 12 18 7 3 1 L
South 21 1 - 3 = 1
Total 68 55 19 31 L 23
Fercentage 34.0 27.5 9.5 Sl 2.0 11.5

According to the existing channels, the procescec
infant food i1s expected to be g£old through fresh market and
grocery shop. Tt was also found that 15.5 percent wans sold
through the health centre and hospital. Difficulty is not
expected in the distribution of processed infant food a2long
the channels of deiry barsed infant food. However, the exact
marketing distribution can be further investigated once the

rrocduct is launched in the market.

2.2.5 Acceptable prices for infant food in relation to
incomes

The purpose was to find the most acceptable price
and the effect of different incomes upon the acceptable
price. First, the incomes of mothers in different regions
were considered. Table 2.19 shows the highest number of
mothers having in the Central an income of 2000 baht per

month, while in the Mortheast having 500 baht and in the
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North and South having 2000 baht and 1000 baht respectively.
On the whole, the highect number was in the income group of
2000 baht. The aver=ge income of interviewed mothers
calculsted from Table 2.19 wacs 1852 baht or approximetely
1900 baht.

Table 2.19 The Distribution of Mothers Tncomes by

Different Regions, Coupnaring to the "'nstional Distribution

Ilumber of mothers
Monthly income, baht
Regions 500 1000 2000 3000 4000 5000 >5000

Central B 8 28 11 5 2 5
Northeast 28 13 15 7 1 2 1
North 3 8 21 2 8 - 3
South 1 14 8 - 2 - 1
Total 35 L3 72 20 16 L 10
Percentage 17.5 21.5 36.0 10.0 8.0 2.0 5.0
Percentage

national 29.0 23.0 25.0 12.0 5.0 2.0 L.0
distribution

Comparing the percentage distribution of interviewed
mothers with the national distribution (183), the percentage
of interviewed mothers was less in the income category of
500 baht but more in the category of 2000 baht. 1In other
categories, the percentage of national distribution and the
interviewed mothers were approximately the same. The average
monthly income calculated from the national distribution was
1753 or 1800 baht. The average income of interviewed
mothers was only slightly higher than the national average.
On the whole, the income distribution of interviewed mothers

compared quite well with the national distribution. It 1is
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expected that the information on prices given by this group
ot mothers should reasonanly point to tne acceptaple prices
of infant food.

However, in asking for the prices acceptable for
daily infant feeding, 60 percent of motners could not
answer tnis question for the reason of not having any
expericnce in buying processed infsnt food (lable 2.21).
The number of mothers answering tnis question was found to
increase with the incumes i.e. from 20 to 26, 42 and 64
percent when montnly incormes increased from 500 to 1000,
2000 and greater than 2000 respectively. '"The acceptaole
prices also increasced wiih monthly incomes as shown in

Table 2.20.

Table 2.20 Number and Percentag’ea of Mothers with

Different Acceptable Prices for Daily Feeding by Income

Categories
Number of mothers
Monthly Acceptable prices, Number and Total
income baht percentage interviewed
categories, of mothers mothers
baht 1 -3 4L -6 8 -15 answering
the question
500 pad L 1 7 35
(28.6) (57.0) (14.3) (20.0)
500-1000 L 6 1 11 L3
(36.4) (54.5) (9.1) (25.6)
1000-2000 6 14 10 30 72
(20.0) (46.7) (33.3) (41.7)
> 2000 11 a 14 32 50
(Sleeh) (21.8) (43.7) (64.0)

aPercentage given in bracket.
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The percentages of mothers accepting price of
8-15 baht increased from approximately 10 percent in the
income of 500 and 1000 baht to 33 percent in the income of
2000 baht and 44 percent in the income greater than 2000
baht. About one-third of mothers in all income categories
accepted the price of 1 - 3 baht. Tsking into account that
only 20 and 26 percent of mothers in income groups of 500
and 1000 baht answered the quection, only mothers with |
income greater than 1000 baht were able to accept prices of
8 - 15 baht. The majority of mothers in the monthly incomes
of 500, 1000 and 2000 baht accepted the price of 4 - 6 baht,
while mothers with incomes greater than 2000 baht accepted
the price of 8 - 15 baht. Considering the acceptable prices
by all the mothers answering this question, Table 2.21 shows
that 28.75 percent were prepared to pay up to 3 baht per

day, 38.75 percent for 4 - 6 baht, and 32.5 percent for
8 - 15 baht.

Table 2.21 Number and Percentage of Mothers With

Different Acceptable Prices for Daily Feeding

Number of mothers

Regions Acceptable prices, for Number and Total
daily feeding, baht percentage of interviewed
mothers mothers
1 -3 4L -6 8 -15 answering the
question
Central 12 3 10 25 62
Northeast 1 8 2 11 67
North 9 18 g 36 45
South 1 2 5 8 26
Total a5 31 26 80 200

Percentage a7 .S 32.5 40.0 1990
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Many alternstives may be concluded, the 60 percent
not answering the gquection either niay not afford it or may
be prepared to buy if it is cheap. There is a question on
how cheap. It is doubtful if the mothers with monthly
incomes less than 1000 bsht can ~fford processed food ac
the income is comvaratively low and only 20 percent in this
group were able to give the acceptnble prices, Certainly,
with 40 percent of mothers answering the question, the
chcapest product was most accepted. If it was 1 - 3 baht,
it would be accepted by all, while if it was 4 - € baht
two~third of the mothers would accept and only one-third

would accept at the price of 8 - 15 baht.

2.2 Conclusion

The reguirement of an infant with particular
reference to Thai infant has been discucsed and specified
not only to comply with the Thai "otification but also with
the available information on infant nutrition and the
drafted standard by Codex Alimentnarius (46). Infants were
divided into 2 groups according to different energy
recuirements, i.e. 3 - 5 month o0ld where energy recuirement
vas estimated at 760 kcal per day and € - 12 month old at
880 kcal per day. The nutrients, consisting of 14 vitamins,
11 minerals, 11 essential amino acids and 6 other general
nutrients werc defined. WMost of the infant requirements
were defined related to energy per unit of 100 kcal as
specified by Thai Notification and recommended by Codex
Alimentarius. Nutrients that were considered in this study
but not required by the Thai Notification were expressed as
minimum daily requirement. The minimum requiremente were

specified for all the nutrients. MNevertheless, for a number
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of nutrients it was considered nececcsary to define for their
maximum limits as well. In the specification for protein,
fat and fibre, because¢ of indefinite recuirements further
consideration is needed during the design.

From the survey with mothers in different regions,
the investigation certainly revealed the perception of
mothers towards infant food. There was no restriction to
the use of general types of food rnw mnterials. The
perception of mothers of an infant food was a dry product
in a creamy colour with clightly sweet flavoﬁr and medium
to thick consistency. Furthermore, dry product will fit in
better with the facilities available in the homes. There
was a high number of working mothers. Most of mothers have
to prepare food for infant specially but they do not find
it inconvenient. ‘/hether convenient infant food would be
an ascet to mothere, is difficult to decide. Most mothers
are used to preraring food for infant and do not have
experience in buying already meade infant food. This area
needs more investigation once there is such a product
available for the marxet.

The other difficult aspect to decide is the
acceptable price. Seemingly, 4 - € baht can be concluded
ac the most acceptable price as it is accepted by two-thirds
of mothers answering that question. One certain emphasis is
that the designed infant food should be as cheap as possible.
The chearer the product is, the wider the product is
expected to be used.

Having determined both quantitative and qualitative
characteristics of the infant food, the next consideration

is finding the method to design the infant food to provide



all the specified nutrients from Thai raw materials and
at the same time to give the cheapest product with the

other qualities as perceived by mothers.

7GR
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CHAPTER 3

SETTING UP THE LTNEAR FPROGRAMMING

MODEL FOR AN INFANT FOOD

To arrive at a product with the specified
quantitative and qualitative characteristics, the first
etep is to find a suitable blend of the raw materials
aveilable., Raw materials to give the specified quantitative
characteristics are needed first acs a basis, before
modification for the qualitative characteristices can be
mace.,

The cheapest product can only be derived from the
cheapest formulation. To give this, the raw materials will
have to be formulated to provide the cpecified quantities
of nutrients at the lowest possible cost i.e. the
formulation has an objective of minimizing the cost and at
the same time providing all the specified nutrients. This
problem description fits with linear programming conditions,
where the limited resources are allocated to meet the
specified objective. Ilence, to select the food raw materials
for the low cost infant foods with recuired nutrients, the
linear programming model was applied. This chapter
discusses the setting up of a linear programming model for
selection of raw materials to satisfy the nutritional
requirements of the Thai infant, the organisation for
solution by computer and the possibility of achieving the

best solution in accordance with tﬁe restriction on the

nutrients.
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3.1 The general linear programming model

This was first developed and applied in 1947 by
Dantzig to investigate the feasibility of applying
mathematical technique to military programrming and planning
problems, and the Simplex method as a systematic procedure
was given for solving the probtlem (93). The first
ayrplication of the linear progr=mming technique in the
desgign of nutritional foods was by Stigler in 1949.
Edwardson 1974 reviewed the literature on the application
of linear programming and summarized the application to
nutrition problems as in Appendix 8. 1In the literature,
no reference has been found on the application of linear
programming to the design of an infant food which will
provide the full daily nutrient requirement for infants
under one year. The nearest investigation was by Inglett
et al. 1969. Realisiny: the increasing importance of cereal
in feeding preschool children in the developing countries,
they used linear programming to optimize only the protein
quality in a cereal-tased food. The technique may have been
used in the food industry for the design of infant foods but
published information on this is not available.

The general mathematical statement of linear

programming related to the nutritional problem involves:

minimize the cost function
c‘] X] + C2 X2+ ® e o 0o 0 0o 0 Cnx
subject to the conditions

a” X.‘ + a]‘2 X2 + eeeee a1n Xn

a21 x1 + a22 x2 it o6 . o a2n xn

a X. + X. + X
mall <4 qne %2 cese+ 8mn *n

VIA  VIN VilA
N
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and
xi > O
x> > O
2 2 0

where m represents the number of nutriente or rows
n reprecsents the number of food raw materials or columns
aij represents the number of weight unite of the iﬁE
nutrient in one unit weight of the jiB food raw material.

xj represents the number of weight units of the jEE

food raw material in the solution.

Cj represents the cost per unit weight of the jEE

food raw material.

i represente the number of unit weightcs of the required

iEE nutrient.

Therefore, the data required in setting up the
linear programming model for the infant nutritional
requirements are:

1. The 1list of nutrients as specified for infant
nutritional reaquirements.

2. The required level of each nutrient and the inter-
relationship of nutriente in the infant food.

3. The list of food materials which can be used for
infant food.

L+ The nutrient composition of each food raw material.

5. The cost per unit weight of each food raw material.

The list of nutrients, their levels and the inter-
relationship of nutrients required by an infant has already
been given in 2.1. The list of food raw materials, its cost

and compositional data are the pertinent issues to consider.
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2,2 The Thai food raw materials

%3.2.1 Selection of food raw msterials

The 1list of Thai food materials is given in the
Table of Thai Food Compositions by the Nutrition and Health
Department, TIublic Fealth Ministry, Thailand (170). The
celection of Thai food raw materiales was aimed to cover as
many row materiasls as possible, to allow the linear
programming technique to work with plenty of flexibility
for the cheapest mix. PRut it wac necegcary that the food
raw materials once celected must be available commercially
in quantitiee sufficient for the industrial process. Also,
the rew materiels must be appropriate for infant food in
general terms i.e. do not possess any strong flavours such
as bitterneses, tartness and spicyness. Therefore, from the
available list, the food raw materizls without strong
flavour were sclected. These raw materials were then
investigated for their availabilities. The food raw
materiale production data was either recorded by the
government statistical tables (164 ) or available from
observation of the Rangkok marxete. Tt is worth noting
that statistical figures in Thailand are very scarce. The
production of only a limited number of food raw materials
were reported. For this reason, it was necessary to
determine approximately the amounts available in the
- Bangkok market by observing the quantities for sale in the
market. Out of 113 raw materials first selected from the
Thai list, 96 food raw materials were available commercially
and hence used in this study. The recorded and estimated

production of these raw materials is given in Appendix 9.
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3.2.2 The costs
Average costs through out the year given by Monthly

Agricultural Economics News (15€), Veekly Report of Price,
Market Situntion of Agricultural Products (166) and Fish
Market News (164) were used. There were 46 raw materials
where prices were not documented and average market
wholesale prices were taken.

| It is realized that cost is subject to seasonal
fluctuation. In tropical countries like Thailand,
commodities likely to be most affected by season such as
fruits and vegetables are grown almost all year round.
Though the price varies from season to season, the variation
is not expected to te great. Also the value of linear
programming is that it can study the effects of price
chanpes. In fact, it is how linear progreamming model is
used to select the lowecst cost mix at a certain set of costs.
It is simply achieved¢ by obtasining the comnuter solution to
the linear programming model subjected to changed cost data.
Tt is important to note that, in a given optimum solution
to a linear programming model, prices can vary within a
certain range without interfering with the optimum solution.
This range can be obtained from LPANAT.YSIS (121) output of
computer algorithms of the linear programming model. In
practice, the changes in cost are checked regularly and
new solutions can be obtained. Therefore, the average
prices taken from available publications and from the market
price survey were considered reasonable to use in this
study.

The food material in this study is referred to as

edible portion, it is the form that will be used in the



mix prior to processing.

currency,

baht

per 100 g of edible portion.

The cost is expressed in Thai

The 1list of

raw materials with cost per 100 g of edible portion is

shown in Table 3.1.

Table

100g Edible Portion, used in the Linear Programming Model

3.1

Food Raw Materials and Their Costs,

Raw Materials Cost Raw Materisls Cont Raw Materiale Cost Rav Materials Cost
1. Cereals; starchy roots, tubers; legumea; nute and seeds 3o Fruit
Cashev nut 7.0000 Cassava starch 0.k000 Bapana, common 0.4760 Banaca, .. 0.9060
Cowpea, dry 0.5000 Coconut 0.6000 Y
Mungbean, whole  0.4700 Muagbean, starch 0.6500 Grape 1923 Quave 0.4082
Peanut, raw, 0.3846 Peanut, dry sad 0.7000 Leron 0.7463 Orecge 0.9373
0 (T 56) i ed Orange, mandarin 0.8571 Papaya 0.2778
P:;con'yu 0.6294% Rice, blaock, 0.3500 Pineapple 0.3636 Waterguelon 0.2342
- glutinous &, Mests and poultry
Rice, brown 0.4000 Rice flour 0.6000 Beef 3.5294 Buffalo 3.0000
Rice, glutinous 0.7000 Rice, glutinoue  0.3500 Chicken, satured 2.6250 Chicken, young 2.8000
flour . =illed . Duok 2.5000 Liver, beef 3.2908
Rice, milled and 0.3h70 Rice, parboiled 0.4204 Liver, chicken 3.6082 Liver, duck 3.6082
polished, 3 % B Liver, bog 3.9175 Pork, lean 3.9024
Seaane 1,0660 Soybean 0,hk00 Beart, beef 2.6804 Beart, hog 8.1237
8oybean curd 1,2000 8oybean flour 0,7300 Giszard, duck 3.6082 Gissard, ohicken 3.6082
Bweet potato, 0.1724 Sweet potato, 0.1724 W, Teie sud aline
white yellow
Zgg, hen 1.9318 Egs, duck 1.4848
2. Vegatables ) Whole ocow milk 1,110 Milk, dry %.0000
Baxboo 0,7143 Beans, snap 0,3158 8kis, fluid 1.1110 Skis, ‘a" 5.0000
Cabbage 0,4070 Cabbage, chiness 0,4069 6. Fish and Shellfish
Cauliflower 0,9167 Collard 0,3378 AsaNovy 2.4658 Catrien, 2.6322
Cowpea, yard long 0.2273 Goabean 0.3158 e e
Ivygourd 0.6000 Puae 2,1053 Catfien, 2.090 oy T4%00
Mustard, green 0.6667 Sprouted mungbean 0,2151 W o
Ewaap cabbage 0.1467 Bottle gourd 0,3353 Dorab 1.5808 1 2.8571
Carrot 2.6506 Corn 0,5405 abussy RSi038 Eardtadn —
Cugumter 0.3346 Egsplant Rtaztd Spanish mackerel 2,9231 Stripe sackerel  2.1930
Musbroom 146484 Puapki Qr2263 Milxfish 2.1739 Mullet 3.3077
Radish 0.2h09 Soake gourd 0.2222 Prawn, river 9.3910 —— 12,0000
8ponge gourd 0.2532 Wax gourd 0.211m Pereh 2.0816 Snapper 2,0816
Tomato 0.3723 Berpenthesd 2.7272 8quid 1.6130
T.Misoellaneous
8ugar 0.5000

3.2.3 Food raw material compositional data

The composition of the 96 raw materials had to be

found for the 43 nutrients listed in Table 2.1.

82.

Paht per

The various
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sources used as references for these compositions are given
in the Appendix 10. The Thai food compositional tables (170)
were not used because they are a compilation of the

available published data, mostly from the Philippine and
U.S.A. composition tables, related to the particular type

of raw materials available in Thailand, not the results of
analysis done on Thai food raw materials. In addition,

only a limited number of nutrients were tabulated. Therefore,
it was decided to refer to the original data from which the
collection of Thai food compositional data was taken.

Among these various sources, the Food Composition Tables

for use in Fast Asia by the Food Folicy and Nutrition
Division, FAO (82), offering the composition of 38 nutrients,
was most used in this study. Six nutrients not included in
these tables are chloride, choline, biotin, vitamins D, E
and K. The compositions for moct of these nutrients were
taken from the study of Dam and Glavind (54), the vitamin E
from Booth and Bradford (21), choline from the Encyclopedia
of Chemical Technology (142), biotin from Riochemists'
Handbook (152).

Approximately 90 percent of the nutritional
compositions were defined from these sources in Appendix 1Q.
An attempt was made to fill in the nutrient compositions
as completely as possible. In order to estimate the missing
compositional data,assumptions were made as following:

1. For the raw materials of the same food group, the
missing data was taken from the data available for
other members of the group, e.g. for gourd type raw
materials (wax-gourd, snakegourd and spongegourd),

the data for amino acids, rare vitamins and minerals
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were taken from the data for bottlegourd and marrow;
amino acids of swamp cabbage and mustard green were
taken from chinese cabbage data. In this way, amino
acid compositions for 9 raw materials and some
vitamins, and minor minerals for 10 raw materials
were assumed. This assumption accounted for 8.5
percent of all data.

2. For the linoleic acid composition of the raw
materials with low fat content such as collard,
watermelon, and mushroom, the content of linoleic
acid was set at zero. This was approximately 0.5
percent of all data.

Approximately one percent of the data could not be
estimated and was set at zero. This data was for vitamin E,
vitamin K, biotin, choline and minor minerals such as zinc,
manganese and magnesium.

Nutrient units were expressed per 100 g of food raw
material, edible portion. The compositions of the raw
materials used are shown in Appendix 11. The accuracy of
expression of these units and some description of the

derivation of the nutrient compositional data is given below.

Calories: nearest «xilo calorie calculated using
(kcal) physiological energy
factors for fat, protein
and carbohydrate where

otherwise unknown

Protein: nearest tenth of a calculated from
gram (g) estimated nitrogen content
of food assuming 16
percent nitrogen in
protein. Other factors
used for cereals, beans,
nuts and milk (82)



Fat :

Linoleic

acid:

Vitamin A:

Retinol

B-carotene

Vitamin D:

Vitamin E:

Vitanin K:

Vitamin C:

Thiamine:

Riboflavin:

Niacin:

Vitamin B6:

nearest tenth of a
gram (g)
nearest tenth of a

milligram (mg)

expressed in term of
"beta-
carotene equivalent™

"retinol" and

as recommended by the
Joint FAO/VHO Expert
Group (123)

nearest microgram (mcg)
nearest microgram (mcg)

nearest tenth of an
international unit
(T.U.)

nearest one hundredth
international unit
(I1.U.)

nearest tenth of a
microgram (mcg)

nearest tenth of a
milligran (mg)

nearecst one hundredth
of a milligram (mg)

nearest one hundredth
of a milligram (mg)

nearest tenth of a
milligram (mg)

nearest one hundredth
of a milligram (mg)

85.

by extraction estimation

by gas liquid
chromatography

chemical method

T.U. = 0.3 mcg retinol

0.5 mcg

other total
mixed

= 1.2 mcg

carotenoids

chemical method

by colorimetric method

or gas chromatography

chemical and biological
methods

total ascorbic acid

determined by methods
adopted by AOAC (9)

determined by methods
adopted by AOAC (9)

Img niacin = 1 niacin

equivalent, tryptophan
contribution not

considered

total pyridoxine activity
is contributed by

pyridoxine, pyridoxal,
pyridoxamine and
conjugated forms, figures

expressed as pyridoxine

beta-carotene



Vitamin R12:

Pantothenic
acid:

Choline:

Biotin:

Folic acid:

.._a
Sodium

Chloride?:

el
Fotacsium

. a
Calcium

Ihosphorusa

...a
Magnesium

a
Iron :

Iodinea:

aFor

nearest tenth of a

microgram (mcg)

nearest one hundredth
of a milligram (mg)

nearest one hundredth

of a milligram (mg)

nearest one hundredth

of a microgram (mcg)

nearect one thousandth

of a milligram (mg)

nearest tenth of a
milligram (mg)

nearest tenth of a
milligram (mg)

nearest tenth of a
milligram (mg)

nearest tenth of a
milligram (mg)

: nearest tenth of a

milligram (mg)

nearest tenth of a
milligram (mg)

nearest tenth of a
milligram (mg)

nearest one hundredth
of a microgram (mcg)

the determination of minerals,
spectrophotometry is the method of choice.

86.

microbiological method

pantothenate estimations
correclted to pantothenic
acid

chemical and

microbiological methods

microbtiological method

microbiologicel method

total (no correction for
oxalate or phylate salts
which make some of the
mineral unavailable to
the body)

total (no correction for
presence as combined
phytic acid)

total (no correction for
phytate unavailability
or absorption)

atomic absoption
However,

volumetric, gravimetric and spectrophotometric methods were

also used.
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Manganesea: nearest tenth of a
milligram (mg)

Coppera: Nearect tenth of a
microgram (mcg)
a

Zinc™: nearest tenth of a
milligram (mg)
Dry weight: nearest tenth of a moisture content
gram (g) subtracted from 100
Carbohydrate:nearest tenth of a total carbohydrate by
gram (g) difference including
fibre, the sum of
moisture, protein, fat
and ash is subtracted
from 100
Sugar: nearest hundredth of a as sucrose
gram (g)
Fitre: nearecst tenth of a by extraction estimation
gram (g)
Amino acid: nearest milligram average values of ceveral
(mg) independent assays for

each amino acid,
chromatographic
estimation used where
available

8For the determination of minerals, atomic absoption
spectrophotometry is the method of choice. However,

volumetric, gravimetric and spectrophotometric methods
were also used.

3.2.4 Nutritional constraints
The 1list of nutrients and the required levels have

already been discussed in Chapter 2 and summarized as in

Table 2.8.

3.3 Linear programming model for infant food

The composition of 43 nutrients and the cost data of
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96 food raw materials form a matrix of 96 columns and 43
rows of nutrients and one row of cocsts. The interrelated
constraints also form a matrix of additional rows and
columns as in Figure 3.1.

The problem metrix is derived from the expression
of linear relationships of cost, compositional data and

nutritional constraints as follows:

3.3%3.1 Costs
Cost data provide one row of the matrix which forms

an objective for the problem, i.e. to minimize

n

Xy o+ By Ba b seess X or e E=
% = 2 e °n *n ié% R

where N is the cost per 100 g of edible portion of tie

ith food material.

%.3.2 Compositional data
Data for the content of the 4% nutrients of the 96
food raw materials form another 96 columns and 43 rows in

the matrix e.g. in the row of calorie, it is derived from

311 X1 22 a12 XZ + eesse a1n Xn
where X, to X, represent the weight of the 96 raw materials

and a to a1n represent the calorie level per 100 g of

edible portion of X, to X, raw materials.

343.3 Nutritional constraints

Nutritional constraints are the set of bounds,
defining the limits on the problem variables. There are
direct constraints and interrelated constraints. The
direct constraint is a restriction on nutrient level either
at an upper and/or lower limit, or at a specified constant

level. The interrelated constraint is the restriction
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Figure 3.1

The Linear Programning Matrix for the Design of Infant Food




derived

from the linear relationships between specific

nutrients. In this case, a variable name is assigned to

the left hand side of the equation forming an additional

row in the problem matrix.

are given as follows

1.

Direct constraint. Calorie at lower limit of 760

kcal can be exprecsed in the linear relationship as

CAL = a

=

1 A Xo t e 2y ¥y > 760

and copper upper limit at 740 mcg can be expressed

as

CU = a X

%
o1 ¥t Asn X5t eeees ay X & 740

n
where CAL and CU represent calorie and copper in

the mix to be not less than 760 kcal and not more

than 740mcg respectively. The expression of direct

constraints is given in Table 3.2

Table %.2 Direct Nutritional Constraints

Nutrient Row variables Restriction
Lower Upper
Calorie CAL 760% oo
880"
Vitamin D VITD 400.0 (o3
Vitamin K VITK 15.0 o2
Niacin NIA 5.0 oo
Vitamin B6 VITB6 O.4 [
Vitamin B12 VITB12 0.3 oS
Folic acid FOLIC 0.05 oo
Sodium NA 138.0 [os)

8For infant aged 3 - 5 months

bFor infant aged 6 - 12 months

Exauples of relevant constraints



Table 3.2 cont'd
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Nutrient Row variables Restriction
Lower Upper
Chloride CL 213%.0 o
Potassium K 234.0 ®
Calcium CA - ™ 630.0
Fhosphorus P 1320.0 @
Magnesium MG 20.0 o
Copper CU - ™ 740.0
Zinc ZN - ® 9.0

2. Interrelated constraints. The lower and upper

calorie protein lower limit, i.e.

calorie protein upper limit, i.e.

limits of protein,

expressed related to 100 kcal

to be not less than 1.8 g and not more than 3.5 g,

can be expressed as:

calorie

or protein

protein

or protein

protein

calorie

1.8
2> T6o

- .018 calorie ) O

< 3%

- 0.035 calorie $;O

CALPROTL and CALPROTH are the names assigned for

the lower and upper limits of protein related to calorie.

Hence, CALPROTL and CALPROTH form another 2 row variables

corresponding to the columns of protein and calorie.

CALPROTL is limited
CALPROTH is less

or

CALPROTH

CALPROTL

equal to zero.

protein

protein

- 0.035 calorie

- 0.018 calorie

to be greater or equal to zero, while

The expressions are

5; 0

> 0

The expression of interrelated constraints is

given in Table 3.3.
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Table 3.3 MNutritional Conetraint Requiring Linear

Expression of Interrelationship Retween Nutrients.

Kutrients Row Column Restriction
inter- variables elements lower upper
relationship

NUTRIENTS EXPRESSED FPLR 100 KCAL

Minimun values

Protein CALPROTL 1.0 FROT - 0.018 CAL 0 OO
Fat CALFATL 1.0 FAT - 0.02 CAL 0 (ol
Linoleic

acid CALLINCL 1.0 LIMOA - 2.0 CAL 0 o)
Vitamin A CALVITAL 1.0 VITA - 2.5 CAL 0 o8
Ascorbic

acid CALVITCL 1.0 VITC - 0.1 CAL 0 od}
Thiamine CALTIITAL 1.0 THHIA - 0.0005 CAL 0 o8
Riboflavin CALRIEOL 1.0 RTPO - 00,0007 CAL 0 o
Fantothenic

acid CALFATOL 1.0 FAITO - 0.003 CAL 0 od}
Choline CAICHOL 1.0 CINTLT™T - 0.07 CAL O o
Piotin CALETOTL 1.0 FTOTTY - 0.015 CAL O fod}
Calcium CALCAL 1.0 CA - 0.2 CAL 0 @
Iron CALFEL 1.0 Fi* - 0.01 CAL 0 €2
Iodine CALIL 1.0I - 0.05 CAL 0
Manganecse CAIMNL 100.0 MY - 0.005 CAL 0 o
Copper CALCUL 1.0 CU - 0.6 CAL 0 oo
Zinc CALZNL 1.0 ZN - 0.005 CAL 0 o8
Maximum values |
Protein CALPROTH 1.0 PROT - 0.035 CAL - 0
Fat CALFATH 1.0 FAT - 0.04 CAL - 0
Vitamin A CALVITAH 1.0 VITA - 7.5 CAL =T 0
Vitamin D CALVITDH 1.0 VITD - 1.0 CAL - 0
Sodium CALNAH 1.0 NA - 0.8 CAL ) 0
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Nutrients Row Column Restriction
inter- variables clements lower upper
relationship
Maximum values cont'd
Fotassium CALKH 1.0 K - 2.0 CAL -0 0
Chloride CALCLH 1.0 CL - 1.5 CAL -0 0
NUTRIENT BEXPRESSED PER G OF PROTEIN
Minimum values
Hietidine CHIST 1.0 HIET - 15.4 PROT 0 o
Isoleucine CISO 1.0 ISO - 37.8 PROT 0 [oe)
Leucine CLEU 1.0 LEU - 60.2 PROT 0 o
Lysine CIS 1.0 LYS - 49.0 FROT 0 oo
Sulphur amino

acids,

(Methionine 1.0 VETH + 1.0 CYS

+ Cystine) CSULAA - 29.9 PROT 0 =
(Fhenylalanine + 1.0 PIIE + 1.0 TYR

Tyrosine) CARCMAA - £5.1 PROT 0 ©o
Threonine CTHREO 1.0 THRFC - 32.9 FROT 0 5
Tryptophan CTRYP 1.0 TRYF - 11.9 PROT 0 o
Valine CVAL 1.0 VAL - 46.2 FROT 0 o
Maxinmun values
Histidine DHIST 1.0 HIST - 22.0 PROT -0 v)
Isoleucine DISO 1.0 ISO - 54.0 T'ROT -0 o
Leucine DLEU 1.0 LEU - 86.0 PROT - 00 o
Lysine DLYS 1.0 LYS - 70.0 PROT - 0
Sulphur amino

acids,

(Methionine + 1.0 METH + 1.0 CYS

Cystine) DSULAA - 57.0 PROT =100 0
Aromatic amino

acids DAROMAA 1.0 PHE + 1.0 TYR

(Phenylalanine - 93,0 PROT -00 0

+ Tyrosine)
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Table 5.% cont'd

Nutrients Row Column Restriction
inter- variables elements lower upper
relationship

Maximum values cont 'd

Threonine DTHREO 1.0 THREQ - 47.0 PROT -0 0
Tryptophan DTRYP 1.0 TRVP - 17.0 PROT o 0
Valine VAL 1.0 VAL - €6.0 PROT -0 0]

OTHER EXPRESSTONS OF% NUTRIENTS

Conversion of
E-carotene and
retinol to VITA 3
vitamin A 1

RETTIWOL +
B-CARO

o N

Iinimum values

Vitamin E per g
of Linoleic
acid VIELINOL 1.0 VITE - 0.001 LIVOA 0

8

Ratio of calcium
to phosphorus CAPL 1.0CA - 1.4 7P 0 o2

Sucrose as
percentage of
carbohydrate CHOSUL 1.0 SUGAR - 0.2 CHO 0 o

Calorie per g of
dry weight CATDWT 1.0 CAL - 3.5 DWT 0 fo¢

Maximum values

Ratio of
calcium to
phosphorus CAPH 1.0CA - 2.0 P L0 0

3.4 Setting up the data for solving the problem by computer

The matrix of cost, compositional data and
nutritional constraints were prepared as a card deck to
input to the IBM linear programming system/1130 (LPS/1130)

package programme, designed for use on the 1130 series of
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IEM computers. The preparation was according to the
method described in the IEM/1130 programme description

mannual (121) using 80 column cards.

3.4e1 The cost and compositional data

The problem equation expressing the linear
relationship of raw materials with costs and compositions
were input by card in element format. For example, cost
and calorie data for the raw material anchovy were prepared
as: ANCTIOVY COST 24658

ANCHOVY CAL 99.0

The column variable was punched first followed by
the row variable ancd the date value. All veriable names
were restricted to 8 alphanumeric symbols. Abbreviation
was required for =zome raw materials and nutrients. These
abbreviated names are in the row and column summary as

chown in Appendix 12.

3.4.2 The nutritional constraints

The nutritional constraints were prepared as a card
deck by element cards defining the upper and lower bounds
on each bounded variable. The bound was input with a
defined name. The bounds types used were:

UB upper bound

LB 1lower bound

FR free

GT defined value to

LT defined value to -wo

Each bound element card was defined for bound type,
name of bound set, name of variable and bound value. The
name of bound set used in this study is INFANT. The

nutritional constraints, either direct or interrelated
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96.

1. Upper limits. An example of & direct constraint is

the upper limit on zinc of 9.0 mg per day, the
exprescion is

ZN 9.0
card is prepered in foruzat,

UBR INFANT ZN 3.0

nxanple of interrelated constraint acs for
protein per 100 kcal ot 2.9 p, the exprecsion ic

CALIROTH = FROT - 0.032 CAL 0.0
card ic preparec¢ for the bounded value of CALTROTH
as

UR  TYFAUT CAILTROTDH 0.0
the exprescion of linear ecuation showing the
relationship of CAITRM to FRIT (protein) #nd CALL
(calorie) is prepared as:

TROT  CALPROTE 1.0

CAT CALTROTH - 0.035
Lovier limits. Ixample of direct constraint as for
vitamin D lower limit =at 400 T.U. per day, the
expression is

VITD>/ 400.0
card 1s prepared in format

LR IMFANT VITD 400.0

Example for interrelated constraint as for
proteins per 100 kcal at 1.8 g, thé expression is

CALFROTL = PROT - 0.018 CAL:>, 0

card is prepared as

LB TINFANT CALFROTL 0.0
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The expression of linear equation showing the
relationship of CALFROTL to PROT (protein) and
CAL (calorie) is prepared as:
PROT CALPROTL 1.0
CAL CALFROTL - 0.018

3.4.3% Loading the problem data onto the computer

The procedure to input all data to store on the
disk was as follows. The problem file was named. The
procedure control card "INPUT'" was used, followed by
problem file name "LPINFANT', next were the cards for all

the data and data deck was concluded by the indicator card

"EMNDATA" .

3.5 Obtaining solution by computer

The initial problem had one infeasibility, the value
of column variable "RICWERO" (brown rice) was in negativity.
This meant that there were a number of artificial variables
associated with a certain number of inequality constraints,
which could not be removed. Tndication of the restricted
inequality constraints was obcerved in the output of the
infeacible solution given by computer as these constraints
vere at the bounded values. These were the direct
constraints and interrelated constraints as shown in Table
Sy

In order to obtain a feasible solution, modification
of the initial problem was considered. The constraints at
bounds could be made less restricting either by removal or
slackening of the bounds. Removal of the bound meant no
restriction on that particular nutrient, the value could be

from zero up to infinity. This was undesirable in this

design because the purpose was to provide as near as
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possible to the minimum requirements of the infant. Hence,

trying to reach as near as possible to the required nutrient

was more desirable.

the slackening of these restricted bounds.

Takle 3.4

Therefore, consideration was given to

Initial Problem Tile

Nutritional Constraints at Bounds Found 'With

Nutritional At lower bound At upper tound
constraints
Direct
constraints: Calorie Calcium
Niacin Copper
Chloride
Vitamin D
Interrelated

constraints:

Fat related to calorie

Vitamin A rel:ited to

calorie

Vitamin E related to
linoleic acid

Zinc related to calorie

Calcium related to
phosphorus, (Calcium

phosphorus ratio)

Sulphur amino acid

related to protein

Fotassium related
to calorie

listidine related
to protein

An upper limit was specified in order to prevent

some of the nutrients coming into the mix at more than

specified level and lower limit was cspecified according to -

the minimum requirement.

It was wiser to slacken the upper

limits first and maintain the lower limits to the initial

problem. These upper limits were for calcium and copper,
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potassium as related to calorie and the amino acid histidine
related to protein. Among these upper limits, potassium
and copper should not be increased. DPotassium is related
to the renal solute load and limited information is
availatle for the maximum limit of copper. Of the other
two upper limits, histidine and calcium, histidine could be
increased without having much effect on the requirement of
an infant, except that the histidine would be wasted. For
calcium, the level found to have an adverse effect on
infant nutrition is 1200 mg per day (26) yet it was
specified in this study at 630 mg. Tt was possible to
increase calcium upper 1limit, though only a small increment
was desirable.

It is worth noting that.the only lower limit at
bound associated with upper limit at bound is calcium
phosphorus ratio, "CAPL" at 1.4. Tt is possible that to
keep calcium greater than phoephorus by 1.4 times, calcium
upper limit at 630 mg is very difficult to maintain due to
different ratio of calcium to phosphorus coming in from
food materials. Two alternatives could be investigated to
eace this difficulty, i.e. either releacing calcium upper
limit or allowing the problem to bring in calcium
independent of phosphorus. The latter could be achieved

by the addition of calcium salt such as calcium carbonate.

3.5.1 Modification of the problem by increasing calcium
upper bound

It was found possible to obtain the feasible
solution by releasing calcium upper limit to 682 mg for
infant aged 3 - 5 months where minimum calorie requirement

was at 760 kcal and calcium upper 1limit of 700 mg for

MASSEY UNIVERSITY
LIBRARY
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infant aged 6 - 12 months where minimum calorie requirement
was at 880 kcal. The cost of the solutions, the raw
material and the nutrient compositions are given in Table

2,5, for requirement I (3-5 months) and II (6-12 months).

Table 3.5 Nutritional and Raw Material Compositions

and Cost of Feasible Solutions

Rae Material and Calcfua Upper Liamit Calcium Carbonate Rse Material and Celoium Upper Limit Calaium Carbonate
Nutrient Contents Released Added Kutrient Contenta Releseed Added
. Requirement Requirement Requirement Requirement Requirement Requirement Requirement Requirement
! 1 1 1 11 1 11 1 1
'R“ matertal Nutrient oconteants 2
coatent, ¢ Vitasin K mcg 6957:1 9221.1 529.4 524.7
Anchovy 33.3 18.1 37.7 h2.2 lscorblo acid sg  153.5 190.2 76.0 88.0
Buffalo, meat - - 0.2 0.2 Thisaine ng 0.77 0.90 0.64 0.70
Cassava starch - - 19.3 4.6 Riboflavin mg 0.5) 0.62 0.53 0.62
Coconut - 3.6 13.7 26.9 Niscin wr S0 3.0 5.72 S5.36
Collard 19,9 199.6 ~ iof Vitaain 86 mg 137 1,49 1.26 1.22
Egg duck 32.1 39.1 1.9 12.8 Vitaain B12 mg 0.000 0.00A 0.003 0.004
Guava - - 1.7 8.4 Pantothenia acid mg  2.69 2.8 2.79 2.83
Ivy gourd FI 3.3 - = Tolic acid mg 0:79 1.00 0.13 0.1b
M1k fieh 15.7 6.1 6.7 2.9 Choline ag 372:50 [REMY] 182.81 184.51
Mungbeaa, starch 50.1 50.5 = - Biotin mcg 15.98 17.69 11.66 10.37
Radieh 2.4 b3 = -t Sodius ag 2288 245.1 176.4 187.6
Rice, brown - - 215 16.9 Chloride mg 222.1 231.3 223.5 235.7
Rice, parboiled - 7.8 2.7 - Potassiua mg 1520.0 1760.0 W44 1760.0
Stripe ssckerel 3.5 18.1 = ] Calciva mg 681.8 700.0 630.0 630.0
Sesase 19.5 15.0 1.4 10.1 Phoaphorue ag 087.1 500.0 450.0 450.0
Soybesn curd 12.0 3.5 it ey Magnesius mg 198.0 211.9 861.7 468.7
Sponge gourd 2.8 - 18.1 2.7 Iron ag 13.3 143 7.6 8.8
Sugar 72.3 4.7 3641 53k Iodine mcg 38.00 86,19 38,00 . 4,00
Calciua carbonate - - 0.86 0.84 Hanganeae mg 1.5 1.7 789.6 844.0
Copper mcg 7%0.0 740.0 740.0 740.0
Nutriemt coateats Sinc ag 3.8 L) 6.1 6.5
Weight g 818.2 473.6 AOM. A 458.2 Iaoleucine mg 1258.0 1307.0 897.0 890.0
Dry weight g 123.6 203.3 175.9 203.4 Leucine =g 188s.0 1877.0 1484.0 1461.0
Calorie kcal 760.0 880.0 760.0 880.0 Lysine ag 1677.0 1718.0 1208.0 1255.0
Protein g 25.8 26.7 20.1 19.6 Metbionine mg 787.0 806.0 589.0 580.0
Pat g 18.1 17.6 15.2 17.6 Cyatine ag 243.0 2060 211.0 203.0
Carbohydrate g 128.1 153.0 135.2 160.3 Paenylalasine ag  1194.0 1209.0 854.0 830.0
Fibre g 3.2 3.4 3.2 83 Threonine mg 1069.0 107%.0 843.0 833.0
Linoleic acid. =g 4091.7 3432.7 2437.8 2323.7 Tryptophan ag 38s.0 399.0 298.0 286.0
Retinol acg 139.0 166.0 64.0 66.0 Tyrosine =g 775.0 768.0 731.0 707.0
B-carotene mcg 3139.1 989.5 3286.3 3822.3 Valine =g 1351.0 1647.0 1074.0 1044.0
Vitamin D I.U. 400.0 400.0 400.0 800.0 Bistidine =g -568.0 588.0 441,0 432.0
Vitesin E1.0. - 4.01 3.03 2.4 2.32

Cost baht 3.45 3.5% 2.52 2.78

3.5.2 Modification of the problem by addition of calcium
The addition of calcium as another column of

raw material can be included. Tt was considered reasonable

because there is a number of calcium saltes allowed for

addition to food for infant (47). Calcium carbonate, being

available in Thailand, was chosen as source of calcium.

Cost and compositional data were added to the problem file.
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The feasible solution was obtained after this modification
without having to release calcium upper limit for both
groupe of infants, i.e. aged 3 - 5 months and 6 - 12
months. The coste of =olution, the raw materials and the

nutrient compositions are given in Table 3.5.

3.6 Conclusion

The linear programming technique was used in the
raw materials formulation. The model consisted of cost
and compositional data of 9€ indigenous Thai food raw
materials and a cet of nutritional constraintes as specified
according to discuesion in Chapter 2. The problem was
analysed by the IBM linear programming system/1130 package
programme with the 1130 series of IPM computer but the
solution was infeasible. Tt wac found that a feasible
eolution could be obtained by slackening the restriction
on the calcium upper limit. It was found for the
requirement of infant aged 3 - 5 months (requirement 1),
calcium upper limit had to be increased to 682 mg and for
the requirement of infant aged ¢ - 12 months (requirement
IT1), had to be increased to 700 mg in order to obtain
feasible solution. As an alternative to increacing the
calcium upper limit, addition of calcium as calcium carbonate
made it possible to obtain the feasible solution at the
original constraints.

To decide which is the better approach, the effect
of increasing the calcium upper limit or the addition of
calcium salt, the costs and compositions of the two
golutions were compared. However, these two solutione only
take into account the composition of the raw materials and

do not include the effects of processing on the nutrients
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in the raw materials. The raw materials have to be
processed to give the final infant food and consideration
of the changes in nutrients during processing is necessary.
It has been chown that linear programming can be
set up to design an infant food and obtein the least cost
mixture of raw materials giving especified quantities of
43 nutrients. lowever, this model will not be realistic
until the losses during processing are included in order
that the processed infant food will provide the nutrients

at the levels as required by the infant.
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CHAPTER 4

THE DESTRUCTIOT OF NUTRIFMTS WITH

HEAT PROCESSING

Having set up the model to select the raw material
mixture that suits the nutrient requirements, the next
concsideration was how to modify the model in order that any
changes to the nutrients during processing could also be
included. This chapter first reviews the losses in
nutrients during heat processing which are reported in the
literature. Unfortunately there is a lack of quantitative
data, but wherever possible the kinetics of the reactions
causing loss of nutrients were determined. The reaction
rate constants at various temperatures were predicted from

the data collected for each nutrient.

L.1 DNutrient losses in food processing

What had to be considered was the extent to whicH
the required nutrients change or lose their biological
activities when the mixture is subjected to certain types of
processing. To predict the extent of the loss in nutrients,
it was necessary first to predict the rate of change in the
nutrients when subjected to certain processing conditions.
The most important variables in food processing which affect
the rates of reactions are concentration and temperature.

According to the law of mass action, the velocity
of reaction at a given temperature was proportional to the

product of the concentration of the reacting substances (1).
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For example, the rate of the disappearance of reactant A

can be written as

4ac a b n
A = -kCA CB uocnnao-CN (L|>c1)

where dCA is the rate of disappearance of reactant A;

dt
CA, CB........CN are the concentrations of reactants A,

ByeeeeeesoN involved and k isc the reaction rate constant.
The order of the reaction is defined as the sum of the
powers to which the concentration of all reactants are
raised.

Other variables can be added to this reaction rate
equation and in food processing the most important is
temperature, although precsure and radiant energy as
sunlight or U.V. light can also affect reaction rates. An
overall equation can then be:

dac a.b
A —'-k CACB.‘..‘T (4.2)
dt

In the destruction of nutrients, the concentrations of
water, oxygen, acids, alkalis, reducing sugars are often
important, as are the concentrations of metal catalysts
and enzymes. But the most important factor in the food
Processing reactions is the concentration of the reacting

substance, CA’ and the reaction rate equstion at a given
temperature is:

A = -kc, D (4e3)
dt

where in this study, CA is the concentration of the nutrient
A, k is the reaction rate constant and n is the order of the

reaction.
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L.2 The order of the reactions involved in the destruction

of nutrients

It was pertinent to this research to consider the
order of reactions involved in the dectruction of the
nutrients in the food mixture; and a short literature
review was done so as to decide on the order of the
reactions in the nutrient destruction. The two nutrients
whose reaction kinetics have been studied in most detail

were ascorbic acid and thiamine.

L.2.1 Ascorbic acid

Earlier studies on the order of the destruction
reaction were conflicting. It was reported as either zero,
first order or pseudo! (253, 192, 13). IHowever, Joslyn
and Miller in 1949 studied the autoxidation of ascorbic acid |
in buffered solution under continuous supply of oxygen and
confiriced the validity of first order. Freed et al. 1949,
confirmed that ascorbic acid and thiamine in miscellaneous
food meterials stored at constant temperature followed
first order reaction kinetics. Vojnovich and Pfeifer 1970
studied the rate of ascorbic acid destruction in wheat flour,
corn soya milk, infant cereal and found that the data could
be treated as first order reaction and the effect of
temperature followed Arrhenius equation. In the review by
Labuza 1972, first order reaction kinetics was assumed for
the destruction of vitamin C in various food products, such
as dried carrot flakes and cabbage, wheat flour and orange
juice powder. However, deviation from first order rate of
reaction has also been reported. Under limited oxygen
supply, Joslyn and Miller 1949 found that the initial rate

of reaction was reduced. Singh et al. 1976, studying the
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kinetics of ascorbic acid oxidation in infant formulae in
special plexiglass cells during storage at 72OC, concluded
that under limited supply of oxygen the degradation of
ascorbic acid with dissolved oxygen uptake could be
described as a second order reaction. It is unlikely that
processing of the infant food will take place under limited
oxygen supply, so that it can be assumed that first order
rate of reaction would be true for the degradation of

ascorbic acid during processing.

L.2.2 Thiamine destruction

For thiamine, the order of reaction involved in
thermal destruction was studied as early as 1939; Watanabe
showed that the thermal destruction of pure thiamine in
aqueous solution proceeded according to first order. Later
in 1944, Greenwood et al., studying the destruction of
thiamine in pork luncheon meat, reported that in the range
of 9900 to 12100, data could be interpreted on the basis
of first order. Rice and Peuk 1945 studied thiamine loss
in lean pork muscle at temperatures from 49 to 121°C and
found that the data obeyed the first order reaction better
at temperatures higher than 77OC. Bendix et al. 1951
studied thiamine stability in peas, corn, limabeans and
tomato juice over the temperature range of 110 to 1320C
and found only in peas that thermal destruction data could
be interpreted as a first order reaction. However,
Felicotti et al. 1957 in their investigation in low acid
foods and in buffered solution at pH 4.5 to 7.0 over the
temperature range of 109 to 149OC found the thermal
destruction followed first order. Farrer in his extensive

review in 1955 found that the data collected from various
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studies fitted first order reaction xinetics remarkably
well. The recent work by Mulley et al. 1975a gave strong
evidence of first order reactions of thiermine in a food
system at buffered pH of 6. The failure of the earlier
workers to obtain the straight line fitting of first order
reactions could have been due to the incapability of the
equipment used at that time to operate accurately at the
required temperature. It was not until the availability
of the thermoresistometer by Stumbo in 1948 that
reproducible data could be obtained. It was therefore
assumed that first order reaction kinetics could be taken

for cestruction of thiamine in the processing of the infant

food.

L.2.3 Destruction of other nutrients

Very little information is available on the order
of reaction in destruction of other nutrients. Carotene
oxidation in dehydrated carrot studied by Falconer et al.
1964 was analysed using first order reaction. Garret 1956,
in a study to predict the thermal stability of a complex
vitamin mixture, found that vitamin A destruction had an
initial zero order degradation which subsequently became
pseudo first order. It was explained that beyond the
concentration of solubility of the nutrient, the degradation
rate was constant because it depended on concentration which
was constant. However, this concentration of nutrient does
not occur in food systems and it is unlikely that this
initial zero order degradation will occur, and from Garret's
work it can be assumed that vitamin A destruction is a.
first order reaction in foods. For tocopherol, Frankel

et al. in 1959 found that the initial rates of tocopherol
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loss in lard was first order and this was also shown in
Garret's work. In the review by Labuza in 1972, he
assumed that carotene and tocopherol destruction followed
first order reaction kinetics.

For vitamins R12 and Rt, and pantothenic acid in
the vitamin mix, Garret 1956 found that first order reaction
kinetics could be applied to their destruction rates, but
that destruction of folic acid was similar to vitamin A
and the order depended on the concentration - zero at high
concentration, pseudo first order at lower concentrations.
Singh et al. in 1975 showed that the destruction of
riboflavin in liquid milk was found to be in the manner of
first order reaction. It can be assumed that first order
reaction kinetics are a description of the destruction of
these vitamins.

Very little is known on the destruction rate of
other vitamins, such as niacin, biotin, choline, vitamin D,
vitamin K. These vitamins are either stable to heat
processing or the losses are very small.

The present knowledge on the destruction of amino
acids does not lead to any clear indication on the order of
the reaction. The lack of information on the order of
reaction involved in destruction of amino acid is
undoubtedly due to the complex nature of this reaction.
Reeves 1977 found that the destruction of lysine in liquid
milk could not be fitted in with any order, however the
pseudo first order was assumed. In the reviews by Labuza
1972 and Lund 1975, nevertheless, first order reaction was
assumed applicable for destruction of lysine.

As there is no information suggesting the destruction
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of amino acids in other manners, the first order rate of
destruction was assumed to hold for all the essential amino

acids studied.

L.2.4 Prediction of order of reaction

In this study, an attempt had to be made to predict
the loss of nutrients in processing so that the designed
mixture after processing contains nutrients according to
the requirements of the infant. To do this, it was assumed
that the destruction reactions of all the nutrients were
firet orcder reactions as regards concentration of the
nutrient. This is an assumption based on little informetion
in the literature, but it was considered a valid one to make
in order to have the linear programming model include the
effect of processing on nutrients. As more information
becomes available on nutrient destruction, it can be used

to improve the predictions of processing loscses.

4.3 Reaction rate kinetics for nutrient destruction

In general, a first order reaction of disintegration

of A can be described as

- SA =K Gy oeeenens (L oLy)

If CO is the initial concentration of nutrient A at zero

time and C is the concentration at subsequent time t,

C t
= dCA = k dt.o.--... (L{»oS)
CA o}
CO
which can be written as
Y
o JnC =kt...o.ooo (L}o6)
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or - 2.303 log & = Kteeenrnns (4.7)
(0]

Thus a plot of the logarithmsof the retention against time
k

2+503

The rate of reaction has long been known to be

yields a straight line with slope -

v

temperature dependent (1). The reaction rate constant, k,
increczses with temperature and the relationship is:

k = Ae -E/RTo..o.o.o (L+,8)

where A i1s called the frequency factor, E is the energy of
activation, R is the-gas constant and T is the absolute

temperature.

Taking logarithms, the equation can be written as:

log k = logA - E ee 0 o0 ([1\.9)
2.303 RT
Therefore the plot of log k against 1/7 yields a straight
line with slope equal to = ——
2.303 R

The constant, E, is characteristic of the reaction
and determines the influence of temperature on the reaction
rate. Thus, the relationship of k and temperature can be
establiched from fitting a straight line to data of log k
and 1/T. The rates of reaction at other temperatures can
be predicted from this relationship.

Besides depending on the temperature, the rates
of the reaction are affected by other variables - pH, water
activity, concentration of oxygen and concentration of
minor components such as trace metals and enzymes (146, 251).
Wanninger 1972 postulated a mathematical model for the
effect of moisture content on the rate of reaction; but data

is not available to generalise the effects of any of these
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variables on nutrient destruction.

In this study, it was assumed that oxygen was
abundant, the pH was near neutral and water activity was
high when processing started but would decrease during
drying. It was ascumed that there would be no great
variation in pH or in oxygen level during processing.

To sum up, a first order reaction was assurmed for
the destruction of nutrients during heat processing and the

two variables considered were concentration of the nutrient

and temperature.

k.4 Review on stability of nutrients during heat processing

The data on the destruction of the nutrients was
collected from the literature. ‘“herever possible the
destruction rate in high mdsture foods was collected
rather than the destruction rate in dry products during
storage, because it will be more relevant to the mixture of
indigenous food materials during processing. An attempt
was made to include data on foods with pH near neutral as
it was assumed that the infant food would have near neutral
pH. An attempt was made not to include data from very high
or very low pH foods.

The data was collected either as already expressed
rates of reaction or as a series of concentrations at
certain temperatures and times. /ith the latter type of
data, the log of retention fraction (C/CO) was plotted
against time; the straight line was fitted to the data by
the least squares method and the reaction rate was
calculated from the slope as shown in Equation 4.7. When
the data only consisted of 3 or 4 points, the straight

line was fitted manually.
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The following sections review the literature on the
losses of nutrients in heat processing of foods. The data
for each nutrient were collectec and k values at different

temperatures and in different food products are presented.

4.5 DProtein and essential amino acids

Generally, the nutritive value of protein is defined
by its essential amino acid composition, taking that the
amount of non-essential amino acide mucst be sufficient to
mininise the metabolic diversion of the essential amino
acids (157). 1In other words, the quality of protein
depends on its ability to supply escential amino acids in
sufficient amount to fulfill all the recuirements for
maintenance and growth (81).

There can be loss of nutritional value on heating.
Reviewed by Eender 1970, Furger et al. 1973, the three
types of reactions responsible for the nutritional cheanges
are firstly maillard reactions i.e. amino groups ecspecially
of lysine react with either aldehyde groups of reducing
sugars or carbonyl groups from oxidised fats (237); secondly,
cross linkage reactions between protein molecules; and
thirdly the damage to sulphur amino acids by oxidation and
sulphydration. In relation to protein-protein cross
linkages, Ford 1973 suggested several possibilities: an
ecster link of carbonyl group to a hydroxyl group of amino
acid, thioester link between the carbonyl and thiol group
and lastly an amide link between carbonyl group and amide
group. As a result of these reactions, the new linkages
found within or between peptide chains are suggested to have
resistance to hydrolysis by the proteases of the gut and

also impair the digestibility of adjacent peptide bonds due
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to stearic hindrance to the access of proteolytic enzymes.
Therefore,loss in nutritional value of protein means that
a proportion of the amino acids are destroyed or made
unavailable nutritionally.

The rate of amino acide destruction during heat
processing can be determined by the decrease in the total
amount of the individual amino acid in the food. There are
problems in estimating the amino acid which is not destroyed

but made unavailable nutritionally.

4L.5.1 Methods of determining total and available amino
acids

Total amino acids in a food can be determined by
acid hydrolysis of the protein followed by either
microbiological assays or by chromatography and colometric
measurement of the individual amino acid . The availability
of specific amino acids can be determined chemically,
microbiologically and by bioassays. In determining the
availability of specific amino acids, the results relate to
the conditions of the test. For example,in comparing the
results from rat growth assays and in vitro digests using
proteolytic enzymes, Ford and Salter in 1966 found that 71
percent of the methionine, 81 percent isoleucine and 28
percent lysine were measured as available in the in vitro
digests as against 42, 39 and 18 percent measured in the

rat growth tests. Miller et al. 1965 found that the
determination of available methionine by the organism

Streptococcus zymogenes was lower than determined by the

chick bioassay, unless the concentration of papain used in
the enzyme predigestion was increased. In the enzymic
determination of available lysine by the chemical method

using fluorodinitrobenzene (FDNE) and by the chick bioassay,
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Miller et al. in 1965 found that nvailnble lysine determined
by the FDNB method was 9% percent while by chick bioassay

it wes &1 percent of the total lysine. Therefore, in
ctudying the literature for data to use in the kinetics,
attention was given to the total amino acicds and the
aveilable amino acide, and alco to the mcthods usecd in the
determinations. Thie variability in methods of analysis
malkec it very difficult to use date from different vps=gpers

in a generalised study =such as this.

4L.5.2 The effect of conditions on the kinetic rate
constants

In compiling these data, the disparity in the
estimated X veluees for each amino ~2cid was found to be cuite
marked. Undoubtedly, thiec dicpority wee due to the

.

11

3
9]

(=53

ai

¢

:n®fes in the conditione of the cxperiments esuch o=
moisture content, i, duration of hent treatment and tyre of
food rroducts. 7ith respect to woisture content, earlier
vor't guch as by lea and Tannan in 1549 cupgpested that the
meximun destruction occurred at roicture contents between
10 and 14 percent. Carpenter ¢t al. 1962 heated defatted
herring precsed cake at 15OOC for 27 hours over the rcgion
of O to 50 percent moisture and found the maximum amino
acid binding from 4 to 12 percent moisture for lysine,
methionine and tryptophan. Miller et al. 1965 heating cod
muscle at 85°C and 115°C for 27 hours over the region of

O to 50 percent moisture content found the greatest loss in
lysine at 14 percent moisture but methionine, tryptophan

and leucine had increased losses at higher moisture contents.

However, when chici assays were uced instead of Streptococcus

zymogenes, the destruction did not change with increased
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moisture content. From the available data, it is not
possible to relate the rate of destruction of amino acids
with moisture content. Fut losses at very low moisture
contents are possibly not relevant to the present study as
they will be lower than can be expected during the
processing of the infant food. Unfortunately, some of the
papers did not state the moisture content of the foods, but
generally foods with moisture contents below 4 percent were
not used.

Duration of heattreatment in the experiments
certainly has an effect on reaction rates. The accuracy in
the analysis decreases as the concentration gets smaller.

It is worth noting that most of the experiments done on
protein are quite severe i.e. long holding times such as

18 or 24 hours at temperatures above 1OOOC. The difference
in holding time will plsy an important role in the
estimation of the k value. The k values derived from the
shorter holding times will be markedly higher than those
from longer holding times. In studying the situation where
the rcecaction rate congtant will be ured to predict the loss
during processing, which occurs for a short holding time,
the initial stage of the reaction whenever possible was
taken in the estimation.

Other factors which tend to affect the loss of amino
acids and the availability of amino acids such as the amount
of reducing sugars and pH were reviewed by Bender 1972 and
Osner and Johnson 1968. The effect of reducing substances
is found in the maillard reaction, a major cause of protein
destruction and in particular of lysine. There is a great

deal of evidence for the fall in nutritive value resulting
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from the presence of reducing substances in heated protein
(107, 195). Unfortunately, in the collection of the
kinetic data, it was not possible to take this into account.
With respect to pll, there is evidence that increasing pH
causes the decompocition of sulphur amino acids (189).
Schroeder et al. 1961 indicated that more of the amino
acide are bound at hipher pll.

Heat can have both beneficial and detrimental
effects on protein. Eeneficial effects have been reported;
in particular all legumes (16) and some cereals such as
wheat, rye, buckwheat, rice, ocats and maize contain trypsin
inhibitors and heating helps in destroying these.

Therefore, although heat must be applied adequately
to certain raw materials such as lejumes and cereals to
improve its nutritional value, the further heating required
in processing will certainly impair the amino acids and
hence the protein quality. In order to find the effect of
temperature on the destruction of the amino acids, data was
collected from the literature on the retention of each
escential amino acid related to time and temperature of
processing. The other variables - type of product, pH,
moisture content, method of analysis - were noted wherever
possible but they were not used in calculating the reaction
rate constants for each amino acid. The data was all
treated as first order reaction and the reaction rate
constants, related to temperature, of different amino acids

were calculated.

L.5.3 The reaction rate constants for the destruction of

the essential amino acids

As many data as possible related to known
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temperatures and times were collected. In cases where the
amino acidsretention during different periods of heating
were given, k values were estimated from the slope of the
retention/heating time relationship graphed on semilog
paper. DBecause of the lack of suitable data, single
readings at the end of the heating time were also uced.

Foth total and available amino acid data were collected.
The data is shown in Tables 4.1 to 4.11. This data was
compiled from various sources with differences in the
experimental conditions, and disparity in the estimated
values would be expected. It was felt that all the available
information should be noted, and then the data examined to
determine the most suitable for the kinetic studies.
Although it is difficult to generalize becauce of
the wide variation in the data, the rezction rate constants
for the available amino acid destruction was higher than
for the total amino acid destruction. It was felt that
the available amino acid data should be used wherever
possible as this would give the greater predicted losses.
However, in deciding which data to use conesideration had to
be given to the availability of the data, in particular the
range of temperature available for each amino acid. The
data had also to be in a form where it was possible to apply
the Arrhenius equation. For these reasons, it was decided
that data on total amino acids were used for histidine,
threonine, phenylalanine, tyrosine, and valine. Data on
available amino acids were used for lysine, leucine,
methionine, isoleucine, cystine and tryptophan. For
histidine, threonine, phenylalanine and valine, total amino

acid data were used because it covered a wider range of
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tenperature than the available amino acids. For tyrosine,
data on available tyrosine was not found. For lysine and
methionine, there were more datz on the available amino
acid.

%ith available lysine, fluctuations due to moisture
content were eliminated by using only data of higher
moisture content. Iowever, with the other amino acids
there was not sufficient data available to do this.

With available methionine, data determined by Miller
et al. 1965 using the chick assay were not included as it
reflected a slower rate than the microbiological method.
Otherwise, no attempt was made to exclude data because of
the method of amino acid determination. Most of the
available lysine were by the FDNE method and were
comparable, but there was variation in the methods used
for other amino acids.

For cystine and isoleucine, it was very difficult
to decide on the data to use due to their disparity and
scarcity. For both amino acids, the rate was higher with
the available amino acid especially with the pork slurry
at 113°C (19). To reflect this higher rate of reaction
and yet allow the assumption of the validity of the
Arrhenius equation, only some of the data on available
cystine and isoleucine were selected to find the
relationship between k and temperature. The data not
included in the prediction of the k/temperature relation-

ship are shown in brackets in the tables.
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Table 4.1 Reaction Rate Constants for Histidine
Temp. k Moisture pH Method of Type of Reference
%e X10™>  content analysis product
hr”! %
Total Histidine
105.0 3.47 11.5 ~ Chromatography + Cod fillet Ellinger and
colorimetric Boyne 1965 (69)
110.0 3.48 50.0 - Amino acid analyser Pork Donoso et al.
1962 (63)
120.0 8.22 - - Acid hydrolysis + Skim milk Ford 1962 (83)
S. zymogenes powder
120.0 3.89 - - " u Fish meal I " (83)
121.0 43,60 - - Acid hydrolysis + Soybean Fvans and Putts
S. faecalis protein 1949 (72)
121.0 3,02 - - Acid hydrolysis + Cured pork Beuk et al.
S. lactis 1948 (18)
150.0 194.23 9.9 - Amino acid analysis Coconut meal Samson 1971 (214)
Available Histidine
113.0  32.62 - - 5. lactis Fresh pork Beuk et al.
slurry 1948 (18)
116.0 36.93 - ~ S. zymogenes Chicken Varnish et al.
muscle 1975 (246)
121.0 110.77 - 6.2 L. mesenteroides Canned sword Lopez - Matas
fish Fellers 1948(153)
121.0  26.46 - - Enzyme hydrolysis + Fresh pork . Beuk et al.
S. lactis 1948 (18)
121.0 19.25 - - gl e Cured pork i " (18)
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Table 4.2 Reaction Rate Constants for Isoleucine
Temp. k Moisture pH Method of Type of Reference
¢ X107> content analysis product
hr~ %
Total Isoleucine
110.0 3,02 50.0 - Amino acid analyser Pork Donoso et al.
A 1962 (63)
116.0 2.91 - - " " Chicken Varnish et al.
muscle 1975 (246)
120.0 2.70 - - Acid hydrolysis + Fish meal Ford., 19€2 (83)
) S. zymogenes
120.0 13.25 - - g = Skim milk LU U (83)
powder
121.0 20.85 - - Acid hydrolysis + Soybean Evans and Butts
L. arabinoeus protein 1949 (72)
Available Isoleucine
113.0 (65.97) - - L. arabinosus Fresh pork Reuk et al.
slurry 1949 (19)
114.0 20.63 6.0 - S. zymogenes Groundnut Anantharaman and
flour Carpenter 1971
(3)
116.0  43.99 - - S. zymogenes Chicken Varnish et al.
muscle 1975 (246)
121.0  46.43 6.0 =~ S. zymogenes Groundnut Anantharaman and
flour Carpenter 1971
(3)
121.0 (29.73) - - Enzyme hydrolysis + Fresh pork _ Beuk et al.
L. arabinosus 1948 (18)
121.0 (17.95) - = " " w oo

Cured pork

(18)
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Table 4.3 Reaction Rate Constants for Leucine
Temp. k Moisture pH Method of Type of Reference
°c X10™>  content analysis product
hr-I %
Total Leucine
110.0 9.30 50.0 - Amino acid analyser Pork Donoso et al.
1962 (63)
116.0 5.27 - - " " Chicken Varnish et al.
muscle 1975 (246)
120.0 20.79 - -  Acid hydrolysis + Skim milk Ford 1962 (83)
E: zymogenes powder
120.0 3.17 - ~ " " Fish meat LI L (83)
121.0 20.85 - -  Acid hydrolysis + Soybean Evans and Butts
L. arabinosus protein 1949 (72)
Available Leucine
113.0 (54.83) - - L. arabinosus Fresh pork Beuk et al.
slurry 1949 (19)
114.0 (54.18) 6.0 - S. zymogenes Groundnut Anantharaman and
flour Carpenter 1971
(3)
116.0 30.39 - - S. zymogenes Chicken Varnish et al.
muscle 1975 (246)
121.0 24.16 - - Enzyme hydrolysis + Fresh pork "Peuk et al. 1948
L. arabinosus 18)
121.0 23.23 - - " " Cured pork " v (18)
121.0 58.13 6.0 - _§. zymogenes Soybean Anantharaman and
. protein Carpenter 1971
(3)
121.0 110.51 50.0 - Enzyme hydrolysis + Sesame meal Villegas et al.

L. mesenteroides

1968 (247)




Table L.4 Reaction Rate Constants for Lysine
Temp, k Moimture plii Method of Type of RReference
% X10™>  content analysis product
nr! % g
Total Lysine
90.0 0.55 - = Acid hydrolysis + Meat meal Atkinson and
chromatography Carrenter 1970
(10)
102.5 2.47 14.0 6.95 Ion exchange Cod muscle Miller et al.
chromatography protein 1965 (162)
105.0 3.22 11.5 = Chromatography + Cod fillet Ellinger and
colorimetric Boyne 1965 (69)
110.0 9.30 50.0 - Amino acid analyser Fork Donoso et al.
1962 (63)
116.0 3.99 14,0 6.95 Ion exchange Cod muscle Miller et al,
chromatography protein 1965 (162)
120.0 8.32 - - Acid hydrolysis + Skim milk Ford 1962 (83)
P. cerevisiae powder
120.0 21.99 9.9 - Amino acid analyser Coconut meal Samson 1971 (214)
121.0 1.70 - - Acid hydrolysis + Cured pork Beux et al. 1948
L. mesenteroides (18)
121.0 2.14 - - Ul " Fresh pork w n (18)
121.0 37.7 50.0 - Acid hydrolysis Sesame meal Villegas et al.
19€8 (247)
121.0 89.18 - - Acid hydrolysis + Soytean Evans and Futts
L. mesenteroldes  protein 1943 (70)
130.0 287.74 - - - Canned peas Armbruster and
Murray 1951 (8)
150.0 772.34 9.9 - Amino acid analyser Coconut meal Samson 1971 (214)

Available Lysine

23.0 0.0046
23.0 (0.0092)
37.0 0.0186
37.0  (0.0092)
32.0  (3.41)
56.0 0.144
56.0 (0.0798)
70.0  43.02
75.0 1.77
75.0  (0.1256)
85.0 2.62
85.0 3.47
90.0 3.50

14.0

6.0
14.0
6.0
15.0

14.0

6.0

14.0

6.0
14.0

14.0

- FDNB Groundnut
flours
s FDNB L] "n
- FDNB L (0
- FDNB " "
6.3 FDNB Casein glucose
mixture
- FDNB Groundnut
flours
- FDNB " "
- FDNB Beef fillet
slurry
- FDNE Groundnut
flours
- FDNE " o
6.95 FDNE Cod muccle
protein
6.95 Chick " "
- FDNE Meat meanl

Anantharaman and
Carpenter 1971 (3)

(3)
(3)
(3)

Rao et al. 1963
(200)

Anantharaman and

Carrenter 1971 (3)
(3)

Dvorak and
Vognarova 1965 (€5)

Anantharaman end
Carpenter 1971 (3)

(3)

Yiller et al.
(1€2)

19€5

(162)

Atkineon and
Carpenter 1970 (10)
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Temp. k Moisture pH Method of Type of Reference
X10™>  content analycis product
nr-! D
Available Lycine cont'd
93.0 3.46 - - FDNB Soybean milk Van Puren et al.
~ dried 1964 (244)
100.0  20.00 50.0 = - Soybean meal Labuza 1972 (146)
100.0  64.53 - 7.6 FDNB Fich protein Dubrow and Stillings
concentrate 1970 (64)
107.0 (20.11) 6.0 - FDNB Groundnut Anantharaman and
flours Carpenter 1971 (2)
110.0 17.32 50.0 - FDNB Fork Donoso et al. 19€2
(63)
113.0  64.71 - - L. mesenteroides Fresh pork Peuk et al. 1949
a . slurry (19)
114.0 {50.28) 6.0 - FDNB Groundnut Anantharaman and
flours Carpenter 1971 (3)
115.0 46.00 50.0 = - Soybean meal Labuza 1972 (146)
116.0  14.81 14.0 6.95 FDNB Cod muscle Miller et al.
protein 1965 (162)
116.0 24.37 14.0 6.95 Chick " o o " (162)
121.0 31.47 - - Enzyme digestion Fresh pork Reuk et al. 1948
+ L. mesenteroides (18)
121.0  39.24 2 - " " Cured pork w n (18)
121.0 24415 - 6.2 L. mesenteroides Canned sword Lopez - Matas and
fish Fellers 1948 (153)
121.0 93.99 - - FDNB Raw beef Dvorax and
. fillet slurry Vognarova 1965 (65)
121.0 7413 - - FDNB Soybean milk Van Buren et al.
- dried 1964 (244)
121.0 (109.52) 6.0 - FDNB Groundnut Anantharaman and
- flour Carpenter 1971 (3)
121,0 89.18 - - Enzyme digestion Soybean Evans and Butts
protein 1948 (70)
121.0 203.28 High = FDNB Black beans Pressani et al.
in water 1963 (25)
121.0 212.86 50.0 - FDNB Sesame meal Villegas et al.
1968 (247)
121.0 119.53 14.0 = FDNB Groundnut Anantharaman and
flour Carpenter 1971 (3)
121.0 235.44 - - Enzyme Soybean meal Fvans and Butts
hydrolysis + 1948 (70)
L. mecenteroides
126.0 166.00 50.0 = - Soybean meal Labuza 1972 (146)
130.0 287.74 - - Enzyme digestion Canned peas Armbruster and
+ microorganiss Murray 1951 (8)
130.0 624.85 - = Enzyme digestion Dried peas Fvans and St. John
+ S. faecalis 1948 (74)
140.0 221.97 - - FDNB Beef fillet Dvorak and
slurry Vognarova 1965 (65)
150.0 91.67 - 7.5 FDNB Fish protein Dubrow snd Stillings

concentrate

1970 (64)




Table 4.5 Reaction Rate Constants

for Methionine

Teap. K

2 B Moicturoe pH Muthod of Typeo of Reforenceo
¢ de_l content anslyuis product
kr %
Totn) Metbionine
110.0 ?7.26 50.0 - Amino acid analyeer Fcrk Donoso et al.
1962 (63)
116.0 ?7.40 - - Amino acid analysor Cicken Varnich et al,
cuecle 1975 (246)
120.0  12.57 - - Acid hydrolysis + Skim milk Ford 1962 (83)
S. zymorenes pexder
120.0 3.7 - - n " Fish ceal noow (g3)
121.0 15.47 - = Acid hydrolycis + Scybean Evans snd Butts
L. meceateroides protein 1949 (72)
140.0 33€.93 9.7 =~ - Casein Takeo and
solution Takatoshl 1967
(224)
150.0 407.06 9.9 - Amino acid analyser Coconut meal Samson 1971 (214)

Availalle ethionize

32.0 (0.576) 15.0 6.3 Enzyme hydrolyeis
+ S. zymogenes
85.0 3.23 14,0 6.95 S. zymogenes
85.0 12.06 50.0 6.95 o L
85.0 (4.37) 14.0 6.95 Chick
85.0 (4.37) 50.0 6.95 "
90.0 6.28 - - S. zymogenes
90.0  (4.47) - - Chick
102.5 8.01 14.0 6.95 S. zymozenes
102.5 (8.01) 14.0 6.95 Chick
102.5 23.48 50.0 6.95 S. zymosenes
102.5 (9.31) %0.0 6.95 Chick
110.0 174.20 - - Enzywe hydrolysis +
L. ara*inosus
113.0  99.01 - =" L. mecenteroides
1116.0 35.25 ey - S. zymogenes
116.0 (13.88) 14.0 6.95 Chick
116.0 21.77 14.0 6.95 S. zymozencs
121.0 29.73 - ~ Enzyme hydrolyels <
L. mecenteroides
121.0 3%0.59 - - " n
121.0  43.60 = = L. mecenteroides
121,0 202.65 - 6.2 L. sratinosus
121.0 (42.62) €.0 = S. zymorencs
130.0 405.49 - - Enzyme hydrolycis

+ L, arabinorua

Casein
gllucecse
mixture

Cod muscle

protein
" "
u "
" n
Meat wmeal
" "

Co< muscle
praotein

Dry peas

Fresh pork
slurry
Cricken
muscle

Cod muscle
protein

Cod muscle
protein

Cured pork

Frech pork

Scrtean meal

Canned sword
fish

Groundnut
flaur

Dry peas

Rao et al. 1963
(200)

Miller et al.

1965 (162)
woom (1€2)
voow (162)
"oow (162)

Atkingon and
Carpenter 1970

(10)

& = (10)
Miller et al.
1965 (162)

noon (162)

" oom (162)

" on T 162)

Evans and St,
Johns 1948 (74)
Beuk et al. 1949
(19)

Varnish et al.
1975 (246)
Miller et al.
1965 (162)

(162)

Beuk et al. 1948

(18)

W (18)
Evens and PRutts
1949 (72)

Logez - Matos and
Fellers, 1948
(153)

Annntharnzan and
Csrgenter 1971 (3)

Fvane and St.
1943 (74)

Johne

124,
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Table 4.6 Reaction Rate Constants for Cystine

Temp. k
°  x107>
hr!

Moisture pH
content

Method of
analysis

Type of
product

Reference

Total Cystine

85.0 6.75 4.0
102.5 15.02 14.0
105.0 28.56 11.5
110.0  24.16 50.0
116.0 40.69 14.0
120.0  95.15 -
121.0  24.16 -
121.0  24.16 -
121.0  37.71 -

Available Cystine

113.0 (374.56)

121.0 46.20

121.0  54.57

121.0 71.93

130.0 209.16

130.0 274.48

6.95

6.65

6.95

7.5

Chromatography as
cysteic acid

n "

Chromatography
colorimetric

Amino acid analyser

Chromatography as
cysteic acid

Chromatography as
cysteic acid

Acid hydrolyser +

L. mesenteroides

Acid hydrolysis +
L. mesenteroides

L. mesenteroides

Enzyme hydrolysis
+ L. mesenteroides

Enzyme hydrolysis
+ L. mesenteroides

Cod muscle
protein

n n

Cod fillet
Pork

god muscle
protein

Fish protein
concentrate
Fresh pork
Cured pork

Soybean
protein

Fresh pork
slurry

Cured pork

Fresh pork

Soybean meal

Dry peas

Canned peas

Miller et al.
1965 (162)

(162)

Ellinger and
Boyne 1965 (69)
Donoso et al.
1962 (63)
Miller et al.
1965 (162)
Dubrow and
Stillings 1970
(64)

Beuk et al. 1948
18)

" "

(18)

Evans and Butts

1949 (72)

Beuk et al.
(19)

Beuk et al. 1948
(18)

" "

1949

(18)
1951

Evans et al.

(73)

Evans and St.
Johns 1948 (74)

Armbruster and
Murray 1951 (8)
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Table 4.7 Reaction Rate Constants for Phenylalanine
Temp. k Moisture pH Method of Type of Re ference
8¢ x107> content analysis product
hr~] %
Total Phenylalanine
110.0 4.40 50.0 - Amino acid analycer Fork Donoso et al.
1962 (63)
120.0 23.58 9.9 - " Ul Coconut meal Samson 1971 (214)
120.0 23.58 - - Acid hydrolysis + Soybean Evans and Butts
L. arabinosus protein 1949 (72)
121.0 143.20 50.0 - L. mesenteroides Sesame meal Villegas et al.
1968 (247)
140.0 103.16 97.0 - - Casein Takeo and
solution Takatoshi 1967
(234)
150.0 47.62 9.9 - Amino acid analyser Coconut meal Samson 1971 (214)
Available Phenylalanine
113.0 58.17 - - L. arabinoeus Fresh pork Beuk et al.
slurry 1949 (19)
121.0 25.68 - - Enzyme hydrolysis + Cured pork Beuk et al.
L. arabinosus 1948 (18)
121.0  31.47 = - " B! Fresh pork o " (18)
Table 4.8 Reaction Rate Constants for Tyrosine
Temp. k- Moisture pH Method of Type of Reference
°c X107 content analysis product
hro! %
Total Tyrosine
110.0 L.86 50.0 =~ Amino acid analyser Pork Donoso et al.
1962 (63)
120.0  156.34 9.9 - " u Coconut meal Samson. 1971 (214)
140.0 176.77 97.0 = - Casein Takeo and
solution Takatoshi. 1967
(234)
150.0 330.63 9.9 - Amino acid analyser Coconut meal Samson 1971 (214)




Table 4.9 Reaction Rate Constants for Threonine
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Temp. k Moisture pH Method of Type of Reference
& x107> content analysis ‘product
hr-! %
Total Threonine
105.0 0.76 11.5 - Chromatography+ Cod fillet Ellinger and
colorimetric Boyne 1965 (69)
110.0 5.81 50.0 =~ Amino acid analyser Pork Donoso et al.
1962 (63)

140.0 73.66 97.0 - - Casein Takeo and

solution Takatosehi 1967
’ (234)

150.0 90.32 9.9 - Amino acid analyser Coconut meal Samson 1971 (214)

Availatle Threonine

113.0 71.39 S. lactis Fresh pork Beuk et al. 1949
slurry (19)

121.0 3?7.16 - .- Enzyme hydrolysis + Fresh pork Peuk et al. 1948

L. arabinosus 18)

121.0  43.75 - - L " Cured pork i " (18)

121.0 183.09 - 6.2 L. arabinosus Canned sword Lopez - Matas and
fish Fellers 1948 (153)

121.0 199.10 50.0 - Enzyme hydrolysis + Secsame meal Villegas et al.

S. faecalis

1968 (247)
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Table 4.10 Reaction Rate Constants for Tryptovhan
Temp. k Moisture pH Method of Type of Reference
& X1072 content analysis product
hr”! %
Total Tryptophan
90.0 0.37 - - Chemical Meat meal Atkinson and
Carpenter 1970
(10)
110.0 2.14 50.0 - Amino acid analyser Pork Donoso et al.
1962 (63)
120.0 2.83 - - Acid hydrolysis + Fish meal Ford 1962 (83)
§. zymogenes
120.0 29.90 - - " oY Skim milk Ford 1962 (83)
powder
121.0 3513 6.0 - - Groundnut Anantharaman and
flour

Availatle Tryptophan

85.0

85.0

90.0

90.0

102.5

. 102.5
113.0

116.0

116.0

121.0

121.0
121.0

121.0

6.76

25.68

11.61

2.29

19.96

40.70
80.80

46.06

32.43

40.32

43.75
143.22

(35.13)

4.0 6.95

50.0 6.95

14.0 6.95

50.0 6.95

14.0 6.95

- 6.2

6.0 =

S. zymogenes

Chick

S. zymogenes

L. arabinosus

S. zymogenes
E. zymogenes
Enzyme hydrolysis

+ L. arabinosus

L. arabinosus

S. zymogenes

"Cod muscle

protein

Meat meal

Meat meal

Cod muscle
protzin

”"n "
Fresh pork
slurry

Chicken
muscle

Cod muscle
protein

Cured pork

Fresh pork

Canned sword
fish

Groundnut
flour

Carpenter 1971 (3)

Miller et al.
1965 (162)

n "

(162)

Atkinson and
Carpenter 1970
(10)

n n

(10)

Miller et al.
1965 (162)

(162)

Beuk et al. 1949
(19)

Varnish et a}.
1975 (246)
Miller et al.
1965 (162)

Beuk et al. 1948
18)

18)
Lopez-Matas and
Fellers 1948 (153)

Anantharaman and
Carpenter 1971 (3)
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Table 4.11 Reaction Rate Constants for Valine
Temp. k Moisture pH Method of Type of Reference
¢ X10™2 content analysis product
hr-! %
Total Valine
105.0 164.92 9.9 - Amino acid analyser Coconut meal Samson 1971 (214)
110.0 4.86 50.0 - Amino acid analyeer Pork protein Donoeo et al.
1962 (63)
120.0 117.90 9.9 - th " Coconut meal Samson 1971 (214)
120.0  39.47 - - Acid hydrolysis + Skim milk Ford 1962 (83)
S. zymogenes powder
121.0 20.85 - - Acid hydrolysis + Soybean Evans and Putts
L. arabinosus protein 1949 (72)
140.0 123.3 97.0 - - Casein Takeo and
solution Takatoshi 1967
(22y4)
150.0 252.36 9.9 - Amino acid analyser Coconut meal Samson 1971 (214)
Availatle Valine
113.0 62.83 - - L. aratinosus Fresh pork Beuk et al.
slurry 1949 (19)
121.0 159.96 - 6.2 Ul Ul Canned sword Lopez-Matas and
fish Fellers 1948 (153)
121.0 22.70 - - Enzyme hydrolysis + Cured pork Beuk et al.
L. arabinosus 1948 (18)
121.0 25.68 - - " " Fresh pork oo (18)
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L.¢ Fat and Linoleic acid

It is generally known that fat and fatty acid are
subject to oxidative deterioration (114). Labuza 1971
extencively reviewed the mechanism of fat oxidation in
relation to fat rancidity during storere. It was cummarized
that it involves 3% periode i.e., incduction period,
monomolecular period and bimoleculsr period. The
unsaturated acids are involved and three types of reaction
generally occur i.e., initiation where a free radicle ic
formed, propagation where free radicle is propagated and
the terminetion where the free radiclec react and form non
radicle products. The rate of this oxidative reaction of
unsaturated acids is related to temperature (145). Ilowever
in most heat processing in industry, there is not a
cignificant breakdown of linoleic and linolenic acids until
heating has been both prolonged and at a high temperature.

There is unlikely to be lose of saturated fates and
fatty acids in processing unless hydrolysis of the fats
occur and the fatty acids are leached out. As reviewed by
Nescheim 1974, industrial procescing did not have a
significant effect on fats and fatly acids. Giddings and
Hill 1975 found only slight losces in the 1lipid fraction and
fatty acids of blue crab in autoclaving at 121OC for 10
minutes. Kinsella and Weihrauch 1976 found that processing
such as degumming, refining, bleaching, deodorizing and
winterizing did not alter the fatty acid composition of
vegetable o0ils and fats and animal fats. Chow and Draper
19€9 found that drying corn from ambient temperature to 14300
did not affect the fatty acids.

Because heat processing and drying has not been
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reported to change the composition of fats and fatty acids
in foods to any great extent and because the induction
period of the oxidative reaction is known to take sometime,
it was assumed that the reactions occurring during processing
would not go beyond this induction period and there would be
little loss of the unsaturated fatty acids.

From what information waes available, it was decided
to assume that fat and linoleic acid did not change during
processing ana therefore, they were not considered in the

modification of the infant food model.

4.7 Vitamin A

As recommended ty Joint FAQ/WHO Expert Group on
requirement of vitawin A (128), vitamin A values are
expressed in terms of F-carotene equivalent and retinol.
Food composition tabtlec commonly use F-carotene and retinol,
but the destruction of vitamin A is reported as loss of
carotene. Therefore, the data collected and calculated wvase
in terms of carotene.

Vitamin A and its precursor, FE-carotene are stable
to high temperature under an inert atmosphere (23, 12). It
is easily oxidised in the presence of oxygen especially at
high temperature and it is sensitive to ultraviolet light
(114). In a review by Lang 1970, it was suggested that home
cooking and industrial processing had little detrimental
effect on carotene and retinol. Farlier investigations on
the loss during cooking of vegetables reported the losses to
be in the range of 0-10 percent (96, 177). Unfortunately
these data cannot be interpreted kinetically. With milk
products, Ford et al. 1969 found no loss of vitamin A using

UHT processing. Henry et al. 1944 also found no loss of
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vitamin A during evaporation of milk. Harris and Von
Loesecke 1960, discussed that canning had little effect on
the destruction of vitamin A; however, if it ie exposed to
atmospheric oxygen, loss can be nhigh. In the review by
Furger et al. 1973, loss of vitamin A in frying meat at

200°C can be as high as 40 rercent after 5 minutes and €0
percent after 10 minutes. Not as high a loss was reported

by Hannukainen 1974, in cooking of liver, the highest loss
was found to be 16 percent. In another instance with
exposure to atmospheric oxygen, Denton et al. 1944 gave an
average retention of vitamin A in spray-dried egg under normal
commercial practice to be 90-100 percent. Labuza 1972
sumriarized the average retention of carotene in drying
carrote by tray drying to be 74 percent and by explosion puff
drying to be 31 vercent.

Although a number of investigations were studied on
the destruction of vitamin A during processing, very little
available data were kinetically meaningful. Most of ‘the
data interpreted were from storage tests on animal products.
The only data at high temperatures was the work of Cook and
Sundaram 1963 where food was heated by the household method
of cooking. It was likely that the rate of reaction would be
higher than actually occurred during the heating due to
leaching and to the slow cooling down process. However, the
data was used because of the shortage of data in particular
of data for fresh food systems.

It was realised that moisture content has a marked
effect, particularly in the vicinity of the monolayer moisture
content, and that the rate of reaction was higher at very

low moisture contents (156). However this effect is not



known in the high wmoisture foods such as

data on the
included as
The

thie study,

used whenever possible.

2

fresh foods.

135%

The

very low moisture content foods were not

they were not relevant to this study.

effect of oxygen present was not considered in

but food:«

at reasonable leveles of oxygen were

The data in Table 4.12 is therefore mostly for

canned foods stored at different temperatures.

Table L4.12 Reaction Rate

Constants

for Carotene

Temp. k Moisture pH Type of product Reference
Se x1073 content
hr! %
5.6 046 - - Canned tomato juice Guerrant et al. 1945
(104)
5.6 RRIA - ~ Canned green lima beans 0 "o (104)
5.6 074 - - Canned whole kernal corn " "oo(10y)
17.0 .032 - - U.H.T. steriliced milk Ford et al. 1969 (86)
29.4 .058 - - Canned tomato juice Guerrant et al. 1945
(1o4)
29.4 151 - - Canned green lima beans 12 oo (104)
29.4 NoeINN - - Canned whole kernel corn L "o (104)
30.3 .006 - 6.3 Canned evaporated milk Brenner et al. 1948
(2y) )
30.3 © 004 - 6.3 Canned fruit and
vegetable " "o(2y)
20.3 .013 - 6.3 Canned whole kernel corn " "o(2y)
30.3 .028 - 6.3 Canned orange juice " no(2y)
43.3 064 - - Canned tomato juice Guerrant et al. 1945
(104)
L3.3 201 - - Canned green lima beans 1" m o (104)
43,3 .125 - - Canned whole kernel corn " voo(104)
100.0 185.58 In
water - Boiled artichokes Cook and Sundaram 1963
- (51)
121.0 1137.84 In -. Boiled artichokes in " " (51)
water pressure cooker
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4.8 Vitamin D and Vitamin K

Vitamin D is quite stable to heat, acid and oxygen
but slowly destroyed in alkali (114). Klose et al. 1943
found no loss of vitamin D in spray drying of egg. In milk,
Henry et al. 1944 found that fat soluble vitamins were
unaffected during processing. In canned fish, Nielands
et al. 1947 found insignificant loss of vitamin D.

Vitamin K is stable to heat and reducing agents but
sensitive to light and oxidation (114, 148). Due to its
stability to heat and the ability of the intestinal flora
to synthesize vitamin K, little information is available on
the effect of heat on the stability of vitamin K.
Richardson et al. 1961 found canning of vegetables had no
influence on vitamin K.

As both vitamin D and vitamin K are known ac stable
vitamins to heat, the data available did not reveal any
significant loss during heat processing. It does seem that
the rate of the destruction reaction is very slow and does
not change with temperature. Therefore, vitamin D and
vitamin K were assumed not to change to any significant

extent during heat processing.

L.,9 Vitamin E

It is known that different forms of tocopherol
differ considerably in their vitamin E activity. According
to Sebrell and Harris 1971, 4 tocopherols and 4 tocotrienols
are known to occur in nature; these are alpha, beta, gamma,
delta,tocopherol and tocotrienols. Most plant sources are
rich in o tocopherols such as wheat germ, corn, cotton seed.
Two distinct patterns of tocopherol are found in cereal

grains, i.e. the £ , ¥ and J pattern found in higher plants
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such as soybean, linseed, peanut and y B tocopherols as
well as « andlg tocotrienols in the staple cereals such as
wheat, barley, rye and rice. Harris 1962 gave the
conversion factors of various forms of tocopherol to o<-

tocopherol as

alpha - tocopherol 1.0
beta - tocopherol 0.5
gamma - tocopherol 0.2
delta - tocopherol 0.1

The unit of vitamin ¥ 1is expressed in term of I.U.
which is based on the following equivalents.

1 mg d1 &« tocopherol = 1.1 T.U.

1 mg dl o« tocopheryl acetate = 1.0 T.U.

Therefore, various types of tocopherol can be
related to vitamin E activity. Ilowever, the general term
tocopherol was used in the data availatle on the destruction
of vitamin E. Therefore the rezction rate constant was used
in term of tocopherol.

Vitamin E is known as a vitamin sensitive to
oxidation by atmospheric oxygen. In the absence of air, it
is stable to heat treatment up to about 200°C. In the
presence of strong acids, it can resist heat to 100°C and in
the absence of oxygen is relatively stable to alkali (221).
Oxidation of vitamin E is catalyzed by light and accelerated
by the presence of unsaturated fatty acid. When oils are
oxidized in the presence of air, peroxides are formed and
tocopherol is destroyed (88). DYost of the studies on
tocopherol stability during processing have been in the area
of milling, bleaching and storage of cereal grain (134).

Loss of vitamin E during milling is expected through the
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loss of germ and bran which are sources of vitamin E.
During baking, Moore et al. 1957 found that 47 percent of
the tocopherols in ordinary unbleached flour were destroyed
in the baking of bread. The change during heating and
storage of oils was studied by Ramanujan and Anantekrishnan
1953, and the loss of tocopherol was found in the range of
3-36 percent when various types of o0il were heated at 17500
for 30 minutes. Ford et al. 1969 found that the UHT
processing of milk at 138OC and 1u2OC for few.seconds did
not effect the content of tocopherol even after 90 days
storage at 17°C. Chow et al. 1969 found that drying corn
from ambient to 143°C had no effect on vitamin F. In
overnight drying of seaweed at uOOC in a drying catinet,
Jensen 1969 found loss was approximately 20 percent. In
canning, Eellendoorn et al. 1971 found sterilization had no
effect on the vitamin F content. Studies on the effect of
hezt processing on the retention of vitemin ¥ in food are
limited and the data which can be interpreted kinetically
are very scarce. The data availatle were on the storage of
ceaweed meal (124), the storage of potato chips (32) and the
storage and processing of different oils (113). The effects
of factors such as moisture content and pH were not available.
The effect of oxygen wa; presumed to be included in the
collected data due to the nature of the deterioration. The

summarised data is shown in Table 4.13.
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Table 4.13 Reaction Rate Constants of Vitamin E.

Temp. k Moisture pH Type of produét Reference
Sc X107 content
hr)
4.0 RPN 23,3 - Seaweed meal Labuza 1972 (146)
4.0 (.083) 17.6 - "noow LU (146)
4.0 (.074) 11 - 0w "o (146)
10.0 242 - - D 0 ) (146)
15.0 416 33,3 - DD 0D (146)
15.0  (.160) 17.6 - I : nes (146)
15.0 (.115) LR IR "o LA (146)
17.0 1.825 - =. Potato chip Bunnell et al. 1965 (32)
25.0 .583 33,3 -  Seaweed meal Labuza 1972 (146)
25.0 (.361) 17.6 - D] . S (146)
25.0 (.175) Mma - "oon noon (146)
237.0 418 - = Coconut oil Harris 1962 (113)
37.0 .781 - =  Peanut oil L (113)
37.0 757 - - Sesame oil noon (113)
37.0 495 - = Ghee noow (13)
175.0 471.53 - - Coconut oil L (113)
175.0 724.26 - = Peanut oil DL (113)
175.0 892.74 - - Sesame oil L (113)
175.0  60.928 - - Ghee Woom (113)

4L .10 Ascorbic acid

Ascorbic acid is known as one of the most heat labile
vitamins as reviewed up to 1960 by Harris and Von Loesecke
and thereafter by Lang in 1970 and De Ritter in 1976. The
oxidation reaction in foodstuff is dependent upon many
factors such as oxidation reduction potential of the system,
pH, oxygen, moisture content and trace metals especially
copper and iron (14). Khan and Martell 1967 found that in
the pH range of 2-5, destruction of ascorbic acid increased
with increasing pH and decomposition rate was strongly

accelerated by temperature. It was also found that alcohol
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and sugar might be either prooxidants or antioxidants
depending on their concentrations and the presence of
natural substances in food such as anthocyanin or other
phenolic compounds. The detail of pathways and reactions
involved in oxidation of ascorbic acid was given by
Eauernfeind and Finkert 1970.

In collecting data, it was found that moisture
content plays an important role ecrecially in the dry
product. Gooding 1962 reported significantly increacsing
rate of destruction (5 times) when moisture content in the
dried cabbage increased from 3 to 5 percent. Vojnovich and
Ffeifer 1970 studied the destruction of ascorbic acid in
wheat flour at different moisture contents and found that
destruction rate of ascorbic acid increased as moisture
content or temperature increased. However, effect of
moisture content at given temperature depends on type of raw
material; for example, ascorbic acid in wheat flour stored
at 13,7 percent moisture was reasonatly stable, whereas for
similar stability the moisture content of corn soya milk had
to be no more than 9 percent and of infant cereal no more
than 10 percent.

Regarding losses during food processing, destruction
of ascorbic acid in canning of vegetables reviewed by Cain
1967 was from 67 to 95 percent. In dehydration, losses
varied widely from 10 percent to complete destruction (114)
due to the different structures of raw materials, their
susceptibility to oxidation and leaching during blanching.
For UHT processing of milk, loss was approximately 20

percent (86) but in bottle sterilization of milk, loss was

as high as 60 percent.
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In the present study, most of the data used were

for different types of food at their normal plls and with

high moisture contents, except for wheat flour and corn soya
milkx. With the latter products, the reaction rate constants
at the highest moisture content - 14.6 and 11.8 percent -
were considered ressonable to use. Unfortunately, although

a great number of investigations have been carried out on

the stavility of ascorbic acid, only a limited number can be
interpreted kinetically. The reaction rates calculated are

shown in Table 4.14.
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Table L4.14 Reaction Rate Constents for Ascorbic Acid

Temp. k Moisture pi Tyre of product Reference
% X107 content
nr-! %
5.6 .095 - - Canned whole kernel corn Guerrant et al. 1945
(104)

5.6 .103 - - Canned green lima beans " " (104)

5.6 .085 - - Canned tomato juice " " (104)

9.1 .007 - - Canned orange j:ice Ross 1944 (210)

17.0 5.958 - - U.H.T. sterilised milk in Ford et al. 1969 (86)

aluminium foil carton

21.0 .035 73.3 4.32 Canned tomato paste Lamb et al. 1951 (147)
21.0 0N 94.2 4.23 Canned tomazto juice (0 S (147)

21.1 .030 - 3.90 Canned apricot Brenner et al. 1948 (24)
21.1 .018 - 3.56 Canned orange juice ul e le2Ly)

21.1 .017 - 5.40 Canned spinach woon (2y)

21.1 .006 -  4.35 Canned tomato juice " " 2y)
21.1 .615 - 6.30 Canned peas i ol (2y)
24.2 .035 - - Canned orange juice Ross 1944 (210)
26.0 .018 14.6 - \Wheat flour Vojnovich and Pfeifer

1970 (248)
26.0 (.012) 13,7 - ‘Wheat flour rtoon o (248)
26.0 (.006) 12.9 - ‘Wheat flour oo (248)
26.0 <125 1.8 - Corn soya milk mow (248)
26.0 (.054) 10.4 = Corn soya milk nooonm (248)
26.0 (.012) 8.0 - Corn soya milk v (248)
29.4 .110 73.3 4.32 Canned tomato paste Lamb et al. 1951 (147)
29 .4 .245 - - Canned whole kernel corn Guerrant et al. 1945
. (1oy)

29.4 148 - - Canned green lima beans " " (104)

29 .4 «339 - - Canned tomato juice " " (104)

32,1 .098 - 3.90 Canned apricot Brenner et al. 1948 (24)
32.1 .089 - 3.56 Canned orange Jjuice " " (2y)

32.1 .033 -  5.40 Canned spinach woon o (2y)

32.1 .031 -  4.35 Canned tomato juice Wbl (3)

32.1 .019 - 6.30 Canned peas nooon (2y)
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Table 4.14 cont'd

Temp. k Moisture pH Type of product Re ference
o X107 content
hr! %

37.0 .077 14.6 - Wheat flour Vojnovich and Pfeifer
1970 (248)

37.0 (.054) 13.7 - VWheat flour mooor o (248)

37.0 (.o2y) 12.9 - Vheat flour LS (248)

37.0 1.333 11.8 - Corn soya milk noon (248)

37.0 (.345) 10.4 - Corn soya milk g w o 2y8)

37.0 (.036) 8.0 =~ Corn soya milk noon (248)

37.0 .210 - - Canned orange juice Ross 1944 (210)

37.8 .298 - L4.32 Canned tomato paste Lamb et al. (147) 1951

37.8 .168 -  3.90 Canned apricot Brenner et al. 1948 (24)

37.8 .183 -  3.5€ Canned orange juice - an (2y)

37.8 .097 -  5.40 Canned spinach noon(2y)

37.8 . 064 -  L4.35 Canned tomato juice noon (2y)

37.8 .028 -  6.30 Canned peas noon (2y)

L3.3 .323 - - Canned whole kernel corn Guerrant et al. 1945
(104)

43.3 425 - - Canned green lima teans v (o)

43.3 148 - - Canned tomato juice ' noon (10y)

45.0 .815 14.6 -  Wheat flour Vojnovich and Pfeifer
1970 (2u8)

45.0 (.292) 13,7 - Wheat flour S (248)

45.0 (.089) 12.9 - Wheat flour " " (248)

45.0 3.642 11.8 - Corn soya milk " " (248)

45.0 (1.220) 10.4 - Corn soya milk " i (248) .

45.0° (0.07?) 8.0 - Corn soya milk noon o (248)

50.0 81.9 -6.0-6.2 Squash puree Sistrunk and Cash 1970
(227)

50.0 (.678) - 3,2 Mixture of vitamins in Garrett 1956 (92)

26 percent sugar

60.0 (1.99) - 3.2 " Y W LU (92)

70.0 (5.55) - 3.2 dl :' e O (92)

82.5 445.8 -6.4-€.8 Heating spinach in steam Clydesdale et al. 1971

kettle (45)
100.0 1340.908 89.2 - Steam-boiled artichokes Cook and Sundaram 1963
' (51)

121.0 3307.334 8t ~  Pressure cooked artichokes LI (51)
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L.11 Thiamine

Thiamine is a vitamin that has teen extensively
ctudied by many recearch workers. The cdestruction of
thiamine is reported to be thermal and not oxidative (78).
The extent of thermal degradation and the nature of the
products formed was discussed in detail by Dwivedi and
Arnold 1973. Two pocscsible reactions are suggested: the
breaking of the CH bridge, freeing the moities of
pyrimidine and thiazole, and the breaking down of the
thiazole ring to produce hydrogen sulphide. The type of
breakdown is controlled by the pi! of the food.

In collecting data to estimate the k value, thiamine
wac found to be the only vitamin where extensive work had
been done on the kinetic reaction such as Feliciotti et al.
1957 and Mulley et al. 1975a, and 1975b. A number of data
were already given as the reaction rate consfant. Only
data from the work of Guerrant et al. 1945 and Greenwood
et al. 1944 were calculated. Data collected demonstrated
the effects of moisture content, pH and the form of thiamine
as co-carboxylase.

It was found that with the low moisture content
foods that increasing moisture content increased the rate
of thiamine destruction (204, 188). The reaction rate
constants calculated from the study on storage of dehydrated
pork at 0,2,4,6 and 9 percent moisture for 7 days at Q9OC
by Rice et al. 1944 were 0.56, 3.04, 9.58, 13.71 and 13.14
x 10" 2nr™! respectively. However, the high moisture food
or "wet" foods appeared to have lower reaction rate
concstants than dried foods, for example at 27°C dehydrated

pork had k value of 0.4583 x 10"2hr~! and canned tomato
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juice at 29OC had 0.0179 x 10_3hr—]. There is inadequate
data to establish the rate of loss over the wide range of
moisture content in the procescsing of any particular
product. In this study, only the data from the high
moisture foods were selected.

With the effect of pif, it was found that the rate
increased with increasing phi from 4.5 to 7, and changed
sharply at pH €.0 - 6.5 (79, 175). The pH in the foods
ctudied for destruction of thiamine varied throughout this
range, from the acid foods such as canned tomato juice to
the near neutral foods such as canned pork, and there is
some variation in k values due to thie variation.
Unfortunately, very few of the foods had the pH recorded
and it was not poscible to separate them according to vH.
A1l foods at their natural pHs were used.

For the form of thiamine, Feliciotti et al. 1957
found a slight increase in the rate of reaction with higher
amounte of combined thiamine, as shown in Table 4.15. The
form of thiamine in food varies quite considerably e.g. 88
percent of combined thiamine in lamb to 13 percent in pork.
However, the reaction rate constants did not vary very much.
In addition, the rate of reaction was found to be less when
thiamine was present as co-carboxylase (175). lHowever,
Mulley et al. 1975b found that the presence of
co-carboxylase up to one third of the thiamine, as
generally occurred in foods, did not affect the kinetics of
the thermal destruction.

Other factors reported to affect the thermal
destruction of thiamine were the presence of ions such as

copper, of oxygen and of oxidizing agents (78, 59). The
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precsence of copper ion has long been recornized to hgve an
influence on accelerating the rate of destruction of

thismine (175). However, as only data from processing or
cstorage of food products were collected, the effect of

these factors are expected to be included. The reaction rate

constants as collected and calculatecd are shown in Table L4.15.

Table 4.15 Reaction Rate Congstants for Thiamine

Temp. k Moisture pH Type of product Reference
°c X102 content
hr-! %
5.6 " .005 - - Canned tomato juice Guerrant et al. 1945
(104)

5.6 .01 - - Coanned whole kernel corn woon (104)
27.0 (.458) - - Dehydratec¢ pork Labuza 1972 (14€)
29.4 .018 - - Canned tomato juice Guerrant et al. 1945

(104)
29.4 .030 - - Canned green lima beans oo (104)
29.4 .057 - - Canned whole kernel corn oo (104)
7.0 (1.792) = - Dehydrated pork Labuza 1972 (146)
43.3 0.122 - - Canned tomato Jjuice Guerrant et al. 1945
(104)
43.3 0.170 - - Canned green lima beans e n (1o4)
43.3 0.237 - - Canned whole kernel corn oo (104)
49.0 (9.000) & - Dehydrated pork Labuza 1972 (146)
€3.0 (24.083) - - " " woon (146)
89.0  150.000 - -~ Fresh pork v (146)
99.0 150.000 55.0 - Luncheon pork Greenwood et al. 1944
(102)
100.0  126.000 - 6.5 Peas, puree Farrer 1953 (77)
100.0  132.000 - 5.7 Carrot, puree LN ((7)7))]
100.0  162.000 - 5.5 Cabbage, puree LI L ((7/7/))]
100,0 156 .000 - 5.9 Potato, puree noon (77)
104.0  348.000 - - Canned peas, brine packed Bendix et al, 1951 (17)
104.0 276.000 - - Canned peas, vacuum packed noon 17)
110.0 336,000 55.0 - Luncheon pork Greenwood et al. 1944
(102)
110.0  340.00 - - Fresh pork Labuza 1972 (146)
118.3  732.00 - - Canned peag, brine packed Pendix et al. 1951 (17)
118.3  852.00 - - Canned peas, vacuum packed noow (17)
18.3 414,00 = - Ccnned peas, puree won (17)
118.3  648.00 - - Canned peas, pureed in non (17)

buffer solution

118.5 660,00 55.0 = Luncheon pork Greenwood et al. 1944
(102)
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Table 4.1%5 coenttd
Temp. k Moisture pH Type of Reference
x10™>  content product
h;" %
120.0 (372.00) - 3.5 Thiamine in buffer Feliciotti and Feuselen
solution 1957 (79)
120.0 (348.00) - 4.5 Uj U "o (79)
120.0 (396.00) - 5.0 L oy noon?9p
120.0 (456.,00) - 5.5 w " v« n (79)
120.0 (756.00) - 6.0 0 u v (79)
120.0 (1968.00) - 6.5 " . " " (79)
120.0 (9060.00) - 7.0 " " " " (79)
120.0  720.00 90.7 €.13 Carrot, puree (46.0)% "oon(79)
120.0 732.00 93.2 5.83 Green beans, puree (44.0)% woow o (79)
120.0  684.00 84.4 6.75 Peas, puree (19.0)? "o (79)
120.0  774.00 77.2 €.18 Pork, puree (13.0)2 noon(79)
120.0 858.00 93.5 6.7 Spinach, puree (76.0)2 non (79)
120.0  942.00 82.7 6.1 Beef heart, puree (58.0)® Feliciotti and Esselen
1957 (79)
120.0 882.00 79.2 6.07 Beef liver, puree (55.0)2 noon (79)
120.0 828.00 80.3 6.18 Lamb, puree (88.0)2 noow (79)
121.0 (880.80) - 6.0 Phosphate~buffered Mulley et al. 1975a
Thiemine (175)
121.0 559.20 85.0 6.0 Peas, puree non (175)
121.0  543.53 85.0 6.0 Beef, puree "o (195)
121.0 609.00 85.0 6.0 Peas, in brine oM (Gi75Y)
126.5 1320.00 55.0 - Luncheon pork Greenwood et al. 1944
(102)
126.5 1320.0 - - Fresh pork Labuza 1972 (146)
127.0 1716.00 - - Peas, brine packed Bendix et al. 1951 (17)
127.0 1356.00 - - Peas, vacuum packed Eendix et al. 1951 (17)
127.0 (1482.00) - 6.0 Thiamine in buffer Mulley et al. 1975a
solution (175)
127.0  697.80 85.0 6.0 Peas, puree noon o (175)
127.0  863.40 85.0 6.0 Beef, puree woow (175)
127.0  949.80 85.0 €.0 Peas, in brine " " (175)
129.0 1710.00 90.7 €.13 Carrot, puree Feliciotti and Eseelen
1957 (79)
129.0 1866.00 93.2 5.83 Green beans, puree n " (79)
129.0 1656.00 84.4 6.75 Peas, puree noon (79)
129.0 1728.00 77.2 6.18 Pork, puree "o (79)
129.0 2016.00 93.5 6.7 Spinach, puree ] (79)
l26:0] 285800 82.7 6.1 Beef heart, purce Feliciotti and Iseelen
1957 (79)
129.0 2184.00 79.2 6.07 Becef liver, puree " on(79)
129.0 2262.00 80.3 6€.18 Lamb, puree ol

(79)



Table 4.15 congld

Tomp. k Moisture plf Type of product Roference
% X10™>  content
ne”! %
129.5 (1368.00) - 45 Thiamine hydrochloride Mulley et al. 19750
+ 35 percent (176)
Cocarboxylase
129.5 (1206.00) = 5.0 " " v (176)
129.5 (1428.00) - 55 " " "o (176)
129.5 (1872.00) - 6.0 i . % ® (176)
129.5 (4212.00) - 6.5 " " "o (176)
129.5 (1392.00) = 4.5 Thiamine hydrochloride W (176)
129.5 (1290.00) - 5.0 i 0 woom (476)
129.5 (1284.00) - 5.5 " " "o (176)
129.5 (1818.00) - 6.0 u J "o (176)
129.5 (3834.00) - 6.5 " " "o (176)
132.0 (2556.00) - 6.0 Thiamine in buffer Mulley et al. 1975a
solution (175)
132.0 1320.00 85.0 6.0 Peas, puree v (175)
132.0 1504.80 85.0 €.0 PReef, puree woonm (175)
132.0 1815.60 85.0 €.0 Peas, in brine noon (175)
132.0 210€.00 - - Peas, brine packed Eendix et al. 1951 (17)
132.0 210€.00 - - Peas, vacuunm packed "o (17)
138.0 (4L02€.00) - 6.0 Thiazine in buffer Mulley et al. 1975a
sclution (175)
138.0 2250.00 85.0 6.0 Feas, puree n o (175)
138.0 2203.80 85.0 6.0 Beef, puree noon (175)
138.0 2463.00 85.00 6.0 Peas, in brine Mulley et al. 1975a
(175)
133.0 42€0.00 90.7 6.13 Cerrot, puree Felicictti and Fsselen
1959 (79)
138.0 4302.00 93.2 5.83 Green beans, puree noon (729)
138.0 4248.C0 84.4 6.75 Feas, puree S N (674))
138.0 4302.00 ?7.2 6.18 Fork, puree 2 l79)
138.0 4950.0 93.2 6.7 Spinach, puree won (79)
138.0 6366.00 2.7 6.1 Peef heart, puree L (?79)
138.0 5352.00 79.7 6.07 Eeef liver, puree L (?79)
138.0 4384.00 20.3 6.18 Lamb, puree oo (79)
149.0 10014.00 99.7 6.13 Carrot, furee "oom (79)
149.0 104€4.00 93.2 5.83 Green beans, puree "oom (79)
149.0 9942.00 84.4 6.75 Peas, puree "o (729)
149.0 10158.00 77.2 6.18 Pork, puree oo (79)
149.0 13680.00 93.5 €.7 Srinach, puree noom (29)
149.0 13020.00 82.7 €.1 PBeef heart, puree LA (79)
1149.0 1395€.00 79.2 €.,07 Beef liver, ruree noow (79)
149.0 11610.00 20.3 6.18 Lamb, puree noon (729)

)arcrccnt comtined thiamine

146.
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4.12 Riboflavin

Riboflavin is comparatively stable to heat but
unstable to light. The sensitivity to light increases with
temperature and pH (114). Cain 1967 reviewed that
dehydrated beef and sweet potatoes retained all their
riboflavin while canned asparagus and spinnach retained
only 88 to 90 percent. Tord et 2l. 19€9 found no loss of
ritoflavin by UHT processing of milx. The stability of
riboflavin towards heat was reviewecd by Rolls and Forter
1973 who concluded that heat treatment had little
significant effect on the riboflavin in milk. However, loss
can be significant if exposed to sunlight. Singh et al.
1975 found the destruction rate of riboflavin increased four
fold when milk was stored in glasc containers instead of
paverboarc at 10°C for 72 hours (11.02 x 10"L*‘hr_1 compared
to 2.72 x 1O-Qhr-1). L.oss during cooking and boiling was
also reviewed by Lang 1970 to be in the range of 10 to 20
percent, and during roasting and frying to be in the range
of 15 - 20 percent.

Most of the data collected were from canned food
where the effect of light would not be included. The data
with high heating temperatures were from cooking artichokes
and fish either by boiling or in a pressure cooker. It was
obvious that if light was screened off, heat did not have
much effect as revealed by the rates of reaction calculated
from the work of Greenwood et al. 1944 over the temperature
range of 99 to 126.50C, during storage of different canned
food and milk in glass bottle (226). Therefore the data on
the heating and storage of canned food were not included in

this study in order that the predicted loss would include
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loss due to light as in general heat procesging. Data were
not aveilable to take into account the effect of pH, but as
previously discussed the data taken from a variety of food
systems were used so as to give at lecast a variation of pH
in the natural range of foods. Although meaningful Jdata on
the effect of heat on riboflavin are limited, the data on the
destruction of riboflavin that coulcd be interpreted
kinetically were collected ancd the reaction rate constants

were calculated and are presented in Table 4.16.

Table 4 .16 Reaction Rate Constants for Riboflavin

Temp. X Moisture pH Type of product Reference
= X10™>  content
hr! %
1.7 777 - - Milk Singh et al. 1975 (226)
L.4 .875 - - Milk W U (226)
5.6 (.012) - - Canned tomato juice Guerrant et al. 1945
(1o4)
5.6 (.012) - - Canned green lima beans nooon (1o4)
5.6 (.014) - - Canned whole kernel corn " 1 (1oy)
10.0 1.102 - - Storage of milk Singh et al. 1975 (226)
29.4 (.024) - - Canned tomato juice Guerrant et al. 1945
(1o4)
29.4 (.02y) - - Canned green lima beans " " (1oy)
29.4 (.019) - - Canned whole kernel corn " ) (1o4)
43.3 (.063) - - Canned tomato juice n " (104)
43,3 (.033) - - Canned green lima beans " i (o)
43.3 (.032) - - Canned whole kernel corn n ] aoy)
99.0 (17.14) 55.0 - Canned luncheon pork Greenwood et al. 1944
(102)
100.0 9.626 In - Boiled artichokes ' Cook and Sundaram 1963
water (51)
110.0 (5.08) 55.0 = Canned luncheon pork Greenwood et al. 1944
(102)
118.5 (2.67) 55.0 = Canned -luncheon pork . nono (102)
126.5 (7.74) 55.0 = Canned luncheon pork " " (102)
121.0 857.06 In - Boiled artichokes Cook and Sundaram 1963
water (51)
121.0 1414.93 - - Fish in pressure cooker Kennedy and Ley 1971

(133)
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L.13% Niacin

Niacin, a vitamin in the form of nicotinic acid and
nicotinamide, is heat stable in both acid and alkaline media.
It is quite stable to z2ir and light (114). In the review
by Cain 1967, loss of niacin during canning of fruit and
vegetable was 6.9 perccent and during dehydration was 8
percent. Rice et al. 1947 studying the cooking of ham
found niacin logs viae 10 percent. ["iller et al. 1973,
ctudying retention of niacin in bean products found the
niacin loss only occurred in discarded cooking water;
retorting at 121°C for 45-90 minutes did not cause
eignificant brealdown, the loss was only 7.2 percent.
Morgan et al. 1944 found niacin loes in dehydrated carrot
and potatoes to be 7 and 6 percent respectively. In UHT
procescing of milk, the loss wee found to be very small i.e.
2 percent in direct heating 2t 138°C for 2 seconds (3(¢).

The collected sinetic data were from the storare
and processing of canned food and the cooking of fish and
artichokes. The ratec of reaction ~t 121°C varied a great
deal. Tt is likely that the high losses reported ty Kennedy
and Ley 1971 and Cook and Sundaram 1963 on domestic coolding
of fish and artichokes included the drip and leaching losces
while the lower losses in canned lima beans did not. As
niacin is known to be guite stable to air and light, the
data on canned food was assumed to be representative of
general heat processing. The data from cooking fish and
artichokes were not used because it was not possible to
predict how much of the loss was due to leaching and how

much to heat processing.

All the data used were for high moisture content
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foods such as canned peas and luncheon pork as shown in

Table L4.17.

Table 4.17 Reaction Rate Constants for Niacin

Temp. k Moisture pH Type of product Reference

oC X10-3 content

hro! %
22.0 .009 76.0 - Canned army ration Hellendoorn et al. 1971 (116)
31.6 .004 - = Canned peas Brenner et al. 1948 (24)
99.0 6.06 50.0 - Luncheon pork Greenwood et al. 1944 (102)
100.0 (66.713) - = Poiled artichokes Cook and Sundaram 1963 (51)
110.0 14.16 55.0 - Luncheon pork Greenwood et al 1944 (102)
115.0 320.39 - - Canned corn Charlampowiez and Sobiech
1965 (40)
118.5 127.2 55.0 - Luncheon pork Greenwood et al. 1944 (102)
121.0 49.93 - - Canned lima beans ¥iller et al. 1973 (161)
121.0 (612.45) - - Fish in pressure cooker Kennedy and Ley 1971 (133)
121.0 (846.384) - - Artichokes in pressure Cook and Sundaram 1963 (51)
cooker
126.5 282.6 55.0 - Luncheon pork Greenwood et al. 1944 (102)

L.14 Vitamin R6

Vitamin R6 is a group of compounds consisting of
pyridoxine, pyridoxsl and pyridoxamine. Pyridoxine is
stable to heat, strong acid and alikali but sensitive to
light; while pyridoxal and pyridoxamine are sensitive to
heat, light and oxygen (114). TFolanski et al. 1969 found
pyridoxal and pyridoxamine are the predominant forms of
vitamin B6 in animal products. During the heating process,
transamination occurred and pyridoxal was converted to
pyridoxamine. Schroeder 1971, analysed vitamin B6 in a
large variety of foods and found losses in canned vegetables

ranged from 57 to 77 percent; in fish and seafood canning
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the loss was approximately 49 percent. A wider range of
losses is expected in canned vegetahle because of veoriation
in the lossges occurring during blanching. !'"Then only losses
during canning were considered, FMiller et al. 1973 found
that when retorting canned beans at 121°C for 90 minutes;
the loce was only 2.5 percent. Hellendoorn et al. 1971
found no loss of vitamin BE during sterilization of canned
army rations. 1In heating milk, locr due to UHT procecsing
was slightly less than 10 percent (86) and loss in bottle
sterilization of milk was approximately 20 percent (209).

Data collected for vitamin E€ were mostly from the
storage or the procescing of bottled or canned products
except for some data from the cooking of artichokes by Cook
and Sfundaram 19€3. The rates of rcaction were higher in
cooking of artichokes compared to the rates calculatecé from
heating of the canned producte, and thic increased rate
might be due to leaching and exposing to light. However,
the rates of reaction calculated from the storage of canned
and bottled products at 20°C and 30°C did not reveal any
eignificant difference. Though it ie realized that data
from Cook and Sundaram probably included losses due to
leaching, it was used in order that the data included
cooking food in air as well as in cans. The calculated

rates of reaction is shown in Table 4.18.
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Table 4.18 Reaction Rate Constants for Vitamin B6

Temp. k Moisture pH Type of product Reference

oc X102 content

e %

17.0 486 - - Storage of milk Ford et al. 1969 (86)
20.0 .073 81.9 - Bottled strained beef Everson et al. 1964 (75)
20.0 .089 81.8 - Canned strained beef noon (75)

20.0 .055 86.3 - Bottled lima beans noon (75)

20.0 .063 85.7 - Canned lima beans LU (75)

30.0- .076 81.9 - Bottled strained.beef L) (75)

30.0 .098 81.8 - Canned strained beef L (RN C))]

30.0 <074 86.3 =~ Bottled lima beans LU U ¢ C))

30.0 .062 85.7 - Canned lima beans " W (75)

100.0 589.92 In - Boiling artichokes Cook and Sundaram 1963

water (51)
115.0 206.32 - - Canned corn Charlampowiez and
Sobiech 1965 (40)
116.0 21.06 - - Canned lima beans Raab et al. 1973 (197)
116.0 54.82 - - g 0 noow (197)
121.0 16.87 = = " U Miller et al. 1973 (161)
121.0 2482.60 In - Artichokes in Cook and Sundaram 1963
water pressure cooker (51)

4L.15 Vitamin B12

Vitamin B12, or cyanocobaleamin, -is stable to heat
in the pll range of 4 to 7 but unstable when heated in
alkaline or strong acid media and when exposed to sunlight
(114, 43, 23). llowever, the pH in food is generally 4 to 7
where vitamin EF12 is stable.

Reviewed by Rolls and Torter 1973, vitamin B12 loss
in bottle sterilization of milk at 110 and 112°C for 15 to
20 minutes was only 20 percent. Ford et al. 1969 found UHT
processing of milk at 158OC and 1450C to be 13 tor17 percent

respectively. Investigation on the destruction of vitamin R12
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in nilk suggested that it was the consequence of the
oxidative destruction of ascorbic acid, dissolved oxygen
in milk would hasten the reaction (84). lowever, in heat
sterilization of other canned products such as canned army
rations where the processing times and temperatures were
generally greater, the average loss was only 12 percent.
Apyroximately the same loss was found bty Charlampowiez and
Sobiech 1965 in the canning of corn at 1150C for 30 minutes,
i.e. the loss was 14.8 percent.

Unfortunately, very little of the data on the
destruction of vitamin F12 in foode can be interpreted
kinetically. The rates of reaction from the study of
Garrett 1956 on the heating of a vitamin mixture, though
not in the food system,fitted with the other two calculasted
rates of reaction on milk and canned corn and hence, were
used in this study. The rates of reaction of vitamin E12,
shown in Table 4.19 are obviously not a reliable indication
Oof the reaction rate constants for vitamin B12 destruction

but had to be used in this study because of the lack of data.

Table L4.19 Reaction Rate Constants for Vitamin P12

Temp. k Moisture pH Type of product Reference

gc X10™>  content

pr! %
17.0 .010 - - Storage of milk Ford et al. 1969 (86)
50.0 .392 - 3.2 Mixture of vitamin Garrett 1956 (92)
in 36 percent sugar

60.0 1.255 - 3.2 " i L] "o (92)
?0.0 3-186 - 3,2 n " " n (92)
115.0 320.39 - - Canned corn Charlampowiez and Sobiech

1965 (40)
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L.16 Pantothenic acid

According to an extensive revicw by lHarris and Von
Loececke 1960, pantothenic acid is stable in neutral o»l! in
the range of 5.5 to 7. In alkaline ;H, it is hydrolized
to pantoic acid which forms lactone upon heating, and in
acid pH,it is hydrolized to pantolactone. It is a
moderately heat latile vitamin tut stable to light and
oxygen.

Schroeder 1971 reviewec the locses of pantothenic
acid in canned foods; in canned animal foods, losses ranged
from 20 to %5 percent, in canned fruit juice 50.5 percent
and in conned vegetables from 46 to 78 percent. Tt is most
likely that the large variations found in canned vegctables
is due to differences in structure and cusceptitility to
leaching during btlanching. In dehydration, Morgan et al.
1944 found losses of pantothenic acid in dehydrated carrot
to be 6 percent and no loss was found in dehydrated potatoes.
In dehydrated beef, higher loss was found, 32 percent, by
Rice et al. 1944. In UHT processing of milk at 127 - 140°C
for 3 - 15 seconds, Ford et al. 19€9 found no loss of
pantothenic acid. The effect of processing on milk was
reviewed by Rolls and Torter 1973 and they concluded that
heat treatment did not affect pantothenic acid. 1In
experiments with cooking beef, Meyer et al. 1969 found that
roasted loin retained 89 percent and recovery in drip was
11 percent. In braised meat, average retention was 56
percent with 44 percent recovered in the drip. Seemingly,
loss of pantothenic acid due to heat is very small.

The collected data were from the storage and

procescsing of canned products and from the cooking of
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artichokes. TLata from the study of Garrett 1956, with the
mixture of vitamins in syrup, seemecd to fit in well with the
food data, and it was therefore decided to use it in this
study. It was obvious that the rotes of reaction

calculated from the losses during btoiling and pressure
cooking of artichokes was considerszbly hipgher than the rates
of reaction calculated from the dete on heating canned
products. Therefore only data from the canned products and
for closed containers (92) were used in thie study for the
come reacson as for niacin. The data collected were from
hign moisture content foods. ™he 1! did not =seem to affect
the rate of reaction to any grest extent, comparing the work
of Garrett 1956 2t low ©H to other canned foode where rHe
were penerally in the range of 5 to €. ™The ratec of reaction

for ventothenic acid are shown in Tatle 4.20.
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Table 4.20 Reaction Rate Constants for Pantothenic acid

Temp. k Moisture pH Type of product Reference
OF X10™>  content
hr ! %
5.6 .060 - - Canned tomato juice Guerrant et al. 1945
(104)
5.6 .019 - - Canned green lima beans " " (104)
5.6 .019 - - Canned whole kernel corn 0 ut (104)
22.0 .021 76.0 - Canned army ration Hellendoorn et al.
1971 (116)
29.4 .099 - - Canned tomato juice Guerrant et al. 1945
(104)
29.4 .035 - - Canned green lima beans Ll (1o4)
29.4 .04 - - Canned whole kernel corn Ul it (104)
43,3 .160 - - Canned tomato juice nooon o (104)
43,3 . 107 - - Canned green lima beans L " (roy)
43,3 .06 - - Canned whole kernel corn Ul Al (1o4)
50.0 . 307 - 3,2 Mixture of vitamin in Garrett 1956 (92)
36 percent sugar
60.0 o85’+ - 3-2 0 " n " (92)
70.0 2.072 - 3.2 " " " " (92)
99.0 37.68 55.0 - Luncheon pork Greenwood et al. 1944
(102)
100.0  357.60 - - Boiled artichokes Cook and Sundaram
1963 (51)
110.0 L7.76 55.0 - Luncheon pork Greenwood et al. 1944
(102)
118.5 117.6 55.0 - n " " . " (102)
121.0 1385.61 In - Artichokes in pressure Cook and Sundaram 1963
water cooker (51)
126.0 304.8 55.0 =~ Luncheon pork Greenwood et al. 1944

(102)

L.17 Folic acid

light and presence of oxygen (84, 34).

Folic acid is a vitamin that is sensitive to heat,

It is stable at pH

8 but largely destroyed during autoclaving in acids and

alkalis (114).

The type of micro-organism used in the
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analysis of folic acid plays an important role on the

recult. Karlin et al. 19€9 found the loss of folic acid in

UHT processing of milk assayed by Lactobacillue cecel was

S percent, while by Streptococcus faecalis and Fediococcus

SEEEXEEEE was 50 percent and 8% percent respectively.
Despite the difficulty in the determinastion of folic acid,
losces due to effect of heat, light and precence of oxygen
were reported. Rolls and Forter 1973 reviewing the
decstruction of water soluble vitamine in liquid milk showed
that in bottle sterilization at 110 - 112°C for 20 - 30
minutes, loss of folic acid was 30 percent. Residual
oxygen in milk was also found to have a marked effect on
folic acid destruction in milk. Thecre are a number of
rapere on the retention of folic acid in milk, but the data
cannot be treated kinetically. With other cenned rrocducts,
Miller et 21. 1973 found loges of folic scid on retortini: of
canned pinto beans at 121°¢ for 90 minutes was only 1€
prercent, Hellendoorn et al. 1971 did not find any lovs of
folic acid in canning csterilizeti n of c¢anned army rotions.
As light and oxygen are xknown to have an effect on
the folic acid destruction, the date on the cooking of
artichokes and the frying of meat and vegetables were used.
It was realized that part of the folic acid loss would be
due to leaching and dripping, but it could be presumed
that they would include the effect of light and oxygen. The
data on storage of canned foode would not do this. The rate
constants shown in Table 4.21 may be higher than those
encountered in normal industrial heat processing, but the

predicted losses using this data will at least cover the

actual losses.
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Reaction Rate Constants for Folic Acid

Temp. k Moisture pH Type of product Reference
£C X107 content
hr” %
17.0 .219 - - Storage of milk Ford et al. 1969 (86)
20.0 064 & Fish meal Tadeusz 1971 (233)
22.0 .008 - - Canned army ration Hellendoorn et al. 1971
(116)
50.0 (2.303) - 3,2 Mixture of vitamin Garrett 1956 (92)
in 36 percent sugar
60.0 (5.114) - 3.2 L i woon (9
70.0  (10.564) - 3.2 " i v (92)
100.0  369.12 - - Bolled artichokes Cook and Sundaram
1963 (51)
115.0 2281.82 - - Fried vegetables Banerjee and Chatterjea
1964 (11)
115.0 3742.4 - - Fried leafly vegetables "o (1)
115.0 3379,33 - - Fried fish noon (1)
115.0 4550.13 - - Fried meat " " (11)
121.0  114.58 - - Canned lima beans Miller et al. 1973 (161)
121.0 2316.95 In - Boiled artichokes Cook and Sundaram 1963
water pressure cooker (51)

L .18 Choline and Fiotin

Choline ie fairly stable to heat,

light, acid,

alikaline and is slightly unstable in the presence of oxygen

(114).

In regarding to losses during processing, Hodson

1945 found 1little loss occured in the preparation of dried

milk.

after sterilization of canned army rations.

Hellendoorn et

al.

1971

found no loss of choline

Harris and Von

Loesecke 1960 ecstimated the cooking loss of choline to be

in the range of O to 5 percent.

oxygen,

Biotin is sensitive to heat but stable to light,

acid and alkali.

Data compiled by Schroeder 1971
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showed the differences of biotin content in fresh and
canned vegetables to be from 22 to 34 percent in green
peas, to €60 percent in canned carrot. Of course, these
differences included the blanching losses and the variations
in raw materials. In the UHT processing of milk, a small
loss of 5 to 10 percent was reported (86, 131). TIn cooked
meat, loss was 23 percent (220).

For both biotin and choline, studies on losses
during processing are very scarce and it is not possible to
set up the relationship of the reaction rate constant and
temperature. From the available data, it is known that
there are some losses of biotin and choline during
Procescsing but these are seemingly small. It was therefore
decided to predict the losses for biotin and choline from
data of vitamins known to have higher losses during
processing. Porter and Rolls 1973 reviewed that biotin was
less destroyed than vitamin B6 and F12. Ford et al. 1969
studied UHT processing of milk and found biotin was
destroyed more than vitamin B6 but less than B12 and Karlin
et al. 1969 found similar destruction in heating milk.
Therefore, it was decided to taikxe the relationship of
reaction rate constant with temperature of vitamin Bl12 to

predict for the losses of choline and biotin.

4L .19 Minerals

Minerals are known to be stable to heat processing.
Losses are due to leaching into the water during cutting,
vashing and blanching. This loes depends on the size,
shape, cell structure of the raw material and condition of
the process. As compiled by Schroeder 1971, the

differences in fresh and canned food were quite large. For



160.

example, 82 percent of manganese was lost in canned spinach,
while for zinc, 4O percent loss was found in spinach and 89
percent for green beans. In canned meat, phosphorus and
iron were found to be less by 29 and 1% percent compared to
fresh meat respectively (37). llowever, when the cooking
liguid is retained during canning process, there is no loss
of minerals (37). As the locs of minerals is due to their
so0lutility in water, lkeeping this loss to the minimum is to
retain cooking water. In this study, the indigenous food
raw materials are selected and procecssed into a dry powder,
and it is likely that the food mixture will be cooked as a
pacte before drying. It is possible and sensible to
eliminate this loss by retaining cooxing water. Therefore
the loss due to leaching can be ignored. The minerals
during heat proceesing were taken as being stable and were

not modified in thie study.

4.20 Prediction of the reaction rate constant

In order to predict the loss at a known condition of
procesesing, the rcaction rate constent at the temperature of
proceseing is recuired. Once it is known, the nutrient loss

can be predicted from Tguation 4.7.

- 2.303 log % =1 st (4.7)
(0]

For example, for a drum drying process consisting of
cooking the mixture at 100°C for 30 minutes, milling to a
fine slurry at 850C, mixing at 20°¢C for 60 minutes, drying
at 100°C for 15 seconds and 16OOC for 15 seconds, the
reaction rate constants of that particular nutrient at 2OOC,

85°c, 100°C and 160°C are required.

Having collected the reaction rate constants at some
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temperatures, the reaction rate constant at any temperature
can be predicted. In this section, the Arrhenius plot from
the ¥lquation 4.9 was applied to the collected data from the
previous sections. The logarithm of the reaction rate
constant for each nutrient was plotted against the
reciprocal of absolute temperature, 1/T. A straight line
was fitted to the data by the least squares method. Once
the straight line was obtained, the reaction rate constant
at any temperature could be determined either by reading
from the established curve or by aprlying Fouation 4.8
ko= pe T (14.8)

from which the activation energy E and frequency factor, A

were first cdetermined from the expression of:

k -E (7, - T,)
i =% S (4.10)

k2 RT1T2

From a set of known reaction rate constants and
temperature readings from the graph, E can be calculated
and hence A can be determined from Fguation 4.8. For any
nutrient;if £ and A values are then known, k value can be
determined from the lquation L.8 for any reguired

temperature.

L.,20.1 The prediction of amino acids reaction rate
constants

The reaction rate constant for each amino acid was
plotted against the reciprocal of absolute temperature.
The straight lines fitted by least squares method are shown
for cystine, isoleucine, threonine, histidine in Figure 4.1,
tyrosine, methionine, leucine and lysine in Figure 4.2 and

tryptophan, phenylalanine and valine in Figure 4.3.
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From these straight lines, the activation energy for each

amino acid was calculated from the expression
a B
3lope = =~ 7.30% 1

and shown in Table 4,22,

Table 4,22 The Batimated Activation Ynergy for Amino

Acids and Vitamins

‘ctivation enersy

(kcal/mole)

Amino acids - Vitamins

Cystine L8 Thiamine 26
Isoleucine 32 Niacin 2L
Threonine 31 Folic acid 2L
Histidine 30 Vitamin B12 2L
Tyrosine 27 Ascorbic acid 21
Methionine 25 Fantothenic acid 20
Leucine 25 Carotene 19
Lysine 22 Vitamin B6 18
Tryptophan 7 Tocopherol 11
FPhenylalanine 15 Riboflavin 11
Valine 13

In order to compare the variations in the
destruction rates of the amino acids in the range of
general processing temperatures, the reaction rate constants
of each amino acid, read at temperaturesof 9OOC to 1300C at

an interval of 10°C is shown in Table L.23.



Table L4L.235 The Reaction Rate Constants Predicted at
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Tenperatures of 9OOC to 1300C for Amino Acids and Vitamins

<]

Vitamin E12 28.0 Vitamin BR12

Vitamin 86

Pantothenic
acid

Tocorherol
Carotene

Niacin

23,5 Vitamin B6  46.5
Pantothenic

20.0 acid 42.5

16.7 Carotene 3.0

16.3 Tocopherol 25.5

7.1 Niacin 17,4

Vitamin B6

Pantothenic
acid

Carotene
Niacin

Tocopherol

68.0 Vitamin B12 155.0

87.0

84.0
67.0
41.0
38.0

Riboflavin 320.0
Pantothenic

acid 162.0
Vitamin B6 157.0
Carotene 126.0
Niacin 90.0
Tocopherol  S4.4

Temperature C
90 100 110 120 130
Resction rote conctonte (%107 hr~')
Azino _acids
Valine 12.7 Valine 21.0 Lysine 3?7.5 1Vethionine 73.0 Cyctine 240.0
Tryptorhan 10.5 Tryrtophan 19.5 Methionine 3€.0 Lyeine €9.0 Methionine 190.0
Lysine 7.7 Lysine 17.3 Tryptophan 35.0 Tryptophan 56.0 Lyeine 15€.0
MYethionine 9.8 Vethionine 15.0 Valine 23,5 Valine 48.0 Teoleucine 128.0
Fhenyl- Fhenyl-
alanine 5.1 alanine 9.0 Leucine 18.0 Cyetine 39.0 Tryptophan 105.0
Leucine 3.0 Leucine 7.6 .Ieoleucine 15.7 Isoleucine 38.0 Leucine 92.0
Phenyl-
Tyrosine 1.9 1Isoleucine 5.3 alanine 15.4 Leucine 36.0 Valine ?78.0
Isoleucine 1.55 Tyrosine 5.2 Tyroeine 13.5 Tyroeine 28.0 Tyrosine 76.0
Phenyl- Phenyl-
Aisticine 0.42 Cystine 1.9 Cyetine 10.5 alanine 23.0 alanine 41.0
Cyetine 0.35 Histidine 1.3 Eistidine 3.6 Histidine 8.3 Histidine 25.0
Threonine 0.30 Threonine 0.95 Threonine 2.77 Threonine ’ 6.5 Threonine 20.0
Vitamins -
Folic acid 157.0 Folic acid 420.0 Folic acid 990.0 Folic acid 2200.0 Folic acid 4900.0
Riboflavin 98.0 Thiarine 150.0 Thiamine 365.0 Thiamine 840.0 Thiamine 1950.0
Ascorbic Ascorbic Ascorbic
Thiamine 57.5 Riboflavin 150.0 "acid 235.0 acid 470.0 acid 930.0
Ascorbic Ascorbic _
acid 51.0 acid 112.0 Riboflavin 222.0 Vitamin B12 340.0 Vitamin B12 740.0

Riboflavin
Pantothenic
acid

470.0

310.0

Vitamin B6 285.0
Carotene 240.0
Niacin 205.0

Tocopherol  79.0

rate constant and the activation energy of an amino acid

can be summarized as

generally low at temperature lower than 108°C,

1.

The important issues in predicting the reaction

The reaction rate constants of amino acids are

However, at
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higher temperature the rate increases significantly.

2. The differences in the reaction rate constants
among different amino acids are higher at lower temperature,
i.e. approximately forty two fold at 9OOC. However, when the
temperature is increased, the differences are smaller., It
is twenty two fold at 100°C and only eleven to thirteen
fold at temperatures of 110-130°C,

3. The influence of temperature on the reaction rate
varies with different amino ecids as can be seen from the
characteristic of the reaction, the activation energy as
shown in Table 4.22. According to the extent at which the
rate of reaction increases with temperature, the amino acids
can be categorized into 4 groups. The most rapid is cystine;
the second group where the rates change guite considerably
are in the order of isoleucine, threonine, histidine; the
third group tyrosine, methionine, leucine and lysine; in
the last group where the rates only change slightly with
temperature are tryptophan, phenylalanine and valine. The
activation energies range from 13 kcal/mole to 48 kcal/mole
but seven amino acids have reaction ratese between 22 and 32
kcal/mole. Few data have been given in the literature on
the activation energices of amino acids. Labuza 1972
calculated it for available lysine, in heating dry cod
muscle to be 28 kcal/mole. Brockman 1966 assumed 25 kcal/
mole as activation energy required for deterioration in
food nutrients. Among activation energies of other nutrients
given by Lund 1975, the only amino acid given was lysine at
30 kcal/mole. This available information is quite relevant
to the predicted activation energies for isoleucine,

threonine, histidine, tyrosine, methionine, leucine and
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lysine. However, the predicted activation energy is
considerably higher for cystine and slightly lower for
tryptophan, phenylalanine and valine. The activation energy
value predicted for lysine is alco slightly lower than
given by Labuza 1972 and Lund 1975. This could be cdue to
the fact that the data used in thiec prediction were
derived from various types of foode and under various
conditions of treatment while the data referred to ty Tund
1975 and Labuza 1972 referred to one particular food and
treatment. Ilowever, more data is needed for other amino
acids before any further comment can be made.

L. As the consequence of the influence of temperature
on the rates of destruction, the most affected amino acid,
i.e. the amino acid with the highest rate of reaction
constant, changes as the temperature is increased. For
example, at 100°C the order of amino acids most affected by
heat processing is valine, tryptophan, lysine, methionine,
but at 110°C it is lysine, methionine, tryptophan, valine,
at 120°C methionine, lysine, tryptophan, valine and at ISOOC
cystine, methionine and lysine as shown in Table 4.23.

This collection of data reveals that at temperatures
higher than 11OOC, the most affected amino acids are the
group of lysine, methionine, tryptophan, valine and cystine.
Although these graphs in Figure 4.1, 4.2, 4.3 are derived
from very scattered information, the most affected amino
acids predicted are similar to those reported elsewhere in
the literature. Dubrow et al. 1970 found in heating dried
fish proteins at 120°C and 150°C that among histidine,
tryptophan, lysine and cystine, lysine was most affected and

cystine was the next affected amino acid. Yanez et al. 1970,
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drying fish protein at 10500 and 170°C found lysine was most
affected and there was an indication of damage of the
sulphur amino acids. In canning of chicken meat at 117OC,
Grabowski et al. 1969 investiraled isoleucine, leucine,
metnionine, tryptorhan, valine, histidine and found
tryptophan as the most affected amino acid. In prolonged
heating of raw and cured pork at 1120C, Feuk et al. 1547
found cystine was most affected among histidine, isoleucine,
leucine, lysine, methionine, phenylalanine, threonine,
tryptophan and valine. In dairy products, :iost work has
been done on lysine because of its highly reactive nature
and the abundance of reducing sugar, lactose. Mauron et al.
1955 found lysine was most affected in the evaporation of
milic among methionine, tyrosine and tryptophan. For plant
rrotein, tryptophan was most affected in roasted soytean and
next were lysine and cystine (146). Lysine as the most
affected anino acid was also reported by Varela et al. 1970
in roasted peanut protein and by Samson 1971 in heating
fresh coconut at 110°C and 120°C. 1In canned turnip, Meredith
et al. 1974 found highest loss in isoleucine, next group were
lysine, phenylalanine, leucine and the least affected was
histidine.

On the whole, it can be concluded that the
prediction of amino acid rate of reaction constants, although
they cannot be expected to be very accurate due to disparity
in the methods of analysis and the scarcity of the data,
does indicate the trend of the reactions and is the most

appropriate method to use as a quantitative approach in this

controversial area of processing loss prediction.
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4L.20.2 The prediction of vitamins' reaction rate constants

The data for vitamins were treated in the same
manner as for amino acids. The straight lines of the
Arrhenius plot for folic acid, thiamine, vitamin B12 and
niacin are chown in Figure 4.4 and for ascorbic acid,
ritvoflavin, vitemin B(, pantothenic acid, carotene and
tocopherol in Figure 4.5. The activation energies calculated
from the slope of the Arrhenius plot ic shown in Tatle 4.22
and the reaction rate constants of each vitamin reod at
tenpcratures from 9OOC to 1BOOC are shown in Table 4.23. In
predicting the reaction rate constant of vitamins, the
important issues can be summarized as:

1. The reaction rate constants of vitamins are
considerably higher than amino acids.

2. The differences in reaction rate constants of
vitamins are cuite marked and are found to increase
with increasin:; temperature. The differences are
approximately twenty two fold at 9OOC and increase
to twenty four, twenty six, forty and sixty two fold
when temperature increaces to 100, 110, 120 and 1BOOC
respectively. However, if the folic acid is
excluded, the differences increase but to a lesser
extent, i.e. only fourteen, nine, ten, sixteen and
twenty five fold respectively.

3. The reaction rate constants of different vitamins
are also found to increase differently with
increasing temperature. The vitamins can be
categorized into 3 groups according to the extent at
which the rate of reaction increases with

temperature. Thiamine, niacin, folic acid and
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vitamin B12 are found to increase their rates of
reaction rapidly with temperature while ascorbic
acid, pantothenic acid, carotene, vitamin E6
increase their rates only moderately and riboflavin,
tocorherol increase their ratcs to the least extent.
The activation energies range from 11 to 2€ kcal/
mole. Except for tocopherol and riboflavin, the
activation energies for the vitamins compare very
well with the assumptions given by Brdckman 1G66.
The activation energies given by Iund 1975 for
thiamine at 20 - 27.5 kcal/mole, pantothenic acid at
20, ascorbic acid at 23 and vitamin B12 at 23 kcal/
mole are very close to the values predicted in this
study. IHowever, the predicted values are higher
than what were given by Tund for folic acid and lower
for ribvoflavin.

L, As for amino acide, it ies also found that the
vitamins with the highest rates of reaction vary
with temperatures. As shown in Table 4.23%, the
order of highest rates 2re folic acid, thiamine,
riboflavin, ascorbic acid at 100°C and folic acid,
thiamine, asccorbic acid, vitamin B12 at 120°%¢.

From this collection of data, folic acid is the most
unstable vitamin. At temperature: from 1OOOC, thiamine is
the vitamin that is unstable next to folic acid. The
unstable vitamins next to thiamine are riboflavin, ascorbic
acid and vitamin B12. lHowever, with increasing temperature
vitamin B12 and ascorbic acid are close in their rates and

at a very high temperature such as 162°C, vitamin B12 is

more unstable than ascorbic acid.
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However, vitamin E6, pantothenic acid and carotene
are found not quite as labile ond nincin, tocorherol are
in the group of the lezst unstable a2mong these viteumins.
This prediction revenle similar vitamin stability as ctated
in the recent reviews. Rolle snd Torter 1973% stated that
agcorbic acid, thiamine, vitamin T4, vitamin B12 and folic
acid were destroyec more than othoer vitomins in proceegsing
of milk. De Ritter 1075 stated that vitemin R12 war cuite
latile at higher temperatures. Viller et al. 1972 found in
retorting of pinto beans at 121°C that thiamine was most
affected, next woe folic acid while vitamin F6 and nizcin
were destroyed only slightly. lorgan et zl. 1944 compared
the logcs of thismine, riboflavin, niacin and pantothenic
acid in the dehydreotion of carrot and potetoes, found
congiderable lose in thiamine and only slight logsces wore
found with other vitamins. Cain 19(7 reviewing losses of
thiemine, riboflavin, niacin and ascorbic acid in csnned
acsparapgus and spinach stated thiamine and ascorbic =zcid as
the most affected vitamins.

The predicted rate of resction for folic acid in
this study as the highest of all vitamine ice not unexmected,
the marked loss of folic acid was found in processing of milk
as reported by Rurton et al. 1967 and Xarlin et al. 1969. It
is possible that the rate of folic acid in this study was
over estimated as discuscsed previously. DMore data on the
effect of heat processing on folic acid is needed before any
further clarification can be made. On the whole it is felt
that the predicted data resemble the information available
on the effect of heat processing on the stability of vitamins.

To sum up, it can be concluded that the collection
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and precsentation of the available data in term of their
kinetic expressions does indicate comparatively the rates
of destruction of different aminn 2cids and vitamins and
clearly shows how the rates change with temperatures. 7Tt
iz felt that by thie ayproach, the cffect of tewperature
and time of heating can Le interrated into one precsentation.
Hence, it can be both guantitative and qualitative in

predicting the loss of any nutrient during processing.

4.21 Conclusion

In order to prredict the nutrient loeses during
processing, the law of mass action was applied and first
order of reaction was found to be approximately true for
rroct of the nutrients ctudied. Therefore, the first order
of reaction was assumed to hold for all the nutrients
uncstable to heat. Arrhenius eguation was also used to
exprese the temperature depencence of the reaction rate
constant.

Among many factors affecting the destruction of
nutrients, moisture and pH have bteen reported to play
important roles in afiecting the reaction rate constant.
Eeing aware of tnece effecte, an attempt was made to collect
data relevant to the mixture of indigenous food materials
during processing i.e. data of high moisture content food
with pil in the vicinity of neutral rether than at the
extreme ends of the scale. The reaction rate constants
were calculated from concentration losses reported in various
papers. Unfortunately the initial concentration varied and
the times of heating at a certain tewperature were not
always controlled and concentrations were not always taken at

small time intervals. This led to inaccuracy in calculating
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the resction rate constant from the C/CO ratio.

The scatter of the data from the fitted straisht
line in the Arrhenius plotes recsulted from ceverel f-octors -
the varietion in the nutrient content of food meterials, the
methods of analyeis, the internction of factore affecting
the etability of the nutriente, the differences in the
stabiility of fooc materiaole and the differences in the
experimentation accuracy from v:irious cources. The cdata were
more scattered end limited in the amino acide than with the
vitamuins. UWevertheless, there are rome nutrientc cuch asg
rantothenic acid, niacin and in perticular thiamine for
which the data from various papers in the literature fitted
the ctraight line remarkably well.

Tne dnta in the literature thnat could be trested
Kinetically were jenerally liwitec. Tleverthelecs an
nttempt was made to incluce as many deta as poscible for
various types of products. The resction rate constante at
different temperatures were collected and/or calculated
from the available data. Theve datrs once aveilatle,
enabled the precdiction of the reaction rate constente =t any
temperature using the Arrhenius equation. Among the rstudied
nutrients, vitamin D, vitamin K and mineresls were trented
ac being stable to heat and were assumed to have no
gignificaent change during the processiﬁg. Fiotin and
choline, reported to be slightly affected by heat, had very
limited kinetic data =o that it wae not poseible to rredict
the relationship of the reaction rate constant to temperature.
In this circumstance, vitamin P12, reported to be slightly

more affected by heat, was taken for the prediction of

reaction rate constants of biotin and choline.
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The prediction of reaction rate constants at
different temperaturec—was established for 11 amino acids
and 10 vitamins. The amino acids and vitamins predicted to
be the most affected by heat procecsing were similar to
those given in the reccent literature and reviews. This
use of the Arrhenius plot was chosen to be the most
apvyrrorriate method to present quantitatively the nutrient
losses reported by different workcrs, teking into account
the effect of time and temperature and to the.lesser extent
the other factors affecting the rate of destruction such as
moisture content and pli.

Once the processing conditions are selected for
infant food, the reaction rates at the processing
temperatures can be read from the Arrhenius plot and the
nutrient losses predicted. In order to design an infant
food to provide the reauired nutrients after procecscing,
these losses of nutrients can bte included in the linear

programming model.
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CUAFTER 5

PREDICTION CF THE NUTRIENT TLOSSES

DURT{G PROCESSTING

The design of the infant food hse considerec thec
qualitative and queatlitative choracteristics required in

tlic product. To make the line:r programuing model rore

[
>
P}

nlistic, the lorree in nutrientc during processing needed
to be included. A csuitable procers had to be celected, the
proceseing conditione defined, the nutrient losses predicted,
and then the linear programming model chenged to allow for
the effect of proceccing.

The proceseging :ethod ic the firet thing to be
conelidered. The procesuing method must give a product with
the required qualitetive characteristice and a2t the =ame
time 1t must provide the lowest cost product which setisfies
the nutritional constraints. From the survey on feecding
practices, an infant food in the form of dry powder was rost
preferred. Therefore, a dehydration process had to be used.
However, there are many dehydration technicues that one can
enploy such as pan drying, vacuum drying, freeze drying and
spray drying (115, 243) and their suitability for the infant
food had to be compared.

To convert a mixture of different raw materials
into a dry powder, the general steps in the procesc are

preparation of raw materials, such as washing, peeling,

cutting; a predrying process such as blanching, cooking
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and mixing; and finally the actual drying. To design a
suitable processing method, these three major steps of

processing wvere considered.

5.1 Preparation of raw materials

The majority of the raw materials considered in
this study were fresh raw materials such as tubers and some
grains, fruits, vegetables, meat, fish, egg and milk. Only
a few of the raw materials were in dry form e.g. rice,
soybean, cesame and peanut. The only pretreated raw
materials considered in this study were cereal flours and
dried milk powder. The mixture of raw materials used will
vary from time to time according to the prices and the
availability of the raw materials. As the linear programming
model can be changed quickly to allow for changes in price
and availability, the least cost mixtures of raw materials
obtained from the model can change either from day to day or
week to week according to the seasonal fluctuations.

The preparation stage must therefore be adaptable
and able to cope with a variety of raw materials. Those
fresh raw materials will have to go through general
preparation such as washing, peeling and cutting; the method
of preparation is determined by the type of raw material -
vegetables and fruit will be peeled, fish guttea and
filleted, meat deboned, nuts shelled, tubers peeled, rice
and other cereals dehusked.

The losses in nutrients during this process were
already accounted for in the linear programming model as
only the cost and composition of the edible portion of all
raw materials were used. There must be of course no

excessive washing during this preparation as there would be
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some leaching of nutrients which is not allowed for in the

model.

5.2 FPredrying vrocess

Yhat is needed during predrying is determined by the
properties of the raw materiels and the reaquired product
gquality. Mostly fresh raw meterisls are used which make
preheating and cooking before drying necessary. From the
nature of the raw materials, the desirable changes duringl
preheating are firstly the improving of digestibility by
gelatinization of starch, denaturation of protein, softening
of the fibrous tissue and secondly the destruction of those
naturally present hazardous materials (154). The mixture
of the raw materials has to be converted to a homogenous
paste or fluid before dryiny;; because the infant food must
have a uniform composition. - It is important to mix the raw
materials well before drying. Therefore, the suggected
steps in the predrying are heating, mixing and milling.

There must be adequate heating of the raw materials
during processing to improve digestitility and destroy
hazardous materials, and although some of this heating can
talkke place during the drying process, it is preferrable to
do it during the predrying stage. It is necessary to quickly
preheat the mixture of raw materials to inactivate enzymes
that are detrimental to food nutrients such as ascorbic acid
oxidase, thiaminase and avidin, and to flavour and colour
such as peroxidase. Also trypsin inhibitors and other anti-
nutritional factors should be destroyed as quickly as
possible.

The heat treatment required for the destruction of

these hazardous compounds and the improvement of
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digestibility of the raw materials had to be determined

before a suitable predrying process could be designed.

5.2.1 Destruction of hazardous matcrials

The natural hazardous materials are the substances
depressing the utilization of proteins and the substances
inactivating vitarins (249). The improvement of the
nutritive value of proteins by milcd heat is well estatlicshed
(114, 148, 16, 206). 1In egg white, there is a heat labile
antiproteinase which can be destrcyed hy heating at 100°¢C
for 3 minutes. However, this proteinase inhibitor in egg
white was found to have a limited effect on protein
absorption in human. ¥gg white, either raw or heated in
the presence of added ovomucoid of known antitrypsin
activity had no effect on nitrogen retention of human (206).
In raw milk, there is also a trypein inhibitor. Eoiling for
short time is knowin not to completely inactivate the
inhibitor (249). The pronounced effect of trypsin inhibitor
is founcd in the leguminosae such as soybean. The components
found in soybean,trypsin inhibitor, haemagglutinin and
saronin, are heat labile and of these trypsin inhibitor is
found to be most stable to heat. Therefore, among the
enzyme inhibitors in soybeans, the level of trypsin
inhibitor can be used as an index of adequacy of heat
treatment (244). Different sets of time and temperature
have been reported for soybeans, e.g. Fritz et al. 1947
reported the best biological value of ground soybeans was
achieved by autoclaving at 121°C for 20-30 minutes. Rackis
1966 found soybean flake required only 20-30 minutes at
100°C by steaming. Gontzea and Sutzescu 1968 found soy

products with maximum protein value by autoclaving at 1150C
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for 20 minutes or at 1O7—1O8OC for 4O minutes and with some
varieties of soybeans it required up to 30 minutes at 121%.
Certainly, the differcnces in the temperature and tire could
be related tc the differences in the size and shape of
heetled materialc and hence the efficiency of heat transfer
within that material. HMHost of thecc exreriments were
carried out at neutral pH. Tt was found that from pil C.§
to 9.9, less heating time was recuired with increasing pll
(137). lowever, increasing pH from neutral would not be
uceful for the procescing of infant food. Khaleque 1971
found that at pl 6.8, the complete destruction of trypsin
inhibitors in soy milk was 76 minutes at 98OC or 15 minutes
at 115°¢.

In the previoue discuession, the destruction of amino
acide and vitamins were ascumed to follow first order
reaction. It i1s difficult to decide whether the same
ascumption should be made for dectruction of trypesin
inhibitore due to the lack of inforration on the kinetics
of the reaction. Khaleque 1971 found in his experiment
that, the reaction only followed first order at higher pH
i.e., over the range of 7 - 9.9 wihich i« not likely the pi
of infant food. HNevertheless, the acsumption of first order
rate of reaction has been extended to dectruction of trypsin
inhibvitor by Labuza 1972 and Lund 1975. Eoth authors
calculated the reaction rate constant and the activation
energy from the same experiment by Hackle et al. 1965.
Labuza 1972 gave the reaction rate constant at both 950C
and 121°C to be 1680 X 10~ hr~' and 10380 X 10~ 2hr™" and
Lund 1975 at the range of 93° - 121°C to be 10389 X 10™2hr™!

respectively. Whether the Arrhenius equation can be assumed



183.

is the question. Tt is ectablished that the inactivation
of the enzyme is reversible at low temperature and only
from 90°C that the resction is irreversitle (206).
Therefore, if Arrhenius equatien is to he applied, the
temperature must be over QOOC.

In order to define the time and temperature of the
precrying proccce, it was decided to assume firest order
rcaction. Vith this assumptionr, the reaction rate constants
for destruction of trypsin inhibitor from various data were

calculated as shown in Table 5.1.

Pl

Table 5.1 The Recction Rate Constant For Destruction of

Trypein Inhibitor

Tenp. k Tyre of product Reference
¢ X107
A~
93 1680 Soy milk Labuza 1972 (146)
Lund 1975 (154)

98 5454 Soy milk Khaleque 1971 (137)
100 13818 Soybean flake Rackis 1966 (193)
108 10368 Soy product Gontzea and Sutzescu

1968 (97)
115 2L38L Soy milk {haleque 1971 (137)
115 20727 Soy product Gontzea and Sutzescu
1968 (97)
121 10380 Soy milk Labuza 1972 (146)
Lund 1975 (154)
121 13818 Soy product Contzea and Sutzescu
1968 (97)
121 13818 Ground soybeans Fritz et al. 1949 (91)

121 20727 Soybean product Richardson 1976 (206)
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In order to use data from complete destruction to
calculate the reaction rate constant, the destruction was
taken as 99.9 percent. As soybean needs more severe heat
treatment than other raw materizls (249), only data on
soykbean were collected. The straic-ht line fitted to the
data in Table 5.1 is shown in Figure 5.1.

For the predrying procecs, it was decided to study
the two temperatures at the linite of the temperature range
i.e. 98OC and 121°C. Taking thc reaction rate constant from
the graph, the required holding time was calculated on 99.9
percent destruction and found to bte 81 minutes at 98°C and
25 minutes at 121OC respectively. In effect, these 2 cets
of temperatures and times reprerented a high temperature
short holding time and a low tempeiature long holding time
and were used in thig :tudy as criteria for inactivation
of trypsin inhibitors.

Apart from trypsin inhititors, there are substances
responsible for inactivating vitamins. The important
subctances in this category are ascorbic acid oxidase,
widely occurs in ve:etables, avidin or antibiotin found in
egg white, thiaminase found in raw fish and shellfish and
a substance reacting with niacin found in maize. Ascorbic
acid oxidase inactivates ascorbic acid and thiaminase
inactivates thiamine. Uowever, thesc substances seem to
be heat labile. Information availatle shows that ordinary
home cooking is sufficient to dectroy these enzymes. For
example, ascorbic acid oxidase is inactivated by blanching
at 100°C for one minute, avidin is inactivated by boiling
for 3 - 5 minutes (206).

Among these natural hazardous substances, trypsin
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inhibitors ceems to be more stable to heat than others.

It can be concluded that procescing reauired for destruction
of the natural hazardous subtstances is adequately covered

by the conditions recuired by soybean which is 81 minutes

at 98°C or 23 minutes at 121°C.

5.2.2 Improving the raw material digestibility

The three major constituents in food raw materials
are proteins, cartohydrate and fal. Mild heat treatment is
known to have beneficial effects on proteins and
carbohydrates. Digesiibility of proteins and availability
of sulphur amino acids are improved by heat treatment (6)
and gelatinization of starch improves its digestibility.
With infant, it ies known that digestion of starch is slow
with very young infants and increases gradually with
increacing age (81). Therefore, it is important to have
starch well gelatinized. Different types of starches have
elightly different temperature ranges where gelatinizstion
occurs. Gelatinization ranges of temperature for various

starches given by Hodge and Osman 1976 is shown in Table 5.2.

Table 5.2 Gelatinization Ranges of Temperature for Various

Starches

Source Temperature ;)
Corn 62.0 - 70.0
Rice 68.0 - 78.0
Pea (green garden) 57.0 - 70.0
Potato 58,0 - 66.0
Tapioca 52.0 = 64.0

For fat, there is more of a detrimental effect than

beneficial effect in heating, especially at high temperature.
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It may be said that among the major components of food raw
materials, only protein and carbohydrates are known to have
improved digestibilities by heat treatment. With the time
and temperature reguired to inactivate trypsin inhibitor,
it is almost certain that protein will be denatured and
starches will be geletinized. Therefore, the temperature
and time recuired for destruction of trypsin inhibitors can

be taken as criteria for this predrying stage.

5.2.3 Design of cooking process

Consideration was now given to the processes
to accomplish this required time and temperature. The raw
materials after being prepared would be cut into small
pieces to hasten the heat transfer during heating. The
mixture would be heated in a batch cooiter with stirring or
in a continuous process.

To determine the total time required for heating
up and cooling down ascuming agitation of the mixture, the

equation given by Heldman 1975 was used

T - Tm o (— Uht) or - t = chln (T - Tm)
TO - Tm” ch EZ (To— Tm)
where P = temperature at any time t
Tm = temperature of heating or cooling
media

TO = original temperature

U = overall heat transfer coefficient

£ = time

W = mass

Cp = specific heat

A = Area
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F'rom the equation, it is obvious that to reach any
reqguired temperature, the imrortant varisble is the ratio
of W/A. This ratio is generally high in batch process and
low in continuous process. Ag cxpected, the type of
process playe an important role in tne tcmperature and time
distribution.

In order to estimate the distribution of time and
temperature, assumptions were made on:

Type of cooker Jacketed pan with agitator was assumed for

the batch process and scraped surface heat exchanger (£7)
was assumed for the continuous process. A typical capacity
and surface area of 300 1lb and 10 ft2 wvere taken for
jacketed pan and 5 inches in diameter for heating cylinder
and 3% inches diamcter for the blade rotator were talken for
the continuous process. The volume of the blade is usually
small and hence wacs ignored.

Overall heat transfcer coefficient For jacketed pan typical

values range from 50 for cream (115) to 125 - 150 for paste
(190) and 154 BTU/fch °F for fruit slurry (190). In this

ecstimation a value at 100 ETU/ftah °F was taken ac an average

valﬁe. However, for the scraped surface heat exchanrers,
heat transfer coefficients vary with speeds of rotation (67)
and are found to be in the order of 150 - 650 BTU/ftah OF
and an average of 350 BTU/ftah OF was used in this study.

Specific heat The specific heat for high moisture content

food can be estimated from the expression given by Siebel
1892 as Cp = 0.2 + 0.008 (moisture content, percent) or by
Dickerson 1965 as Cp = O.4 + 0.006 (moisture content,
percent) which gives approximately the same estimation.

Therefore one of the expressions i.e. Dickerson's was chosen
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in this study. TFrom the previous formulation (Table 3.5)
the moisture content of the mixed fresh raw materials was
approximately 55 - €0 percent. Allowing for water necessary
for cooking, the moisture content of the mixture was taken
as 75 percent. Therefore, the Cp of the paste from
Dickerson's exprecsion was 0.85 FTU/1b °F,

The required temperatures and times It was discussed earlier

that the reaquired temperatures and times were 81 minutes at
98°C and 23 wminutes at 121°C.

The tewmperaturee of heating and coocling media The steam was

ascsumed to be the heating medium with a pressure of 10 psi
for heating the mixture to 980C and 20 psi for heating the
mixture to 121°C. Tt was also agscumed thst the mixture once
being heasted to the required temperature and time was put
through the mill quickly before cooling and this milling
time was not counted. TFor cooling down to }OOC vater at
25°C was assumed to be used.

Having ascsumed all the required variables, the
distribution of temperature and time in selected batch and
continuous processes were determined and are shown in

Table 5.3.
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Temperature and Time Distribution

During Heating and Cooling for Selected Tatch and

Continuous Processes

I. USING STEAM AT 10 PSI TO RAISE TEMPERATURE TO 98°C

Batch process

Continuous process

Beating up time

Cooling down time

Holding time

At

At

At

At

At

-At

At

At

At

II. USING STEAM AT 20 PSI TO RAISE TEMPERATURE TO 121°%

1?7 minutes
30 minutes

81 minutes

Distribution of temverature

63 seconds

109 seconds

81 minutes

during heating uop

5 minutes
10 minutes
15 minutes

17 minutes

60°c

81°%
9L°¢
98°¢

At 20
At 40
At 60

At 63

Distribution of temverature

seconds

seconds

seconds

seconds

during cooling down

62°C
84°¢
[e]

96°¢
98°¢

5 minutes
10 minutes
15 minutes
20 minutes

30 minutes

80°c
59°C
46°¢c
38°C

30°%

At 20
At 4O
At 60

At 80

At 109 seconds

seconds

seconds

seconds

seconds

728°¢
56°C

QBOC,

36°¢

30°%

Heating up time

Cooling down time

Holding time

At

At

At

At

At

At

At

At

At

At

At

At

Batch process

Continuous process

31 minutes

31 minutes

23 minutes

114 seconds

114 seconds

23 minutes

Distribution of temperature during heating up

5 minutes
10 minutes
15 minutes
20 minutes
25 minutes

31 minutes

Distribution of temperature during cooling down

64°c
88°¢c
103°¢
112%
117°%

121%

At 20

- At Lo

At 60
At 80
At 100

At 114

seconds

seconds

seconds

seconds

seconds

seconds

67°c
91°%
106°C
113°C
119°C

121°%

5 minutes
10 minutes
15 minutes
20 minutes
25 minutes

31 minutes

82°c
63°c
u8%c
39%
34°¢c

30°%

At 20
At Lo
At 60
At 80
At 100
At 1L

seconds
seconds
seconds
seconds
seconds

seconds

84°¢
60°%
46°c
37%

32°C

30°¢
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5.3 Drying process

Drying processes vwvere screened firstly according
to their technical feasibility as a process for infant food

and secondly for the costs involved.

5.3.1 Celection of drying process

For drying liquid puree and paste, the suitable
methods are pan drying, vacuum drying, freeze-drying,
foam-mat drying, spray drying and drum drying (243). It is
possible to use an extrusion process when gelatinization,
mixing, puffing and drying are required (211). However,
the extrusion process is more suitable for doughs than
pastes as low moicsture contentsare required for successful
extrusion. The paste will have considerably higher moisture
content, 70 to 75 percent, compared to the optimal range for
extrusion which is 15 to 30 percent (178). As discussed
previously, for this infant food mixture, cooking the paste
is necessary before actual drying, and it was thought that
it would be difficult to ensure adequate cooking in the
extrusion process.

Therefore, the extrusion process was considered not
suitable for this product. Pan drying is a process yielding
a hard dense product difficult to dissolve, and hence was
considered not suitable. For foam mat drying, it was
realized that foaming agents, such as glyceryl monostearate,
soya proteins, cellulose ether, are used to produce stable
foam. This type of drying was considered suitable only
when it was possible to produce stable foam with the raw
material mixture, because firstly the aim was to use only
indigenous raw materials and secondly the addition of other

substances would upset the nutritional balance of the mixture.
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Therefore, drying methods to be considered further
were vacuum drying, freeze drying, foam mat drying, spray
drying and drum drying. ¥or selection of the drying method,
it was pertinent to consider the cost of the different
methods.

Cost involved in drying can be considered as capital
investment and manufacturing cost. Carpital investment is
directly related to purchased equipment cost (7). Data
given by Ariec 2znd *lewton 1959 were used to compare the
purchased equipment cost for the different methods. Tt was
realized that these data were out of date and could not be
taken as actual costs but it was regarded reasonable to use
them for a comparative cost study. Taking an arbitrary
firure of drying area of 50 square feet, the purchased cost

data for different tyres of driers were:

Drying method Furchased cost,
Wse $
Drum drying vacuum, single 25,000
atmospheric, single 2,500
Tray drying vacuuri, stainless steel 5,000
Spray drying 10 ft. diameter, 2300 1b 46,000

per hour evaporating

capacity.

The capacity of spray drying was chosen in equivalent
to drum drying of 50 square feet area, drum speed at 2 rounds
per minute, thickness on drum at 0.1" and density at 63 1b
per cubic foot. Information on coet of foam mat drying was
iimited, it wag regarded to be in the same category as drum

drying (149). Freeze-drying requires a more expensive



capital cost (243).
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In addition to capital investment was manufacturing

cocst. Van Arsdel 1973 gave the following comparative

Drying wethod

Forced air drying
Foam mat drying
Drum drying

Spray drying
Vacuur drying

I'reeze drying

Cost per 1lb of water

evaporated (I7.5. cents)

0.7
0.7
0.8
1.0
2.0

L\‘-O

From the estimated purchaced equipment cost, vacuum
tray dryins was the cheapest, followed by atmospheric drum
drying. Toth sypray drying and vecuw: drur drying werc more
expensive than thc othner two types already mentioned. The
rmost exrensive method was freece-~drying. "hen ccneidering
the operating cost, foam mat drying, drum drying and cpray
drying were the chieapect while vacuuwn drying was twice as
mucn and freese drying was congciderably higher and was the
most expensive. Logically, in celecting for the proceseing
method, one would celect the cheapest method that will give
the best required product. Eefore any further consideration
on the effect of processing on the nutrients, it was felt
that some of the very expensive processes should be screened
out. When considering btoth purchased equipment cost and
operating cost, freeze drying was by far the most expensive
method in both capital and operating costs. Though it was
realized that in freeze drying there is less loss of

nutrients, colour and flavour, it was far too expensive to
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consider for a cheap infant product for Thailand. The next
exrencive capital and operating costs were for vacuum drum
drying. For the same reason as frecze drying it was
considered not suitable to include in this study. It was
obvious that the capital cost for spray drying was very
high compared to drum drying and vacuum drying. Though it
is a very common method of drying, its high capital cost
could make it difficult to implement in Thailand. Also there
would be some difficulties in preparing the raw material
mixture for spray drying. It would need to be concentrated
and if this was not prossible, drying cost would be high
because of the amount of water to be removed (57). At the
present time, spray drying did not appear to be a suitable
process. Therefore, the most suitable methods were
atnospheric drum drying, vacuum drying and foam mat drying.
These were the drying rethode with the cheapest capital
investment and operating costs. The operating cost for
vacuum drying was notably higher than drum and foam mat
drying but the estimated equipment coct was considerably
lower. Therefore, thesce 3 mcthods of drying were considered
economically suitable for procescing of the required infant
food and were ccnsidered in studying the nutrient losses

during drying.

5.3.2 Setting the time and temperature for each drying
process

Firstly, it was necessary to define the times and
temperatures generally employed in each drying method. The
temperatures considered were Lhe nmaterial temperatures
during drying not the air or shelf temperatures.

The temperature and time that can be employed for
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any particular type of drying depends on the characteristics
of the drying materials and their sensitivities towards
heat. However, only a certain range of temperature and

time can te used for each type of drying. For instance,
high temperature and short time such as 104—16000 for 20
ceconds are generally used for drum drying while
considerably lower temperaturc and time such as 66-82°C for
2 hours are used in vacuum drying (187).

According to the differences in rate of drying, the
drying proceegs can be divided into a constant rate period
and a falling rate period. If the critical moisture
content, the final woisture content, and the operating
temperature and humidity are known, the time involved in
each period can te calculatec frum the general expression
as given by ileldman 19/5, Charm 1971 and tarel 1975,
Neverthelces,there are csome difficuliies in calculzting
drying times based on the noisture to Le removed. Wirst
of all, there are parameters that rust be known such as the
gasc film coefficient of mass transfer (Kg), overall internal
liquid diffusivity (D) and convective heat transfer
coefficient (h) (41, 115). Tt muét e noted these
parameters, Kg, D and h are not available for most food
materials. They can only be predicted by experimentation
(41, 115). Therefore, it was not possible to calculate the
drying times and tenperatures before some experimental data
could be obtained using the food mixture. Secondly, the
general exprescion to calculate drying time during constant
rate and falling rate assume ideal conditions (130) but
disparity from such conditions ie known to exist in food

gystems. Thirdly, within a particular type of drying
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process, drying time and temperature can be varied by
variation in the drying operation such as drum speed and
drum clearance in drum drying, air velocity, bulk density
and layer thickness in foam mat drying and =o0lid content
and layer thickness in vacuum drying.

Therefore, it was felt that the general times and
temperatures reported in the literature should be used
first to study the effect of procecsing conditions on the
infant food model. Once the effects of the range of
conditions related to a particular type of drying on the
final raw material mixture are cdetermined, the most suitable
time and temperature can be ctudied experimentally and if
necessary further adjustments made to the model.

The drying conditions are dependant very mucn on the
vroperties of the raw materials. The mixture used for the
infant food wae bascd on variouc combination of food
materials cuch as cerea2l, fruit, vegetatle, efgg, meat, fish
and dairy product. As there was no publication on drying
of such a combination of raw materialc, the conditions for
drying food products in thicls liquid and paste were talen
ac being relevant. Therefore, the temperatures and tines
in eachi type of drying for thick liquid or paste were
collected as shown in Appendix 13.

WYith vacuum drying, the only relevant type of food
products for which drying conditione could be found wac
fruit Jjuice. The range of product temperature was from 52°C
to 77OC and drying time wae from one to two hours. ™ith
cereals present, this time could be increased.

With foam mat drying, application was to a wider

variety of products such as potato, banana and fruit juices
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(Appendix 13). The range of product temperatures was from
60°C to 82°C and drying time was generally from 10 to 60
minutes. Though the air temperature varied up to 10400,
the product temperature was generally 60°C to 82°C.

Drum drying was used with wider varieties of paste
and liquid mixtures than the two other drying methods
(Appendix 13). Drying conditions for pastes such ac potato
with fish and fruit cereal baby food, were available. The
range of steam rressure in the drum was from 30 to 90 psi
with the temperature on the drum of 1389C to 166°C.. Though
the time was as short as 8 seconds and as long as 2% minutes
depending on other orperating variables, drying time was
generally between 10 to 30 ceconde.

In conclusion, the range of temperatures and times
for these 3 methods of drying can be grouped into 3
categories 1.e. very high temperature and short time drying
ac for drum drying, a moderate drying temperature and time
as in foam mat drying and a considerably lower temperature
and longer time acs in vacuum drying. Therefore, the drying
time and temperature for each type of drying were decided
from the general range of drying times and temperatures used
with liquid and paste as collected in Appendix 13. It was
found that the range of material temperature was greatest in
drum drying, i.e. from 104-160°C, next was foam mat drying
of 60-82°C and vacuum drying was the smallest at 52 to 77OC.
The drying times for each type of drying were found to range
from 10 to 60 seconds for drum drying, 15 to 60 minutes for
foam mat drying and one to 2% hours for vacuum drying.
Within the range of times and temperatures used in each

type of drying, 2 temperatures at each end of the range were
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chosen for study. In any particular mix, when drying
temperature is higher, the drying time is generally shorter.
Therefore, the conditionscould he taken as high temperature
with chort drying time and vice versa. Accordingly, the
drying time and temperature in each type of drying were
specified as shown in Table 5.4. These times and
temperatures are at this stare theoretical and would hav

to be confirmed during actual cdrying tests.

Table 5.4 Product Temperatures and Drying Times Selected

for Vacuum, Foam Mat and Drum Drying

Type of drying Temperature and time

Vacuum drying 520C for 2 hours
77°C for 1 hour

. 0
Foam mat drying 71°C for 1 hour

o) .
39°C for 8 minutes

Drum drying 104°C for 60 seconds

160°¢ for 30 seconds

A further factor taken into consideration wae the
range of product temperature during the drying cyvcle. At
the early stage of drying, the product temperature is well
below the air temperature and gradually increases from feed
temperature to a certain temperature and may be, as in
vacuum drying, reduced during the later stages of drying
(95, 1%2). For drum drying, steam at certain pressure is
generally used and the product temperature increacses from
the feed temperature to the drum temperature just tefore
it is scraped off (90). 1In realizing that the time required
to bring the product to the referred drying temperature

could be as long as half of the total drying time as in
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vacuurm and é¢rum drying (90, 132) and to the lesser extent
in foam mat drying (95), consideration of the distribution
of this time and teumpcrature must be talen into account.
Therefore, the typical distributions of product temperature
and time in the 3 drying methods were stucdied.

For vacuum drying, the tenperature measured nt
various times in vacuur puffee dryine of tomato juice in
the experiment by XKaufman et al. 1955 showed that the
product temperature dropped gradually to very low temverature
as the juice froze and then came up slowly as the moisture
was removed as shown in Appendix 14, Tt took a considerably
long time to raisc the product temperature to the range of
the drying tempersture at 56 to 20°%. Data given in vecuum
drying of tomato Juice at lower vacuum prescures by lNoyes
1965 showed higher product temperatures as the material
2id not freeze (Appendix 14). Tt tonok a third of the drying
time to raise the product from 15.600 to A8OC and nalf of
the drying time to 68°C where the product was kept around
62—680C for the rest of drying time which was in total 2
hours. Becauge vacuu. drying wes generally operatecd at low
temperature, the rising of product temperature was very
slow.,

The other important issue was that the reaction
rate constants were quite low at lower temperatures,
approximately below 56OC for vitamins and below 8OOC for
amino acids. It was found with vacuum drying that the loss
of nutrients calculated from the reaction rate kinetics was
only significant when the product was in the higher range
of drying temperatures. For example, the loss of riboflavin,

the nutrient with the highest rate of reaction up to the
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temperature of BOOC, wns calculated based on the data of
Kaufman et al. 1955, was found to be only O.1 percent lower
when the calculated loss excluded the loss during drying at
temperatures lower than 56OC. With Noyes 19€9 data it was
found that the differcnce was approximaztely 1 percent when
the locs at temperature lover than 68°C was not included.
It could be assumed with vacuum drying that the loss during
raising the temperaturc to the top drying temperature was
very small and could be regarded as insignificant compared
to the loes during the whole drying process. Thereforc, the
losees of nutrients during vacuum drying wae based on the
product temperature of 52OC for 2 hours and 77OC for 1 hour;
the losses during raising the product to these temperatures
were so small they were not included in thie study.

For foam mat drying, the product temperatures were
taken frowm the experiment on tom-to paste by Ginette et al.
19€¢5. DBecause of the higher air temperature used in foan
mat cdrying, the product temperature was raised very quiclly
to the range of drying temperaturce. 1In this particular
case, i1l took only 1.29% minutes. The loss during thies
reriod would be insignificant compared to the loss during
suktsequent drying. Therefore, the losses of nutrients during
fosm mat drying was based on the product temperature of 71OC
for €O minutes and 89OC for & minutes. It was realised that
the temperature during the later drying period might vary
depending on the manipulation of pressure during vacuum
drying and air temperature in foam met drying. In this
study, the product temperatures in these 2 methods were taken
to be at top drying temperature until the drying was complete.

For drum drying, the product temperature during
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drying was not available in the literature as in the two
previous drying mcthode. However, in the industrial drying
of infant food it was found that approximately half cf the
dryirng time was st 100°C and the other half was at the

finzl product temperature (42). Therefore, these
generalised product tcecmperatures were vced in this study

and the conditions of drum drying used in this study were at
(a) 30 seconds at 100°C, 30 seconds at 104°C and

(b) 15 seconds at 100°C and 15 seconds at 160°C.

5.4 Prediction of the nutrient lossesg during the processing

Nutrient losscs during predrying and drying
processes were predicted. Tirst of all, the rateg of
reaction at the required temperaturce werc taken from the
Arrhenius plots of reaction rate conetents. Then the
percentage deztruction of each nutrient during precdrying

snd drying processes were determined fror the TFaquation (4.7)

- 2.303 log % = kt (4.7)
0
which 1s equivalent to
¢ -kt
¢ = e (5.1)

0

Co was the original concentration of nutrient, C was the
concentration of nutrient after heating for a certain time.
For the set of temperatures at different times in the
predrying and drying processes, the percentage retention at
the end of procesc was calculated from the expression of

t

. o
C, =C.e S+ (5.2)

(@]
1]

CF-kat2 _ Coe_(k1t1+ k2t2) (5.3)
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and hence

n 6]

where C1 was tlie concentration of nutrient after time t1
and reaction rate constant k1 and Cn the concentration at
the end of process after time tn and at rate kn. CO Viags
set at 100, and Cn represented the percentage retention of
nutrient at the end of the process. Therefore, reaction
rate conetants k at different intervals of time and

temperature were taken to calculate the percentage retention

of a process at a «et of times and temperatures.

Selel Mutrient losses during predrying process

The locses during the predrying process occur during
the period of heating up, holding ancd cooling down. Tn this
study, the neating up and coolin: temp-ratures were
calculated at intervals of 5 minutes in the batch process
and 20 seconds in the continuous process. It was realized
that the division of time into smaller intervals such as
1/8 of minute would predict the losses more accurately (236).
Hlowvever to compare processing loss and product forrmulation,
for the relcvant processes, it wac feclt that dividing the
heating up and cooling down time into © or 6 intervals was
adequate. The destruction of each nutrient was calculated
as discusesed previously in 5.4. Table 5.5 gives the
bercentage destruction of nutrients after different
predrying processes. Comparison of the predicted values
for the different processes showed 4 gignificant acpects

of nutrient destruction during procescing.
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Frocess at 98OC and 121OC, Batch and Continuous Process

203 °

The Predicted Mutrient l.osses During Predrying

At 98°C At 121%
Batch  Contin- Folding Fatch  Contin- iJolding
uous for uous for
81 uins. 23 mins.
Percentage loss
Hictidine 0.15 0.13 0.12 0.61 0.40 0.38
Tsoleucine 0.58 0.51 0.49 2.91 1.96 1.90
Leucine 0.91 0.82 0.77 2.67 1.72 1.67
Lysine 2.15 1.90 1.80 5.01 3.21 3.09
Methionine 1.8 1.56 1.50 5.32 3.47 3.35
Cystine 0.18 0.17 0.16 3.19 2.26 2.20
Phenylalanine 1.23 1.05 1.01 1.72 1.04 1.00
Tyrosine 0.58 0.54 0.52 2.04 1.34 1.29
Threonine 0.11 0.10 0.09 0.49 0.3%2 0.31
Tryptophan 2.60 2.23 2.15 L.13 2085 2.40
Valine 2.92 2.50 2.38 3.61 2.12 2.01
Folic acid 38.52  36.19 36.01  76.82 60.54 59.20
Pantothenic
acid g2z 4.7 4L.71  10.55 6.64 638
Vitamin B12 7.76 7.19 7.14  20.53 13.57 13.12
Vitamin B6 5.80 5.22 5.18 10.40 644 6.18
Niacin 2.03 1.86 1.85 5.93 3.82 3.70
Riboflavin 16.71  14.35 14,16 21.54 12,61 11.90
Thiamine 15.92 14.69 14,61 43.29  30.52 29.64
Ascorbic acid 12.68  11.57 11.49 27.08 17.82 17.20
Tocopherol 3.58 3.09 3.06 L .05 2.27 2.15
Carotene L.16 3.76 3.74 8.32 5.18 4.98
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Firstly, the losses of zmino acids were considerably
lower than of vitamins. The differences in losses at the

celected 2 temperaturcs of procecsin

© were not rwuch with
amino acids but vcre marikedly =so with vitemins.

Secondly, the order of the ~mino acids with the
highest loss changed uarikedly when the teuperature wes
raiced from 98°C to 121°C in toth botch 2nd continuous
procecses. The order of vitamins chenged to a smaller
extent. This was due to the greater differences in the
activation energies of amino acids than of vitamins.

Thirdly, the nutrient losses were higher at high
temperature and short time than at low temperature and long
time. This was due to the lower activation energy of the
trypsin inhibitor in comparison to the activation energies
of 211 the nutrients except ritoflavin and tocopherol.
Arrhienius plot of trypsin inhibitor was compared with sore
of the vitamine with high activatiocn energies and hirch rates
of reaction such as thiamine, folic acid and with low
activstion enerpgics and low rates of reaction such as
tocopherol ac ghovn in Figure 5.2.

Despite the couparatively high raste of reaction in
the dectruction of trypsin inhibitor, the rate did not
increcase to any great extent with increasing temperature.
‘On the contrary, all nutriente except tocopherol and
riboflavin increased their rates of rcaction more rapidly
than the trypsin inhibitor. Therefore, the time needed to
inactivate trypsin inhibitor at high temperatureswould be
more detrimental to all studied nutrients except tocopherol,
riboflavin and phenylalanine than the time at low

temperatures.
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Ikeaction

rate constant
X 1072 pro]

Reciprocal of temperature (9k)

Figure 5.2 Relationship of Reaction Rate and Temperature

for Trypsin Inhibitor, Thiamine, T"olic Acid and Vitamin E



206.

0. I . . [ O (e

-

™ime

minutes

e

Temperatur

Comparison of the Nestruction of Trypsin

"igure 5.3

hn

Inhibitor, Vitamins and Racteria



207 .

The kinetic rate of reaction in the destruction of
trypsin inhibitor in comparison to dectruction of vitamins
vae contrary to the cestruction of nicroorgznisme cownrored to
vitamins. Figure 5.2 shews the typical thermal deetn time
(1 D) curve of bacterial spore (22) compzred to 50 percent
dectruction of trypcin inhidbitoer, thiamine, folic acid and
tocopherol. For trypsin inhilbitor, the times recuired for
50 and 99.9 percent dectruction did not decreage with
increacing temperaturc as fast as for 50 percent cdestruction
of folic acid and thiamine. The time recuired to dectroy
the bacterial spore changecd vecry fast with temperature.
Tocorherol, heving the =zame activation cnergy as trynsin
inhibitor, the rote o~ which the time changed with
temperature wag approvimately the came. As can be oeen
from the intersectionn of the liase of B0 percent destruction
of folic acid and 99.9 percent doctruction of trypein
inhititior, the incclivetion of trypein irnhibitor at the
terperature lower than 1120C will dectroy less than 5O

percent of folic acid and at temperature higher thon 112%

J

tlie cegtruction oif folic acid will be more than 50 percent,
Recording the time and temperoture required to destroy
trypsin inhibitor, it was obvious that high temperature and
short time did not benefit the retention of all the vitamins
and anino acids with the exception of tocopherol, riboflavin
and phenylalanine. Ilowever, the increases in the retention
of the exceptional nutrients were so small that high
temperature/short time could not be regarded as a
significant benefit.

Therefore, the low temperature and long time was more

beneficial to use for the destruction of trypsin inhibitor.
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Nevertheless, one must be aware that there is a limit in
using the low temperature because of the reversibility in
the destruction of trypsin inhibitor at temperatures of
9OOC and lower. Temperatures above 9OOC should be used.
Finally, losses of nutrients were generally less in
the continuous process than in batch process. However, at
the low temperature i.e. 98OC,the losces in the continuous
process were only slightly less than by batch process. ©Once
the higher temperature, 121°C was used, the losses were
guite considerably higher in the betch process than bty the
continuous process. Thic was due to the fact that, the
rcaction rates at lower temperatures were not so great for
most nutrients and became more significant at higher
tenperatures. Certainly at the high temperature, the
nutrient with hign activation encrgy would result in greater
diffcrences in nutrient losses betwcen ihe btatch and
continuous process than the nutrient with lower activetion

energy.

S.4.2 MNutrient losses during drying process

The losses of nutriente were calculated as discussed
in 5.4 for each of the specified¢ times and temperaturcs in
the 3% drying methods. The predicted losses are shown in
Table 5.6.

In vacuum drying, there was not any significant
change in the amino acids. '“With vitamins, the loss of
riboflavin was highest at 5200/2 hours i.e. 3.5 percent,
while the losses in others were less than 1.0 percent.
However, once the temrerature was at 77OC/1 hour; the loss
in riboflavin increased only slightly to 5.5 percent but

losses in folic acid and ascorbic acid increased to 5.0
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Table 5.6 The Predicted Nutrient Losses During Different

Methodsof Drying
Vacuun drying Foam mat drying Drum drying
52%7 7%/ 7y 86%/ Ton%¢/ 160°¢/
2hr 1hr 1hr  8min €0sec  30sec
Percentare loss

Histidine 0.001 0.009 0.004 0.005 0.003 0.140
Isoleucine 0.002 0.030 0.010 0.020 0.011  0.700
Leucine 0.001 0.080 0.040 0.040 0.016 0.340
Lysine 0.040 0.250 0.130 0.100 0.034  0.450
Methionine 0.020 0.150 0.080 0.070 0.031  0.700
Cystine 0.001 0.003 0.7°01 0.002 0.005 6.060

Phenylalanine 0.080 0.220 0.150 0.0€5 0.020 0.070

Tyrosine 0.005 0,050 0.023 0.020 0.010 0.320

r

Threonine

O

.CO1 0.006 0.003 0.004 0.002 N.0E5

Tryptophan 0.140 0.420 0,250 0.130 0.040 0.190
Valine 0.300 0.620 0.470 0.170 0.040 0.112
Folic acid 0.€9 i 2.58 2.07 0.85 14.97
Pantothenic

acid 0.1€ 5 044 0.19 0.08 0.69
Vitamin Bi2 5 [ 1 Q.83 0.45 0.34 O.14 2429
Vitamin B6 Qw7 0.95 0.61 0.30 0.09 0.56
Niacin 0.03 (5 P 0.11 0.09 0.04 0.68
Ritoflavin 3.10 5.26 3.98 127 0.27 0.58
Thiamine 0.20 1.05 0.84 0. 72 0.31 7.05
Ascorbic acid 0.3%6 1«23 1.03 0.65 0.22 227
Tocopherol 0.55 0.95 Q.72 Q.22 0.05 0.10
Carotene 0.14 0.61 0.38 0.21 0.07 0.53%
Choline 0.12 0.83 0.45 0.34 0.14 2.29

Biotin 0.12 0.83 0.45 0.34 0.14 2.29
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percent and 2.0 percent respectively, much higher than the
other vitamin losses.

With foam mat drying, the locses in amino acids were
not significant in both conditions of time and tewmperature;
the losses were only from 0.5 to 1.0 percent. 1Vith
vitaming, losgces in ritoflavin ond accortic acid verec
hirher than losses of other vitalins. At the concditions of
39°¢/8 minutes, the losses in all vitamins were less than
at 71OC/1 hour.

Yith drum drying, the lo=zres of amino acide at drum
temperature 10400/60 ceconds werc not cignificant i.e.
less than O.1 perccnt. At conditisns of 1COOC/BO geconds,
loss in cystine wac higrhest at € percent while other ~mino
acide were from O.1 to 1.0 percent. "With vitamine, the
locsee viere nol cignificant at the lower temperature. At
1€0°% /20 ceconde, lose in folic acid was highest at 1%
percent, next werec thiamine at 7.5 percent, ascorbic acid
and vitamin B12, biotin and choline at 2.5 percent, the
others were lesg than 1.0 percent.

The loseeg of vitamine and amind acids in the 3
selected methods werec generally small except when high
temperatures were used with drum drying. Tt was notable
that riboflavin with its comparatively high rate of resction
at low temperature wac most affected at condition with low
temperature. Once a higher teuperature was used, the mnost
affected vitamins were folic acid, thiamine, vitamin E12,
tiotin, choline and ascorbic acid, ac¢ thece vitamins with
higher activation energies increased their rates of reaction

more rapidly with increasing temperature.

This calculation shows the importance of calculating
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the losses in all vitamins when comparing different érying
procesces and conditions. Compariny the nrocescses riving
the highest losses of vitamins - drum drying at 160°C and
vacuum drying =zt 77°C - folic acid, vitamin B12, biotin,
choline, niacin, thismine anc ascorbic acid had the highest
losses with drum drying at 16OOC; but pantothenic acid,
vitamin BE, riboflavin, tocopherol nand carotene had the
highest losses with vacuum drying at 77OC. Similarly, most
amino acids had the greatest loss with drum drying at 160°C
but phenylalanine, tryptophan and v~line had the grectest
loss with vacuunm dryings at 77OC. Therefore in choocing a
process to give only a snmall losc of nutritional value, all
the vitemins and amino acide need to be studied.

Comparing thecc drying rmetionds to find the process

giving the lowest loge of nutrient:, Jruw drying =zt the

,....J

over temperature (10u.°¢C) gave the emallest locses for
ceven vitamins but vacuum dryins at SEOC gave the smellect
logses for folic acid, niacin and thiamine. However, the
losses were not very different - Q.69 and 0.85, 0.03 and
0.04, 0.20 and 0.31 percent. Drum drying at 104°C for 60
ceconds was the bect method for drying infant food amongst

the methods studied.

5.4.3 Nutrient losses in combined heating and drying process
The losses in vitamins and @mino acids after batch
heating at 98°C and then drying are chown in Table 5.7. The
very much greater losses during the predrying stage over-
shadow the losses during drying. For example, the loss in
folic acid after heating and drum drying at 1040C was 39.04L
percent as compared with 0.85 percent with drying alone.

Drum drying at 10400 ig still the method of drying
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A
Table 5.7 The Predictedhﬂutrient Tl.osses During Different

Methods of Drying with Batch Predrying at 98°C

Vacuum drying Foam mat drying Drum drying

52%/ 77°%/ 71°%/ 89°c/ 104°c/ 160°C/

2hr Thr Thr 8min 60sec 30sec
Histidine 0.15 0.15 0.15 0.15 0.15 0.16
Ie>leucine 0.58 0.61 0.59 0.€0 0.60 1.27
Leucine 0.92 0.99 0.96 0.95 0.953 1.25
Lysine 2.179 2.39 2.28 2.2L 2.18 2.59
Methionine 1.79 1.92 1.85 1.84 1.80 2.46
Cystine 0.18 0.19 0.18 0.18 0.19 €£.23
Phenylalanine 1.31 1.45 1.38 1.30 1.25 1.30
Tyrosine 0.59 0.63 0.61 0.€1 0.59 0.92
Threonine 0.11 0.1 0.11 0.11 0.11 0.17
Tryptophan 2.73  3.01 2.87 2.72 2.63 2.78
Valine 3.22  3.53 3.38  3.09  2.99 3.04
Folic acid 38.94 L41.37 40.10 39.79 39.04 L7.72
Pantothenic
acid 5.38 5.90 5.64 5.40 5.320 5.88
Vitamin E12 7.88 8.53 8.18 8.08 7.89 9.88
Vitamin B6 6.05 6.69 6.37 €.08 5.88 b 52
Niacin 2.0€ 2.25 2.13 2.2 2.06 2.90
Riboflavin 19.28 21.08 20.02 17.75 16.93 17.19
Thiamine 1€.09 16.80 16.62 16.53 16.18 21.85
Ascorbic acid 12.98 14.19 13.57 13.24 12.87 14.66
Tocopherol Lol L.49 4.27  3.79 @ 3.62 3.66
Carotene 4.30 4.75 L4.53 4.36 4.23 L4.67
Choline 7.88 8.53 8.18 8.08 7.89 9.88
Biotin 7.88 8.53 8.18 8.08 7.89 9.88
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giving the smallest loss in nutritional value.

5.5 Conclusion

Processing for an infant food was divided into
predrying and drying processes. Cooking times and
temperatures in the predrying process were designed to
inactivate trypsin inhibitor because these times and
temperatures would be adequate for the other processing
purposes, i.e. gelatinization of starch and improvement of
digestibility.

Though it was reported that first order reaction
was not completely valid near ncutral pH for destruction of
trypsin inhibitor, it was felt that assuming first order
over the short range of temperature and presenting the
available data in such manner was more representative than
taiking one particular time and temperature for destruction.
In fact, the temperatures and times defined by using the
kinetics of the reaction were in the range reported by
different investigators.

Only three methods of drying were selected as being
suitable for processing infant food in Thailand. Though
the dr&ing times and temperatures could be calculated from
the moisture needed to be removed from the product, it was
not possible in this study without experimental data
because of the unavailability of the required parameters,
in particular for food materials. Therefore, general times
and temperatures reported for different methods of drying
were used in this study.

For predrying processes, the losses of vitamins and
amino acids were higher at 121°C for 23 minutes than at 980C

for 81 minutes. This was due to the lower activation energy
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of trypsin inhibitor, the rate of reaction does not increace

with temperature as much as the rates of reaction of the
nutrients except for tocopherol, riboflavin and
phenylalanine. For these latter nutrients, the losses at
these two temperatures vere approximately the same.
Therefore, it would be less detrimental to the nutrients to
inactivate trypein inhibitor at lower temperature and longer
holding time, i.e. at 98°C for 81 minutes.

With different drying methods, there were only
little differences in the losses of vitamins and amino acids
except higher losses were found when high temperature was
used in drum drying. Tryptophan and valine were affected
more than the other amino acids in vacuum and foam mat
drying. However, with the high temperature drum drying,
cystine was most affected and folic acid was the most
affected vitamin and next were the group of thiamine,
vitamin B12, biotin, choline and accortic acid.

For both predrying and drying processes,the losses
during predrying process overshadowed the losses during
drying. The most affected nutrient was folic acid, next
were the group of riboflavin, thiamine and ascorbic acid.
Among all the studied times and tewmperatures, drum drying
at 1OAOC/6O seconds resulted in the smallest losses of all
nutrients.

From this study, it can be seen that kinetic data
can be used to compare procescees which are to produce foods
to a certain nutritional standard. Thie approach in
estimating the nutrient loss based on its kinetic property
does give the profile in the losses of different nutrients

at a certain time and temperature. These profiles can then
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be compared for the different processee and a choice can be
nade for the process most suitable for the nutritional
rcauirements,

The differences in the activation energies and the
reaction rate constants of the vitarins and the amino acids
illustrate why different nutrients werec reported ~s being
"the most unstable nutrient!'!. Tecause of the marked
differences in the activation cne-gies, the order of
nutrients, from the most affected to least affected c%;ﬂ@es
with increase of temperature. There is 2 real need for more
extensive kinetic data on nutrient destruction so tha¥
comparicon of nutrient locses can be nade on a systematic

basis.
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CHAPTER 6

INCLUSION OF THE PROCESSTNG T.0SSES

INTO THE TINFAR TROGRAMTHG MIDEL

Having defined the times and temperatures during
the heating and drying processes, the next stép was to
investigate how the losses of nutrients during processing
would affect the selection of raw materials, the nutritional
value and the cost of the formulation. Only the model for
infant aged from 6 - 12 months was studied.

The minimum recuirements of the nutrients were
increased according to the preaictecd losses and the
nutritional constreinte of the wodel were modified
accordingly. The predrying procesc was first selected based
on the nutritional value, the cos¢t of the formulation and
the cost of processing. Having celected the predrying
procecs, the model was modified according to the nutrient
losses during different drying methods. Finally a suitable
drying method was selected.

This chapter discusses the difficulty in obtaining
a nutritionally balanced and low cost formulation when the

losses during processing were included.

6.1 Modification of the model accordigg to the losses

during the predrying process

The constraints on amino acids and vitamins were
modified according to the predicted losses during the

predrying processes. The minimum specifications for amino
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aclds and vitamins were increased by the amount predicted

to be lost during the predrying process. As each amino

acid was related to protein, the modification was in the
coefficient of the column "FROT" (Table 3.3) corresponding
to the row variables cspecifying the amino acids

interrelated constraint i.e. CHTST, CTS0, CLEU, CLYS,
CSULAL, CAROMAA, CTHREO, CTRYP and CVAL. For vitamins,
those specified by interrelated constraints were modified

in the coefficient of the column CAL and TLINOA corresponding
to the row variables specifying the interrelated concstraints
such as CALRIECL, CALVTITCL (Table 3.3). For those vitamins
specified by direct constrainte, the lower limits were
increased as in the case of folic acid, vitamin B12,

vitamin B6 and niacin. The modified constraints for amino
acides and vitamins are shown in Table €.1. As discussed
earlier in 3.5, a feagible solution could only be obtained
either by releasing calcium upper bound to 700 mg per day or
by the addition of calcium carbonate. Therefore, an

attempt to obtain a solution was first made with the calcium

upper bound at 700 ug.



Table 6.1

Vitamins for the Predrying Process

218.

The Modified Constraints of Amino Acids and

Interrelated constraints

Column Row Coefficients at different temperatures
variable variable of precdrying process
98°¢ 98°¢C 121°€C 121°%
Patch Continuous Ratch Continuous
PROT CHIST -15.50 -15.50 -15.60 -15.50
CIsQ -38.18 -38.18 -38.97 -28.57
CLEU -60.8 -60.8 -62.06 -61.43
CLYS -50.26 -50.0 -51.85 -50.78
CSULAA -40.71 -40.71 -L42.22 -40.92
CAROMAA -66.09 -€6.09 -66.77 -66.09
CTHREO -33.07 -23.07 -33.07 -33.07
CTRYP -12.27 -12.21 -12.46 -12.27
CVAL -47.63 -47.39 -48.13 -47.39
CAL CALPATOL -.00320 -.00320 -.00340 -.00320
CALRIROL -.00084 -.00082 -.00090 -.00081
CALTHIAL -.00060 -.00059 -.00090 -.00073
CALVITCL -.120 -4 -.140 -.120
CALVITAL -2.62 -2.60 -2.73 -2.65
CALCHOL -.076 -.076 -.089 -.081
CALRIOTL -.0160 -.0160 -.0190 -.0170
LINOA VIELINOL -.00105 -.00104 -.00105 -.00103
Direct constraints
FOLIC .082 .079 217 .128
VITB12 « 330 «330 400 « 350
VITB6 <430 420 450 428
NIA 5.13 5.13 5.32 5.21
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6.1.1 Obtaining the solution for the predrying process at
98°¢C

One infeasibility was obtained for both batch and
continuous processes at 980C, ascsociated with the calcium
upper bound. It wae not possible to keepr calcium at the
limit of 700 mg. The other rectricted constraints at bounds

vere found at the following uprer -nd lower limite:

Upper linit Tower limit
CU CAL
CATKH MIA
DHIST VITD

CATVITAL
CAT.IL
CATZWL
CoULAA
It was decided to releace calciuwn upper limit rather
than modify any of tnhe other lower and upper limite, ac
discuseced in 3.5 that calcium upper limit up to 1000 mg was
regarded as not being harmful (2€). It was found that by
releacing calcium upver limit to 760 mg, feasible solutions
were obtained for both batch and continuous processes. The
nutritional and raw materials compositionsof the solutions

and their costs are shown in T:ble €.2.
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Table 6.2 Nutritional and Raw Material Compositions for

Batch and Continuous Process at 98°C and 121%

N N o i iaies o ColTn. o Bptch Continuous Bateh Continuoue
Process Process Procean Process
(¢) Process Process Proceas Process o "
s - 8% a21%
= Rutrient Coatent
kackovy : 28.3 27,0 33.6 33:0 TocTstande cadng 196.9 198,1 185.5 200.2
Buffilo meat - et Lot e Thiasine mg 0,93 0,% 0.9% 0.9
Chicken liver o s £:3 - Riboflavin g 0.6% 0,75 0.79 0.75
Collard 205.9 207:2 193.3 #09.2 Niacta ug 5,13 5.13 5.32 S.21
Duek egg M5 A2, .3 Va3 Vitania B6 ag 1.55 136 1,42 1.59
Duck gizeerd 8.0 743 = St Vitamin B12 mg 0.100 0,086 0,216 0.162
Ivy gourd 349 3.8 - b3 Pantothenlic acid eg 2,9 2,95 2.9 2.96
Milk fish 13,1 3.2 = 3.8 Folic acid mg 1,03 1.04 1.01 1.04
Muogbesn atarch 51.2 51.1 49,7 Ll Choline mg 424,06 425,73 V09.27 425,38
Peanut, dried - - 1.8 * Biotin mecg 18,15 18,28 19,30 18,76
Radish 5.6 5.2 w9 3% Sodtun =g 2637 2664 258.8 270.8
Serpest head fish 6.3 5.3 1ha 10.4 Chlorids ng 253.0 250.9 246.9 268.7
Seeane %.7 16.8 16.8 19.6 o~ Bie 1823,5 1760,0 1852.1
Soybesn curd L 78 10:8 9:8 Calciua mg 260.0 760.0 750,53 800.0
Sponge gourd T - o7 S Phosphorus ag 542.9 542.9 536,1 71,4
Etripe mackersl 9.9 1.2 16,1 b2 e g 209.9 209.5 208.7 206.1
Sueroae 102.6 10L.1 100.0 1063 Troming 157 15.8 14.9 6.2
Mutrieot contest lodine meg : 45.3 45.6 [T] 46,3
Weight g 501.6 502.8 \83.0 512.9 Masgacsss sg 1,7 ) Tola 1.2
Dried weight g 209.4 210.8 203.9 212.9 Copper mcg 740.0 740.0 740.0 740.0
Caloris keal 905.7 911.7 880.0 926.1 Zine ng ) .6 AR L6
Proteis g 29.9 29.7 28.9 3.2 Iscleucine mg 1512.,0 14%8.0 1539.0 1586.0
Yat g 18.1 18.2 17.6 19.8 Leucine mg 2212.0 2186.0 2259.0 2340.0
Cerbohydrate g 155.0 156.4 150.8 155,3 Lysine ag 2040,0 2015.0 2136,0 2131.0
Fiber g 3.5 3.5 3.4 3.7 Methionine =g 924.0 918.0 925.0 973.0
Licoleic acid mg 3706.9 3731.2 39621 4185.0 Cystine ag 292.0 290.0 299.0 305.0
Retizel meg 172.6 1751 397.6 171.2 Phenylalanine eg 1%07.0 1393.0 1405.0 85.0
B-carotene mcg 1079.8 1073.4 652.9 1130.2 Threcoine ng 1260.0 1246.0 1283,0 1333.0
Vitawin A I.U, 2373.0 2370.5 2602.4 2454,0 Tryptopban mg 428.0 427.0 396,0 Lek.0
Vitecin D LU, 400.0 400.0 4000 400.0 Tyrosios g 887.0 878.0 926.0 937.0
Vitasin E I.U. 3.89 3.88 b b3 Valioe ng 1630.0 1621.0 1658.0 1693.0
VdteaisiEfuce LAl BN b 6258 Hietidine mg 656.0 653,0 722.0 687.0
Cost baht b, 16k h.123 L.075 k337

The raw material compositions for both processes
were almost the same, the continuous process having one
extra raw material, buffalo meat. There were no
significant differences in the nutrient contents of the
two solutions. The cost was slightly less for the
continuous process. The differences in cost could be

explained by considering the constraints at bounds.
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Generally, cost of the solution will be reduced if the
constraints at lower bounds are made lower and upper bounds
are made higher (121). As the constraints for niacin,
carotene and tocopherol were higher in batch process than
in continuous process, (Table 6.1), the cost of batch
proccss was higher than continuous process. FPFecause of the
small differences in the modified constraints of these

nutrients, the difference in the costs was only small.

6.1.2 Obtaining the solutions for predrying processes at
121%

It was not possible to obtain a feasible solution at
calcium upper limit of 760 mg as for the predrying process
at 980C. Four infeasibilities were obtained associated with
the negativity in column varicble, TACKST (stripe mackerel);
and the artificisl variasbles accocicrted with the inecuality
constraints of the row variables CAL, CALTIRITH and DIYS
could not be removed. These were lower limits of calorie,
(CAL) upper limit of protein (CALIROTN) and upper limit
lysine (DLYS). The restricted constraints at bounds were

found in the following upper and lower limits:

Upper limit Tower limit

CA NIA

CU VITD

CALKH CALFATL

DHIST CATVITAL
VIELINOL
CALRIROL
CALIL
CALZNL
CAPL

CSULAA
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As discussed earlier, calcium upper limit was
concsidered before other upper limits at bounds. It was
found poseible to obtein a feasitle solution when the
calcium upper limit was at 800 mg per day for the continuous
process. For batch process, it wac not wnocsible to obtain
a colution by increasing calcium upper limit even at the
value of 1000 mg ner day. One infeacibility was obtained
in the negativity of the column variable, RICEPAFO
(parboiled rice). The restricted constraints at bounds

were found in the following upper and lower limits:

Upper limit Lowver limit
CU NTA
CALTROTH VTTD
CALKH CATVITAL
DI.YS VIFRLINOL
DHIST CALRIROL

CALPATOL
CALIL
CAL7ZNL
CAPL
CSULAA

Obviously, calcium upper limit at 1000 mg did not restrict
the obtaining of the feasible solution anymore though it

was still difficult to maintain the minimum ratio of calcium
to phosphorus (CAFL) at 1.4. It was more the effect of the
other listed constraints. Among the recstricted upper
limits, protein (CALFPROTH) could not be modified becausc it
was the maximum limit allowed by the Thai Notification.
Copper, potassium and amino acids were not specified by the

Thai Notification. It was preferable not to modify copper
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and potassium upper limits because of their potential
adverse effects. Therefore, only upper limits on lysine
and histidine were freed. As the consequence, a feasible
solution was obtained. Table €.2 shows the nutritional
and raw material compositions and the costs of the

. . o}
ions for both batch and continuous processes at 121

6]
(@]
|—
jwt
+

C.
Differences in the two solutions vere found in raw material
compesitions, nutritional compositiong and costs.

For the raw moterial compositions, the differences
were extra raw naterisls csuch as duck gizzard, ivygourc,
milk fich in continuous procecs and chicken liver, cronge
gourd, dried veanut in batch process. In addition, the
goluticon for the boatch process contained higher content of
serpent head fish.

Ffor the nutritional composition, the contents of

lysine and higtidine exceeded their maximum limite by /. and

T

5 mg per g of protein. Though lysine and histidine e»ceeded

the upper limit only slightly, it wec not desirable becauce
the purpoce was to have amino acids as near as poscitle to
the pattern of egr amino acids.

For the cost, one muct tete into account that
adcditional modification was made to the mocel for batch
process. lience, the costs of the two solutions could not be
conpared directly. The cost of the continuous process vias

higher than the batch process.

6.1.3 The effect of adding calcium carbonate to the model

It was found in the preliminary study (3.5) that a
feasible solution could be obtained al the originel value
of calcium upper bound, 630 mg, by providing calcium

independent of phosphorus. Therefore, the addition of
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calcium carbonate was also studied. The calcium upper
limits were at the levels found feasible to obtain the
solutions for the process at 98°C, 760 mg and for the
process at 121OC, 800 mg.

FFeasible solutions were obtained for both processes
at 98OC and 121OC. The nutritional and raw material
compositions and the costs of the solutions are shown in

Table 6.3.

Table 6.3 MNutritional and Raw Material Compositions for
Batch and Continuous Process at 98OC and 121OC with Calcium

Carbonate Added

=

Raw Material Content Batch Continuous Batch Conticuous Batoh Continuous Batch Continucus
(g) Procens Process Froceas Process Frocess Process Proceas Procean
58% 121% 9% 121%
e ALA M.2 39,4 42,1 Nutrient Content
Vitamin K WE6., g .
Buffalo 0.2 0.3 0.3 0.2 ok 8 69,1 Wi7.7 54,8
Aacordic acid =g 105,6 1 .
Gikbiie £ = 5.6 . = Ss 00,3 123.2 105,6
Thiamine = 0,7 0.71
Casasva atarch 53.3 55.0 86.2 s2.7 £ 7 7 0:79 0.7
Riboflavin mg 0.7 0,72 g .
Coconut Se1 L% - 13 ' 08 071
Niacia o 5
Collard = - 18.6 0.3 = 6.9 6.9 7.30 7,32
Vitaain B6 mg I 1 1.6
- 13.9 .0 23.9 .0 D 29 . m
Vitasin B12 0.004 0. .
Guava 468 82,7 45.3 8.1 . = 208 0:004 0.004
Pactotheole acid =g
Milk fiah 12,8 13.0 13.9 12.1 a3k ol 31 2:82
Peacut . o = = 1.3 Folis seid ug 0.13 0.13 0.22 0.13
Rice, brown RN .8 30.7 14.0 Choline mg 228.52 228.78 265.89 242,80
Rice, parboiled T 6,9 5.6 - 1.5 Biotin mcg 14.08 14,08 16.72 15.31
Secane 19,9 20,4 19.7 21.2 Sodiuaz =g 234.9 235.1 2140.8 252.6
Sponge gourd 18,2 18,1 12,5 16.4 Chloride g 270.5 269.4 284.13 286.6
8quid 32.9 32.8 21.% bs,2 Potassiua =g 1760.0 1760.0 1760.0 1760.0
Boybeasn . 3.0 3.0 2.4 3.1 Calcius mg 760.0 760.0 800.0 800,0
Eweot potato, white 101,0 102.4 113.2 90,5 Phosphorus =g sh2.9 542.9 5714 © 574
Sweet potato, yellos 64,7 68,1 9.0 65.7 Magoesium mg h10,2 409.8 424,8 393.9
Bucross 36.6 36.4 34.0 33.5 Iron mg 8.8 8.8 9.5 8,8
Caleius carbonate 1.03 1,03 1.03 1.10 lodine scg M0 Moo -bh.0 .o
o A3,
Futrient content Masganese ug 782, 790.0 788.9 743.9
40,0 740,0 750.0 740,0
Weight g V2.2 9.0 40,2 . 73,3 Sevear sox ! ' N
Zioa mg 6.4 6,3 6.2 T 643
Dried weight g 205.0 204.9 208,5 205.1
Iacleucine mg 1253.0 1252.0 1286.0 1372.0
Calorie kcal 880.0 880.0 880.0 886.0
Leucine ag 1990.0 1987,0 2039.0 2136.0
Protein g 26.5 26.5 26.9 28.7
Lysine ag 1754.0 1750.0 1743.0 1918.0
Tat ¢ 17.6 17,6 17.6 17,6
Methiocine =g 788, 0 783.0 836.0 848.0
Cardbohydrate g 158.3 1583 154,2 152.0
Cystine ng 296.0 295.0 300.0 328.0
Tiver g 5.6 S 5.7 5.6
Phesylalanine ng 1150.0 1149.0 1202.0 1250.0
Linoleia acid ag 3760,5 3.2 3802,5 8029, 5
Threonine mg 1106.C 1106.0 1132.0 1195.0
Retinol mcg 78,9 5.4 110.7 76.8
Tryptophan rg 356.C 356.0 375.0 376.0
B-garotece mecg 1232.% 1221.1 1219.8 1264,7
Tyrosine =g 953.0 952.0 972.0 1060.0
Vitaain 4 I,U 0 2288, A o
S2Bgh 2eT% 2303-9 88:0 2kod 233220 Valine vg 1488.0 1486.0 1517.0 1640.0
Vitasin D 1,U 400,0 400,0 400.0 so0.
. " > Hietidine ag s84.0 583.0 592.0 632.0
Vitaata E 1.0, 3.95 3.98 3.99 415

Cost baht 2.839 2.826 2.983 2.843




225.

The differences in the solutions with and without
calcium carbonate were found in raw material and nutritional
compositions and the costs of the solution. The major raw
materials in the solution without calcium carbonate were
found to be collard, sugar, mungbean starch, duck egg and
anchovy, while the major raw materials with addition of
calcium carbonate were sweet potato, cassava starch, guava,
anchovy and squid.

For the nutritional compositions, significant
differences were found in the levels of vitamin K and
ascorbic acid. The solutione without the addition of
calcium carbonate contained a high level of vitamin K,
approximately 9500 mcg, compared to 470 mcg in the other
solution. It must be noted that the minimum requirement
was specified only at 15 mcg (81). For ascorbic acid, the
solution without calcium carbonate contained approximately
twice as much as the solution with addition of calcium
carbonate.

For the cost, the solutions with the addition of
calcium carbonate were considerably cheaper. Table 6.4

summarizes the costs and modification of predrying

processes with and without addition of calcium carbonate.
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Table 6.4 The Cost of the Solutions and the Modifications

for Predrying Frocess, with and without Calcium Carbonate

Type of predrying

process VWith calcium carbonate Without calcium carbonate
Cost, Modified Cost, Modified
baht constraints baht constraints

98°C, batch 2.839 Calcium upper L.164 Calcium upper
limit at 7€0 mg limit at 760 mg

98°¢, 2.825 " " L.122 " "
continuous

12100, batch 2.98% Calcium upper 4.074 Calcium upper
limit at 300 mg limit at 800 mg;

lysine, histidine
upper limit freed
121°%¢, 2.343% Calcium upper 4.337 Calcium upper
continuous limit at 800 mg limit at 800 mg
98°c, batch 2.832 Calcium upper - =
limit at 800 ng
98°¢, 2.818 " " - =

continuous

Lt 9800, the costs of the solutions were reduced by
approximately %1 percent for both batch and continuous
processes. The same was found for the continuous process
at 121°C. TFor the batch process, the cost could not be
directly compared because the upper limits for lysine and
histidine were freed to obtain the feasible solution.
Nevertheless, the costs were cheaper with the addition of
calcium carbonate for both procecscses at 121°C. The costs
of the solutions were also cheaper when calcium upper limit

was increased from 760 to 800 mg.

€.2 Selection of predrying process

To select for the predrying process, consideration
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was given to the nutritional value of the solution, the cost

of the solution and the cost of the process.

6.2.1 The nutritional value of the solution

With only indigenous raw materials, it was found
that the nutritional values of the solutiong for both
processes at 98°C were approximately the same. The only
modification to the original problem was in calcium upper
limit at 760 mg. At 12100, the calcium upper 1limit had to
be at 800 mg to obtain the solution for continuous process
and lysine and histidine must be allowed to exceed their
upper limits for the batch process. Though having lysine
and histidine exceed their upper limits did not create
any hazard to infant, it was not desirable because of the
reqauired amino a2cids being near to the egg pattern.
Obviously, the solutions for both batch and continuous
processes at 98°C were closer to the specified nutritional
requirement than at 121°¢,

With addition of calcium carbonate as raw material,
there was little difference in the nutritional values of
the solutions for all »rocesses. It was possible to
obtain solutions without having to modify any of the
constraints, the calcium upper 1limit being at 630 mg.
Nevertheless, the studied levels were at 760 mg and 800 mg
to make them comparable with the solutions without the

addition of calcium carbonate,

6.2.2. The cost of the solutions for different predrying
processes

As shown in Table 6.4, the cost of the continuous
process at 121°C was higher than both processes at 98°c.

For batch process at 121°C, it was not possible to compare



228,

the cost of solution directly becauce of the difference in
the nutritional modification. With addition of calcium
carbonate, the coste of the solutions for different
Predrying procesces increased when processing conditiones at
121°C were used. At the same nutritional constraints, it
could be concluded that the cost of the solution for the
process at 9800 was cheaper than at 121°%¢. Coneidering toth
nutritional value and cocst of the colution, it was obvious
that tlie procese at 9800 was more desirable than at 121°C.
Therefore, it was decidecd to use the predrying process at
98°C. lowever to consider whether the batch or continuous
procese should be used, the cost of processing and the coct

of the raw materiales in solutions were concidered.

€.2.3 The cost of the rroces:ing and the cost of the raw
materials for the batch and continuous processes

The cost of the raw materials in the solution for
the continuous process was found to be approximately 1 - 2
percent cheaper than for the batch process. However the
equipment required for the tatch process would be
considerably cheaper than continuous process due to its
simplicity (7). To decide on the process does depend on the
size of the production, the reduction in the cost of raw
material could compensate for the increase in the cost of
the equipment with large scale production. It was felt that
simple and versatile equipment such as a jacketed pan as
required for the batch process vould make the starting of
the new product easier, in particular for Thailand.
Therefore, it was decided to use the batch process at 9800

for further studying on the effect of drying.
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6.3 Modification of the model according to the losces

during the drying process

Having selected the predrying process, the losses
of amino acids and vitamins during different times and
tenperatures of drying in addition to the loseses during
predrying at 98°C (Table 5.6) were included into the model.
The constraints on amino acide and vitamins were modified as
shown in Table 6.5. From the previous study in 6.1.1,
calcium upper limit was at 760 mg in order to obtain the
solution for the preheating condition of 98OC. Therefore,
an attempt to obtain a solution, taking into account the
losses during processing ,was started from the calcium upper

limit of 760 mg per day.

Table 6.5 The MNodified Constraints of Amino Acids =nd

Vitamins for Different Drying ! ethods

&

Interrelated constraints

Column Row Coefficient at Different Temperatures of Drying
variables variables Vacuum Drying Foam mat Drying Drum Drying

52°/2nr  77°c/tnr  71°C/nr  89°C/8min 104°C/50sec  160°C/30sec

PROT CHIST -15.48 -15.48 -15.48 -15.48 -15.48 -15.48
CcIso -38:18 -38;18 -28.18 -38.18 -38.18 -38,38
CLEU ~-60.81 -60.81 -60.81 -60.81 -60.81 -61.12
CLYS -50.26 -50.26 -50.26 -50.26 -50.26 -50.52
CSULAA -40.71 -40.71 -40.71 -4,0.71 -40.71 -42,67
CAROMAA -66.09 -66.09 -66.09 -66.09 -66.09 -66.09
CTHREO -33.07 -33.07 -33.07 -33.07 -33.07 -33.07
CTRYP -12.27 -12.33 -12.27 -12.27 -12.27 -12.27
CVAL -47.88 -48.13 -47.88 -47.88 -47.27 -47.88

CAL CALPATOL -.00320 -.00320 -.00320 -.00320 -.00320 -.00320
CALRIBOL -.00087 -.00089 -.00088 -.00085 -.00075 -.00085
CALTHIAL -.00053 -.00060 -.00060 -.00060 -.00053 -.00064
CALVITCL -.115 -.117 -.116 -.116 -.115 -.118
CALVITAL -2.62 -2.63 -2.63 -2.62 -2.62 -2.63
CALCHOL -.076 -.077 -.077 -.077 -.076 -.078
CALBIOTL -.0163 -.0165 -.0164 -.0164 -.0163 -.0167

LINOA VIELINOL -.00105 -.00105 -.00105 -.00104 -.00104 -.00104

Direct constraints

FOLIC .082 .086 .084 .083 .083 .096
VITB12 .326 +329 .328 - .328 .326 .330
VITB6 428 430 428 .428 26 428

NIA 5.13 5.13 5.13 5.13 5.13 5.16
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6.3.1 Obtaining the solutione for different drying methods
The feasible s=olutione wecre obtained for both
temperatures and times of vacuur drying and foam mat crying.

For drum drying, it was feasible orly for the drying at 10400.

At 16OOC, there were 2 infeasibilities associated with the
negativity in the column variable RTCTFAFO (parboiled rice)
and the artificial velue associated with the inequality
constraint of calcium upper limit could not be removed.
Tven with the upper liuit of calcium at 1000 mg, one
infeasibility was obtained in the negativity of column
variable RICEPAEQ, the restricted conestraints ét bounds

were found in the following uprer and lower limits:

Upprer limit Iower limit
CU NIA
CALTROTH VITD
CAL¥H CALVITAL
DILYS VIFLINOL
nrIsT CALRIPOL

CATPATOL
CATIL
CALZNL
CAPL
CSULAA

These restricted constraints were the same as
encountered in obtaining the solution for batch predrying
procese at 121°%c.  As discussed earlier in €.1.2, it was
decided to first modify the uprer limits of lysine and
histidine. Dy freeing thesge upper limits, a feasible
solution was obtained for drum drying at 1¢0°C. The

solutiones for different drying methods are shown in Table

6.6.
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Raw Materisl Content

Vacuua Drying

Foam mat Drying

Drum dryicg

Vacuus Drying

52°c/2 br 77°C/1 nr 71°C/1 br 89°C/8 min 100°C/60 ses 160°C/30 eee

Toan mat Drying

Drum Drying

(g 52°c/2 nr 77°C/1 br 71°c/1 bhr 89°C/8 min 104°C/60 sec 160°C/30 sec
’ Nutrient Content
Anchovy 3.6 30.9 30.8 27.4 26.2 23 Thiamine ag 0.9% 9,94 0.94 0.9 0.97 0,92
Suffalo 0.1 0.1 0.1 0.1 = X Riboflavin mg 0.78 0,80 0.79 0.77 0.69 0.7%
Coconut - - - - % 0.5 Niacin ag 5.13 5.13 5.13 5.13 5.13 5.16
Collard 204.5 204.2 204.3 206.8 207.7 191.7 Vitamin B6 mg 1.54 1,53 1.5 1.60 1.60 1.50
Duck egg 0.6 80.4 40.5 41.9 82,8 0.2 Vitasin B12 ag 0.124 0.124 0.123 0,090 0.078 0.00%
Gizrard duck 9.0 9.1 9.0 7.4 6.7 = Pantothenio acid 2,9% 2.9 3.00 2.95 2.94 2.80
Iry gourd 3.9 w.o s.0 3.9 4.0 b2 Tolio acid mg 1.02 1.02 1.02 1.03 .06 0.97
Milk fieh 12,9 12.8 12.8 13.2 13.3 = Choline mg 821.3 420.8 821.0 825.2 826.9 [ ST
Mungbean starch 51.2 51.2 51.2 51.1 51.0 51.4 Biotin mog 17.96 17.92 17.90 18.20 18.40 17.70
Peanut dried - - = = = 142 Sodium mg 262.8 262.7 262.8 264.3 68,9 253.9
Radish 5.4 5.3 5.3 5.7 5.8 5.1 Chloride mg 255.9 256.4 256.3 251.7 249,9 214,2
Serpent head fish 7.6 7.9 7.8 5.6 b.8 - Potassiua mg 1796.1 1793.7 1794,7  1820.8 1830.6 1760.0
Sesane 16.6 16.6 16,6 16.8 16.8 16.1 Calcium mg 760.0 760.0 7260.0 760.0 760.0 719.9
Soybean curd 8.5 8.5 8.5 7.8 7.8 8.7 Phoaphorus =g 542.9 s42.9 542.9 5L2.9 5h2.9 514.2
Sponge gourd - - - - - 3.5 Magnesiua ng 210.3 210,3 210.2 209,5 209.2 208.9
Stripe mcx".; 8.0 7.6 7.8 10.8 12.0 28.2 Iron mg 15.6 15.5 15.6 15.7 15.8 1%.8
Sucrose 100.8 100.5 100.6 103.8 105.0 100.9 Iodine mg bh.9 bu.8 a9 4s.5 45.8 LN
Nutrient Content Manganese ag 1.7 1.7 1.7 1.7 1.7 1.7
Teight g 499.5 499.2 499.3 502.4 503.8 §76.1 Copper acg 740.0 740.0 740.0 240.0 740.0 7280.0
Dried woight g 207.7 207.4 207.5 210.5 211.6 203.6 Zinc ag u.s S .5 8.6 A6 'Y
Calorie keal 898.0 896.9 897.4 910.4 91543 880,0 Isoleucine g 1527.0 1530.0  1529.0  1501.0 1%91,0 1400.0
Proteis g i 30.1 371 304 29.7 29.6 2620 Leucine mg 22uk.0  2249.0  2247.0  2192.0 2171.0 2024.0
Fat g 17,9 17.9 17.9 18.2 18.3 126 Lysine ag 2071.0 2075.0  2073.0  2020.0 2001.0 1911,0
Carbohydrate g 153.3 153.0 153.1 156.1 157.2 152.9 Methlonine mg " 931.0 932.0 931.0 919.0 915.0 864.0
Fibre § 3.5 3.4 3.5 3.5 3.5 3.3 Cystine =g 294.0 294,0 294.0 290.0 289.0 279.0
Linoleic acid mg 3686. 4 3683,7  3685.0  3727.9 3741.3 3765.2 Phenylalanine mg 1423.0 W25.0 1424.0  1396.0 1326.0 1284.0
Retinol meg 168.9 168.3 168.5 744 176.8 1657 Threonine ug 1278.0 1281.0 1280.0 1249.0 1238.0 1153.0
B-carotens meg 1073.9 1080.8  1081.1  1082.4 1093.0 1061.4 Tryptophan mg 829.0 428.0 428.0 827.0 827.0 382.0
Vitamin A 1.U. 2350.8 2360.2 2361.5 2383.2 2408.6 2315.8 Tyrosine mg 898.0 900.0 899.0 880.0 873.0 8u3,0
Vitemin D I.U. 400,0 %00,0 400.0 400.0 400.0 400.0 Valine ag 1641.0 164b2.0  16K1,0  1622.0 1615.0 1571.0
Vitamin T I.U. 3.87 3.87 3.9 3.90 3.90 3.9 Histidine mg 662.0 663.0 662.0 654.0 651.0 667.0
Vitasin K scg ou7el GBWio IS (933630  apSN:0  e8SpEs Cost babt 621 w221 w219 b3l 8,099 3.662
Ascorbio acid mg 195.5 195.2 195.3 197,8 198.7 184,46
Table 6.6 Mutritional and Raw aterial Compositions of the Solutions

for Different lMethods of Dryins
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Differences in the solutions for different drying methods
vere found in the raw material compositions, the nutritional
compositions and the costs.

The raw material compositions. There wae not much

difference in the raw material compocitions for the =selected
times and temperatures of vacuun =nd foan mat drying.
liowever, for drum drying at 1OAOC, there vere slight
increased amounts of ctripe mackerel, duck egg, while the
amounts of duck gizzard and cerpent head fish were recduced.
Drum drying at 1GOOC, the solution «id not have serpcnt

head fish but the content of stripe nackerel increased
narkedly. The other ¢ifferences were in the extra raw
materials - coconut, dried peanut -nd opongegourd.

The nutritional compogitions. “ncre was not much difference

in the solutione for vacuun, foam moft ~nd drum drying =t

104°C zs the sazse modification war on calcium upper limit

at 7€0 mg. TFor drum drying at 16000, lysine and hi:tidine

exceeded their upper limits by 2 wnp nnd 3 mg per g of

protein respvectively. Yhough thie nmodification did not

create any hatard, it was not degirable ag discussed ecrlier.
Considering whether the lower linmit of protein needed

to be adjusted as discucsed earlier in 2.1.2, the level of

protein per 100 kcal {rom the solutions for cdifferent

procescing methods were found at the following level:

Vacuun drying at SZOC for 2 hours was at 3%.3%9
Vacuum drying at 77OC for 1 hour was at 3.3€
Foam nat drying at 71OC for 1 hour was at 3.35

Foan mat drying at 89°C for 8 minutes was at 3.26
Drum drying at 104°C for 60 seconds was at 3.23

Drum drying at 160°C for 30 seconds was at 3.05
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All the solutions had sulphur amino acids as
limiting amino acids at the level of 70 percent of egg
amino acids. To allow for the uce of lower protein guality
at the level of 70 percent of egs amino acids, the protein
ver 100 kcal would recguire to be at 2.57 g. It was obvious
that the actual protein content in thece solutions well
covered the corrected value. Therefore, the solutions
could be regarded as having adcquate protein and amino
acids as specified for infant requirement.

Regarding the fat content - as discussed in 2.1.4,
fat lower limit could be increaced if it would either
benefit the obtaining of a solution or recduce cost.
flowever, fat was at the lower 1limit and was found in the
regtricted constraint CATLFATL. It means that the increace
in fat requirement will increasc Lhe cost of the colution.
It was obvious that the modification for fat lower limit
was not desirable. Therefore, the mininmum requirement for
fat was uced at its original value i1.e. 2 g per 100 kcal.

Regarding fibre as discusced in 2.1.17, there weas
not adequate evidence to specify the requirement for fibre.
The fibre in ﬁhe solution should not be much greszter than
what is found in commercial infant food. The fibre in the
golutione for different processes were found at the

following levels:

Vacuum drying at 52°C for 2 hours was at 0.39g/100 kcal
Vacuum drying at 77°C for 1 hour was at 0.38g/100 kcal
Foam mat drying at 71°C for 1 hour was at 0.39g/100 kcal

Foam mat drying at 89°C for 8 minutes was at 0.38g/100 kcal
Drum drying at 10400 for 60 seconds was at 0.38g/100 kcal

Drum drying at 160°C for 30 seconds was at 0.38g/100 kcal
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These contents for fibre were comparable to the

range of fibre found in commercial infant food as discussed

earlier i.e. between 0.34 to 1.55 g per 1092 kcal (81).

There values of fitre could be rerarded as acceptatble.

Tnerefore it was not iecessary to cpecify for fitre mavimum

1linit for these esolutione.

The c¢corcts. The hirhest cost wae fourd in the solutin: for

vacuuwi drying at 7700/1 hour, nert werc at 71OC/1 hour,
52°¢/2 nours, 39°C/8 minutee, 10L°C/€C reconds and 1€0°C/30
ceconds. Ag discussco earlier in €.1.1, the differences in
the coste of the solutions could bte explained by observing
the rectricted constraints 2t bounds during drying. T=ble
€.7 shows the restricted constraints of different solutions.
The rectricted constraints of the colutions for vacuum
drying, foam mat cdrying and drum drying at 1OQOC vere the
camne. Amony the nutricntc ascocinted with restricted
constraints, iodine, zinc, vitawin D and fat were taken as
beins stable in this study. The nutrients taken as being
destroyed during proceseing were nizcin, vitamin A,
tocopherol, riboflavin and sulphur amino acids. The
predicted losses of niacin and sulphur amino acids were
the same for different times and temperatures of drying
except at 160°C for 30 seconds. The predicted losses of
other restricted nutrients for different drying are
revieved in Table 6.8. Vitamin A and tocopherol were
destroyed more at low temperature and long time drying
rather than high temperature and short time, the same

was found for riboflavin but to a greater extent.
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The restricted constroints of the solutions

for different drying methods,

with a2and

without calcium

""ithout calcium carbonate

For vacuum drying,

"ith calcium carbon:te

foan m~t Arying and
drum drying at 104,°C/€0 sec

Tower limit

Upper limit

Lover limit

EIA

VITD
CALFATL
CALVITAL
VIELTYOL
CALRIECL
CALIL
CALZNL
CATL

CSULAA

Lovier limit

CA
ct
CLLKH

DUIsT

For drus drying at 1€0°C/30 sec

Upper limit

¢l

CL

vITD
CALFATL
CATVTTAL
VILLTMCL
CALVITCL
CAIRTROL
CALFPATOTL,
CATTTOTL
CATL.TTL
CLLTL
AR

FLEVTTT poA
(P I-_"_a”;

I.ower limit

Upper limit

CA
CuU
CATKH

DHIST

Upper limit

CAL

IIA

VITD
CALFATL
CALVITAL
VIELINOL
CALRIBOL
CATLFATOL
CALIL
CALZNL
CAPL
CSULAA

Ccu
CALIXH

The sanme

for other

as

methods of

drying

listed above

CA
CALKH

DHIST




Table 6.8 236.
Constraints and the Percentage Loscses of Restricted Nutrients

Summary on the Cost, Modification of the

for Different Drying !"ethods

Temperature
and time of

Without Addition of (Calcium Carbonate

Fercentage losres

%ith Addition of Calcium

Carbonate
Percentare loeses

Drying of Restricted of Rectricted
Cost llodification Nutrientsa Cost Modification Nutrients 8
5200 for 4.21%  Culciur upper Vitanmin A 4.5 2.374 V“odification Vitamin A 4.5
2 hours limit at Tocopherol 4.5 was not Ascortic
760 mg Riborlavin 19.5 required, ecid 13.0
calcium upper Ritoflavin 19.5
lizit at Pantothenic
€20 mg acid 5.5
Fiotin 8.0
Sulrhur amino
acids 2.0
21°C for 4.218 Calcium upper Vitamin A 5.0 2.880 !rodification Vitamin A 5.0
1 hour limit at Tocopherol 4.5 was not Ascortic
760 mg Riboflavin 20.5 required, acid 14.9
Sulphur amino calcium upper Ritoflavin 20.5
acids 2.0 limit at Pantothenic
630 mg acid €.0
Biotin 8.5
Sulphur amino
acide 2.0
??QC for 4.221 Calcium upper Vitamin A 5.0 .882 Yodification Vitamin A 5.0
1 hour limit at Tocopherol 4.5 was not Ascortic
760 mg Ritoflavin 21.5 required, acid 14.5
Sulphur amino calcium upper Ritoflavin  21.5
acids 2.0 limit at Pantothenic
630 ng acid 6.0
Eiotin 9.0
Sulphur arino
acids 2.0
89°C for 4.131 Calcium upper Vitamin A 4.5 2.876 Yodification Vitamin A 4.5
8 minutes linit at Tocopherol 4.0 was not Ascorbic
760 mg Riboflavin 18.0 required, acid 13.5
Sulphur amino calcium upper Ritoflavin 18.0
acids 2.0 limit at Pantothenic
630 mg acid 5.5
Piotin 8.5
Sulphur amino
acids 2.0
IOAOC for 4.099 Calcium upper Vitamin A 4.5 2.871 ¥Yodification Vitamin A L.5
60 seconds limit at Tocopherol 4. was not Ascortic
760 mg Riboflavin  17.0 required, acid 13.0
Sulphur amino calciur upper Riboflavin 17.0
acids 2.0 limit at Fantothenic
€30 mg acid 5.5
Piotin 8.¢
Sulphur smino
aclide 2.0
160°C for 3.662 Histidine and Vitamin A 5.0 2.930 lModification Vitamin A 5.0
30 seoconds lysine exceeding was not Ascorbic
upper limits Tocorherol 4.0 required, acid 15.0
Riboflavin 17.5 calcium upper Ritoflavin 17.5
Fantothenic 1limit at Fantnthenic
acid 6.0 630 mg acid 6.0
fulphur amino Fiotin 10.0
g 6.5 Sulphur amino
b acids 6.5

a
Figure given to the ncoreest 0.5 percent.
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As a consequence of the highest losses of vitamin A,
tocopherol and riboflavin at 77OC and 71OC for 1 hour than
other times and temperatures, except at 16OOC, the cost of
these two solutions were higher than others. However,

with the modification of lysine and histidine upper linits,
the cost of drum drying at 160°C was the cheapest. As
reviewed in Table (.83, the coct of the solutions tended to
decreace when the high temperatures and short times were

used.

€.3.2 Obtaining the solutions for different drying mcthods
viith the addition of calciwa carbvonate

The feasible solutions for different times and
teupceratures of drying were obtained without any rcdification
of the constraints. The nutritional and raw material
compositions are ghovn in Table (.9Q.

The raw material compositions. The effect of adding calcium

carbonate was found in the differences in the raw material
compositions. The solutions with indigenous raw materials
contained a high level of collard, sucrose and a moderate
level of mungbean starch, duck egsg and anchovy. YWith the
addition of calcium carbonate, the solutions contained high
levels of sweet potato and moderate levels of sugar, yellow

sweet potato, cassava starch and anchovy.
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E (e 52°c/2 ar 77°C/1 nr 71°C/1 br 89°C/8 min 104°C/60 sec 1€0°C/60 sea 52°C/2 hr 77°C/1 br 71°C/1 br 89°C/8 ain 10A°C/60 ses 160°C/60 sea
Anchovy 25.8 | 232 a2 25,2 25.6 32.2 Hutrient Coatent
Buffelo mest 0.3 0.3 0.3 0,2 0.2 0.2 Ascorbic acld mg 101.1 102.9 102,3 101.7 101.1 103.5
Caasaclotauen 55.8 55.9 56.1 55.7 55.9 57.5 Thiamine ng 0.71 0.72 0.72 0.71 0.71 0.70
Coconut 10,1 9.5 9.6 9.9 10.0 8.7 Riboflavin mg 0.77 0.78 0.77 0.75 0.66 0.75
Collard 25.0 22.7 22.2 25.8 25.3 19,1 Niacin =g 5.77 5.89 5.87 5.81 5.78 5.30
Duck egg 23.9 25,1 28,9 241 23.9 26.9 Vitaain B4 mg 1.5 1.5 1.5 145 1.5 1.5
Guava 27.5 30.0 29.8 27.6 27.3 33.9 Viftaaio}sn2lg 0,003 0,003 0,003 0,003 0,003 0.004
Stripe mackerel 7%, 9.4 9.1 8.2 7.9 3.1 Pantothenic acid 2.79 2,82 2,82 2,79 2.79 2,82
41k fiah 19.9 20.2 20.1 20.1 19.9 17.8 Eolicjacidyee 0.24 0.23 0,23 0.24 0.2% 0.21
Rice, brown 5.5 6.9 7.0 5.7 5.8 - Choline g 236,0 239.9 238.8 237.1 235.9 282.9
Rice, p;ruoxx.a 14.6 12,3 1,8 14,9 14,5 16.0 Biotin mcg 14.3 4.5 14,4 b .3 1.7
Sesaze 15,2 15,2 15,2 15,3 15,3 15.5 Sodium =g 193.9 195.6 195,46 194,3 194,0 199.1
Soybean 1.5 135] 1.5 1.4 1.4 1.5 Chloride mg 213.0 213.0 213.0 213.0 213.0 213.0
Sponge gourd 6.2 13.4 13.6 13.8 .1 12.7 Potsssiua mg 1760.0 1760,0  1760.0  1760,0 1760.0 1760.0
Sweet potato, white 104.6 108.5 108.8 104.5 104.8 101.3 Calcium ng 630.0 630.0 630.0 630.0 630.0 630.0
Sweet potato, yeliow 56.0 55.9 56.2 55.8 56.0 55,8 Phosphorus =g 450.0 450.0 450.0 450.0 450.0 450.0
Sucrose 83,7 83,1 83.3 A3.4 b3.5 45.8 Magnesiua ng 390.9 397.5 398.4 390.1 391.1 377.2
Calcium carbonate 0.75 0.77 0.77 0.75 0.75 0.75 Iron mg 8.8 8.8 8.8 8.8 8.8 8.8
Nutrient Con%ent Iodine mg 44,0 44,0 Lh.0 84,0 44,0 [TH:]
Weight g 452.1 4546 A54.5 4524 452,2 u53.4 Manganess ug 768.9 784.5 786.8 767.6 770.0 759.0
Dried weight g 203.6 203,7 203,7 203.6 203.6 203.6 Copper scg 740.0 740.0 740.0 740.0 740.0 739.7
Calorie kcal 880.0 880.0 880.0 880.0 880.0 880.0 linc ag 6.0 6.0 6.0 6.0 6.0 6.0
Protein g 22.0 22.1 22.0 22.1 22.0 21.9 Isoleucine mg 989.0 986.0 984.0 989.0 988.0 1007.0
Tat g 17.6 17.6 17.6 17.6 17.6 17.6 Leucine mg 1568.0 1560.0 1559.0 1567.0 1565.0 1600,0
Carbohydrate g 158.2 158.2 158.2 158.2 158.2 158.2 Lysine mg 1321.0 1322.0 1321.0 1320.0 1319.0 1358.0
“Fiver 3 4.6 4.7 4.7 b6 &6 4.8 Methionine g 674.0 675.0 674.0 675.0 673.0  713.0
Linoleic acid 3106.0 3103.7  3107.3 31144 3118.8 3136.2 Cystine ag 224.0 224.0 224.0 224,0 224.0 222.0
Retinol ecg 110.5 115.4 118.5 111.5 110.5 120.1 Phenylalanine 930.0 926.0 92h.0 931,0 929.0 $42,0
B-carotene acg 1161.0 1158.6 1160.5 1159.1 1161.0 1149,3 Threonine ag 893.0 888.0 888.0 893.0 892.0 911.0
Vitamin A I.U. 2303.7 2315.3 2315.8 2303.7 2303.7 2315.8 Tryptophan ag 338.0 340.0 339.0 339.0 337.0 331.0
Vitaain D 1.7, 400.0 400,0 400.0 400.0 400.0 400.0 Tyrosine ng 738.0 738.0 737.0 739.0 737.0 748.0
Vitasio E I.U. 3,30 3,30 3.30 3.20 3.20 3.30 Valine ug 1179.0 1183.0  1179.0  1182.0 1178.0 1180.0
Viteais K I.U. 1593.9 1493,8  1475.3  1626.7 1606.9 1310.5 Histidine mg 485.0 L86.0 485.0 486.0 484.0 +82.0
Cost bant 2.875 2.883 2.880 2.876 2,872 2.930

Table 6.9

tutritional and Raw laterial Compositions of the Solutions

for Different llethods of Processing with Added Calcium Carbonate
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The nutritional compositions. 'Yith the addition of calcium

carbonate, the content of vitamin ¥ was found to be
consicderably less. The same wae found for ascorvic acid,
linoleic acid, vitamin L12, folic acid, choline and iron
but to a legser extent. The differences in the raw
material compositions meant that to ottain the nutrients
frorm indigeuous raw materials within the gpecified limite,
rawv materiale with high content of thesge nutriente must be
selected in order to obtain adequately the amount of other
nutrients and yet maintain the minimur ratio of calcium to
phosphorus.

Regarding protein quality, sulphur amino acids were
also at the 70 percent level of efs amino acids. The level
of protein per 100 kcal from the colutiong for different

vroces:ing methods were found as follows:

Vacuum drying at 520C for 2 hours was at 2.50 g
Vacuum drying at 77OC for 1 hour was at 2.51 g
Foam mat drying at 710C for 1 hour was at 2.50 g

Foam mat drying at 89°C for 8 minutes was at 2.51 g
Drum drying 2ats 1OAOC for 60 seconds was at 2.50 g
Drum drying at 160°C for 30 seconds wae at 2.49 g

It was obvious that if protein was to be corrected
as discussed earlier, the levels of protein in these
solutions needed to be adjusted to 2.57 g per 100 kcal.
Therefore, the solutions with the addition of calcium
carbonate required the protein lower level to be modified to
2.57 g per 100 kcal.

Fat contents for all the solutions were also found
at their lower limits and associated with the restricted

constraint. Therefore, the fat lower 1limit was not modified
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as discussed earlier.

Fibre contents observed for all the solutions were
from 0.52 - 0.55 g per 100 xcal. Ac dicscuesed earlier, it
vas not necessary to specify the maximum limit for fibre.
The costs. With the addition of calcium carbtonate, there
wags a considerable reduction in the costs of the solutions.
It wvas cheaper to selcct the raw mnteriales without being
recstricted by the minimum ratio of calcium to phosphorus.

In addition, the calcium from synthetic source was chcaper
than from indigenous raw materials. In considering the
differences in the cost of the solutione for different
drying methods, "abtle 6.7 suows the restricted conetraints.
In addition to vitomin A, riboflavin and sulphur amino acids,
found as reetricted constrainte in the solutions without
calcium carbonate, the other nutlricnte nscociated with
restricted constraints vwere rantotiuenic acid, biotin, iodine
and iron. As reviewed in Table (.8, the highest cost was
found in the solution for drum drying at 160°C becauce of the
hirhest losses of pantothenic acid, bintin and sulphiur amino
acid., Next was ?706/1 hour btecause of riboflavin end biotin,
rollowed by 7100/1 Liour because of riboflavin, ascorbic acid
and pantothenic acicd, 89OC/8 minutes because of ascorbic

acid and biotin, 52OC for 2 hours and the cheapest was at
1040C for 60 seconds. It could be concluded that with less
restriction on the calcium and phosphorus ratio, the cost

of the solutioa would be high at very high temperatures such
as at 160°C. For the other times and temperatures, there

was not much difference in the cost of the lower

temperature/long time or high temperature/short time

(i.e. 52%/2 hours, 89°C/8 minutes and 10400/60 seconds)
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but at medium temperatures and times such as 77OC/1 hour

and 7100/1 hour the costs were =lightly higher.

€.4 felection of drying process

As discussed carlier, thece 3 drying proceseses,
vacuum drying, foam mat drying and drum drying, were
avplicable to Thailand as far as cogt and availability were
concerned. Though the other gquality of product such as
colour and flavour could be affected by these procesces,
the differences in these qualities would be only small.
Therefore, it was decided in this =tudy to select the nrocess
according to the coct and nutritional value of the =solutions.

As reviewed in Table (.3, the cost of the solutions
with and without calcium cartonate were cheapest for drum
drying i.e. for high temperature and chort time procecs.
Nevertheless, a very high temperature trocess resulted in
difficulties in maintsining the nutritional balance.

Eetween the 2 tempsraturec and times dcscrited for drum
dryine, the lower tewmperature was cheaper and it wac casier
to maintein nutritional balance.

Therefore, the drum drying procecs wac cselected as
the most suitable process. 1However, further investigation
wvould be needed within this range of temperature, 104—16000

to find the optimum process.

6.5 Conclusion

With the predrying process at the higher temperature
it was more expensive and more difficult to comply with the
specified nutritional requirement and therefore a low
temperature process was more desirabtle. In this study, a
batch process at 98OC was chosen taking into account the

suitability of the process for application in Thailand.
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Taking into account the loesses of nutrientes
according to the specified conditions of drying,
formulations could be obtained to satisfy the specified
nutritional requirement in most caces with only
mocdification on the calcium upprer limit. ‘hen high
temperatures were uced, modificatione vwere regquired for the
upner limits of amino acide, higtidine and lysine. "he
nutrients influcncing the cost of the formulations were
vitamin A, tocopherol, riboflavin and culyphur amino acids.
Therefore, the coste depended on the extent to which these
nutrients were destroyed. 1In categorizing the temreratures
ana times of proces-ing at 52OC/2 hourc as low temperaiure
and long time, at 71°C and 77°C for 1 hour 2e medium

. P c PP 0
temperature and time, and at 29°C/8% minutes, 104 C/€0

(21

cecondse and 1COOC/3O seconde as hiph temperature  and short
time, 1t could be concluded that the cost of the
formulation at high temperature and short time was the
cheapect and at medium temgperature and time was the highest.
This was directly related to the sencitivities to heat of
those nutrients mentioned atkove. “'ith the particular
nutritional recuirements of this infant food, nutrients
that were quite sensitive to heat cuch as folic acid,
thiamine and ascorbic acid were easier to obtain from the
indigenous raw materizls and therefore were cheaply
maintained at the required nutriticnal balance.

Having considered the cost and nutritional value of
the solutions for different procesecce, drum drying was
chosen as the most suitable process.

As diecusced earlier, one of the limiting fectors

wac the calcium to phos;jhorus ratio and the addition of
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calcium carbonate reduced the cost of the formulation
markedly. It was also true when processing losses were
included in the model. %ith addition of calcium carbonate,
different nutrients were found to affect cost. These
nutrients were vitamin A, ascorbic acid, riboflavin,
pantothenic acid, biotin and sulphur amino acids.

Overall, it could be concluded that the extent to
which the cost of formulation differed with processing
rmethods was small in this <tudy. lievertheless, it gave
the profile of the limiting nutrients, the nutritional
value, the raw matcrial compoegition and the process with
the cheapest formulntion. In predicting the losses of
nutrients during processing, one can select the processing
method to give the cheapest formulation according to any
nutritional requirement. Ly this method, process and raw
materinles can be selected together to give the most

suitable nutritional product.
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CIAPTER 7

MODIFICATION QF THE LINEAR PROGRAMMING

MODEL FOR TRODUCT ACCETTAPTILITY

Having selected the most suitable processing method
and the raw materials according to the nutritional
reqguirements, the next consideration was to modify the
model for the specified qualitetive characteristics i.e.
for the product acceptability. The product, using the final
formula from the processing model, was processed and
evaluated and it was found that additional constrainte were
recuired regarding colour and sweetnecs of the formulation.
This cnapter discucses the incorporation of the constraints

for colour and swectnecs into the model.

7.1 Processing of the final formulation

The formula obtained for drum drying at 1OAOC/6O
seconds was processed. Unfortunately, most of the raw
materials in this formula were not available in New 7ealand.
New 7ealand raw materials resembling them in nutrient
composition, colour and flavour were uced as follows:

snapper was used for anchovy, milk fish

stripe mackerel

groper s e serpenthead fish
hen egg UL u duck egg

chicken gizzard L i duck gizzard
brussel sprout " U collard

spinach " " ivy gourd

soybean curd was prepared from soybeans (60).
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The other raw materials in the formula were radish, mungbean
starch, sesame and sugar (Table 6.6).

The raw materials were cleaned, prepared as the
"edible portion'", cut into small pieces and weighed. The
mixed raw materials were cooked in a steam Jjacketed pan as
described previously for the predrying rrocess. The
temperature was raised to 98OC and held for %1 minutes. The
cooked mixture was comminuted with a Jeffco wet disintegrator.
The distritution of temperatures during heating up and

cooling down was as follows:

Heating Cooling

5 minutes  52°C 5 minutes 39°C
10 " 67°C 10 " 82°¢
15 o 82°¢ 15 i 72°C
20 " 96°¢C 20 " 65°C
2 B 98°c 2 54°¢C
20 @ 43°¢

35 L 38°¢

L0 0 34°C

ys o 30°C

The pacste, having total solids of 20 percent, was dried on
a single drum dryer to a moisture content of 2.8 percent.
With the experimental drum dryer, it was found difficult to
hazve a good control on the drum temperasture below 125OC

and it was not possible to operate the drum at a speed
lower than 2 rpm. Therefore, the drum temperature of 125OC
was used and drying time was 15 seconds. Though the
distribution of temperature during heating up, cooling down
and the drying time and temperature were slightly different

to the estimated times and temperatures, the nutrient losses



246.

were calculated to be at the same level as for drum drying
at TOQOC/6O seconds. This was because the loss during
holding tinme overshadowed the losces during heating up and
cooling down end azlthough a higher temperature was used for
drying, the drying time was considerably shorter. Therefore
the optimum formula for drying at 10400/60 seconds was valid
for the experimental product. It :ust be noted that the
loscses of nutrients can be adjusted according to the actual
procescing conditions, the nodel then simply modified and

the pertinent optimun solution obtazined.

7.2 ©valuation of the product

The evaluation of the quantitative and quelitative
choracteristics should be carried out in Thailend where the
Thal raw materials can be used and Thal mothers can judge
the product. ‘Vhen 9 cut cf 13 raw materials could not be
ottained in VWew “ealand, it wase fclt that evaluation for the
quantitative characteristics i.e. the nutritional
compocsition of the rroduct would not be meaningful. TFor the
qualivative characteristice, the product should be evaluated
by a number of Thail mothers and fed to Thei infents but it
vwas not possible to fully invectigate this in New 7ealand.

In order to illustrate how to modify the model for

the gqualitative characteristice, 9 Thail mothers in

Falmerston North were asked for their opinions on the colour

sweetness, congistency and overall acceptability of the
product. The consumer vanel form is shown in Appendixz 15.
preparation of the product for the mothers, the dry powder
vas mixed with hot water at the ratio of 1 to 5 by weight.
Based on the dried weight of the formula at 211 g, the

approximate volume to supply a daily energy requirement at

H

)

In
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980 kcal would be 1270 ml, which was found to be the volume
normally taken by the infant €-12 month o0ld (81).

For each cualitative characterictic, the descriptions
on the questionnaire were ascisrned a ccore of 1 to 5
(Aprendix 1€). The average scores from the five wimen were

a5 follevig:
Colour Cveciness Concistency Overall

acceptavility
Averare score 2.6 3.8 2.5 2.6

Averare oOpinion Slirhtly Slightly Just right Lcceptable

dark cweet

From the consumer panel, the overall acceptability
could be improved by modifying for a lighter colour and a
less swcet product. Thougn a slightly csweet product was
prreferred by the wrmothers, the yproduct was slightly sweeter
thon desired. The consicstency of the mixed product was
about right. The dilution needed for infant food is usually
5 to ¢ parts of water to one part of dry product (5). As
a matter of fact, the mother can adjust the amount of water
to give the nreierred consistency. 7Thoush the dilution
vould have an effect on the flavour and colour to a certain
extent, it was not expected to bte much within the range of
dilution normally used. As the ratio of 9 to 1 used with
consumer panel was found to be about right, this dilution
vias used in this <ctudy.

The qualitative characteristics were also evaluated
objectively, the DU-COLOR colorimeter was used for colour
and the Brookfield viscometer was used for consistency.

For the taste as sweetness, the percentage of added sugar
in the dry weight was used. The Thai MNotification specified

sugar related to carbohydrate to be not less than 20 percent,
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which was equivalent to 9.2 - 14.3% percent of energy from
sugar as discussed in 2.1.16, or approximately 10 - 15
percent sugar on the dry basis. Therefore, the sweetness
in the formulation would be overshadowed by the added

sugar,

j2b)
"

the sugar content derived from other food rawv
materials would be considerably cmaller.

The measurement of colour, consistency and the
percentage of added sugar were as follows:
Colour Sweetnees Consistency

CIE Tristinmuli Percentare added GPE .

sugar on eéry weight

X 37.0
¥ 379 49.6 510
Z 21.9

7.3 Modification of the model according to the recuired

Conetraints for colour and sweetness were considered

for incorporation into the model.

7.3.1 Constraints for the colour

In the processed infant food, green vegetables, as
collard and ivy gourcd, were the major raw materials
consisting of 42 percent of the total weight.

To select the raw materials taking into account the
preferred creamy colour, an expression for the colour
constraint had to be put'into the linear programming model.
It has been shown in the literature that colour and flavour
can be incorporated into the model once the exprescions for
these variables are established (112, 250). Walsh et al.

1971 and Harper and Wanninger 1970 expressed the constraint
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for colour related to the procescing conditions. In the
present study, it was considered more important to express
colour as related to the raw materialse. Therefore, it was
neceszary to cefine the colour of the raw materials and
conctraints for the colour. The c¢olours of raw meaterials
could be judged either by otjective or subjective nethods.
Though the objective method would be more accurate, the
gulk:jective method wag eimpler and less time consuming. At
this stage of research when the purpose was to invectigate
the poesesibility of including an accepteble quality into the
model, it was felt reasonable to define the colour of raw
materials subjectively.

To define the colour of the raw materials, the
colour of the cooked raw materiels were coneidered. Thecse
raw materials were divided into L categories, i.e. raw
naterisle with white or creamy colour such as mungbean
storch and fich, yellow colour cuch ar duck egg, brown
colcur such as duck gizzard and strive macikerel and green
colour such as collard and ivy gourd. “/ithin each category
of colour, the colour of raw meierials were not equally
green, or yellow or brown or creamy white. Taking the
differences in these colourc, the raw materials in each
category were divided into 3 divisions. The raw materials
were judged subjectively. The raw materials with the most
green, or yellow or brown were assigned a score of 3; the
raw materials with the least green or yellow or brown with
the score of 1 and the raw materials with the colour of
green or yellow or brown in between the first 2 groups were

assigned a score of 2. The raw materials with white or

creamy colour were not subdivided because of very little
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differences in the colour and a score of 3 was assigned to
all the raw materials.

The rzw materials in different

categories of colour and colour scoresareshown in Table 7.1,

Table 7.1 The Classification of Raw Materials According

to Different Colourse and Different Scores

Rcw materinle Score of colour Ruw materisls Scoro of cOlOUr  Ruw mnterials Score of colour Raw materinls Score of colour

nnite Yellow, reddish yellow Brown Green
Anchovy 3 Bamboo 1 Beef 3 Peans, snap 3
Fottle gourd 3 Banana 1 Buffalo 3 Cabbnge 1
Carp 3 Banana, common 1 Catfieh, fresh water 2 Catbace, chinese 1
Cachew nut 3 variety Catfish, sea water 2 Collard 3
Cascava starch 3 Carrot 3 Chicken, matured 3 Cowpea, yardlong 3
Coconut 3 Cauliflower 1 Chicken, young 2 Goabean 3
Cucumber 3 Corn 1 Duck 3 Grape 2
Darad 3 Cowpea, dry 2 Eel 2 Ivy gourd 3
Gourany 3 Egiy, duck 3 Ecg plant 2 Mustard, green 2
Filk, dry 3 Erg, hen 3 Oizzard, chicken 3 Peas 2
Y1lk, whole 3 Guava 1 Gizzard, duck 3 Snake gourd 2
¥ilx fish 3 Lemon 1 Hardtail fish 2 Swamp cabbage 3
Mullet 3 Mungbean, whole 1 . Heart, beef 3
\urgtean, starch 3 Orange 3 Heart, hog 3
Peanut, dry 3 Orange, mandarin 3 Liver, beef 3
Feanut, raw 3 Papaya 3 Liver, chicken 3
Ferch 3 Pigeon poa 1 Liver, duck 3
Roudish 3 Fineapple 2 Liver, hog 3
Rice flour 3 Prawns, river 1 Mushroom 3
Rice, glutinuous 3 Prawng, seca 1 Pork, lean 2
flour Pumpiddn 3 Rice, black 1
Rice, glutinuous 3 Soybean 1 glutinuous
milled ) Soytean, curd 1 Rice, brown 1
Rice, milled and 3 Sprouted mungbean 1 Spanieh mackerel 2
Folighed 5% Squid 1 5tripe mackerel 3
Rice, parboiled 3 Sweet potato white 1 Sugar 1
Serpenthead fish 3 Sweet potato yellow 2
Secane 3 Tomsto 3
£xinm milk, dry 3 vatermelcen 3
Skim milk, fluid 3
Snapper 3
Soybean flour 3 \
Sponge gourd 3
. dox gourd 3

To define the colour of the product formulation, the

term "colour intensity'" and "total colour intensity' were

used in this study.

The colour intensity for each colour was

defined as a summation of the weight of each raw material in

the formulation multiplied by its colour score.

The total



colour intengity wac defined as

intensities.

By this definition,

the processed infant food discussed in 7.1 was divided

the sum of all colour

the total colour intensity of

12,

£9, 11 and 28 percent respectively for brown, green, yellow

and white as shown in Table 7.2.

Tahle 7.2

Intensities in

Deternmination of the Different Colour

Green ; )

Yellow n
White "

”"

the Tnitial Fornula
Raw materials Weight Colour Colour
g rating intensity
Brown
Striped mackerel 12.0 3 = 36.0
Gizzard duck 6.7 5] = 201
Sugar 105.0 1 = 105.0
Total brown intensity = 161.1
Green
Collard 207.7 = 623.1
Ivy gourd 4.0 = 12.0
Total green intensity = 635.1
Tellow
Soybeai curd 7.8 1 = 7.8
Egg 42.5 3 2 127.5
Total yellow intensity = 135.3
White _
Anchovy 26.2 3 = 78.6
Milk fish 13.3 3‘ = 39.9
Serpent head fish 4.8 3 = “Ih.h
Radish ' 5.8 3 =  17.4
.Mungbean starch 51.0 3 = 153.0
Sesame 16.8 3 = 50.4
‘Total white intensity = 353.7
Total intensity = 161.1 + 635.1 + 135,3 + 353.7
a 1285.2
Brown colour as percentage of total intensity = —léliigé—égg— = 1%

635.1 x 100
6 1 x 100 = 49%

1285.2

= ':2.2 x 100 . = 11%

1285.2

= 203.7x 100 o gy

1285.2
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To define the constraint for the colour of the
formulation, the colour intensitiec of the acceptable
product were required. Information obtsined from the
evaluation of the procegsed procduct chowed that the colour
wag slightly dark, which meant that the raw materislc with
green, yellow and bfown colours chould be reduced. To
restrict the selection of coloured row materiale, 1t wes
decided to put urper limite on the colour intencity for
each of the colour cstegories. £s the colour of green,
yellow and brown, each hes a different effect in adding
colour to the formulation, the limit for each colour
intensity wos cet aifferently. Considera.ion was also
siven to the fact that the total intensity of green, yellow
and brown colours nuct be less than that of the precent
procduct (7.1). To start the modification of the modecl, the
urper limits for brown, green and yellow colour intensities
were get at 12, 30, 4O percent of the total colour intensity.
The intensities of the coloured raw materials added together
had to be less than 60 percent of the total intensity of

the formulation.

7.3.2 Constraints for the taste

The amount of added sugar in the processed infant
food was quite high at 49.6 percent on the dry basis. To
celect the raw materials taking into account the preferred
elightly sweet taste, an expression for the taste constraint
wae required in the model. As discussed earlier, the
sweetness of the formula was due to added sugar more than
to indigenous raw materials so the upper limit for sweetness
was specified as added sugar. It was also decided to specify

sugar based on the dry basis as it would clearly indicate
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the zmount of added sugar in the dry product. To start

ikt

the modification of the model, the uprer limit of the cugar

was gpecified at 35 percent of the dry e€o5lids, a level lower

vy

than the previously processed infant food.

7.%.% “etting up the data for colour and taste constraints
The linezr relationcships of raw materialc with
colour was exprecced in the same viny as for cost and

corposition in 3.7%:

For green ruw nmaterials

i=1 gi gi
For trown raw materials

H = a X
i=1 bi bi
For yellow raw materials

n
Y = ¢ a X%
i=1 yi yi
For white rew materials

n
W = é__ a X
i=1 wi wi
where G, B, Y and W representec the green, brown,
yellow end white colour intensities of the formulation;

agi’ apis 8yg and a_. represented the colour score and X

wi gi?
Xbi’ Xyi’ Xwi represented the weight of the green, yellow,
brown and white raw materials respectively.

The colour constrainte were also incorporated into
the model as discussed in 3.3, e.g. the upper limit of green

colour intensity at less than 30 percent of the total

intensity was expressed as
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G COLOUR - { 0.3
TOTAL T

G COLOUR

1]

G-&BWWM,I<O

vhere G COLOUR represented the upper limit of green colour
intensity as proportion of total intensity, TOTAL I
reprecented the totzl internsity which is G + B + Y + W,

T

rept

1€

L

constreaint on sweetness at less than 35 percent of dry

welght was eXpressed as

SUCROSE
SYERT _—

; 0.35
bvT g;

SUCROSE - 0.35 DWT 0
where SWEET represented the upper limit of added sugar,

SUCROSE represented the added sugar.

734 Obtaining the scolution for the wodified model

Tt wau found not possitle to obtedin a csolutiosn at
the modified level of constrainte. The problem had 3
infeascibilities, calorie was lower than the minimun
recuirement, calciwa and green colour intensity upper limits
were exceeded., The constrzints at bounds were found with

the following upper ond lower limits.,

Upper limits Lower limits
CU 17IA
CALTROTH VITD
CALKH CAILVITAL
DHIST VIELINOL
SWFET CALRIBOL
CALTL
CALZNL
CAPL

CSULAA
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In order to obtain a feasible solution, the
slackening of the upper limite was considered. It was not
poceible to obtain a eolution by releasing amino acid upnper
limit 2s found with drying at 160°C (6.%.1). Among the
constrazints at bounds, CU, CALPROT!, CALKI and SFRT, it was
decided to modify CU before any modifications cither of
protein upper limit becauce this was specified by the Thai
Notification, or potacsium upper limit because this z{fected
the renal solute lcad or the level of sugar becauce this
affected taste acceptability. Though there is a possible
harmful effect of copner (53), the exact level is not known.
The copper in the normel diet for adults is 2 mg per day
(5€). Therefore, the upper limit wrs increaced from 740
to 900 mcg per day. “hig level wre ecuivalent to the coprer
content in the volume of human mill supplying twice &s much
of theenergy requircment and go was considered safe to use
for tnie infant fooc.

Therefore, the upper limit for histidine was freed
and tie copper urper limit was set at 900 mcg per day.
fowever, it wae not poscible to obtein the solution, one
infeacibility was found associcted with the upper iimit of
green colour intensity. The possible green colour intensity
was found to be approximately 35 percent with copner urper
limit at 900 mcg per day and histidine upper limit freed.

It was therefore decided to evaluate the acceptability of
product from the formulation with 35 percent green colour
intensity before any further modification. The nutritional
and raw material compositions and cost of the formuletion

is shown in Table 7.3.



Table 7.2 MNutritional and Raw }Material Compositions and
Coste of the Solutionswith Colour snd Taete Constrainte

Coupared to the Original Solution

Raw Material Ceatest With Colour and Tastse Cosstreints Origloasl Witk Colour sud Taste Cozatrsints Origisal
(g) Indigencue Added Caloiua Solutico Iad¢igencua Added Calcium Solutlen
2an Materials Carbonate Bev Materials Cartonate
Aschovy .9 19.8 6.2 NWutrient Content
Nffalo 0.2 0.2 5 Titasin D I.0, 400.0 800.0 00,0
Cassavs starab 3.7 58.0 - Vitemin £ I.0. b0 3.3 3.9
Ceconst! .4 2.7 - Titasin [ mcg 6303.9 B36.3 939,27
Gollard 140.0 8.0 207.7 . Aagorbic acid ag 139.1 101.1 193.7
Puak ogs £.3 2%.7 82,5 Thiaaiae ag 0.62 0.72 0.97
Py i 37.5 - Riboflavia ag 0.66 . 0.66 0.69
Slssard duck - - 9.0 ¥iacin ag 5.1 6.11 S.13
vy gourd Y = r.0 Vitasin B =g 1.2 1.3 1.6
Ml fish & 19.4 13.3 Titamin 312 ag 0.004 0.003 0.078
Wingbesnietarst 0.3 = 51,0 Puntothenic acid 2.98 279 2.9
i P . 5.8 Folio asid eg © 0.73 0.16 1,04
Roe, brova - 3.7 - Ciolineyss 3263 3.2 426.9
Bice, parboiled w2 5.6 - Biotin scg .47 .3 18.4
Sarpest head fish - - [} ; Sodion =g .8 8.7 8.9
Sesane 3.2 15.8 6.8 Chloride mg 213.0 213.0 249.9
faghai i 1.7 i Potassiua ag 1260.0 1760.0 1830.6
Soybesn surd 22.9 - 7.8 Calcium ag 9.7 630.0 760.0
Sponge gourd 20.3 114 Phosphorus =g 518,10 450.0 5e2.9
8quid - 11 - Magoesius ag 2.9 410.6 209.2
Stripe maokerel - 1.1 12.0 Iron ag 11.0 8.8 15.8
Bweat jotato, white - 18,4 - Iodlne mg (Y] M0 45.8
Boest potato, yellow - 6.5 - Ranganese 2g 08.2 830.5 1.7
Bucrose 38.9 3.7 109.0 Copper acg 900.0 M™0.0 7%0.0
Baternalon 20.3 - - Sinc =g [ 6.2 4.6
Calotus carbonate ’ - 0.8% - Iscleucine ag 1349.0 1004,0 14910
Nutriest Content Leusioe ag 21130 1573.0 2171.0
Pelght g 252.0 . 859.0 503.8 Lysine mg 17840 1391.0 2001.0
Drisd weight g 204.8 203.7 211.6 Methiocine ag A0 6%0.0 915.0
Calorie koal 880.0 880.0 915.3 Crstine ag 279.0 231.0 289.0
Proteis g 23.6 22.6 29.6 Pheaylalanine mg 1320.0 922.0 1386.0
Tat g 17.6 17.6 18.3 Threouisne ug 20k, 0 891.0 1238.0
Carbdolydrate 196.6 157.5 7.2 fryptophan =g 353.0 387.0 827.0
Tivre g 3.6 2.9 3.5 Tyrosise ag 831.0 738.0 873.0
lisolelo acid sg 45983 3188.4 37843 Yaline ng W62.0 1226.0 1615.0
Retiaol wog 36.9 122.6 176.8 Eistidine =g $7.0 a58.0 651.0
Becarotess mcg 1306.5 1137.3 1093.0 Coat, baht 3,648 2.877 4,009
Titeais A 2303.7 2303.7 26086

7.4 Evaluation of the modified product

The product according to the modified formulation
was processed as discussed in 7.1 and evaluated for the

qualitative characteristics as discussed in 7.2.

7.4.1 Measurements on the qualitative characteristics of

the modified product

From another consumer panel tecst, the average scores
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were found as follows

Colour Taste Coneistency Oversall
acceptability
.{J.VC‘I‘ZJ‘L_YC- score jco 3.5 300 L{»cO
fverage Just Just right - Just hcceptable
opinion right slightly cweet right

The product was also meacured objectively as in 7.2,
the mezsurement on colour, concistency and the percentapge
of zdded sugar were acz follows
Colour Sweetness Consistency

CIE Tristimuli Percentaye added cos

M e

sugar on dry weight

e
IR
Jod ~]
O \N

19.00 LO0O

|
r—
s
[
.
(e}

From the formulation, the colour intensities of
brown, green, yellow and white were 3, 25, 8 and 54 percent

recpecctively.
7.4.2 Comparicon of the initial nn¢ modified producte

Consideration wacs given to product acceptability,

nutritional composition and cost.

Froduct acceptability Taking colour, taste, consistency

and ovcrall acceptability into consideration, the modified
procuct was accepted e£lightly better than the initiel

procuct ae shown in Table 7.4.
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Table 7.4 The Consumer Fanel fScores for the Original

and Modified Products

Colour Sweetnecs Consistency Overall
Acceptability
Average score
Original product 3,6 3.8 3.2 3.6
odified product 3.0 T 5.0 4.0

The colour and consictency were juct right but surprisingiy
the product was still considered slightly sweet slthough

the percent sugar hac been reduced from 49 to 19. Py
restricting the selection of rew materials for their colours
and taste and yet reauiring tie cazmne nutritionsl vslue, the
rew naterial compositions for the 2 oproducts were guite
different. Green vegetablegs, in vparticular collard,
decreaced. There wers also a decrecace in the amount of duck
egr and sugar in the modified procduct. EFxtra raw materials

in the modified product were btuffelo, cassava starch, coconut,
parboiled rice, sponge gourd and watermelon. These
differences in the raw materials made the overall
acceptobility, the colour and taste of the modified product
better than the initisal product. Though the differences in
the amount of sugar and vicosity readings were aguite
considerable, there wag little difference in the acceptability
of sweetnecs and consistency. The modified product was only
thought to be slightly less sweet thon the initial product

anc¢ the thicker consistency was accepted.

Nutritional compositions and costs The differences in

composition were only slight except for the higher contents

of copper, histidine and manganese in the modified procduct.



259.
Other differences were the contents of vitamin K, ascorbic
acid, vitamin B12, choline, biotin, sodium, chlorice,
potassium, calcium, phosphorus and iron which were =lightly
less in the modified product. Nevertheless, the nutrient
contents of the modified product were within the epecified
limite, except for copper and histidine. The cost was
glighitly cheaper in the modified solution, this was due to
the elackening of the constrsints for copper and hictidine.

It could be concluded that having included the
constraints for colour and tacte, the product was better
accepted. The green raw materials and sugar were reduced,
Though it was necessary to increase the upper limit of
coprer and histidine in the formulation, it was in the
rance considered not to heve any harmful effect. Pfmong the
constraints for colour and tacte, only the green colour
intensilty was found as a rectricted conctraint,

The modifications of the constraints for product
acceptability in this study were for the colour and
cweetness., Whether there was a change in the flavour of
the formulation due tc difference in the raw material
composition was not studied as both initisl and modified
products were accepted. It was possible that certain raw
materials might be preferred more than others. The raw
materials' compatibility can be included in a linear
programming model (4). However, the raw materials
considered in this study were genernlly ueged for infant
food and the acceptable qualities considered important were
colour and sweetness. Therefore, only constraints for

colour and sweetness were considered.

In this study, only a certain level of colour and
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taste constraints were studied. Tt would be possible to
obtain an acceptable product by varying these colour and
taste constraints at other levels. Jlowever, it was felt
that any more inventizgation on the modifications would be
of limited value until true Thai rsw materials could be
used and a larger scsle of concumer survey was possible.

7.5 Processing of the designed infant food using eynthetic

raw materials

Nutrients couvld be added as synthetic raw mnteriels,
e.75. vitaming, amino acide and minerals and this would make
it eesier to obtain a solution (€3). An investigstion was
reguired for the cost and availability of these synthetic
raw materials.,

The conetraints at lower limits found in the
solution for the modified product were WIA, VITD, CATWATL,
CATLMITAT, VTIELTYCL, CATRIRCOL, CALTL., CATZXNL, CAFL and

SULAA. If the costs of thesge vitamins and minerals were not
too expensive and they were available in Thailand, the
edcdition of these vitamins and minerals would also reduce
the cost of the solution.

In this present study, difficulties in obtaining
the minimum requirement were only found related to calcium
and phosphorus ratio and the addition of calcium independent
of phosphorus made the obtaining of the solution easicr.

ITn addition, the solution was found cheaper with the
addition of calcium as discuesed in 3.5 and 6.3.2.

As calcium was found to be the most difficult
nutrient to obtain and the addition of calcium carbonate
gave a cheaper solution, a better balance in the nutritional

composition and because calcium carbonate was available in
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Thailanc, it was decided to study the acceptability of the
product with added calcium carbonate. Therefore, the
constraints for colour and taste were included intc the
model with added calcium carbonate, and with drum drying
conditions at 105°C/60 seconds.

Ae diccusped in €.%.2, the formula with added
calciun carbonate required the rmodifications of protein lower
level from 1.80 g to 2.57 g per 100 kcal to compencate
for the amino acides at 70 percent of egr amino acids.

Theretore, protein lowver level was alego adjusted to 2.57 g
rer 100 kcal. The scnlution was obtained without any
modification on copper, histidine or calcium upper limit.

The product was rrocessed and evaluated as discussed earlier

7.5.1 Measurerenics oh the gqualitetive characteristics
From a ceonoumer panel, the averapre ccores were found

as follows

Colour Cweetnees Coneictency Overall
accertnlility

Averagze score B0 3.0 2.0 .G
Avera:re Juet Just Juet Acceptable to
opinion rignt right right highly acceptable

The product was also measured objectively as
discuscsed in 7.2, the measurements on colour, consictency
and the percentage of added sugar were as follows

Colour Sweetness Consistency

CIE Tristimuli percentage added CpS.

sugar on dry weight
X 64.9
Y 67.3 2l 1500
Z Sl S '
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From the obtained formulation, the colour intencsities
of green, yellow, brown and white were found at 3, 41, 9

and 47 percent respectively.

7.5.2 Comparison of the modified yproduct with and without
added calcium cartonate

Concideration wae given to product acceptability,
nutritional compositions and costs,

Froduct acceptability The procduct with calcium carton:te

was better accepted than the procduct viith only indigenous

raw materials as shown in Table 7.5. The raw material
compocitione of indigenoue and calcium carbonate added formulae
were gquite different. The green vegétables were considerably
lece thon in the forumulsa with indicenoue raw materials and
lese ficsh and more ey were uged. Fxtre row materiels in

tne product with added calcium carhonate were guava, milk
fieh, brown rice, coybean, squid, stripe mackerel 2nd in
vparticular sweet polsto which was %26 percent of the totsl raw
moterinls., These differences in the raw materials mesde the
colour, taste and overall acceptslility of the calcium
carbonate added formula hetter then the indigenous foraula.
Fros the diecuesion with the consumer panel, the cucstarc or
egy ond starch odour was preferred over the green vepetable

odour of the indigenous product.

Table 7.5 The Consumer Fanel Scores for the Modified

Incdigenous Froduct and Calcium Carbonate Added Product

Colour ©Sweetness Consistency Overall
acceptability
Indigenous product 3.0 P o0 4.0

Calcium carbonate
added product Sra® Srl® 51000 L5




263 .
The colour intensities of the two products were as follows

Frown Green Yellow Yhite

Fercentajpe of total intensity
Indigenous product 3.0 35.0 8.0 4.0

Calcium carbvonate 9.0 0] L1.0 L7.0
added precduct
The sweetness and coneistency cf the product with

added calcium carbonate were found to be just right decpite
slighitly higher content of addeé sugar and smaller value

in the viscosity reading. The differences in the viscosities
of the indigenous ané¢ calcium carbonate added productgc were
cdue to the different viscous prorertiec of the extre storchy

naterials such ag cascava starch, smungbean starch, rice and

The colour of the added c~lciuma carktenate product
vag lighter as chown by the Tristimelus reading but tne two
colours were equally acceptatle to thece consumers.

Mulritional compositions and costs The differences in the

nutriticnal compositisn were in the lower contente of
Vitamin ¥, gscorbic ~cid and the higher content of manganese
coprer and calcium were at the oripginal congtreinte. The

cort of the formula with calcium cartonate was approvimately

10 percent cheaper.

7.6 Conclusion

To invecstigate the acceptability of the initially
designed product, a consumer panel of 5 Thai married women
etudying or staying in Falmerston North, who used to look
after their children in Thailand, wae used to investigate
both the mother's opinion and the product acceptability to

the infant. The initial product was accepted though it was
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thought that slight improvements could be made in colour
and taste. A more acceptatle product was obtained by
including constraints for product acceptability regarding
taste and colour which restricted toth addition of sugar
sand the selection of & large amount of coloured raw
materials in the formulation.

It was found difficult to rcduce the use of craen
vegetables, and nutritional constraints needed to be 2d justed
in the copper and hictidine upver limite. Ifowever, when
calcium carbtonate wac used with the indirenous raw matesrials,
this difficulty was overcome. Wot only wes adjustment to
the initial nutritional constreints not necessary but the
product was cheaper and also was more zcceptable in {l-vour,
colour and texture to the consumers. The product with
added calcium carbonstle has a hirher potential for
acceptabiility in Thailand,

It was realized that the study was based on the
orinion of only a few Thal mothers and besides, most of the
ravw materials were substituted raw materinls available in

rr

Yew Fealand. WMNevertheless, the inclusion of the congstraints
considered important for product acceptability was illustrated
and thie modification cculd be done casily once the product
was made and tected in Thailand. Tt might be necessary to

include odour and flavour scorecs of the rew materisels into

the model.
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CHAPTER 8

A FOSSIBLE SCHEME FOR DESIGHING AN

INFANT FQOOD FOR THAILAMD

From this study, it is possible to present a scheme
to design an infant food product. The scheme was shown by
the experimental work to be a practiczl method, but further
work has to be done in Thailand on the final processing method

and the testing of the product.

£.1 The schene

In the design of an infant food, the product
specification ig firet decided. 1Having the product
gepecification, the next decision is the raw matericls and
the process to use. ‘Vhen the nutritional quality and cost
of the product is of importance as in this present s=tudy,
the raw materials and process are selected with regerd to
both the effects of processing on the nutrients and the costs
of the raw materials.

The scheme for the design of a nutritional infant
food is shown in Figure 8.1. Firct, the product must be
specified according to quantitative and qualitative
characteristics. The quantitative characteristics are then
modified according to different selected times and
temperatures of processing. TFossible raw materials are
selected to suit the product acceptability characteristics.,
The linear programming model is then set up according to the

modified quantitative characteristics and the qualitative
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characteristics. With the use of the linear progremming
technique, the lowest cost formulation, which also provides
the required nutriente teking into account the effect of
proceesing, c¢zn be obtzined. The product is then evzlunated
for itc acceptawility. If acceptable the product is ready
for manufacturing. "“hen improvement in the product is
necessary, ayproprizte modifications can be incorporated

into the model until an acceptable product ie obtsined.

3.2 The precent achievenmcnt

The scheme was developed, making it possible in
product cesism to coneider nutritional renuiremente,
processing effects and consumer acceptability together in a
cuantitative cyeiem. The usefulness of linear progromring
in the design of nutritionzl foods wag estrblished ty

5

FPdwnrdson {(£8), nevertheless the losses of nutrients during
vrocegcing were not included. Tn thie present study, the
effect of proce:sing on the destruction of nutriente was
rrecalculated and the losses of nutriente due to proceceaing
vere included in the linesr prograsmaing model. The profile
of limiting nutriente was obtained; the process ancé raw
materinls were selected.

It wss also shown thet the acceptable features in
an infant food, determined by a consumer survey amongst
Thai mothers, could te incorporated in the model. The
product from the processing model waes tested by Thai mothers
and then adjustments made to the model until 2 completely
satisfactory infant food was obtained. The final food
provided the nutrition needed by the infant and was

acceptable in eating quality to the mother.

It was proved that the scheme wae a practicable and
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logical method for designing infant foods.

8.3 Future work regarding the product

.%3.1 Modifications for composition, cost of raw materials
and processing in Thailand

In this present study, the product was designed
taking into consideration suitable raw materials available
in Thailand and also the processes that would be applicable
in Thailand. It is realized that these factors are subject
to changes with changes in circumstances. However, any
changes in these variables can be studied at any time. The
changes in the raw material composition and cost can be
easily accommadated by either changing the compositional and
cocst data of raw materials in the model or incorporating
nore data for new raw materials. Vhen changing the process,
the new lcsses of nutrients can be predicted, according to
the time and temperature of the process, from the
relationship of reaction rate constant and temperature
detailed in this thesis. The nutritionzl constrainte in the
linear programnming mnodel can then be modified accordingly
aﬂd the solution obtained.
8.3.2 Modification for product changes

The change in product specifications can be
incoryporated into the model by changing constraints and/or
inputing more constraints expressing the new quantitative or
qualitative characteristics of the product.

Variation in the flavour of the product may be
required. This can be achieved by fixing the quantities
used of certain raw materials.

The product for infants from birth to 3 months and
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3 - 5 months can also be developed using this established
model with new constraintes related to the nutritional needs
of these age groups.

Modification may also have to be made to the model so
that the price of the final product is acceptable. The cost
of the raw materiale to provide tihie daily reauirement of the
infant wac %.70 baht uging only indigenous food materials
and 2.90 baht with addition of calcium carbonate to the
indigenous raw materials. The acceptable price obtained
frorm the concumer survey wac from 4 - 6 baht. The cost of
manufacturing in Thailsand will have to be investigated and
an attempt made to cee that the price of the processed
product ig acceptabkle. Ty the ouantitative approach as
iliustrated in Figure 3.1, modifications to the product, raw
materiels and process can be made until a product viith 2n
acceptable price is obtained. The cost of the product is
expected to decrease with the use of synthetic vitamins and
minerals, but the possibility of their use in Thailand will
have to be investigated and their incorporation into the

model studied.

8.3+3 The tests required for the product

Though the designed product was accepted by a small
group of Thai mothers, the product must be tested for
acceptability when exact Thai materials and a larger number
of Thai mothers and infants are available.

Analysis of the nutrient composition of the product
is also required after the correct raw materials are
available, and processed into the product. As a large
number of nutrients were considered in this study, the
analysis of all these nutrients would require a lot of time.

However, only certain nutrients were difficult to obtain



270.

from the food raw materials and were near their mininmum
level in the forrmula. These nutrients should be determined
first. For drum drying at 1040C/6O seconds, as selected for
this study, or 1250C/15 cecondc as employed with the
experimental product, the predicted liniting nutrients were
vitamin A, vitzmin ¥, ritoflavin and the =ulphur amino
acics vith the indigenous rav nmelerial formulae and the
additional limiting nutrients with the added calcium
carhonate formulae were ascorkic ncicd, pantothenic acid and
biotin. These nutrients should be considered for assnying
before the other nutrients.

It muet also be noted thet it ig important to
subject the final product to clinical tezte to ensure thet
there is no hazardous c¢ffect to an infant arising from

unforseen propertice of the raw nnteriele and the proceccsing

9«4 Future woriz regarding the nodel

Though the effects of procescing on the nutrient
losses were considered in the estsblishec model, it was not
posgible to include this effect directly into the lineer
programming because of the exponential relationship of the
reaction rate conetent and tempernture. Iowever, it ie
possible that a subprogramme to cnlculate the losses of
nutrients, such ag described by Teixeira et al. 19€9, could
be attached to the linear programming model and time and
temperature for processing could be selected by the model
as well as the raw meterials.

Further consideration could be given to the
compatibility of the raw materials with infant foods as

seen by Thai mothers. Though it proved not necessary to
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include it in this ctudy, it c¢an bte included into the linecar
programming model by the uce of the multidimensional

scaling technique when it is needed (U

'
S}

).
Tn the pres¢nt ctudy, the kinetic dnta for the

dertruction of 11 aniino acilds osnd 10 vitenminse were collected.,

Yot only is wmore deta reguired recording dectruction by heat,
but the effect of othecr factore cuch ac igture content, bH,

?

oxyeen and lignt =21ls0 need to be included. lowever, the
activsiion energies predicted from the collected datae and
the nutrients predicted to have the highest rate of resction
coneiante were conparatle with thnoce reported previously in
the literature and this kinetic data can be used until more
epcecific data becomes available.

Though the losces during proccecoing were included
1 this study, the lozees durings storage were not included.

~

slrendy digccureed, the ratec of reeoction chonged ner'zedly

o>
(@)
s

al low moisture contents. The deate on the rate of resction
relnated to moisture content were liniited and it was not
roseible to predict the nutricnt losrscs during storape.
Tevertheless, the collection of datz for this study chould
precent the background information for further study in this
area. Vhen iinetic data ie available, the model can be

changed to include the effects of storage on nutrients.

8.5 Conclusion

It was ghown that there is 2 need for a nutritional
infant food for Thailand. A quantitative model was
established to select the raw materials for this infant food,
regarding nutritional requirement, appearance and eating
characteristics and processing losses. It was found

possible to process from Thai indigenous raw materials an
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acceptable product providing a talanced nutritional diet
for infante. UTNot only a processed product can be developed
based on this quantitative model, suggestions could also be
made for the best use of the raw materials available in the
different parts of the country, erspecielly by the low
income mothere who can not afford the processed product.
This research precented a cystemalic epvroach to infant
feeding =0 that improvements in the nutritional status of

Thei children can be planned.



N

2'73.

PIPLTOORAPTY

Adam, MN.W. lhysical chemigclry, Oxford, Clarendon
Press, 195€.

piam, D.J.G., Dangen, N.%. @ad Neldc, H.F. Sl R
fatty acide in iufant nutrition ITT Clinicnl
nanifestations of linoleic and acid deficiercy.

J. Mutr. 66:565-576, 1958.

\nantharaman, Y., Carpenter, ¥.J. Effects of heat
processing on nutritional value of groundnut products
II. Individual amino acids. J. Sei. Fd Agric. 22:
4A12-413, 1971.

Anderson, A.li. A cguantitative nmodel for the design of
nutritious and acceptehle foode Palmercton Morth,
wew Yeealand, 197%. Thesis (Fh.D.),

University.

84}

seey

Aindergson, T.A., Fomon, S.J. Comrercinlly prev-red
infant cereal: @ nutritionrl consicerations,
J. Pedint. 73:788, 1971,

Englemier, A.¥. ancd Yontgomery, IM.”. Amino ac
peptides, oand proteins. in Principlec of food
science, part T, Food Chenmistry, Fennema, N.R.
(Editor), Vew York, Marcel Dekker, 1976€.

Aries, R.S5. and llewton, R.D. Chemical engineering cost

estimation. Mew York, McOraw-I"ill Book Company, 1955.

Armbruster, G. and Murray, I.C. The effect of canning
Procedures on the nutritive value of the protein in
peas. J. Mutr. 44:205-216, 1951.

Association of Official Analytical Chemists. Official
method of analysis. 12th ed. ¥Washington, 1975.



2714'0

10. ‘“tkinson, J. and Carventer, E.J. !'utritive value of meat
’ e b4
meals., II. Influenrnces of raw material and processing on

protein quality. J. Seci. d A-ric. 21:366-77%, 1970.

11. Taneriee, N.¥. ord Chatterjea, J.". T¥olic acid =2ctivity of
Indian dietary articles and the effect of cookine on it,
¥d Technol. 18:1%7-1%9, 1964,

12. Barratt, R.F. lutrition 2. Lffects of processing. Fd Can.
27:06-31, 1973,
13. farron, n.%.G., De Meio, R.E. and Xlemperer, F. Copper and

hemochromogens as catalysts for the oxidation of ascorbic
acid., The mechanism of ti.e oridntion. J. biol. Chen.
112:625-640, 19%36. (1ot seen)

14, Bauernfeind, J.C. and Pinkert, 1. . Food processin; with
added ascorbic acid. Adv. *d Res. 18:219-315, 1970.

15. Fender, A.n. Factors affectin/ the nutritive wvalue of
prrotein foods. In The evaluation of novel protein products,
tender, A.¥., Kihlberg, R. Tojagoist, #. and Funck, I.
(BWéitors), Cxford, Pergamon Fress, 1970,

16. Bender, A.i. Processing darnage to protein food. & Review.
J. *d Technol. 7:2%9-250, 1972.

17. Rendix, G.E., lieberlein , D.G. 7Ptak, L.R. and Clifcorn, L.%.
Factors influencin; the stabvility of thiamine ¢uring heat
sterilization. Fd Res. 16:4494-50%, 1951.

18. Beuk, J.F., Chovnock, F.W. and Rice,#.E. The effect of severe
heat treatment upon the amino acids of fresh and cured pork.
J. biol. Chem. 175:291-298, 1948.




19.

20.

21.

22,

251,

2L,

26.

27-

28.

275

Beuk, J.F., Chornock, F.W. and Rice, F.E. The effect
of heat on the availability of pork proteins in
vivo and in vitro. J. biol. Chem. 180:1243-1251,
1949.

Footh, R.G. The thermal decompogition of thiesmine
and co-carboxylase at varying hydrogen-ion
concentrations. Eiochem. J. 37:518-522, 1943.

Footh, V.H. and Bradford, M.F. Tocopherol contents
of vegetables and fruits. ZPFr. J. Nutr.

17:575-581, 1963.

Rorgstrom, C. Principles of food ecience, Vol. I.

Food Technology, ILondon, Macmillan Company, 19€¢8.

Braverman, J.F.S. Introduction to the biochemistry

of foods. TLondon, Tlsvier Putklishing Company, 1963.

Erenner, S., "oaieka, V.C. and Dunlop, S.G5. IEffect of
high temperature storage on the retention of
nutrients in canned foods. Fd& Technol. 2:207-221,

1948.

Ereseani, R., Iliac, L.C. and Valicnte, A.T. Effect
of cooking and of amino acid supplementation on the
nutritive value of black beans. DPRBr. J. Nutr,

17:69-78, 1963.

British Paediatric Association, Committee on
Hypercalcemia: Hypercalcaemia in infants and
vitamin D. Br. med. J. 2:149, 1956, (Not seen)

British Paediatric Association, Committee on
Hypercalcaemia: Hypercalcaemia in infants and
vitamin D. Br. med. J. 1:1659, 1964. (Not seen)

Brockman, M.C. Storage stability of freeze-dried
foods. Am. Soc. Heating Refrig. Air Cond. Fng. dJ.
8:54-48, 1966. (Not seen)




20

ol

34 .

35.

36,

37.

Bro-Rasmussen,

Iuchanan, R.A. ko

276.

F. The riboflavin renuirement of animals
and man and associated metabolic relations., Tutr.
28:360-386, 1958. (llot seen)

Abstr. Rev.

q

ase
and product development, i ~metsart University, Thailand,

Mullen, J.J., Rorers, H.J., Leigh, L. Iron-bindings prcteins
? b b b )

in milk nand resistance to X¥scherichia coli infection in
infants. 2r. med. J. l:69=75, 1972, (llot seen)

“unnell, R.E., ¥enting J., “unresimo, A. and Parman, G.K.P.

Alpha-tocopherol content of food. Am. J. clin. Hutr.

urger, T.i. and Ualters, ¢.1, Fi'fect of processing on

the nutritive wvalue of {lesih foods. 1in Symposium on
tre effect of »rocessir @ on the nutritive value of food.

Proo, Futr, Soo., W2(1):1-39, 3973.

urton, H., Ford, J.!., ¥Franklin, J.u. and Porter, J.'.7.

“fTfects of rerented heat treatments on the levels of
corme vitamins of the P-complex in milk., J. Tairy Res.
%4:193-197, 1967,

o

futler, A, and 'olman, I.J. Trends in the early feeding

of sumnplernentary foods to infants; nationwide survey.
7. _Rev. Pediatr. 9:6%, 1954, (Yot seen)

Cain, R.F. ‘Yater-soluble vitamins: Changes during nrocess-
b (&) i

ing and storage of fruit anc vegetables. Fd Technol.
21:998-1007, 1967.

Cantoni, C. Renatti, R. and Calcinardi, C. Iron, calcium,

phosphorus and magnesium content in canned meats.
Industrie aliment. 12:85-88, 1973, (Not seen).

t infart food. Institute of food research



38.

5G.

40,

41.

44.

45.

46.

47.

Chaney, ..

277 .

Carpenter, ¥.J., Morgar, 1.7. lea, C.¥. and Parr, 1.d.
Chemical and nutritional chanres in stored herring meal.
Br. J. Tutr. 16:451-456, 1962.

)
o)

nd Ro=sa, ¥.IL,. Hutrition. &8th ed. Boston,

ttougnton Miffline, 1971.

Choerlanpowiez, 7. and Sobiech, Y. Changes in pyridoxine,
nicotinic acid =«nd inositol content during technnolosgical
processing of sweet corn. ‘esz. probl, Postep. llauk
roln. 53:115-116, 1965. (ilot ceen)

Charm, .. The fundamental oi food engineerins:. 2nd ed.

Connecticut, The VI Publicshing Company, 1971.
Chesewas, R.%., Recltditt and Colman limited, MNew “ealnnd.

Chichaaster, 7.0, Tutrition in food processing /1d Rev.

t o
iet. 16:318-33%, 1973,

o )

Mhiers LB

Chow, C.L. an’ Draper, L.I. ®ifect of artificinl drying

2

on tocopherols =2

1 fatty ncids of corn., J. 27ric. Fd Chem.

n
17:1%16-1317, 1969.

Clydesdale, ¥.: ., Goodrun, +.7Y.,, lMrancis, F.J. The effect
of a phosvhate buffer ~nd masnesium carbonate on quality
attributes of cooked greenr vegetables., J. lilk ¥d

Technol. 34:78-81, 1971.

Codex alimentarius draft standard {for infant formula
Alinorm 72/26. Report on the sixth session of the codex
committee on foods for srecial dietary use, Rome TAQ
and WG, 1972,

Yodex alimentarius commission. 'ineral salts suitable for
addition to formulae and foods for infants and¢d children.
Alinorm 76/26, Rome, FAO, 1976.



48.

50.

51.

53.

54.

55.

56.

57.

278.

Cormmittee on Mutrition, ‘merican cademy of Pediatrics.
Yitamin ¥ compounds and the water-soluble analogues.

Pediatrics 28:50, 1961. (liot seen)

Committee on liutrition, “mericnn Acndemy of Pediatrics.
The nrophylactic requirement -nd the toxicity of

vitamin D. Pedintrics %1:512, 1963. (lTot seen)

Committee on Mutrition, frerican Academy of Pediatrics..
Vitamin ¥ supvrlementation for infants receiving milk
substitute infant formulas and for those with fat
malabsorption. Pediatrics 46:483, 1971. (Not seen)

Cook, &.B. and ‘unacaramn, ', Yatrients in raw vs. cooked globe
artichokes. J. ‘r. diet. ‘'ss., 22:231-233, 1963,

Copley, I .Jd., Faufran, -, . and 2asnmussen, C.L. Recent

S

developrents in Irvit «ind ve,otoble powder technology.

Al

*d_Technol. 10:5%0-5 5, 165(.

Cuthbertson, W.7'.J. ‘ormnents on "“draft standard for infant
forrula" Alinorm 72/2C Apperdix III. Private

corrunication. 19773.

dam , L. and ©lavind, J. 0 TIT. Vitomin ¥ in the plant.
Biochem., J. 32:485-487, 1938, {

Dantzig, G. lFaximization of a linear function of variables
subject to linexr inenurlities. in Activity analysis of
production and allocation. FYoopmans T. (8ditor) New
York, Wiley, 1951.(lot seen)

NDavidson, 9. and Pasemore, V. unan nutrition and dieteties.

4th ed. Tondon, 1 =nd 1 ILivin stone, 1969.

e uelenaere, J.il, =and Twanard, Y.1.. Roller drying and

spray dryin.. d _Inés. . fr, 24:12-17, 1971.



58.

59.

€0.

62.

64.

65-

66.

67.

279.

Denton, C.i., Cabell, C.:., Bastron, i, and Davis, R. The
effect of spray-drying and the subsecuent storage of
he dried product on the vitamin A, D, and riboflavin
content of evrs. J. iutr. 28:421-476, 1944. (ilot seen)

Ne Ritter, ¥. “tability conrricteristics of vitomins in

nrocessed foods. d Technol. 30:45-54, 1976,

Department of iood Technology, l"assey University. Yood

Processing: 11, practical course. iew “ealand, 1977.

Dhanamitta, . anc VYnlyasevi, 4. Tutritional status of
infants an: preschool cnildren in Mortheast Thailand:
nthrovometrics ava biocherieal data, ahidol Univ.

‘nn, Res, ibstr. 1974,

TMiekerson, R.YW, Jr. Therrnal nraperties of foods. in

The dreezins nrecerviation of {foace, 4Ath ed. Vol. 2?2,

7] O R o T v . 1 = oA 1 T
"resaler, D.W., Van redel, LB ownd Gopley, ©.d.

(“é¢itors), Cornecticut, the %71 Publishin~- Company, 1S65.

~

Tonoco, ., Tewis, O.1.0 .,

T e
|
t

+iller, .5, and Payne, P.R.
Tfrect of heat tresatrment on t e nutritive value of
b

nroteins: chemical and bnlance sturdies. J. 8Sei. Fd
wric. 13%3:192<196, 1962.

RSP Byt —r )

Tubrow, bi.hL. ana “tillings, B.+¥. Kffect of heat on the
chemical and nutritive stability <1 fish proteins
concentrate. J. Fd Sci. 35:67F€80, 1970.

Dvorak, “. and Vocnarova, I. Available lysine in meat and
meat products. J. Sci. Fd Agric. 16:305-312, 1965.

Dwivedi, R.K. and Arnold, R.C. Chemistry of thi~mine
degradation in food products —rd model systems: a review.
J. agric. Fd Chem. 21:54-€0, 1973.

Farle R.1L.. Unit operations in food processing. Oxford,

Pergnmon Press, 1966,



€8.

€9.

70.

71.

7a.

™

75.

76.

280.

Edwardson, '!. The design of nutritional products for
a developing country. Palmerston Morth, New

Zealand, 197/4. Thesis (Ph.D.), Magsey University.

Fllinger, .M. and Foyne, ".I". Anino acid composition
of come fich products and crsein. EBr. J. Tutr.
19:587-592, 1G65.

Fvans, R.J. and BPutts, 1.,A. Studies of the heat
inactivation of lysine in coybean 0il meal.
J. biol. Chem. 175:15-2), 1948,

Evans, R.J. and bButts, 1.A. Studies on the heat
inactivation of methionine in soybean o0il meal.
J. biol. Chem. 178:543-548, 1949.

'y

Lvane, 2.J. and Tutts, ".A. Tnactivation of arino
acids by autoclaving. cience 109:569-571, 1949,

Lvans, R.J. Groschke, A.C. and Tutte, ".A. ODtudies
on the heat inactivation of cystine in soybean o0il
meal. Archs. Tiochem. Fiophye. 30:414-422, 1951,

¥vans, R.J. and St. John, J.L.. Tnfluence of
autoclaving dry pes2s on some properties of the
proteins. Cereal Chem. 25:377-385, 1948.

Twverson, (.J., Chang, J., Leonard, 5., Luh, .5

[ n
o)
=]
[o))

Simone, M. Aseptic canning of foods. 1II
thiamine retention as influenced by proceceing
methods, storage time and temperature and type of
container. Fd _Technol. 18:84-86, 1964.

Falconer, M,F., Fishwick, Y.J., Land D.C. and Sayer,
E.R. Carotene oxidation and off-flavour
development in dehydrated carrot. J. Sci Fd Agric.
15:897-901, 1964.




7.

78.

79.

80.

81.

82.

83.

85.

86.

281.

Farrer, ¥.T7.H. The thermal destruction of vitamin B1, in
vesetables.  ‘fustralinn J. Seil. 16:62-64, 1953,

I“zi,y,-rer, }‘ .T V.H . The t}\_erxlf_’il dfzf"tll"uction Oi. VitaI']j_n -‘[‘] ,in
foods. :dv. Fd Res. 6:257-311, 1935.

T o]

Teliciotti, ¥®s =nd lieseler, W.T". Therrmal destructi~-n

,
S )
raotes of t-iamine in pureed eonts and vegetnblec.

*d Technol. 11.:77-&4, 1957.

Flatz, C., Saengudorn, C.H., Sanguanbhokhai, T. Tactose

Intolerance in Thailand. Iature 221:758, 1969,

Fomon, S8.J. Infant nutrition. ?nrc ed. Philadelphin,

i

W.R. Tauncders, 1974.

Food Policy and lutrition Tiviecion., Food composition tables
ior use in uast isia. Rome, Wi, 1972.

o ~ A
el

Yorg, .F. A microbiologzical rmethor of ascessin © the
nutritional value of proteins. 2. The mmeasure.ent
of available methionine, leucine, ifvleucine, arginine,
histidine, tryvtophan and valire. Rr. J. liutr. l&:

A00-425, 1962,

“ora, J.%. The influence of 1 r dissolved oxygen in milk
on the stability ol some vitarins towards heatins and
cvrin - subsequent exposure to sunlisht. J. Dairy Res.

:izl_: PRLD4T ’ 1967.

IFord, J.+. DBome effects of p ocescing on nutritive value
in Protein in human nutrition. DTorter, J.W.C. and

Roll, B.A. (®Bditors). New York, Academic Press, 1973.

Ford, J.9., Forter, J.%.C., Thompson, S.Y., Toothill, dJ.
and X¥dwards-Webb, J. wnffect of ultra-high temperature
(UHT) processing and subsequent storage on the vitamin
content of milk. J. Dairy Res. 36:447-454, 1969.




87.

&8,

89.

91.

93.

94.

95.

282 .

¥ord, J.H. and Salter, D.II. Analysis of enzymically
digested food pnroteins by “ephadex-gel filtration.
sr. J. Nutr., 20:843-86G, 1966, (Fot seen)

raonkel, =.1., bvans, C.D. and Cooney, P.Ii. Autoxidation
of fats: Tocopherol oxidation in natural fats.
apric. Fd Chem. T7:438-441, 1959,

i 4 il

Freed, ¥., Brenner, 5. and %Wocicka, V.0. Prediction of
Thiamine and ascorbic acid stability in stored canned
foods. IFd Technol. 3:148-151, 1949.

IFritze, 1. 1lleat and nass exchnre during manufacture of

foodés on drum dryers. iide tnrke 25:244-249, 1973.

Fritz, J.¢., kramke, #.F, 2nd¢ Reed, C.4. EKEffect of heat
treatrent orn the biological value of soybeans.
Foult. fei. 26:657, 1947. ('ot scen)

Gtarret, m.R. Preciction of st-bility in pharmaceutical
preparations. II vitamin stobility in liquid multi-
vitamin preparations. J. Am. pharm. Ass.XI1V(3):
171-178, 1956.

tass, S.1. Linear progr=ammin ;. Fethods and application.
4th ed. lew York, [cGraw-!'ill Book Company, 1975.

Giddin;ss, G.G. and %ill, T..}'. Processing effects on
the lipid fractions and principal fatty acids of
blue crab muscle (callinectes sapidus). J. Fd Sci.
4¢:1127-1129, 1975.

Ginnette, L.F*., Graham, R.P., lliers, J.C. and Morgan,
A.l.dr. Tomato powder by foam-mat drying. Fd
Technol. 17:811-813, 1963.




SIe .

97.

98.

a9.

100,

101

102.

104.

233,

Bl 2

0leirm, ®.46., Tressler, D.¥. and euton, ¥, A4iscorbic acid,
thismin, riboflavin, anc¢ carotenc contents of
asparagus and spinnceh in the fres , stored and frozen
states, both before and after cookins., Id _Res. 9:

471-4S0, 1944, (I'ot seen)

fontzea, L. and “uizescu, P. Fatnral antinutritive
substances. in HFoodstufis an forage, Cwitzerland,

« Yarger, A.%., 1968. (Mot seen)

Goodingsg, DBD.0.3. The storasze behaviour of denydrated
feode, in Recent savance in food rcoien:
1, J. ané lawthorn, J. (Iditors), Butterworths,

c
J.onson, 1962,

rabowski, T., Tezaniecka, ¥. Contents ei some avnailable
amino acide in noulitry neat mubjected to different
neat treatmontes. oatepy obiaratwa. 1l:45-24,
1.9 \:,;. ("OJ_- ;1,)
Trahom, WK,"., Sart, 8., #@Yliws, 0. . 8n6 ['orgon,
I Jdr. Foerm-rment dryin citrus juices. Fd Technol.

-

Creaves, J.P. and Tollin/;sworth, D.¥. Thanses in the
ttern of carbohivdrate concumption in Britain.

Troc, Mutr. loc. 23:136, 1964, (Jot seen)

‘reenwood, D.%., Teaster, J.7., Jackson, J.l1. and
Fraybill, .12, DNetention or B vitumins in pork
luncheon meat. Industr. Bnong. Chem. 36:922-927, 1944,

Creenwood, D.A., Kraybill, H.H., Feaster, J.F. and
cackson, J.!. . Vitamin retention in processed meat.
Iffect of trermal procesein Industr. ¥ngne. Chen.,

365369-89€, 1944,

Guerrant, M.R., Vavich, NM.¢. and Dutcher, R.A. Influence
of time and temperature of storage on vitamin contents.
Ind. Engng. Chem. 37:1240-17473, 1945,




284 .

105. Guthrie, H.A. Infant feeding practices - a :redisvnosing
Tactor in hypertension. Am. J. clin. Jutr. 21:

iC6., iackle, L.R., Van kuren, J.P., “teinkraus, ¥E.l.,
Rawi, I.%. and liand, D.1'. Bffect of heat treatment
n nutritive value of soymilk protein fed toc weanling

rats. J. FA Sci. 20(4):773-7°8, 19%€5.

107 ifalevy, 5. and ‘fugcenheim, ¥, The blological availability

of heated wheat gluten-glucose mixtures. Archs,

N

“iochewn. “iophys. 44:°11-717, 1$5%. (Not seen)

108. Halstead, 5.RW., Valyasevi, A., Unpnivit, P. “tudies
of bladder stone direase in Thailand. V. Tdetary
habites and disea=e prevolence. Ar, J. clin., futr.

20:1352-1361, 1967,

1649, Loaedll, B.D,., Reynolds, L. Yeole, .Y. and uacy

Vinimal vitardn C reouvire ot ol artificinlly fed

infants. . J. Tiis, Child. 55:561, 1938, (7ot seen)

{—
=

0. Hapnmikainen, B,, Tiinivaara, I'.P. Tlestruction of
vitamin & in liver curin  nrocessing 1. Effect
of ascortic acid on destruction of vitamin
during cookin: 2nd mineing. Fleischwirtscnaft
54:1%6%=-1366, 1974, ("ot seen)

111. Hardy, M. Auckland Hospital, liew “ealand.

112. Harper, J.¢. and ‘/anninger, 1..A. Jr. Process
modeling ana optimization. 3 Optimization.
Fé_ Technol. 24:520-595, 1970.

113, Harris, R.:". Influence of storage 2nd processins on
the retention of vitamin ¥ in foods. Vitam. iorn.
20:603-619, 1962.




285.

114, Harris, R.2. and Von lLoesecke, H. Tutritionnl evaluation
o food processing. Iew York, John Jiley =nd Hons’

1960.

115, Heldman, D.R. Food proceas engireering. Connecticut,

The AYI Publishing Company, 1975.

116, ellendoorn, B.Y., Degroot, LBy, 1iill Dekker, I..F.,
“lump, P. ane Jillems, J.J.7. Hutritive value of

canned meals. J. Am. diet. iss. 58(5):434-441, 1971,

117. Henvy, ¥.%., Houston, J., Kon, Z.k. and Thompson, °.Y.
The effects of commercial processin: ard of storage
on sore nutritive properties of milk. Comparison of
full-cream sweetened conensed milk and of
evaporated wilk with tre original raw milk. J. Dairy

'z

Res. 13:329-339, 1944, (Yot seen)

118. lodze, J.B. and QOesran, K.il, Carvonydrates. Chapter 3
in Princinles of food science, part I

Penneme, O0.R. (¢itor). iew York, !arccl Dekker,
197¢.,
116, Modson, :.7. The nicotinic necid, pr:atothenic acidg,

choline and biotin content of frach, irridinted
evaporated andé dry milk. J. Futr. 26:137-142, 1945.
120. thare, M, and Y rebhe, 1.4, Viteomin ' renuirements of
human asdults: ‘n experimental study of vitamin A
depreciation in man. i ecic~1l research council
gspecial report series, llo.?64, Tondon, Her Najesty
Ytationary Office, 1949. (T ot seen)

1°1. TP Corporation, technical publications department.
Iinear programming system/113%0 (LP3/113%0) program
description. 2nd ed. 1971.



286.

122, Inglett, G.K., Caving, ".F., Kwolek, W.F. and Vall,
J.S. Using a computer to optimize cereal-based
food composition. Ceresl Sci. Today 14:69-74,
72-74, 1969.

123. Jelliffe, N.T'. The asgecemcent of the nutritional
statue of the community. FO monograph series

To. 3, "orld lealth Orzanisation, Geneva, 196C.

124 . Jensen, A. Tocopherol content of seaweed and ceaweed
meal 3. Influence of processing and storage on
the content of tocopherols, czrotenoids and
ascorbic acid in eeawveed mcal. J. Sci. Fd Leoric.

20:622-62€, 1969.

125. Joint FAOQ/WHO Euxpert (Grour. FRecuirements of 2scorbic
acid, vitamnin D, vitamin 1'12, folate and iron.
FAO nutrition meeting report series, ¥o. 47, Rome,

F‘lﬂi O/"'..[H O , 1 /14—/ r\

e

12¢. Joint FAQ/WIO Fxpert Group. “nergy and protein
reguircments.  FAD nutrition meeting report series
Mo. %2, Rome, FAQ/MWIO, 1971.

127. Joint FAQ/UNQ Brpert Grouwr. TFnergy end protein

requiremwents. FAD nulrition mceting report gceries
¥o. T2, Rome, FAO/WID, 1973.

2] Joint FAQ/ 110 Expert Croup. Requirements of vitenmin
I r :
L, thiamine, riboflavin and niscin. FAO nutrition
meeting report seriec, lNo. 41, Rome, FAQ/WHO, 19€7.

129. Joslyn, ¥.A, and Miller, J. 7" ffect of sugars on
oxidation of ascorbic acid. I. Kinetics of
auto-oxidation of ascorbic acid. Fd Res. 14:325-
595, 1949.




287 »

130. Karel, M., Fennema, C.R. and ITund, D.B. Principles
of food science, Yart II, Fhysical principlcs of

food preservation. Iliew York, liarcel Dekker, 1975.

13]. ¥arlin, R., Yours, C., ¥Yallier, C., lertoye, R.,
Rerry, K. and Forand, H. Irolnte content of mixed
milks, effect of severanl hnest treatment on folates,
$-12 amd B-6 in these nmilk. Internal “tschr.
Yitaminforsl. 39:359-%71, 19€Y. (lot seen)

132. Yaufmsn, V.¥., Wong, ¥., Taylor, D.¥. and Talburt, Y.I'.
Froblems in the production of towm=tn juice powder by
vacuun. FPd Technol. 9:120-17%, 1955,

13%. Tenrnedy, T.%. and ley, ¥.dJ. Studies on tle combined
eflect of gawra radiation andé conoking on the
nutritional value of fish. J. -“ci. Pd iAgric. 22:
146-148, 1471

1%34. TFTeuscnh, .7. Subcelinical malabsorption in Thailand., I
Intestinal absorption in Thai children. An., J. clin.
Yutr. 25:10€7-1066, 1972.

13%. Jeuseh, G.T., Proncale, P.d., Tiller, Li.H., Promadhat,
vV, nd Anderason, FLOAR. cquired lactose malabsorbtion

in Thai children. Pedatrics 43%8:540-545, 1969 (a),

136. i eousch, 6.7., Trovcale, ¥.J., Thavaramara, RB., Prinyvanont,
P., dnderson, P.R. and Bhamaranravathi, 17, Tactase
deficiency in Thailand: *“itect of prolonged lactose
feeding., m, J. clin. lutr. ?2:6%8-641, 1969 (b).

137. Yhaleque, . 8tudies on the preparation, processin: and

e
i

properties of soymilks. Pnalmerston "orth, ¥Wew 7ealand,

1971, Thesie (Ph.D) lassey University.



138,

!_I
Yl

140.

141.

142.

143.

144.

Yhan, ¥.1.7. and Fartell, 3.8, tetal ion and metal
chelate catalyzed oxidation of ascorwvic acid hy

molecular oxysen. 1. Cupric and ferric ion

catalyzed o-idation. J, 2w, Chem. Toc. £9:4

176-

4185, 1967. (ot seen)

anianasthiti, ., wupachaturas, P., lNekanandha,
'riiruaikapodh, V., Choopanys 'nd !eesuwan, V.
“trowth of infante and preschool cnildren. J. ved,
288, Thai. 56(2):68=-100, 19734,
Frnanjanasthiti, P., Wray, J.0. karly protein-ca2lorie
malnutrition in slum arens of bangskok municipality

1970-71. d. wed. dse., Thai. 57:557-366, 1974.

vineelln, J.K. and ceihrauch, J.i.. (omprehensive
evaluation o1 fatiy acids in Toods. V.
Unhydrogenated fats anc oils. J. Am. diet. Ass
68:(3):774-729, 1976.

r
“m
Jd

Yirk-0Othmer. Encyclopedia of chemricnl technology.
’nd ed. Vol. 5, Jew York, Interscience Fublisher,
19€4.

Llose, L.A., Jones, G.I. and ¥evold, E.l. Yitarnin

content ol noray-dried wiole e, Industr. =nenec.

Chem. 35:1203-1205, 1943. (Yot seen)

¥ okuroveceva, .G, =ffect of vitauwin C, P, B12 and
folic acid on resniration ¢ owidntive phosphory-
lation of the mitocondria ol tihie liver of rnts in
same forms of damage. [Futr, ibstr. Rev. 41:1971,
1970. (Not seen)




289-

145. Labuza, T.P. Xinetics of lipid oxidation in foods.
CRC Crit. Rev. Fd Technol. 2:355-4,05, 1971,

146. Labuza, T.P. #Hutrient loeces during drying and
storage of dehydrnted foode. CRC Crit. Rev. Wd
Technol. 2%:217-240, 1972.

147« lLamb, ¥.C., Lewis, L.D. and¢ ''hite, D.G. The nutritive
value of conced foode. The effsct of storare on
the asecorbic acid content of canned tomato juice

oné tomato paste. TFd “echnol. 5:269-275, 1951,

e Lang, . Tniluence of cooliing on foodstuffs. '1d
Rev. Mutr., Diet. "123266<317, 1970,

146G, Lawler, F.R. Foam-mat drying pgoec to work, ¥d Zngng.
34(2):65-£9, 19€2.

150 Lea, C.H. and Hannan, N.S. Otudies of the reasction
between proteins and reducing sugars in the dry
ctate. I The effect of activity of water, of ph
and of temperature on the primary reaction between
casein and glucose. Fiochin. biophys. Acta 3:
313-225, 1949. (N¥ot scen)

151. Lewig, J.S. An R/PUFA ratio of O.4 maintains normal

plasma tocopherol levels in growing children.
Fed. Proc. 28:758, 19€9. ('ot seen)

152. Long, C. Piochemist's handbhook, London, B and F.N,
Spon, 1961,

153, Lopes-tatas, A. and Fellers, C.R. Composition and
nutritive value of fresh, cooked and procecsed
swordfish. IFd Res. 13:387-396, 1948,

——— 0 e—



290.

154, Lund, D. Heat processing in Principles of food
gscience. II Physical principles of food
preservation., Karel, ., Fennema, O.R. and Lund,

D.B. (Editors), lNew York, Marcel Dekker, 1975,

155. Marriott, W.iI. Infent nutrition. 2nd ed. St. Louis,
C.V. Mosby, 1935.

156. Matinez, F. and Labuza, T.1. =.te of deterioration
of freecze-~dried salmon ¢ a function of relative
humidity. J. Fd Sci. 23:241-247, 19€8.

1= Mauron, J. Some current problems in protein nutrition.
In FProteine in humean nutrition. Porter, J.VW.G.
and Rolls, F.&. (Fditors), London, fcademic Tress,

1973.

\

—_
(@]
.

Mauron, J., Hottu, F., Tujord, ", and Fgli, R.MT. The
availebility of lysine, methionine and tryptophen
in condensed nilk and mill powcder. In vitro
digestion gtudies. ~Archs. LEiochem. Biophys. 59:

33-451, 1955.

159. Meredith, F.T1., Gaskins, .. and Dull, G.C. Amino
acid loegses in turnip greens during handling and
processing. J. Fd Sci. 3%9:€89-691, 1974.

160. lieyer, R.U., Myeinger, M.A. and Yodarski, L.A.
Pantothenic acid and vitamin B6 in beef.
J. Am. Diet. Ass. 54:122-125, 1969.

1Ko § Miller, C.F., Guadagni, D.G. and Kon, . Vitamin
retention in bean products: cooked, cenned and
instant bean powder. J. Td Sci. 38:493-495, 1973.



291.

162. rilier, RW.1., Hartley, .4, and Thomas, D.C.
‘vailability of asulphur =mino acids in protein foods.
4, ¥Efrect oi heat trentrent uvon the total arino
secid centent of cod muscle. Hr. J. lutr. 19:565-573,

1965,

167, Piristry of igriculture, Tnailand. ericul tural
statiatics o1 Thaill nd. o. 19, Han; kok, 1472.

1¢ca. Pinistry of “‘griculture, Thailind. ¥Fish market news.

Rang:kol, 1973.

165. tinistry of Agriculture, Thailand. Fonthly agricultural

economics news. Bangkok, 19773,

166. Tinistry of ‘psriculture, Thail-and. “eekly renort of
vrice ane market cituqation oi apricultural nroducts,

Brangkok, 1973.

185 . inistry of Public iealth, Tunilsand. ‘otification
prescribing baby food to be controlled food,
prescribing aquality or stencard, ~nd label ol baby
Tood, Wo. 18, “angkok, 1973.

leea., linistry of realth, Thailsnd. Hecormended daily

T
dietary allowirces. Pangxok, 19773.

[
o
\O

Finistry ot Public Zealth, Thailard., Statistical
report. Bangkok, 1968.

170. Ministry of Public !lealth, Thailand. Table for the

Thai food composition. Bangkok, 1970.

171. inistry of Public iiealth, Thailsand. The vital
statistics of Thailand. Rangkok, 1970.



292.

172. “oore, T., Sharman, T.!l. and 7ard, R.J. The
destruction of witamin * in Tlour by chlorine
diorxide. J. Tci. Fd_ icric. 8:97-104, 1957.

17%. owzan, A.F., Carl, 3.C., Humner, 0., Kidder, w8
Hammel, Mo and Peat, J.J . Vitamin losses in
commercially wnrocuced dehyarated vesetables,

cabbagce, potatoen,; ecarrots =znd onion. TFruit i'rod.
To 258207021, 1944. (Jlot zeen)

-

174. Tors, rL.E. Tymonrothirombinemic bleeding in a young

infart, ., J. M8, Child, 117:540, 1969. (ot seen)
175, “ulley, ¥M.V., " tunbo, C.1. =nd Punting, V. . Yineties

o thiamine de radation by hent. * new method for

studying reaction rate in model systems and food

nroducts °t hi:bh temperaturea. J. ¥d Tci., 40G:

G85-9883, 1975  (a).

176, ialley, X.o0!, #anbo, C.R. and Hunbing, W, inetics
of thiamine desradation by heat. “frect of »nii nd
form of the vitorin on its rate of destruction.

J. Pd Sed. 40:989-992, 1975 (b).

177, unsell, L.V., “trei htoff, ¥., Vender, R Orr, = J

“7ekeil, “.1., eonard, ! .i!., Richardson, I’.%, and
Toch, #.0., Zffect c¢f inrge-scale nethods of
preparation on the vitawrin conte:t of ifood. 3.

Cabbage. J. Am, Tdet. iss. 25:420-426, 1949.

178. l'uatakas, ¢.0,., Albrecht, v.J., hookwalter, G.V.,
i cthee, J.7., Kwolek, Y.¥. and ¢riffin, E.I1.. Jr.
“xtruder-processing; to inprove nutritional

quality, flavour and keeping quality of full-fat

soy flour. T4 Technol. 24:17°90-1296, 1970.




180,

18%.

1g6.

187.

188.

293,

'ational Economic =nd Social Yevelornment Board. hraft
on the youn: child study. Private communication.

Pl

Panckok, Thailand, 1973.

mationnl Feonomic =nd Nocial hevelopment Boaxrd., Private

communication. Tangkok, Thail-rd, 1973,

"ntional Research Council, oo« ~ne "utrition loord,

Nationnl itcademy of ficiences. IPecormended allowances.
Vtashingzton D.C., 1968,

Tational Htatisticeal Office, Thriland. Population and

hcusehold ceiisus 1970, Panskok, 1S72.

Yational Statistical 0ffice, Thail~end. Socio-ecoromic
]

survey II.®. 2511-2512. Bangkolk, 1969.

“ational Statistical Cffice, Thallsnd. Dtatistical

wearbook. To. 28, 1966-1967.
Teilands, J.B., fitrong, F.#M. and BElvehjem, C.%. The

nutritive value of canned foods. J. Iutr. 34:
63%~-643, 1947,

“echeim, R.C., Futrient cnones in Iood processing.

v current review. Fed. rroc. 5%(11):2267-2269, 1974.

Hoyes, R. %ehydaration procesgses Ior ceonvenience foods.

L,ondon, Noyes aevelopment corporation, 1969.

Wvmon, #.C. and Gortner, “.i. fiiacin, riboflavin, and
thiamin studies on dehydrated pork loaves. Fd Res.
12:77-86, 1948,



291

189. Csner, R.C. and Johnson, R.'. Tutritionazl chanses in
proteins durin | ecatine processin -, J. Pd Technol.

%:81-66, 1667,

4th ed.

TLEON Perry, J.ii. Cherical ensineers' handboo!

k.
lew York, TeGrau--ill beok company, 19673,

100 . seweiann, ., Tunell, R. nd dcensren, k. Chronic
vitemin A intoidication durin: the Tirst half year

ot life: description of ciases.  Acta paedisatr.

5
‘cind, 54:49, 14965, (liot seen)

G, Peteraon, R.W. and WYalton, J.17. The sauto-oxidation of

aacorbic acid. J. ‘m. chem. foc. $5:1212-1217, 194%.
(Mot seen)

193. Pike, I, ond Browr, +.T,. Mutrition: 'm integrated
shproaciti.  "ew York, John Wiley anc Gon, 1967,

194. Polansky, M- and Toepfer, F. T fitin B6 comnonents
in some meals, iTish, calry »rouucts and commercial
infant Tormulas. J. agric. "4 Chem. 17:1%94-13597,

1669,

195, Powie, “.D. 2nd Janmbert, ¥. 1utritive value of nroteins
in c¢anned navy beans., #d Technol. 18:111-11%, 1964,

196. Frice, 17.0., Bruce, G,E. and »¥n-el, R.VW. Copper,
monganese ~.nd zince balance in preadolescent girls.
A, J, clin., Nutr. 23%:258, 1970. (Nnt seen)

197. Haab, C.%.,, Iuh, B.5. and Schweigert, 8.3. Kffect of
heat processine on the retention of vitamin B6 in
lima beans. A research note. J. Fd Sci. 38:544-
545, 1973.



198.

1=~
\\O
O

200,

N
O
ol

204.

205 .

295 .

Rackis, J.J. “oybean trypsin inhibitors: their
inactivation during meal proccesing. Fd Technol.
20:1482-1484, 19¢é6.

Ramanujan, R.MN. ané Anantakrichnan, C.2. 95tability of
tocopherol in f-ts durin‘; storar~e and heating,

Indinn J. Mairy Hei. 11:179-184, 1958. (llot seen)

lao, I..l'. Sreenivas, H., Swaminathan, .., Carpenter,
¥.J. and torgan, C.B. The nutritionally available
inc and methionine of heated casein-glucose

i
mixtures. J. Sci. P4 ‘icric. 14:544-550, 1963.

Reeves, M.J. The effect of heat treztment on lysine
availability nd dye binding capacity of skim milk.
Palmerston Vorth, New “ealand, 1976, Thesis

(! asterate),  necey Univertity.

Rice, ®.W. and Beuk, J.". Reaction rates for the
decomvosition of thiamine in pork at various
cooxin_ tempe»atvres. 1'd llcs., 10:99-107, 1945.

Rice, H.HW., Peuws, J.7, ¢ “'ried, ¥.¢. Rffect of
cormercinl curin , emolin , storzyze and cooking
operations unon vitarin content of pork home.,

24 Nes. 12:230-246, 1947,

Rice, B.3. &nd Robinson, F.Y. Yitamin T'-complex studies
on dehydrated meats. Id Res. 2:97-99, 1944,
Richrdson, I,.R., ¥%ilkes, S. and Ritchey, S.dJ.
Comparative vitamin K activity of frozen irradiated
and heat-processed foods. J. Iutr. 73:369-373,
1961.



296.

206. Richardson, T. Enzymes. in Principles of food science,
part I, Tood Chemistry. Iennema, G.R. (BEditor) Vew
York, Marcel TDekker, 1976,

207. Robinson, C. ¥iber in the diet. Aim. J. clin., lutr,
4:268, 1956, (ot seen)

208, Rocripuez, 1..S., Iruvin, ".T.*. Conapectus of research
on vitarin & requirerentes o1 wen., J. Tutr. 102:

209, 1972. (ot seen)

209. R0lle, B.%. and Porter, J.7.G. “one cffects of processing

(]

and storase on the nutritive v-:lue of wilk ~nd milk

producte. Proc. “utr. “oc, 3°:G-1 , 1973,

210. Roro, I, Wiffect of time =»nd temvncrature of stora;e on
vitanin C retention in canned citrus juices. I'd Res.
Q:27-33, 1944,

211. Rossen, J.L. and !iller, R.C. ©rood extrusion. Fd
Pechnol. 27(8&):46-5%, 1973.

212. dackett, V.Y, Jr. Use of =solid foods early in infancy.
o.P 14:98, 1956, (Mot seen)

213, Salter, W.T. The c¢’enistry anc¢ physiology of the
thyroid hormone. in The hormones: physiolosy,
chemistry =and avplications. Vol.,2, Pincus, G. and
Thimann, ¥.Y., (iditor), Ilew York, Academic Press,
1950, (Yot seen)

214 . Sameon, A.S.8.J. ieat treatment of coconut meats and
coconut meals. J.,8ci. Pd MNeric, 22:312-316, 1971,

215. “cala, J. Iiber, the forgotten nutrient. Fd Technol.

28:34-36, 1974.



297.

216, schlage, C. anc ‘ortberg, B. lianganese in the diet of

healthy preschool and school children. Acta
Paedintr. Ccond. 61:648, 1972, (Wot seen)

207 . chroeder, MH.A. Tosses of vitemin and trace minerals
resulting from vroceesing snd vreserv2tion of foods.
Am, J. clin. Xutr, 24:562-572, 1971.

218, Schroeder, L..Jd., Iacobellis, i'. and Smith, 4.F.
Influence of he=t on the digestibility of meat
proteins. J. Tutr. 73:143%-150, 1961.

219. “chulz, J. and “nith, N.J. & sunantitative study of the
abcorption of food iron in infants and children.
‘vi, J. Dis. Child. 95:109, 1958, (ot seen)

220, Schweirmert, B."%; Tielsen, §., "eoIntire, J.¢. and
Blveniem, C.A. viotin content of meat and meat
argéucts., J. ¥ute. 26:65H, 1943.

221. Sevrell, Y.il,, Harris, R.3. The vitarnins, Vol. TI.

Yew Yorik, Academnic Press, 1971.

222. ‘elezneva, 7K. &sffect of vitamin C, P,Bl2 on scome
bhiochemicnl indices of ener v netavolism in the
liver of rats with acute experimental henatis.
Nutr, Abstr. Rev. 41:829, 1971. (Kot seen)

223, 3iebel, J.i¥. Snecific heat of variois products.
Tce Refrig. 2:256, 1892.

224. 3ille, V.8. Consumer report on canned and instant
baby food. JFood Technology Research Centre,

Palmerston North, Wew ‘ealand, 1976.

225. Sinzgh, R.P. FKinetics of quality degradation: ascorbic
acid oxidation in infant icrmula during storage.
J. Pd Sci. 41:304-308., 1976.



226.

227.

223.

229.

230.

235.

234,

298.

Singh, R.P. Helcdman, D.R. and Kirk, J.R. Kinetic
analysis of light-induced riboflavin loss in
whole milk. J. Fd Sci. 40:164-167, 1975.

Sistrunk, V.A. and Cash, J.MN. Ascorbic acid and
colour changes in summer sauach as influenced by
blanch, pH and other treatments. J. Fd Sci.

35:645-€48, 1970.

Stahlie, T.D. Some aspects of child health in
Thailand. J. trop. Med. Hyp. €4:79-87, 19€1.

Stigler, G.J. The cost of cubsictence. J. Fm Fcon.
27:303, 1945. (Mot seen)

Stumbo, C.R. A technique for studying recsistance of
bacterial espores to temperalure in the higher
range. Fd Technol. 2:228-240, 1948.

Sullivan, L.'., Luhbty, A.L. and Streiff, R.R.
Ctudies of the dalily requirement for folic acid in
infsnte and the etiology of folate deficiency in
goat's milk megalablistic anemia. Am. J. Clin.
Nutr. 13:311, 196€. (ot seen)

Sutherland, J.M. Glueck, KH.1. and Gleser, G.
Hemorrharic disease of the newborn. Am. J. Dis.
Child. 113%:524, 19¢7. (Not seen)

Tadeusz, ™. Influence of the production process on
the content of folic acid in fish meals. Med. Vet.
27:36-39, 1971. (Not seen)

Takeo, %. and Takatoshi, I. Changes of the milk
casein by various treatments. IV Changes of the
cascrein solution by heat treatment. Nippon Nogei
Kazaku Kaishi 41(4):130-134, 1967. (Not seen)




299.

235. Tentivongse, P. Rice fortification vroject renort.

Chiangmai, Thailand, 1969.

236. Teixeira, A.A., Dixon, J.2., Jalradnik, J.Y. and
“insmeister, .¥. Computer ontinization of

nutrient retertion in the fther 1l =mrocesein of

conauction-heated foods. 'd_Technol. 2%:845-849,
1969,
el . Tooley, P.J. and Tawrie, R.a. Hffect of deep fat

frying on the availability of lysine in fish
fillets. J. ™3 Technol. 9:247-253%, 1974.

238. Terrey, M. Dehydration of fruits 2nd vegetables.
- Y y
ew Jersey, Noyes data corporation, 1974.
239. Underwood, E.J. Trace elements in human and animal

natrition. Srd ed. New York, Acadenmic Press,
1971.

240. 7~2lyasevi, A., "enchakarn, V., Jhanamitta, 8. Aneria
in pregnant woman, infants :rd nreschool children
in Thailand. J. med. 3ss. Thai. 9%7:3%01-3%306, 1974.

241, Valyasevi, 4A,, Dhanamitta, 5. inmathibodi Hospital,
Fangkolk, Thailsnd.

242, Yalyasevi, A., Ealstend, S.%w., Tantuwatana, S. and
Tankayul, €. Studies of bladder stone diseasie in
Thailand. TIV. Dietary habits, nutritional intalke,
and infant feedinsg practices anong residents of a
hypo- 2nd hyperendemic area. An. J. clin. Nutr.
20:1%40-1751, 1967,

243, Van Arsdel, W.B., Copley, .J. and lorgan, A.I. Jr.
Food dehydration. 2nd ed. Vol,1, Connecticut, The
AVI publishing company, 1973.



244 .

246.

247,

245,

250.

251.

300.

Van Buren, J.P., “teinkraus, ¥.’., Hackler, L.R.,
Rawi, I.¥, and T'and, D.B, Tndices of protein
cuality in dried soymilks. J. ssric, Fd Chem,
12(6):524-528, 1964,

Yareln, G, Vidal, . and Zarorn, ', Influence of
thermal treoatriont on the avoilerhle arrino acid angd
]

. ysine conterts of peanut »nwotein. ~n. Rrometl.

22

323-329, 1

O

T .

VYarnish, §.A. ana Carpenter, I'.J. Hechanisms of neat
d=nmigse in proteins. 5. The nutritional values of
lieat-dama:sed @ni propionylated »roteins as sources
oF lyeine, mettionine and tryntophan., Br. J. Tutr.
34:325-337, 1975.

Villegas, A.M., Gonzalez, A. nd (Calderon, R.
wyaluation of sesame protein. Cereal Chem., 54:

T79-%65, 1668,

-y

Voinovich, C. nndé vieifer, V..'. “tability of ascorbic

acid in blends with whezt flour, CSM and infant

cereals, Cerenl xci. today 15:3%17-322, 1970.

hce, G.M. Natural “oxins,  in  Symposium on food
toxins. 1ooéd Technology tConference, Massey Univer-
eity, i'ew Zealand, 1970.

Walsh, D.%., Abeling, K.A. and Dick, J.W. A linear
prosramming approach to spasnetti processing.
Cereal Sci. Today 16:385-389, 1971.

Wanninger, T..A. Jr. Mathematical model predicts
stability of ascorbic acid in food products.
¥d Technol. 26(6):42-45, 1972.




25,

S

254

255.

256.

257.

258,

301.

Watanabe, A. Yinetics of the thermal decomposition of
thiamine hydrochloride in aaqueous solutions. J. ‘’harm,
y A e ———————— —

Soc. Japan 59:716-223, 1939. (Yot seen)

eissbercer, A. nd¢ Thomas, D.S. Jr. Cxidation nrocesses
“¥I. The aunto oxidation of #scorbic acid. J, m,

chem, Soc. 65:19%4-19%9, 1943, (Yot seen)

“litdowson, E.M. Absorntion nnd excretion of fat,
nitrozen, and rinerals from "filled" milks by
bakies one week o0ld. Lancet 2:1099-1105, 1965.
(¥ot seen)

Widdowson, %.¥., Chen, Y., Harrison, G.%. and lFilner,

R.0.0,. Accumulation of Cu, n, in, Cr and Co in the

human liver bel'ore birth. HBiologia Yeonat. 20:
SEQ, 1972. (Yot seen)

widdowson, M.M., ! cCane, H.A., liarrison, G.E. and
futton, A, Hifect of «ivin - nhosnhate sunplements
to Hreast-fed babies on avsorption and excretion of
calcium, etrontium, magnesinm snd phosphorus., Tarcet

2:1250, 1963, (Mot seen)

foodruif, C,W. iscorkic acid. 1n "~ uwirition. Teanton,
G.H. 2nd McFerry, w.W. (Wditors), “ew Vork, Acadenic

Prensg, 1964,

Yonez, ¥., PRallester, P. and l'onoso, . Effect of
drying temperature on quality of fish orotein.
J. Sci. ¥d Aesric. 21:426-428, 1970.

Not seen  The original was not seen and the contents of the

article were extracted from an abstract.



PERCENTAGE DISTRIBUTION GF WOFTHLY HOUSKECLD EXFERRITURE FOR FOCRE, GOQODS ARD SERVICES
EY RRECION I RURAL AWD TRFAN AREA. (183)

Region Recreation Medical & Tobacco Miscellaneous Food Food away Housing Clothes Transport

personal alcohol purchase &  from home

care expense prepare at

home
Urban Rural Urban Rural Urban Rural Urban Rural Urban Rural Urban Rural Urban Rural Urban Rural Urban Rural

Northeast 5.04 2.84 4.85 8.20 6.89 5.42 6.71 7.70 .43.16 41.39 9.9 4L.89 10.22 11.63 8.09 13.41 5.13 4.52
North 6.31 3.30 6.54 6.79 4.81 6.18 7.25 7.86 40.78 42.46 7.67 5.54 11.74  7.88 9.46 14.23 5.74 5.76
South 6.40 2.92 5.96 8.02 4.85 5.14 9.13 9.19 37.20 41.39 9.26 8.07 13.65 7.57 8.31 11.91 5.24 5.79
Central 1 5.29 3.78 5.43 7.33 5.77 5.19 €.94 9.65 41.42 42.76 12.42 6.80 9.70 8.58 £.93 9.97 6.66 5.94
Rangkok 7.46 5.52 5.31 5.30 4.89 5.38 7.49 5.75 33.83 42.79 12.48 10.26 13.21 10.48 7.74 7.65 7.65 6.87
whole kingdom 6.76 3.36 S.u4 7.45 5.18 5.48 7.48 8.51 36.55 42.14 11.18  6.29 12.40 9.16 8.12 12.07 6.89 5.54

*20%
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PRFAST FEEDING TFTOR INFAWT (O-1

APPENDIX 2

VEAR)

(179)

303.

Preast feeding for infant (0O-1 year)

(in pcrcentage)

All Rangkok Other
areas Middle Low Urbtan Rural
income income
Breast feeding: 100.0 100.0 100.0 100.0 100.0
-yes 8.4 en.5 90.0 78.9 92.3
-no 10.9 33.5 10.0 19.7 Tl
-no answer 0.7 - - 14 0.6
Duration: 100.0 100.0 100.0 100.0 "100.0
-less than 6 months 9.4 53.1 16.7 12.7 6ol
-between 6-12 months 15 15.6 15.8 14.0 12.9
-tetween 1-2 years 49.2 51 .8 48.1 €2.9 LE.8
-more than 2 years 22.1 - 16.6 8.6 26.7
-no ansver 5.9 - 2.8 1.8 7.5
Reason for weaning: 100.0 100.0 100.0 100.0 100.0
-not enough milk 7.7 23.1 22.1 bs3 5.8
-onget of new
pregnancy 16.5 12.5 8.4 10.4 19.6
-children grown up 37.1 15.6 B A L 4 36.6
-outside work 15.7 40.7 11.1 19.7 13.9
-bad health 3.6 ER S.4 5.0 2.9
-children stop 3,0 - 3.8 N 2.8
-others 5.2 - 1.8 8.4 5.0
-no answer 11,2 - 13.0 2.7 13.4




APPENDIX
COXSUKFER SURVEY FORM
English translation of Thai survey form.

1. Your last child age is

to 3 months L
3 - &€ months [:]
€ - 12 months [:]

2. For milk feeding, what agcs of your children do you

feed following milk

O

Age from to Do not use
Breast milk ® o 0 0 00 0 0 00 e o o 0 0 0 o
I\Illk pOWdeI‘ © o0 0 v 0 0 00 0 e 0o 00 0 0

Evaporated unsweetened

condensed milk Y. o e wREEE

Evaporated sweetened

condensed mnilk W% R e W S
Fresh pasteurized milk oo & aae cececne
Other kind of milk B S R Yy

3. Tf you do not use btreast fecding, where do you buy

Sl
milic product to uce

Market E]
Grocery D

Supermarket [:]

L., What did you feed your youngest child yesterday

]

Youngest child age Ereakfast Iiddle TLunch Middle Dinner

morning afternoon
to 3 months R 0 00000d SO 30 TR ¢ c oo o JE T o O
3-6 months E - - CEEx ‘B-8- X - X ifm- X -
6-12 months .- X AL« o olF, B EEl-8 B0
1-2 years — ‘B:-~=XE B--c-- Be:-H-: -6



5. How do you prepare solid food

305.

Birth-3 months 3-5 months €-12 months 1-2 years

Prepare
specially

Taking from

family meals

Sometimes prepare
specially,
sometimes taking
from family

meals

Prepare one

feeding each time

Prepare few feeding
eacn time and
keep to heat up

for next feeding

L]

L[

[]

]
]

L]

]
[]

O

[]

1
L]

[]

€. Do you have any difficulty in preparing solid food

yes no

L] L

7. Tn cage therec is

like it to be
Dried
Ready

Ready

not sure

]

do not know

L]

a convenient infant food, you would

product

to use canned product

to use bottled product

HRNRN

8. For the product that you are interested in question

7, how much would you prepared to buy for a day feeding

9. You would like the flavour to be

ngogd

bland

baht.

a little sweet

rather sweet

meaty flavour

others as



10.

appliance

11. Your
Housewi fe

Government

officer [j

12. Your

G

40-49 L]

13. Your

less than 500
500 - 1000
1000 - 2000
2000 - 3000
4000 - 5000
> 5000

and the colour to be

and the texture

Sccupa

age 1is

family monthly income is

baht
baht
baht
baht

baht
baht

In your houcehold, do you

]

HENRNEN

wher

O 0oL

cream or white
1lisht brown
light pink
lirht greenish

Nothere as

1 ready to feed

thick
medium

thin

others as eeeeees

have the following

L]

I
)
vion is
armer
“orking in
office | |
20-29 |
>u9 )

Oooood

refriFerator
thermos

do not have

usiness

“orking in

Loth

factory |_|

30-39

]
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APFENDIX &4

MARKET SURVEY FCORM

Information viere taken regar«ing following quections.

1. Type of food selling busine

G
)

88 i.e. groceries or
supermarket.

2. Type of bavy food i.e. can, hottle, dry rowder or

other.

4. Description of the baby food products in stock i.e.

brand name, description of product, type of package, size of

container and price of the rroduct.
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APPENDIX 5

THE THEAI NOTIFICATIOM OMN THE

QUALITY OF INFANT FOCD

By virtue of the provisions of Section 5 (1) (2) (4)

(8) and (9) of the Food Quality Control Act E.E. 2507 as

amended by Announcement of the Revolutionary Party MNo. 49

dated 138th January P.E. 2515, the Minister of Public Health

hereby issues a notification as follows:

1. Paby food shall be controllec food.

2. Baby food means food which is used in place of the

mother's milik for the beby from the date of birth to the age

of twelve months.

3%. The
(M)

(2)

(3)

(4)

(5)

(6)

(7)

general qguality or atandard of baby food shall:
not contain matter under the category of
hormone or anti-biotic

not be found to contain bacteri of the tyrpe
ecoli in 0.1 gram of taby food

contain not over 10,000 bacteri in 1 gram of
pacsturised baby food, or not over 1,000 bacteri
in 1 gram of sterilized baby food

have moisture content of not more than 8% of
the weight for powder food

be dissolved evenly for food which is for
drinking

give energy of not less than 350 kilocalories
per 100 grams of food, excluding the weight of
water

give energy of not less than 65 kilocalories
and not more than 70 kilocalories per 100 grams

of food which is liquid for drinking.
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L. The quality or standaerd of baby food in the volume
of food to give energy of 10C kilocalories for baby foocé to
feed baby from the time of birth sh211 contain:

(1) Reference protein of not less than 1.8 prans
and not more than 3.5 graws; as for other rrotcins eithe
vhole or part those proteinc chall hsve consumable value of
not less than 70% of the proteins of e, but all proteins
of such baby food wnen calculated in comparison with
reference protein snall not be lecc than 1.8 grame 2nd not
more than 3.5 grams.

(2) Fat of not lese than 2 grams and not more than
ly grams, anc fatty acid, linoleic type, of not less than
200 milligrams.

(%) Supgar of not less than 40% of all carkohydrate.

(4) Vitamins in the quantity as follows:

(a) Vitamin A not less than 250 internctional
units or 75 micrograms, calculated in retinol, or not less

than 450 microgremns, calculated in tetacarotein.

@) Vitsmam D not lees than €0 international
units
(¢) Vitamin B not less than 1 international

unit to 1 gran
of linoleic acid

(d) Vitamin K not less than 8 micrograms
(e) Vitamin C not less than 10 milligrams

(f) Vitamin B1 not less than 50 micrograms
(g) Vitamin L2 not less than 70 micrograms
(h) MNicotinamide not less than 500 micrograms
(i) Vitamin B6 not less than 50 micrograms

(j) Pantothynic

acid not less than 300 micrograms
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(k) Pholic acid not less than 4 micrograms
(1) PRiotine not less than 5 micrograms
(m) Vitamin E12 not less than 0.05 microcgram
(n) Kolin not less than 12 milligrams

(5) linerals in the ouantily as follows:

(a) Sodium not less than 20 milliprams,
and not over
80 milligrams

(b) Potassium not less than 80 milligrams,
and not over
200 milligrams

(c) Chloride not less than €0 milligrans,

and not over

150 milligrams

(d) Calcium not lese than 50 milligranms
(e) Thosphorus not less than 25 milligrems
(f) Magnesium not less than 6 milligrams
(g) Iron not less than 1 milligram
(h) TIodine not lesc than 5 microgranms
(1) Copper not less than 60 micrograms
(§y @ane not lese than 0.5 milligram
(k) Manganese not lcss than 0.2 millipram

However, the ratio of calcium to phosphorus shall
not be less than 1.2 and not over 2.0.

5. The quality or standard of baby food in the volume
of food to give energy of 100 kilocalories for baby food to
feed baby from three months o0ld and upwards shall contain:

(1) Reference protein of not less than 1.8 grams
and not more than 3.5 grams; as for other proteins either
whole or part those proteins shall have cénsumable value of
not less than 70% of the proteins of egg, but all proteins

of such baby food when calculated in comparison with
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reference protein shall not be less than 1.8 grams and not
more than 3.5 grams.

(2) Fatty acid, linoleic type, of not less than
200 milligrams.

(%) Sugar of not less than 20% of all carbohydrate.

(4) Vitamins in the quantity as follows:

(a) Vitamin A not less than 250 international

unite or 75 micrograms, calculated in retinol, or not less
then 450 micrograms, calculated in Ttetacarctein.

(b) Vitamin E not less than 1 international
unit per 1 gram

of linoleic acid
(c) Vitamin C not less than 10 milligranms
(d) Vitamin B1 not less than 50 micrograms
(e) Vitamin B2 not less than 70 micrograms

(5) Minerals in the guantity as follows:

(a) Sodium not over 80 milligrams
(b) Chloride not over 150 milligrams
(c) Calcium not less than 50 milligrams
(d) Iron not less than 1 milligram
(e) Iodine not less than 5 micrograms

The ratio of calcium to phosphorus shall not be less

than 1.2 and not over 2.0.

6. Baby food which is liquid shall have to go through
the process of pasturised or sterilized, as the case may be.

7. Pasturised baby food shall be kept in the
temperature of not over 10° centigrade and the period of
time for sale shall not be over two days from the date of
packing in the container for sale.

8« The container for baby shall:

(1) be properly sealed, clean and hygenic



(2) be sufficiently protected from moisture, if
used to contain powder food.

9. Baby food which has been brought or imported into
the ¥ingdom for sale, or manufactured for sgale or ecld
shall be labelled, ane such label shall contain 2t least
the following in clearly readable Thal language:

(1) "Raby food" in letters of not less than 9
millimeters in size, and stating the content that it is
uced for feeding baby from the date of birth or for feeding
baby from the age of three months upwards, as the case may
be.

(2) "Pasturised" or "Sterilized" for baby food which
hag been throush the process of preturised or sterilized, as
the case nay be.

(%) DMame and registration number of food.

(4) Name and address of vlace of manufacture.

(5) Net weipht or volume of food.

(6) Date of manufacture or code which has becn
registered with the Ninistry of Fublic lealth.

(7) Date of expiration for the age of use for
rasturised baby food.

(8) Volume of important ingredient in percentage of
welght or in units.

(9) Method of application.
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APFENDIX €

CODEX ALIMENTARIUS DRAFT STAMDARD

FOR TNFANT FORMULA

1. SCOPE

This standard applies to focd in liauid or powdered
form intended for use as a substitute for human millk in
meeting the normal nutritional recuircments of infznte. It
aleo appliees to those foods intended for infants with
special nutritional requirements, except with regard to

other provisions concerning these special requirements.

2o DESCRIPTION

251 Infant formula, wher in liocuid form, may be used
eitlier directly or diluted with water before feeding as
aprropriate. In powdered forwm it reaquires water for
rreparation,

2.2 The product shall be nutritionelly adequate to
promote normal growth and development when usec in accordance
vith its directions for use.

2.

N

The product ic so procesced by phyesical means only
and ©£0 packaged as to prevent spoilnge and contamination
under &11 normal conditions of handling, storage and

dietribution in the country where the product is sold.

5. DEFINITIONS

5.1 The term "infant" means a person not more than 12

months of age.

o The term '"calorie' means a kilocalorie or "large

calorie'" (1 kilojoule is equivalent to 0.239 kilocalories).

L. ESSENTIAL COMPOSITION AND QUALITY FACTORS
4.1 Essential Composition

Lelod Infant formula is a product based on milk of cows or
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other animals and/or on other edible constituente of animal,
including fish, or plant origin, which have been provecd to
be cuitable for infont feeding.

4.1.2 Infant formnule ¢hi~ll cont:in, per 100 available
celories (or 100 kilojoules) of intake, the following

mininum and maximum levels of vitamine

aveilable form, choline, protein, frt and linoleate:

(a) Vitanins Auvounts per 1050 Awmounts per 170
cther than #vi-ilakle calorier availatle kilojoules
vitamin K v . R o
e Minimum  Maximun Minimum  Maximum
Vitamin A 250 1.0. 750 T.9. 60 T.U. 120 T.1.

or 75 or 225 or 158 o 55
nce mcg mce mcg

exrresred expresced expressed expressed

as ae ac

retinol retinol retinol retinol
Vitamin D /1@ S £ 100 7.1, 10 T U, 26 LW,
Aecorbic acid 3 mg none 1.9 none
(Vitamin C) crecified cpecified
Thiamine LO mcg " 10 mcg "
(Vitamin F1)
Ritoflavin €0 mcg " 14 mcg "
(Vitamin F2)
Micotinamide 250 mcg i 60 mcg d
Vitemin Fé\l 35 mcg n 9 mcg U
Folic acid L4 mcg " 1 mcg L
Fantothenic 300 mcg . 70 mcg i
acld
Vitamin B12 0.15 mcg i 0.04 mcg it
Vitamin K1 L mcg = 1 mcg "

\l Formulae with a higher protein content than 1.8 g.protein/
100 calories should contain a minimum of 15 mcg vitamin B6
per gram of proteinm.
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Biotin 1.5 mcg none 0.4 mcg none
(Vitamin H) specified specified
(b) Vitemin E (v- - = - "
tocopherol
compounds)
minimumr of
1 L.0. per g
linoleic &acid
(¢) Minerals
Sodium (¥a) 20 mg €0 mg 5 mg 15 ng
Fotassium (K) 80 mg 200 ng 20 mg 50 ng
Chloride (C1l) 55 mg 150 mg 14 mg %5 mg
Calcium (Ca) * 50 mg none 12 mg none
specified specified
*
Fhosphorus (P) 25 mg i € ng Ul
Vegnesium (Mg) 6 ng " 1.4 mg "
Iron (Fe) 1 ng*™ " 0.25 mg** "
Iron (Fe) 0.15 mg i 0.04 mg i
Todine (I) 5 mcg " 1.2 mcg i
Copper (Cu) €0 mcg " 14 mcg U
7Zinc (Zn) 0.% ug n N0.12 mg "
Vanganese 5 mcg " 1.2 ncg "
(d) Choline 7 mg 1.7 mg
(e) 'rotein (per 100 available calories)\l
* The Ca:F ratio shall be not less than 1.2 and not more
than 2.0.
* %

This product is to be labelled Infant Formula with Iron.

Amounts per 100 available kilojoules: multiply all
fipures given per 100 available calories by 0.239.
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(i) Shall not be less than 1.3 g protein of nutritional
quality ecuivalent to that of casein or a grenter
cuantity of other protein in proportion to its
biological vazlue. The cguality of the protein shall
not be less then 85% of that of cacein. The total
quentity of protein =hall not te more than L g. The
minimum value set for quality and the mavinum for
quantity of the protein rm=sy be modified by national
authorities according to their own regulaticne and/
or local conditions.

(ii) ZIsolzted amino acids may be added to infent formule
only to improve its nutritional value for infants.
Fegential amino acide may be z2dded to improve
protein qguality, only in amounte neceesary for that
purpose. Only natural L forms of amino acides may be

used.

(f) Fat and Lincleate

The product shall contain linoleic acid (in the form of
rlycerides) at a level not less than 300 mg per 100
available calories (or 70 mg per 100 available kilojoules)
and fat at a level not less then %2.% g and not more than

6 g per 100 avnilable calories (or not less than 0.8 g
and not mcre than 1.5 g per 100 available kilojoules).

L.2 Optional Ingredients

L.2.1 In addition to the vitamins and minerale listed
under 4.1.2 (a), (b) and (c), other nutriente may be added
when required in order to provide nutrients ordinerily found
in human milk and to ensure that the formulation is suitable
as the sole source of nutrients of the infant.

L.,2.2 The usefulness of these nutrients shall be

scientifically shown.
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ko243 when any of these nutriente is added, the formula
shall contain significent amounts of these nutrients,
baced on levels in human milk.

Uya 3 Conesistency and Farticle Cize

Y'hen prepared according Lo the label directions for
ure, the product chall ke free cof lumps and of larsge coarce
paerticles and suitabtle for being fed through a2 soft rubber
or yplactic nipple.

iy 3l Purity Reculrements

All ingredients shsll be cleen, 2f good auality
&) b C. . [V ]

S
3]

ny

e 2and sultables {or ingestion by infanto. They ehnll
conforin with their normal quality reouirements, such as
colour, flavour and odour.

4e5 Specific FProhitition

The product and ite cormponents she2ll not heve been
trested by ienizing radiatiaon.

5. FOCD ADDITIYVES

(List of food additives to be ectablished).

€. CONT AV TRAATS
6.1 Teeticide Recsidues

The product shall be preparec with especial care under
good manufacturing practices, so that residues of those
pesticides which may be revguired in the production, storage
or processing of the raw materials or the finished food do
not remain, or, if tecnnically unavoidable, are reduced to
the maximum extent possible.

6.2 Other Contaminants

The product shall be free from residues of hormones
and antibiotics and practically free from other contaminants.

7 HYGTENE
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71 To the extent possible in good manufacturing practice
the product shall be free from objectionable matter.
7.2 When tested by appropriate methods of sampling and
examination the product:
(a) shall be free from pethogenic micro-organisms;
(b) shall not contain any subetances originating
from micro-orgenicms in amounts which mey
represent a hazard to he-~lth; and
(¢) &€hall not cont=in &ny other poisonous or
deleterious substencec in amounts which may
reprecent a hazard to health.
7.3 The product £hell be prepared, packed, and held under

gonitary conditions and should comply witn the Code of

Uygienic Practice for Toods for Infantc and Children (to be

prep: red by the Commitiee on Food Tiygiene).

8. FACKAGTNG
8.1 The product =shall be paciked in containers which will

gafeguard the hygienic and other qualities of the food.

When in liquid form the product shall be packed in
hermetically sealed containers; nitrogen and carbon dioxide
may be used as pacxing media.

6.2 The containers, including packaging materials, shall
be made only of substances which are safe and suitable for
their intended uses. ‘“here the Codex Alimentarius

Commicsion has established a standard for any such subelance

)
(&)
®
o}
o
t
o]
o

ackeging materials, that standard shall apply.

”

9. FILI, OF CONTATNER

In the case of products in ready-for-use form, the

fill of container shall be:

(i) not less than 80% v/v for products weighing
less than 150g (50z).
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(ii) not less than 8%% v/v for products in the
weight range 150-250 g (8 oz.); and

(iii) not lesc than 90% v/v for products weiphing
more than 250 g (8 oz.) of the water capacity
of the contziner. The water capacity of the
container is the volume of diestilled wzter at
20°C which the gealed container will hold
when completely filled.

10. LAPELLING
In addition to Sections 1, 2, 4 and € of the

Recommended International General Ztandard for the T.abelling

of vrepackaped TFoods (CAC/RS 1-19€9), the following specific

provisions apply (cubject to endorcement ty the Codex

Committee on Food Labelling):

10.1 The Name of the 7ood

18.1.1 The name of thce product entll ke either "Infant
Formula" or any apprropricte desipnation indicating the true
nature of the food, in accordance with national usage.

10.1.2 The sources of protein in the product shall te
clearly shown on the Label.

10.1.% If 90% or more of the protein is derived from whole
or sigitt milik, as such or with minor modification, the product
may be lzbelled "Infant "ormula based on “ilk".

10.1.4 A product which containse neither milk nor any milk

derivative may be labelled "free from milk and milk products'.

10.2 List of Ingredients

10.2.1 A complete list of ingredients shall be declared on
the label in descending order of proportion except that in

the case of added vitamins and added minerals, these

ingredients shall be arranged as separate groups for vitamins
and minerals, respectively, and within these groups the

vitamins and minerals need not to be listed in descending

order of proportion.



10.2.2 The specific and not the class name shall be
declared for ingredients of animal or nlent origin and for
food additives.

10.3 Declaration of Mutritive VYalue

The declaration of nutrition information shell
contain the follovwing information in the following corder:
10.%.1 The amount of energy, evnronced in celories (keal)
or kilogoules (kj), oand the number of grams of protein,
carbohydrate and fat rer 100 grame of the food as s0ld as
well as per specified cuantity of the food as cupgpcrted for
consumption.

10.%.2 The total cunntity of cech vitamin, mineral,

line and any opticnal ingredient as listed in pearagrasphs
L1 and 4.2 of thic standard per 100 grome of the {ood as
sold o2 well as per cvecified cuantity of the food as
supected for consumption. Tn addition, the declaration
per 100 calories (or per 100 kilojoulesg) is permitted.

N

vecial dietary claims are made that the food

3

10.4 If e

-

contains proteing, vitamine or minerels, the label st=2ll
aleo contain the following information: The amount per 100
grams Oof tne food as =0ld as well as per specified quantity
of the food as suggested for consumpticn of protein and

cach of the stated vitamins and minerals e¥pressed in
percentage of the recommended deily intake of the respective

nutrient.

10.5 Net Contents

The net contents of Infant Tormula shall be declared
by volume if it is in liquid forwm, or by weight if it ie in
powdered form. The declaration of weight or volume shall be

made in either the metric ("Systeme international" units)
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or in a system of meessurement as reauired by the country

in which the food is sold, or in both csystems

1

10.6 Name and Address

The name and address 0of the manufacturer, praclker,
distritutor, importer, exporter or vendor of the food shsll
be declared.

10.7 Country of Orirsin

10.7.1 The country of origin of the food sghall be declared
if ite omission would mislead or deceive the consunmer.
10.7.2 Vhen the food undergoes procecscineg in a second
country which chenges its noture, the country in which the
procecsing is performed shall be considered to be the
country of origin for the purpocers of Jabelling.

10.8 Lot Identificution

imch container shall te emlior sed or thervis
verasanently marked, in code or in clesr, to identify the

producing; factory and the lot.

10.9 Date kaking and Storape Tnstructions
10.5.1 "The date of manufacture or the dete of expiry shall

be declared in clear and which ever is used shall be
indicated.

10.9.2 Storage instructions shall appear on the label or
on the accompanying leaflet.

10.10 Information for Utilization

10.10.1 Directions as to the preparation and use of the food,
and its storage and keeping after the container hagc been
orened shall apyrear on the label or on the accompanying
leaflet.

10.10.2 Information that infants over six months of age
should receive csupplemental foode in addition to formula

shall appear on the label.
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Age months Weight Kg Weipht Kg Average weight
(Male) (Female)

At birth 3.12 5.01 5.07
1 L.65 L.L46 L.26
2 5.59 5.29 5.ll
3 6.3 5.61 5.98
L 6.5 €.56 6.53
> 7.56 ¢.80 7.18
€ 7.7 7.33 754
7 8.19 7.48 7.84
8 8.5 7.76 8.13
9 8.62 7.96 8.29
10 8.48 §.22 8.35

11-12 9.06 7.93 8.50
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SUMMARY OF LTNEAR PROGRAMMTING MODELS

I MUTRITION PROPLFMS
Year Author Area MNumber Number Nutrients
eIf of
foods nutrients
1945 Stigler® U.S.A 77 9 calories, protein, Ca,
Fe, vit A, thiamine,
riboflavin,niacin,
vit C
1959 Smith, V.E? U.S.A. 73 12 as Stigler
plus carbohydrate,
83 12 fat, P
572 12 included rectrictions
on foods
1961 Smith, P.ES U.S.A. 400 8  ag Stirler less
30 8 calories; plus vit. E.
4O 8
1961 Sukhatme?  “orld 10 3 calories, animal
food protein, vegetable
groups protein
19€4  Wirths et Germany 38+3 12 as Stigler plus total
al.® vitamin fat, vegetable fat
tablets and animal protein
1965 ‘Wirths et  Develop- 10 8 calories, protein,
al.f ing food animal protein,
nations groups isoleucine, lysine,
methionine,
threonine and
tryptophan
1966 de Moor Relgium Node 10 as Stigler plus fat
et al.b
1969 Hruby®  Czechoslovakia 16 1 as Stigler plus
food animal protein and

groups

fat
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1969 Inglett et general 6 ? protein, lysine,
i S-amino acids,
isoleucine,
threonine,
tryptorhan, valine
1971 Tatrick Frazil Nedd I o 20 N.ae.
et al.J
1
1671 Finto® Prazil n.a. n.a. included ecrential
amino acids
1972 Ceavins et general € 11 protein and 10
al.l escential amino
acids
a. Stigler, 0.J. The cost of cubzirtence. J. Fm Ycon.
27:303, 1045.
b. Swith, V.¥. Tinesr programiing models for the
) I £
determinetion of palatable human diets. J. "m Tcon.
lg272, 1959.
@. Smith, I'.¥. The diet problew revicited: a model for
convex economists. J. Fm Fcon. 43:70€, 19€1.
d. Sukhatme, P.V. The world's hunger and future needs of
food supplicsn. Jd. B. Ctatist. Soc. 124A:463%, 1961.
e. Ydrths, V., Pecher, A. and Prinz, . Versuche zur
Eerichnung von lMinimalkosten der menschlichen
11 . v . q
Ernrung nit i{ilfe der lLinearen Irogrammierung.
1 .
7. Frnahrwiss. 39:39, 19€l.
. - . . . "
f. “irths, V., TFecher, A. and lrinz, "'. Die ernahrung
. oo, " )
von entwicklungcfahigen Volkern als lineares
1
Entscheidungsmodellunter tesonderer Perucksichtigung
des Riweissberdarfer. Fer. Tendw. 43:5385, 19€5.
B De loor, A., Uendrikx, A., Verhelst, M. and vander

Tecken, J. let berekenen van de minimum kostprijs
voor een medisch en sociaasl verantwoorde voeding

door middel van lineaire programmering. Voeding

§2:125, 1966.
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Hrubf, J. Versuch zur Festimmung der optimal
empfohlenen T.ebensmittelmingen auf der Peelis der
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APPFMDIX 9

RECORDED AND FeTIMATED YRARLY TRODUCTION

OF RAW MATERIALS. (163)

Food raw asteriala Fotiaated

I 7ood rav eaterinls Froduction Fatimated
(tona) production (tons) production
(tona) (tone)
Frulte Ceroals; starchy roots, tuters nnd fruite, legumes, nut
Banana | common variety 1,410,310 - and cecds
Banana 2 dwar( 330,699 - Cashew nut - 11.96
Grape 89,457 - Caseava starch (21,2 -
Guava 76,392 = million babdt)
Lemon - 104.0 Cowpea dry - 119.6
Orange - 26.0 Coconut -
Orange, mandarine 760,814 - Muagbean, whole 169,826 -
Papaya - 104.0 ¥Yungbesn, starch - 29.9
Pineapple 474,209 & Peanut, rav with ghell 182,826 _
Watermelon 620,764 0 Peanut, dry and asbelled
Meats and poultry Figeon pea - 119.6
Peafl 4,667,000 - Rice black, glutinuous
Buffalo 87,165 & Rice browa
Chicken, matured 691,634 21,333.0 Rice flour
Chicken, young for export as Rice glutinuous, flour 13,270,000 -
Duck breeding only 2,666.0 Rice glutinuocus, milled
Liver, beef - Rice, milled and polished
Liver, chicken tnck, ahichen snd = s
Liver, duck awine production D 24,030 >
Liver, hog I8 Soybean 69,334 -
Eggs_and milk Soy‘bnn curd - 19.5
Eeg, hea - 4.8 atllion sgbesnjfions - 29.9
ege/day Sugar 17,900 =
Egg, duck - 2.5 sillgon Sweet potato
egg/day Sweet potato yellaw 205,791 -
Milk, cow whole = z;o Viestaiten
Skim, fluid - 4 . = 69.8
Milk, dry - ’ P ehuiveanh = 5.0
Skia, dry = l’ Cabbage 98,448 -
Fish and sellfish c.bb.-g', ckiness - 40.0
Anchovy* Cauliflour - 72.1
Catfish, fresh water® Collard - 100.1
Catfieh, sea Intor.' Cowpea, yurdlong - 80.1
Carp 12,223 - Goabean - 2.0
Dorab°® Ivygourd - 2.0
Eel 1,634 - Peas 7,746 -
Gouramy 11,152 - Mustard, green - 32.0
Rardtail 42.615 - Spouted mungbean - 7241
Mackerel, spanieh® Swanpcabbage - 20.0
Mackerel, stripe 166,308 - Bottle goard - 1.0
Milkfish® Carrot - 2.0
Mullet® Corn 1,938.2 -
Pravas, Cucumwber - 320.3
river, medium 4,058 - Egcplant - 80.1
Prawns, sea 129,623 - Mushroos - 4,0.0
Perch 8,458 - Puapkin - 200.0
Snapper® Radish 99,797 -
Serpeathead 20,232 L Soake gourd - 2.0
Squid® Sponge gourd - 80.0
¥ax gourd ~ 200.0
* Miscellaneous fish 822,055 . Tteato ™

27,527.0
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APIENDIX 10

LIST OF REFEREIICES FOR THE

FOOD COMPOSITIONS

Rooth, V.. and Bradford, I.I'. Tocortherol contente of
vegetables and fruits. Tr. J. 'lutr. 17:575-581, 19€3.

foweg, A, del. and Church, C.¥. ¥ood values of portions
comrmonly used. Philadelphie, J.7. Liprincott Company,

1966.

Browvn, F. The ectimation of vitamin E. 2. Quantitative
analysis of tocopncrol mixtures by paper chromatogsraphy.
The Fiochem. J. 52:523-526, 1952.

Furnell, R.U., Keating, J., Zuaresino, A. and Ferm, G.X¥.

f1pho — tocopherol content of foods. Am. J. Clin. Nutr.
W10 1068.

R . . L th
Chaney, M.S. and Ross,! .L. Tutrition. 3 ed. Foston,

Iloughton Mifflin Company, 1971.

Chilean TJodine Fducational Rurczu. Todine content of foods

London, Stone Houre lLishopgate, 1952.

Christie, W.W. and ¥Moore, J.i¥. The structures of adipoce
ticsue and hesrt murcle triglycerides in domestic
chicken. J. &ci. 74 Agric. 23:73-77, 1972.

Commonwealth FPureau of inimal Mutrition. Tables of the ammino
acide in foods and feedingstuffs. 214 ed. Technical

communication No.19. England, 1970.

Congunier and Food Xconomice Rescenrch Divicion. Fantothenic
acid, vitamin RE and vitamin 12 in foods. Home
economics recearch report, MNo.3%6, “ashington D.C., 17,5,
Government Printing Office, 19€9.

T

i!. and Glavind J. IXTII. Vitamin ¥ in the plant.
Piochem. J.32:485-487, 1938.

Tie
var,

Dam, ., Hjorth, E. and Kruse, I. On the determination of
vitamin K in chloroplast. Physiologia T1.1:379-381, 1948,

Edwardson, W. The design of nutritional products for a
developing country. Palmerston ¥orth, New Zealand, 1974.
Thesis (Ph.D), Massey University.



Fcod and Agriculturec Organizetion of the Inited Wetions.
Amino-acid content of foode and biological data on
proteins. FAO Mutritional £tudies, l'0.2L, Rome, 1270.

Food Tolicy a2nd ‘lutrition Divieion. Food composition
tables for use in Fiast Aeia., Rome, FAD, 1972.

Freeman, G.G. ECtudies on poteoreium nutrition of plants,
T. Wifectes of potrgcium concentration on growth =nd
mineral composition of vegetrble seeclinges in sond
culture. J. &ci. ¥Pd Agric. 13:171-176, 1967.

Gellierd, T. ILipids of potato tuberc. T. Tipid and fatty
aclic¢ composition of tubers from different varietiesr of
potato., J. Sci. I'd Agric. 24:(17-€22, 1973.

a8

Nopakunal, K. and Mair, M.R. TFatty acid composition of
i zht species of Tndian marine fish. J. Sci. Td Arric

25:1935-496, 1972,

-

'\)’D
i

Green, J.F., ~ondergsard, W. ané Drm, I'. TIntercellular
dictribution of vitrowin K in Leef liver. Riochim.

biophys. fActa 19:183=1E%, 195€.

Parrie, I'.Lio, Quife,  .T,, and Swancon, “.J. Vitamin E

content of foode. J. Mutr. 40:367-331, 1950,
Ferting, C.D. and Drury, ¥.F. Vitoswmin F content of
dove, W.L. and larris, ¥.l,. ilote on the linoleic =acid

tocopherol relationship in fate and oilse. J. Am. Nil

Chem. Soc. 28:450, 1951.

.

getobles oils and fate. J. Tutr. 81:335-342, 1963.

a2y, J.N., Rattapgool, P. and Hardy, R. Chubt mackerel of

ailand: A short study of its chemical composition,

cold storage and canning properties. J. Sci. Fd Agric.

23%:1359-13€8, 1972.

Kefford, J.K. Citrus fruits and processed citrus products

in human nutrition. W%W1ld Rev. Mutr. Diet. é}]97—2h9,
1966|

Kirk-Othmer. Encyclopedia of chemical technology. 2nd ed.

Vol.5. New York, Interscience Publisher, 1964.

Long, C. Biochemist's handbook. Tondon, E. and F.N. Sp
1961.

on,
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Lontoe, A.V., Gonzalez, O.%. anc¢ Dim~unshan, T.F. Tolic
acid content of some Philippine foode. Philipp. J. Sci.

95:311, 19€6.

LR

cCane, R.A. and “iddowson, F.!'. "The composition of foods.
Medlcal research council, specin] report sceries "o0.297.

T.ondon, ller Fajesty Stationary Office, 19€6€.
Fitchell, %.5., Rynbergen, ".7., Ancderson, L. and Ditble,
"« Coopers nutrition in health and disease. 15th eq,

London, Titman Medical Tubtlirhing Compsny, 1968.

Yonier-\'illiams, G.M. Trace elements in Toode. London,
Chapman and Hell, 1949.

National Recearch Council Committee on Animal Jiutrition.
Joint United States - Canadian tablee of food composition.
“ationsl recearch council publicstion, Mo.659, ''ashington

T A
D.C.,1959.

Wordby, H.E. and liggy, S. Comparative citrus fatty acid
vrofiles of triglycerides, moaogzlactoryl diglycericdecg,
sleryl ecters asnd e:terified steryl slucosides. Tiwrids
2:534-561, 1971.

Oliveira, Mwi,, {eplixi, W.¥., Magon, &, and Wair, F.D.

Dietribution of & tocophcrol in teef herirt mitocondria

Fiochim,. Yiopnys. fcta 180:99-113%, 19€9.

(Ousterman, J. Factors wnich influencec the amount and
avzilability of trace elemente in human food plants.
fual. Plant. Fl. Fdes., Hum. Tutr. 23:171-190, 1973.

Schroeder, ".A. loscres of vitamins and trace minerals
recsulting from procesesing and preservation of foods.
Am. J. Clin. Nutr. 24:562-573, 1971.

Schroeder, H.A., Neson, A.J., Tipton, T.H. and Ralassa, J.dJ.
Feeential trace metals in man: Manpanese. A gtudy in
homeostrasis. J. chron. Die. 19:545-571, 19€6€.

Schroeder, H.A., Nason, A.J., Tipton, T.1l. and Balassa, J.J.
Eecential trace metals in man : Copper. J. chron. Dis.

19:1107-1014, 19€6.

Schroeder, H.A., Mason, A.J., Tiypton, T.W. and Palassa, J.J.
Fscential trace metals in man: 7inc, reletion to
environmental. J. chron. Dis. 20:179-210, 19€7.
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Schuphegn, W. Food plant - fresh, prepsred, processed, in
relation to standards of living ond potentisl diseeses
of civilization. Cuel. Flant. - I'l. ¥d GHum, Nutr.
2Z:35=-7h, 1975.

Sebrell, W.ll. and larrie, R.S5. The vitsmins. Vol.DH,
Mew York, Academic Fress, 1967.

Smith, P.L. Vitemin P12, Fl. Tdc. ilum. Hutr, 2:€7-73,
1970.

Stensley, M.E. and Dasson, J.A. Industrial Fishery

Technology, Yew York, Reinhold Tublishing Corporstion, 1963.

Stoffel, W. and Ahrens, FE.H. The unsaturated fatty acidec
in menhaden body oil: The C18, C20 and C22 series.
J. Lipid Res. 1:159—1q6, 19€0.

=

Street, H.T., Kenyon, A.®. and "atson, %.M. The estimation

of free choline in plants. Piochem. J. 40:869-374, 1946,

Whitehezd, C.C. Linoleic 2cid contents of come Fritish
poultry. J. &£ci. Fd Agric. 23:1503%3-1507, 1972.

Winton, A.L.. and ¥Winton, K.F'. The ctructure and comuosition
of foode Vol. JII, MNew York, Joun “'iley & Son, 1937.

Woodroof, J.G. Composition and uce of peanuts in the diet.
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APTENDIX 11

RAY MATERTAT. COMFOSTTION TAPLES

A complete list of the nutrient composition data

1

uced for the application of the linear programming model

for the design of infent food is given. Compositional data

on each of the nutrients is included for 9€ raw materisle.

Compositionzl data is divided into 3% parts as

follows:
1. Cost, proximate analysis, vitamine and minerals.
2. Vitamins and minerals (continued).

3. Essential amino acicde.
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PART 1

FOOD 00ST  WEIGHT DRIED WEIGAT CALORIES PROTEIN = FAT CAREO- FIBRE CALCIUM DPHOS-  IRON  SODIMM POTASSITM RETINOL B-CARCTENE THIAMINE RIBOFLAVIN NIACIN ASCORBIC
HYDRATE THORUS ACID
BAHT/100G 100G G/100G  KCAL/100G G/100G G/100G G/100G G/100G ¥G/100G ¥G/100G 1G/100G ¥G/100G MG/100G MCG/100G MCG/100G  1G/100G MG/100G ¥G/100G 1'G/100G
AlCHOVY 2.4658 1.00 23.10 99.00  18.50 2.20  0.00 0.00 279.00 264.00 1,20 147.00  447.00 25.00 0.00 0.01 0.08 3.50 3.00
BAMEOO 0.7143 1.00 9.00 28.00 2.50. 0.30 5.30 1.20 17.00 47.00 0.90  6.00 402,00 0.00 15.00 0.11 0.09 0.60 9.00
BAKANAL . 0.4762 1.00 28.40 100,00 1.20 0.30 26.10 0.60 12.00 32,00 0.80  4.00 401.00 0.00  225.00 0.03 0.04 0.60  14.00
BAVANA2 0.9061 1.00 20.80 72.00 1.80 0,20 18.00 0.20 10.C0 24.00 1.30 1£.00 435.00 0.00 £0.00 0.03 0.04 0.60 8700
BZEF 3.5294 1.00 28.20 150.00 20.00 7.20 0.00 0.00 9.00 171.00  3.00 93.C0  489.00 15.00 5.00 0.07 0.34 6.70 0.00
BUSUAP 0.3158 1.00 8.50 28.00 1,90 0.40 5.60 1,00 75.00 49.00 1,20  2.00 196.00 0.00  323.00 0.05 0.10 0:60  1R:00
DO TILESD 0.2353 1.00 4.70 16.00 0.60 0.20 3.50 0.70 14,00 16.00 0.40  3.00 151.00 0.00 10,00 0.03 0.03 0.04  10.00
BUFFALO 3.5294 1.00 23,50 120,00  17.70 4.90  0.00 0.00 14.00 221.00  3.30 91.00 273.00 5.00 1.00 0.06  155.00 3.50. 0.00
CAB3AGE 0.4070 1.00 7.00 22,00 1.60 0.30 4.40 0.80 55.00 31,00 0.80 10.00 238.00 0.00  280.00 0.60 0.06 0.30  46.00
CABBAGEC 0.4069 1.00 5.80 17.00 1,70 0.20 3,10 0.70 102,00 46.00  2.60 22.00 279.00 0.00  2305.00 0.07 0.13 0.°0  53.00
CARB 1.9300 1.00 54.30 69.00  11.30 2.30 0.00 0.00 20,00 135.00  0.70 73.00 261,00 0.00 - 0.00 0.04 0.11 1.60 0.00
CARROT 2.6506 1.00 10.40 37.00 1.10 0.30 8,30 0.90 36.00 38.00 1.20 70.00  245.00 0.00  7000.00 0.06 0.05 0.70 8.00
CASIET 0.7000 1.00 96.00 568.00 18,00 46.30 28,70 0.60 28.00 462.00  3.60 26.00 420.00 0.00 5.00 0.25 0.34 2,40 1.00
CASSAVAS 0.4000 1.00 88.00 354.00 0.50 0.20 86.90 0.C0 0.00 ©0.00 0,00 11.00 926,00 0.00 0.00 0.00 0.00 0.00 0.00
CATFISHF 1.6320 1.00 21.90 98.00 18,20 2,20 0.00 0.00 34.00 116.00 0.20 63.00 440.00 85.00 0.00 0.10 0.04 2.20 3.00
CATFISHS 2.449  1.00 21.50 91.00  19.30 1.00 0.00 0.00 37.00 181.00  1.50 103.00  468.00 25.00 0.00 0.08 0.09 1.50 3.00
CAULIF 0.9167 1.00 9.50 29,00 2.80 0.20 5,70 ©0.90 30.00 50.00 1,00 20.00 349.00 0.00 55.00 0.07 0.08 0.70 7200
CTICKE! 2.6250 1.00 44.00 302.00  18.00 25.00 0.0C 0.00 14.00 200.00 1,50 46.00 407.00  170.00  145.00 0.08 0.16 8.00 0.00
CIICKETY 2.8000 1.00 28.50 151.00  20.20 7.20 0.00 0.00 14.00 200.00  1.50 46.C0  407.00 50.00 40.00 0.08 0.16 6.10 0.00
COCONUT 0.6000 1.00 48.30 312.00 3.20 28.20 16.00 3.00 23.00 112,00 2.50  7.00 555.00 0.00 0.00 0.05 0.03 0.60 3.00
CCLLARD 0.3378 1.00 11.00 35.00 3.00 0.40  6.80 1.20 230.00 56.00  2.00 42.00 490.00 0.00 270,00 0.10 0.13 0.40  93.00
corw 0.5405 1.CO 37.50 134.00 4.20 1.70 30.70 1.10 5.0 126.00  0.90  3.00 259.00 0.00  160.00 0.20 0.11 1.50 R.00
COTP EAD 0.5000 1.00 88.50 340.00  22.70 1.60 61.00 4.20 110,00 382.C0  6.50  6.00 688.00 0.00 10.00 0.59 0.22 2.30 1:00
CO"PEAYD 0.2273 1.00 11.70 37.00 3.00 0,20 7.9C 1.60 44.00 45.00 0.70  6.00 233.00 0.00  225.00 0.12 0.11 1.00  22.00
CLCI'BER 0.3346 1.00 3.80 12,00 0.60 0.10 2.70 0.50 21.00 ?24.00 0,40 13.CO0 154.00 0.00 85.00 0.03 0.04 0.20  11.C0
C1AB 1.5405 1.00 23.50 95.c0  21.00 0.60 0,00 0,00 97.00 278.00  1.10 128.00 235.00 25,00 0.00 0.04 0.06 6.60 3.00
DUCK 2.50C0 1.00 45.60 326.60  16.00 28.00 0,00 0.00 15,00 182.00 1.80 100.00  319.00 0.00 0.08 0.10 0.24 5.60 0.00
ESL 2.8571  1.00 18.00 77.00 16,50 0.70 0.00 0.00 30.00 93.00  3.30 116.C0 172.00 25,00 0.00 0.04 0.22 1.80 0.00
EROK 1.4%48 1.00 29.40 188.00  13.20 14.20 0,70 0.00 64,00 220.00  3.60 191.00 258.00  370.00  185.00 0.16 0.40 0.20 .00
joielelion 1.9318 1.00 26.30 163.00  12.90 11.50 C.80 0.00 61.00 222.00  3.20 158,00 176.00  500.00  170.00 0.10 0.40 0.10 0.00
EGTPLAT 0.3240 1.00 8.00 26.00 1.60 0.30 5.60 1.00 22.c0 37.00  0.90  7.00 221.00 0.00 50.00 0.0% 0.07 0.70 6.00
GIzzc=IC 3.6082 1.00 23.90 107.00 20.30 2.00 0.60 0.C0 28.00 15C.00 0.50 0.00 200.C0 0.00 0.00 0.05 0.22 5.10 0.00
GIZZDYCK 3.6082 1.CC 22.30 110.00 20.20 2.30 0.80 0.00 28,00 154.00 5.10 0,00 0.00 0.00 0.00 0.70 0.20 5.60 0.00
GOARY 0.3158 1.00 10.50 34.00 1.90 0.10 7.90 1.60 53.00 48,00 0.20  3.00 2C5.00 0.00  340.00 0:19 0.0R 1.C0 2100
COURY 2.1054 1.00 19.10 81.00 17.00 0.80 0.00 0.00 70.C0 177.00 2.30 72.00 27A8.00 295.00 65.00 0.05 0.19 2.00 0.00
GRAPE 1.9231 1.00 14.00 50.00 0.50 0.30° 12.80 ©0.90 9.C0 20.00 0.60 6.00 111.C0 0.00 50.00 0.10 0.06 0.20 4.00
GUAVA 0.4082 1.00 19.40 €9.00 1.00 0.40 17.30 5.60 15.00 24.00  0.70  4.00 291.00 0.00 75.00 0.05 0.04 1.10 132.00
HARDTAIL 1.7379 1.00 22.60 9%.00 19.80 1.60 0.00 0.00 45.00 14C.00  0.60 1C2.00  390.C0 25.00 0.00 . 0.07 0.13 6.00 3.00
HIARTSF 2.6804 1.00 21.90 122.00 14.40 5.80 1,00 0.00  7.00 147.00  4.80 £0.00  300.00 40.00 10.00 - 0.35 0.36 7.00 1.00
HEARTHOG 1.9231  1.00 23.10 123.00  315.20 5.90 1,20 0.00 26.00 169.00  3.00 0,00 134.00 25.00 5.00 © 0.36 0.71 5.40 1.00
IVYGOURD 0.6000 1,00 9.40 28.00 4.10 0.40 4.20 1,00 126.0C 30.00 4,60 38.00 461,00 0.00 10845.00 0.17 0.13 3.%0  4R.00
LENON 0.7463 1.00 9.60 28,00 0.70 0.80 7.60 0.70 32.00 19.00 0.30  4.00 137.00 0.00 15.00 0.04 0.02 0.10  50.00
LIVERBF 3.0928  1.CO 28.40 128.c0 19.00 3.10 5.00 0.00 7.00 310.00  8.7C 110.00 213.00 11850.00 2635.00 0.32 1.6R  12.,R0  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 8695.00 1930.00 0.36 1.92  10.00 7.00
LIVERDK 3.6082 1.00 30.30 168,00  16.90 9.70  2.20 0.00 14.C0 244.00  3.90 86.00 325.00 50C0.00 0.00 0.36 1.32  10.00 R,00
LIVERHOG 3.9175 1.00 28.10 131.00  19.90 4.10 0.40 0.00 8,00 361.00 14.40 110.00 447.00 3835.00  850.00 0.40 2,34 16.60  13.00
MACK 2.9231 1.00 22.60 103.00 18.50 2.70  0.00 0.00 20.00 224.00  1.30 70.00 471.00 10.00 0.00 0.07 0.17 6.60 0.00
MACKST 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 10,00 0.05 0.09 7.90 3.00
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PART 1
FOOD

MILKCOWVH
MILKDR
MILKFISH
MULLET
MUNGINST
NUNCETW
KUSTiR0O0N:
MUSTARDG
ORANGE
OGN
PAPAYA
FEANTT
PEANTUTDR
ZAS
PLRCH
PIAPPLE

=
TIGFE!

POKL
POATIRIV
PAVTS
PULFKIN
RADISH
RICEZL
RICED!
RICIX1O
RICZCLUF
RICESLUM
RICZTPO
RICITAXO

SUAPFER
SQYIX
SOYTICD
SCYL.F

© SRANIGEN

SPOCOURD
3GUID
SUCRNSE*
SWCAZZAG
SES1IPOP
SWIZTFOY
TCMATO
TANTLON
WAXGOURD

* gugar content 90.8 g/100g

QST
BAHT/100G

1.1110
5.0000
2.1739
3.3077
0.7000
0.4700
1.6484
0.6667
0.9375
0.8571
0.2778
0.3846
0.7000
2.1050
2.0860
o.;636
0.6204
3.9024
9.3910
12.0000
0.2990
0.2409
0.3500
0.4000
0.6000
0.7000
0.3500
0.3470
0.4240
2.7272
1.0660
5.0000
1.0000
0.2222
2.546
0.4500
1.2000
0.7500
0.2151
0.2532
0.1613
0.5000
0.4167
0.1724
0.1724
0.3723
0.2542
0.2111

WEIGHT DRIED WEIGHT

100G

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

G/100G

12.30
96.20
27.40
25.90
88.00
89.40
11.30

8,20
11.40
11,40
12.90
57.80
92.70
24.40
18.00
13.00
8%.50
49.90
21.00
20.80

8.10

7.00
87.90
86.50
88.20
91.20
86.10
88.20
87.60
18.00
94.20
95.80

9.00

5.70
22.10
£9.80
13.30
94.00

9.90

5.70
18.00
94.20
10.00
27.70
29.30

6.20

8.60

3.80

CALORIES PROTEIN

63.00
490.00
138.00
124.00
356.00
341.00

37.00

24.00

40.00

41.00

45.00
303.00
548.00

94.00

81.00

47.00
33%2.00
376.00

82.00

87.00

27.00

24.00
360.00
354.00
366.00
372.00
359.00
366.00
364.00

75.00
582.00
359.00

34.00

18.00

99.00
400.CC

63.00
429.00

30.00

19.00

75.00
389.00

30.00
10S.00
115.00

20.00

30.00

3.10
26.00
20.60
20,70

1.70
22.90

2.70

2.40

0.80

0.70

0.50
15.00
23.40

6.2
17.20

0.70
20.40
14.10
16.20
17.60

0.70

1,00

7.40

7.60

6.40

6.60

8.40

6.40

6.70
15.60
17.20
34.80

3.40

0.90
18.70
3%.10

7.90
29.80

4.20

1.10
15.30

1.10

2.70

1.00

1.20

1.20

0.80

FAT CARIO- FIBRE CALCIUM PIOS-
HYDRATE FHORUS
KCAL/100C G/100G G/100G G/100G G/100G }G/100G ¥G/100G
3.50 5.00 0.00 114,00 102.00
26,60 37.60 0.00 895.00 740.00
5.50 0.00 0,00 42,00 153.00
3.90 0.00 0.CO 56.00 203.00
0.30 85.40 0.00 35.00 43.00
1.20 61.80 4.40 105.CO0 330.00
0.90 5.70 0.90 8.00 103.00
0.40 4.30 1.00 160.00 48,00
0.20 9.90 0.40 21,00 20,00
0.20 10.20 0.30 26.00 14.00
0.10 11.80 0.50 24.00 22.00
19.40 21.80 1.10 56.00 245.00
45.30 21.60 2.10 58.00 357.00
0.40 16,90 2.40 32.00 102.00
0.00 0.00 0.00 70.00 177.00
0.30 11.60 0.50 17.00 12.00
1.20  63.40  4.40 103.00 224.00
35.00 0.00 0.00 8.00 151.00
1.30 0.40 0.00 161.00 292.00
0.90 0.90 0.CO 79.C0 184.00
0.20 6.60 0.80 24.00 33.00
0.10 5.30 1.00 27.00 30.CO
2,10 77.10 0.80 21.00 243.CO
1.80 76.00 0.70 16.00 245.00
0.80 80.60 0.30 24.00 135.00
0.40 82.70 0.30 12.00 148.00
1.60 75.40 0.50 16.00 130.00
0.80 80.40 0.30 24.00 135.00
1.00 79.30 0.60 7.00 135.00
0.50 0.00 0.00 20.00 58.00
52.80 19.80 5.40 750.00 614.00
1.00 52.00 0.00 120C.00 980.00
0.10 4.80 0.00 110.00 92.00
0.00 4.50 0.5¢ 19.¢0 34.00
2,10 0.00 0.CO 34.00 144.CO
17.70  32.00 4.20 226,00 546.00
4.10 0.40 0.10 150.00 104.00
19.50 39.90 3.80 1£9.00 540.00
0.20 5.00 0.90 15.00 71.00
0.20 4.00 1,00 2.00 30.00
0.80 0.70 0.CO0 15.00 194.00
0.30 90.80 0.00 0.00  72.00
0.40 5.60 1.10 60.00 42.00
0.30 25.60 0.80 21.00 50,00
0.30 27.10 0.80 36.00 56.00
0.30 4.20 0,70 .7.00 30.00
0.10 7.40 0.10 4,00 10.00
0.10 2,90 0.60 17.00 19.00

12.00

0.50

IRON

SODIUM PCTASSIUM

1G /100G ¥G/100G

0.10 36.00
0.90 380.00
1.10 80.00
1.40 69.00
1.30 7.00
7.10 6.00
1.00 12.00
2.70  24.00
0.30 2,00
0.20 1.00
0.70 4.00
2.10 4.00
2.20 5.00
1.20 6.00
2.30 73.00
0.50 2.00
4.90 26.00
2.10  45.00
2.20 418.00
1.60 185.00
0.70 8.00
0.40 27.00
3.40 11.00
2.80 5.00
1.90 5.00
0.80 4.00
1.20 3.00
1.90 5.00
1.20 2.00
0.70 73.00
12,00  49.c0
1.00 470.00
0.10 38.00
1.00 3.00
1.00 1200.00
8.50 6.00
2.20 12.00
7.50 340.00
1.20 7.00
0.70 3.00
1.00 176.00
5.80 14.00
2.50 44.00
0.20 31.00
0.90 36.00
0.60 4.00
0.70 6.00
0.40 5.00

RETINOL B-CAROTENE THIAMINE RIBOFLAVIN KIACTN ASCORBIC

¥G/100G MCG/100G MCG/100G

149.00
1330.00
3A1.00
485.00
5.00
1132.00
322.00
297.00
162.00
149.00
221.00
421.00
662,00
350.00
108,00
12%.00
654.00
400,00
316.00
333.00
350.00
227,00
288,00
202.00
241.00
84.00
282.00
241.00
200.00
10%.00
503.00
1745.00
149.00
123.00
373.00
1504.00
151.00
1660.00
222.00
154.00
266.00
324.00
469.00
210.00
304.00
235.00
86.00
111.00

35.00
210.00
65.00
45.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
295.00
0.00
0.00
0.00
25.00
20.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.Co
5.00
0.00
0.00
25.00
0.00
0.00
0.00
0.00
0.00
15.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00

20.00
180.00
120,00

0.00
0.00
55.00
0.00
1825.00
150.00
465.00
710.00
20.00
0.00
405.00

65.00

35,00
160.00

0.00
0.00
5.00
785.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
15.00
0.00
0.00
£10.00
0.00

10,00

0.CO

90.00

20.00
170.00
0.00
0.00
2865.00
35.00
1680.00
505.00
140.00
5.00

ACID

MG/100G  MG/100C WG/100G MG/100G
it :

0.04
0.20
0.10
0.07
0.00
0.53
0.10
0.06
0.07
0.90
0.03
0.97
1.00

a * o e
OO0OOFHHOWMOOHBAMONODOOWNIHNNHKHHHWWOOOO ™ o~

[eNeNeoNoNeoNoNeNoNoNoNoleNoNoNoNoNoNoNoNeNoNeNolsNeNoNoNeoRoNeoNele oo No]
WWANDEOVOOWWHOSNANAAESONWVOONOOBONWSE S OV W ©

0.14
1.00
0.10
0.15
0.00
0.26

OO0OO0OO0OO0OHHOOHFONHOHFAHHOOOOOOHFOOQH HNOKHEKEOO
WANEVNUVONO DEO0OANNHUNOAONO DI ANIINWES Dw araH woHwW ouns

OOOOOOOOOOOOOOOOD—‘OOOOOOOOOOOOOOOO_OOOOOO

0.20
0.80
5.80
4.60
0.00
2.50
4.80
0.R0
0.40
0.40
0.40
9.70
16.P0
2.P0
2.00
0.30
2.20
3.70
2.00
2.30
0.50
0.06
5.00
5.00
2.10
1.70
2.40
2.10
2.60
3.20
5.10
1510
0.10
0.70
4.70
2.20
0.40
2.00
0.R0
0.30
3.20
0.00
0.10
0.70
0.60
0.60
0.40
0.20

1.00
2.00
0.00
0.00
0.c0
4.00
3.00
73.00
43.00
42.00
73:00
11.00
0.00
27.00
0.00
2200
0.00
0.00
1.00
1.00
14.00
42.00
0.00
0.00
©.00
0.00
C.C0
0.C0
0.00
0.00
0.00
5.00
2,00
6.00
3.C0
0.00
0.00
€.00
18.00
10.00
0.00
0.00
47.00
21.00
30.00
23.00
6.00
20.00
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AKCHOVY
BALTX00
BANATAL
BLTAA2
BEZF
RISUAP
BOTTLEGD
BUSFFALD
CAB3AGE
CABZAGEC

CASIEY
CAS3AVAS
CATFISIHF
CATrISHS
CAVLIF
ClICKIIM
CHICK=Y
cceexur
COLLARD
CCRY
CONPEAD
CO."PEAYD
CLCLBER
DCRAB
DUCK

EEL
EGGDX
ECGHEN
SGOPLAST
GIZZCHIC
GIZIDICK
GOA3N
OO RALY
GRAPE
GUAVA
HARDTAIL
HEARTSF
HZARTHOG
IVYGOURD
Lo
LIVE3F
LIVIRCH
LIVERDK
LIVERHOG
MACK
MACKST

VITALIN

B6

%G,/100G

0.26
0.24
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PANTCTIIENIC

ACID

11G/100G

1.00
0.62
0.31
0.31
0.47
0.20
0.16
0.47
0.2

0.20
0.15
0.18
1.30
0.52
C.46
0.46
1.CO
0.85
1.00
0.33
0.21
0.58
1.20
0.20

.
=,
o

e o s e o o
HNoASHE DI P

o oA NNNJOONMNMN O
AP OO O0OOO30OO0

VITAT
B12
MCG/100C

6.30
0.00
0.00
0.00
1.40
0.00
0.00
1.40
0.00
0.00

1500.00

0.00
0.00
0.CO
3.40
2.50
0.00
0.40
0.40
0.00
0.00
0.00
0.00
0.COo
0.00
1.C0
0.40
1.C0
4.50
2.00
0.00
19.00
19.00
0.00
1.00
0.00
0.00
1.00

133.00

33.00
0.00
0.00

52.70

27.90

32.00

65.20
2.40
0.90

TOLIC

ACID

1:G/100G

0.012
0,007
0.009
0,009
0.006
0.027
0.005
0.010
0.046
0.019
0.001
0.008
0.077
0.024
0.015
0.015
0.060
0.003
0.00?
0.027
0.461
0.043
0.439
0.027
0.0C6
0.079
0.003
0.013
0.016
0.004
0.015
0.000
0.000
0.027
0.001
0.005
0.006
0.079
0.000
0.011
0.083
0.005
0.250
1.128
0.380
0.259
0.036
0.005

MAGIESIUM

:G/100G

38,00
88,00
41.00
41.00
28.00
23.00
14.00
28.00
17.00
17.08
30.00
15.00

131.00

4.00
38.00
27.00
22.00
29.00
29,00

160.00

19.00
15.00
53.00
23.00
15.00
38.00
2G.95
38.00
11.00
11.00
18.00
13.00
13.C0
23.00
38.00

6.60

8.00
38.00
19.00
13.C0
19.10
11.60
20.80
23.30
23.30
23.30
35.00
38.00

N
(o))
.

OO0 0000000000000 O0OO0O0OO0ODO00OO0OO0OOHOOHOOOOOWNOOOOOOOOOO

MANGAMLSE

3G/100G6

0.02
0.30

..........
—
oo
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NN OOOOOHOWNOONWIOIUWONMWWNNOWIOWVUOMNMNONNOOONHHNGIWN

D

aIne

%G/1005

0.50
1.10
0.20
0.20
2.20
0.12
0.70
2.20
0.50
0.18
0.50
0.15
3.50
0.20

MW) DAONNNOHAIO O

OO O0OO0OO0OO0O0ODODNNO ™XOO0

OO0OO0OO0O0OO0OHOOOWO OwWn

3.06

0.50

COFPrIR

14G/100G

199.00
190.00
200.00
200.00
160.00
130.00
0.12
160.00
160.00
230.00
100.00
80.00
310.00
100.00
199.00
199.00
140.0C
180.00
180.00
50.00
70.00
90.00
306.00
90.00
90.00
199.00
392.00
100.00
55.00
55.00
90.00
0.12
0.12
90.00
100.00
70.00
20.00
10€.00
280.00
285,00
230,00
260.00

1500.00

300.00
300.00
510.00
200.00
199.00

IODINE

14G/100G

0.40
2.80
8.90
8.90
2.30
1.00
0.53
2.30
2.00
21.00
73.40
7.00
2.10
3.00
2.00
42.00
12.00
1.40
1.40
2.10
9.40
0.50
2.30
1.50
0.50
73.40
1.40
80.00
9.59
10.83
0.50
0.00
0.00
1.50
73.40
0.50
1.00
8.00
7.30
15.00
8.40
2.60
6.30
1.00
1.80
12.00
40.00
53.00

LINOLEIC

ACID

17G/100G

44.46
0.00
0.00
0.00
290.00
0.00
0.00
290,00
0.00
0.00
16.10
0.00
0.00
50.70
44.46
20.30
0.C0
2920.00
860.00
1110.00
.00
901.00
0.00
0.00
0.00
12.10
6864.00
14.20
987.80
800.00
0.00
0.C0
0.C0
0.00
16.10
0.00
0.00
32.40
707.00
719.00
0.0C
240.00
1249.00
1429.00
1429.00
1429.00
140.00

42.60
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VITA'IN

I

1206 /100G

0.00
0.00
0.00
0.00
0.00

116.20
0.00
0.00

2320.00

4580:00
0.00

104.00
0.00
0.00
0.00
0.00

3R0€.00
0.00
0.00
0.00
4565.00
33.20
0.00

292,50
0.00
0.00
0.00
0.00

11.00
80.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
36.00
96.00
96.00
96.00
0.00
0.00

BIOTIN

1CG /100G

4.00
0.50
0.00
0.00
3.00
0.70
0.40
3.00
0.10
0.50
4.00
0.60
2.00
0.47
4.00
4.00
1.50
10.00
10.00
2.00
0.50
0.00
17.00
0.70
0.40
4.00
10.00
4.00
25.00
25.00
0.40
0.00
0.00
0.70
4.00
0.00
0.00
4.00
&,00
&.00
0.50
0.16

100.00

80.00
80,00
80,00
4.00
4.00

CROLTE

11G/100G

85.00
13.50
0.00
0.00
90.00
32.30
0.00
90.00
17.09
17.09
85,00
7.00
170.00
34.34
85.00
£5,00
15.00
92.00
92.00
66.4%
17.09
13.13
290.00
34.00
0.00
R5.00
92.00
R5,00
408,00
4R0.CO
0.00
0.00
0.00
39.90
85.00
0.0C
0.00
R5.00
17c.0¢
230.00
17.09
5.00
490,00
340.00
340.00
540.00
85.00
85.00

CFIQIDE

1G/1000

197:00
31.00
79:50
78.50
70.00
22.70
36:50
70.00
39,60
39.60

197.00
62:50
15.00
13:10
47.30

141.00
33.60
61.00
61.00

114.00
39.60

0.00
60.00
22,70
24.50

197.00
61.00
46.00

159.00

159.0C
61.c0

0.00

0.00
22,70

197.00

0.90

5.90

197.00

113.00

113.00
39.60

2.60

160.00

100.00

100.00

102.00
62.70
73.10

VITOTIY

PR

S
e e a0

oS
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R
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00000000000\108080080001'3

40.00
0.00
35.00
70.00
70.00
0.00
0.00
0.0C
0.00
40.00
0.00
0.00
4C.C0
0.00
0.00
0.00
0.CcOo
45,00
45.00
45.00
45.00

700.00
700.00
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MILKCQOWH
MILXKDR
MILKFISH
MULLET
MUNGBNST
AMONGINY
MUSHROCM
MTISTARDG
QORANGE
ORALCEM
PAFAYA
PEXLTUT
FEANTTDR
FEAS
PERCH
PIAPFLE
PIGPZA
POXL
PRANTTIV
PRAIS
FOLIRIN
RADISH
RICEBL
RICEBX
RICZF10
RICECLUF
RICZGLTM
RICZIFO
RICZTADD
SEEAD
SESALE
S<ILDR
SKTUTLU
51AGOURD
SUAPFER
SQYBA
SOYIICD
SOYRIF
SPNIGEN
SPOGCUT
SQUID
S7WCASBAG
ST FOP
SWYESTROY
TOMATO
WANZLON
WAXGOURD

VITAMIN

B6

¥G/100G

0.04
0.27
0.42
0.38
0.25
0.47
0.53
0.16
0.04
0.03
0.03
0.30
0.50
0.15
0.20
0.09
0.25
0.18
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PANTOTHENIC

ACID

MG/100G

0.30
2.40
0.53
0.72
2.50
2.50
0.21
0.21
0.25
0.22

0.22

2.80
4.49
0.82
0.15
0.15
1.50
0.86
0.21
0.21
0.40

0.55
1.10
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FOLIC

ACID

MG/100G

0.000
1.795
0.015
0.013
0.121
0.121
0.03

0.167
0.005
0.005
0.005
0.124
0.141
0.025
0.001
0.006
0.193
0.010
0,001
0.001
0.009
0.CG7
0.010
0.019
0.003
0.010
0.010
0,003
0.019
0.001
0.00

0.002
0.000
0.006
0.050
0.210
0.027
0.210
0.007
0.006
0.012
0.122
0.052
0.052
0.006
0.000
0.005

MAGNESTUM

G /100G

16.00
124.87
38.00
33,00
270.00
270.00
14.00
27.00
10.00
10.00
8.00
185.00
198.80
33.00
30.00
22.00
108.00
26.10
42.00
42.00
10.00
15.00
17.00
90.00
14.00
17.00
17.00
14,00
52.00
30.00
10.65
364.90
16.00
14.00
38.00
236.00
27.00
236.00
29.00
14.00
38.00
17.00
201.00
201,00
15.00
15.00
14.00

MANGANESE

¥G/100G

0.00
0.02
0.02
0.02
1.1
1.77
0.10
0.11
0.20
0.03
0.01
1.60
2.50
0.04
0.02
0.11
2.00
0.03
0.02
0.02

16.00

0.05
1.10
1.33
0.%0
1.10
1.10
0.90
1.33
0.02
1.77
0.02
0.C0
0.15
0.02
1.20
0.15
1.20
0.19
0.15
0.02
0.11

387.00
387.00

0.20
0.03
0.15
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COPPER

MG/100G

20.00
156.00
160.00
160.00
760,00
760,00

65.00
230.00

0.12

56.00

14.00
420.00
446.70
240.00
100.00
380.00
710.00

49.20

99.00
199.00
210.00
150.00
260.00

0.34
230.00
2€0.00
280.00
230.00
340.00
100.00
360.00
156.24

2C.00
122.00
100.00
300.00

39.00
300.00

83.60
122.00

20.90

70.00
260,00
260.00
190.00

70.00
122.00

IODINE

MG/100G

9.90
70.40
71.24
67.00

2.50

2.50
18.00

8.40

1.50

1.50

1.00

6.80

7.20

4.20
73.40

4.60

2.30

4.50

2.00

112.00

1.10
8.00
2.00
1.80
2.00
2.20
2.00
2.GC0
2.00
73.40
2.10
12.00
4.50
0.45
30.30
2.50
3.30
2.50
0.27

122.00

22.50
2.10
0.45
0.45
1.70
1.00
0.70

LIEQLYIC

ACID

¥G/100G6

105.00
798.00
111.60
79.10
900.00
900.00
0.00
0.00
60.00
60.00
0.00

6300.00
14711.00

0.00
16.10
0.00
0.00

3750.00

0.00
0.00
0.00
50.70
466.00
355.00

1770.00

81,00
350.00
1£0.00
220.00

16.10

16700.00

30.C0
3.00
0.00
42.60
900.00
214.00
900.00
0.00
0.00
16.20
0.00
50.70
50.70
0.00
0.00
0.00

VITALIN

E

10/100G

0.06
0.33
0.42
0.42
0.00
1.85
0.08
0.11
0.22
0.22
0.00
4.65

11.40

0.11
0.42
0.00
2.31
0.69
0.42
0.42
0.€0
0.05
0.38
0.95
0.00
0.38
0.38
0.38
0.3R
0.42

10.45

0.03
0.00
0.00
0.42

27.25

6.31

27.00

0.55
0.00
0.42
0.11
0.05
0.05
0.24
0.00
0.00

VITAMIN

K

8.30
0.00
0.00
0.00

207.00
20,750

0.00

3320.00

0.00
0.00

0.00

18.00
18.00
610.00

0.00
0.00

116.20

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.C0
0.00
0.00
0.00

207.50
4",05
207.50

0.00
0.00
0.00

4000.00
277.00
277.00
310.00

0.00
0.00

BIOTIN

MCG/100G  MCG/100G

2.00
13.00
4.00
4.00
2.60

207.50

17.00
0.50
1.00
1.00
0.00

17.00

18.00
0.50
4.00
0.00

17.00
4.00
4.00
4.00
0.40
C.A7
3.00
9.00
3.00
3.00
3.00
3.00

10.C0
4.00

17.00

16,00
2,00
0.40
4.00

17.96
2.70

17.90
0.50
0.40
4.00
0,50
0.47
0.47
1.20
3.60
0.40

CHOLINE  CHIORIDE

¥G/100G

15.00

117.00
85,00
85.00

280.00

280,00

0.00
17.09
5.C0
5.00
0.00

170.00

180.00
70.76
85.00

0.00
64.00

105.00
85.00
£5.00

0.00
0.00
90.00

100.00
90.00
90.00
20.00
90.00
90.00
85.00

132,40
10.C0

1.00
0.00

197.00

280.00
41.47

233.30
17.09

0.00
85,00
17.09
11.66
11.66

0.0C

0,00

0.00

MG/100G

98.00
784.00
197.00

39.58

1.R0
1.80
84.50
89,00
3.20
2.40
5.90
6.80
7.20
3R.00
197.00
0.00

60.00

49.00
500.00
500.00

36.50

20.00

27.00
130,00

27.00

27.00

27.00

27.00

27.00
197.00

1.R0

1130.00

102.00
36,50
197.00
1.80
0.50
0.45
31.00
36.50
197.00
39.60
20.00
20,00
51,00
45,00
36.50

VITAMIN
D
10/100G

1.00

12.00
720.00
720.00

0.00
0.00
0.00
0,00
0,00
0.00
0.00
0:00
0.00
0.00

40,00

0.00
0.00
0.00
0.00
0.00
0.n0
G.00
0.00
0.00
0.00
0.CO

R

“e .
OOOOOOOOOOOSO
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PART 3

FOOD

AlCHOVY
BAIBOO
DANANAL
BANANA
DELF
BN3N
BOTILEGD
BUFFALO
CABBAGE
CA33AGEC
CARB
CARRCT
CASIEY
Ci3GAVAS
CATFISHF
CATFISES
CAULIF
CHICKINM
CUICKENY
ocooIyT
COLLARD
CoRY
CC.PEAD
CO7PEAYD
CUCUTBER
DORAB
DUCK

BeL
ECGDK
PGAITEN
EGCPLANT
GIZZCIac
GIZZDUCK
GO\BN
COURANY
GRAFS
GUAVA
HARDTAIL

HEAXTHOG
IVYGQURD
LZZION
LIVERSEF
LIVERHOG
LIVERDK
LIVERCH
MACK
MACKST

ISOLTUCINE
¥G/G PROT.

338
210
110
110
3co
234
256
252
190
242
579
120
250
247
289
289
302
334
498
280
375
240
277
416
240
331
218
280
403
378
270
344
344
234
331

63
249
464
488
180
188
368
448
456
456
313
277

-4-200
400

450
413
780
468
561
390
505
575
510

547
380
577
577
432
505
130
146
379
581
498
380
328
598
583
575
575

425

497
492
220
387
170
428
374
310
575
539
380
506
417
330
510
510
344
575
140
292
501
622
615
320
219
501
492
438
438
719
539

HEIIIONINE
MG/G PROT.

229
71
36
36

140
81
94

142
89
36

362
38
56
83

231

231
99

157

155

110
56

110
65

187
67

181

196

170

450

192
71

141

141
81

181

210
10

151

220

244
34
94

211

199

163

163

194

152

CYSTINE
MG/G PROT,

62
52
42
42
5
53
63
67
130
0
108
30
69
90
7
77
500
82
81
110
65
150
T4
25
26
81
102
59
79
150
33
67
67
53
27
100
42
62
79
90
27
156
80
99
75
75
68
68

" PHEZYLALAKINE
MG/G PIOT.

2"
220
140
140
280
266
312
230
210

58
506
130
256
202
224
224
225
250
248
260
356
310
358
442
250
281
312
230
343
348
260
349
349
266
201
130
104
199
273
291
240
188
369
278
269
269
188
212

TYXSINE

1G/G PROT,

251
131
72
T2
220
209
231
177
33
0
434
82
125
60
207
207
38
209
207
167
81
140
183
192
210
225
261
260
269
240
240
201
201
209
225
110

194
217
228
200
266
227
212
188
182
224
224

THREOHING
MG/G PROT.

321
210
160
160
2P0
24
219
241
230

54
542
150
250
225
274
274
264
248
246
190
207
240
235
294
240
275
310
300
27
302
230
322
302
241
275
170
125
224
272
293
220
183
248
250
238
238
356
247

TRYPTCOFIAN

MG/G PROT.

83
64
72
72
69
63
67
59
3R
27
125
46
100
T2
168
61
86
64
63
130
75
46
76
63
58
61
80
58
106

VALINE
MG/G PDT.

366
260
170
170
340
306
400
262
230

76
633
190
369
262
404
4c4
347
318
314
350
325
340
2°4
302
340
337
398
360
464
437
320
306
396
306
337
170
156
344
326
350
240
172
440
356
313
313
338
413

AISTININE
¥G/G PTOT.

16R
100
420
420
220
147
13A8
220
110
110
362

A1
131
136
163
163
120
164
164
128
110
150
165
147
120
168
164
130
134
160
130
106
106
147
168
230

64
16R
179
1R2
120

64
1R5
166
119
119
220
220
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PART 3
FOOD

MILKOOWH
MILKDR
MILKFISH
VULLET
MUNGBNST
MUNGENW
VUSHROOM
MUSTARDG
ORANGE
ORANGEM
PAPAYA
PEANUT
PEANUTDR
PEAS
PERCH
PIAPPLE
PIGPEA
FORKL
PRAANRIV
PRAVNS
PUMPKIN
RADISH
RICEBL
RICEBRO
RICEFLO
RICEGLUP
RICECLUM
RICEMIPO
RICEPABO
SERHEAD
SESANE
SKINDR
SKINFLU
SNAGOURD
SNAPPER
SOYBN
SOYBNF
SOYINCD
SPMUNGBY
SFOGOURD
SQUID
SHCABBAG
SWEETTOP
SVESTROY
TOMATO
WAMELON
WAXGOURD

ISOLEUCINE
MG/G PROT.

320
398
375
310
257
257
140
242
180
180

63
201
201
360
881

94
419
507
245
245
150

40
188
285
277
188
188
27
306
850
293
418
320

56
319
290
290
261
256
256
314
190
250
250

81
200
256

LEUCINE
MG/G PROT.

590
581
626
550
439
439
230
296
170
170
146
350
350
510
1459
219
588
484
485
485
213
64
450
536
521
450
450
521
563
1408
4817
583
590
406
489
494
494
448
369
406
425
250
400
400
160
180
406

LYSINE
MG/G PROT.

480
550
639
670
586
586
280
148
330
330
292
210
210
450
1706
225
650
584
500
500
436
42
175
248
263
175
175
263
219
1647
196
559
480
300
603
391
391
333
500
300
491
260
260
260
190
640

METHIONINE
MG/G PROT.

150
275
220
200
125
125
29
36
94
94
10
58
58
25
550
47
169
220
159
159
145
11
56

CYSTINE
MG/G PROT.

50
20
86
85
31
31
33
70
75
75
42
58
58
71
165
63
44
74
T
T
330
12
81
104
76
81
81
67
100
159
62
24
50
69
80
&1l
81
78
25
69
87
65
76
76
8
20
69

PRENYLALANINE
¥G/G PROT.

280
313
328
260
344
344
130

58
230
230
104
261
261
200
171
156
419
248
253
253
184

42
194
344
338
194
194
338
350
744
338
312
280
312
256
34
341
321
288
312
229
170
260
260
150
160
312

TYROSINE
¥G/G PTOT.

350
299
274
240
152
152
120
115
130
130

42
156
156
220
660

63
225
234
198
198

81

48

94
295
172

94

94
172
200
637
219
286
350
231
249
165
165
169
281
231
222
130
300
300
190
120
231

THREONINE
MG/G PROT.

270
263
364
280
202
202
170

236
150

288
797
295
283
270
219
287
247
2417
170
300
219
205
210
310
310
120
280
219

TRYPTOPHAN
MG/G PTOT.

92
104
15
81
118
118
64
27
44
44
83
69
69
61
190
78
35
61
63
63
67
13
90
78
76
90
90
72
13
183
87
81
92
67
74
76
76
96
144
67
52
38
19
79
31
67
67

VALINE
MG/G PROT,

410
445
436
320
269
269
160

76
240
240
156
314
314
610
963
209
400
400
387
387
125

61
269
403
350
269
269
350
463
930
354
424
410
400
441
291
291
264
375
400
399
230
380
380

87
160
400

AISTIDINE
MG/G PROT.
160
191
168
200
181
181
84
110

138
221

191
144
138
103
110
120
120

86

64
138
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COLUMN

45
4
43
45
“2
43
“5
45
w2
“6
sl
46
44
46
43
46
«1
39
%0
w2
o7
o
39
36
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APPENDIX 12

ATBREVIATED NALNMES
ROWS ATD COTUL
YLE TWFANT Y SUMMARY
SUMMARY
AnCHOVY 42 BANBOUC
BEELF 43 BISNAF
CASEAGE 43 CABEAGEC
CASHEwW 32 CASSAVAS
CHICKENY 42 CHICKENM
CCHiN 45 CCwPEAD
DCRAB 41 DUCK
EGGHEN 41 EGCPLANT
GUABIN 45 GOURAMY
HARDTAIL 44 HEART&F
LEMUN 46 LIVERBF
L IVERHOG 45 YACK
MILKDR 45 MILKF]SH
MUNGRNW 41 MUSHROOWN,
ORANCEM 39 FPAPAYA
PERCH 40 PIAPPLE
PUMPKIN 46 RARISH
RICLFLC 4C RICEGLUF
RICEFABO 46 SERHEACL
SK IMDR 2p SNAGOGURD
SCYBCD 42 SPMUNGBN
SwCAEBBAG 43 SWEETFOP
wWAXGVURD 15 SUCRUEE
CAL 2C PROT
CA 3 P
K 1 RETINOL
RI1BO 1 NIA
PANTCA 1 vVITELl2
M 1 ZN
VITE 1 BIOTIN
VITD 2 1S0
METH 2 cYs
TRYF 2 TYR
L1nCA 1 VITK
PRAWNRIYV 34 PRAWNS
VITA
MAARY

CusT S6 WEIGHT
PRUT 95 FAT
CA 95 P
K 45 RETINGL
RIBU 94 NTA
PANTOA 51 vIiTBl2
AN 95 2N
VITE 87 BIOTIN
vITD 91 1sO
METH 91 cys
TRYP 91 TYR
LINCA 33 VITK
CALFRCTH 2 CALFATL
CHOSUL 2 CALDWT
CALVITOL 2 VIELINOL
CALTHIAL 2 CALRIECL
CALBl2L 2 CALPATCL
CALCHOL 2 CALNAL
CALKH 2 CALCLL
CALPKL 2 CALMGL
CALCUL 2 CALZNL
CAPH 2 DISC
DSULAA 3 DAROMAA
DVAL 2 DHIST
(GENAS) 3 CSULAA
CTRYP 2 CVAL
CALVITDH

US %D

17S

«C

EUVU NN = — == == N

w w

NWARNNRNDNNNNDNORNND NN N -

FOR

EANANAL
BOTTLEGD
CAkkb
CATFISHS
CuUCONUT
COwWPEAYD
EEL
GlzZZCHIC
GRAPE
HEARTROG
LIVERCH
MACKST
MULLET
MUSTARDG
PEANUT
F1GPEA
RICEBL
RICEGLUM
SESAME
SCYBh
SEOGOURD
TOMATC
vwEIGHT
FAT

FE
B-CARO
VITC
FOLIC

cu
CHOLINE
LEU

PHE

VAL
CATFISHF
SKNAPPER

CwT

CcHO

(=
B~CARO
vVITC
FCLIC
cu
CHOL I NE
LEV

PHE

VAL
SUGAR
CALFATH
VITA
CALVITKL
CALNTAL
CALFuULL
CALNAH
CALCLH
CALFEL
CALMNL
DLEU
DTHREO
clse
CAROMAA
CHIST

40
42
XA
43
Lu
40
65
33
39
43
45
45
45
43
43
40
41
40
41
46
45
41

EENNNN ==~ N~

s

NN NN NN NN

HANANA
BEUFFALO
CARROT
CAULIF
CCLLARD
CUCUMBER
EGGDK
Gl2ZCucCKk
GUAVA
IVYGOURD
LIVERCK
MILKCOWH
MUNGBNST
ORANGE
PEANUTDR
PORKL
RICEBRO
RICEMIPO
SKIMFLU
SOYBNF
SCuUlID
VAELCN
DT

CHO

NA

THIA
viTBeé

MG

1

cL

LYS
THRED
HIST
PEAS
SWEETPOY

CAL

FlB

NA

THIA
vIiTBG6

MG

I

cL

LS
THREOQO
HIST
CALPROTL
CALLINOL
CALVITAL
CALVITCL
CALBG6L
CALBIQTL
CALKL
CALCAL
CALIL
CAPL
DiLY'S
DTRYP
CLEUV
CTHREO
CALVITAH



APPEMDIX 13

THE

FOR DIFFERENT METHODS

EMPERATUR™S AND TIMNES

COTLECTED

OF DRYTNG

339.

Froduct type and detail

Time and

temperature

Re ference

T. Vacuum drying

Tomato Jjuice

Tomato Jjuice

Tomato juice at 46.1°
Prix, 1/8" depth on
tray - pulp removed

Tomato pulp

Orange Jjuice, with
pulp concentrated to
60° Brix

JI. Foan nmat dryinga

General product,

thickness 0.1 - 0.5mm

General product

Tomato juice at 30%
solid, 0.7% mono-
glyceride as
stabilizer, density

0.5 g/ml

Tomato juice at 30%
solid, 0.7% mono-

721°C for 1 hour

Shelf temperature at
105°C, product at 57-
77OC for 1 hour

Shelf temperature at
93°C, product L9-68°C
for 2 hours, pressure

at 2 mm g,

! o)
Shelf tewpercture 935 °C

for 1 hour

Shelf temperature at
0 X

93°C, product

temperature at 520C

for 4% minutes

66°C for few minutes

49-104°C at the
beginning and 49—710C
towards the end

77°C for 8 minutes
and 49% for 4 minutes

77OC for 1-2 minutes

glyceride as stabilizer

density 0.5 g/ml,
thickness 1/ 3

Copley et al.
1956 (52)
Kaufmnan et al.

1955 (132)

Moyes 1969 (187)

Yoyee 1969 (187)

Torrey 1974 (238)

Van Arsdel 1973
(243)

Yoyes 1969 (187)

Van Arsdel 1973
(243)

Van Arsdel 1973
(243)



Tomato juice at 30%
solid, sucroOse
dipelmitate as

stabilizer, deneity

0.y g/ml,

thiciness 1/4" 71°C for 90 minutes
thickuess 1/8" 82°C for 45 minutes
thickness 3/16" 727°C for (O minutes
thickness 1/4" 829C for €0 minutes
Tomato paste, 30% At 71°%¢ for 8 minutes
solid, glyceryl and relative humidity
monoctearate as at 5%

stabilizer, density
0.4 g/ml, final

moisture content 2%

Citrus juice In 3 stapes of drying
temperatures at 39,
77 and 5MOC for totel

time of 12 w=inutes

Orange juice, 59% Temperature range of
solid, soya bean 82-54°C for 12 minutec

rrotein as stabilizer
density 0.35 g/ml,
final wmoisture content

o/
/7

Banana paste, methocel At ?7OC for 2% hours
ac stabllizer, density
0.27 g/ml, thickness 1/4"

Fotato paste, glyceryl At 71°C for 60 minutes
monostearate as

stabilizer density

0.45 g/ml, thickness

176™

Potato paste, glyceryl At 71°C for 60 minutes
monostearate as

stabilizer, density
0.45 g/ml, thickness
1/8n

2p11 temperatures are air temperatures

51{.0 L]

Noyee 1969 (187)

Torrey 1974 (238)

Graham et al.
19€5 (100)

Torrey 1974 (238)

Torrey 1974 (238)

Torrey 1974 (238)

MNoyes 1969 (187)



IIT. Drum drying®

Orange Juice, 60° Prix,
godium carboxymetnyl

celluloce ag
gstelbilizer, thickness

1/10"

L)
o
(—“
:/
]
:.:
m
+
(@]

200%

'sturc content

Sweet potato, 106-2%9%

£0lide, final moisture

content 2-4%

Potato with fish, finel
.

moisture content =7

16-18%
solide, moisture

Iurp; n flake,

content

> o/
2-0%5

Cweet potato or
puspkin 207 solidsg,
finel moisture
5. 0%

content
L.o-

Cooked egg, with 20%
water

Fruit cereal baby food,
mixture of cereal
grain

flour, fruit,

sugar, milk, vegetable

0il; preferable solids at

25%, final moisture
content 2%

colids

At 112%

ceconds

for 10.°2

o)
149°C,
cteam
Y
At 159-162°C,
geconce,
7/ \JO w\f‘i

for 20
csteam at

0,

At I495C Tor 17
geconds stenm at
i P

At 124°C for 8, 12
& ot ' Y s A4S
1€, 20 secends
depcrnding on drun
clearance

LT 157 L steam at
70 pei

At 159%-162°
20 secondgs, st
75-30 psi

At 142°%,
4O psi

steam at

Range of steam at 30-
90 psi, preferable at
80 psi

3[{-] .

Torrey 1974 (2383)

Torrey 1974 (238)

frodel
(243)

Van

1975

Noyes (187)

18015 )

oyes 1969 (187)

1969 (187)

Moyes

Van frsdel 1973
(243)

Moyes 196G (187)

Torrey 1974 (238)



0
At 165°C for 30
food seconds

High protein baby

Uigh starch baby food At 153°C for 20

secondeg

She.

Chesswns (42)

Che

LN G

e

= (42)

a
All temperstures are drum temperatures
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APPENDIX 14

PRODUCT TEMPERATURES DURING VACUUM

DRYING OF TOMATO JUICE

Given by Kaufman et al. 1955

Time, minutes Temperature, °C
5 =15
10 =22
20 -22
30 -8.3
40 L.4
50 37.0
55 57.0
60 £0.0
65 77.0
70 £2.0
75 27.0

Given by loyes 1969

Time, minutes Tenperature, 1
10 1€
L5 49
65 63
90 €2

120 €8




AFPENDIX 15 344,

CONSUMER PANEL FORM

This is an infant food product designed to supply the
daily reczuirerment for Thai infant, nge from € months to one
year. The product as 2 dry povier 1g prepared by dicesolving
in hot water.

Pleage 100't and tacte the preprred product carefully
and give your opinion on the accertabhility of the colour,

cste and consistency by placing » tick (v ) in the sepace
besicde the opinion whicn is clorest to your own,
1. Ovinion of colour Comments on colour
____nmuch toocark
slightly dark
Just right
slightly pale
too pale

-

2. QOpinion of consliatency Comnents on concigtency
much too thick

slightly thick

just right

elightly thin

too thin

5. Opinion of taste Comments on taste

too sweet too ezlty
i . slightly
slightly sweet salty
just right
slightly bland
too bland

L. Take everything into consideration, what is your opinion on

_ highly acceptable the overall acceptability
_____ acceptable of the product.

____ Jjust acceptable

_____not quite acceptable

______ unacceptable

5. Any other comments
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APPENDIX 16

SCORING FOR THE MOTHRRS ' OPTHTOMS

The mothers tasted the product individually and
recorded their opinions and comments ou the forms. They
also discusscd the jroduct with the nanel organizer. 7o
Obtain an "average' opinion on the product, the opinions
on thne consumer panel form were given scores as =inown
below and the mean of the score was determined. This was
only meant ag an indication and in no way was statistical
accuracy assumed.,

The description on the form in Appendix 15 were
scored from 5 to 1, 5 being the top deccription and the
bottom description at 1. TFor example, the scoring of

colour opinion wag

Colour opinion Lcore
much too dark 5
slightly too dark L
just right 3
slightly pale 2

—

too pale

For overall acceptebility, "hignly ncceptable' was
scored at 5 ancd '"unacceptable" at 1.
The average scores were calculated and the "average

opinion" were taken from these scores.
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