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United States Organization Mission to Thailand. 



FOREWARD 

The executive board of the seminar on the Protein Food Promotion have agreed to divide the 
contributions into two parts. Part one consists of articles related to the topics in the seminar contributed 
by outstanding scientists from many countries, i.e. the United States, Japan, Indonesia, Netherlands, and 
etc, totalling more than fourty articles. With regard to the articles on works in Thailand the board has 
provided further information on the on-going projects and the budget available. This information occurs in 
the beginning of each article. Specifically, this project is the work of the Department of Health, Ministry 
of Public Health and the Institute of Food Research and Product Development, Kasetsart university, the 
Prime Minister's Office. The National Food and Nutrition Policy is printed at the end of the article. This 
policy became legal at the national level since October 27, 1970. Hence. it is clear that the government 
of Thailand is concerned obout food and nutrition of the nation. 

The middle section of part I contains technical information and are of great value to students 
and interested researchers of food science and technology and nutrition. 

The executive board are indebted to the scientists who have sent in their contributions. 
Because of the outstanding value of each article, the board found it impossible to exclude them. Hence, as 
you have seen already, Part I is quite large. This volume will also be a benefit to Thailand, a developing 
country, since valuable writings are scarce here. The contributor3 may be assured that their efforts have 
not been in vain. 

The value of this seminar is due to the kindness of the contributors who have spent their time 
and energy. The board would like to express its very sincere thanks to all of those who have contributed 
in one way or another. 

The Executive Board 
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- Dr. G.R. l)irnarco, Chairman 

I)epartment of Food Science 

Rutgers University. 

- Dr. Kalyan Bag+,hi 
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Government of India
 

Nirman Bhavan.
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4.2.1 11lflJ IJa111ht 2511 -2512
 

42.2fl 4Iflu UUl!r!! ILLf J1 1 2511--2512
 

4.2.2.1 Tank, milk holding 150 gallons.
 

4.2.2.2 Milk can, 10 gallons, stainless steel, with covey.
 

4.2.2.3 Farm Milk StorageTank, 200 gallons, rcfriqcratcd. stainless steel.
 

4.2 2.4 Plate Heat Exchanger.
 

4.2.2.5 Polyethylene tubing (for packing).
 

4.2.2.6 Scoops smoll, flat sottom.
 

4.2.2.7 Thermometer, dial 1-3/8, 0 . 220 F.
 

4.2.2.8 Thermometer, dial 1-3/8 , 50 -100 F.
 

4.2.2 9 Milk can carrier, 10 gallon type.
 

4.2.2.10 Rietz, Angle Disintegrator, stainless steel.
 

4.2.2.11 M'oyno pump, staiuless steel.
 

4.22.12 Frey, Stuffer (Sausage filling),
 

4.2.2.13 Mixer, I I1P.
 

4.2.2.14 Surge Tank.
 

4.2.2.15 Centrifugal pump.
 

4.2.2.16 Homogenizer.
 

4.2.2.17 Positive rotary pump
 

4.2.2.18 Sanitary pipes, etc
 

4.2.2.19 Tygon tuhing Formulation.
 

4.2 2.20 Hose Clamps.
 

4.2.2.21 Stainless tubing 3/8
 

4.2,2.22 Wrench forl.5 Sanitary pipe , fittings.
 

http:4.2,2.22
http:4.2.2.21
http:4.2.2.19
http:4.2.2.18
http:4.2.2.17
http:4.2.2.16
http:4.2.2.15
http:4.2.2.14
http:4.2.2.13
http:4.2.2.11
http:4.2.2.10


Kette Vacutun x'.pe capacity 50 gallons.
 

Combination Cooker Extiuder
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HOW THAILAND CLOSES THE PROTEIN GAP
 

Mr. Amara Bhumiratana
 

Institute of Food Research and Prociuct Development.
 

Thailand is one of the developing countries in Southeast Asia. The neigh

boring countries are Burma, Laos, Combodia, Malaysia, South Vietnam, North Vietnam
 

and Singapore. At present this group of countries is facing a great trouble of
 

being in an area of communist's invasion. Therefore it is a great problem in having
 

the countries developed and at the same time try to prevent the country from this
 

invasion of communist and not only from directly invading but also from "COLD WAR"
 

as well.
 

Thailand seems to be in a little bit better condition than her closest
 

neighboring countries but those outer ring neighbors such as Singapore, Philippines 

or Taiwan are still better than Thailand in comparison. In 1966, the total income
 

of Thailand is 78,753 million baht while the population is 31,508,000. From this
 
figure, the average income per capita per annual is about 2,500 baht or equivalent
 

to approximate $ 120.00 that is $ 10.00 per month. The Thais will spend 50% of 
their income for food expenditure only i.e. $ 5.00 per month. In this $ 5.00, $ 
2.00 will be spent for rice consumption (400 gm./day, 12 kg./month) and the other 
$ 3.00 left for other food consumption. We will obtain incomplete protein from 

this amount of rice consumed approx. 20 - 25 gin. daily and we will have to consume 

protein food from other sources using those $ 3.00 left. In common sense we mostly 

think of fish, chicken, pork and beef as sources of protein. These mentioned animals 

contain approx. 17 - 20% protein and the prices (as flesh) range from $ 0.60/kg. to 
$ 1.25/kg. Now you will clearly see that we cannot spend that $ 3.00 for protein 

food from animal sources. 

Everybody, rich or poor or of various races needs protein food. The 

Institute of Food Research 4nd Product Development, Kasetsart University, is under

taking the research on the protein food development with the objectives to provide
 

food of:
 

- low cost suitable for average income
 

- in the dietary pattern of rural Thais 

- high in nutrition value
 

- utilizing local raw material available
 

In order to reach the objectives, the Institute of Food Research and
 
Product Development, Kasetsart University, is co-operating with the Nutrition
 



Division, Department of Health. The Institute is acting as Food Plant which is
 

responsible for the development of protein food and the Nutrition Division, Depart

ment of Health is conducting the field trials to determine feeding values and accep
tability of the processed food supplements in some parts of the country mainly in
 

the northeastern and northern part. The Institute of Food Research and Product
 

Development itself is making some tests in the central part and having the extension
 

program for southern part next year.
 

PROBLEMS ON FOOD
 

Besides the problem due to low income, there is also another great problem
 

of the habit in food consumption. This habit is not at all easy to change. The
 

Institute is trying to produce new products to be utilized in daily food consumption
 
especially soymilk. For the past two or three years we have been improving our
 

process of soymilk and alow we are having a higher standard of acceptability. The
 

problem we have at the moment is only the requirement in more advisory education in
 

food consumption which we expect to request the co-operation from the Ministry of
 
Education and the Ministry of Public Health.
 

RAW MATERIAL USED
 

To obtain low cost protein food with nutritive value close to that of egg, 

the use of applied nutrition has very slow effect in the developing country and the 

unbalanced condition between the increase in expenditure (especially on food) and 
the income of people. From the statistics, in 1965 - 1968 (1965 = 100) there is 

20% increase in food expenditure and only 5% increase in other expenditures. Since 

we use up most of our income on food, it costs 10% increasing in average expenditure. 
From the annual report of the Bangkok Bank Ltd., the figures show that the Thais 
hardly have the increase in income for the past 6 years. Therefore to afford pro
tein food only from animal sources is not quite possible because of its high prices.
 

As for fish or other aquatic animals, the price is low only in the area of catching
 

and there is a lot of problems in transportation. Hence, the Institute of Food
 

Research and Product Development is aiming to utilize some following raw materizls:
 

- mungbean 

- soybean
 

- sesame 

- trash fishes
 

- mussel 



MUNGBEAN - Mungbean is one of an agricultural products of extensive
 
growing in Thailand because we have already had an industry to utilize all mungbean
 
available i.e. 
an industry of mungbean flour to be used in bakery and the production
 
of bean thread. The approximate 20% of protein content in mungbean is left useless
 
in this industry. It means 1/5 of mungbean production which is worth about 338.7
 
million baht (1966) a year was uselessly thrown away. Although the extracted pro
tein from mungbean has a low PER, the experiments on mixing with protein obtained
 

from other sources showed quite a satisfactory result. Mungbean is easy to grow 
and thus it% production is quite popular. Its production ranks fourthly among the
 

principal crops of Thailand i.e.
 

- rice 

- maize 

- cassava
 

- mungbean
 

SOYBEAN - Thailand is rapidly increasing the production of soybean. This 
is because the Thais used to consume a long time and just to thelard for turn 
consumption of vegetable oil a few years ago. Soybean is consumed as raw and not 
much as oil extraction. The production of vegetable oil at present is only at the
 
beginning and mostly kapok oil, cotton seed oil and rice bran oil.
 

The experiments show that soybean is not only a main source of vegetable
 

oil but also the main source of protein of low cost. We are very pleased that the
 
Thai Government by the Department of Agriculture has signed the contract with the 
Government of Japan to start the soybean production project.
 

In corporation with this project, the Institute of Food Research and
 
Product Development has begun to use soybean as a source of protein food such as 

1. Soymilk - using the process of Mysore's together with that of
 

Cornell's. Methionine is also added. 
The acceptability,
 

both adults and children, is quite good. The Institute
 

is also producing evaporated soymilk to solve the problem
 

in transportation upcountry.
 

2. Full-Fat Soy Flour -
The process is quite close to that of Peoria's.
 

The Institute can produce good quality of full

fat soy flour of PER 2.03 (ANRC Casein 2.50) 

and using this flour to make desserts such as
 

Cookies Kaset of PER 2.39 (Casein 2.50). We
 

also use this flour as one of raw materials in 



3. Defatted Soy Flour 

the preparation of Thai food.
 

- We have no equipment for the process of defatted
 
soy flour but we are fortunate to have defatted
 
soy flour from UNICEF through Department of
 
Health so we are able to use it in many experi
ments of our protein rice food production e.g.
 
3.1 Instant Noodle 
- using local wheat flour
 

and defatted soy flour.
 
3.2 Protein Extraction.
 

3.3 Baby Food  by mixing defatted soy flour
 
with rice germ. 
PER is 2.54 (Casein 2.50).
 

3.4 Meatless Meat or Kaset Protein This
-

product consists of protein from mungbean,
 
soybean, fish protein concentrate (not
 
used in some formula) with the addition of
 
some amino acids and calcium phosphate.
 
We have, up till now, 16 formulas of Kaset
 
Protein. The analysis shown PER of Kaset
 
Protein Formula 9 
= 2.14 and of Formula 10
 
= 2.21 with the digestibility as high as
 
97%. 
 At present we have already prepared
 
30 menus of food in the dietary pattern of 
rural Thai and the acceptability is quite
 
satisfactory. 
Kaset Protein produced has
 
been used to feed 2,500 children in 4
 
cities of Thailand namely Chiengmai, Roi-et, 
Prae and Ubol for two successive years.
 
The growth development in weight and height
 
is good but the I.Q. measurement has not
 
yet been tested. There is also lunch
 
program for school chiidren attending the 
schools nearby at the price of 5 cents per 
head, protein containing approx. 25 - 30
 
gm./meal. 
The percentage of acceptability
 
is 95 (total number of children 400). The 
Institute intend to continue and extend
 



this program if possible.
 

Those remain to be done at present are the extension and evaluation of the program
 
to propose to the government in order to obtain the project for the nation as 
a
 

whole.
 



INTRODUCTION
 

Mr. Chairman, Ladies and Gentlemen, first of all may I say it is a great
honour for me to have an opportunity to join this third international congress of
food science and technology and to present this 
lecture. 
On behalf of the Institute
of Food Research and Product Development, Kasetsart University, I wish to thank you
all for coming to this lecture titled "HOW THAILAND CLOSES THE PROTEIN GAP" 
 This
lecture is a part of our work being done at the Institute in the past few years and
I intend to present it today so that all of you who are experts in this field of
Food Science and Technology can give the criticisms and valuable advices which will
be of great assistance to 
our work or our nation as 
a whole and also to other deve
loping countries in Southeast Asia.
 

I will give the lecture and show the slides at the same time. 
A picture

will be of better understanding than 100 words of explanation.
 

SLIDE 1, 2
If this part of work has any good, I wish to pass it through the University of California, Davis and also every professor in the Department of Food Science

and Technology. 
Without the academic training obtained from'the University I
wouldn't be able to present this lecture now. 
The Thai customs' of.ours 
have taught
us 
to be grateful to our teachers and to pay them the respect as 
if they are our
 
second parents.
 

SLIDE 3

Thailand is 
one of the countries in Southeast Asia. 
She is situated in
the area which is well known as 
"'%o]den Peninsula". Th-. surrounded neighboring


countries 
are Burma, Laos, Cambodia and Malaysia with the outer ring neighbors such
as 
North Vietnam, South Vietnam and Singapore. These countries 
are in the political
area of troubles and have to face 
a lot of problems risen from this besides having

themselves developed at the same time.
 

SLIDE 4
 
Thailand is as 
big as 
Spain or only close to the area of the Texas State.
She has the total area of 514,000 sq. kms. and is divided into 4 geographical parts:


northern, southern, central and northeastern.
 



SLIDE 5
 

Problems.
 

SLIDE 6, 7, 8, 9, 10
 
This is the pictures of baby at weaning stage, preschool children, school
 

children and adults who are facing the problems of malnutrition. It is one of a
 

great problems that Thailand has to find the solution for it urgently.
 

SLIDE 11
 

But why?
 

Why we are having such a problem?
 

SLIDE 12
 

In 1960, Thai population was 26,257,916 giving the average density per
 
square kilometer of about 51 which is equivalent to density of the world population.
 

In 1969, we have the population of 34,738,000 and it is expected that in
 

the year 2000 we will accommodate 70,000,000 people.
 

SLIDE 13
 
This is because one Thai family has about 6 members.
 

The Thai population growth rate is 3.2%
 

SLIDE 14, 15, 16, 17 
Let us have a look at Thai. agricultural products especially'food grain. 

In 1966, Rice production = 11,975,000 tons. 

Maize production = 1,122,400 tons. 

Cassava production = 742,000 tons. 

Mungbean production = 131,800 tons. 

SLIDE 18, 19
 
Of the total population in 1966 = 31,508,000 we have the estimates of
 

national income = 78,753 million baht i.e. per capita income is 2,499 2,500 baht
-

or equivalent to approximate $ 120.00 per annual. 

From the annual report of the Bangkok Bank, Ltd., the income of Thai 

people in 1963 can be separated into groups of the followings: 

Under $ 150/annual 48.4 % 

$ 150 - 300 20.8 % low income 

$ 300 - 600 19.5 % 

$ 600 - 900 S..7 % 



$ 900 - 1,200 2.4 % 
$ 1,200 - 1,500 1.0 % medium income 
$ 1,500 - 1,800 0.7 % 
$ 1,800 - 2,400 0.6 % 

$ 2,400 

Over $ 3,000 

- 3,000 0.3 % 
0.6 % 

high income 

SLIDE 20
From the statistics (of the expenditure of the Thai population in 1969)
showing the distribution of private consumption, the Thais spend 46.4 % of their

income for food only.
 

Per capita income 
 $ 120 .O0/annual
 
i.e. 


$ lO.O0/month
Food expenditure 


$ 5.00/month

Rice consumption per capita is approximate 400 gm. (10 % moisture)

daily (12 kg./month) 
 $ 2 .00/month

Now, how can we spend the other $ 3.00 left for other protein food.
Everybody needs protein, doesn't matter rich or poor or of different
 

races.
 

SLIDE 21
The change in standard of living of the Thais (1969 
= 100) in 3 years
causing 20 % increase in price of food BUT from the annual report of the Bangkok
Bank, Ltd., 
the figures show that the Thai hardly have the increase in income for
 
the past 6 years.
 

SLIDE 22
Another great problem is the habit in food consumption.
the Thais consume mostly grains and little bit of meat. 
The majority of
 

Some Thai dishes consist
of up to 20 different kinds of ingredients which is served just for a favouring
 
matter.
 

SLIDE 23
This graph shows that in lactation period there is hardly any difference
in growth of the Thai children and American children but after weaning the body
weight will 2tart to get ciffer.
 

SLIDE 24, 25
The growth of Thai, American and Vietnamese boys and girls is different
 



and it can be said that the cause of this difference comes from the dietary pattern
 
and the nutritive value of f~od consumed. This is definitely depended on the indi

vidual income which is of course the greatest factor of food consumption.
 

SLIDE 26, 27
 

This is our protein gap. "HOW THAILAND CLOSES THE PROTEIN GAP" is what
 

to be shown next.
 

The Institute of Food Research and Product Development, Kasetsart Uni

versity, has been given the duties to solve this problem.
 

SLIDE 28
 
In common sense we mostly think of fish, chicken, pork and beef as
 

sources of protein food. Considering the conditions in Thailand it is hardly
 

possible for the Thai to consume such protein food. 
Not only because of its high
 
price but also lots of other factors as well. It will take a long time to promote
 

the animal husbandry.
 

SLIDE 29
 
With these reasons, the Institute of Food Research and Product Develop

ment is aiming to produce protein food based on the following objectives:
 

- low in cost (based on income)
 

- eating pattern
 

- nutritive value
 

- local raw material available
 

SLIDE 30
 

Based on these objectives, the institute is trying to combine Food Science
 

and Technology together with Nutrition. 
The Institute (Food Science and Technology)
 

is acting as Food Plant which is responsible for the development of protein food and
 
the Nutrition Division, Department of Health is conducting the field trials. Or
 
take it easy, we can suppose that a Food Scientist is a bridegroom who get married
 
to his bride, a nutritionist. The bridegroom as head of the family has the respon
sibility to find proper food for his bride, a mother to be, to feed their babies
 

and observe the growth development, etc., after being fed.
 

SLIDE 31
 
First of all we consider the raw material available in our agricultural
 

products such as mungbean, soybean, trash fishes, mussel, and etc.
 

Mungbean is one of our agricultural products which is widely grown.
 



There is industry for it. The factories use mungbean as 
a raw material for the
production of bean thread and mungbean flour. 
Mungbean has approximate 20 % of

protein content and is thrown away uselessly at present (worth about 1/5 of its
 
production or 338.7 million baht 
a year).
 

Soybean is rapidly increased in production. It is 
one of the raw materials which can be the main source of vegetable oil production and protein food
 
production.
 

Trash fishes and mussel can be cultured easily if wanted to have it as
 
source of raw material.
 

SLIDE 32
 
How production of the new food products will meet consumer's requirements?
 

We have to consider:
 

- area of consumption
 

- age
 

- class of people
 

SLIDE 33, 34, 35
 
The Institute of Food Research and Product Development has produced fresh
soymilk and also the sterilized evaporated soymilk, the latter is for resolution in
 

distant transportation.
 

The process is that of Mysore's together with Cornell's. The acceptability is quite high. 
The cost of this soymilk is 80 % lower than cow's milk. 
One
 
liter costs 5 - 6 cents while cow's milk is 20 
- 25 cents/liter.
 

SLIDE 36, 37
 
This slide shows the production of Full-Fat Soy Flour. 
We use this fullfat soy flour as ingredients (raw material) in preparation of Thai food. 
The process


is followed that of USDA, Peoria's. 
The analysis is also attached at the end of this
 
paper (PER = 
2.22 ANRC Casein 2.50).
 

SLIDE 38, 39, 40, 41, 42
 
This is cookies made from full-fat soy flour. 
Quite satisfactory acceptability. Low price. 
The analysis is also attached at the end of this paper. 
(PER = 

2.56, ANRC Casein 2.50) 

SLIDE 43, 44, 45, 46
 
This is the production of Kaset Noodle using defatted soy flour and local
 

wheat flour with the addition of some amino acids.
 



SLIDE 47, 48, 49, 50, 51
 

The production of meatless meat or Kaset Protein is in progress. We
 

have been experimenting up to formula 15 now. The analysis shows:
 

KP. (Kaset Protein) No. 9 PER = 2.14
 

KP. (Kaset Protein) No. 10 PER = 2.21
 

KP. (Kaset Protein) No. 11 PER = 1.95
 

ANRC Casein PER = 2.50
 

Based on these analyses we are improving these products accordingly and
 

making the experiments up to formula KP. 15.
 

We also have the production using fermented fish flavour and KMPC (Kaset
 

Marine Protein Concentrate) which has PER as high as 3.06.
 

SLIDE 52
 

Compare the price of animal protein and Kaset Protein.
 

Price in Thailand
 

1,000 gm. as flesh 100 gm. protein 

Pork $ 1.25 $ 0.625 

Beef $ 1.24 $ 0.620 

Chicken $ 0.80 $ 0.533 

Kaset Protein (60 %) $ 0.70 $ 0.116 

SLIDE 53
 

To improve the texture, we are mixing protein from mungbean together with
 

protein from soybean and thus getting KP. 15. We, then, have Kaset Protein of much
 

better texture, taste and quality.
 

SLIDE 54
 

Some of new protein food products that this Institute produces have the
 

following nutritive value (as analysed by WARF Institute, Inc.):
 

PER
 

Kaset Marine Protein Concentrate 3.10
 

Cookie Soy Flour 2.39
 

Baby Food Powder (Formula 17) 2.16
 

Kaset Full-Fat Soy Flour 2.03
 

Baby Food Powder (Formula 18) 2.54
 

ANRC Casein 2.50
 

The preparation of food is depended on the local area and its dietary
 

pattern. We have conducted field trials using these foods for 2 successive years.
 



SLIDE 55, 56, 57, 58, 59, 60, 61, 62
 
To feed 2,500 children at 3  5 year of age in the northern and northeas

tern part of Thailand (beginning in 1968).
 

SLIDE 63, 64, 65 
The Institute is conducting lunch program for 80 school children between 

7  10 years old at Pibulppatham School which is about 5 miles away from our Insti
tute. This lunch costs 1.-
 baht (or 5 €) per head. It consists of
 

- Soymilk
 

- Rice
 

- Thai dish to go along with rice
 

- Dessert
 

This lunch contains approximate 20 - 25 gm. protein. These group of
 
children are quite poor. 
Some Qf them cannot afford even breakfast. The Institute
 
has been feeding them for 2 successive years and this is the third year of feeding.
 
We rotate 15 Thai dishes this year instead of 10 dishes as was 
in the past 2 years.
 

After one year of being fed this experimental group has 3 times in weight
 
gained compared to the control group.
 

SLIDE 66, 67, 68, 69, 70
 
To have more tests in acceptability of such prepared food, we also
 

provide lunch for the children who live in the houseboats and attending the school
 
on the bank of Chao-Phya River. 
The lunch consists of: 

- Can concentrated soymilk diluted with water. 
- Thai dishes using Kaset Protein in the preparation.
 

SLIDE 71, 72, 73, 74, 75
 
Provide lunch for 265 school children of 12  17 year of age at the School
 

of Wat Prasrimahathad for 10 days.
 

The result of feeding is quite 
satisfactory since the acceptability 'as
 
very good. 
 Price per meal for this school is $ 0.09. Protein content is apprc i
mate 30 gm./meal.
 

SLIDE 76, 77, 78
 
Sometimes we arrange the demonstrations in different schools, in the
 

public (such as during Thai Products Exhibition Week being held last June) and many
 
other places. The demonstration is on the preparation of food in Thai dietary
 
pattern using this new protein food product such as 
this Kaset Protein as main raw
 
material.
 



SLIDE 79, 80
 

Fish, mussel and other aquatic animals are also main source of protein
 

but there are lots of troubles concerning handling and transportation. Besides
 

Marine, in a very near future, our institute will work also on Kainum (Green Algae)
 

together with Mung, Soy & other.
 

THIS IS HOW THAILAND CLOSES THE PROTEIN GAP
 

I thank you all for attending this lecture and I must emphasize that I
 

need suggestions and advices from you.
 

Last but not least I would like to convey my sincere thank to USDA, USOM
 

and Dr. C. C. Loo who help to start this project and also to all of my prof. who
 

taught me and gave me the foundation for the work.
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STRATEGIES TO COMBAT MALNUTRITION
 

by
 

Aaron M. Altschul*
 

I wish to deal today with malnutrition which is income-dependent. But
 
much of what I will say can apply as well to deficiency-caused malnutrition which
 
is not income-dependent.
 

I will not dwell on the seriousness of malnutrition as a world problem 

this is self evident. So is the fact that the principle reason is poverty. 
Nor
 
is it necessary to point out to this audience that malnutrition is not a simple
 
matter. 
It is usually an admixture of not having enough food together with ina
dequate balance of nutrients. 
Nor is food alone the issue: the state of infertion,
 
for example, has a role. Nutrition is one factor in the complex ecology of the
 

human and his well-being.
 

The major problem facing hungry people is to get enough food. 
But calo
ries are not enough: 
 the food must be balanced with all nutrients. The best solu
tion is to have sufficient income to be able to fulfill all needs. 
Many societies
 
have reached this point; but many millions of people are far away from this goal.
 
This discussion then is an inquiry into the properties of low-cost solutions that
 
would make adequate nutrition available to many more poor people.
 

Nations and cultures differ in their culinary habits and desires for kinds
 
of food. 
And they differ in how much they pay for their meals. Consider only the
 
proportion of animal protein in diets and its variations among nations. 
Clearly a
 
major difference in the food bill amongst peoples and natiens is in their cost of
 
protein. Animal protein is much more expensive than protein from plant sources.
 

The entire question of world food supply hinges on the model of protein
 
usage to be selected. If it is the affluent model of Western Europe and the U.S.,
 
then obviously the total food supply will be much less than for a model in which
 
expensive protein foods are a minor proportion of the diet.
 

Special Assistant to the Secretary of Agriculture for Nutrition Improvement,

speaking at the Institute of Food Science and Marketing founding celebration,

April 27, 1970, Cornell University.
 



It is not possible to divorce considerations of the type of protein eaten
 
from calorie adequacy. If too much is spent on more expensive protein foods, there
 
may not be enough left for all the calories needed. Conversely, calorie inadequacy
 

might be remedied if less need be spent on protein foods.
 

Let us start the discussion with an example of an efficient food operation
 

One such example is the feeding-of monogastric animals in pens. There, th(
 
cheapest sources of calories and proteins are put together; the deficiencies are
 
titrated with synthetic nutrients, amino acids and special protein concentrates.
 
Here we are dealing not with INDIVIDUAL NUTRIENTS BUT WITH A SYSTEM OF NUTRIENTS.
 
But for humans no such efficiency is attained, either by the affluent or the poor.
 
For the affluent there is a surfeit of nutrients. This is not generally a serious
 

problem except when it results in obesity; it is primarily an economic problem. Fol
 
the poor, whose major sources of food are cereal grains, interspersed with poor
 
quality calorie sources such as roots and minor quantities of good protein, most
 
of the protein which they receive from the cereal grains is inefficiently used be

cause the 'mino acid composition is not optimal.
 

If we wish to maximize the caloric intake at low levels of income, then
 
it becomes necessary to increase the efficiency of the utilization of tile foods.
 
Let us 
discuss ways of improving the efficiency of food utilization for humans and
 
then cite some examples from both foreign and domestic food programs. The basic
 
principle is to try to develop the concept of a food system under conditions of free
 
individual choice. 
 One approach is to modify free choice by education so that the
 
individual selects a good diet and maximizes the efficiency of his foods. Another
 

approach is to modify the foods so that under the conditions of free choice presen
tly existing more of the diet constitutes a food system. These two approaches are
 
not inconsistent and, in fact, supplement one the other. 
I should like to concen
trate on the latter approach -- that of modifying the foods. And, of course, such
 

a discussion is most appropriate for the events of today. There are three general
 

approaches:
 

I. PRIMARY INTERVENTION
 

By far the broadest range of possibilities for improvement lies with ce
reals and cereal products. Cereals can be made into complete foods. They can car
ry the vitamin and mineral supplements, or practically all of them; they can be
 
fortified to maximize the protein impact of their own proteins. This can be done
 



either by addition of amino acids or of protein concentrates or with a mixture of
 
the two. Plants can be bred to improve the protein impact of their seeds. 
 This
 
is notably true for corn where it is possible that high lysine corn will revolution
alize the efficiency of achieving good nutrition in those countries where corn is
 

a major food staple.
 

It isn't even necessary to stop with cereals. 
 A major effort is now under
 
consideration for the fortification of mandioca flour by addition of soy protein
 

isolate.
 

II. INSTITUTIONAL FEEDING
 

Institutional feeding offers the opportunity of maximizing nutrition at
 
lowest cost because under such conditions there is a reduction in free individual
 
choice. 
 This idea suggests optimum solutions in such institutions as hospitals,
 
schpol feeding programs, work feeding programs, and others.
 

III. SECONDARY INTERVENTION
 

These are interventions designed to fulfill specific needs of certain
 
groups or to take advantage of certain food habits. 
Among these are cheaper foods
 
for vulnerables such as infants. 
 Animal analogues provide cheaper nutrition than
 
the more expensive products and therefore stretch the food budget dollar. 
Another
 
approach is to take advantage of certain habits and improve the foods. 
An example
 
of this would be nutritious beverages based on the soft drink model.
 

In all of these interventions, the objective is to guarantee balanced
 
diets and not leave the matter to chance. While a complete food system for humans
 
will rarely be attained, if only becouse of the need for esthetics, these interven
tions will make it possible to approach this goal more closely and more often. It
 
should be realized that there is no panacea 
-- that a number of different interven
tions may be necessary. 
And it also should be clear that there is a dynamic to in
terventions. There must be surveillance and evaluation and adjustment of interven

tions, as necessary.
 

EXAMPLES OF INNOVATIONS IN FOREIGN FOOD PROGRAMS
 

The following are some examples of innovative efforts abroad; we are invol
ved in some of these, others we are watching with a great deal of interest..
 

Three major field tests 
(financed by the Agency of International Develop
ment) 
are now underway to demonstrate and adapt fortification principles to the
 



three major cereal varieties: 
wheat in Tunisia, rice in Thailand, and corn in
Guatemala. 
A fourth major effort on fortification of mandioca flour with isolated
 
soy protein is being organized for Brazil. 
 The purpose of these demonstrations is
 
three-fold:
 

(a) To work cut the logistics and the limitations of fortification of
 
these major sources of food with amino acids and/or protein concen
trates, vitamins, and minerals,
 

(b) To determine the role of nutrition in the complex mixture of health
 
and well-being of the communities involved (There is
no intention to
 
test the nutritional effects of fortification PER SE; there have been
 
sufficient laboratory and clinical demonstrations of the improvement

in the protein value of these products when they are supplemented

with amino acids or protein concentrates. 
 The issue is the effect
 
of such improvement under real-life conditions.),
 

(c) Finally, to provide a basis for interaction between foreign and domes
tic technologies so as to allow local science and technology to put

its own stamp on these efforts and take over the expansion of this
 
program within the country itself.
 

Other examples of fortification are the shipment of 5 million pounds of
lysine-fortified bulgur by the United States to Nigeria in February 1970 and the
decision of the Indian government to fortify its atta with peanut flour. 
Commer
cial examples of these efforts are 
the fortification of Modern Bread in India with
minerals, vitamins and lysine and the marketing of a precooked corn flour made from

high lysine corn 
(Ricarepa) by CPC International, Inc., 
in Colombia.
 

School lunch programs are popular in many parts of the world. 
In some
instances there is the effort to combine innovation with the institutional aspect.
In Japan, for example, one-third of the bread in the school lunch is fortified

with lysine and vitamins. Extensive use has been made of CSM (a low cost product

containing 20% high quality protein) in institutional programs where it can be
better used there than in individual homes. 
 There are also maternal and child

feeding centers where it is possible to use foods that might not be readily manage
able in homes. 
 The same is true for preschool feeding and care centers.
 

Examples of secondary interventions are the development and marketing of
 



infant and children foods such as Incaparana in Guatemala and Colombia, Duryea (a
 

baby food containing high lysine corn, soy flour and milk) in Colombia and various
 

soy-milk mixtures, such as Solein in Brazil and Bal Amul in India.
 

An interesting development is the impending availability of nutritious be

verages based on the soft-drink model. The first was Vitasoy, a soy beverage being
 

sold in Hong Kong. Several new ones are in early stages of development: Saci, a
 

caramel-flavored soy beverage marketed by Coca-Cola in Brazil and Puma, a soy beve

rage marketed by D'Aguire Brothers in Georgetown, Guyana. Several companies are
 

interested in developing carbonated protein beverages which would presumably be
 

more attractive.
 

There is also considerable effort being expended in studying the potential
 

for blending textured oilseed protein in meat products. General Mills has a con

tract with the Agency for International Development for such a study in Pakistan,
 

Archer Daniels Midland is doing the same kind of a study in Thailand, and there are
 

plans to conduct such a marketing study in India.
 

EXAMPLES FROM DOMESTIC FOOD PROGRAMS
 

The primary effort in the U.S. food programs is to increase available
 

income for food expenditures. This is being done by expanding the food stamp pro

gram and by liberalizing terms for obtaining these stamps. In some counties there
 

are commodity distribution programs. Expenditures on U.S. food programs rose to
 

$1.5 billion this year and are contemplated to be about $2.5 billion next year.
 

In addition to these efforts, there is increasing activity in testing innovation
 

and engineered foods for their role in eliminating malnutrition.
 

Fortified foods of various sorts are being distributed and tested. For
 

example our food distribution program is now including macaroni: either fortified
 

with soy or milk protein or as a new high-protein corn-soy macaroni. Pillsbury,
 

under contract with the Office of Economic Opportunity, has been market-testing an
 

iron-vitamin-lysine fortified flour in Chicago. Other groups in the food industry
 

have been looking at means for fortifying wheat products with iron and vitamins.
 

Several completely fortified products of wheat flour and corn flour are being tested
 

for inclusion in the commodity distribution program.
 

Modifications in the conceptions of the school lunch are in the offing.
 

There is a trend towards considering the nutrient composition of the school lunch -

of being sure that this objective is being served rather than defining school lunch
 

solely in terms of specific foods.
 



solely in: terms of specific foods. This permits a greater flexibility in the in
clusion of foods and may make it possible for certain engineered foods to be served
 
in school lunches where they offer an economic advantage. The ultimate would be
 
computer programming of nutrients and foods in school lunch and other school feeding
 

programs.
 

The Department of Agriculture provides special foods for pregnant, lactating
 
women and infants. This began as a distribution of specific foods for these risk ca
tegories. In recent months tests were started to substitute a certificate program 
which will enable the mothers and infants to obtain foods available on the grocery 

shelf. 

Nutritious beverages based on the soft drink model have not yet appeared in 
the United States. But several commercial companies are looking at this matter serio
usly and are watching the experiences in foreign countries with a great deal of in

terest.
 

The inclusion of textured soy products into the general food economy is well
 
underway. The pressure to include these kinds of foods in institutional food pro
grams will build up as economies gained by so doing can be demonstrated. 

COST OF FOOD IMPROVEMENTS 

Let us consider how these food improvements might be financed. The food 
improvements, which I have discussed, can be put into two categories: those in which 
the foods are improved at an increased cost and those where nutrition is maintained 
but the cost is lowered because of the inclusion of lower cost anilogues. While 
eventually as a result of a greater awareness of nutrition, it -, be possible to 
induce people to pay more for better nutrition, such a provisin will do very little 
now for the lowest income groups. In one way or another thwr' ,:ist probabl., 1't. J 
goveniment subsidy, at least initially, to allow the lowest inco;:;c people to take 
advantage of the better nutrition. This subsidy can be as-ustifiS investa social 
ment in the quality and well-being of its people just as governm,;nts iioW' subsidize 
education. For the second class of foods which involve anakgu, no subsidy should 
be required. The government, however, can help introduction of these lower cost 
foods, if it so desires, by modification of existing regulatory practices to permit 
orderly and responsible innovation. 

Much of what I have described is new, is in test stage, is in the initial 
scage of development. Yet enough is visible to provide a glimpse of what is in
 



store. New technologies are available, new options are available, a greater
 

flexibility exists for providing lower cost solutions that take into account
 

nutrition and acceptability. Problems which were insurmountable five years ago
 

don't quite appear so impossible of solution now. We might compare the food situo

ation with the changes in life expectancy in this century.
 

Even at the relatively low per capita incomes prevailing in most of the
 

developing countries, life expectancies in these countries are far greater than
 

life expectancies were in our own country and in Western Europe at equivalent
 

levels of development. In 1914 our life expectancy was 50 years at a time when we
 

attained a GNP/capita of over $1,000. In India the same life expectancy is attained
 

in 1970 at GNP/capita of under $200. Advances in medicine made it possible to
 

reduce mortality at much lower costs and made available benefits not even achiev

able earlier in this century in Europe and the United States. There is a lesson
 

here for adaptation of modern food science to the needs of developing countries.
 

It is possible now to conceive of the eiination of inalmtrition as a 

disease of poverty. This option makes it necessary for governments to decide 

whether nutrition deserves special consideration in view of the new technologies 

that now exist. Indeed no responsible government can afford to overlook the avail

able possibilities. Miscalculation by attachment to the classical food concepts 

may become an invitation to disaster. 





ASSESSMENT OF PROTEIN NUTRITION BY URINALYSIS
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The problem of meeting the protein requirements of population groups in
 
developing countries has aroused world wide interest. 
Concerted efforts are being
 
made in different parts of the world towards improving existing sources of protein
 
and finding new sources of protein. However, before effective'measures can be
 
undertaken, it is essential to gauge the prevalence and extent of protein deficiency
 
in the vulnerable groups of the population concerned.
 

There are various methods available for the assessment of nutritional
 
status of a community. Biochemical tests form an important component and the range
 
of biochemical tests that 
can be used for assessing protein nutrition is consider
able. 
However, there are many factors which impose limitations on the collection
 
of samples, and the methods employed for their analysis. Blood and urine specimens
 
are commonly collected and analysed. 
It is not often easy to obtain samples of
 
blood especially from children for any meaningful investigation. Because of certain
 
cultural factors and ignorance, even adults are not keen to have samples of blood
 
drawn from them. 
Moreover trained personnel 
are required for the collection of
 
blood.
 

On the contrary it is much easier to obtain urine samples from children
 
and adults alike. 
Urine as one of the easily available body fluids has been exten
sively studied from early times. 
 The study of the composition of normal urine
 
helps in the understanding of the various metabolic processes that take place in
 
the body. Quantitative data on the composition of urine allow comparison between
 
normal and malnourished individuals. Urinanalysi's facilitates the assessment of
 
the nutritional status of an individual and of the adequacy of the intake of various
 
essential nutrients. Further it permits the assessment of the adequacy of protein
 
intake and also to a certain extent in assessing the quality of the protein con
sumed. 
Standard methods are available for measuring various nitrogenous constituent
 



in the urine and these can be rapidly and easily performed. This paper summarises
 
the ba-is of some of the determinations made on urine for assessing protein nutri
tion.
 

URINARY NITROGEN
 
The output of nitrogenous substances in the urine has long been known to
 

vary with the nitrogen intake (Folin, 1905). 
 For adult population groups consuming
 
a 
mixed diet and maintained in nitrogen equilibrium the daily excretion of urinary

nitrogen is a good estimate of protein intake. 
 Urea may account for about 80 
- 90%
 
of the total nitrogen in a normal diet. 
 In protein deficiency the total urinary

nitrogen excretion is low and the amount of urea nitrogen, both absolute and rela
tive is reduced. 
Urea may account for only 50% of the total nitrogen. As total
 
nitrogen output decreases with decreasing intake, the proportion of urea nitrogen

falls, because the so called 'endogenous' nitrogen remains constant. 
Therefore in
 
principle the ratio of urea N/total N on a 
single sample of urine can be used to
 
give essentially the same information as measurement of the total nitrogen output
 
in a 24 hour collection (Waterlow, 1969).
 

Platt (1954) measured the urinary excretion of urea of children and
 
lactating women of different nutritional and socio-economic conditions and found
 
the ratio of urea N/total N to be markedly lower in the groups with poorer nutrition
 

Powell, Plough and Baker (1961) reported that the ratio of total urinary

nitrogen to creatinine correlated well with the protein intakes measured in
a
 
dietary survey. 
With spot samples of urine the total nitrogen or urea nitrogen
 
may be related to creatinine. These measurements of the output and partition of
 
urinary nitrogen may give indirect information about the state of protein nutrition.
 
The ratio of urea to creatinine in fasting urine samples also bears a direct rela
tionship to the protein metabolic l..vel of the individual. The urea/creatinine

nitrogen ratio is an approximate index of dietary protein related to muscle protein

stores. Although a 24 hour collection period probably gives more reliable results
 
a 3 - 4 hour collection period has been found to be adequate (Dugdale and Edkin,
 
1964).
 

Scrimshaw, Young, Schwartz et. al. 
(1966), used urinary nitrogen as a
 
measure of protein utilisation. 
Their study indicated that 
a simple measure of
 
urinary nitrogen might provide a satisfactory method for evaluating adequacy of
 
proteins for humans.
 

URINARY CREATININE
 



mass or lean body mass. The creatinine coefficient (creatinine excretion mg/24
 
hrs/kg body weight) has been used as 
an index of the relative amount of muscle in
 
an individual. 
 Arroyave and Wilson (1961) proposed that to relate creatinine ex
cretion to body length rather that to weight provides a more sensitive index of the
 
loss of muscle mass- since variations in fat deposits affect the latter. 
Every in
dividual has a characteristic creatine-creatinine turnover dependent in a general
 
way on the amount of functioning muscle tissue. 
The creatinine coefficient has also
 
been used as an index of nutritional status in children (Talbot, 1938; Stearns,
 
Newman, McKinely et. al., 1958; Arroyave and Wilson, 1961).
 

The measurement of creatinine output is in fact of great value in the
 
assessment of protein nutrition. 
 It gives information about one of the most im
portant reservoirs of protein in the body. 
Skeletal muscle forms about 25% of the
 
body weight in infants against 45% in adults. Standard, Wills and Waterlow (1959)
 
showed a statistical correlation between changes in creatinine excretion and in
 
muscle mass, as 
estimated from skinfold thickness and limb circumference.
 

Muscle is perhaps the tissue most severely affected by protein depletion.
 
For this reason the size of the muscle mass is 
one of the most valuable indicators
 
of the state of protein nutrition in man. 
The muscle mass can be estimated by
 
measuring the urinary creatinine output. Low creatinine excretion reflects a reduc
tion in muscle mass, both absolute and in relation to body weight. A three hour
 
collection of urine gives the same result a 24 hour collection.
 

HYDROXYPROLINE/CREATININE INDEX
 
Hydroxyproline peptides are excreted in the urine as 
a by product of
 

collagen metabolism. Hydroxyproline excretion is 
a measure of the turnover rate of
 
collagen. The amount of hydroxyproline excreted is closely related to the rate of
 
growth. 
 Whitehead (1965) related the amount of hydroxyproline to that of creatinine
 
in random specimens of urine and this gives the hydroxyproline ratio. In normal
 
children the ratio of hydroxyproline excretion decreases with increasing age, as
 
the rate of growth falls off, while that of creatinine increases. Whitehead found
 
the reduction in hydroxyproline index in malmourished children was statistically
 
related to the weight deficit. Picou, Alleyne and Seakins (1965) found the hydroxy
proline excretion of protein depleted infants was 
lower than that of normal children
 
with optimal growth. Creatinine excretion was 
also lowered, but only slightly.
 

It has been suggested that the low excretion of hydroxyproline in the
 
urine reflects a reduction in the turnover rate of collagen. 
This may be a useful
 
index of early growth failure before there are significant change in body weight.
 



In the absence of growth there is a reduction in the size of the soluble collagen
 

pool.
 

URINARY SULFUR/NITROGEN
 

Urinary sulfur excretion may relate to protein quality. 
The urinary in
organic sulfate sulfur/nitrogen ratio is a reflection of the quality of the protein
 
ingested. The urinary S/N ratios resemble those of the protein mixture fed (NRC 
1963). 
 Since the urinary S/N ratio may be an approximate indicator of the quality
 
of the protein consumed and the N/creatinine ratio may be an index of the quantity
 
of protein consumed, then: N S S
creatinine 
 NN creatinine with the S/creatinine ratio
being an index of both quality and quantity, i.e., analogous to the NDpCal % concept
 
of Platt, Miller and Payne- (161). 
Sulfate sulfur/creatinine ratio is a better in
dex of utilizable protein than the nitrogen/creatinine ratio for the same subjects.
 

It is evident that there are a number of useful tests that can be per
formed with urine for the assessment of protein nutrition. However, it has to be
 
emphasized, that biochemical determinations do not give an entire picture of the
 
nutritional status of an individual. 
 They merely serve to supplement and complement
 
data obtained by other methods.
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THE IMPORTANCE OF AMINO ACIDS IN HUMAN NUTRITION
 

by Dr. R. Fahnenstich, Dr. J. Heese,
 

DEGUSSA-WOLFGANG, 645 Hanau, W. Germany
 

[he amino acids form an essential part of human nutrition. They are supplied to the
 
)ody in the form of plant and animal proteins. The proteins are broken down in the
 
5astro-intestinal tract of the body into the different amino acids with the aid of
 
ferments known as bio-catalysts.
 

rhese are reabsorbed through the intestinal wall and conveyed to the cells with the
 
)loodstream. Specific cellular enzymes then cause the body's own proteins to be
 
)uilt up from these amino acids.
 

qhilst carbohydrates and fats are the energy suppliers for the body, the nutrient
 
?roteins can be considered as components of the organism. It is,however, of
 
general importance for nutrition that carbohydrates, fats and proteins exist in
 
)alanced proportions since the synthesis of body proteins from amino acids needs
 
anergy which is generated by the breaking down of carbohydrates and fats. If the
 
5ody does not receive sufficient energy the amino acids are used as a source of
 
nergy and thus diverted from their actual function. Conversely, however, a scar
city of protein cannot be evened out by doses of carbohydrates and fats, however
 
great the quantities.
 

Nowadays 22 different amino acids are known which occur as direct hydrolysis pro
ducts of proteins. W.C. Rose has shown that the protein components of human nutri
tion can be completely replaced by a mixture of these 22 synthetic amino acids. 
He
 
also found, based upon the work of Abderhalden, that not all amino acids have the
 
same importance to nutrition. Only eight amino acids are indispensable to man and
 
must be supplied to him extraneously, i.e. with his food (essential amino acids).
 

In Table 1 the essential amino acids for man and for some animals are indicated.
 



Table 1
 

Essential amino acids
 

Man Rat Broiler Pig
 

Tryptophane + + + 
 +
 
..Phenylalanine 
 + + + + 
Leucine 
 + + + + 
Isoleucine 
 + + + + 
Threonine 
 + + 
 + +
 

Methionine 
 + + + + 
Lysine 
 + + 
 + +
 
Valine 
 + + + + 

Histidine 
 + + 
 +
 

Arginine 
 ± + + 
 +
 

Proline ....
 

Alanine ....
 

The remaining amino acids (non-essential amino acids) can be synthesised by the
 
body from non-specific nitrogen sources and metabolites of the carbohydrate and fat
 

metabolism or from the essential amino acids.
 

It is difficult however to make a clear distinction between essential and non-essen

tial amino acids as some of them occupy a middle position. Thus, for example, methi
onine can, 
to a certain extent, be replaced by cystine and phenylalanine by tyrosine.
 
Histidine and nrginine are not considered as belonging to the essential amino acids,
 
although histidine is vital for the young, growing body, whilst arginine is 
of great
 
importance in parenteral nutrition as 
it renders the infusion solutions more compa

tible. Amongst the non-essential amino acids proline and alanine occupy a special
 
position as a positive nitrogen balance is reached more easily when they are 
present
 

than when other, non-essential acids such as 
glycine are present.
 

It is therefore more convenient to classify the various amino acids in 
a row whose
 
uxtremes are, on the one hand, the strictly essential amino acids such as lysine and
 

threonine and on the other the non-essential amino acids like glutamic acid which
 
are synthesised quickly by various means. 
 In the middle would then be the "semi



essential" amino acids such as histidine, arginine, proline and alanine2 . Several
 

research groups have carried out examinations to determine the absolute human re

quirement for the different essential amino acids. Very difficult and time-consu

ming experiments are necessary to find out the requirement figures. One method is
 

to use the nitrogen balance as a basis, i.e. for each amino acid an amount is de

termined at which there is a balance between the quantity of nitrogen absorbed and
 

excreted. Another way is to examine the amino acid level in the blood serum. Thus,
 

when the dosage of an amino acid is below the requirement level the content of this
 

amino acid in the serum is very slight. If the oral dosage of this amino acid is
 

gradually increased, the concentration in the serum remains constantly low, whilst
 

the content of all other amino acids decreas,,s. Only when the requirement has bedn
 

exceeded does the content'of this amino acid in the serum rise sharply. If the
 

quantity of this amino acid provided is plotted against its concentration in the
 

serum we have two straight lines of different gradient whose meeting point gives
 
3)
the minimum requirement
 

The outstanding work of Rose 1) resulted in him being the first to find the essen

tial amino acid requirements for human beings. These values are given in Table 2.
 

Table 2
 

The essential amino acid requirement of the adult
 

L-AS Daily supply in g. safe intake 
minimum 

L-isoleucine 0.70 1.40 

L-leucine 1.10 2.20 

L-lysine 0.80 1.60 

L-methionine 1.10 2.20 

L-phenylalanine 1.10 2.20 

L-threonine 0.50 1.00 

L-Tryptophane 0.25 0.50 

L-valine 0.80 1.60 

Later on other research groups carried out experimental work on the requirement
 

figures 7) and arrived at similar results.
 



Table 3
 

Essential amino acid requirement of human beings related respectively to Trypto
phn = 1 as 
the amino acid present in the smallest quantity
 
Amino acid 
 Rose 1 ) 	 Rose 4 ) Longen-3) Hegstedt 5) Winitz 6 ) FAO 7 )
 

rev. ecker
 
Isoleucine 
 2.8 	 3.1 4.5 
 3.3 3.4 
 3.0
 
Leucine 4.4 	 3.4 6.8 4.3 5.4 3.4 
Lysine 
 3.2 	 2.4 
 5.2 3.3 
 4.0 3.0
 
Methionine + 4.4 	 4.8  4.2  _ 
Methionine+ + 
 - -	 5.5 - 3.4 3.0 
Methionine+ + + 
 0.8 	 1.8 
 - 1.2 2.6 1.6
 
Phenylalanine' 
 4.4 -

Phenylalanine'' 
 - 4.4 8.0 - 9.7 4.0 
Phenylalanine''' 
 1.2 	 1.2 
 - 1.6 2.6 2.0
 
Threonine 
 2.0 	 2.0 
 3.0 2.2 3.4 
 2.0
 
Tryptophane 
 1.0 	 1.0 1.0 
 1.0 
 1.0 1.0 
Valine 
 3.2 	 3.6 
 3.0 3.7 
 3.9 3.6
 

+ ) Met in the absence of Cys = summary supply 	 Cysof needs of Met + 

++ ) Met + Cys
 
+++) Met in the presence of Cys 
 = Met not replaceable by Cys
 

) Phe requirement in the absence of Tyr
 

) Phe + Tyr
 
''') Phe in the presence of Tyr 
= Phe not replaceable by Tyr 

From the various results the FAO 	 has drawn up 	tentative requirement figures for 
human beings which are reproduced in the last column of Table 3. 
On the basis of
 
these figures it goes 
on to calculate the composition of an 
ideal protein for humans.
 
This protein contains the essential amino acids in the quantities required respec
tively. This gives it a biological value of 100, that is, 
from 100 g. of this pro
tein 100 g. of body protein are produced. Natural proteins, however, differ to a
 
greater or lesser extent from this ideal protein. Here, the quality of the protein

is determined by that essential amino acid which shows the lowest content compared
 
to the ideal protein. 
This amino acid is called the limiting amino acid because it
 
restricts the utilization of the protein.
 



Example: 

The ideal protein for humans contains, inter alia,
 

10.8 g. methionine + cystine / 100 g. crude protein
 

12.4 g. lysine / 100 g. crude protein
 

3.1 g. tryptophane / 100 g. crude protein
 

Soya meal contains
 

7.6 g. methionine + cystine / 100 g. crude protein
 

15.3 g. lysine / 100 g. crude protein
 

3.3 g. tryptophane / 100 g. crude protein
 

In relation to the ideal protein the amount of lysine and tryptophane in soja meal
 

protein is adequate, whilst the mct-hionine + cystine content is too low. This
 

makes methionine the limiting amino acid. The value of the protein can only be
 
obtained to the extent to which methionine + cystine are present, irrespective of
 

the content of all the other essential amino acids.
 

If we now compare these figures with the percentages in the ideal protein we reach 

a chemical score of 70% for methionine + cystine (7.6 . 100). Soja protein can 

thus only be utilized to 76%. 10.8 

In Table 4 the composition of the FAO reference protein is given and compared with
 

the proteins in cow's milk, chicken eggs and plant proteins7)
 

Table 4
 

Amino acid composition of proteins in g. A.A. per 100 g. protein
 
Amino acid FAO Cow's Chicken Vegeta Leg. Rice
 

milk egg bles fruit
 

Isoleucine 4.2 6.4 6.6 3.68 5.82 
 3.3
 

Leucine 
 4.8 9.9 8.8 5.79 7.94 6.1
 

Lysine 4.2 7 8 6.4 5.26 6.63 
 2.8
 

Total arom.
 
amino acids 5.6 10.0 10.0 4.74 8.84 6.7
 

Phenylalanine 2.8 4.9 5.8 .3.16 5.19 
 3.5
 

Tyrosine 2.8 5.1 4.2 1.58 3.65 3.2
 

Total sulphur
cont. A.A. 4.2 3.3 5.5 2.63 2.21 
 2.26
 



Methionine 2.2 2.4 2.4 1.05 1.13 1.3
 

Cystine 2.0 0.9 3.1 1.58 1.08 
 0.96
 

Threonine 2.8 4.6 5.1 3.68 3.92 
 2.8
 

Tryptophane 1.4 1.4 1.6 1.05 0.86 
 0.76
 

Valine 
 4.2 6.9 7.3 4.21 5.73 4.9
 

In plant proteins the limiting amino acid is methionine. And, in addition, rice
 
shows a considerable lack of lysine and tryptophane. The chemical score of these
 
proteins in the body, related to the ideal protein for vegetables, leguminous
 

fruits and rice, is 62, 52.5 and 54% respectively.
 

All figures show here indicate the minimum requirement of human beings for the -
individual amino acids and are only valid for adults. The requirement figures for 
children and ageing persons differ considerably from the above values. 

In relation to the reference protein of FAO the total protein requirement per day
 
adn per 1 kg. body weight is as follows (Table 5) 

Table 5
 

Protein requirement
 

Age (years) g. per kg. body weight per day
 

1-3 1.06
 

4-6 0.97
 

7-9 0.92
 

10-12 0.86
 

13-15 0.84
 

16-19 0.77
 

Adults 0.71
 

This additional requirement however is not the same for all amino acids. It is
 
found on the contrary that methionine itself has to play a significant role in
 
the synthesis of the body's own proteins. This applies both to children and
 
ageing persons I0' ii) In this respect Hegstedt12) carried out quantitative
 

investigations which are reproduced in Table 6.
 



Table 6 

Additional essential amino acid requirement at an N retention of 0.5 g. per
 

day in human beings. Given as 
a percentage of the requirement, for an even
 

N balance. 

Isoleucine 310 
 Leucine 357
 

Lysine 321 
 Methionine 493
 

Phenylalanine 213 
 'hreonine 465
 

Tryptophane 160 
 Valine 161
 

Tlese results are used today throughout the world chiefly for parenteral nutri
tion. The 
infusion solutions containing concentrations of amino acids suitable
 

for human requirements have achieved great success in the clinic. 
 Thus for exam
ple, a patient in Australia had 9/10 of his intestine removed and mucous membrane 
from tile rest, so that tile patient was incapable of feeding himself orally. lie 
was cherefore fed parenterally for 7 months with infusion solutions and even gained 
weight during this time. Whcn the mucous membrane had formed again the infusion 
solutions were discontinued and the patient could be fed orally again. 
 It is also
 
possible to feed orally with a mixture of synthetic amino acids adapted to the pur
pose and this is already in practical application. Winitz developed a chemically 
defined diet of amino acids, fats and carbohydrates which was originally intended 
as nutrition for astronauts but has already entered the field of medicine.
 

Experiments are being commenced at 
the moment to improve natural food by adding
 

synthetic amino acids. No doubt they will contribute together with other methods 
to improving the world food situation and to alleviating the problem of under

nourishment. 
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PUTTING THE PRODUCT WHERE IT COUNTS
 

Mr. Clark R. Jung
 

Marketing Director, Far East & Australasia
 

International Flavours & Fragrances (Far East) Limited
 

Hong Kong
 

With the vast array of highly specialized scientific talent which has been organized
to fight the battle of world nutrition, we of International Flavours & Fragrances do
not wish to place our relatively minor role out of context. 
 The lions share of the
effort is directed at creating well balanced high protein food systems out of low
 
cost locally available materials.
 

This is the major role - IFFs total effort consists only in wcrking with these already developed systems, creating compatible flavors which will give them optimum

palatibility to those specific people the system was designed to nourish.
 

Though when compared to the total effort our role is small, we believe that it is
vital. 
 A new food may have maximum food value but unless its taste is acceptable
and it reaches the stomach, the practical food value is zero. Since these new high
protein systems often have inherent flavor problems of their own, our job is to

mask the problem and provide a flavor acceptable to the target group.
 

The rather formidable product development task is your job we just help you to put
-

your product inside - where it counts]
 

CRJ/lc
 
October 21, 1970 





--

HIGH NUTRITION-LOW COST FOODS:
 

THEIR IMPACT IN DEVELOPING COUNTRIES
 

Dr. Albert L. Elder and Dr. Samuel M. Weisberg
 

League for International Food Education
 
1155 Sixteenth Street, N.W. Room 705
 
Washington, D.C. 20036
 

By far the most constructive recommendations for averting the nutrition crisis of
 
the developing countries has been the report submitted in July 1967 to the Economic
 
and Social Council of the United Nations entitled INTERNATIONAL ACTION TO AVERT THE
 

IMPENDING PROTEIN CRISIS.
 

A large number of programs and thousands of people are engaged in the survival
 
problem. This alone makes the evaluation of the impact of the programs most dif
ficult. If there is to be a measurable amount of success in these programs, attempts
 
must be made to evaluate both the short and 
long term impact of the programs and to
 
put emphasis on the successful ones and discard those of little value.
 

This paper reports some 
interim findings of attempts to market high nutrition low
 
cost foods in the developing countries. The permanent successes have been extremely
 
few. The League for International Food Education has been conducting a survey
 

largely in the developing countries to help determine the reasons 
for success or
 

failure.
 

In Tables I ind II are indicated a number of foods which have achieved some volume
 
(I) and (II)which are at an evaluate stage. Table III indicates U.S. AID incentive
 
grants to food industry companies for developing high nutrition low cost foods in
 

developing countries.
 

AMONG THE FACTORS IDENTIFIED AS DESIRABLE FOR A SUCCESSFUL AND CONTINUING ENTERPRISE
 

WERE:
 

PRODUCT ATTRIBUTES.
 

--High nutritive value.
 

--Product so designed as to really meet local acceptability requirements.
 
Food should, as much as possible, resemble a traditional accepted product with
 
respect to taste, texture, odor, etc. (Example: VITA-BEAN (Soymilk), now pro
duced as a sterilized product sold in Tetra Pak containers, but formerly made
 

fresh at home and consumed daily as made.)
 



--

--Long shelf life, unaffected by severe climatic conditions; preferably no refriger

ation requirement.
 

--Easy handling and storage.
 

--No requirements for additional preparation.
 

MARKETING CONSIDERATIONS.
 

--Product ready availability needed.
 

--Taste acceptance, packaging and price should preferably appeal to ALL segments of
 

the population in order to achieve a volume of business that can support a private
 

enterprise.
 

--Sustained advertising needed.
 

--Education as to product merits needed.
 

--Product must be low-cost in relation to income.
 

--Food design problems must be solved on a culture by culture basis; no universal
 

answers, only many local ones.
 

--Commercial marketing know-how geared to large scale production may sometimes be
 

needed.
 

--Product should be designed to invite repeated buying.
 

--Consumers must have some money as a medium of exchange.
 

--Dogged persistence and patience needed.
 

PRODUCTION REQUIREMENTS.
 

--Private industry production is preferable.
 

--Distribution of ingredients and finished product must be such as to permit move

ment from surplus food areas to scarcity areas.
 

--Adequate processing facilities are needed.
 

--Food ingredients should be in-country available.
 

INSTITUTIONAL SUPPORT.
 

Very desirable to incorporate in-school feeding and other institutional programs.
 

--Support by government nutrition and medical agencies essential.
 

--Support by food technology and nutrition institutions essential.
 

INTERDISCIPLINARY APPROACH.
 

--A major element in success is the simultaneous three-fold approach of the nutri

tionist, food technologist, and the marketing expert.
 

AMONG THE FACTORS LISTED AS OBSTACLES OR RESPONSIBLE FOR FAILURE OF SUCH FOODS TO
 

SUCCEED WERE:
 



--

--

--

--

--Price of food too high.
 

--Lack of cooperation from national authorities.
 

--Unwillingness of consumers to pay for nutritional advantages.
 
--Duties, government regulations and government red tape.
 

--Unstable currency.
 

--Inability to obtain local financing.
 

--Public apathy.
 

--Political interference.
 

--Product resembled a low-cost common product and prestige identity was not
 

established.
 

--Package was attacked by insects and rodents.
 

--Product has poor shelf life.
 

Product had one or more defective organoleptic properties.
 

A food product with a poverty image will be poorly accepted.
 
--New food products must be pre-sold on a status basis.
 
Archaic business practices hinder new product acceptance.
 
Interest rates on capital, needed for establishing a food industry, in some
 
developing countries may run between 25-30%. 
 It is thus necessary to bring in
 
capital from areas where the cost of the money is less.
 

--Basic food ingredients, such as soybeans, may cost several times as much in the
 
developing countries as 
in the U.S.A. because of poor farming and poor yields.
 

--The users 
of basic food crops may need to supply field service to insure the
 
presence of a continuing supply of the crop.
 

Most of the early attempts at formulating high nutrition, low cost foods resulted
 
in rather rudimentary ingredient mixtures, only a little way removed from modern
 
day complete animal feed formulations. Now, there is 
a new trend toward "second
 
generation", more sophisticated food products, such as beverages, pasta products,
 
biscuits, confections, and snacks. Realization has gradually come that certain
 
food items carry an aura of status which seems to be universally sought by people.
 

It has also become increasingly clear that if new types of high nutrition foods are
 
to achieve commercial success, effective advertising and marketing procedures must
 
be applied. 
This is another way of saying that ways must be found to communicate
 
with people and change their deeply ingrained eating habits--at least to some ex
tent. 
 This is a most difficult task in rural areas where communication of any
 
kind is hard to achieve.
 



Dramatic progress has been made in producing improved varieties of corn, rice, and
 
cottonseed. 
 In the case of corn, it is now possible to obtain greatly improved

protein quality and substantial improvement in protein content; in the case of
 
glandless cottonseed, there is at hand the prospect of non-toxic high protein

cottonseed flour for human use. 
 [heat and rice varieties producing greatly in
creased yields are already being effectively used in the developing world. 
 Further
 
genetic selection may well lead to protein quality improvement in both rice and
 
wheat, along with Improved yields. 

Not only will these improvements result in better basic food crops, but in turn
 
such nutritionally improved crops will make easier and less expensive the formula
tion of low cost high nutrition foods.
 

Basic food fortification is another recent trend, where, at a minimum cost, needed
amino acids, minerals and vitamins can be added to a widely used basic food such as

wheat flour, corn or rice, with little or no change in the organoleptic properties.
Thus, virtually no demand is made to learn a foodnew habit. In this way, the cost 
burden imposed by advertising may be minimized. Several large scale feasibility
 
studies on fortification are now 
 underway in developing countries.
 

[n many cases, pre-existing unfavorable factors may clearly indicate that a food

enterprise 
 for profit is not yet feasible. In such cases, government and voluntary 
agency programs dispensing local or donated foods will be (as it has been) in
dispensable. It is to be hoped, however, that while the donation programs continue,
the recipient country will organize itself on a national basis to provide a favor
able climate for private food enterprises to develop. 
These can and should supply
 
low cost high nutrition foods for those most 
in need.
 

Table IV indicates the volumes of CSM (corn-soy-milk), non-fat dried milk solids,
and WSB (wheat-soy-blend) that have been donated by the United States to developing
countries under P1, 480 Title II. It will be observed, using some estimated figures
for 1970, that 7.18 billion pounds of non-fat dry solids havemilk will been shipped
by' the end of 1970, 1.07 billion pounds of CSM, 17.2 million poundsand of 1VSB. 
Data for shipments of milk powder date back to CSM to WSB1955, 1967, and to 1969. 
There can he no reasonable doubt thesethat shipments have been of great value, 
especially for maintaining the health of children. 

rhe development of sucessful high nutrition low cost food enterprises continues to
he slow and frustrating. Nevertheless, some relatively new factors can now be 
identified which seem to indicate better prospects in the future than in the past 



for marketing sucessful high nutrition low cost foods in the developing countries.
 

Among these are:
 

--The considerably reduced cost of key nutrients for fortifying basic foods (i.e.,
 

amino acids, vitamins and minerals).
 

--Increased recognition by responsible government agencies of the permanent crip

pling effects of malnutrition, with an increased willingness for improved
 

priority for food industry development.
 

-- The growing involvement of important food industries from the developed countries 

in launching food enterprises in the less developed countries. 

-- The proliferation of nutrition and food technology research and teaching institu

tions in the developing world which can now supply some of the necessary home

grown technology. 

-- The increasingly sophisticated food processing, marketing and nutrition knowledge 

and support provided by UNICEF, WHO, FAO, USDA, and U.S. AID, the development 

agencies of other governments, and the voluntary organizations such as CARE, PEACE 
CORPS, VITA, L.I.F.E., the voluntary church agencies, etc. 

-- The development of high yielding strains of rice and wheat, as well as improvement 

in the protein quality and content of basic widely grown crops such as corn. 
-- The prospect of new sources of relatively low cost protein such as petro protein 

and fish protein concentrate, which can eventually he used to fortify acceptable 

foods.
 

It is obvious from these tables that criteria must be established for measuring the 

impact of these projects. Now is no time for empty promises, false hopes and false 

publicity programs, for they won't fill hungry bellies. Give-away programs are 
hopeless as a long-term solution. For years individuals, associated in any way 
with food production, have been considered as being in a very low prestige voca
tion. For those who go to bed hungry ever" night and finally die of starvation the 
Science of Survival is an elite profession. We are surviving the chemical, anti

biotic, atomic and space ages. There is the technical "know-how" for Science of' 

Survival but "how-do" is the unsolved problem of today. 

It has been impossible to obtain data on all of the high nutrition low cost foods. 

If you have information which should be included in any of the tables, it will be 

appreciated if you will send such information to 



Dr. Samuel M. Weisberg, Executive Director
 

League for International Food Education
 

1155 Sixteenth Street, N.W. Room 705
 

Washington, D.C. 20036 U.S.A.
 

This paper was presented during the Third International Congress of Food Sciencd
 

and Technology -- SOS/70, August 9-14, 1970, Washington, D.C.
 



Table I-a 

HIGH NUTRITION-LOW COST FOODS WHICH HAVE ACHIEVED SOME VOLUME 

PRODUCT MADE BY PRODUCT TYPE PERCENT PROTEIN 

BAL AHAR GOVERNMENT OF INDIA BLENDED FOOD 22.0 

CEREALINA 

FORTIFIED ATTA 

CPC INTERNATIONAL 
BRAZIL 

FLOUR MILLS 
INDIA 

WEANING FOOD 

FLOUR 

20.0 

13.5 

GOLDEN ELBOW MACARONI 

INCAPARINA 

GENERAL FOODS 

USA 

CENTRAL DISTRIBUIDORA CIA LTD 
GUATEMALA 

MACARONI 

CEREAL BLEND 

20.0 

27.0 

KUPAGANI BISCUITS PYOTT LTD 
SOUTH AFRICA 

BISCUIT 7.9 

LECHE ALIM UNIVERSITY OF CHILE 
CHILE 

CEREAL 27.0 



PRODUCT 


MODERN BREAD 

PL 

PRONUTRO 

PUMA 

SUPERAMINE 

VITA BEAN 

VITALIA 


YOO HOO 

Table I-b 

HIGH NUTRITION-LOW COST FOODS WHICH HAVE ACHIEVED SOME VOLUME 

MADE BY PRODUCT TYPE PERCENT PROTEIN 

COMMERCIAL 

INDIA 

BAKERIES BREAD 9-10 

INSTITUTO 

VENEZUELA 
NACIONAL DE NUTRITION BEVERAGE 27.0 

FOOD CORPORATION 

SOUTH AFRICA 

LTD CEREAL AND SOUP 22.0 

DIH LTD 

GUYANA 
BEVERAGE 2 

FAO/WHO/UNICEF 

WITH ALGERIAN GOVERNMENT 
INFANT FOOD 20.9 

YEO HIAP SENG 
SINGAPORE 

LTD BEVERAGE 

INSTITUTO DE INVESTIGACIONS 
TECNOLOGICAS, COLOMBIA 

MACARONI 17.8 

YOO 

USA 

HOO BEVERAGE COMPANY BEVERAGE 3.3 



PRODUCT 


EFIERAGE BASE 


DURYEA 


FORTTFIED RICE 


:EIW ZEALAND 
WHOLE MILK BISCUIT 


PROVESOL 

RICAREPA 


SOLEIN 


SOY MILK 


HIGH NUTRITION-LOW COST FOOPS AT EVALUATION STAGE
 

MADE BY PRODUCT TYPE 


INSTITUTE OF TECHNOLOGY BEVERAGE 

ISRAEL 

CPC INTERNATIONAL INFANT AND 

COLOMBIA CHILDREN'S FOOD 

KYOWA HAKKO KOGYO, LTD RICE 

JAPAN 

FOODTOWN SUPERMARKETS, LTD WATER CONFECTION 
NEW ZEALAND 

INSTITUTO DE INVESTIGACIONES BEVERAGE 
TECNOLOGICAS, COLOMBIA
 

rpC INTERNATIONAL FLOUR 
COLOMBIA 

LATICINIOS MOCOCA BEVERAGE 

BRAZIL 

SWIFT AND COMPANY BEVERAGE 
USA 


TABLE II
 

MARKETING STATUS
 

NO MARKET TESTING
 

CONSUMER TESTING
 

EARLY FEASIBILITY
 
TESTING IN INSTITU-
TIONAL FEEDING 

PILOT PLANT 
PRODUCTION
 

ON TEST 

CONSUMER TESTING
 

SOME INSTITUTIONAL
 
MARKETING 

INITIAL FEASIBILITY 
TESTING
 



TABLE III 

U.S. AGENCY FOR INTERNATIONAL DEVELOPMENT INCENTIVE GRANTS 

FIRM 
PRODUCT 

COUNTRY 

ARCHER DANIELS MIDLAND TEXTURED VEGETABLE PROTEIN 
THAILAND 

DORR-OLIVER 
70% I-ROTEIN COTTONSEED FLOUR CONCENTRATE INDIA 

GENERAL FOODS 
CORN PASTA 

BRAZIL 

GENERAL MILLS 
OIL SEED MEAT EXTENDERS 

PAKISTAN 

INTERNATIONAL 

NM"'!TIFOODS 
PROTEIN FORTIFIED FLOUR 

TUNISIA 

MONSANTO 
PUMA BEVERAGE 

BRAZIL 

NABISCO 
FORTIFIED CRACKERS 

VENEZUELA 

PILLSBURY 
PROTEIN BEVERAGE POWDER 

EL SALVADOR 

SWIFT & COMPANY 
VEGETABLE PROTEIN EXTENDERS 

INDIA, BRAZIL 



PRODUCT 


NON-FAT DRY MILK 


C-S-M 


(CORN-SOY-MILK) 

W-S-B 

(WHEAT-SOY-BLEND)
 

FOODS DONATED BY U.S. GOVERNMENT*
 

TOTAL VOLUME 


(IN MILLION POUNDS, 


ESTIMATED) 

7,180 


1,007 


17.2 

TABLE IV
 

1970
 

(IN MILLION POUNDS,
 

ESTIMATED) 

299
 

293
 

11.2 

*DATA FROM U.S. AGENCY FOR INTERNATIONAL DEVELOPMENT, WASHINGTON, D.C.
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THAILAND,ITS ENVIRONMENT AND ITS PEOPLE
 

Dr. Leonard E. Wood
 

Special Staff Assistant for 512 vixcnnNnt 

MRLC, Kluey Nain Thai. 

Thailand is a typical example of a country situated in a complex tropical
 

environment. Although only three and a half times the area of the state of Michigan,
 

Thailand possesses an extreme diversity of terrain. The country is made up of only
 

three basic physiographic types--the highlands, plains of thin alluvium over rock,
 

and the low alluvial plains. However, within these basic physiographic types is a
 

variety of topographic and terrain features. There are low land and terrace paddies,
 

dikes, levees, meander scars and ox bow lakes, canals and irrigation ditches, mean

dering streams, swamps, sink holes, termite mounds, sharp ridges and rounded hills,
 

and a multitude of vegetation types which include tropical rain forests, dry ever

green forests, savannah and mangrove.
 

Its coastal areas range from white sandy beaches conducive to resort
 

development, to vast areas of mud flats and labyrinthian tangles of mangrove. Only
 

a few isolated coastal areas are rocky. Inland there are broad areas of virtually
 

flat rice fields, some dotted sparingly with trees and termite mounds. A vast low

land region covering some 45,000 sq. kms. stretches from the Gulf to the mountains
 

in the north. This region consists primarily of rice fields cut by sluggish, wilde

ly meandering streams and rivers, and numerous canals and irrigation systems. In
 

the rainy season this region, the Central Plain, is virtually a large fresh water
 

lake dotted by numerous coconut palms and houses on stilts.
 

Immediately surrounding the Central Plain low hills punctuated by iso

lated groups of mountains rise sharply out of the deep alluvium. To the north and
 

west of the plain is a mountainous region which borders Burma and Laos. Northern
 

Thailand consists generally of a series of North-South trending parallel ridges, some
 

of which rise to 6-7000 feet as individual peaks, although most of the mountains do
 

not exceed the 3-5000 foot level. Nevertheless, the terrain presents a rather
 

formidable environment. Meandering rivers flow through wide intermontane basins, in
 

places cutting deeply incised gorges. The mountains bordering Burma are generally
 

high and rugged, through which streams have cut deep canyons and narrow valleys. It
 

is not possible to generalize concerning the vegetative cover of the region as it
 

varies greatly inkind and density throughout. The valleys and portions of the
 



more accessible mountain areas are heavily cultivated.
 

Northeastern Thailand is a structural basin forming a plateau region
 

covering more that. 150,000 square kilometers. It consists primarily of rolling
 

terrain dotted here and there by low hills. Large areas are flooded seasonally by
 

sluggish meandering rivers, the largest of which drains southeastward across the
 

basin. Meander scars, seasonal ox-bow lakes, and other small lakes are not uncommon.
 

The Mekong River borders the entire Northeast on the north and east and is a con

trolling factor in the lives of millions within its immediate and adjacent environs. 

The marginal areas of the plateau on the west and south are marked by mountains, 

some quite rugged, which only at a few points rise above 4000 feet. The plateau is 

heavily cultivated and only in the mountain areas and in isolated areas of the 

plateau proper can heavy fo-ests be found. A great diversity of crops are grown in 

the northeast which bear heavily on the country's economy. 

The southeast peninsula, known properly as Eastern Thailand, encompasses
 

a variety of topography, ranging from muddy estuaries and low coastal plains, to
 

dissceted uplands, rolling hills and mountains which are similar to those bordering
 

the Northeast plateau. These extend the full length of the Thai-Cambodian border.
 

Some of the mountains reach an altitude of.5400 feet. Large areas are diversely
 

cultivated, but equally large areas, near the border, are densely forested.
 

The western peninsula, or Southern Thailand, also possesses a great 

diversity of terrain. There is a continuation of the mountain range from the north 

which borders Burma, while isolated hills and mountains rise sharply out of the 

alluvial plains. The alluvial plains lie east of the mountains and constitute the 

bulk of the area in the south. Streams flowing from the mountains onto the plains 

overflow their banks with monotonous regularity in the rainy season. Many mangrove 

swamps are prevalent along much of the western coast of the peninsula, and in the 

far south in the tin mining area of the west coast, rocky seascapes hiding sandy 

coves are common. The mountains are densely forested and the plains, as usual, are 

heavily cultivated. Huge tropical rain forests dominated the terrain on the Malay

sian border. 

Thailand lies in the monsoonal belt, over which during the months of May
 

thru October westerly winds bring almost daily rains. Most of the country receives
 

50-100 inches of rain during this period; however, areas in the shadow of mountains
 

may receive less, and areas oa the windward side may receive double that amount.
 

Very little rain falls during the six month dry season. Streams and canals evaporate
 

and vast arid-like areas develop on the dry, sun-baked clays aid sandy loams. Mean
 



temperatures actually vary little. Daytime highs in the low to mid-90 s are common;
 

nighttime tempeatures in the mid to high 70 s or low 80 s are normal. In December
 

and January temperatures in the uplands and mountains occasionally drop to the 40 s,
 

or even 30 s, but in the lowland areas it is uncommon for temperatures to go below
 

60 degrees. During the months of March and April, isolated areas may suffer above
 

100 degree weather.
 

Thus it is an outdoor world for the majority of the people. An outdoor
 

existence of eating and sleeping, work and play, living and dying. It is not possi

ble, of course, to generalize on the living and eating habits of a population of
 

over 35 million people. It goes without saying that the mode of living varies with
 

the local environment, but Thailand is an agrarian country and the lowland and
 

plateau people live very much the same existence. The Northern hilltribes represent
 

an extreme although in reality their eating habits are only a variation of the
 

normal. The city dwellers represent another extreme, but not nearly so great in
 

diet as in housing.
 

In the more isolated regions of Thailand particularly within the hilltribes
 

of Northern Thailand, breast milk is a child's primary diet for the first 18 months.
 

At one month pre-chewed glutinous rice is added to the diet along with mashed
 

banana of a specific variety an occasion. Weaning is frequently determined by birth
 

of another child. At this point in his young life the older child is displaced
 

to more or less fend for himself. He is generally cared for by a close relative
 

and is forced to turn to a quasi-adult diet of sticky rice or rice soup with a
 

small amount of meat or vegetable. If the family diet is only sticky rice and
 

chili paste, as sometimes happens, the child has only sticky rice.
 

The remainder of the family including children other than infants eat
 

fried beef, chicken, pork, or fish. Chili paste is often used as a flavor in rice.
 

The paste is composed of peppers, onions, garlic, salt and dried fish or shrimp.
 

Eggs are either not liked or considered a luxury as generally they must be purchased
 

at a market. Dairy products are neither available nor liked. Vegetables cultivated
 

or gathered from froest or hedgerow are very popular and are eaten boiled or fried
 

with smali amounts of fruit. The term vegetable by Western definition is a rather
 

loose one, and over 70 varieties are common. Fruit is common but not generally eaten
 

in large quantities by the hilltribes, although over 40 varieties are common to
 

Thailand.
 

Although meat is seldom a part of the hilltribes' meal, pork is the most
 

common. Squirrels, birds, wild goat, deer and monkey may be part of the meal. In
 



some tribes corn is used because not enough rice can be grown. The two may be
 
boiled together, flavored with salt, with pork or chicken added.
 

The source of fat is from foods fried in rendered pork fat. Butter is
 
not available--and would not be eaten even if it 
were. Coconut is a source of fat
 
and is regarded as 
a sweat meat--eaten raw or roastedwhen young. The older coconut
 
is made into sweat meats or cakes. All varieties of rice are preferred "polished"
 
(overmilled), though there is some use of home--husked rice. Whether it is done
 
with knowledge of its beneficial results is not totally known. Glutinous rice is
 
soaked overnight in water, strained and steamed for 20-30 minutes. 
 When children
 
have an infection or fever all protein is restricted because it is believed to be
 

harmful.
 

The tribes live on 
the tops of hills, near streams or on slopes depending
 
on the custom of the tribe. 
The houses vary in size, but may consist of 3 or 4
 
rooms, one of which is a bedroom. Five to ten people per house is common. 
Lighting
 

is generally by torch only.
 

In the lowland areas of the north particulary near the more populated
 
villages or cities, the basic diet is somewhat more substantial. It includes both
 
common and glutinous rice, curries (including those made of tree flowers) without
 
coconut cream, river fish (small), raw meat with herbs and peppers, vegetables, and
 
some varieties of insects and grubs. Of course economy is 
a factor which controls
 
variations of the basic diet. 
 However, even in the low income families, most own or
 
work enough land where high protein crops could be cultivated. Soy beans are not a
 
part of the staple diet, although a fermented condiment called "Thua Nau", literally
 

"rotten bean", is eaten with sticky rice.
 

In the Northeast the diet is more varied. 
Of course rice is eaten with
 
every meal, but though there are considerable number of buffaloes, oxen, and pigs,
 
tie average villager may eat meat only twice a week. 
The poorer families eat meat
 
rarely if ever. Rabbits are a source of ready meat, but the idea has not caught on.
 
Poultry is eaten as frequently as once a week by nearly everyone. Birds are eaten
 
whenever they can be caught. 
 Eggs are eaten by a large percentage of the people at
 
least once a week, but nearly 25% do not eat them at all. 
 Fish is very important
 
and is usually eaten in one meal a day. Frogs and snails are rainy season treats as
 
are fresh water shrimps and crabs. 
 Silk worms play a dual role, the obvious one and
 
as an appetizer with rice mixed with fermented fish. 
 Bread is seldom eaten. No milk
 
is consumed except tinned or powdered.
 

Outside of cities a very few families have electricity. Torches or
 



kerosene lamps are commonly used. Candles are considered too expensive. Lighting,
 

of course, has a lot to do with how evenings are spent. Furniture is basic, ranging
 

from virtually none to a few chairs, tables or cupboards. The family commonly sleeps
 

in one room on bamboo floor mats or mattresses. Mosquito nets are a status symbol,
 

but are seldom used because of both cost and trouble. Cooking i3 done on charcoal
 

burners or wood between rocks; however, an amazing percentage cook on an open fire
 

in a hole. Statistics show that approximately 15% have access to a sewing machine.
 

Washing is done at a well or stream and most everyone has some form of soap, though
 

some in isolated areas do not. It is further estimated that 95% of the Northeast
 

dwellers have no toilet facilities at all, nor desire any as their absence bears no
 

relation to income level or village status.
 

Water is a perennial and ubiquitous problem. It is usually a case of
 

feast or famine. Fcc several months of the rainy season there is too much and the
 

land is flooded. During the dry seasons many inhabitants must purchase or walk
 

great distances to obtain the basic needs for daily existence. Reservoir and flood
 

control projects and drilling and community water projects are providing a degree of
 

relief to many in the Northeast.
 

The following is an excellent account of the daily routine in a small
 

village and provides a good insight to village life which may be considered "typical"
 

was
for a very large percentage of low land living Thais. The paper from which it 


taken is reproduced here virtually in its entirety.
 

Bang Chan is situated in the rice-producing area of central Thailand,
 

about 20 miles by road northeast of Bangkok. The community, scattered over an area
 

of approximately 5 sq. mi., had a population in 1954 of approximately 1700, divided
 

among 336 households. About 60 per cent of the households were made up of indepen

dent families, parents with unmarried children, with an average family size of 5.7
 

persons. The community was defined simply by the clientele which patronized Wat
 

Bang Chan, the Buddhist monastery and place for religious exercises, and the one
 

primary school in the village situated on the grounds of the wat. Within the area
 

of the community lived a small minority of Thai Moslems who patronized a mosque
 

and school just outside Bang Chan. The few Chinese in the village were considered
 

as part of the Thai-Buddhist community. Information to be presented on food habits
 

refers primarily to habits of the Buddhist majority.
 

A road, connecting Bangkok and Minburi, the nearest market town, ran
 

through one edge of the village. Within the community, one went by boat on the net

work of canals during the wet season, and during the dry season, on foot along the
 



dikes or across fields. Some adults in Bang Chan had never been to Bangkok, though
 

almost all had visited Minburi, about 3 mi. away. When travel by boat was possible,
 

boat vendors brought fresh produce and staples. They often extended credit and also
 

accepted items such as fresh fish, fruit, and eggs on a barter basis, thus providing
 

an.outlet for.small amounts of home products.
 

ANNUAL CYCLE OF ACTIVITIES
 

Basic to an understanding of food habits in Bang Chan is a knowledge of 
the annual cycle of activities. The main occupation of 80 per cent of the families
 

was rice farming. Though there were clear differences in socio-economic status,
 
the daily lives of the people were much alike: whether owners of land or renters,
 

whether farming large or small plots, rich and poor workeu in the fields at 
the
 

same tasks and produced or gathered much of their food.
 

The tropical monsoon climate, together with the overflowing Chao Phraya
 
River, provided natural conditions for raising a single crop of wet rice. From late
 
May to November, during the hot wet season, the land was prepared, seed beds grown,
 

seedlings transplanted and the lush, green rice fields grew. Despite availability
 

of fish and greens in the canal, highest cash outlays for family food occurred in
 

the transplanting season. Increased energy needs for work, cash onhand from sale
 

of the previous year's crop, vendors accessible because of high water, and the con

venience of purchased foods--all probably contributed to this situation.
 

Early varieties of rice began to mature in November, and harvesting con

tinued throughout the cooler, dry season to early February. Hours of work were even
 
longer during harvest than transplanting. The crop must be brought in while enough
 

water remained in the canals so that sheaves could be moved and buyers could still
 

come for the paddy (unhusked rice). Every daylight hour was used for field work,
 

and threshing continued far into the night. At this time, too, many varieties of
 
fish matured, and some family members fished night after night. School vacations
 

were scheduled during the heavy work seasons of transplanting and harvest, so that
 
older children might work in the fields and younger ones help care for babies and
 
toddlers, who were never taken to the flooded fields. 
 School-age children could
 

also help fiih, cook, gather food for the family and grass for the buffalo. Coopera

tive harvesting was common, but those with lar-er fields to harvest often hired
 

neighbors, both men and women, as temporary helpers.
 

For most households in Bang Chan, sale of surplus rice was the main
 

source of income. For some, sale of other home-produced foods, such as eggs or
 



fruit, and of fish and wild greens obtained from the canals augmented the cash
 

income. A few turned to other labor, such as canal digging, when farm work was 

slack. 

When the crop was in, most people rested, fished, and prepared for big 

ceremonies demanding organized work. Ponds were drained, and the fish on the muddhy
 

bottom caught. Cash expenditures for food, which had declined progressively since
 

the beginning of the rive year, reached a minimum, chiefly because people had ample
 

time to fish.
 

During the hot, dry, post-harvest season, festivities and ceremonies
 

dominated the village scene. Some of these, such as weddings, rites to honor a
 

teacher, and pre-ordination feasts, were held at home, with many members of the
 

community participating. Others, such as cremations and ordinations, took place
 

at the wat (temple). Food played an important role in all of these affairs. Such
 

occasions provided opportunity to "make merit" and add to one's prestige, as did
 

the regular offering of food to the priests, throughout the year.
 

Though the beginning of Buddhist Lent in July marked the officiAl end
 

of the season of festivities, their number declined sharply in later May when the
 

rains came, and the rice year began once again.
 

HOME SITES AND HOUSES
 

Since the canals provided the chief means of local transportation for 

much of the year and also supplied water for many household uses, houses were 

built near the canal. Even though home sites were mounded up to a level of 2 or 3 

ft. above that of the fields, water might cover the mound at the peak of the rainy 

season. Many houses were built on stilts to avoid flooding when the water level 

was high. 

Depending on the resources of the family, houses were built of either
 

thatch or wood, roofed with thatch, galvanized iron, or occasionally, tile. Split
 

bamboo or matting might be used for dividing walls, if the house had more than one
 

room. Wooden flooring was usual. In simpler thatched houses with dirt floors,
 

one or more low wooden platforms were built for sitting and sleeping, and water
 

buffalo might be sheltered under the same roof with the family.
 

In the larger houses, the kitchen was usually a small separate room with
 

a wooden floor and at least one window for ventilation. In smaller houses, espe

cially those with an earthen floor, food preparation was carried on in one corner of
 

the main room. Here the "fireplace" might be simply a mound of clay on the ground,
 

with clay stove on toD of it. In houses with a wooden floor, the "fireplace" would
 



be a low table or wooden case with sides built up several inches, and filled with
 
clay, On this stood the clay stove, beside which hot pans and pots were set when
 
removed from fire.the Firewood was kept nearby. Most families also had a portable 
charcoal stove for auxiliary use for outdoor cooking or when traveling by boat.
 

In many kitchens, clean dishes were placed upside down on a slatted
 
wooden rack. A free-standing ventilated cupboard or "food safe" was the other
 
common item of furniture. At its best, this was screened and the legs ant-proofed, 
but relatively few families had such well constructed food safes. Families often
 
kept leftover cooked foods in a basket or covered with large dishes on a tray.
 
Fish and sugar must be kept away from ants, but cooked rice, which did not attract
 
them, could be left anywhere out of reach of dogs. 
 A large jar or oil can held
 
raw rice while salt, fermented fish, shrimp paste, and fishsoy were stored in
 
smaller jars 
or bottles, usually covered. 
Dried food materials, such as onions,
 
garlic, chili peppers, and other seasonings, might be hung from the roof in a 
basket. Paddy (unhusked rice) was usually kept in a large bin of matting or wood. 

In 
a few homes, a clay water jar stood in the kitchen or nearby, but
 
more often foods were washed, and cooking water obtained at the canal or fish pond.
 
Rainwater, collected and stored in jars, was preferred for drinking, but in the
 
dry season families had to resort to water from the canal 
or fishpond for drinking
 
as well as food preparation. There were no deep wells in the area.
 

Some garbage was fed to animals; the remainder was not burned or buried,
 
but was 
thrown either into the canal or elsewhere.
 

MEAL PATTERNS AND TYPICAL THAI DISHES
 
Food was 
commonly prepared twice a day, in the morning and late afternoon.
 

The meal pattern was the same for breakfast and dinner, with rice being the prin
cipal item in every meal. In Thai, the general term meaning "to eat" is translated 
literally "to eat rice," and all food items are divided into two classes: 
 rice and
 
"with rice." 

E:zakfast ,',reparation was begun early if food was to be offered to the 
priests, but family members might eat at various times during the morning: the
 
husband before or after he went to the field; older children, before school time;
 
babies and small children, when someone had time to feed them; and so on. 
 Pre
paration of supper might be started anytime after 2:30 P.M. 
Family members more
 
often ate together at the evening meal then at breakfast. Except during heavy work 
seasons, adults often ate just the two principal meals, but small children ate
 
whenever hungry.
 



The homemaker, or older daughter if there were one, was usually respon

sible for meal preparation, but all members of the family who were old enough to
 

help, learned to cook. A girl or boy could cook rice "as soon as he could lift the
 

rice pot," i.e. at six or so; by age twelve, he could prepare a creditable meal.
 

seven to fourteen years, cooking a special meal
Committees of school children, ages 


on the school grounds, prepared a variety of dishes with ease, thus giving evidence
 

of the home experience these children had had.
 

Responsibility for food preparation increased with age up to about fifteen
 

years, after which the young people joined other able-bodied family members in
 

field work during the busy seasons.
 

The principal processes used in food preparation were cutting food into
 

bite-size pieces, pounding spices and flavoring materials, grating coconut, straining,
 

boiling, and sautiing in a small amount of fat. The kitchen had no oven. A stick
 

sometimes used to roast fish of appropriate size
 or metal support over the fire was 


a rack over the fire.
of field rats. Bananas might be baked in the skin on 


PREPARATION AND SERVICE OF MEALS
 

To help the reader visualize meal preparation and service in a village
 

home, we will first describe breakfast preparation in one household. By 5:15 A.M.,
 

the fire had been lighted. Using a tin can, the twelve-year-old daughter measured
 

She took it to the canal, washed the rice twice,
rice into the clay rice pot. 


of water and put it on the fire. About 25 min.
then covered it with an excess 


later, the mother removed the cover, stirred the rice once, then replaced the
 

cover, allowing the rice to cook a little longer before she drained off the excess
 

set aside for the baby, the rest was poured
water. A little of the rice water was 


into the dog's dish. The rice left from the previous evening meal was added to
 

the rice pot, which was then put back on the stove for a few minutes.
 

Meantime, dried chili peppers had been soaked in water, and the mother
 

crushed and pounded them in the mortar with some onion, garlic, shrimp paste, 
and
 

are pounded fresh for
salt. The varied seasonings used liberally in Thai cookery 


each meal.
 

The daughter drained the water from a coconut into the dog's dish and
 

Seated on a low wooden stool she deftly grated the
split the coconut in half. 


coconut meat by pushing each half over a toothed iron scraper which was attached 
to
 

one end of the stool. With a coconut shell dipper, she added a little water to
 

the grated coconut, worked and squeezed the mass in her fingers, then poured the
 

milky water through a fiber strainer into a kettle. She added successive portions
 



of water and squeezed the grated coconut several more times, thus obtaining almost
 
three times the original weight of coconut as "coconut milk".
 

By this time, the rice had been taken from the stove, a few sticks of
 
wood were added to the fire, and the kettle of coconut milk was put on the heat
 
at about 6:15 A.M. 
Twenty minutes later, the pounded seasonings were added, with
 
a spoonful of palm sugar, and the cooking continued. Lastly, swamp cabbage, which
 
the daughter had gathered from the canal, and dried salted fish were put into
 
the pot.
 

At 6:50 A.M., the curry was taken from the fire bowls of rice and of
 
curry were then arranged on a tray for the small boy to take to the landing to be
 
offered to two priests who would shortly pass 
 that way. While the mother nursed
 
the baby, the older daughter set out bowls of rice for the other school-age children
 
and herself. A bowl of curry, with 
a spoon for serving, was placed in the center
 
where all could reach it.
 

Each one had a spoonful of curry beside his rice. 
To take more than that
 
at one time would appear greedy. 
Enough rice for a bite was pressed together with
 
the fingers of the right hand, so that grains would not be scattered as they were

conveyed to the mouth. 
The curry was eaten by touching one side of the rice ball
 
to it.
 

When the baby had finished nursing, the mother mixed rice water with some
rice in 
a bowl and fed it to him. 
 He was too young to have the highly seasoned
 
curry. 
The older children rinsed their bowls and turned them upside down to dry, put
 
some rice and curry into a tiered lunch pail, and were off to school in their small
 
boat. 
 The mother had her breakfast later, when the father returned from doing

early chores. A small amount of rice was 
left over from the meal preparation were
 
scraped through a gap in the floor boards, to be snatched up by the chickens.
 

"WITH-RICE" DISHES
 
In Bang Chan, three or four "with rice" dishes were usually prepared during
the day, but the number and kind varied in different families and according to season.
 

Fish was 
second in importance to rice, but the typical "with rice" preparation,

whether "hot" or mild, contained more than one food item in addition to a variety

of spices and flavoring materials. 
One or two of the "with rice" dishes would
 
usually be "hot," i.e., highly seasoned with fresh or dried chili peppers. 
 Curries
 
belong to this category, but may be designated as either "hot" or "sour." 
 The
 
latter have crushed tamarind added, but contain less chili and spices. 
 Vegetables,
 
if used, were added when the cooking was nearly finished.
 



A hot sauce, nam prik, made of shrimp paste, chili, garlic, and other
 

spices ground to a smooth consistency in a mortar and then mixed with lime juice,
 

sugar, aid salt or fishsoy, was called by one informant the everyday food of the
 

villagers. When vegetables were eaten raw or cooked without seasoning, nam prik was
 

always served with them. If the poor man had nothing else to eat with his rice,
 

nam prik would make it more palatable.
 

Mild dishes included panned vegetables; meat or eggs cooked with small
 

amount of fat and a variety of spices and condiments (including black pepper but
 

not chili); fish, roasted or boiled; vegetables cooked in coconut milk or water
 

without seasoning, or served raw.
 

Judging both from meals prepared in the eleven hous.iolds studied and
 

from the school children's records, some protein-rich food, us..ally fish, was
 

Some
generally eaten at each meal, but the amounts per person might be small. 


children had no vegetables, and only about one-fourth of the vegetables mentioned
 

Except for the occasional use of
in the children's records were green or yellow. 


pineapple or unripe papaya in curries, fruits were not included in meals, but were
 

eaten by many children as snacks.
 

SNACKS
 

Between-meal snacks might be an) available leftover food, fruits, or
 

items bought from a vendor. Most school children ate snacks, which were usually
 

Fruits and 'desserts" were commonly
different from foods eaten at a regular meal. 


eaten, although a variety of other foods, not a part of the usual Thai meal, 
were
 

One could tell fairly well from the children's records what the
also listed. 


vendors, who appeared on the school grounds daily, offered for sale on a given day.
 

Some influence of temperature was apparent; thus ices and syrup over shaved ice
 

were eaten more often during the hot dry season, and cooked foods, such as fried
 

Chinese noodles, appeared primarily in cool weather. Seasonal fruits might be
 

lotus seeds were gathered wherever
picked from the home garden, and items such as 


the children found them. Some children carried food to school, but many ate no
 

regular lunch.
 

The number of snacks recorded by individual children did not, however,
 

For example, among
appear to be related to whether or not they had eaten lunch. 


the 76 children who provided 24-hr. food records during May 1953, the 
average number
 

of snacks recorded by the 39 children who ate a regular lunch and the 
37 who did
 

not, was about the same, i.e. a little over three per child.
 



SOURCES OF FOOD
 

HOME PRODUCTION, STORAGE, AND PRESERVATION
 

Rice. Although nearly a third of the households owned a home rice mill,
 

undermilled or home-pounded rice was not widely used. Information on this point
 

was obtained for 333 of 336 "kitchen-unit" households in the village. Of these,
 

4 consumed home-milled rice only, 51 used home-milled rice in major part, 78 in
 

minor part, and 199 not at all. Most families took paddy to the mill when water in
 

the canal was high enough so that it could be transported by boat. No family in
 

Bang Chan usea rice polishings for human food.
 

Fish. Next to rice, fish constituted the most abundant food in the diet
 

in Bang Chan. Either fresh or preserved, they wci. available throughout the year.
 

During heavy work seasons, many families purchased fish from vendors. Every house 
had a pond, from Which fish were taken as 
needed, sometimes--for convanience--several
 

at a time, 
to be kept alive in a large pot near the house. By draining the pond,
 
fish were harvested. Those caught in 
excess of immediate needs were preserved for
 

later use. Larger uiies were commonly salted and dried; smaller ones were preserved
 
as fermented fish. Small shrimp, which 
 were caught in quantity during only about 

three weeks in February, were made into shrimp paste, an essential ingredient of
 

Thai "hot" dishes. The liquid drained off from the mixture of fish or shrimp and 
salt in the first stage of preparing fermented fish or shrimp paste was used by 

some villagers to prepare fishsoy, a common condiment. 

Eggs. 
 Chickens were raised by about 90 per cent of the families, and
 
over 70 per cent owned ten or more. Only 37 per cent of the households had ducks, 

and only 13 per cent had ten or more. Most of the eggs produced were sold. 

Fresh Foods Other Than Fish. Production and use of meat was inhibited 

by Buddhist tenets which forbade the taking of life. Killing of poultry, fish, 

and so on, was tolerated among the relatively young, but was considered unsuitable 

to the aged who should be preoccupied with living virtuously. Vendors sold meat,
 

such as water buffalo and pork, as well as fish. Actual butchering was done by 

Moslems or Chinese who did not object.
 

Since many villagers were unwilling to slaughter water buffaloes, even
 
when they became aged and useless, such animals which had died of old age or disease
 

were not, however, regarded by Thai Buddhists in Bang Chan as unfit for human
 

consumption, but Moslems were forbidden to eat them. 
Some Moslems reported offering
 

dead animals to Buddhists in barter for other materials. In 1955, only five house

holders in Bang Chan raised hogs, and four of these had one 
or two only. Moslems
 



ate no pork.
 

Poultry was not commonly used for food, it was the poor man's "feast" food
 

suitable for guests. Various wild creatures were used for food. Eels, frogs,
 

turtle, cobra, and other snakes were used for curry, some for special parties for
 

men. Field rats, available all year, were roasted.
 

Vegetables and Fruit. Although kitchen-gardening had been encouraged by
 

the Thai government, vegetables and fruit were grown in Bang Chan to a limited
 

extent only. Every family had some sort of kitchen garden, but seasonings and
 

chili were more commonly grown than vegetables and fruit.
 

In a typical farm garden in Bang Chan, one would find bananas and a
 

iiuwber of plants used for seasoning curry, such as various kinds of chilies,
 

lemonagrass, bergamot, of which both rind and leaves are used, and galangal. Both
 

sweet and holy basil were commonly grown. Some families grew one or more varieties
 

of gourds and of eggplant, perhaps training them over a tree or trellis. The
 

inflorescence of the banana was also used as a vegetable. Leafy vegetables were
 

a
not commonly cultivated, but some families grew phak kached (Neptunia prostrata), 


green water plant, in gardens staked out at the edge of the canal or in a pool.
 

Some had trees with edible leaves. Swamp cabbage, which grew wild along the edge
 

of the canals, was the most common green leafy vegetable. In addition to bananas,
 

a few families grew guava, jujube, star gooseberry, Manila tamarind, mango, and
 

pineapple.
 

Increased home production of fruit and vegetables would in many cases
 

require increasing the size of the home site by purchase, mounding, or both.
 

Ordinarily, increased land for the kitchen garden was obtained only at the expense
 

of some of the rice land. Water-ways, however, were public areas; and any conve

nient wide spot might be selected as a private garden, marked off with stakes. 

FOOD PURCHASES AND CASH EXPENDITURES
 

Relatively few foods were purchased, but some of these, such as onion,
 

garlic, limes, tamarind, coconut, and palm sugar; were so frequently used that
 

without cash to buy them, villagers would have considered their diet monotonous.
 

If their own supply of fresh and dried chilies, fishsoy, and shrimp paste was in-


Other foods less commonly produced in Bang Chan
adequate, these too would be bought. 


were purchased for variety; for example, eggplant and white radish were bought by
 

more than half the families that participated in the dietary study. Salted and
 

pickled white radish and pickled bamboo shoots were the only preserved vegetables
 



purchased and used frequently.
 

Cash expenditures for food were relatively small, the average cash cost
 
being less than half a baht (a little over 2 cents) per capita per day. Animal foods,
 

being relatively expensive, accounted for more than a third of the cash spent,
 
coconut a little less, vegetable about a fourth. Minor amounts went for palm
 

sugar, fats and oils, spices, and miscellaneous.
 



THE ACCEPTABILITY OF NEW PROTEIN-RICH FOODS INTHE
 

WAR-AFFECTED AREAS OF NIGERIA.
 

by E. 0. I. BANIGO AND A. OMOLOLU
 

Food Science and Applied Nutrition Unit,
 

The University of'Ibadan, Ibadan, Nigeria.
 

ABSTRACT.
 

During the recent civil war in Nigeria, some emergency relief foods were
 

introduced into the war-affected areas of Nigeria for the relief of the famine and
 

starvation.
 

The utilisation of these foods in the hospital for the treatment of severe
 

kwashiorkor cases, the convalescent home and some villages in the state was observed
 

The new protein-rich foods were not readily accepted because they were
 

unfamiliar. The locally available foods were always preferred.
 

The steps taken to improve the acceptability of these foods are discussed.
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INTRODUCTION.
 

Nigeria, situated in West Africa, extends from the Gulf of Guinea in the
 

South to the border of the Sahara in the North, covering an area of about 357,000
 

square miles (Figure I.) It is the most densely populated country in Africa and
 

contains about 56 million people (CENSUS 1962-63). The independent Federation of
 

Nigeria came into being in 1960. In 1967 the 12-state administration of the Fe

deral Republic was established under a Military Rule. The official language is
 

English and there are over 200 vernacular languages.
 

The civil war which lasted for 30 months (July 1967-January 1970) affected
 

the three Eastern states (former Eastern Region) with a total area of 29,484 square
 

miles and estimated population of 14 million people (Figure I.)
 

While in advanced countries, much of the food consumed may be imported, it
 

is characteristic of developing countries that patterns of food consumption and
 

production overlap. Therefore the food consumed in any particular part of Nigeria
 

is largely dependent upon food produced in that area. There are no reliable data
 

on the production of foods in Nigeria. Animal protein sources (meat, fish, egg and
 

milk) in the former Eastern Region are limited. So also are plant protein sources
 

(oil seeds and legumes). Starchy roots and tubers (cassava, yam, coco-yam and
 

sweet potato) constitute the major staple food crops. Maize, rice, vegetables,
 

various fru~ts and oil palm are also grown there.
 

While the overall energy supply in this area was found to be adequate,
 

that of protein was not (NUTRITION SURVEY 1965). Conditions referred to as pure
 

kwashiorkor (COLLIS 1958) and marasmic kwashiorkor (PLATT 1958) have been reported
 

in certain parts of the former Eastern Region before the civil war.
 

In order to relieve the famine and starvation in the war-striken areas,
 

several humanitarian organisations the world-over supr, ed massive quantities of
 

various foods. This paper reports a study on the use o, these foods and their ac

ceptability in two health centres in the Rivers State capital and some villages, a
 

few months after the cessation of hostilities.
 

Man, is by nature, very conservative and will resist any change in his
 

food habits. The formulation of new 'complete' foods has been successful in cli

nical treatment of severe malnutrition cases (CANTOR AND ROBERTS 1967; PARMAN
 

1968). However, the well planned but expensive promotion which is needed for the
 



introduction of new protein-rich foods, if they are to be readily accepted by those 

for whom they are intended, has often been neglected especially in times of famine, 

disaster or starvation.
 

MATERIALS.
 

'Tle emergency relief (protein-rich) foods available during this study are 

given in Table I. 

Table 1. Relief (protein-rich) foods available. 

Common or Protein Content Components of products. 
trade names 

Yellow corn meal 7.95 a degermed milled corn, enriched and 

fortified with Calcium and Vitamin A 

Bulgur wheat 12.4 a completely cooked, dried and cracked 

wheat grain. 

Rolled oats 12.1 b flaked oat meal.
 
c
C. S. M. 20.0 precooked corn meal 68%, toasted soy 

(Corn-Soya-mi lk) flour 25%, non-fat dry milk 5%, vita 

mins and minerals added 2%. 

Farex 14 .2c three cereals, minerals and vitamins 

blended and cooked.
 

P.K.F.M. 19.9 d precooked high protein mixture formu
 
(Post Kwashiorkor Food lated as follows: maize meal 40%, fu 

Mixture) 
fat soy flour 38%, dried skim milk 5'
 

Sucrose 15%, vitamin mineral mixture
 

2%, added vanilla flavour.
 

K Mix II 22.4 d Casein, skim milk powder and sucrose 
(Kwashiorkor Mixture II) mixed in the ratio 3 : S : 10 parts I 

weight. 

Dried skim milk 28 .9e milk. 

Canned chicken N. E. Shredded dry pack chicken cooked rea( 

to serve.
 

Emergency food pack N. E. dried cake and soup blocks.
 

Stockfish N. E. Norwegian dried cods.
 

Salted fish N. E. dried salted fish.
 



Source: a 	AACC Protein-enriched cereal foods for world needs St. Paul
 

Minn. 55104, 1969.
 

b McCance R. A. and Widdowson E.M. The composition of Foods H
 

M. S. 0. London, 1960.
 

c Supplied by manufacturer. 

d Calculated.
 

e FAO - USDIIEW Food Composition Table for use in Africa 1968
 

THE NIGER HOSPITAL, DIOBU, PORT HARCOURT AND THE EGBUNINE
 

CONVALESCENT HOME, PORT HARCOURT.
 

There were 35 and 450 patients at the hospital for treating kwashiorkor 

cases and convalescent home respectively. These were mostly in the age group 0 

15 years. They were placed on high protein diets prepared either entirely with 

emergency relief foods or in combination with locally available foods.
 

The preparation, cooking and presentation of various dishes of new pro

tein-rich foods were observed. These dishes may be classified as Beverages (or 

drinks), Porridges (or pap), Foofoo, Jollof, Soup (or stew) and Fried products. 

This classification is given in Table 2. 

Table 2. 	 Classification of new protein-rich foods according to dishes.
 

Beverages Porridges Foofoo Jollof Soup Fried
 

(or drinks) (or pap, (or stew) products
 

gruels)
 

Dried skim Yellow corn Yellow Bulgur Stockfish Whleat flour 

Milk meal. corn meal. wheat. Salted Yellow corn 

fish. 

K Mix I C. S. M. C. S. M. C. S. M. meal. 

P.K.F.M. Rolled oats 

Farex 

Bulgur wheat 



BEVERAGES These are low viscosity liquids with a high water content
 

(usually over 90%), prepared by mixing the protein foods with water (boiled and
 

cooled recommended)
 

Most traditional beverages are fermented cereal alcoholic products for
 

example pitto and burukutu.
 

PORRIDGES The moisture content of these is about 90%. These are prepared by
 

mixing the mate ial with boiling water until the desired consistency is obtained.
 

Alternatively the porridge may be boiled under stirring. Sugar and milk may be
 

added. The most important porridge of this area is Ogi, a fermented cereal product.
 

FOOFOO These preparations are distinct from porridges in that the product can be
 

formed into balls which do not flow under gravity. The moisture content is of the
 

order of 65 - 80%.
 

The material is stirred into boiling water to give a semi-solid product. 

It is then cooked for about 10 minutes and served with a highly seasoned soup con

taining meat or fish and leafy vegetables. Foofoo in this area is usually a fer

mented cassava product or pounded yam or plantain. 

JOLLOF The nearest Western food equivalent is risitto. These are similar to foo

foo in moisture content (65 - 80%) 

The material is cooked with sufficient water until very soft. Fat or oil,
 

spices, i.,eat or fish are added and then thoroughly mixed. It is served alone as a
 

complete dish. Traditionally, jollof is prepared either with rice or in combination 

with beans. 

SOUP (or stew) The African soup unlike its Western equivalent is highly seasoned 

and contains meat, fish, leafy vegetables and other codiments. Usually served with
 

foofoo.
 

FRIED PRODUCTS (puff-puff, pancake) 

'The material is stirred into the required amount of water until the desired
 

consistency is obtained. It is fried in oil or fat. The popular traditional fried
 

products are akara (beans cake) and mosa (banana mixed with maize meal).
 

The weight of food given to a selected number of patients and their plate
 

wastes were determined. Additionally each patient's assessment of every dish served
 

in terms of taste, flavour, appeal (colour) and overall acceptability was obtained.
 

The % waste of some dishes and the patients assessment are given in Table 3
 



Table 3. Waste and patients' evaluation of some dishes.
 

Names of dish Waste % 	 Patients' evaluation.
 

Bulgur Jollof 50.5 	 Colour unattractive, not tasty.
 

(with butter oil)
 

Bulgur Jollof 24.2 	 Improved colour, more acceptable taste.
 

(with palm oil)
 

Bulgur Gruel 64.8 	 Colour uninviting, too dark, not deli

cious, product unfamiliar.
 

C. S. M. Jollof 	 40-60 Not delicious, texture too smooth, dish
 

unfamiliar.
 

C.S.M. Porridge 40-70 Not tasty, unfamiliar
 

Rice and Beans Jollof - Delicious, very acceptable.
 

Milk drink 14-50 At times too watery, milk is associated
 

with frequent stool.
 

Stockfish 35 Not allowed to cook properly, hard to
 

chew.
 

The dishes in Table 2 have been prepared in 	accordance with the existing
 

cooking practice of the locality. The results show that the % waste recorded for
 

some of these dishes are high (Table 3). The % waste of Bulgur Jollof (with butter
 

oil), Bulgur Jollof (with palm oil) and Rice and Beans Jollof are 50%, 24% and
 

none in that order. There is a correlation between % waste and acceptability of
 

the product: The more attractive and tasty the product is, the smaller the % waste.
 

The % waste recorded for C. S. M. Porridge, milk drink and Bulgur Gruel
 

are 40-70%, 14-50% and 65%. These dishes do not appear to be very acceptable. It
 

was thought possible that the people's unfamiliarity with the products may account
 

for this. Here a particular dish was unacceptable for example Bulgur Gruel, it
 

was substituted with another one.
 

Some modifications in the preparation of the dishes were effected. For
 

instance butter oil was replaced with palm oil in Bulgur Jollof and the % waste
 

dropped from 50% to 24% (Table 3). Bulgur Jollof was replaced with Rice and Bulgur
 



Jollof. 
The modified dishes appeared acceptable.
 
FIELD STUDY IN VILLAGES AND HOMES.
 

Anothe aspect that was 
studied in the field was the 
use of these foods
 
by the local people.
 

The foods were given out at Distribution Centres and the amounts given

were meant to last for a week for the family. Follow ups 
were done to the homes
 
of the recipients to find out how the foods were used and advice given on their
 
preparation.
 

In the studies carried out in the villages and homes it was interesting 
to find that the preparation of the foods accepted, had been adapted to the normal
 
food habits and pattern of the people whilst those foods that could not be cooked 
in the traditional way were not acceptable.
 
C. S. M. This was made and accepted as a Foofoo (See Table 2), but not as a por
ridgu or gruel. It became known all 
over the area as American 'GARI' and used as
 
a substitute for 'gari' prepared from cassava.
 
BULGUR WHEAT 
- This was prepared in the homes as Rice - by boiling and eaten with 
vegetable soup. It was regarded as a poor substitute for rice and to conceal its
 
colour and hardness was prepared either mixed with rice or cooked as Jollof (See
 
Table 2).
 

Bulgur gruel was never seen prepared in the homes.
 
Bulgur wheat was described by the local people as unmilled rice, because
 

of its high bran content.
 
STOCKFISH 
This was well accepted. 
After thorough soaking (usually overnight), it
 
was cooked in a soup with vegetables, tomatoes, onions and spices. 
 The soup accom
panied the foofoo 
(made with C. S. M. or local gari) and rice or bulgur wheat.
 

GENERAL DISCUSSION.
 

All the new protein-rich foods introducted into the war-affected areas
 
were of a higher protein content than existing staple foods (starchy roots and
 
tubers). 
 The protein content of the emergency relief foods is of the order of
 
8 - 30% (Table I), starchy roots and tubers 0.9 
- 6% (FAO 1968). Food habits are
 
difficult to change. 
 Yellow corn meal and C. S. M. 
were used exclusively to pre
pare foofoo (Table 2). If however, gari (a
cassava product) was available, it 
was
 
rather preferred. 
 Stockfish and salted fish were acceptable. These are well known

in this area having been in 
use prior to the civil war. 
Given a choice between new
 



high protein and already familiar low protein foods, the latter was always prefer

red.
 

In the introduction of new products into an area, the fo lowing factors
 

seem very important for acceptability:
 

1. 	Food habits - Here C. S. M. was accepted as a 'foofoo' or American 'gari' 

but not as a gruel or porridge as recommended by the makers. 

2. 	 Taste - For instance milk was not readily accepted because the taste 

was unfamiliar to the local people. 

Tho yellow maize used in C. S. M. caused some problem in those3. Colour 

areas where gari had always been white. In areas where the
 

traditional gari had always been yellow (due to preparation
 

with palm oil) C. S. M. was readily acceptable.
 

In the preparation of 	these
4. Cooking practices and available cooking utensils. 


foods no new utensils or cooking practice should be needed.
 

This latter aspect is receiving attention in this Unit.
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PROTEIN MALNUTRITION IS STARVATION
 

by
 

Eben H. Hipsley
 

Nutr.ition Section, Department of Health, Canberra
 

An important question which should be asked by food industrialists, would

be nutrition educators, public health administrators, and by policy makers, is how
 

widespread is "protein malnutrition". Although most nutritionists refer not to
 

"protein malnutrition", but to "protein-calorie malnutrition", it is my impression
 

that too frequently the calorie component of the term "protein-calorie malnutri

tion" is given only lip service.
 

Sukhatme (1970) had this to say
 

".............. the widespread incidence of protein deficiency in India
 

today is mostly the result of inadequate quantity of food".
 

In other words the point was made that protein malnutrition is mostly the
 

result of starvation. He went on to say,
 

............... "We must conclude that children's needs for protein can
 

bet met by a diet based on cereals and pulses, such as those normally
 

eaten by adults, provided they take enough of it".
 

Gopalan (1970), in discussing whether or not the hypothesis that marasmus
 

is due to predominent calorie deficiency, while kwashiorkor is the result of predo

minent protein deficiency, said :
 

"I feel that, in view of the accumulating evidence from different parts
 

of the world, our earlier concepts regarding the pathogenesis of kwashior

kor and marasmus need reappraisal. Such reappraisal will not be a mere
 

academic exercise but will have far-reaching practical implications".
 

Gopalan considered that the main bottleneck in the dietary situation of
 

both syndrome3 is calorie inadequacy.
 

Both these views, which are based on practical experience, seem to
 



indicate that nutrition educators may be in error when they teach that children
 

need special protein-rich foods. From a theoretical point of view also, there
 

appears to be no basis for holding the view that children need such foods.
 

Breast milk, in which about 7 percent of the calories are derived from protein,
 

is not notable as a food rich in protein. It is recognised, of course, that not
 

every dietary mixture of proteins has a biological value approaching that of milk

protein. But even so, it seems hardly likely that weaning foods need be especially
 

rich in proteins.
 

Although many people believe the contrary, there is actually no support
 

from the Recommendations zf the Joint WHO/FAO Committee on Protein Requirements
 

(1965) for the notion that children need special protein-rich foods. It is cer

tainly true that these recommendations indicate that protein needs per unit of
 

body weight are higher in children than in adults, for example, comparable figures
 

are 1.5 g protein per kilograms of body weight for children, and 1.0 g/kg for
 

adults. But the fact that children also require more energy per unit of body
 

weight than adults is frequently overlooked. Given adequate quantities the same
 

foods will meet the protein and energy needs of both child and adult equally well.
 

It can be argued too, on psychosocial, and even on economic grounds, that it may
 

be undesirable to encourage dietetically a child elite group.
 

It seems possible that too much attention can be focussed by planning
 

authorities on protein and protein-rich foods as a means of combating malnutrition
 

in children, if the real problems of "inadequate quantity of food" is neglected.
 

There is a case for producing more conventional protein-rich foods, but
 

there are more important reasons for doing this than to combat malnutrition. For
 

example, livestock can help considerably to buffer fluctuations in the production
 

of basic food crops such as cereals and tubers. Also the presence of livestock
 

helps to add interest to the environment and to provide aesthetically satisfying
 

employment for people. Finally, animal products can add variety to diets that may
 

otherwise tend to be monotonous.
 

"Protein-calorie malnutrition" is identical in every sense to "starva

tion". One might well ask why do nutritionists continue to talk about "protein

calorie malnutrition", when what is really meant is "starvation". The use of
 



the correct 	word is not a mere quibble, but has far-reaching practical implications
 

because it 	can be understood by all: decision makers, educators, and food indus

trialists.
 

As Gopalan 	(1970) indicates, if we re-focuss our attention on "inadequate
 

the main problem, this will have far-reaching policy implicaquantity of food" as 


There are two which appear to be relevant to the Seminar on Protein 
Food


tions. 


Promotion:
 

1. 	A relatively low priority should be given to the production and 
pro

motion of semi-. and non-conventional protein-rich foods.
 

2. A high 	priority should be given to the production, and especially 
to
 

the 	equable distribution, of basic foods and to conventional protec

tive foods 	such as leafy greens.
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Role of Commercial Sector
 

SCIENTIFIC SUPPORT OF PROTEIN PROJECTS
 

Dr. C. Engel
 

Director of the Central Institute for Nutrition and Food Research TNO 

Zeist, The Netherlands
 

1. INTRODUCTION
 

The protein nutrition situation in The Netherlands is quite different
 

from that in many developing countries. For the time being, the protein nutrition
 

in our country would seem to be sufficient. However, the introduction of some in

dustrially developed new protein preparations was a reason for the Minister of
 

Public Health to request the Public Health Council in 1967 to advise on the possi

bilities of the development of new (i.e. non-conventional) protein foods and to
 

draw up tentative guidelines for authorities and industry for the evaluation of
 

these foods.
 

Being a member of the Committee which was formed for this purpose, I 

would like to tell something of the experience gained from the investigations made 

on the subject and of the discussions which have resulted in tentative guidelines 

(9).
 

In these guidelines, the new protein products have been subdivided in
 

various categories according to the origin of basic material and production methods
 

applied. In this way the requirements which should be recommended, and which will
 

have to be worked out later into food law regulations, could be more differentiated
 

as circumstances may require.
 

2. CATEGORIES OF PROTEIN FOOD PRODUCTS
 

2.1. Products which are mostly variations of and do not actually differ much from
 

long-established food products for human consumption, the process of their in

dustrial manufacture being comparable to that of average household preparations
 

(cooking, roasting, etc.). To this category belong dried soups and instant
 

meals.
 



2.2. Long established food products having undergone some technological treatment
 
during the manufacturing process not comparable with household preparations,
 
e.g. extraction with organic solvents, extrusion cooking or autoclaving, or
 
additions which might change the character of the product, such as 
various
 
types of fish proteins, soya protein, etc.
 

2.3. Protein products prepared from ingredients previously not used for human con
sumption, e.g. proteins from oilseed press-cakes, leaf proteins, etc.
 

2.4. Protein products prepared by microbiological fermentation of wastage from the
 
chemical and agricultural industries, such as 
food yeasts from molasses,
 
brewer's yeast, yeast from the potato or maize starch industry, yeast from the
 
paper industry, etc.
 

2.5. Protein products prepared by fermentation of hydrocarbons (n-paraffins, gas
oil).
 

2.6. Protein products prepared by cultivation of different organisms 
on synthetic
 
media, e.g. different types of algae.
 

2.7. Synthetic or semi-synthetic amino acids.
 

As the products mentioned under 2.2. up to and including 2.7 are in
 
some ways diffurent from the human foods being used until now, an evaluation
 
of these products is necessary. 
With our present knowledge a safe evaluation
 
can be given when the following aspects are 
taken into account.
 

3. ASPECTS FOR THE EVALUATION
 
In assessing tentative guidelines for the-evaluation of new protein foods
 

different aspects will have to be considered, viz.
 

a. nutritional value
 

b. potential toxicity
 

c. microbiological conditions
 

d. chemical composition and purity
 

e. functionality
 

f. nomenclature and labelling
 
In the following paragraphs some examples will be given of studies con

cerning the evaluation of protein foods which have been carried out in recent years.
 

4. NUTRITIONAL VALUE
 

4.1. Determination of nutritional value
 
As these new products are meant to replace conventional products or
 

to improve the protein nutrition, it is necessary to judge their protein nutri



tional value which cannot be indicated by a single figure. The nutritional
 

value depends mainly on the contents of the essential amino acids, their ratio
 

and the biological availability. These may differ appreciably from protein to
 

protein.
 

Essentially, two methods are used for assessing the nutritional 

value of proteins: the chemical analysis of the essential amino acids (chemical 

score) and the biological evaluation, using experimental animals, e.g. rats 

(nettprotein utilization 1NPU), protein efficiency ratio (PER) ) and determina

tion of limiting amno acid(s).
 

Both chemical and biological data are needed to obtain sufficient in

formation about the value of a product.
 

From the chemically determined composition of a protein the NPU can
 

be predicted, see table 1. In this table the biological values determined by
 

rat assays and the chemical score are given for mixtures of brown beans and
 

maize.
 

Table 1. 	Comparison of calculated chemical score and
 

biological value determined in rats
 

Protein mixtures
 

brown beans maize chemical biological
 

% % score value
 

100 	 37 
 36
 

80 20 49 44
 

60 40 
 63 61
 

40 60 74 78
 

20 80 67 75
 

100 53 
 67
 

Taking into account the inaccuracy of the biological method, the
 

results of the biological determinations are mostly fairly well in agreement
 

with the calculated values., if not, thc cause should be sought for in diges

tibility, availability, etc.
 



4.2. Choice of protein
 

Before starting a protein project it is useful to ascertain that a
 

product has indeed a good nutritional value. This was demonstrated in the
 

following project.
 

In West-Africa an improvement in protein nutrition was expected by
 

the cultivation of vegetables in the gardens of the inhabitants. For this
 

purpose, the endemic cassava plant was chosen, the leaves of which are known
 

to have a high protein content (8.4%). To evaluate the nutritional value the
 

amino acid composition and the NPU were determined; the latter in rats (8).
 

The amino acid composition is given in table 2.
 

Table 2. Amino acid composition in g/16 g N of cassava leaf protein in
 

comparison with whole egg protein (4)
 

Essential amino acids Cassava leaf Whole egg protein
 

Isoleucine 4.6 5.6
 

Leucine 7.8 8.5
 

Lysine 5.4 7.0
 

Methionine 1.7) 3.3)
 

Cystine 0.863 2.6 2.4 5.7 

Tyrosine 3.6 4.2
 

Phenylalanine 5.2 5.8
 

Threonine 4.3 5.2 

Trypto'hane 0.59 1.6 

Valine 5.9 7.3
 

The amino acid composition of the cassava protein seems to be com

parable with that of many other plant protein, the S-containing amino acid
 

and tryptophane being the limiting ones.
 

From table 3 is observed that the NPU of cassava leaf protein is ex

tremely low as a result of low digestibility. If methionine is added the NPU
 

may be improved but still amounts to only half of that of casein and fish
 

protein.
 



Table 3.	Net protein utilization, digestibility and biological value
 

cassava leaf protein (4), as compared with milk and fish
 

D 	 BV
NPU 


32 	 16
Cassava leaf 5 

Cassava leaf + methionine 32 45 71 

Milk 75 	 86 87
 

87 77
Fish 	 68 


To prove these findings in rats, experiments were also carried ouc
 

in human subjects. The nitrogen retention was determined in 5 subjects on
 

European diets in which approximately 30% of the protein was replaced by cas

sava leaf protein. Actually, nitrogen retention was about 10% lower than that
 

of the control diets.
 

In another experiment, the proline and total amino acid concentra

tions in the blood serum were determined after ingestion of a cassava leaf
 

meal of 500 g (40 g protein) or 500 ml skimmed milk (13), cf. fig. 1.
 

In this figure it is shown that there is hardly any increase in pro

line or & amino acid nitrogen in the blood serum of a subject after ingestion
 

of about 40 g of leaf protein. The ingestion of milk gives a good response.
 

cassava leaf protein is
These experiments have made it clear that 


not a good protein source and that the efforts spent on this project could
 

have been put to better use.
 

In another project the problem was of a quite different nature. Pro

posed by U.N.-agencies, it concerned cultivation of large quantities of broad
 

beans (Vicia faba), containing approximately 20% of protein. In Iran in par

this type of beans is used in
ticular the scheme might produce good results as 


various local dishes. Upon the completion of a large irrigation system, exten

sion of this cultivation was possible.
 

It is known that broad beans may cause a disease, a hymolytic
 

sentitive to this
syndrome, called favism. In Europe, only few people are 


more
disease. in the Mediterranean and Middle East regions, however, it is 


common and seems to be related to a hereditary enzyme deficiency of glucose-


The highest percentage of people susceptible
6-phosphatase-dehydrogenase. 


found just in the districts where the cultivation of broad
to it was 




beans had the best possibilities. Needless to say that such projects are not
 

very encouraging for the improvement of protein nutrition. Of course there
 

are still many fields of interest in which research work can be carried out,
 

for example developing by selection a race of broad beans not containing any
 

toxic factors or dei.gning technological processes eliminating these factors. 
Most probably it will take years to attain satisfactory results.
 

4.3. Heat processing
 

For densely populated regions with urbanization and industrial deve
lopment, different types of protein projects will be chosen. 
Here, industrial
 

products with good keeping qualities and convenient to use will be preferred
 
to improvement of agricultural produce. 
Often, a heating process such as
 

pasteurization, sterilization, etc. is used for preservation purposes. 
 If
 
this is done accurately the nutritional value will not decrease too much. The
 

extent of loss depends on the composition of the food product, heating time
 
and temperature and is,. as far as 
is known, caused by a Maillard reaction of
 
some essential amino acids and sugar compounds. In this reaction, the amino
 

acid is changed into a form unavailable for the synthesis of protein in the
 

body, cf. fig. 2.
 

Although loss of nutritional value with moderate heating is not
 

easily demonstrated, the possible harm caused by the compounds of a Maillard
 

reaction is not known. In an investigation carried out in connection with
 
bifidus factors, an unexpected effect of heating could be observed.
 

When feeding babies with pooled human milk, a difference was noted 
between non-heated milk and milk sterilized by heating, cf. fig. 3, in which 
a comparison feces baby respectively with and nonof from a fed heated heated 

pooled human milk (7) is given. 
During the period that the baby was fed with heated human milk, a 

higher lysine and cadaverine content was present in the fcces than in the 
period of non-heated milk feeding. 
 It is believed that these substances ar
 
formed from non-available lysine products by bacterial metabolism. Although
 

this is, perhaps, not a serious problem: the cadaverine production should be
 

avoided, if possible.
 

In another investigation it could be demonstrated that sometimes the
 
composition of the product plays 
a role in the effect of heating on the nutri

tional value, cf. table 4 (15).
 



Table 4. Heating of luncheon meat with different rind contents
 

7 % rind 	 15% rind
 

Heating NPU 	 % cystine NPU % cystine
 
g/16 g N g/16 g N
 

1.0 	 1.0
None 	 78 76 


1.0 	 1.0
Household process 74 75 


Heated at 110 0C 75 1.0 73 0.9
 

Heated at 1250C 75 1.0 68 0.8
 

In this heating process, which is often used in industry, some loss
 

of nutritional value is observed, especially when the rind ccntent is high.
 

A comprehensive review on this subject is given by de Groot (3).
 

4.4. Alkaline treatment
 

In protein evaluation studies carried out with isolated soya protein,
 

various products were investigated. The NPU values appeared to be much lower
 

than could be expected from the amino acid composition. In this respect it
 

should be noted that all products had undergone an alkaline extraction process
 

(5), during which process lysinoalanine or lanthionine may have been formed,
 

cf. fig. 4.
 

In Fig. 5 (left) the formation of lysinoalanine
 

as a result of the alkaline treatment of soya proteins has been set out at
 

various temperatures. Moreover the changes in lysine, methionine and cystine
 

are given, while the right hand side represents the changes in NPU and true
 

digestibility. All treatments were carried out at pH = 12.2 for 4 hours.
 

In later studies a decrease in growth of rats could be established by
 

the addition of 0.2% isolated lysinoalanine to an adequate diet (Ottenheym, 12).
 

So far, no chronic toxicity studies have been carried out with this substance.
 

It is clear that processes during which lysinoalanine is formed
 

should be avoided as long as nothing is known with regard to possible hazards
 

to health.
 

A comparable loss of nutritional value was observed in a preparation
 

of groundnut protein, in which the aflatoxin was inactivated (de Groot, 4),
 

cf. table 5.
 



Table 5. Nutritive quality of groundnut oil meal (untreated) and
 

groundnut protein (aflatoxin eliminated)
 

groundnut groundnut protein
 
oil meal isolated
 

NPU 50 
 35
 

TD 93 97
 

BV 54 
 36
 

The low quality of the isolated protein may perhaps be ascribed to
 

the low content of cystine.
 

In evaluating the protein nutritional value of the conventional pro
ducts the processing factors are the main criteria.
 

If non-conventional basic material is used, as 
is mentioned in cate
gories 2.4., 2.5. and 2.6., 
not only the criteria with regard to nutritional
 
value, but also potential toxic factors, have to be investigated and, if neces
sary, eliminated 
(e.g. gossypol from cotton seed protein). Toxicological
 
studies will have to be carried out on the same lines as those required for
 

the allowance of food additives.
 

5. POTENTIAL TOXIC FACTORS IN NOVEL PROTEIN PRODUCTS
 

An important aspect in evaluating protein products is the possible poten
tial toxicity, especially in the non-conventional food products. Governments anu
 
industry cannot permit themselves to start or to stimulate expensive nutrition pro
jects with non-conventional food products from the categories 2.4., 
2.5. and 2.6.
 
without having done adequate toxicological studies beforehand.
 

The Central Institute for Nutrition and food Research TNO has gathered
 
a lot,.of experience in this field concerning single cell proteins (6), particularly
 
with Candida yeast proteins from gas-oil and n-paraffins. In the toxicological
 
evaluation acute, sub-chronic and chronic studies with rats, mice, chickens, dogs
 
and swine were performed. Cancerogenecity and reproduction were studied in long

term experiments.
 

After about 8 years of study and tile investigation of several hundreds
 
of samples of different batches it has become clear that good new protein products
 



can be manufactured. These products-have to be used in animal feed stuffs, for it
 

has been found that all single cell proteins have a rather high nucleic acid con

tent which gives rise to an increase of uric acid levels in blood serum, if fed to
 

human subjects in larger quantities. This being undesirable, elimination of part
 

of the nucleic acids will be necessary.
 

An extensive desqription of the toxicological studies to be carried out
 

in animals and human subjects is given in the afore mentioned guidelines (9).
 

Oser (11) too, gives some directives for the toxicological evaluation of
 

novel food products, e.g. some advice on the number of animals to be used in chronic
 

studies, observations to be .,ade and the frequency of these various criteria. A
 

scheme for a multigeneration test with regard to reproduction and lactation is also
 

described.
 

Even when the toxicological studies with laboratory animals are satis

factory, there is still a lot of work to be done. If the product is mainly to be
 

used in animal husbandry, efficiency studies are important. In chickens, hatch

ability and fertility studies are necessary, in other animals reproduction tests
 

have to be carried out. If a product is also intended for human consumption fur

.ther studies in human subjects are desirable. Biochemical criteria may give a clear
 

insight into the metabolism of new products in comparison with the conventional ones.
 

6. MICROBIOLOGICAL CONDITIONS
 

The formation of a list of recommendations with regard to the micro

biological standards to which all types of new products should come up, cannot be
 

realized, while one for agricultural or fermented products has to be considered as
 

quite impossible. The following requirements, which are identical to those recommend

ed for conventional instant food, are proposed for the various industrial instant
 

food products which are used without further culinary preparation (e.g. cooking,
 

proper heating, etc.).
 



Table 6. Microbiological requirements for instant food protein products (10)
 

Total aerobic count per 1 g 

Total numbers of aerobic sporebearing bacteria per 1 g 

<100.000 

virtually iden
total aerobic 

tical 
counts 

Total anaerobic count per 1 g < 10.000 

Differential enterobacteriogramme 
Salmonella, Edwardsiella, Arizona 

Shigella per 25 g 

and 
not detectable 

Escherichia coli per 10 g not detectable 

Enterobacteriaceae per 0.1 g not detectable 

Sulfite-reducing Clostridia per 1 g < 100 

Bacillus cereus per 1 g < 100 

Staphylococcus aureus per 1 g not detectable 

Lancefield group D streptococci per 1 g < 100 

7. CHEMICAL COMPOSITION
 

In assessing the nutritive value of a protein containing product it is
 

necessary to know its overall composition and content of other nutrients. This is
 

of special int-rest when the product is to be used as a main item of food in a diet
 

(e.g. humanized milk for babies) or even is the sole source of food, as is often 

the case in weaning foods. The composition data may give indications concerning 

the raw matarial. The mineral content of a fish flour of whole fish is much higher 

than of a flour of fish fillets; the ash content of isolated fish protein (IFP) is
 

even lower. Such figures are indications for further requirements as for instance
 

the maximum flour content.
 

New products to be used for human consumption should have optimum nutri

ent levels (vitamins and trace elements).
 

In a project for the improvement of the protein nutrition of babies and 

infants calories are usually as important as proteins. The calories may be pro

vided either by fats or carbohydrates. If fats are incorporated the industrial ten

dency is to make use of fats with a high percentage of saturated triglycerides. 

However, with the present knowledge of fat metabolism and the development of 

atherosclerosis, it is recommended to use fats with a rather high percentage of 

linoleic acid. In this respect attention must be drawn to the linoleic acid con

tent of protein rich formulas for the feeding of babies. Butter fat as the sole
 



source of fat is unsuitable for this reason (14). 

If weaning foods containing a high quantity of starch are used for baby 

and infant nutrition, the problem is how to provide sufficient calories in an 

acceptable amount of food. To this end an enzyme treatment may be applied which 

would hydrolyze the starch and make the product more soluble (1).
 

Another possibility is to make use of a new cooking process, called
 

extrusion cooking (2). Before applying this technique with success careful study
 

of process conditions will be necessary to avoid losses of protein nutritional
 

value.
 

In case amino acids are t.o',d for the fortification of proteins, direc

tives with regard to the purity of the amino acids should be given.
 

8. FUNCTIONAL EVALUATION 

A variety of functions can be attributed to proteins. As far as is known,
 

there is no relation between nutritional value and technological properties of a
 

certain protein product. A new protein product being prepared for the purpose of
 

better gelatination, emulsification, formation of foam or other special properties,
 

should be evaluated in quite a different way. For these preparations the usual
 

requirements for food additives are recommended.
 

9. NOMENCLATURE AND LABELLING
 

The nomenclature of novel products is mainly a problem of the Food Law
 

as a guarantee
Authorities with regard to honesty in trade and commerce and serves 


for the housewife. As a matter of fact a minced meat prod'ict of 100% meat is not
 

the same as one being an imitation containing soya protein. Proper labelling may
 

protect the consumers and the industry agai'ist undesired falsifications.
 

10. SUMMARY
 

A description is given of some basic principles for the scientific evalua

tion of new protein food products.
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THE 800TH LIFE
 

Dr. John N. Perryman
by 


American School Food Service Association
 

:;lOi,East Iliff, Denver, Colorado.
 

FUTURE SHOCK, the author, Aivinnew book entitled,In a remarkable 

Toffler dramatically describes tile significance and the sensitivity of tile times in which we 

live, 

that if the last 50, 000 years"It has been observed, for example, 

were divided into lifetimes of approximatelyof man's existence 

there have been about 800 such lifetimes.sixty-two years each, 


caves.
Of these 800, fully 650 were spent in 

Only during tile last 70 lifetimes has it been possible to communicate 

- - as writing made it possible
effectively from one lifetime to another 

to do. Only during tile last 6 lifetimes did masses of men ever see a 

Only during the last 4 has it been possible to measure
printed word, 

Only in tile last 2 has anyone anywhere used
time with any precision. 

an electric motor. And the overwhelming majority of all the material 

goods we use in daily life today have been developed with the present, 

the 800th, lifetime. " 

more creativity, morelifetime we are seeingFlow exciting to realize that in our 

more genuis than in all other lifetimes put together! What a challenging,
productivity, 


- our
 
absorbing time in which to live our lives and that is really tle subject of my talk 


lives - your's and mine.
 



l3ecaIse no matter what else transpires ,ii the world, no matter what
 

inyone else is doing, in ihe final analysis the meaning of the 800th life is ,vhaL we do
 

vith our own lives.
 

The past year has been rich in personal experiences for me It 'as given 

lne the incredible op)portUrniiy to visit school lunch programs almost a half a world 

lparto From the banks of the frozen Tannana River and the little Indian village of 

Minto, near the Arctic Cir cle in Alaska, to the native village of Santa Maria in the State 

)f Santa Caterina in the vast cattle ranching area in the south of Brazil, These two 

,ommunlties are nearly 13, 000 miles - more than half a world - apart, extremes 

in geography, different in language, in culture and in backgroundl and yet my single 

most predonlinent memory of these experiences would be of their likcness, not of 

their difference. 

Whether we were stepping from our tiny chartered plane onto the 

frozen soil of Alaska, and being greeted by Ski-do's and excited upturned faces and wide 

brown eyes of Indian children in Minto, or whether we were stepping from - similar 

charterecd plane onto the windy air strip on the high mountain-surrounded plateau of 

Santa Maria to look into more expectant upturned faces and wide brown eyes, the problems 

and the needs were the same. The problems were rtose of hungry children. The problems 

were those of mlind and body. The problems were those of infusing fuel into the body 

to make possible an infusion of knowledge into the brain, Whether a teacher in Alaska 

or whether a teacher in Brazil, the faith in education was the same, the realization 

that only through the hard work of learning could children gain the magic key which would 

unlock them from the poverty and the privation of their tiny villages and release them into 

he vast world beyond. 



In Alaska, in the south of Brazil, in the south of Chicago, or the north 

of Atlanta, the b.dies and minds of children function alike. They must have food in order 

to leciin. 

One of the most memorable moments in these thousands of miles of travel 

came toward the end of a very long day in Santa Maria. After a full schedule of 

activities, we had attended a gala town reception in the evening to formally establish 

a new chapter of the i3razilian School Food Service Association. The meeting had had 

its sentimental moments for me when a children's choir sang "Brother John" to me in 

English; we finally adjourned at approximately 10 30 in the evening for cocktails and 

dinner. (The Brazilians seem never to sleep. I don't know how they do it, they are 

perhaps the most vigorous people I have ever known. ) Finally, after dinner at an hour 

approaching midnight a gentleman from the dinner party approached me and asked me 

if, as one of the many toasts which would be given during the evening, I planned a toast 

to our Astronauts, As it happened this dinner party was being given during the month 

of November when the mission of Apollo 12 was actually underway and upon that very day 

our Astronauts were walking on the face of the moon. I had avoided like the plague any 

comment that might sound like bragging on behalf of the great colossus of the north 

and I replied that I had not planned to give such a toast. The Brazilians were fascinated 

by our space program and the gentleman was astonished by my reply. As a matter of 

fact he said, "'Kell, a toast to them simply must be given; if you will not give it, I will. 

Naturally, 1did not want a Brazilian gentleman to :Ltand in front of this group and say that 



this idiot North Americano refuses to toast his own countrymen, so I replied, yes, 

under the circumstances, I would give such a toast. I had a few moments to collect 

my thoughts and to confer with my interpreter who was sitting at my side to make sure 

he understood the words I wished to use. When it came my turn I gave the following 

toast: 

I said, first of all, "1 toast the courage of my countrymen who walk upon 

the face of the moon tonight, and secondly, I toast the accumulated knowledge of mankind 

that has made this feat possible. Third, and mos t of all, I toast the concept of commitment. 

The fact that our nation and our people set a goal, determined to reach it, committed 

the resources and the willpower and the energy necessary to do the job, and did the job. 

Now, we in our nation have mace a similiar commitment - that there shall be no hungry 

children in our country - we have the resources, we have the know-how and we have the 

determination - we are going to do this also. 

Further, Brazil is a vast nation also with great resources and know-how 

and determination and I urge you to join with us in this commitment. " 

I might add in passing, that my interperter, who is a very mischievous 

rascal by the name of Renato Xavier, was absolutely fascinated with the word "commitment" 

and I am sure it has become apermanert part of his vocabulary. As we would walk down 

a village street in the evening and Renato would see some sweet young thing walking by, 

he would grin at me and say, "Ah, Dr. John, I think that is my commitment for tonight." 

I am inclined to think that Renato achieved a high degree of success in his commitments, 

perhaps primarily because he knew exactly to what he was committed. 



I wonder if we in school food service are as clear in our commitment'? 

I think we in school food service have accepted compromise, inadequacy and half-way 

From its verymeasures. I think we have accepted the concept of hunger by degree. 

wasinception in 1946 and for twenty-two years thereafter the school lunch program 

based upon the concepts of nutrition by convenience and hunger by degree. We might 

refer to it as a spare rib psychology - we gave a youngster to stick to his ribs what the 

farmer could spare. 

We had lived with hunger by degree so long that we grew to accept it. We 

testified to the House and Senate Agriculture Committees in terms of the amount of money 

we would need just to meet increased student enrollment from year to year - and 

of money we would need toconsequently stand still; we testified in terms of the amount 

a few pennies and thus bring a few more children thanlower the price of a lunch by only 

last year within the magic circle of American boys and girls who had food in their empty 

bellies. We continued to look backward, we continued to use as our frame of reference, 

the past and to applaud ourselves as our measuring stick, that which had been done in 

from any minimal improvement. To our shame, we accepted hunger by degree, perhaps 

because we ourselves had sufficient to eat. 

And then came the most revolutionary development in school food service in a 

- not new technology, not a new administrative structure, not a scientificgeneration 

breakthrough, but a new voice, a new perspective, a new concern for the well-being of 

Education and Labor Committee. Congressmanchildren - - a new Chairman of the House 

he was looking ahead. He did not ask
Carl Perkins of Kentucky was not looking back - 



what we did last year, he asked rather what we were poing to do this yeai. Hunger by 

degree is abhorrent to Carl Perkins; his message is loud and clear: thea e is to be no 

child in America who needs a lunch and does not receive it; there is to be no child who 

needs a breakfast and does-n't receive it; there is t( bc :o hungry child li, Anerica. 

The attitude of the Congress of the United States toward child feeding programs 

has, changed dramatically and has changed rapidly to such a point that, in my judgement, 

most school administrators and even many school food service leadeis hlave not caught 

up. We have now the finest oppoitunity since Chief M'Iassasoit provided a good, hot lunch 

for the Plymouth settlers on Thanksgiving Day in 1621 tc ri'd our land of hunger. We must 

not let such an opportunity slip tluough our bands, 

In the 800th life of recorded human history, in this year of our Lord 1970, 

in this year of your life and mine, there is a new day for school food service. In the entire 

history of the school lunch program - - from 1946 to 1969 - - the total Federal contribution 

was approximately 3. 5 billion dollars. In the present year of 1970 alone the Federal 

involvement in child feeding programs is just over 1 billion dollars for this one year. 

There are other remarkable accomplishments that mark this asa L,new day in 

school food service, ',he breakfast program has come of age, is being recognized ab 

perhaps the finest niitritional contribution ever made to the learning process and 

bulwarked by a 50 Million dollar grant. For the first time in history we have had the 

courage to say that matching funds for the Federal dollar shali not come alone from the 

nickels and dimes of the children, but also from State-matching funds. For the first 



have had the courage to say - - as an official commitment by the 
time in history we 

a school food service program- - that there shall b-national government of this nation 

use it or not - - to every child in this nation and 
- he wishes toavailable - whether 

As a matter of priority,
in every school in our far-flung network of education for all. 

we have established a federal guideline for the provision of free or reduced price meals. 

not exceeding $3720 per year is 
Any child coming from a family of four with an income 

automatically eligible. 

has been made and is being made, but by no stretch of 
Enormous progress 

We are still thinking in terms of huger
the imagination may we consider the job clone, 

vision of school food service to a world 
by degree; we are still circumscribing our 

We must not permit an arbitrary figure of permissiveness
already a generation past. 

$3725 per year and is therebychild whose father earnsto placate our concern for a 


In a world that is literally coming apart at the seams
 
designated by law to be well-fed. 

we 
because of innovation, ingenuity and the determination to provide enough for all, 


cannot permit our concept of feeding the hungry to be totally defined by one-half cup of
 

of that, to be programmed exclusively in terms of 11:45 in the morning. 
this or two ounces 

It must no longerbasic minimum. 
The Type A lunch was never intended to be more than a 


container which totally encompasses our thoughts. We must
 
be permitted to act as a 

have met the dire needs and equisite opportunities of training 
not be satisfied until we 


or nuturing oldsters.
parents, breakfasting infants, 



Let us think and act and move in a manner befitting the world of the 800th 

exist in times of such transience that unless we comprehend,life. Let us realize that we 

compensate and change, the bewildering fracture of society around us can actually cause the 

mind to boggle. We become confused, maladjusted, disoriented fromn our surroundings 

unable to work effectively in evermore strange and foreign surroundings,and, consequently, 

The situation is similar to that experienced by a man who travels in a far country. 

language communicationCustoms and mores are different, sights and sounds are different, 

is impossible. The foreigner feels disembodied, cut-off from all that is familiar to him, 

that he will one day return to homeland,and very possibly sustained only by the assurance 

ones and those deep roots of recognition which give him security. In the kaleidoscopicloved 

world of the 70's there is no returning to safe norms and pleasant pastures and quiet shelters 

of familiarity and recognition. We travel a road with no turning; we play a game which has 

neither time-outs or out-of-bounds; we duel with an explosive weapon called "change" 

which has no safety catch, 

Ninety percent of all scientists who ever lived are alive today. Not only are their 

creative and feasible ideas flooding society, but also the time lag between creativity and 

practical application has been cut in shreds as a result of today's instantaneous communicatior 

A century passed between the time Nicholas Appert discovered how to can food and the time 

canning became important in the food industry. Appliances introduced in the United States 

before 1920 - - the vacuum cleaner, the electric range and the refrigerator - - averaged 

34 years - - a generation and a half - - between introduction and peak production, On the 

other hand, such recent appliances as the electric frying pan, television and washer-dryer 

combination span only eight years between introduction and peak production. 



In no way is the acceleration of technological development more dramatically 

apparent than in the field of transportation. In the year 6, 000 B.C. the fastest 

the camel caravan averaging eight miles pel hour.transporation available to man was 

the chariot raised the maximum speed to twentyIn 1600 B.C. - - 4400 years later 	- 

about 3500 years later - - with an advanced steammiles per hour. In the 1880's - 

and now attainable speeds multiplylocomotive, man finally reached 100 miles per hour, 


continually with geometric progression, As a result, we have developed a society
 

so transient that this factor alone causes reason to boggle and leads man to feel 

In 1967, for example, 108 million Americans tookbewildered and floating directionless, 

These360 million trips involving an overnight stay of more than 100 miles from home, 

These figures have a verytrips accounted for 310 billion passenger miles in one year. 

I travel between 80, 000 to 100, 000 miles per year in pursuancepersonal meaning to me as 

of my own work. 

Other examples have more direct bearing upon school food service. In 1850 only 

four cities on the face of the earth 	had a population of 1 million or more; today such 

cities are commonplace, with the 	urban population of the earth doubling every eleven 

years. We can never keep pace with that astonishing development without techniques 

are keepingthat are innovative and equally astonishing. Fortunately, tools and resources 

resources. The Investor-Owned pace with change if we will only keep pace with tools and 

Electric and Power Company advises us for example that in the entire history of our
 

we have used 18 Trillion killowatt hours of electricity and in the next ten years
country, 


will use that amount all over again. Modern architecture has developed modular houses
 



to such a degree of perfection that the owner needs only a screwdriver to rearrange 

all interior walls to meet his wife's changing fancy (this is progress?) and almost 

completely modular public buildings have been developed for maximum fl6xrbility. 

Such buildings are constructed around life-support columns containing plumbing, 

heating, air-conditioning and elevators. All other parts of the building are modular 

and can be arranged and rearranged like children's building blocks to meet variegated 

day-by-day needs. 

Mr. U Thant, Secretary General of the United Nations observed at the Second 

World Food Congress in The Hague that resources no longer limit decisions. "Decisions 

now make resources - - this is perhaps the most revolutionary change that man has 

ever known. " In the light of Mr. U Thant's dramatic proclamation that decisions now 

make resources it is time to stop thinking of a economy of scarcity; it is time to stop 

thinking in terms of hunger by degree, The impact of constant and ever-accelerating 

change of school food service is virtually immeasurable. 

Clearly, if we are to be effective, if we are to meet the needs of this rapidly 

changing world around us, our thoughts must be modular and flexible. We must make 

Dptimum use of the constantly emerging resources around us. 

Therefore, I am more convinced than ever that an economic means test for 

school food service is an economic absurdity, an administrative nightmare and a social 

isaster. 

We shall never put an end to hunger by degree, we shall never rid the 



- -

shall never become an
child of the stigma of pauperism, we

financially-deprived 

we shall never develop sound programs of 
intergal part of the educational system, 

astop being the country store and become 
nutrition and nutrition education until we 

earns before we 
part of the school house! We do not ascertain how much money dad 

determine whether to teach a child old arithmetic or new math; we do not inquire 

or not to teach him American 
into a child's family background to determine whether 

before 
history; we do not explore social niceties and proper appearances (thank God!) 

we have free, public education available for all and provided 
we teach a child to read 

cash register exhibited witha 
by all. And yet at our own convention in Boston I saw 

see such personal and humiliating 
flags in the cash register window proclaiming for all to 


"no father. " We must
 
as "A. Do C., " "widowed mother, " 

information for any given child 


"poor trash, " down-on-their- luck family"
 
just as well flag the cash register to read, 


"bastard child. " When I remonstrated with the exhibitor about this item of equipment,
 
or 


that he tried his best to persuade the supervisor
 
he replied that it concerned him also, 


or breakfast. The purchaser
 
to buy windowless units that silently recorded each lunch 


I want one that looks like a cash register, " and
 
if I buy 	a cash register,replied, "No, 


buy six units with their vicious, tell-tale windows. Such practices in the
 
proceeded to 

indeed 	 they are ba rbaric! 
public 	schools of a democratic nation are beyond comprehension; 

Why then do we not provide needed food during the school day on the same basis 

Two reasons are customarily given, 
as the 	remainder of the educational offering? 

1. 	 We can't afford it.
 

It will ruin the moral fibre of the child.
2. 



First of all, we must admit very frankly that such a program will be expensive. 

We are talking about several billions of dollars. But in what better way could a wealthy 

nation spend a portion of its vast resources? Food is a top priority item in our family 

budgets, in our personal expenditures; food is the fuel on which all the balance of life 

moves and functions and becomes productive of more food and all other products as 

well. "Food First" should be the motto of any economic planner. 

Second, before we become completely occupied with the costs of good nutrition, 

someone should make a thorough study of the cost of bad nutrition. Most of our best examples
 

at the moment come from international experience with the Agency for International
 

Development. For example, one report from AID states, "a typical worker of southeast
 

Brazil will - - because of improved health and resulting increased average life expectancy - 

produce nearly five times as much during his lifetime as the average born in nutritionally

deficient northeast Brazil. " The Food and Agriculture organization reports that those
 

countries with lowest per capita daily protein and calorie consumption are also those with
 

lowest productivity, An interesting example was noted during the construction of the Pan
 

American highway. Bodies of workers, weak from lack of proper nutrients, uncorsciously
 

protected themselves by avoiding the expenditure of energy. This resulted in apathy,
 

lethargy and lack of initiative - - characteristics frequently attributed to laziness,
 

indolence or other so called "ethnic traits. " The disappointing work output of local laborers
 

was quickly remedied with the introduction of three well-balanced daily meals.
 

Medical costs stemming from malnutrition far surpass the cost of adequate 

food. A study in Guatemala shows that the cost of 90 days of hospitalization for each 



case arising from inadequate nutrition is $600, compared to an annual cost of $7 

to $10 to prevent malnutrition in the first place. 

But actually we do not need to go to international examples to observe the 

cost of NOT providing proper nutrition. According to Dr. Jean Mayer, Professor of 

Nutrition at Harvard and recently head of the White Conference on Food, Nutrition and 

Health, the United States is spending 60 Billion dollars per year on remedial health. 

This is just the cost of trying to get people well again after they have already become 

ill. In the length of time that the National school lunch program has been in existence, 

this figure has quadrupled, from 20 Billion dollais a year to 60 Billion dollars a year 

and has improved the health of our nation not one whit. We are still - - just as we were 

twenty years ago - - 37th in the world for life expectancy for men and 22nd in the world 

for life expectancy for women. Let us compare these staggering costs of illness with 

our investment in good health through good nutrition. True, the Federal contribution 

to the various child feeding programs for the current year is over a Billion dollars, 

an enormous improvement but still a drop in the bucket compared to what is going down 

the drain in medical costs. With a universal food service program in the schools of 

our nation, millions and indeed billions could be subtracted from medical costs by 

relatively slight additions to our national grocery bill. What a pleasant change this would be 

Let us now turn to the second excuse which is commonly given for clinging to 

the outmoded concept of hunger by degree. We are told that to provide a child such food 



as he needs during the school day would attack his moral fibre. 

Nearly 10 Billion dollarsare expended annually by the Federal government in 

one form of subsidy or another. "re somehow do not worry about the moral fibre of the 

sheep rancher as a result of the National Wool Act, or the syndicated wheat producer 

because of the Wheat Agreement, or the sugar beet farmer because of the Sugar Act. 

Our sleep is untroubled by concern for the moral fibre of the shipping magnate or the 

airline president. We seem not even to worry about the possibility of socializing 

the President of the Savings and Loan Association, although all of these activities 

are heavily subsidized by the government. How absurd to defend on these flimsy 

grounds the neglect of oui children who are here, hungry and helpless through 

no fault of their own. 

The Billion dollar involvement of the Federal government this year in child 

feeding programs is extremely important but we must not be complacent or be willing 

to continue to live with the concept of hunger by degree. 

Financial inertia has been overcome, There is a basic rule in physics 

as follows: 

Any mass has inertia. This inertia resists any change in its 

present state of motion. To affect change it is necessary to 

introduce an outside force. A body of mass, moving at any 

speed, requires this force to alter the inertia contained within it. 

FORCE = MASS X ACCELERATION 



which has overcome
A force has been provided in school food servio 

the inertia of the mass tle rate of acceleration is in our hands. 

On a recent Sunday afternoon I watched the rerun of an old movie on television; 

music of Sigmund Romberg. Mr. Romberg closed 
It was the story of the life and 

(at least in the film) with tle song, "When I Grow Too Old 
his long and prolific career 

I had heard the lyrics of that song hundreds of times before and they had 
To Dream. " 

But on this occasion (could it be because I was 
held no particular significance for me, 

me. I realized as never 
nearing a birthday?) the words really carried a meaning to 

too old to dream; that is to say, 
before that I was middle-aged and that I really was 

too old to dream fantasies but NOT too old to dream realities. I realized that I was 

nor a tycoon of industry nor Ambassador 
not going to be President of the United States 

I shall not don pith helmet and walking stick to hunt the 
to the Court of St. James. 

a hungry child there; it is unlikely that I shall 
tiger in India, but I have just helped feed 

but I may write a word that increases public compre
write the great American novel, 

hension and hastens the end of that stalking beast called malnutrition. 

you too have reached the stage
What would you have your life be, just in case 

Would you see yourself an instrument of 
of dreaming realities rather than fantasies? 

Would you see yourself working with people or as a 
health and well-being for children? 

You can be any or all of these 
social analyst or as an educational pioneer of your day? 


by keeping always before
 
by creatively dreaming the realities of school food service, 


not food. All of this is within your reach
 
serve people,you the realization that you 

TODAY, this exciting day. 



The author of these closing words is unknown: 

He was going to be all that a mortal could be - - tomorrow. 

None would be kinder or braver than he - - tomorrow. 

A friend who was troubled and weary, he knew, 

On him he would call and see what he could do - - tomorrow. 

He thought of the folks he would fill with delight - - tomorrow. 

Each morning he stacked up the letters he'd write - - tomorrow. 

But as time fled by, from day to clay, he hadn't one minute 

to stop on his way. 

More time I will have to give to others - - tomorrow. 

But the fact is, he died and faded from view, 

And all that he left when living was through, 

Was a mountain of things he intended to do - - tomorrow. 

Make your lifetime - - this incredibly exciting 800th lifetime - - a life of DO IT 

TODAY - - NOT TOMORROW. 
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Preparation of Cheese-like Soybean Protein Food by Enzymatic Treatment 

I. INTRODUCTION 

Fermentation foods made from soybeans have long history in Asian countries and many 
countries, therefore, have their own soybean foods, Chinese soybean cheese in China and 
tempeh in Indonesia, for example. Especially in Japan, a variety of fermented soybean food 
have been developed and such foods as miso, shoyu and natto are still essential food for her 
people. 

Soybean protein has the highest nutritive value among vegetable proteins (7, 10). It contains 
high tryptophane, lysine and threonine which are said to be essential for children's growth. 
Soybean protein is therefore, well comparable to the proteins of such ideal foods as milk and 
egg, except for low njethionine content. It is well known that soybean is hard to digest as 
bean itself (1, 8). Because of this poor digestibility, soybean products as mentioned above are 
prepared by the extraction or isolation of protein, or by fermentation. 

In recent years, scientific studies have been made of these traditional foods and also to 
develop a new fermented food from soybeans. Wai (11, 12) reported the manufacturing method 
of Chinese soybean cheese by using sodium chloride and a large volume of alcohol. Ilesseltine 
(5, 6) isolated the mold Rhizqn/us oligosporus which produces protease and lipase, but not car
bohydrase, from Indonesian tempeh . Applying this mold, he produced a palatable tempeh-like 
food from the mixture of soybean and other starch materials. Very recently, Hang and Jackson 
(3, 1) made a soybean cheese from soymi lk by the process of addition of lactic starter (Strepto. 
40occus thei'rmtphilus), protein coagulation, draining of whey, and aging. 

The authors planned to develop a easy digestible and cheap fermentation food with good 
flavor, texture-body, and superior keeping quality from soymilk. 

M'any trials have been made to produce a cheese-like food from soymilk by the usual 
process of cheese making from cow milk. But the products were not acceptable. 

New idea of using protease in the process was successfully applied. The points are as 
follows: 

( 1 ) Use of salt agglutinants instead of rennet to make curd. 
(2) Aging mainly by an added protease to shorten the aging time. 
(3) Addition of a lactic starter to help aging by the prptease and to improve flavor. 

The manufacturing procedure of cheese-like soybean protein food was established after 
repeating preliminary preparationls. The procedure is shown in Fig. 1 and Fig. 2. The process 
consists of two parts. 'he part 1 is making soymilk from soybeans, protein coagulation (making 
curd) by a salt agglutinant, washing and pressing the curd to remove carbohydrates and other 
water soluble components (Fig. 1). The part 2 is the addition of a protease and a lactic starter 
to the c,,< mixing, molding, paraffin coating, and aging at 17±1°C (Fig. 2). 

Though the edible products were produced by the procedure, further improvement of the 
quality was required. The purpose of the present study is to investigate the optimum condition 
of each step in the procedure to manufacture a excellent cheese-like soybean protein food. 



T. Obara, M. Ohata, M. Tanaka 

Fig. 1. Flow sheet of making concentrated Fig. 2. Flow sheet of preparation of cheese
soyean 	curd like soybean protein food 

II. OPTIMUM CONDITION FOR EXTRACTING SOYMILK 

the 	most eflicient and economical conditions forExperiments were carried out to find out 
extracting soymilk from soybean with high protcin and solids yields. 

ere soaking temperature of soybean,The important factors affecting upon the extraction 

and heating time. But in the course of these experisoaking ti, thle amount of water added, 

ments the soaking temperature was fixed at 20°C. 

EXPERIMENTAL 

1) 	 Sample
Hawkeye soybean produced in the United States sas used. Its composition is as follows: 

Moisture : 11. 05%d
 
Crude protein : 30. 80%d
 

Crude fat : 20. 29%
 

Ash : 4.37%
 

2) 	 Extraction method
Fifty grams of the soybean was soaked at 20°C, ground by a home mixer for 1 minute, and 

then heated to boiling. Soymilk was separated from the heated ground mixture by centrifuge 

for 	5 minutes at 4,000 r.p.m. 

a. 	 Soaking time: At 20°C, 6, 10 and 15 hours of soaking were tested. 

h. 	 Amount of water added: Considering the absorption during soaking and evaporation 
during heating, 6, 8, 10 and 15 times of water in respect with dry soybean weight 

were used. 

c. 	 Heating time: The ground mixture wvas heated to boiling and then kept at that tem

perature for 0, 2 and 10 minutes. 

3) 	 Analyses of the soymilk 
Following analyses were made on the extracted soymilk. 

a. 	 Solids: Drying method at 105°C. 
b. 	 Protein: The micro-Kjeldahl method. Nitrogen factor of 5.71 was used. 

c. 	 Viscosity: By the Ostwald's viscometer at 25C. 



RESULTS AND DISCUSSION 

Fig. 3, 4 and 5. From the data, theThe results are shown in Table 1, 2 and 3, and 

optimum conditions for extracting soymilk from the soybean soaked at 20'C were concluded as 

soaking time was 15 hours; the amount of water added was 10 times in weight of thefollows: 
2 minutes holding at boiling temperature.dry soybean; and heating time was 

80 9X8 
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Ill. SELECTION OF AGGLUTINANT AND ITS CONCENTRATION 

In the preparation of concentrated curd from the soymilk, the selection of an agglutinant 

affected by the kind of agglutinant usiimportant. The texture, taste and yield of the curd are 
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Table 1. Effect of the amount of water added and heating tirae on 6 hours of soaking
 

The amount of 
water added 

Heating time 
(min.) 

Yield 
(g) 

Solids 
(%) 

Solids yield
(%) 

Protein 
(%) 

Protein yeild
(%) 

Viscosity
(cp) 

0 233.7 8.29 43.56 3.74 56.76 3.61 

6 times 2 216.3 8.72 42. 40 3. 80 53.37 4.31 
10 2?'. 7 8.08 41.36 3.51 51.90 5.25 

0 332.3 7.04 52.59 3.28 70.78 2.08 

8 times 2 330.2 7.15 53.08 3.26 69.90 2.92 
10 332.0 6.62 49.41 3.03 65.32 3.00 

0 415.3 5.11 47.71 2.32 62.56 1.71 

10 times 2 428.2 5.53 53.24 2.45 68. 12 1.88 
10 148. 1 5.30 53.39 2.38 69.25 2.70 

0 655.2 3.9.1 58.01 1.67 71.06 1.25 

15 times 2 655.8 3.77 55.58 1.65 70.26 1.32 
10 655.3 3.88 57. 1G 1.66 70.64 1.33 

Table 2. Effect of the amount of water added and heating time on 10 hours of soaking
 

The amount of Heating time Yield Solids Solids yield Protein Protein yield Viscosity
 

water added (min.) (g ) (%) (%) %) (%) (cp)
 

0 215. 4 8.85 42.86 3.98 55.67 2.90 

6 times 2 231.5 8.88 46.22 4.12 61. .3 2.93 
10 211.4 8.42 39.54 3.95 5.1.22 4.04 

0 328.0 7.18 52.95 3.27 69.65 2.53 

8 times 2 330.6 6.92 51.43 3.13 67.19 2.50 
10 327.7 6.91 50. 91 3.16 67.24 2.29 

0 124.8 6.13 58.5,1 2.87 79. 17 1.82 

10 times 2 434.4 6.08 59.38 2.72 76. 73 1.84 
10 437.6 5.81 57. 16 2.63 7-1.73 1.96 

0 656.5 1.10 60.51 1.81 77.16 1.30 

15 times 2 662.7 4. 18 62.28 1.79 77.03 1.35 
10 643.2 4.30 62.18 1.89 78.94 1.49
 

Table 3. Effect of the amount of water added and heating time or. 15 hours of soaking 

The amount of Heating time Yield Solids Solids yield Protei, Protein yield Viscosity 

water added (min.) g) (%) (%) (%) (%) (cp) 

0 222.8 9.17 15.93 4.52 65.39 2.57
 

6 times 2 ',21.9 9.29 46.35 4.58 65.99 3.57 
10 218. 1 8.59 42.18 3.98 56.44 .70 

0 351.6 6.86 54.23 3.33 76.03 2.17 

8 times 2 :344. 3 7. 10 54.96 3.35 74.90 2.58 
10 34.1..1 6.87 53.19 3.23 72.23 2.78 

0 425.2 5. 9 56.78 2.77 76. 48 1.75 

10 times 2 ,18.7 5.89 59.42 2.78 81.00 1.73 

10 434.2 5.96 58.18 2.78 78.38 1.87
 

0 640.5 4.28 61.63 1.96 81.52 1.40 

15 times 2 654.9 4.23 62.28 1.90 80.80 1.42 
10 665.9 4.05 60.63 1.82 78.70 1.50
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its concentration and coagulation temperature. Investigations were made to select the most 

suitable one from four agglutinants, calcium sulfate, calcium chloride and gluconic acid (used in 

tofu production), and hydrochloric acid. 

EXPERIMENTAL 

1) 	 Preparation of soymilk 

Soymilk extraction was made according to the method described in Chapter II under 

optimum conditions (15 hours soaking at 20'C, 10 times of water added, kept for 2 minutes at 

boiling temperature). 

2) Preparation of curd 

An agglutinant was added into a 50ml polyethylene centrifugal tube, and then 50g of hot 

soymilk was poured into the tube with stirring. The mixed solution was kept for 30 minutes in 

a constant temperature bath to coagulate the proteins. The coagulation was cut by spatula, and 

centrifuged for 10 minutes at 2,000 r.p.m. Curd was obtained as the precipitate. 

3) 	 Selection of the best agglutinant 

Agglutinants and their concentration used in the experiments are shown in Table 4. 

Table 4. Kinds of agglutinant and their concentrations 

Kinds of agglutinant Agglutinant concentrations (N) used 

Calcium sulfate 0.025 0. 0 0.035 0.04 0. 05 

Calcium chloride 0.008 0.01 0.015 0.02 
Hydrochloric acid 0.0075 0.0095 0.0115 0.0135 
Gluconic acid 0.006 0.008 0.012 0.016 

4) 	 Optimum temperature of making curd 

In order to find the optimum temperature for coagulation, experiments were carried out at 

4 different temperatures, 50, 60, 70 and 80*C. The soymilk was heated to 5°C higher than 

respective experimental temperature before pouring into centrifugal tubes. 

5) 	 Analytical methods of the curd 

a. 	 Solids: Drying menhod at 105'C. 

b. 	 Crude protein: The micro-Kjeldahl method; nitrogen factor: 5. 71. 

c. 	 Hardness: The Curd Meter obtained from Iio Electric Co. was used. Its raising rate is 

I inch/7 seconds. The diameter of curd knife (contact surface) is 8 mm. Hardness is 

expressed as grams when the surface of the curd is just broken by the curd knife. 

d. 	 Transparency of supernatant: Transmittancy of the supernatant was measured at 440 mg 

with 3.5mm quartz cell by Hitachi Perkn-Elmer UV-Vis Spectrophotometer. 

RESULTS AND DISCUSSION 

The results are shown in Fig. 6, 7, 8 and 9, and in Table 5, 6, 7 and 8. 
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Effect of calcium chloride on making curdTable 5. 

Protein Protein Transparency Hardness of 
Solids SolidsCoagulating Concent. Yield of yield (%) of whey (9) curd (g)
(%) yield (%) (%)

temperat ire (N) curd (g) 
-4.93 10.00 0

0.008 2.7 12.35 10.81 05.72 23.78 
5.5 10.72 19.24

S001 25.2 5.55.25 92.57 
500C 0.015 23.3 10.55 80.28 

7.65 94.44 73.5 26.3
14.91 79.450.02 16.3 

-
5.60 15.78 0

10.30 12.530.008 3.7 05.57 28.0222.2710.250.01 6.6 26.7 10.55.61 93.22 
60C 0.015 24.4 11.29 84.98 

6.81 94.99 77.8 42.3 
14.66 81.150.02 16.9 

-5.33 11.53 0
10.91 10.690.008 2.8 019.675.25 

.8 8.97 15.21
0. 23.30 01 5.28 86.59 66.0 

015 21.2 11.13 82.62700C 
7.55 93.97 69.5 37.3 

14.24 80.220.02 15.9 
-06.44 21.688.97 13.660.008 4.3 030.926.2322.359.95.0 1 6.4 92.31 72.0 27.4 

0 .015 17.0 13.62 81.65 6.97 
8.87 94.41 68.0 58.4 

16.69 83.940.02 13.7 
80 
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Table 6. Effect of calcium sulfate on making curd 

Solids Solids Protein Protein Transparency Hardness of 
Coagulating Concent. Yield of curd (g)

(g) (9) yield (9) (%) yield (%) of whey (%)
temperature (N) curd 

0 5.455.6962.19 3.450.025 22.5 8.63 
14.2 8.1

32.0 8.63 90.59 3.90 91.710.03 
4.58 96.15 64.8

500C 0.035 29.3 9.75 91.37 8.6 
13.5 

0.04 27.8 10.17 90.60 4.95 98.79 67.4 

96.59 71.8
0.05 25.7 11.01 90.95 5.22 16.1 

0.025 30.6 9.28 90.75 4.38 95.94 0 6.0 
16.0 13.989.29 4.38 95.120.03 30.3 9.21 
60.0 16.2 

600 C 0.035 29.5 9.11 86.05 4.29 90.78 
61.9 13.4 

0.01 28.9 9.77 90.45 4.62 95.82 
5.15 97.57 65.3 25.1

0.05 26.4 10.70 90.49 

0 7.65.13 93.720.025 23.0 10.44 87.13 
12.04.95 93.97 74.40.03 24.0 10.12 87.76 

5.71 94.47 72.0 40.8 
70 0 C 0.035 20.6 11.29 89.59 

35.05.64 95.98 73.7
0.04 19.3 11.43 88.86 

35.796.46 69.0
0.05 19.9 13.20 89.69 5.60 

13.097.33 14.20.025 20.4 13.38 83.11 6.04 
18.0 

0.03 21.3 12.36 90.23 5.65 95.21 56.5 
66.3 41.7 

80 0 C 0.035 17.4 14.74 88.66 7.09 98.44 
65.0 68.3

0.04 18.4 10.81 96.32 6.29 91.32 

0.05 18.6 11.30 92.51 6.27 93.17 57.1 57.0 

Table 7. Effect of hydrochloric acid on making curd 

Coagulating 
temperature 

Concent. 
(N) 

Yield of 
curd (g) 

Solids 
(%) 

Solids 
yield (%) 

Protein 
(%) 

Protein 
yield (%) 

Trans-)parency of 
whey (%) 

Hof dnessof 

curd (g) 
pH ofwe 

5 0 

0.0075 

0.0095 
0.0115 

25.8 

22.2 
17.7 

9.02 

11.40 
12.67 

79. 46 

84.80 
80.09 

4.16 

5.49 
7.19 

86.25 

92.07 
96.31 

0 

72.8 
76.2 

4.0 

16.9 
22.9 

5.83 
5.60 
5.51 

0.0135 15.7 13.69 83.62 7.51 93.02 79.9 33.4 5.30 

0.0075 23.9 9.81 18.27 4.74 90.14 0 10.0 5.82 

600 C 
0.0095 
0.0115 

22.0 
19.7 

11.90 
13.27 

86.42 
85.83 

6.13 
6.82 

93.73 
94.86 

75.5 
80.9 

20.1 
32.0 

5.60 
5.55 

0.0135 16.5 15.17 83.03 7.34 98.68 82.6 36.4 5.33 

0.0075 22.4 10.95 82.78 5.51 93.97 46.2 5.5 5.74 

70°C 
0.0095 
0.0115 

17.8 
16.2 

13.61 
14.77 

83.50 
83.11 

7.03 
7.65 

97.30 
97.10 

78.8 
79.9 

30.0 
48.0 

5.58 
5.41 

0.0135 14.8 15.96 81.62 8.58 98.99 80.0 53.0 5.28 

0.0075 20.3 12.02 84.22 5.93 93.73 51.0 20.8 5.70 

800 C 
0.0095 
0.0115 

17.7 
15.0 

14.03 
16.28 

85.31 
84.42 

7.24 
8.45 

92.39 
98.84 

78.1 
77.9 

32.6 
51.5 

5.52 
5.40 

0.0135 14.5 16.61 82.68 9.08 96.20 78.0 83.0 5.30 
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Table 8. Effect of gluconic acid on making curd 
Coagulating Concent. Yield of Solids Solids Protein Protein Trans. Hardness 
temperature (N) curd (g) (96) yield (9) (9) yield ( we)Parencyof of heof 

500 

0.00 ; 
0.008
0.012 
0.016 

25.0 

18.8
16. 3 
15. 2 

9. .19 

12.03
1-1.51 
15. 16 

8.1.83 

81. 16
81.53 
82.82 

.1.70 
6. 17 
7.01 
7.91 

90. 65 
89.81 
93.40 
93. 2.1 

57.0 
79.8 
8.1.0 
85.3 

.1.3 
15.4 
.1.4 '1 
5 1. 1 

5.72 
5.45 
5.20 
.1.93 

0. ON 21.0 11.29 81.77 5.!0 95.59 78.2 9. 3 5. 62 
600 C 0. 008 

0. (112 
0. 016 

17..4 
15.. 
11.6 

13. 56 
15.25 
16. .12 

8.1.58 
8.1. 18 
85.58 

6. 99 
8. 13 
7.88 

94. 08 
96.83 
98. 9.1 

82. 1 
8.1.2 
82.4 

36. 5 
56. 4 
63.0 

5.-10 
5. 16 
I.93 

0.006 23.3 10.6. 85.59 .1.78 88.61 77.7 11.0 5.70 
700 C 0.008 

0.012 
0. 016 

18.5 
15.8 
15. 2 

13..10 
15. .16 
1t;. 15 

81.92 
8.1. 15 
8-l. 66 

6.76 
7.8.1 
8.75 

98.72 
98. 35 
98. 98 

78.8 
79. 8 
8,1.0 

,I1. ,1 
51.3 
75.0 

5..12 
5. 17 
4.91 

0. 006 18. 1 13. 66 85.2.1 6. .18 93. 99 71. 6 32.6 5. 65 
80C 0.008 

0.012 

0.016 

16. 1 
15.2 

I. 1 

15.09 
16.09 

17.22 

83.76 
8.1.27 

83.71 

7.72 
9.0-t 

9. 27 

98.77 
96.02 

98.29 

79.3 
83.0 

82. 1 

53.2 
86. 7 

99. 2 

5 40 
5. 12 

.1.90 

Considering the yields of solids and protein, the optimum concentration of each agglutinant 
was decided as follows: 

CaCI. ..................... 15< 10 N 
CaSO ................. 3.5-. 0x 10--N 
1IC ) .............................. 9. 5--11.5 x 10- IN 
Gluconic acid ......... 8-10 x 10- N 

Optimum temperature was found as 70'C in all agglutilants. This temlerature well agrees
with the coagulation temperature 70-75(? used in tofu making. With increasing the concent
ration of the agglutinant and the coagulation temperature, protein yield became higher, and 
sometimes it reached asto high as 95%. High protein yield, on the other hand, caused poor 
water binding capacity of the resulted curd. But this tendency is closely related to the kind of 
agglutinant used. Calcium sulfate produced the curd with relatively high water binding capacitv,
while hydrochloric acid and gluconic acid formed the curd with less water binding capacity. 

\When the hardhies,; was below .10g, the curd was soft, with smooth texture, andI showed 
relatively high water binding capacity. In general, increasing temperature and the concentration 
of agglutinant produced hard curd. Especially hard curd having coarse texture was obtained 
with acidic agglutinants. 

The transparency of the supernatant solution is a good index of the solid content of the 
solution. Low transparency indicates high solid content in the supernatant solution, in other 
words low protein yield, as can be seen in Tables and Figures. The transparency expressed as 
transmittancy is desirable over 70%. The value of 80% was obtained with acidic agglutinants. 
and the yield of protein was the best of all. 

Calcium sulfate produced the curd of high water binding capacity, soft and smooth texture,
and good taste. With this agglutinant, only little changes were observed with the change in 
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hard 	 curd at high concentrations. Acidicconcentration. While other agglutinants produced 

aggltiinanis precipitated the curd with undesirable taste and poor texture. 

The curd which has small water binding capacity, firm and sinooth texture, and good flavor 

is ideal to produce the products with good keeping quality. But any curd made in this experiment 

did not satisfy these requirements completely. Calciu im sulfate, 0. 03--0. 0-IN inl the soy inilk. 

however. precipitated fL;.il" good curd at 70"C. The .ield of solids with calciuinl sulfate was 

weretile highest among all the agglutinants. In addition the change in yield and other changes 

little affected by the concentration of the agglutinant. Calcium sulfate, therefore, is the most 

suitable agglutinant for the preparation of cheese-like so)bean protein food. ('lcitim chloride 

is lte .,ece d best agglutllant. 

Nutritionally salt agglutinlants are desirable because they can supply Ca' to growing children 

Who need more ('a . But the curd produced In calcium sulfate had rather high water binding 

capacitv, and 1ome difficulties were experienced to remove water at the dehhvdrtion process. 

IV. SELECTION OF PIrOTEOLYTIC ENZYME 

FOR THE IIIARATION OF CHEESE-LIKE SOYBEAN PROTEIN FOOD 

1. 	 Comparison of the activities of ;5 proteases against soybean proteins 

t is considered tha thile nost imlortaitt point in processing cheese-like sovbean protein food 

tilt selti ,n of proteolytic elzyme to digest soybean proteins. In this study, proteolytic 

activities of 5 obtainablel protease against soyhean proleins were investigated ill vitro to examine 

their suitalblity it clheese-like food making. 

E.XPEIRI.ME-NTAL. 

Five 	 lproteasts of different origin; animal, plant, mold, bacteria and act inomycete were Used 

ill this experiment (Table 9). Table 10 shows their enzyme unit which was determined by tile, 

modified Anson's method at their optimum pi. 

Table 9. Eli-nc e ed 

Eniyme 	 (Origin 

"'i'sm (Nerk, ('htm. grade) The pancrt.:I 
Plmip~n (Nuaae Smiyo Co.) Pap~aya 

MoI'in (Seishin Client. Co.) .,I.satlnl 
(Cmitains e... ,j-amnylh:-t ond cellul~ise) 

Biop~r~ie (N;i'ase Sanvy Ball. var lPi,,tttCo.) 	 s111,1111 

Pr,mK, (Kaen (hem . ('o.) .'tI./',fo VotiS gr.'iw s 

Table 10. Optimum pi and zzymme units of selected protcases 

Trypsin Palpain Mokin lioprase Pronase 

7.38 

Enzy c unit PUyV 19. 3,%101 9 1.7 10' 7G.6 "1 1(' 1225:.,.10 457x 10 

Optinoom Jill 7.71 5. 33" 2.70 7. 18 

* Oplimum I&Iof papain is 5.0, but to prevent cascin precipitation, pHl 5.3" was used. 

http:1225:.,.10
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tFz\vn1esolution was adjusted to .I PU.,'mi. Casein (casein nach Hanminersten), unheated 

so.bean protein (defatted, acid precipitated and freeze dlried) and heated si yhean protein (heated 

at 110C for 20 minutes) were used as substrates. The protelyric activities were determined by 

the method shown in Fig. to. Lnzvme-substrate reactimi was carried cut at pl 6.0 for 3, 7, 

12 and 2.1 hours at 25;). The ciectitratiojii of suLbtrate ,ltti wa, 0.6-". 

Enzyme lml Milk casein or Soybean protein 5ml 
(4PU ml) (06% scolu~n) 

pH60 25C Incubation 

-Reaction stopper 5ml 

30'C min 
Filtration 

Filtrate 
2ml 

-Q55M NaCOa 5m 

-t Folin reagent ImI 

Measuring optical density at 660my 
IFiv. Io) t-perimentad incthud 

IIFS'1'IS .\NI) I )[S.- "SI()N 

Table 11 shows the results tf naea.uremeCnt tftical densities at 660tn,,e. Molsin showed 

very liow proteolytic acti vity l ttlll., casto, and so)Ybean protein at pl 6.0. Trypsin hardly 

acted lpol bhoth unheatled and heated soybeatl proteins. Bioprase, l'ronase and papatin ,howed 

higher activity than other tw, en/uvrte,. 

T ibl 11. Cm pari.,m if th, ;cti mt tif prutltva.v 

against c:seuin and s,'iean proitein,; 

Rec'in time (bours) 

Enzyme Subtrat', 
3 7 12 21 

0,2 1 .18 00I.t;191s)2C...aseil 

Trypsin 	 Unheated stoybean proteins 0.00.1 0. 02.1 0t.036. tt 

Hteated soybean proteins 0. 016 0. 0136 0. 038 0. I t 

0. 506 0. 818 0. 930 0. 931Casein 

Papain 	 Unheated sovbeian prti1n, o. 110 0. 1.16 11.168 0 236 

Heated soybean proteins 0, 112 0. 212 0. 222 1).26; 

0. 118 0 208 I. 290 0. 362Casein 

Molsin 	 Unheated : hybean Ijrteins 1. 0 12 0, 08i 0. 100 0. 12 
0. 078 0. 07.1 ).1198Heated s,,yhean 	 prteins 0. )38 

Cascn 	 0 -1)2 0. llifti 0. 897 1. 191 

0. IS 0. 26S o 12SBiioprase 	 Unheated s.,,yean iroteins o. 120 

leated s,ean protein, 01.221 (..102 . .19" 0. 622 

0. 867Casein 	 0. 261 0. 11.1 0. 56t6 
0. 126 0. 22sPronase 	 Unheated soybeanI prwtein' 0. 032 0, 096 

Healed s,,ybean proteins I). 12.1 01.27.1 01.31.1 II .11; 
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2. Preparation of cheese-like soybean protein food using enzymes 
In the experiment (f Section 1, the ligestiotn ability of each enzyme on soybean protein 

was comparedl in dilute solution. lhowever, in practical manufacturing of cheese-like food, a 
highly concenttrated sovtean ptrotein substrate, abiout 6006 moisttre, is to he digested by enzymes. 
In this inv(stigation, ch(,vee-lil-:. soylbeanI protein fooitd was prepiared using five kinds (if prolease 
to see whether the satnt, results as Section 1 canl be o)tainted or not inStich a lifferett cint)dition, 
and to (hetermine their sui'abilitv to cheese-like food making. 

lX PER IMENTAI. 

1) Preparation of cheese-like soybean irotein food 
ieese-like si)yl)i.i proteint food was Irepared by the method explained in Chapter 1. 

2) Kindls of preparation anti ithe ratio of ingredients 
Five differett liriparatim)s were madt, using 5 enzymes; try psin, Miolsin, hiwtiain, Bioprase, 

atd Promase with eIl(ormula shown in Tahle 12. Table 13 shows the amolnt of enzym'1e used 
per 8i)g of et'n(,lttratt(d curd. These amouts correspond to 5,OOO'PU for patait, I Bioprase and 

'
''rotnase, and 15,10111 for trv psin and hIolsin because these two enzymes showed verv low 
activities in the previous experiment. 

Tabdb 12 Forinuh (-fiigredients (if tpoiiatin TlTabe 1:3. The amoiunt 1)fewlviies 

Niaterials Weight E:llzynle Weight 

Coentnrated curd 861) g Trypsin 1000 ingS fdi lil chlo~i dh 1(1Vr , Palai l 750 i g 
Stirter 20 g Molsin 55) ing
11isalted btter 100 g Bio1.- .,e 12 mg
Sidiui titrate It) g Pronase Itng
 

:3) Development of starter 
SMixe'd culture of Str'/,t",,Us (,0'oris and Stnrptiior'cus itois (50--50 mixture) was 

inoculated to a sterilized whole milk cuhture and incubated at 35TC. Inoculations vere repeated 
ti)activate lactic acid bacteria, resulting in mother starter. And then, evaporated milk was 
inoculated with the mother starter and incubated, which was used as main starter. (ultured 
eVahiorated milk was used as main starter because a) lactic acid bacteria grew well in evaporated 
mill-, and b) considerable amout t of starter could be used without the significant increase of 
lloiStUre cont(tnt of final prodcts. 

A1) Analytical methods of cheese-like food 

a. Moisture: Drying method at 105°C. 

It.Ash : The ordinary method (ashing at 550C). 
c. Crude fat: The Soxhlet method. 
d. ('rude protein: The nicro-ljeldahl method (Parnas modified method); nitrogen factor: 

5.71. 
e. Water soluble protein : Wiater soluble protein was extracted using homogenizer with 
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the 	same method as d. 
water and extracts were analyzed by 

with sodium hydroxide solution. Aciditywas titratedf, 	 Acidlity: Water extracted solution 


was shown as lactic acid %.
 

g. 	 P1I: I'lI neter with glass electrode was used. 

RI-'SI1.TS ANDI) ISCU'SSION 

were prepared by the procedures described above and ripened 
Five different cheese-like foods 

1 1, acidity, water soIluhle protein, and water soIluble nitrogen/ 
for 28 days at 17. 5"(. Changes in p

12, 13 and 1.1, respectively.shown iin Fig. 11,total nitrogen (SN/IN) are 
days after preparation, which is considered to he 

The analytical data of cheese-like food 20 


are shown in Table 11.

stitabh' tim' for ripening 
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Table 14. Analytical data of cheese-like food after 30 days 

Enzyme u.ed Moisture 
(nzmeUpl-i 

Acidity 
(lactic acid %) 

Crude 
(%) 

fat Crude protein Water soluble 
(%) protein (0) 

SN,'TN 
(%) 

lrylIsin 
Papain 

63, 98 
6 1.0!1 

5..11 
5.57 

0..11 
0.85 

16. 46 
17.71 

14..62 
1..62 

1.97 
6i.50 

13..17 
-14. 46 

Mokil 6.1. 35 5..18 0.91 17.85 1.1.13 2.t;6 18.81 
Iliuljr'i.e 6532 5.50 1I.52 16. () 14.02 .I. 15 29.60 
Pronase 6-1. 87 5.56 0..18 18.4oI 1.1.62 3.81 26. 06 

As shoiwn in the figures, particularly in Fig. 13 and 1.1,tile digestion ability oif en/.zyeS on 

soybean proteins in the Ireparation of cheese-like food did not always correspond to that of in 

vitro study in IV-I, except trypsin. "rypsin showed extremely low digestion ability and did not 

seem to be suitable for theiproduction of tile cheese-like food. 

Thotgh the digestion ability of papain was lower than Ilioprase and Pronuse in the in vitro 

experiment in IV-l, it showed a extremely high ability in this experiment. The ratio of SNiTN 

which shows the degree of pro tein dhconiJuositioll, reached 38 with papain after a weekof ripening. 

li the same period, lBioprase and I'roitase, ol the contrary, showed only 2.1 and 18 respectively. 

Oragaiiol ptie tests (taste and texture) oit the prtducts can be sunnarized as follows: 

Trypsin : Even after .1 veeks, it was inimature, id had still beanish odor of soybean, but only 

slight bitter taste. Te:,xture was coarse and gritty. 

Paipain: SN/TN reached 38 iii one week. Though the lro duct was over ripened, it showed 

extrenelh smn(Ith texture and dIesirable taste. Bitter taste first appeared after 3 weeks. 

Molsin: It showed fermentation flavor and m isli-like taste. Bitter taste was slight. 

Pronase: In the first stage of ripening, it had beanish lavor of soybean. But after .1 weeks, 

the valute (f SN/TN reachtd to abolt 30, and texture became extremely smnooth. Taste and 

flavor were tile best ainong the five products. 

llioprase : This showed similar tendency to lPronase. But it had more bitter taste than Pronase. 

The results (f the experiments in IV-I and I\'-2 miav be summarized as follows: 

Ili the processing of cheese-like soybean pro)teiin food, papain was tile most suitable amulng 

the five eiizyievs because (If the highest digestion ability against sovbeanl proteins. The digLstion 

abilitv (If Molsil was low, and the taste of the pro(ducts was no good. Trvpsin was the most 

inferior from the stand tpolint of poor digestion ability and the taste (If the prodttcts. 

iisidltring manufacturing costs, shorter ripening period, lower price of enzyme, and easiness 

of its obtaiinment are desirable. Thinking iof these factors, lpapain is considered to he the best 

etzynie I use for tile production of cheese-like food. Proiiase and Bioprase are co nsidered to 
bt al'( I0l(li cable etulz\vles. 

V. TIlE OPTIMUM AMOUNT OF ENZYME 

From tile results of the exlleriments in Chapter IV, papain was the best proteolytic entvine 

to use in tile manufacture of cheese-like food from soybean. The optinium amount of enzyme 

to be used in tile process has not been investigated vet. The length of ripening period and the 
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quality of the product are influenced by the amount of enzyme used. Generally speaking, the 

more enzyme is used, the shorter the ripening period anct the worse the quality (if the products 

are. The data of repeated trial manufactures indicated that the best ripened cheese-like soybean 

protein food had the SN/TN vallie oif around 30. Therefore, such amount of enzymt, that digests 

soybean proteins to the SN/TN value 30 in 3 to -1weeks would he suflicient and en'ug'. Io 

the optimnum amount of enzyme papain to satisfy the albove colitioms is the purposefind out 

of this experiment. 

EXPER IMENTAI. 

I under pt)liC heese-like food was pmelpared by the method explained in Chapter the mu i 

conditions and with tilebest agglutinant investigated in Chapter II and Ill. Four preparations 

using 0. 197%, 0. 295%, 0. 39,1% and 0. 78890 of papain (8. .12 "/.10 'l'g) in respect (if soybean 

proteins wvere made. The formula (f ingredients is shown in "I'ablh 15. Clheese-like foods prepared 

.nal'th % ere i adte on moisture, ash, crude fat, crude protein,were rip-nted for 5 weeks. 

water soluble protein, pil, and acidity according to tileMethodis mentioned ill \'-2. Amnio 

nitrogen was det .,mined )"the Van Slyke mellhod. 

Table 15. Formul:a If ingidicnts of .oiir preparatiom 

2 Preparatiom :1 'rttimratito, -IPreparation 	 1 ircparation 
(o. 197%) (0.295%) (0.39,1%) (o 78% 

890 l!91) g 890 pConcentrated curd 890 g 
g 1. 8680.467 ! 0.7)1 O.931 

80 g 60 j!
I'apain 

Starter 80 g 80 p, 
31g 30 ,

Sodium chloride 30 g 30 g 

RESU LTS AND DISCUSSION 

preparatimols which differ in concentration of the tenzyme;
The analytical data of the four 

ripened for 5 weeks are shown in T dble 16, 17, 18,
0. 197$, 0. 295,06, 0. 39.1$ and 0. 788%, and 

and 	 19. 
and SN/TN during ripening (ofthe four preparationsChanges in plI, acidity, amino nitrogen, 

18. The data indicated that the rate of protein digestion was 
are shown 	in Fig. 15, 16, 17 and 

in the first 7 days, and then became slower. In tile four preparations, papain was 
very rapid 

1.5 :2 :,. 	Ilowever, protein decomposition, that is tile value of SN/TN was
used in ratio of 1 

"Table 16. Analytical data of preparation 1 (0.197%) 

Cr ud Cruc cSoluble Ainino (
lHlming Moistre Ash pl Acidity 

protein in.tcin nitrogen
/%)(lactic acid 06) (fat M (W (,%period V06) 	 %%(Week) 

0.291 	 I.-1321.83 1.8.115. 140 55.61 .. 11 6. 10 1.17 
3,36 0..17.1 15.70

0.31 -- 21. :34
1 55. 35 .1.22 5.70 

3.91 0. 185 17.96 -
2 54.82 18 5. :10 0.5 	 21. 77,4. 


4. 14 5. 37 0.53 15. 1.1 21.33 .1. 12 (. 502 1. 32 
3 55.08 

21. 2:1 .1.33 0.51.1 20..0
.1 55.48 -- 5. 3.1 0.59 

I. 32 0. 571 20. 000.58 - 21. 60
5 51.71 - 5. 37 
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Talle 17. Anatvtic[ ,ht.iof preparation 2 (0.2953r;) 

Crude Crude \Waterie Asonlubl 
Ripenin ue 11i1,1 SN/TN:tii 1, 

"ei moit A-N fat protein protein irlien (o)
(we) (°) (1%) (la,,.tic" acid i%) o'() (0' %vvk) (°lI'!6) (%o 

0.17 15. 1.1 21.82 1. 8.1 0.291 8..13
0 55.6 1 16. 10 

55. 33 I 19 5. C62 0..11 21. 69 .1.38 0.50S 20. 19 

,1.65 0.565 21.762 :1.9: I. 12 5.37 0. 53 21. 37 

: 55. :.1 I. 19 ). ,.- O.A6 15. 36 21. 92 5. 1; 0.6.10 2:3.51 

21.20 5. 1 0.610 2.1.31.1 55.59 - 5.I1 o 61 

5 51.01 - - 37.It I (. 1;9 ... 22.15 5.G3 0,G57 25. 12 

"'Ahle 18. Analytical (lata of lrel ration 3 (0. :1'1.15) 

[Itg Ill ( Crudie olulvRipIlint AII \ct rde Water :\rlAfin,) SN"I'N 
r t i pr e in og e i t . ),t it mlffj tp)ri Nw) %d 

((rek)) (.) (o%) (0) 

555.61 1. II 6. 1(0 0. 17 15. II 21. 8:3 I.84 I).291 8. -13 

1 5 5. :it) 1.21 5.691 )..12 21. 31 5. 12 1 . 5:2 2:2.99 

2 55. 20 .I.17 5. 57 ). .IS - 21.56 5. .19 0. 615 25. Ili 

3 55.:35 1.I15o o. 791 15. 68 21. 26 .5. 7 0. 6: 27. 61 

.1 53. 1:1 5 60 0. 1;1 --- 21. 12 6. i 0.71. 28.79 

5 5I. 5 1 - '. 50 (0.71 -- 22. Ol 6.. 0. 799 5151 2.1. 

T ' .I,). A lvtiailiii if liz-iaritiii 1 (0, 7S8%) 

Rilietijtr 
pvri l 
(wevk) 

M III 
(1) 

.\, 
At 
(''f 

I'll 
1 

( 

.\ liv 

hidl} acid . 

I'rde 
at Ililill 

\riWater soluble 
protein 

:\mino 
ilru ,vi 

(f) 

SN TN 
(,3T 

0 557.GI .I.11 6. 111 ). 17 17,1 1 :1 . t: I1.S 1 0. 29 1 S. I1i 

1 55. 2:1 .I. 58 5. 1 1 55 - '1.,2 3 i5) O0.662 :10. 67 

2 5I. G7 1.17 Y5(( 0.66 -- 21.3S 6, (7.6 15 M1.67 

309 1.17 5. 16 (.7: 15. :8 21. 16 6. '.!9 O.719 32. 11 

1 51.98 .---5..17 0. 7 -- 21. 10 7. :2 1).697 31.21 

5. :18 - 55.5S (1.6 - 21.99 8. 17 1).799 37. 15 

0-0 Prelrtion 1 08 
I 0.8 

',., •...Prepiration 3 .x..' 
a,', A 

6.0 x -.....Pre-, ration 2 

° .. Prepa ratio n 4 u 0 .6 ..-0 0o 

q -A 

pH 0.4 
5.5 -.. ' 'o Prepairation 

a- o 1 
X02 X 3

5.5 . A 
.... 


0 O0 

0 7 14 21 28 35 0 7 14 21 28 35 
Age of Soybean Protein Food (days) Age of Soybean Protein Food (days) 

Fig. 15 Changes it ill of soybtean Fig. 16 (hanges in acidity in soybean 

ittelrin food during ripening protein food during ripening 
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not proportioinal to the 	amiount of enzyme tuse(l. 

\; described before, the SNjI'N value oif the best ripeied cli es-like soyltean iriotein loo(! 

is around :30. ('omsidering this toint, sensory e'aluations of the produts of the four iep;irations 

were made every week. The results are sutmmnarized as follows: 

I)reparation 1 (0.1v 'i',j enzyme): Ripening was slow and the SN.N value wva. 20 afer 5
 

weeks. Texture, was coarse. gritty and less sticky. It -lhowed no 4'lur and hitter taste, but th.
 

The iroluct was still green after 5 weeks.
 

I'reparatiot 2 (().295% enzyme): The SN/'I'N value reached 20 in 7 days and gradually increased
 

to 25 in 5 weeks. Ripiening was also slow in this ti rearatioln. "l'Vx tre was ciarse a fter a meek
 

of ripening. But a little smn))thness \w;Is observed after I wvk.. N) sour and hitter were
 

appeared after 5 weeks.
 

Preparation :3(0.39176 etnzyme): The SN/TN value reached the desirahle valIte in :3 weeks.
 

Texture was fairly smooth. No sour and bitter taste were detected. After I Weeks of rij)ening,
 

the product shoeId gool texture and taste.
 

P"reparation -1(0.788%? enzyme): The SN/ITN vdlte was over :30 in 7 days. Textuire wa, ciutrse
 

and immature. After :3 weeks, the taste and texture became cheese-like. lhowever, soour laste
 

was already observedl in 7 days and hitter in 2 weeks. \Vith the progress in ripening period,
 

undlesirable after taste increased.
 

'le preparation I and 2, 0. 197% and 0. 295% enzvm respectively, sol(O\ 'd slow ripening. 

The preparation .1,0. 78896 enzyme on the other hand, demonstrated rapid protein decomnposition. 

But it showed coarse texture, uneven ripeninrg, and sour and hitter taste. Tihe preparation 
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3, 0.394% enzyme in respect of soybean proteins, resulted good products with desirable taste 

and texture. The amout of enzyme used in the preparation 3 was, therefore, concluded as 

optimum in the process of cheese-like soybean protein food. 

V1. DETERMINATION OF THE OPTIMUM RIPENING TEMPERATURE 

Ripening process in cheese making is generally carried out under the conditions of low 

temperature and long period. It is our purpose to produce cheese-like soybean protein food 

within a short period. The amount of enzyme and ripening temperature are pointed out as the 

main factors influencing the ripening period of this kind of food. Ripening temperature is a 

very important factor because it affects upon not only ripening period but also taste and texture 

of the product. 

Cheese-like soybean protein food was prepared and ripened at 15'C, 17. 5°C, 20'C and 25'C 

and then otptimim temperature was tried to find out. 

EXPERIMENTAL 

1) Preparation of cheese-like soybean protein food 

Ciwese-like soybean protein food was prepared according to the procedure described in 

Chapter 1. Four different ripening temperatures, 15'C (preparation 1), 17.5'C (preparation 2), 

20'(7 (preparation 3) and 25'C (preparation .1) were compared. Percentage of the ingredients 

was shown in Table 20. 

Table 20. Formula of ingredients of preparation 

Weight 

Concentrated curd 900 g 

Papain* 0. 830 g 

Starter 80 g 

Sodium chloride 20 g 

* Enyme unit of papain: 8.42>010 PU/g 

2) Analytical method 

.Moisture, ash, pH, acidity, crude fat, crude protein and water soluble protein were analyzed 

()n itAch preparation extending over .Iweeks according to the methods described in Section 2 

of Chapter W\'. Amino nitrogen was analyzed by the method of Van Slyke. 

RESULTS AND DISCUSSION 

\nalvtical data for each sample are shown in Table 21, 22, 23 and 2.1. 

Taste anI texture of each sample ripened at four different temperatures extending over 4 

weeks were tested once a week, resulting in tie following: 

Preparation I (15'C): Texture became good as the progress in ripening period, even though 

it was coarse. Ripening was not enough even after .1 weeks. 

Preparation 2 (17.5'(): Better than preparation 1. Texture became smooth and cohesive 
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lalble 21. Analytical data of preparation I (15C)
Crude Crude Water soluble Amino 

ntoC l , TRipienintg Moisture Ashi H Acidity fa rti rben 

PH 	 fat protein protein nitogen
period
(week) (,%) 0) (lactic acid (%) (%) (%) (%) 

0 56.82 :. 1I 6.37 0. 17 1.I.98 21. 28 3. 93 0.109 18..48 

0. 38 21.79 5.18 0. 1:5 25. 151 5G..17 3.17 5.70 	 
-- 29.55 5. . 23.1 29. 15

2 56.:1 :. 15 5. 29 0.51 

0.1 19.80 5. .18 0.213 27. 683 56. 22 3. 12 5.50 15.21 

-4 55.8.1 3. 17 5..7 II. .1 20.78 6.67 0. 2.-2 32. 10 

Table 22. Analytical data of preparation 2 (17. 5'( 

Riei ,I A\s. Acidity 'i 	 ~(-I N TNIM ,ure 
% % protein ottn %RiPenig mOitre 	 Crude ('rude Wiater solubl' .\mino SN TN 

% % (4r)

(week) % (lii'i&*h~caim-1 ) fat proteinPerioid Orpl 

3. 11 G, 37 0.17 1.1.98 21.28 3. 93 0.109 18..1
0 56.82 

- 22 0.1 5.52 0. 122 25.05
1 56. 60 3. 21 5.32 0.51 

7.55 0. 2.16 31. 81 
2 56..28 3. II 5..21 0.89 	 - 21. 69 

19. 82 7.05 0. 271 35.57"1 56.39 3. 02 5.32 0.67 1.1.72 
7. 5i2 0. s :266.58)20,
5. 3:, (1.71 	 56.1 55.912 3. 19 

Table 23. Analytical data of prelara i,, ,1(20C) 

iureN Ash 	 Acidit Crude (,rude Water soluble Amino SN:TN 
tic . fa protein proteili nitrogeniodRpering 

(lactic acid %))(week) ( () 

0. 17 11.I.1 21. '28 3 93 . 1019 8..I8 
0 56..82 3. 11 G.37 

21.773 5.1 11.1.16 216.'
5.32 11.511 56.55 3.25 

0. ,,8 -- 21. 9 1 8. 13 0 217 37.111; 
2 55.7.1 :. 13 5. 1 

7. 93 0.273 38, 63 
,3 55. 17 3. 21 5.311 (). 19 13. 72 20.33 


-- 21.77 8. 65 0. 285 
 :S1.73 
.1 33.11 :.11 5. 42 0 92 

Fabl 21. Analytical lata 	 Of prepiaratin 1 (23 ) 

rude Crude W'mer sohitle, Aniv,R, 	 (rd Wae lAn' SN ,TNipnnosre AliAcidity Ciii 	 0 
O cnI r tim n sIr* fat ro teinc id1tp

ier m IpH 	 () %)(lactic ci )((week) 

0 56.82 3.11 6.37 ). 17 1.1.98 21.28 3. 13 0. l9l 1. .is 

5.28 0..18 -- 21.7.1 .27 ).1:13 28. 81
1 51. 7:3 :1.31 

2 56. 02 2.85 6..95 O.81) 	 -- 21. 69 8. 92 0. 221 .11. 12 

5t.GI 3.2-1 ---- (.55 11.51 N. 6 1 9.72 0. 311 .19. 49 

-- 22. 51 10 26 0. :111 -15.5,. 
. 

4 51. 28 3.07 - 0. 80 

3 to .1weeks. Odor of soybean was disappeared after 3 weeks. No bitter and sir tasteafter 

were detected. 
weeks of ripening. 'astc and flavor alsoPreparation :3(200): Texture became smooth after 2 

er 3 weeks, but slight bitterness was felt.became good at 

Sample became cohesive after 2 weeks ripening, bUt it was soft andPreparationi .1 (25' 1): 

was fast, hut taste was poor. After 3 weeks, ester odor was occuretdsjicky. Ripening speed 


and it was impossible io eat due to putrefaction.
 

Fig. 19, 20, 21 and 22 show the changes of 	p1l, acidity, amino nitrogen and SN/TN value 
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during 	ripening. 
As shown in Fig. 22, the higher the ripening temperature, the faster the decomposition of 

protein is. The same tendency is observed in amino nitrogen (Fig. 21). 
The experiment of this time was carried out during summer. The temperature of mixing 

room was 35'C. Enzyme reat. ion, therefore, considerably went fast until the time when paraffin 
coating was finished after raw materials and enzyme were mixed and stirred. The high value 
of SN/TN was observed at initial stage. 

Ripening takes long time at 15'C. At 25°C decomposition of protein is rapid and ripening 
period is shortened. But it is easy to have bitterness of the product and also easy beto 

Ia 
I/ 	 1.0 
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contaminated by various fungi. In case of 20'C, bitterness of the product is stronger than 17. 5'C 

but 	ripening time is shorter than 17.5°C. 

As a conclusion, around 17.5'C is thought to be the best ripening temperature. 

VII. 	 TRIAL PRODUCTION OF CHEESE-LIKE SOYBEAN 

PROTEIN FOOD UNDER THE BEST CONDITIONS 

Manufacturing procedure of cheese-like soybean protein food was proposed in Chapter I 

and the best conditions at each process were found out by the experiments from Chapter 11 to 

Chapter VI. The following manufacturing experiments were made under the best conditions 

of each process in the procedure in order to get same data which might be useful for further 

improvement of the product. 

1. 	 Produ0t-.,n of cheese-like soybean protein food using papain only 

EXPERIMENTAL 

1) 	 Preparation of Cheese-like soybean protein food 

The following best conditions fcund out in the previous experiments were used for preparation. 

a. 	 Condition of soymilk extraction: Soak soybean in water at 20'C for 15 hours and add 

10 times of water, and then heat for 2 minutes after trituration. 

b. 	 Agglutinant: 3.2 g of calcium sulfate was added for 1 kg of soymilk. 

c. 	 The amount of enzyme: 8.42x 10' PU/E of papain was used at the rate of 0. 39.1% in 

respect of soybean protein. 

d. 	 Ripening temperature: 17. 5'C. 

e. 	 Percentage of each ingredient is shown in Table 25. Fat was not added. 

Table 25. Formula of Ingredients of Preparation 

Concentrated curd Papain Starter Sodium chloride 

899 g 0. 93.1 g 80 g 30 g 

2) Analytical method of the product 

Moisture, ash, plt, acidity, crude fat, crude protein and water soluble protein were analyzed 

by means of the methods described in IV-2. Amino nitrogen was analyzed by the \'an Slyke 

method. 

RESULTS AND DISCUSSION 

Table 26 shows the analytical data of the product after .1 weeks when the best taste and 

the best texture were obtained during ripening. The product became very smooth and cohesive 

3 weeks aftcr peparation. Mouth feeling became more smooth after 4 weeks. It melted nicely 

in mouth. Cheese-like flavor was appeared afte r 3 to 4 weeks. The product showed very good 

taste without any bitterness after 1 weeks of ripening. 
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Table 26. Analytical data of preparation after 4 weeks 

Moisture Ash Aci Crude Crude Water soluble Amino SN/TNpH fatpHisIure Ash protein protein nitrogen
(%) N (lactic acid ) (M ) () 

55.43 . 15 5.60 0.64 15.68 21. 12 6.08 0. 13 28.8 

The changes of pH, acidity and decomposition of protein are shown in Fig. 23, 2.1 and 25. 

PH was 6. 1 at the time of preparation. It became more acidic with the progress in ripening, 

and stopped decreasing at about p-1 5. 5. It was the general tendency that the pH decreased 

gradually to 5. 1 to 5. 2 with the progress in ripening period and equilibrated at about this pH1. 

Rapid changes were observed in pH and acidity during first week of ripening. SN/TN value 

was increased considerably during first week of ripening clue to the active enzyme reaction. As 

this experiment was done in winter, the temperature of concentrated curd at the time of mixing 

6.0 

PH 

55 	 - 0 

0 7 14 21 28 35 
Age of Soybean Protein Food (days) 

Fig. 23 	 Changes in pH of soybean protein 

food during ripening 

0.8 	 o 
0 ~ . 30

0 ' 0 

'0.6 

0~~~~~*20
 

"0.2-	 -6,. 1o 

10 

<0 0 	 _ _ _ _0 21 28 35 7 14 2 35 
Age of Soybean Protein Food (days) Age of Soybean Protein Food (days) 

Fig. 2.1 	 Changes in acidity in soybean Fig. 25 Protein decomposion in soybean 
protein food during ripening protein food during ripening 
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was low. So SN/TN value was much lower than those of the cases of Chapter IV to chapter 

VI. It would be summarized that SN/TN value was quite different at the beginning of ripening 

due to the temperature of preparation although the ripening condition was the same. In case 

.of practical production of cheese-like soybean protein food, temperature of mixing has to be kept 

10-15°C, and it is necessary to keep the starting condition of ripening constant. 

2. 	 Production of cheese-like soybean protein food using papain, Bioprase, Pronase together 

In Chapter IV, papain wvas used as an excellent enzyme, but it was also described that 

Bioprase or Pronase could be used as a proteolytic enzyme for preparing cheese-like soybean 

protein food. Only a papain was used for all trials in the previous experiments. The following 

experiment was carried out to investigate whether it is effective or not to use other enzymes 

together with papain. 

EXPERIMENTAL 

1) Preparation of cheese-like soybean protein food 

The products were compared one another with the following ,4 preparations. 

a. 	 Preparation 1: Papain was used. 

b. 	 Preparation 2: Papain and Bioprase were used together. 

c. 	 Preparation 3: Papain and Pronase were used together. 

d. Preparation 4: Papain, Bioprase and Pronase were used together.
 

Manufacturing procedure was the same as that described in the previous section.
 

2) 	 Percentage of each ingredient and the amount of enzyme 

a. 	 Percentage of each ingredient: Table 27 shows the percentage of each ingredient 

excluding enzyme. 

Table 27. Formula of ingredients of preparation 

Concentrated curd Starter Sodium chloride 

700 g 63 g 15. 6 g 

b. 	 Combination of used enzymes : Activity unit of each enzyme is as follows: 

Papain ........................ 18. 66 x 101 PU/g
 

Bioprase ........................ 26. 46 x 101 PU/g
 

Pronase ........................ 464. 6 x 101 PU/g
 

The 	amount of each enzyme in 700g of concentrated curd is shown in table 28. The 

each enzyme was adjusted so that the total activity units for each preparation becameamount of 


the same as that of papain used in the previus experiments.
 

Table 28. The amount of enzyme combination 

Papain Iioprase Pronase 
(mg) (rg) (mg) 

Preparation 1 293 	 0 0 
0Preparation 2 147 103 

Preparation 3 147 0 6 

Preparation 4 98 69 4 
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RESULTS AND DISCUSSION 

AtN-lytical LIta of cach preparation during ripening are shown in Table 29, 30, 31 and :32. 

The Changes of p1l, acidity, amino nitrogen and SN/TN value are shown in Fig. 26, 27, 28 

and 29. 

Tile 29. ,%i.alvtical data of preparation I (papain) 

RiienRi ln irMoiture Ash AciditvAciit :rude Crude Water soluble Amino SNITN 

ieri,,d 
(veck) ) ( %) 

pI 
(lactic acid 56) 

fat 
(()) 

protein
( ) 

I)rt in 
(%) 

nitrogen
(%) 

0 57. 15 3. 37 43.19 0. 07 12. 81 22.95 0. 61 0. 037 2. 66 
1 57.07 3. 39 5. 30 0. 2 - 22..11 5.22 0. 083 21. 29 
2 57.08 3. .T0 5.23 0. 67 - 22.00 5. :33 0. 108 2.1. 23 

: 56. 78 13.:i; 5.30 0. 435 1D. 17 22. 23 6. 4t; 0. 157 29. 943 

.1 57.01 3..12 5. 19 0. 61 -- 22.31 G. 53 0.097 29. 27 
) 57. 1:1 :1.36 5. 1.1 0. 411 -- 22.26 i0.01 0. 1:12 29. 83 

Table M10).Analvtic al data of preparation 2 (papain-llioprase) 

Riptnin, M .t W1 Acidit' Crude Crude Water .oluble \minoo SN'TN 
pvrilI I,1 fat protein pritein nitrogen ( 
(weiek) (acdti (d) (a) (N) (W) 

f4 57. 15 :1 :17 6. 19 0. 07 12.81 22.95 0. 61 4. 44:37 2. 3i 

1 57. 13 :3.:5 5. 22 0.75 22. 70 5.70 0. 115 25. 11 
2 57.21 3. 33 5. 2:3 0. 85 - 22. 48 5.81 0. 120 25.75 
3 56. W3 3 .1(1 . 0.87 13. 29 .... 51 6i..11 01.ISI 28. 6121! 
.1 57.08 :. :17 5. 12 0. )499 - 22. 03 9. 19 0. 180 11.72 
5 56. 843 3. :0 5. 10 1.22 22. 32 S. 19 . 270 38. 1 

Talili 31. Analytical data oif prel:ration 1 (Ialin.Priia.v) 

Moitiir A. . Atciditv Crude Crudc Water soluble Amito 
period 0% " fat protein protein nitrog4en 
(week) () (lactic acid (0 () (.) ()0 

0 57. 15 3. 37 6. 19 ). 07 12. 8.1 22. 95 0. 61 ).037 2. 46 
1 57. 26 3. :12 5. 21 0. 468 -- 22.51 5.00 0. 121 22. 18 
2 57. 2:4 3. :13 5.21 0.79 - 22.81 5.13 0. 1:12 23.81 
3 56. .16 :. :if; 5. 20 0. 95 13.50 22. 52 6. 58 0. 169 29. 22 
.1 57. 29 :3.39 5.412 1. 11 - 22.33 9. 18 0. 180 .1. 11 

56. 4(1 3. 33 5. 11 1.418 22.70 7.25 0.219 31. 941 

Table 32. Analytical data oif prepiaration .1 (pl)ain-Biol)raseI)ronae) 

i Crude Crude Water soluble Antino
perid ,,tur, Ash Iali Au fat protein Iprotein titrogen 

(week) I( () (lactic acid %) 0) (0) (%) (%) (0) 

0 57. 15 :. 37 6. 19 0.07 12.8,1 22.95 0.61 0. 037 2. 66 
1 56.57 :1.33 5. 2 0.80 - 23. 11 5. 93 0. 132 25. 4313 

2 56.78 3. 33 5. 20 1.09 - 23.0.1 6.96 0. 1.12 30. 21 
.1 56. 79 3. 35 5. 30 4. 5 1:3.51 22. 23 6.77 0. 188 30. 45 
-I 56. 12 3. 33 5. 16 1. 1.1 - 22.71 8.82 0. 239 38. 84 
5 56. 93 3. 28 5. 03 1. ,16 - 22.26 9. 0ill . 292 42. 52 
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SN/IN value (if preparation 2, 3 and ,1 is high, that i;, decomposition of protein is fast 

comparing with preparation I which corresponds to previous cheese-like soybean protein food 

was d,_iected in the products of preparation 1 andprepared with papain only. Slight hitter taste 

2, but nonle ill preparation :3and .1. Texture was the hest in preparation .1 which was prepared 

with :3 enlyniles. 
together with papain,It is concluded that the use of mixed enzyrmes, Bioprase and Pronase 

is more effective to produce the product of good flavor and texture, and to shorten the ripening 

period compared with the single use of papain. 

VIII. EVALUATION OF TIlE CHEESE-LIKE SOYBEAN PROTEIN FOOD 

BY FEEIDING EXPERIMENTS 

Itl order to investigate the nutritional value of tile cheese-like soyhean protein food, protein 

efficiency rat (IE'R) and hiological \alue (\') were dctermined by feeding experiments with 

the albino rat. 

EXPERIMENTAI, 

1) Test diet 

The soybean protein food used in the experiment was prepared by the method descrihed in 

VII-1, and ripened for 3 weeks. Tahle 33 shows the analytical data of the soybean food sample. 

The composition of casein diet used as a control and the soybean protein food diet are shown 

Table 33. Analytical (lata (f clese-like soybean protein food 

M.isture 53. S7% Acidity as lactic acid 0.733% 

(rude protein 21. 1U1 pl 5. 12% 

Trrie protein 20. 35.% 'a 0. 11 % 

\Vater soluble protein 5. 3:3/ Nit 0. 85,q; 

Amino nitrogn 0. 173% K 0. 10% 
Cr ide' fat 1.t. 86% ' 0. 52,% 

Ash 3. :32"%
 
Crude fiber 0.00%
 
Nitro. n free extract 3. S)%
 

Table 3-1. Composition of test diets 

bIgredient casein(%)diet Soybean(%)feed diet 

-Milk casein 10. 1 

Soybean food - 30. 0
 

Sucros.e 20.0 14.0
 

\heat starch 58. ,A 52.0
 
-Soybea n oil 6. 0 


Mineral mixture ,4.5 3.0
 

Fiber 1.0 1.0
 

Vitamins enough enough
 

Protein level in dry matter 9.45 9.52 
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in 	Table 3.1. Protein content in (Iry matter were 9.15% and 9. 52% for the casein diet and the 

soybean protein diet respectively. 

2) Determination of protein efficiency ratio 

The rats which had average initial boly weight 60g were used. Each group, consisted of 

6 rats, was fed by the soybean pretiln f,,d and the casein diet for 21 days under the constant 

condition of 2.1°C and 65% humidity. The PER wits calculated from the amount of protein 

intake and weight gain during this period. 

3) 	 Determination of biological value 

Twelve rats, average initial hody \\eight 1.10--150g were used in this experiment. They 

were divided into 2 groups, 6 rats each. Both groups were fed by the same non-protein diet 1) 

for 	 the first 7 days and then each group was fed 1 the respective test diet for another 7 days. 

Nitrogen balance was calculated from the data of last 3 days of each feeding period. 

RESULTS AND DISCUSSION 

The PER and the BV determined are shown in Table 35 and :36. Average PER and BV 

of the chev-se-like soybean protein food were 2.7 and 63.0 respectively. \Vhile these values of 

casein were .3.1 and 83. 1. 

Slightly different figures have been rep)rted for these values by different workers according 

to the difference in their experimental conditions. [Hackler and [land (2) reported the PER for 

casein as 2. 86 and for soybean curd as 2. 20. PER is, therefore, considered to be slightly 

increased by fermentation. Tamura and Arinioto (9) reported the BV of casein as 75. 7, raw 

soybean as 27. 0, boiled soybean as 52. 3, boiled defatted soybean as 56. 2 and natto as 52. 3

54.7. These values are all lower than the results of the present experiment. 

Table :15. Protein efficienry ratio of test diets (for 21 (lays) 

Initial body weight Weight gain Protein intake P.E.R. 
() g) (g) 

1 65 71 21.7 3.3 
2 55 .It; 18.6 2.5 

3 59 54 19.6 2.8 

4 62 87 25.3 3.4Casein diet 
5 56 68 21.7 3. 1 

6 6.1 68 21. 2 3. 2 

Average 60. 1 65. 6 21.5 3.1 

7 6.1 54 21.2 2.6 

8 57 53 20.7 2.6 

63 73 23. 3 3.19 
19.8 2.9Soybean food diet 10 62 57 

11 65 47 19. 1 2. 5 

12 55 .17 19. 6 2.. 

Average 61.0 55. 1 20. 6 2.7 

starch 68..1,, minerals .. 5% and1) 	Sucrose 20.0%, soybean oil 6.0%, fiber 1.0%, w'heat 


sufficient anount of vitamins.
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Table 36. Determination of biological value on test diets 

Non protein period Test diet period 
Initial (3 days) (3 days) N. N. N
body "N.in" N.in Nin N.inN-in absorbed retained Biologicdl

weight feces 	 urin take feces urine 	 (Ing) (1ng) (rg) 
(g) (ing) (rng) (mg) (Ing) (Ing) 

1 162 31. 1 98.8 700. 1 81.5 186.7 650.0 562. 1 86. 5 
2 125 25.1 9-1.8 532.2 69. 7 158.2 187.6 .121. 2 87.0 
3 137 32.7 97. 8 532. 2 66. C 186. 7 198. 3 409. .1 82.2

Casein diet' 1 177 32.0 69.6 68.i.1 91..1 191. 1 625.0 503.5 80. 6 
5 151 30. 86.7 623. 5 88.5 216.6 565. 5 .135. 5 77.0 
6 165 29. 3 51. 1 539. 41 70. 1 12,1. 7 498. 6 425.0 85.2Average 152.8 30. 1 83. 1 602.1 77.8 177.3 537. 5 460. 0 	 83. 1 

7 1.19 29. 1 70.8 50-1.0 68. 6 253.7 46-1.5 281. 6 60. 6 
8 139 27. 6 106. 3 536. 0 72.6 236.8 ,191.0 360.5 73. 1 

Soybean 9 165 20. 6 50. 1 721.6 57.5 301.5 681.7 433. 3 63. 3 
food diet-	 10 1,11 28.2 63 1 508.8 62. 6 2.10. 2 .171. 1 297. 3 62. 7
 

11 135 23.6 68.0 681.6 59.8 312.5 645. ,1 .100. 9 62. 1
 
12 12.1 21.5 80. 3 
 662. .1 70.6 350. 7 616.3 3.15.9 56. 1 

Average 1,12. 1 25. 6 7:3.1 600. 7 65. 3 282. 5 562. 7 	 353.3 63. 0 

1: N content in dry matter: 1.38% 
2: N content in dry matter: 1.21% 

The figures above described indicate that the nutritional value of soybean protein is com
pletely retained in the soybean protein food. That means the manufacturing process does not 
decrease the nutritional value of soybean protein, but slightly increases. Our cheese-like 	soybean 
protein food is, 	 therefore, considered to be a good protein food. Sulfur-containing amino acids 
are the limiting amino acids of soybean protein. It is convinced that the nutritional value of the 
chesse-like soybean protein food can be further increased by the addition of cystine or methionine. 

IX. SUMMARY 

1) As a part of developing studies of new soybean protein food, soybean proteins were 
digested by a proteolytic enzyme and produced a cheese-like soybean protein food. The purpose 
of 	the present investigations is to establish the procedure to manufacture the cheese-like soybean 

protein food. 

2) The manufacturing procedure of the cheese-like soybean protein food from soybeans 
was established. The outline of the procedure is as follows: 

......
Soybeans .	 Agglutinant addition . bean protein cordl. 

Proteolytic enzymeI
+ 	 Starter ............R e ning ......
 

Sodium chloride 
 1 

3) Investigations have been made to find the optimum conditions for each step of the 

manufacturing procedure. 
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a. 	 The optimum conditions for extracting soymilk : Soaking time is 15 h our-. 'Ihr. amount 

of water added is 10 times of the weight of soybeans. Extracting timie t,,i2 minutes 

at boiling temperature. 
calcium sulfate, hydrochhti aciid and glucolnich Among .1 agglutinants (calcium chloride, 

acid), calcium sulfate is the most Suitable one for the purpose. The best yield was 

of 0.03--0. 0.1 N in soymilk and coagulationobtained with calciumi sulfate concentration 


temperature of 70'C.
 

Trypsin, Molsin, papain, Bioprase and Pronase were determined their digestion abilities
 
c. 

on soybean proteins in the process of cheese-like on 	 protein solution in vitro, and 

sr'bean protein food. 

Papain showed tile hest result in both experiments. The optimum amiount of papain 

soybean proteins) in actual manufacture was found as 0. 39.1,.
(activity 8.12 " 10 l1',g on 

no activity because of the presencv of trypsin inhibitor in soybeans.
lrYpsin showed almost 

Molsin has tilt optimaum pll at 2.3. This is far below than phl 6.3 at which the 

cheese-like sovlean protein food is processed. Trypsin and Molsin are, therefore, not 

apllicable to the practical manufacture. Pronase and Bioprase are also applicable in the 

manufacture besides papain.
 
to
d. 	 The ripening tem perature of around 17. 5°C is the optimum cure the curd in conside: 

ration of ripening p.-riod, the flavor of tile products, and other conditions. 

•1) 	 Accoding to the o)t ilum conditions decided in 3, pilot productions werc made. Tile 

results 	indicted that the tem peratLire of l,ixing ingredients had to be koept between 10 and 

Thus produced products wvere acceptable. The effect of mixed enzyme was investigated15' C. 
were papain and Bioprase, papain and Pronase,

in comlparis on with papain. lEnz\vme mixtures 

'Fhe mixed enzy"ne showed higher ability of protein digestion.
and papain, Bioprase and Pronase. 


Especiall.) the mixture of three enzymes demonstrated faster ripening, and improved texture and
 

taste. 
tested by feeding5) The products manufactured under optimum conditions with papain were 

as 2.2, while BV of raw soy
experim'nts With rats. PI'I, of soybean curd has been reported 

natto have been reported as 27. 0, 52.3 and 52. 3--1. 7 respectively. Our
bean, boiled soybean and 


product showed better results, PER 2. 7 and BV 63, compared with tile values reported heretofore.
 

could be cl anged to nutritive foodIt is noteworthy that poor digestible soybean proteins 

by fer mentation process using proteolytic enzymes. 
had good flavor and highAs a conclusion, the cheese-like soybean protein food which 


the present investigations.
nutritive value was successfully developed through 
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TOKYO, JAPAN. 

AN ARTICLE FOR THE SEMINAR
 

ON PROTEIN FOOD PROMOTION 

Generally speaking, the increase in population density and concentration
 

of housing conditions have gradually made it more difficult to rely on natural food
 

resources. Subsequently, progress in the storage of foods, food transportation and
 

into the picture and the problem of food processing is focused.
cooking methods come 


Referring to food processing methods, it may be closed up that palability
 

likes and dislikes, conveniency should be emphasized in order to meet the desire of
 

the consumers. Further, the cost must be reasonable.
 

I should like to point out that the problem of food processing 	must al-

Effortsways be considered from the consumers' standpoint so as to satisfy them. 

should be made to elevate the value of foods as a commodity.
 

It must not be overlooked, however that food processing is also very 

aware of lossvaluable in the improvement of the nutritive value of foods. We are 

in nutrients that is apt to occur during the processing procedure. 

To cover this defect food enrichment was undertaken to restore the nutri

totive value of original foodstuff which occurs during the procedure and further 

improve the nutritive value. 

Nowadays in Japan, enrichment of vitamins, minerals and further more 

For instance, enrich=
essential amino acids to processed foods is admitted by law. 


ment of vitamin B1 to rice and wheat flour is necessary from the nutritional view

point and we are now proceeding to enrich lysine and threonine. To margarine we 

(Miso) vitamin A, calcium and methjonine isenrich vitamin A and to soy bean paste 

enriched. In this way the enrichment of processed feods has been found to be very 

valuable in nutritional improvement by covering the lack in necessary nutrients and 

thus improve food habits without meeting resistance from the mass.
 

is very promising to add the missinj
Finally, I wish to add that though it 


in food processing, antiseptics, color and odor
nutrients of the original foods, 


As these subs..ances are sometimes added in excess
 reagents also have to be added. 


caution must be taken to avoid their dangerous effects.
 



More and more research is needed in food processing techniques to promote
 

the value of foods for the future. 

I fully respect Mr. Ainara Bhumiratana, director, Institute of Food Research 

and Product Development, for his efforts in sponsoring this Seminar on Protein Food 

Promotion at a time when we are in need of further research in this field. 

Toshio Oiso, M.D.
 

Director, National Institue 

of Nutrition, Tokyo, Japan.
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a visiting Professor
 It was my pleasure and privilege to be assigned as 


the University of the Philippines College of
 of Food Science and Microbiology at 


1969 under Cornell
 
Agriculture (Los Banos) for the period July 1, 1967 to June 15, 


One of my major assign
University's International Agricultural Development program. 


U.S. AID project (ro
 
ments under that program was to develop, with 

the support of an 


the Philippiner and other countries
 
csd-1815), soy or soy/coconut milks for the use in 


on this project were published as an article enti-
Our findings
of Southeast Asia. 

THE PHIlIPPINEFLAVORED SOY MILKS AND SOY/COCONUT MILKS FOR 

tled: DEVELOPMENT OF 

and J. Banzon. The Philippine
MARKET by K. II. Steinkraus, L. T. David, L. J. Ramos, 

re-
Vol. LII. No. 5: 268-276. 1968. Results of this study will be 

Agriculturist. 

viewed. 
the production oi flavored soy and 

Briefly, processes were devised for 

90% of the Filipino people
milks that proved to be acceptable by oversoy/coconut 

grade students in the elementary schools as 
tasting them. We used primarily 6th 

were old enough to respond intelligently 
taste panels as we believed that 6th graders 

flavor acceptability.to our questions regarding 
that most students in 

However, as our study progressed, we became aware 

enough money to buy a bottle of the soy
the village and public schools did not have 

milk in a form that the average stu
milk each day. Thus, in order to produce a soy 

plastic
dent could buy, it was necessary 	 to package 60 ml quantities frozen ip ,arrow 

in order to get the product to the school children. 
bags and saleable for 5 centavos 


were very popular

ice candies in the Philippines, the soy milks

In such form, called 


in the school canteens.
and were purchased avidly 


to the commercial production
another obstacleSince these initial studies 

There is inherent antipathy toward 
milks in the Philippines has arisen.of soy 

oil as a directviews soybeancoconut industry which
soybean by the Philippine 

competitor to coconut oil.
 

Protein Food Promotion Seminar Kasetsartto be presented at* Abstract of paper 

- December 1, 1970University (Bangkok). November 22 




Although soybean production is showing some increase, soybean production
 

is still so limited in the Philippines that it does not look as though there will be
 

sufficient soybeans to support a large scale commercial soy milk production for many
 

years. Some of the large bottlers of soft drinks and other companies are interested
 

in producing soy milks particularly as a protein-rich soft drink much as has been 

done in Hong Kong, Bangkok, Singapore and in Taiwan. However, the overall supply of 

soybeans is so limited and precariou. that it is doubtful that a sufficient produc

tion of soy milk could be sustained commercially. And the Philippine Government has
 

consistently prevented importation of soybeans by assessing prohibitive duty on the
 

imports.
 

In India, U.S. AID, through its University of Illinois contract, has ap

proached a similar problem differently and probably better. In India first emphasis
 

has been placed upon production of soybeans. Now that production of soybeans has
 

been achieved and large quantities of soybeans are becoming available, they are
 

fostering development of a commercial soybean processing industry. However, this
 

would have been much more difficult in the Philippines because of the inherent opposi

tion by the large agricultural coconut sector to development of alternate sources of
 

oil.
 

In India, development of soy milks faces a different problem than that
 

encountered in the Philippines. The Filipinos generally are not milk drinkers. Al

though they do consume quantities of sweetened condensed milk, the use of fresh cow's
 

or buffalo milk is very limited. They are not conditioned to cow's or buffalo milk
 

flavor. Thus, the flavor of a milk substitute does not need to resemble cow's or
 

buffalo milk to be acceptable. However, in India, most of the people, even the poor,
 

have had some contact with animal milks. They like and appreciate animal milk
 

flavor. It is believed that any milk substitute to succeed would have to resemble
 

cow's or buffalo milk in flavor and other characteristics. It is practically im

possible to duplicate cow's or buffalo milk flavor by even the best processes known
 

for manufacturing regular soybean milks today. In order to make soy milks that taste
 

like cow's milk, it is necessary to use more sophisticated processing. It is essen

tial to remove the soybean fat including the phospholipids before aqueous extraction
 

of the soybean proteins to make a milk if a cow s or buffalo milk flavored product is
 

the objective. Cornell University has developed such a process and has applied for
 

P'natent on the process through Research Corporation in New York. Cornell University
 

and Research Corporation have given the U.P. Agricultural University, site of the
 

University of Illinois U.S. AID soybean project, free rights to develop and modify
 



this more sophisticated process formaking cow's or buffalo milk flavored soy milks
 

for use in India. It is possible that Cornell Universitr and Research Corporation
 

would extend similar free rights to the process to universities in other countries.
 

Briefly, the process involves a two-stage defatting, deflavoring step in
 

which ethanol and chloroform are used to extract the lipids including the phospholi

pids and most of the remaining soybean flavor. Following recovery of the solvents
 

from the defatted, deflavored base, an aqueous extract is made to which bland,
 

The mixture is then homogenized and
refined oil is added along with milk flavor. 


the product is sterilized in bottles or cans to yield a completely stable milk that
 

can be preserved without refrigeration and which tastes remarkably similar to cow's
 

milk. Final flavor formulations must be developed within the country using the
 

taste panels. Plans are underway to build a pilot plant
prospective consumers as 


for the purpose of developing the proces. at the U.P. Agricultural University at
 

Pant Nagar, India.
 

So, in conclusion, our studies in the Philippines have demonstrated very
 

well that protein food promotion requires first a sufficient supply of the 
indigenous
 

ingredients and second products developed not only to satisfy the organoleptic
 

requirements of the prospective consumers but thirdly products within their pur

are solved, new protein food promotion is
Unless all three aspects
chasing power. 


likely to fail.
 



DEVELOPMENT OF FLAVORED SOYMILKS AND SOY/
 

COCONUT MILKS FOR THE PHILIPPINE MARKET1
 

KETTH H. STE5 NKRAUS
2 , L. T. DAViD,
 

L. J. RAMOS and JULIAN BANZON
 

INTRO')UCTION
 

In developing food products, it is desirable to work with the prospective
 

consumers 
in producing the most acceptable flavors. This is particularly true for
 
protein-rich food products intended for supplements in developing countries.
 

Soymilks distributed as soft drinks have become commercial successes in
 
Hongkong (Lo. 1964), Bangkok (Green Spot Ltd., 1968), 
and Singapore (Yeo Hiap Seng
 

Canning & Sauce Factory Ltd., 1969).
 

The flavors used in these soymilks include sugar, skim milk powder,full

fat spray-dried cow's milk, malt flavor etc. 
The exact flavorings are industrial
 

secrets.
 

More recently, Coca-Cola Export Inc. has been market-testing a soymilk
based soft drink in Brazil (Malaspina, 1969). Flavorings used have included
 

chocolate and caramel.
 

The Department of Food Science and Technology, Cornell University, Geneva,
 

New York, has been studying soymilk production and flavors for about 10 years (Hand,
 
et al., 1964; Wilkens, Mattick and Hand, 1967; Steinkraus, 1967; Lo, Steinkraus,
 

Hand, 1968a, 1968b; Lo, et al., 1968c, 1968d). Much of these studies have been
 
devoted to removal or prevention of development of typical soymilk flavor.
 

In July 1967, U.S. AID/Washington through its Office of War-on-Hunger
 

financed a project (Cornell Contract csd-1815) on the development of soy-based
 

foods for infants and children. The project involved development of soymilks or
 
soy/coconut milks and other soy-based foods with flavors acceptable to children in
 

the Philippines.
 

This paper reports results of flavor studies on soymilks or soy/coconut
 

milks developed for the Filipinos, with taste panels composed of Filipinos in the
 

1 Central Experiment Station Contribution No. 3093. 
2 Visiting Professor, 1*ood Science. 

3 Philippine Packing Corp., Cagayan de Oro, Mindanao. 

4 Head, Dept. of Agricultural Chemistry, UPCA.
 



It also presents the best
laboratories and in the public and private schools. 


technology for making soymilks Rnown at this time.
 

MATERIALS AND METHODS 

Davao, a
Three varieties of yellow soybeans were used in the study: 


variety of soybeans grown in Mindanao and sold on the commercial 
market; and the
 

Taichung and Hsieh Hsieh varieties from Taiwan, grown at the International 
Rice
 

Research Institute by Dr. Richard Bradfield.
 

Soymilks were produced according to procedures developed in the Depart-


These
 
ment of Food Science and Technology, Cornell University, Geneva, 

New York. 


procedures yield soymilks with very bland flavors, but these can be 
very easily
 

modified with additives.
 

The basic process included the following steps:
 

1) Soybeans were carefully washed and sorted to remove dirt and 
damaged
 

beans.
 

2) The soybeans were soaked for 4 to 6 hours in 3 times their weight 
of
 

water or dilute alkali (0.1% sodium hydroxide solution).
 

3) The soybeans were drained and rinsed.
 

Waring Blendor in the
4) The soybeans were ground for 5 minutes in a 


laboratory or through the 023 screen of a Rietz Disintegrator, 
They were ground
 

with water with or without additives in the proportions of 10 kilos 
water per kilo
 

The
 
of dry beans, allowing for the water absorbed by the soybeans during 

soaking. 


In some control
 
water was pre-heated so that grinding occurred at about 170 F (76 C). 


studies, the soybeans were ground with water at room temperature.
 

5) The soybean slurry was filtered through a standard milk filter 
pad.
 

6) Flavoring ingredients, if any, were added.
 

7) The soymilks were bottled in 6 to 8 ounce soft drink bottles, capped
 

and sterilized at 250 F (121 C) fo- 12 minutes.
 

Coconut milks were produced by grinding grated coconut meat with water
 

(1:1) 	(w/v) and filtering the slurry through cloth.
 

combined with soymilks in proportions
When desired, the coconut milks were 


of 1:20, 1:10 or 1:5 (v/v). Soy/Coconut milks were homogenized at 6000 psi to
 

prevent separation of a high fat cream layer in the bottled milks.
 

DETERMINATION OF FLAVOR ACCEPTABILITY
 

Init4 1 flavor acceptability tests were run with sixth grade 
children
 



from both public and private elementary schools in the vicinity of Los Banos and
 
San Pablo, Laguna. Approxiately 33S children were used in the taste tests. 
The
 

procedure used was very simple. The soy-milks with various flavors were presented
 
individually to the children who rated them as "like" 
or "dislike." The children
 
were asked to write a comment as to why they liked or disliked the sample. The
 
comments and suggestions of the children were used to formulate more satisfactory
 

flavors.
 

Additional taste panels were organized among laboratory personnel in the
 
Dept. of Agricultural Chemistry, University of the Philippines, College, Laguna.
 

These panels were used to determine fine differences among samples and
 
also the response of adults to various Slavors of soymilks. Triangle matching
 
tests, flavor preference and flavor, color, and aroma-rating score sheets were used.
 

Soy or soy/coconut milks were rated on the bases of over-all acceptability
 
and preference, considering color, flavor and viscosity. 
A common preference scale
 

used was the following: 

PREFERENCE SCALE SAMPLE CODE 

9 Like extremely X Y % 

8 Like very much 

7 Like moderately 

6 Like slightly 

5 Neither like nor dislike 

4 Dislike slightly 

3 Dislike very much 

1 Dislike extremely 

RESULTS AND DISCUSSION
 
It was found that unflavored soymilks made by the best processes developed
 

to date were unacceptable in flavor to the majority of Filipino taste panels.
 

Approximately 33% of the Filipinos tasting unflavored soymilk produced
 
by the method yielding the blandest flavor (Hot water (1700F) grind) indicated
 

that it was acceptable.
 

Soymilks produced with a hot (170 F) grind and flavored with 5% sucrose
 
were rated as "liked" by 107 out of 221 sixth grade children, an acceptance rate of
 

about 48% (table 1).
 



TABLE i. Over-all summary of response of Grade 6 elementary school children to soy
 

or soy/coconut milks with various flavors
 

No. of Children Percent
Formulation Soymilk + Tasting Like 

Sucrose Series
 

5% sucrose 221 48%
 

9% sucrose 243 82
 

Coconut milk Series 

9% sucrose + 10% coconut milk 335 83 

5% sucrose + 5% coconut milk 192 78 

5% sucrose + 10% coconut milk 176 85 

5% sucrose + 20% coconut milk 164 86 

9% sucrose + 5% coconut milk 121 96 

Vanilla Series
 

9% sucrose + 10% coconut milk + 1% -vanilla 64 86
 

9% sucrose + 0.1% vanilla 184 91
 

7% sucrose + 0.1% vanilla 249 95
 

9% sucrose + 0.1% vanilla + 5% chocolate 302 96
 

9% sucrose + 0.1% vanilla + 5% chocolate
 

+ 10% coconut milk 273 97
 

The children thenmselves suggested raising the sugar content. When this
 

was done, 82% of the children indicated a liking for soymilks containing 9% sugar.
 

Another suggestion of the students, the addition of 0.1% vanilla, resulted in a
 

rating of "like" by more than 90% of the children. With 0.1% vanilla added, it was
 

found that the sugar content could be lowered to 7% without decreasing acceptability.
 

Addition of chocolate (Hershey's Chocolate Syrup) at a 5% level (v/v) to the soy

milk along with a sugar content of 9% resulted in a rating of "like" by 96% to 97%
 

of the children. Ardition of coconut milk also generally increased acceptability
 

of the soymilks.
 

A notable exception was found at Sta. Ana Elementary School which is in
 

the heart of the coconut plantations in Laguna. Here, addition of coconut milk to
 

the formulations resulted in a very low acceptability- 29% (table 2). This is pro

bably related to the fact that coconut is widely used and it has a low prestige value.
 

Mothers at Sta. Ana School were even more critical of soymilks containing
 



coconut milk. 
Only 20% Ctable 3) of the mothers rated simple soymilk containing 9%
 

sucrose and 10% v/v coconut milk as "liked .
 

TABLE 2. 	Responses of Grade 6 children in Sta, Ana Elementary School1 (San Pablo,
 
Laguna) to soy or soy/coconut milks with various flavors
 

Formulation Soymilk + No. 	of Children Percent
 
Tasting Like
 

9% sucrose + 10% coconut milk 
 17 29%
 

9% sucrose + 0.1% vanilla + 3% chocolate 22 86
 

9% sucrose + 0.1% vanilla + 5% chocolate
 

+ 10% coconut milk 
 17 	 74
 

1 A small barrio school.
 

TABLE 3. 	Responses of mothersI at Sta. Ana Elementary School to soy or soy/coconut
 

milks with several flavors
 

Formulation Soymilk + No. of Mothers Percent
 
Tasting Like
 

9% sucrose + 10% coconut milk 
 34 20%
 
9% sucrose + 5% chocolate + 0.1% vanilla 
 32 81
 

9% sucrose + 0.1% vanilla + 5% chocolate
 

+ 10% coconut milk 
 32 	 78
 

1 Sta. Ana Homemaker's Club, San Pablo, Laguna.
 

Since the children indicated a high degree of acceptability for soy or
 
soy/coconut milks with certain flavors when the milks were given to them, the
 
question was raised as to whether they would 	buy them if these were made available
 

in the school canteens. To test them in competition with regular soft drinks, two
 
highly acceptable soymilk formulations were used. The first contained 9% sucrose +
 
0.1% vanilla, a low cost flavoring combination suggested by the children themselves.
 



The second Zormulation contained 9% sucrose + 0.1% vanilla + 5% chocolate (Hershey's
 

Chocolate Syrup). The second formulation had an ingredient costing twice as much as
 

the first formulation. The plain soymilk was sold at 15 centavos and the chocolate
 

at 20 centavos/7 ounce bottle.
 

It was found that children, particularly in the private school (Maquiling),
 

bought the sterilized, bottled soy-milk in reasonable quantities. In the public
 

schools, however, most of the bottled soymilk was sold to teachers, as the majority
 

of the children did not bring enough money to school each day to purchase a whole
 

bottle of milk costing 15 to 20 centavos.
 

Ice candies costing 5 centavos are a very popular snack in all schools. 

They are flavored sugar water frozen in plastic bags. They contain no protein. Our 

soymilks were introduced i',L, similar narrow (diameter about 1 -4") plastic bags (60 

ml/bag), frozen and offered for sale in the canteen. It was found that we could not 

produce enough to satisfy the demand. Even in direct competition, they outsold the
 

traditional ice candies.
 

It became clear that if a product was to be developed to satisfy the
 

needs of the majority of the students, economic data, regarding the purchasing
 

power of students in the schools, were needed.
 

It was found (table 4) that from 12 to 24% of the children brought no
 

money on a given day. From 39 to 65% brought 5 centavos or less to school on a
 

given day. From 53 to 85% of the children brought 10 centavos or less to school
 

per day. Thus, the majority of the children in the schools surveyed did not have
 

enough money to buy a soft drink costing 15 centavos every day. On the other hand,
 

ice soymilks were within the purchasing power of the majority of the children in
 

This was reflected in the rite at which children purchased them. Even
the schools. 


in the quantity consumed per ice candy, the ice soymilks contributed protein and
 

other nutrients absent in traditional ice candies, to the benefit of the diet of
 

the children.
 



TABLE 4. Summary of surve' of amount of money brought by students1 in four elemen
2
 

tary Filipino schools


Amount of money brought per day Percent of children in category3
 

No money 
 12-24%
 
5 centavos (1.25 cents U.S.) 
 27- 4
 

10 centavos (2.5 cents U.S.) 
 14-20
 
15 centavos (3.75 cents U.S.) 
 7- 8
 
20 centavos (5.0 cents U.S.) 
 2- 7
 
25 centavos (6.25 cents U.S.) 
 4-10
 
more than 25 centavos 
 4-12
 

Additional taste studies were undertaken primarily with selected panels
 
within the Dept. of Agricultural Chemistry, for the purpose of substantiating flavor
 
differences, 
if any, among soybean varieties and among various processes of making
 
soymilks.
 

No significant difference was found among the flavors of soymilks produce
 
from Davao, lsieh-Hsieh and Taichung soybeans using a hot 
(1700 F) water grind.
 

Comparing soymilks produced by grinding the soybeans with hot water
 
(170 F) and with cold water (9d F), 
it was found that 50% of the panel preferred
 
soymilks prepared by the hot grind while 33% preferred milk made by grinding the
 
beans with water at room temperature.
 

Two-thirds or more of the panel members preferred the flavor of soymilks

made from Davao, Taichung, or Hsieh-Hsieh soybeans ground without hot water (170 F)
 
through the Rietz in preference to those ground in the Waring Blendor. 
This may be
 
related to the incorporation of more oxygen into the slurry during beating in a
 
Waring Blendor. 
 Greater oxygenation may produce more undesirable flavors.
 

1 Survey included from 693 to 1534 students over a period of 1 week.
 
2 Maquiling Elementary School, College, Laguna.


Lopez Elementary School, Los Banos, Laguna.

Sta. Ana Elementary School, San Pablo, Laguna.
 
Sto. Angel Elementary School, San Pablo, Laguna.
 

3 Percents include widest range on any given day during week.
 



The taste panel was unanimous in preferring soynilks prepared from
 

Taichung soybeans soaked in dilute alkali (0.1% NaOH) to those soaked in water.
 

On the contrary, only 50% of the panel preferred soymilks 
prepared from Hsieh-Hsieh
 

soybeans soaked in dilute alkali to those prepared 
from the soybeans soaked in
 

water.
 

The taste panel was unanimous in preferring soymilk containing 0.15%
 

The panel found 0.2% sodium
 
NaHCO3 to those containing no sodium 

bicarbonate. 


Some 83% of the panel preferred 0.15% sodium bicarbonate 
to
 

bicarbonate too strong. 


0.1% sodium bicarbonate.
 

Sodium bicarbonate can be added to the grinding 
water or to the final
 

was found that 50% of the taste panel preferred soymilks in which the
 
milk. It 


Thirty-three percent of the
 
sodium bicarbonate was added during the grinding. 


panel could not tell any difference among the milks.
 

Comparing regular hot grind soymilk containing 
9% sucrose and 0.1% vanilla
 

with the soymilk made by the regular formula but 
containing 10% coconut milk (v/v)
 

and regular soymilk containing 5% Hershey Chocolate 
syrup, the taste panel gave an
 

average score of 6.3 (like slightly) for the regular soymilk, 7.8 
(like very much)
 

(like very much) for the
 
for the soymilk containing 10% coconut milk, and 

7.5 


These ratings are based upon a scale of 9 (like 
extremely) to
 

chocolate soymilk. 


The findings reflect the fact that coconut milk 
or chocolate
 

1 (dislike extremely). 

about the
Inasmuch as coconut milk costs 
covers up any residual soybean flavor. 


same as soybean milk, while the cost of the 
chocolate alone equals the cost of the
 

other ingredients, it is obvious that coconut 
milk is the choice for covering or
 

masking residual soybean flavor for soymilks 
processed in the Philippines.
 

This makes
 
The protein fraction of coconut milk coagulates 

when heated. 


the product is no longer
 
it impossible to produce a sterilized coconut 

milk, as 


However, when the coconut milk was combined 
with soybean milk, the coconut
 

fluid. 


longer showed any visible coagulation and 
the milk remained a free

protein no 

20% (v/v) coconut
 

flowing liquid. This was true of combinations 
containing as much as 


was necessary, however, to homogenize the 
mixture of coconut and soybean
 

milk. It 


milks to avoid separation of a high fat 
cream layer.
 

All soymilk or soy-coconut mixtures have 
proved to be very stable on
 

no problem with bacterial spoilage.
 Since they are sterilized, there is 
storage. 


However, there would be a possibility 
of instability of fats resulting in rancidity.
 

Soy and soy/coconut milks stored for over 
a year have shown no flavor reversion or
 

rancidity based on taste tests.
 



Based upon the overrall xesults of the flavox studies, the following
 
process produced the most acceptable low-.cost soy/coconut mi'lk;
 

1) Clean soylbeans carefully.
 
2) Soak soybeans 4 to 6 hours in 3 times their weight of 0.1% sodium
 

hydroxide.
 

3) Drain and rinse.
 
4) Grind soybeans through the 023 screen of a 
Rietz Disintegrator with
 

hot (170 F) 
water containing 0.15% sodium bicarbonate.
 
5) Filter slurry through a milk filter pad.
 
6) Add 10% by volume of coconut milk prepared by grinding grated coconut
 

with water 1:1 (w/v) and filtering.
 
7) Add 9% 
sucrose and 0.1% vanilla extract.
 
8) Homogenize at 6000 psi.
 
9) Bottle in 6 to 8 
ounce soft drink bottles.
 

10) Sterilize for 0
12 minutes at 250 F (15 lbs. steam pressure). Or alter
natively replacing step 8,boil the milk for 30 minutes, maintaining
 
constant volume, cool, and fill 60 ml portions into plastic ice candy
 
bags and freeze.
 

The process is ready for commercialization.
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SOYBEAN RESEARCH IN THE NORTHEAST
 

by
 

Vichitr Benjasil
 

Among agronomic legume crops, soybean is by far the most important
 

Soybean (GLYCINE MAX (L) Merrill) is nature of Asia
economic crop of the world. 


a major source of vegetable
but grew to prominence in the United States where it is 


oil and protein for humans and livestock. Major soybean prodiction areas of the
 

At present

world are the United Statcs, China, Indonesia, Japan, Korea and U.S.S.R. 


the crop is becoming increasingly important in India and many other 
countries where
 

protein food is in acutely short supply.
 

Oil content of soybean seed ranges from 14 to 24% while protein ranges
 

now used primarily as vegetable oil for shortening,
from 30 to 50%. Its oil is 


margarine, salad oil and paints. The lecithin from the oil is used in baked goods,
 

Soybean protein contains all the essential
candies, chocolate, cocoa and margarine. 


Whole beans are used in the production
amino acids for animal feed and human food. 


of soybean milk, curd, soy sauces, fermented products, beansprout and numerous 
other
 

high protein foods in oriental countries.
 

Soybean has been grown in Thailand for many years mainly for human con

sumption. Annual production before 1950 was less than 10,000 tons but increased up
 

to 25,000 tons in 1960 and drastically increased to 52,800 tons in 
1967, at a market
 

This increase in production resulted in more extensive
value of 126 million Bahts. 


use of vegetable oil for human consumption and the establishment of 
many vegetable
 

oil mills.
 

Up to the present, average yield of soybean is relatively low comparing
 

to that of other countries (900 kgs per hectare to U.S. 1600 kgs per hectare).
 

Attempts have been made by the Department of Agriculture and other 
government
 

agencies to increase average yield of soybean per area by varietal introduction,
 

to increase the annual area in production.
selection and hybridization as well as 


Most of soybean planting areas of Thailand are in the Central Plain 
and
 

in the North. Less than one percent; of total acreage is planted in the Northeast
 

Increased soybean production in this
 where soil is less fertile for most crops. 


region is generally judged to be desirable. It could become an important source of
 

cash income and provide a source of protein food supplement for 
humans and livestock.
 

Numerous soybean experiments have been carried out in many experiment
 



stations throughout the country. Yields fluctuate wildly ranging from 900 - 1500 kgs 

per hectare at Mae-Jo, 600 - 2500 kgs per hectare at Chai-Nat and about 1200 kgs per 

hectare at Tak-Fa. This is also the case in the Northeast in 1969- 1600 kgs per 

hectare were obtained from Khon Kaen Experiment Station while only 500 kgs per hec

tare were recorded at Kalasin.
 

The first soybean work at Northeast Agriculture Center was carried out
 

in 1969. Select varieties including S.J.2 as a check were tested in field trials
 

and 16 varieties were also planted for study and observation on adaptability to
 

environment.
 

In a trial including eight varieties, two gave yields above 1200 kgs per
 
hectare. Prospects of finding adapted varieties are promising.
 

No. 4 


Black Manchurian 


No. 4 Shiny seed 


S.B. 60 


S.J. 2 


No. 517 


No. 10 


No. 46 TE No. 5 


1,450 kg/hectare
 

1,150 " 

1,700 " 

900 

280 

480 

130 

85 

Dry season plantings under irrigation for study and observation were made
 

on Feb. 2, 1970 of 58 varieties obtained from F.A.O. and 8 promising varieties from
 
early trials. Of this number, 30 varieties gave yields above 600 kg per hectare.
 

A few varieties that show a promising future in the Northeast are listed with their
 

approximate yielding capacity as follows:
 

Days to harvest Seed color Yield Kg/hectare
 

Clark 100 Yellow 1875
 

Hark 8A Yellow 1325
 
Amsoy 100 Yellow 1040
 

Mandarin 122 Yellow 1000
 

Santa Maria 105 Black 1010
 

S.J. 2 
 105 Yellow 980
 

Fort Lamv 122 Black 970
 
Hanton 100 
 Yellow 940
 

No. 4 105 Black 940
 



Soybean research projects underway at the Northeast Agricultural Center
 

in 1970 are as follows:
 

1. Observation and Studies on Soybean Varieties:
 

This work is a continuation of late season work last year. The
 

purpose is to study and to observe these varieties, general growth
 

characteristics, adaptability to environment including disease and
 

insect resistance and yielding ability in order to selected those
 

promising varieties for further test and improvement.
 

2. Soybean Varietal Trial:
 

This test is part of soybean improvement program in cooperation with
 

the Department of Agriculture. Fourteen varieties listed below are
 

tested in field yield trial in Randomized Complete Block Design with
 

4 replications.
 

1. K.S. 167 (tall type)
 

2. Taichung No. 2
 

3. K.S. 167 (small seed)
 

4. K.S. 252
 

5. 63-8 (large seed)
 

6. 63-8
 

7. Bominori
 

8. Tailong No. 3
 

9. 64 - 64
 

10. N.T.U. K.S. No. 5
 

11. Acadian
 

12. Santa Maria
 

13. 64 - 62
 

14. S.J. 2 (check)
 

3. Molybdenum Effects on Soybean:
 

The beneficial effects of molybdenum on growth of legumes has been
 

established since 1937 (Bortels, H.) and it is generally accepted
 

that molybdenum is required in process of nitrogen fixation and also
 

is an essential element in enzyme reductase which reduce nitrate to
 

nitrite in the process of protein synthesis. Increase in yield of
 

soybean due to molybdenum application have been reported by several
 

workers (Boswell and Anderson, Gupta and Mackay, ritatarn et. al.).
 



Up to 75% increase in yield was observed in some locations, however,
 

average increase is about 21%.
 

A set of experiments are being carried out at Northeast Agricultural
 

Center to study various aspects of soybean treatment with molybdenum.
 

3.1 	Molybdenum effect on soybean grown under Northeast soil
 

condition.
 

3.2 	Increasing molybden i content of seed by foliar application
 
as 
a mean of supplying soybean molybdenum requirement.
 

3.3 Influence of seed-borne molybdenum on progeny response to
 

molybdenum application.
 

4. Nutrient Deficiency Study of Soybean grown in
 

a) sand culture.
 

b) different series of soil of the Northeast.
 

S. Viability of soybean seed stored in different temperature.
 
6. Survey of insect pests of soybean in the Northeast. Several types
 

of insects have been detected in soybean planting.
 

These are as follows: 

COMMON NAME SCIENTIFIC NAME GROWH STAGE 
Jassid young seedling 

French bean fly Agromyza phaseoli "1 it 

Leaf roller caterpillar Cacaecia micaciana to flowering 

Lamprosema diamenalis it
 

L. indica 	 "
 

Leaf mining caterpillar Stromopterex subsecirella " 

Leaf sucking bug Anoploenemis phasiana " 

Leaf eating caterpillar Heliothis armigera it 

Prodenia litura it
 

Pod boring caterpillar unknown 
 after flowering
 

Seed boring caterpillar unknown ,, ,,
 

7. Survey and Indentification of Soybean Diseases in the Northeast:
 

There is no serious diseases on soybean plantings at the present
 

except seed rot after planting which causes poor stand. Seed treat
ment can overcome seed rot, however, fungicide seed treatment prevent
 

nodulation and consequently reduces yield.
 



Future research program on soybean at Northeast Agricultural Center will
 

be concentrated more exclusively on:
 

1. Variety selection for better adaptability and higher yield.
 

2. Breeding and selection for higher yield and other special purpose.
 

3. Cultural practice including planting date, spacing, planting
 

method, weed control, water management and etc.
 

4. Fertilizer requirement.
 

5. Nodulation and innoculation.
 

6. Diseases and insects control.
 

7. Seed storage method.
 

8. Utilization.
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A SURVEY OF THE STATE OF THE ART IN THE PROCESSING
 
OF FRESH COCONUTS FOR FOOD USE
 

Karl F. 	 Mattil and Stanley P. Clark 

Texas A&M University 

College Station, Texas 77843
 

The objective of this survey was to determine the state of the art in the
 

processing of fresh coconuts for food use. 
To obtain first hand information, the
 

authors visited research centers in England, India, Ceylon, Thailand and the
 

Philippines. This document presents a summary of our observations along with our
 

conclusions and recommendations.
 

Before embarking on the journey, we read a number of documents received
 

from a variety of sources which discussed new and improved processes for making a
 

variety 	of coconut protein food products. In several instances, it was reported
 

that plants had been built and were operating based on some of these processes. We
 
could find no evidence that any, such plants are in operation at this time. As far
 

as we could find, all of the processes that have been reported in the literature 
with one exception have been abandoned even by their initial proponents, The excep
tion is 	 that of the Franklin Baker Company in the Philippines who do have the capa

bility of drying coconut meats and expelling part of the oil to recover a press cake
 

that can be converted into a coconut flour, However, we found no evidence that the)
 

have developed a market for this type of coconut flour.
 

There is still considerable research activity on coconuts, both product
 

research and process research. The major and important area ii'product research is
 

that of making a more economical and conve,,ient coconut milk. Coconut milk is used
 
extensively in several countries for making c.. 
 ries and in other food applications.
 

Presently, most of the coconut milk is made in the home by a tedious process that is
 
extremely wasteful both of oil and protein. Efforts to commercialize the production
 

of coconut milk either as whole milk, concentrate or cream should be encouraged. It
 

is estimated that by commercializing the operation, the recovery of nutrients per
 

nut could be approximately doubled. This could be extremely important in countries
 

where proteins and calories are both deficient.
 



There appears to be adequate know-how presently available to make these
 

products. Under tle direction of Mr. Amara Bhumiratana at the Institute of Food
 

Research and Product Development of Kasetsart University, a canned concentrated coco

nut milk has already been developed. The Applied Scientific Research Corporation of
 

Thailand, under the guidance of UNIDO Advisor Dr. C. Lewis Wrenshall, have developed
 

a process for making a sterilized whole coconut milk. What is now needed is a
 

marketing effort. It is recommended that national and international agencies con

cerned with food and nutrition find means for encouraging the manufacture and sale
 

of coconut milk products in those countries where it is presently popular. For rea

sons that will be explained later, we do not recommend an effort be made to encourage
 

the use of coconut milk in those countries where it is not now popular.
 

Another product under development at the Applied Scientific Researcn
 

Corporation of Thailand that may have good potential is coconut honey which is made
 

from coconut milk and invert sugar. It is a very tasty product that can be used as
 

we use honey in the United States. While it might not be considered to be an im

portant nutritive supplement in a tropical country, it conceivably could become an
 

important item of foreign exchange. It is very possible that a good marketing company
 

could develop this into a substantial export business. Here again, the research has
 

been done and what is now needed is market development.
 

Weaning foods are under consideration by several groups. One of these is
 

experimenting with an expeller coconut flour and if successful could have an available 

source of raw material supply. The others depend upon coconut milk or coconut pro

tein isolate as a protein supplement and therefore could not become marketable until 

these ingredients are available. The same is true of a chocolate coconut protein 

drink which is based upon a coconut protein isolate. Both a weaning food and an at

tractive beverage could be important dietary supplements in any of the coconut pro

ducing countries. However, means for the economic recovery of the coconut proteins
 

must first be devised.
 

This, of course, is the objective of the process research that is pre

sently underway in a number of research centers. In our judgement, the process most
 

likely to be commercially successful of those presently under investigation is that
 

of the Tropical Products Institute in London. This is a wet process of fresh coco

nuts which depends upon centrifugal separation into three product streams: oil, pro

tein and water solubles. The economic feasibility of the process has yet to be
 

established. It is contingent upon an adequate recovery of the available oil.
 

This point of oil recovery bears close scrutiny. It is the real key to
 



any viable process for producing coconut proteins. It is one of the key factors caus

ing the other processes that have been investigated to fail. One must look at the
 

current uses of coconuts in order to see any prcposed process in a proper perspective.
 

In the producing countries, coconuts are used for two purposes: food and
 

copra. Perhaps some of the investigators in the past have been mislead by concentrat

and ignoring the economics of the copra
ing their attention solely on the food uses 


The food uses have been and still are very primitive. In the main, the
 process. 


coconut kernel is scraped out of the shell by hand and squeezed to recover coconut
 

The coconut milk probably, on average, represents
oil. The residue is discarded. 


It is relatively easy to deless than half the available nutrients in the coconut. 


vise a commercial process that is superior to this; and in those countries where
 

coconut milk is used in large quantities, it is our opinion as expressed earlier 
that
 

a commercial.ly produced coconut milk could become a successful product.
 

However, the economics of even this are not as simple and straightforward
 

they might seem to be at first glance. The immediate assumption is that the proas 


cessor would probably pay about the same price for the coconuts as does the home
 

This may or may not be true. It would have to be determined where and how
 user. 

It may be that many
the people buy their coconuts and how much they pay for them. 


or most of them have their own coconut tree and never really enter the cash 
market.
 

It would require some special kind of marketing arrangement to acquire 
these people
 

as customers. Nonetheless, the basic idea is sound so it should be possible ulti

mately to overcome whatever marketing problems arise.
 

In some countries, such a new manufacturing facility would find that the
 

copra industry would be their primary competitor for coconuts, The copra industry
 

is really rather deceptive. Superficially it looks quite primitive; actually, it is
 

The objective of the copra industry is
 quite efficient for what it is trying to do. 


the least possible cost. It would be dif
to produce coconut oil and copra meal at 


The coconuts
more economical than that now in use.
ficult to devise a system that is 


The cost of drying is absolutely
 are dried 	at or near the point of production, 


They are dried either by the sun or in simple inexpensive kilns 
heated by


minimal. 


burning coconut shells. Consequently, there is no excess weight shipped from the
 

The relatively inexpensive

producing aras to the manufacturing or export centers. 


common use can recover 94 to 95% of the available oil and
 
expellers which are in 


there are only two product streams, both of which have enjoyed 
established markets.
 

it is generally recognized that the production of copra is unsanitary and that copra
 

However, this does not appear to have
 is often infested with insects and mold. 


http:commercial.ly


seriously affected either the market or the price for coconut oil and coconut meal.
 
One hidden factor that is generally not considered in an evaluation of the economics
 
of the copra processing industry is the unknown quantity of oil that is lost between
 
the time the coconut is split open and the copra is ready to go to the expellers.
 
Thi: 
hidden loss could be an important consideration in evaluating the economics of
 
any new p:rocess against the existing copra industry.
 

The other important consideration about copra is that for many of the
 
countries it represents a very important component of their foreign exchange. 
Ex
portable items very properly have high priorities in the governments of developing
 
countries. 
Any process that would reduce significantly the value of exports could
 
not expect to be very popular. Therefore, if a process for the recovery of coconut
 
protein only recovers 85% of the available coconut oil, this would reduce the amount
 
of exportable coconut oil by 10%.
 

To look at this from another perspective, at an 85% oil recovery, each
 
pound of protein produced would have to bear a burden of about 10* foi 
-'. loss of 
oil value alone over and above the cost of the meal and any additional costs of pro
cessing. It is because of these considerations that we do not recommend an attempted
 
introduction of traditional coconut milk into those countries where it is not now
 
extensively used. Even commercially produced coconut milk, although having a com
petitive advantage over home produced milk, would probably be 
a substantially less
 
efficient operation than copra processing. It sould be noted that most of the now
 
abandoned processes started with coconut milk and ended in a maze of product streams
 
and too-high product costs.
 

It is our recommendation, therefore, that any further process research
 
for the recovery of proteins from coconuts be guided by the following criteria in
 

the order named:
 

1. Economic feasibility -Probably the most important factor is an adequate
 
recovery of the oil. One cannot overemphasize this point. For every pound of pro
tein recovered, there will have been seven pounds of coconut oil in the process.
 
Economically, the oil totally dominates. 
Any process that ignores this could be
 
predoomed to failure. 
 Other factors to be considered under this criterion are pro
per sizing and location of plants.
 

2. Profitable disposability of all of the products streams -This has been
 
a 
major pitfall of most of the processes that have been abandoned and that are pre
sently under investigation. While they have concentrated their attention upon one
 
product stream, they have created four or five other streams for which markets would
 



have to have been developed. Ideally, a process for coconuts should yield no more
 

than four product streams: oil, protein, fiber and water solubles. The market
 

exists for the oil and it is presumed that markets can be developed for the protein.
 

The fiber and the water solubles are unavoidable by-products for which markets
 

would have to be developed.
 

3. Technological feasibility- Based on the accumulated judgement of
 

the many people with whom we talked, there appear to be three processes that should
 

be considered as a means for producing food proteins from coconuts. The first of
 

these is to screw-press or to prepress solvent extract desiccated coconut. The
 

major advantage of this approcah is that plants already exist in which such opera

tions could be carried out. The major disadvantage may be the limited potential
 

food applications of the protein products. The second process would be to prepare
 

coconut meal by traditional solvent extraction procedures and then seek food
 

applications for coconut flour, coconut protein concentrates, and coconut protein
 

isolates made from that solvent extracted meal. The third process would be a
 

modification of the centrifugal system used by the Tropical Products Institute.
 

If successful, this process would have a number of advantages that make its greater
 

technical challenge worth undertaking
 

All of the three above processes have the capacity to meet the first
 

two criteria. In our judgement, all three are also potentially feasible from a
 

technological point of view.
 

4. Market potential of the product streams -Although this should be
 

inherent in the second criterion, it is sufficiently important to establish as an
 

independent criterion. Each of the protein products developed by any process
 

under investigation should be thoroughly evaluated for its highest and best poten

tial use. It is not sufficient simply to try to do with coconut protein the same
 

things that have been done with soybean protein. Rather, it would be important to
 

determine those uses for which coconut protein products are uniquely useful. This
 

should maximize both their consumption and their economic return to the producers
 

and the processors.
 

5. Nutritional value -It has been traditional among protein research
 

groups to assign top priority to nutritional value. This has led to the expendi

ture of large sums of research effort on nutritious formulas which have not been
 

able to meet the challenge of the market-place. We believe that it is reasonable
 

to start with the premise that coconut protein has been demonstrated to be nutri

tious and that processing technologists have become sufficiently sophisticated that
 



they know fairly well what to do to avoid damaging a protein's inherent nutritional
 

value. We believe that in the processes outlined above, most of the inherent
 

nutritional quality would be retained except perhaps for some disproportionation
 

of amino acids that might occur during isolation procedures (similar to that which
 

occurs during the isolation of soy protein). We do, however, believe that nutri

tional value should be a final criterion when food product prototypes have been
 

developed.
 

In conclusion, there are a number of competent people doing research on
 

coconut food products. To a large degree, their research suffers from too little
 

contact with the food industry and with limited means to follow through on a product
 
idea. It is to be hoped that this Seminar will serve as a step toward significant
 

marketing efforts of some of these already developed products.
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I. 	INTRODUCTION.
 

a sense of urgency springing
As the population of the world grows there is 


from the stark reality that the demand for food exceeds the suppl7.. An estimated
 

two-thirds of the worlds population is now living on nutritionally inadequate diets.
 

The consumer s affinity for meat and other animal proteins is sometimes
 

offset by the high price and lack of supply. The high cost of meat results from
 

Efforts
the inefficiency with which animals convert vegetable protein into muscle. 

are being made by both plant and animal breeders to search for methods which can 

reduce the cost of feed per unit weight of meat, but there is no immediate prospect 

of altering the basic economic cleavage between animal and vegetable proteins. in 

order to meet the protein needs of the world's expanding population it is necessary
 

to expand the use of protein foods from plant sources. Processing of vegetable
 

protein foods is an important problem from the point of view of economics and nutri

tion. In this paper, methods for processing vegetable protein foods are briefly
 

reviewed.
 

II. SOYBEAN PROTEIN
 

The use of soybeans to help combat malnutrition in the world well deserves
 

attention. Specialists in production, processing, food formulation and nutrition,
 

realize the full potential of the various forms of soybepn protein.
 

Whatever the quality of the foods that are used to boost the nutritive
 

content of indigenous foods, certain basic nutritional considerations must prevail.
 

The problem we are trying to solve today is "calorie-protein malnutrition." Energy
 

alone, or protein per se, will not correct the situation completely because the
 

malnutrition that exists in the world today is multi-nutrient.
 

The priority demand of a living organism is for energy--expressed in the
 

measuring unit of calories. However, empty calories, those combustion units un

accompanied by nutrients, have severe limitations; they do not go far in maintaining
 

an energy source comparable in calorie yield to carbohydrate. In
life. Protein is 


the absence of sufficient energy from other sources, protein will be used.
 



The value of protein lies in its specific patterns of amino acids. The
 

amino acids are classified into "essential" and "nonessential" depending upon
 

whether they must be supplied in the diet already formed or whether they can be
 

synthesized by the body. Only plants can make certain of the amino acids that we
 

need for life. Because no animal body can make them, these amino acids are called 

"essential". We are dependent directly or indirectly through use of other animal 

tissue on some plants for these dietary essential amino acids.
 

The terminology "essential" and "nonessential" is useful when referring
 

to foods but it is misleading when referring to physiological requirement. The im

portance of the nonessential ones is equal to that of the essential ones in building
 

and maintaining protein tissue. If the nonessential amino acids are not present
 

when needed, the essential ones must be broken down and the molecules rearranged to
 

form the nonessential ones.
 

Determining the optimal proportions in which to supply the body with
 

dietary essential amino acids and with dietary sources of those that can be synthe

sized is an area that needs further research. For instance, there is evidence that
 

top quality egg protein does not support growth as well when it is fed as the sole
 

source of protein as when it is diluted to some degree with other sources of nitro

gen. Similar results have been obtained for milk and casein. In egg protein, the
 

ratio of essential to nonessential amino acids is approximately 1. The implication
 

is that a ratio of I is tnn concentrated for optimal utilization. The ratio in soy
 

protein is about 0.8.
 

The limiting amino acid in soy protein is methionine plus cystine. Too 

often the term "limiting" is used synonymously with "deficient" without referrence 

to whether the standard is another protein or whether it is the physiological re

quirement for that amino acid. In comparison with egg, soy protein is "deficient" 

in methionine-cystine. However, as little as I ounce of soy protein will supply the
 

entire methionine-cystine requirement of an adult. If all the amino acids needed to
 

build a complete protein are not present at the same time and in sufficient amoun s,
 

the protein will not be built at all. The time factor becomes more critical as ti.e
 

intake of protein and calories is reduced from optimal to minimal levels.
 

Protein Efficiency Ratio (PER) does not give adequate or accurate evalua

tion of foods intended for human consumption. It seems to have been a good tool for
 

specialists interested in rations that would produce rapid gains in animals for a
 

competitive market--for such purposes, the faster the growth, the better the diet.
 

PER is not a complete enough measure of the value of foods for people. As now
 



measured, a standard PER involves a 2 to 4 week restricted 
paired feeding test with
 

a protein level of about 10 percent in a standard dietary 
pattern of highly available
 

Studies made
 
carbohydrate and an ideal fat and assortment of minerals 

and vitamins. 


over longer than the standard 2-or-4-week feeding 
test indicate that PER values may
 

For human nutrition, evalu
change significantly during subsequent weeks of feeding. 


the PER is not enough
Just as 

ation of a protein must include more than PER values. 


for evaluating protein for human diets, so does 
our knowledge of .amino acid require

ments leave much to be desired. The quantitative values available to us have been
 

obtained under rigidly controlled conditions, 
on semi-synthetic diets, and with indi-


The results obtained under
 
vidual amino acids supplied in chemically purified 

form. 


such conditions are helpful, but we must recognize 
their limitations as guidelines
 

for building diets from foods.
 

The protein content of some foods of plant origin 
can be overestimated by
 

frequent practice of using the factor 6.25 to convert 
total nitrogen to protein con-


The use of the factor 6.25 began because some of 
the first proteins analyzed
 

tent. 

6.25). This falsely assumed that all nitro

contained 16 percent nitrogen (100/16 = 

It
 

gen present in food--that is, total nitrogen--was 
potentially protein nitrogen, 


choline
 
did not take into account the presence of other 

nitrogenous compounds such as 


The nitrogen content of the principal protein
 nitrates, nitrites and purine bases. 


in food may vary from a low of 13.4 percent for 
an alcohol-alkali soluble protein in
 

avocado to high of 19.3 percent for amadin in almonds.
 

It is more reliable to use conversion factors for foods 
and feeds based
 

upon the nitrogen content of protein isolates, but 
also taking into consideration
 

the various nitrogenous compounds and the nitrogen content of the chief 
proteins
 

The factors should be substantiated by amino acid 
analyses.
 

present in the food. 


Use of these factors give the protein content of 
a food more accurately than does
 

The protein content of soybeans is more
 
the indiscriminate use of the factor 6.25. 


Adding soy protein to
 a factor than 6.25. 
accurately represented by use of 5.71 as 


mixed or indigenous foods can, indeed, significantly 
improve the quantity and quality
 

of the protein available from the -food items.
 

.fthe advisability of adding the least amount of
 Cognizance must be taken 


soy protein that can increase the protein supplies 
to the level of meeting the needs
 

of an underfed population. Adding as little as 2 percent of soy protein to an indi

genous food that is used regularly can mean a significant 
improvement in potential
 

nutrient supply. Adding unnecessary amounts of soy protein not 
only limits the
 

can cause undesirable
 
number of people who can be served from a given 

supply but 




changes in the flavor and preparation characteristics of the cereal or flour or
 
other product to which it is added. 
A lifetime of malnutrition cannot be corrected
 
by suddenly loading food with added nutrients. A malnourished body does not have
 
the ability to utilize large amounts of protein and other nutrients thrust upon it
 
until it has progressed well along the road to recovery.
 

1I. SOY PROTEIN CONCENTRATES AND ISOLATES.
 
Much attention has been focused recently on commercial production and
 

utilization of food-grade soy protein products (Meyer, 1967) 
 Soy protein concentrate
 
is the product prepared from high quality, sound, clean, dehulled soybeans by re
moving most of the oil and water-soluble nonprotein constituents and shall contain
 
not less than 70 percent proteir (Nx 6.25) on a moisture-free basis. Soy protein
 
concentrates are manufactured from hexane-defatted flakas or flour by three processes,
 
which differ primarily in the means utilized to immobilize the major protein com
ponents during separation of the low molecular weight carbohydrates, mineral matter,
 
and other minor constituents. 
 One process takes advantage of the fact that the
 
protein components are insoluble in aqueous alcohol of about 60 to 80 percent con
centration (Mustakas et al., 
1962). Various solvent compositions and extraction
 
temperatures can be employed and are chosen to give the minimal loss of protein
 
compatible with an economical extraction rate of sugars and soluble matter. 
For
 
economic reasons the organic solvent must be recovered in an efficient manner.
 
Another process is based upon the long-known fact that the major soy globulins have
 
limited solubility in aqueous acid at their average isoelectric point of about pH
 
4.5 (Moshy, 1964). In this process, there is a greater loss of protein nitrogen
 
because of the solubility of the "whey" proteins at this pH. 
In a third process,
 
the proteins of the soybean source material are denatured by moist-heat treatment
 
to insolubilize the proteins. 
The sugars and other constituents are then extracted
 
with water (McAnelly, 1964). 
 All three processes are amenable to batch or continuous
 
extraction operations. 
 After drainage of solvent, the residual material is desolven
tized and dried. 
The product prepared by aqueous acid leaching may be neutralized
 
with foodgrade alkali prior to drying. 
Drying may be accomplished in a spray drier.
 
The yield of dried concentrate from each process is about 60-70 percent, based on
 
the weight of defatted soybean flakes or flour.
 

Since the recovery of solvent is mandatory in alcohol-solvent processing,

the solubles are concentrated sufficiently to permit their economical recovery in
 
the form of a molasses like syrup or in a dry state. 
This product contains, prima
rily, the sugars, nitrogenous constituents, and mineral matter, and can be used as
 



an additive in feedstuffs, With aqueous processing the soluble solids can also be
 

recovered by evaporative means.
 

The soy protein concentrates derived from the tfhree basic processes con

tained approximately 71-72 percent protein, 3-4 percent fiber, 4-5 percent ash, 5-6
 

The residual polysaccharides in the
percent moisture, 0.3 percent fat and others. 


concentrate consist mainly of arabinogalactan and acidic pectin-type polysaccharides
 

together with some galactomannan, xylan hemicellulose, and cellulose arising from
 

The crude fiber content is indicative of the efficiency of the
the soybean hull. 

The concentrates
dehulling operation in preparing the defatted source material. 


prepared by the aqueous alcohol and the water extraction process have low nitrogen
 

solubility indices because of protein denaturation by the solvent in the former
 

In contrast, the product of aqueous
instance, and through moist heat in the latter. 


higher nitrogen solubility
acid extraction, when neutralized before drying shows a 


index. Soy protein concentrates have a low flavor level and range in color from
 

High nitrogen solubility is retained in the concentrate
cream-yellow to light tan. 


prepared by aqueous acid leaching followed by neutralization. All soy protein con

centrates possess water absorption and fat-binding characteristics, functional 
pro

perties of value in various food systems. The low flavor level, together with
 

improved absorption characteristics as compared to commercial soy flours, have 
been
 

major factors in the acceptance of soy protein concentrates for food use.
 

SOY PROTEIN ISOLATE (97% protein on the moisture free basis) can be pre

pared from defatted soybean flakes or flour, which has had minimal exposure to 
heat
 

in order to retain maximum protein dispersibility. The protein is extracted with
 

The
 
an aqueous medium which may vary in pH from near neutrality to an alkaline pH. 


important variables such as liquid-solids ratio, pH, time, and temperature are
 

selected to obtain optimally economic, and not necessarily maximum yields. 
The
 

aqueoud extract is separated from the fibrous residue by screening, filtering, and
 

centrifuging devices. The pH of the clarified extract is then adjusted to about pH
 

The protein
4.5 with food-grade acid to precipitate the major globulin proteins. 


curd is concentrated and washed with water by filtering, centrifuging, and combina-


Inmost instances the protein is concentrated to a slurry or cake
tions of the two. 


containing 15 to 30 percent solids.
 
such, or neutralized with
The concentrated protein can be either dried as 


The edible protein is sold in the neutral or sodium
 
food-grade Likali and dried. 


proteinate form since this product is water-dispersible, and hence lends itself to
 

Potassium
 
ready incorporation in food-products systems for maximal functional 

value. 




and calcium proteinates have been offered for sale. Spray driers are most often
 

used for the drying operation. The yield of soy protein isolate varies from 33 to
 

43 percent, based on flake or flour weight, depending upon the variety of soybeans
 

used.
 

The proximate analyses of some typical soy protein isolates are as
 

follows:
 

Sample A Sample B Sample C
 

Protein (Nx 6.25)% 92.8 92.2 94.7
 

Protein (dry basis)% 97.4 98.7 98.4
 

Moisture % 4.7 6.4 3.7
 

Crude fiber % 0.2 0.1 0.2
 

Ash % 3.8 3.5 2.7
 

Nitrogen sol. index, % 85 95
 

pi (1:10 aq. disp.) 7.1 6.8 5.5
 

Samples A and B are sodium proteinates and, hence are water-dispersible;
 

whereas samples C represent the "isoelectric" form which has a lower pH, lower ash,
 

and is nondispersible in water. When properly processed, the soy protein isolates
 

are light in color and possess a low flavor and odor level.
 

IV. SPUN VEGETABLE PROTEIN FIBER. 

A method for preparing textured foods from spun vegetable protein has been 

developed in the United States. The protein is extracted from soy meal or other 

vegetable sources Kith water and alkali and refined to yield an isolate of 97% purity. 

It is necessary to achieve this degree of refinement in order that disagreeable 

flavor components present in the raw material will be removed. The protein, in 

the form of a concentrated solution (10 - 30% solids) or spinning dope, is then 

extruded through dies or spinnerettes into a coagulating bath where fiber formation 

occurs. The diameter of these filaments can be varied from 0.001 to 0.030 inch after 

dehydration. By altering the composition of and treatment given the spinning dope, 

the configuration of the orifices in the spinnerettes, the composition of and con

ditions in the bath and the degree to which the fibers are stretched, their character 

can be varied from delicate, tender fibers to coarse, tenazious strands. The bath 

for coagulation of proteins may contain 0.5 - 2.0% saft, 0.5 - 1.0% lactic acid and 

300 ppm sulfur dioxide. 

The fibrils play a critical role in textured foods, They are intimately
 

mixed with fats, flavoring, coloring, supplemental nutrients and stabilizers and
 



The fibrils
bound together with a heat coagulable protein or other binding system. 


may be either aligned or randomly oriented. Each component introduces a degree of
 

freedom in the formulation. Hence, it is feasible to prepare a wide array of highly
 

dissimilar foods. After fabrication, individual products can be sliced, ground,
 

or diced.
 

The composition of a typical vegetable protein food is as follows:
 

Vegetable protein fibrils (dry basis), % SO 

Protein binding materials (dry basis), % 10 

Fats (dry basis), % 20 

Carbohydrates (dry basis), % 17 

Flavors, colors, and supplemental nutrients, % 3 

- 70 percent water.
In the ready-to-eat state, the produc3 comprise 60 


Soy bean protein

The fibrils may account for 30 - 60 percent of the total dry weight. 


Other proteins

makes a good product because of its nutritional quality and economy. 


can also

(zein), milk (casein), cottonseed, peanut, sunflower and safflower
from corn 


be spun into fibrils.
 

Egg albumin is used for binding the fibrils. It makes a significant
 

It might be possible to use vegetable protein gels to
 nutritional contribution. 


supplement egg albumin with such materials.
 

- 50 percent of the dry weight.
The fat content may be varied from 9 


Higher melting fats of either animal or vegetable origin can 
be used. Other vege

table proteins or protein-rich materials, lactalbumin, amino 
acids, minerals and
 

vitamins can be incorporated in the fiber matrix to achieve 
nutritional balance.
 

The flavor and color of the product may be improved by incorporating
 

Similar
meat broth, meat fat, vegetable protein hydrolyzates, 

and flavor enhancers. 


ly, fruit pulp, spices, and other ma..rials may be employed in the formulation.
 

The PER of foods fabricated from these fibrils approaches 
that of casein
 

The broad range of amino acids and
 
without specific amino acid supplementation. 


other ingredients used in the formulations affords 
the necessary complementation.
 

can be achieved by incorporating small quantities
Higher protein efficiency levels 


of selected amino acids or proteins.
 
A substantial investment
 

The technoligy of the spun process is complex. 


is required to produce spun vegetable protein foods in commercial 
quantities. The
 

economic advantages inherent in continuous processing and the improvement 
in effi-


On the basis of existing technology, ready-tociency offer much economic promise. 


eat protein foods can be produced in commercial 
quantities for less than one-half
 



the cost of the corresponding cooked animal protein. Further technological sophis
tication and increasing output are expected to reduce further the production cost.
 

Spun vegetable protein can be applied to a 
number of new food products.
 
Foods made from spun-protein include bacon and meat products. 
They will assume a
 
role complementary to meat. 
 In some cases, meat is incorporated in the spun-protein
 
foods. Spun-protein fooj3 will also be used in the following manner: 
 (a)in for
mulated specialities, either alone or in combination with meat, Cb) in foods with
 
unique nutritional characteristics, and (c)in places where meat consumption is
 
restricted for religious or cultural reasons. 
 Informulated foods, the uniform
 
quality and economy afforded by spun-protein meat analogs are welcomed by food
 
processors. Because their composition can be varied and precisely controlled, spun
 
protein foods are useful in well-defined diets and for dietary supplementation of
 
vitamins, minerals and other nutrients. Spun-protein meat analogs are finding
 
application among groups with religion oriented dietary restrictions. Dehydrated
 
meat analogs prepared from spun-protein can be-used as condiments for use in the
 
home, in quick bread and casserole mixes, dips and pourable salad dressings. They
 
are also useful to bakers and vegetable processors who would like introduce into
 
their products additional organoleptic nutritional quantities. 
They are well suited
 
to snacks, spreads, and salads.
 

V. OTHER VEGETABLE PROTEIN SOURCES
 

The production of protein foods and concentrates from plant sources has
 
been a subject of interest to the food processors (Luh, 1969). Orr and Adair (1967)
 
reported the use of oil seeds as a source of protein foods and concentrates.
 

Peanut is a good source of vegetable protein. Commercial production of
 
peanut protein isolate has appeared in India (Milner, 1969). It is used to replace
 
skim milk solids in "toning" of milk. 
 Buffalo milk, the principal market milk of
 
India, contains up to 8%butterfat. 
 By adding peanut protein concentrate or skim
 
milk solids to an equivalent level of the buffalo milk solids and doubling the volume
 
with water, the final solids content remains the same but the fat is reduced to half.
 
Starch hydrolysate can also be used as the carbohydrate source in "toning" of
 
buffalo milk.
 

Peanut butter contains a rich source of vegetable protein and peanut oil.
 
It is consumed in large quantities in the United States for peanut butter sandwiches,
 
snack foods, and many formulated foods. InTaiwan, peanut butter was used as one of
 
the ingredients for making ice cream. One important thing to watch is the possible
 
occurrence of mycotoxins inmoldy peanuts. 
 The growers as well as the processors
 



must be aware of the fact that when certain species of molds grow in peanut, afla

toxin and other mycotoxins may occur in the product. By careful drying, packaging,
 

storage, and inspection, the mycotoxin problem can be solved.
 

Cotton seed protein concentrate has a variety of specialized additive uses.
 

It is used in relatively small concentrations for cookies, biscuits, 
crackers, dough

nuts, and specialty bread.
 

Cottonseed flour utilization was started with the appearance of IncaparinE
 

in Guatemala. In this case, larger proportion of cottonseed protein was used in the
 

an additive ingredient previously.
food formulation, in contrast to its minor use as 


The Incaparina commercial experience, which has grown slowly but successfully 
in
 

Colombia and Guatemala, has demonstrated that traditional processes 
for recovering
 

oil as a primary product from cottonseed can be modified to provide 
nutritious and
 

The problem in adapting commercial screw presses or
sanitary protein concentrates. 


pre-press solvent extraction deoiling methods for production of edible 
cottonseed
 

protein concentrates lies in the careful control of heat which is requiredoto 
bind
 

or otherwise render biologically inactive the toxic polyphenolic 
pigment of this
 

species, gossypol. Unfortunately, this can be accomplished only with a significant
 

This loss ocLurs because lysine is ,nade nutritionloss in protein nutritive value. 


ally unavailable by chemical binding, principally to gossypol. Cottonseed protein,
 

even with its lysine content intact or completely available, obviously 
has only modest
 

In such
 
nutritional supplementation value for cereal cottonseed protein mixtures. 


cases, marked nutritional improvement can readily be achieved by adding 
synthetic
 

lysine, or a lysine-rich concentrate such as soybean flour.
 

Use of these gossypol-inactivated cottonseed products in food mixtures 
at
 

levels hig'i enough to produce a meaningful nutritive impact is also 
limited by the
 

Color deteriorates
 strong yellow-green color which they confer on such mixtures. 


even more markedly when such mixtures, usually with cereals, are 
heat-processed by
 

cooking or steaming (Milner, 1969). The Southern Utilization Research and Develop

ment Laboratory in New Orleans, Louisiana has been working on the 
liquid cyclone
 

technique using hexane as the suspending medium to achieve physical 
removal of the
 

intact gossypol pigment glands from cotton seedprotein. Laboratory samples with
 

protein contents of up to 70% have been demonstrated. The product is very light in
 

color and shows good promise as a source of vegetable protcin for 
cereal products
 

and beverages.
 

A new protein source may come from glandless varieties of cotton seed
 

With pigment glands and thus gossypol virtually
which evolved from genetic studies. 




absent, there appear to be few problems in production of bland, light-colored pro-


The group at the Southern Laboratory has been exducts of high nutritive value. 


perimenting with the production of protein inolates from glandless cottonseed 
by
 

alkali extraction, as well as by air classification methods. In contrast to soy
 

protein isolates, these cottonseed products appear to be soluble at low pH, 
suggest

ing possibilities for applications in acid-type beverages.
 

a
Mungbean has been utilized in the oriental countries as a food, and as 


raw material for food products. Bhumiratana and Nondasuta (1969) reported on
 

They were successful in
protein food development work on mungbean and soybeans. 


making protein-rich biscuits and cookies from wheat flour, mungbean protein, 
sugar
 

Kaset biscuits were fortified with methionine (.075%), lysine (.05%)

and margarine. 


and threonine (.025%). The basic components were wheat flour (25%), mungbean residue
 

(dried, 25%), sugar (25%), margarine (18.8%) and fresh egg (6.2%).
 

They were successful in canning concentrated soy milk fortified with meth

ionine (0.01%). Various meals supplemented with texturized mungbean protein were
 

The target daily protein
fed to Ill children with an average body weight of 13 kg. 


set at 1.5 gm/kg body weight (19.5 gm/head) of which 0.9 gm/kg was
intake was 


derived from normal diet, and 0.6 gm was supplemented by texturized mungbean protein.
 

0.16 gm per
In a 54 day feeding period, the mean weight gain for the control was 


month, while that with texturized mungbean protein was 0.21 gm per month.
 

Single cell proteins derived from yeast and bacteria has become an impor

tant research subject. Many new methods using various substrates to produce protein
 

by yeast and bacteria have been developed. Conventional single cell proteins are
 

derived from Torula yeast. The term "single-cell protein" has come to relate pri

marily to microbial fermentation of substrates such as petroleum and similar hy-


A very extendrocarbons (including methane) as presumably cheap sources of carbon. 


sive literature has developed on the engineering, production, and biochemical
 

aspects of this subject. Numerous microorganism are capable of utilizing normal
 

alkanes. Bacteria generally have higher protein contents (50-80% dry basis), but
 

yeasts (50-55% protein) grow at lower p-i where pure culture conditions are easier
 

Yeasts are generally higher in
to maintain. They are also easier to harvest. 


lysine and are, therefore, useful for supplementing cereals.
 

There are unresolved questions concerning the composition and nutritive
 

quality of these materials: (a) Part of the gingle cell protein may be present as
 

purines, nucleic acids, and amino sugars which may be indigestible or otherwise
 

deleterious; (b) The cheapnesa of petroleum or natural gas as fermentation substrates
 



is offset by higher oxygen requirements than needed with other substrates, and this
 

introduces major engineering problems; (c)Purified alkanes or methane may need to
 

be used to avoid the problems of toxic residual factors transferred from crude oil
 

substrates, requiring the extra costs of solvent extraction; (d) efficient recovery
 

of cells is another difficult step. This problem, incidentally, appears to be such
 

a cost factor in production of algae in Japan that the use of these products in
 

foods is restricted to flavoring.
 

Much has yet to be learned about the functionality and food uses of most
 

Production of bland, highly functional, isolated protein
single-cell proteins. 


products which could be made by rupturing the cells and removing cell wall debris,
 

is considered too costly at this time.
 

SUMMARY
 

To meet the protein needs of the world's expanding population it is ne

cessary to expand the use of protein foods from plant sources. The use of soybeans
 

and other vegetable proteins to help combat malnutrition in the world deserves
 

The limiting amino acid in soy protein is methionine and cystine. Howattenticn. 


1 ounce of soy protein will supply the entire methionine-cystine
ever, as little as 


Cognizance must be taken of the advisability of adding
requirement of an adult. 


the least amount of soy protein that can increase the protein supplies to the level
 

of meeting the needs of an underfed population. Adding as little as 2 percent of
 

soy protein to an indigenous food that is used regularly can mean a significant
 

improvement in potential protein supply.
 

Attention has been focused on commercial production and utilization of
 

food-grade soy protein products. Soy protein concentrate is the product prepared
 

from high quality, dehulled soy beans by removing most of the oil and water-soluble
 

nonprotein constituents and shall contain not less than 70% protein on the moisture-


Soy protein concentrates are manufactured from hexane-defatted flakes
free basis. 


or flour by one of the three processes, which differ primarily in the means utilized
 

to immobilize the major protein components during separation of the low molecular
 

The three processes
weight carbohydrates, mineral matter and other constituents. 


are based on the following principles: (a) the protein components are insoluble in
 

aqueous alcohol of about 60-80% concentration; (b) the major soy globulins have
 

limited solubility in aqueous acid at p'l 4.5; (c) the proteins of the soy bean are
 

denatured by moist-heat treatment to insolubilize the proteins, and the sugars and
 

other constituents are then extracted with water. All three processes are amenable
 

to batch or continuous extraction operations. After drainage of solvent the residual
 



material is desolventized and then spray dried. The yield of dried concentrate from
 

the process is about 60-70%, based on the weight of defatted soy bean flakes or
 

flours. The soy protein concentrates possess water absorption and fat-binding
 
characteristics, functional properties of value in various food systems. 
 The low
 
flavor level, together with improved absorption characteristics as compared to
 
commercial soy flours, have been major factors in the acceptance of soy protein
 

concentrates for food use.
 

Soy protein isolates containing 97% protein on the moisture free basis
 
can be prepared from defatted soy bean flakes or flour, which has had minimal ex

posure to heat in order to retain maximum protein dispersibility. The protein is
 
extracted with an aqueous medium which may vary in p1 from near neutrality to an
 
alkaline pH. The aqueous extract is separated from the fibrous residue by screening,
 
filtering and centrifuging devices. The clarified extract is then adjusted to p]
 
4.5 with food-grade acid to precipitate the major globulin proteins. The protein
 
curd is concentrated and washed by filtering and centrifuging. The protein prepara
tion is concentrated to a slurry of 15-30% solids, and then spray dried. 
 It can
 

also be neutralized with food-grade alkali prior to spray-drying. The edible por
tion is sold in the neutral or sodium proteinate form since this product is water

dispersible, and hence lends itself to ready incorporation in food-products systems
 

for maximal functional value.
 

A method for preparing textured foods from spun vegetable protein and
 

utilization of vegetable proteins from other sources 
are described.
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3 classes as 	follows:
 

No. Lines % of population
Range in Protein
Class 

157 	 8.8
5.00 	to 6.50 


1466 82.0
 
Low Protein 


Medium Protein 	 6.50 to 8.50 

9.2
8.50 to 12.50 	 164
High Protein 


Selected lines from each of the above classes are presently growing at
 

the BKN, SPT, SRN and KGT Rice Experiment Stations under uniform soil conditions 
to
 

more accurately assess whether fluctuations in protein content were 
due to genetic
 

or environmental conditions. (See Item 2).
 

lines from the genetic
A total of 1407 non-glutinous and 380 glutinous 


Separation of the population by endosperm characteristics
stock were analyzed. 


(See Figure 2) did not indicate a close relationship between high protein 
and
 

glutinous endosperm.
 

original sheet which pertainsReference is 	 made to item number 4 of the 

16 high protein lines from Thailand which were identified
to further study of the 

by IRRI scientists. 

planted during December 1968 while daylength was short at
'Hie lines were 

the BKN Rice 	Experiment Station along with 4 check varieties. Since they were
 

sensitive to 	photoperiod, flowering occurred quickly and yield 
data were not mean

7 of these lines and the
ingful. Protein percentages have been determined on 

results are as follows: 

% Protein (Wet Basis)

Variety Name 	or 


Grown at BKN

Accession No. 


11.97

Acc. 7471 


11.74

Acc. 8282 
 11.91

Acc. 8208 


11.83
 
Acc. 8210 


10.92
 
Acc. 8211 


10.98
 
Acc. 8115 


11.66
 
Acc. 8292 

Gain Pai Hybrid 4-1-2-1 (CK) 9.53
 

7.96

IR 8 (CK) 


10.14

C 4-63 (CK) 
 11.83Leuang Tawng 	 (CK) 



STUDIES ON THE PROTEIN CONTENT OF RICE1
 

Dr. Ben R. Jackso.n, Mr. Sermsak Awakul 

Krisna Chutima
2 

and Dr. 

Reasons for Undertaking the Work 
Rice constitutes a major part of the diet of the Thai people and espe

cially for lhose living outside of Bangkok. An appreciable quantity of the protein 

is lost in the milling process since the bran and polish are higher in protein than 

the endosperm. Unlike most other cereal grains, there is a reasonably good balance 

of the essential amino acids, thus the primary problem is not so much to supplement 

with certain amino acids as to simply find ways to increase the protein content. 

The problem of protein deficiency in the diet of the Thqi people becomes most acute 

in the Northeastern region where there is a lack of animal prQtein and seafood. 

In wheat and corn the protein and amino acid content has been found to be 

under genetic control. Breeding work has shown that the genes controlling these 

characters can be transferred to improved varieties. There is some evidence to 

suggest that in rice high protein content is also heritable and recent reports 

from the Cereal Chemists at IRRI have confirmed the earlier observations. 

High protein content is important not only to Thailand but to some of
 

her neighbors who depend on Thai rice exports to feed their people. Since many 

different indigenous varieties are grown the throughout the kingdom, a preliminary 

screening of existing material for protein content would appear worth.while. 

Past and Present Work 
A total of 1787 lines from the Genetic Stock belonging to the Breeding 

Division were analyzed for protein content using duplicate samples to serve as a 

check against the original analysis. 

Figure 1 shows the frequency distribution of the entire Genetic Stock 

collection which ranges from 5.00 to 12.25 percent content with a mean protein 

content of 7.48 ± 1.65. For purposes of classification, these were divided into 

A cooperative project between Kasetsart University and the Rice
 

Department, Ministry of Agriculture, Bangkok, Thailand.
 
2 Rice Breeders, the Rice Department and Chemist, Kasetsart University.
 



Protein Content Study of Variety-Fertilizer Tests at BKN and KLG
 

Major emphasis has been placed on the breeding of varieties which produce
 

high grain yields when supplied with the proper inputs including fertilizer, insec

ticides and good water control. Frequently, claims have been made that the so
 

more than the incalled "Miracle Rice" varieties have produced 200 to 400 percent 

the new technology has been transferred fromdigenous strains. At least a part of 

the laboratory and field experiments to the farmers themselves as evidenced by the
 

rapid rise in rice production in certain countries of Southeast Asia.
 

food of the Thai people and the average annualSince rice is the basic 

consumption is estimated at approximately 190 kilograms of paddy, investigation of
 

the protein content of the rice grain of selected variethe effect of fertilizer on 


ties seemed appropriate. Accordingly, grain samples were obtained from Variety-


Fertilizer experiments that had been conducted at different stations throughout
 

the country. Protein analysis of the grain was conducted by Dr. Krisna Chutima,
 

performed
Biochemist at Kasetsart University. Statistical analysis of the data was 

by personnel of the Statistics section of the Rice Breeding Division.
 

Data in Table 1 were obtained from protein analysis of samples originating
 

grown BKN stations which
from the Variety-Fertilizer tests at and KLG experiment 

were presented earlier in Table 2. Statistical correlations were made between the 

following characteristics (1) percent protein and yield and (2) percent protein 
and
 

The results indicated that none of the correlations or regression
fertilizer. 


coefficient were statistically significant. However, there is a strong tendency
 

for the unfertilized plots to be highest or near the highest in protein content.
 

The data in the following table represents the average yield and protein
 

content of the 4 varieties presented in Table 2. Yields and protein were converted
 

to percent of the check or "Zero" nitrogen treatment in an attempt to more easily
 

show the effects.
 

Table 1
 

KLG
BKN 

Yield Protein Yield
Fertilizer N Protein 

% of % of % ofin Kg/ha % of 


check
check check check 


100 100
0 l05 100 

88 180
189
24 83 

93 196
86 215
48 


233
89 245 92
72 

241
95 258 101
96 




No. of Figure 3 Local Rice Collection from Lampang area (391 samples)
 

Litnos
 

100, 
 Range 5.22 - 13.50 %
 
Mean 7.41 %
 
Standard Dev. 2.49 %
 

83 Low Protein Range 5.00-6.50 % 

80 "Medium Protein Range 6.50-8.50 % 
High Protein Range 8.50-14.O0 % 

72
 

66 

60
 

46 

40
 

24a4
 

20
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The above material is presently growing under field conditions at several
 

different experiment stations. It is anticipated that growth will be normal and
 

thus permit valid comparisons of yield and protein content.
 

Point number 5 of the original report outlined plans to make additional 

collections of local varieties from the Lampang area where the first high protein 

lines were found. Shortly after harvest, personnel of the San Patong and Pan 

Stations in the North were requested to travel through the province (Changwad) of 

Lampang and collect samples. A total of 390 samples were received and protein 

analysis has been completed. 

Figure 3 presents the frequency distribution for these samples which 

5.25 and 13.75 percent protein with a mean of 7.41 and standardranged between 

deviation of ± 2.49. Eight different Amphoes contributed to the collection but
 

differed markedly in the number of high protein lines contributed as may be seen
 

in the following table: 

No. Samples High Protein Samples 

Amphoe Collected No. 0 

86 26 33.1
Chae Hom 

61 19 31.1
Term 


45.8Ko Kah 24 11 
10 28.635Sob Prahb 


5.5
91 5
Ngao 
 -19
Muang 

27Maeta 47

Hiahng Chot 
18.2
390 71
Total 


Almost all of the samples that contained more than 9 percent protein were 

that is, they were grown on sloping land. tinder suchdesignated as upland type; 

lowland - rice which is usually notconditions, yields are generally less than 

Thus, at least a part of the high protein content maysubjected to drought stress. 


be the result of association with low productivity. All high and few low protein 

conditions at the BKN Station tosamples have been planted under uniform lowland 

determine whether large genetic differences do exist.
 



FIGURE3 1 AND 2. SHOWING DISTRIBUTION OF PROTEIN CONTEiT OF ENTIRE GE:NETIU SCCKAND THE GLUTINOUS PORTION OF THE POPULATION 
No. 

Figure 1 Histogra- of 1787 samples of Protein Content of Rice 
 Ficure 2 Histogram of 380 samples of Protein Content o 
Glutinous Rice
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Protein content of IR5 Variety-Fertilizer Experiments in Central and Northeast 
Regions 

Grain samples from the IRS Variety-Fertilizer trials grown in the Central 

for protein content by variety, locationPlain and Northeastern regions were analyzed 

since comparison could beand fertilizer level. The data were of particular interest 

made of the new hybrids and present recommended varieties. 

The following table presents the results by location and is a condensa

tion of Tables 3 and 4 found in this report. 

Central Plain (3 Stations) 

Low Rate (N6) High Rate (N12) 
Variety Yield % Protein Yield % Protein 

NMS-4 463 7.51 	 477 8.39 

LPT 123 502 7.09 	 455 7.59
 

C4-63 642 7.10 	 733 7.64
 

773 7.39
6.89
IR5 	 697 

609 7.75
Average 576 7.15 


Northeast (4 Stations) 

Low Rate (N12) 	 High Rate (N24)
% ProteinVariety Yield % Protein 	 Yield 

619 7.95
595 7.01
Gam Pai 


7.58
623 7.21 657
NSPT 


7.61
7.01 717
IRS 	 645 


G.P. Hyb. 
8.27
7.92 774
4-1-2-1 703 


692 7.85
641 7.29
Average 


protein content appeared to be associated with
In the Central Plain, 

the high fertilizer level (N12), a sig
variety yields at both fertility levels. At 

obtained between protein content and
 
nificant correlation coefficient (-.576) was 


yield. The higher fertilizer level also produced a consistent increase in protein
 

content. 



At both experiment stations the addition of the first increment of 
nitrogen (N 24) produced the largest percent increase in yield (Between 80 and 90 
percent) but also resulted in the lowest protein content of any treatment. Yields 
and protein content continued to increase as additional increments of nitrogen were 
applied until the protein content of the grain attained about the same percent as 
the 0 nitrogen check. The implications are as follows: 

1. If tile farmer applies only a minimal amount of fertilizer to his rice 
he will obtain a large economic gain in the form of additional yield. 

2. Consumers will obtain less protein from the rice than when the farmer 
did not apply fertilizer. 

3. A systematic search for genetically high protein varieties should be
 
initiated in order to offset the disadvantage of eating low protein rice grain.
 

Table 2 Protein content of 4 varieties grown under 5 fertility levels at BKN and 

KLG, 1968 Wet Season 

Fertilizer 56-1-2 CNT 3176
Levels IRS C4-63 LT x IR8 LY/2 x T(N)l

3KN KLG BKN KLG BKN 
 KLG BKN KLG
 

0 8.22 7.02 9.25 
 7.65 9.56 7.63 10.44 7.34
 
24 7.26 6.40 7.54 6.57 
 7.82 6.54 8.30 6.66
 
48 7.56 6.85 8.00 7.18 7.73 6.51 
 8.95 7.10
 
72 7.60 6.49 8.38 7.23 
 8.23 6.79 9.12 6.90
 
96 8.43 7.51 8.87 7.59 8.45 
 7.12 9.71 7.84
 

Average 7.81 6.85 8.41 7.24 
 8.36 6.92 9.30 7.17
 

Protein x Fert. (None of the following estimates were significant at 5% level)
 
r .245 .381 .018 .198 .390 
 .259 .125 .433
 
b .003 .004 .0003 .002 .007 .003 .003 .005
 

Protein x Yield (None of the following estimates were significant at 5% level)
 

r -.220 -.034 -.233 -.015 -.695 -.563 
 -.404 -.0617
 
b -.006 -.00009 -.0009 -.00005 
 -.003 -.002 -.0027 -.0002
 

r Correlation coefficient
 

b Regression coefficient
 



twice as much nitrogen fertilizer as
The Northeast experiments received 

on average protein content. Corvery little effectthe Central Plain but this had 

between yield and protein were even less than the Central Plain. This 
relations 

to yields of the 4 varieties being more closely the same since the 
might be due 

The performnot attacked by Yellow-Orange Leaf Virus.
recommended varieties were 

is of interest since it not only produced the highest
of Gain Pai Hybrid 4-1-2-1ance 

yields under both fertilizer levels but was considerably 
higher in protein content
 

In addition to having a glutinous endosperm, this line has
 
than any other variety. 


excellent plant type, long grain, stiff straw and is non-sensitive to photoperiod.
 



Table _ Yield and protein content of 4 varieties of rice grown in Variety-Fertilizer tests at 3 locations in the
Central Plain, 1968 .et Season
 

Name CNTYield Protein 
Low N
Larwet LlSPRYield Frotein 

CENTRAL 
VaHigh 

,6)-- BKNYield Protein 

PLAIN 

CNTYield Protein 
N Level (1;12)sPSPR "_BKNYield Protein Yield KProtein 

Kg/Rai CLntent Kg/Rai Content Kg/Rai Content YI/Rai Content Kg/Rai Content Kg/Rai Content 

LFT 123 
NFIS-4 
IR5 
C4-63 

599 
616 
844 
774 

6.82 
7.10 
6.54 
6.78 

575 
465 
633 
509 

6.28 
6.58 
6.10 

333 
307 
615 
644 

8.17 
8.84 
8.03 
8.32 

520 
626 
889 
877 

7.40 
7.80 
6.84 
7.79 

553 
512 
760 
660 

6.64 
7.62 
6.58 
6.81 

293 
293 
669 
663 

8.66 
9.76 
8.76 
8.31 

Average 708 6.81 
 546 6.29 475 8.34 
 728 7.46 621 6.91 480 8.87
 
r = -.473 ns 
 r = -.576 

b = -003nb = -.003 s 


ns = Non Significant
 

0 = Significant at 5 % level
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FEEDING OF INFANTS WITH RICE-MILK MIXTURES
 

Po-Chao Huang and Ta-Cheng Tung
 

From the Department of Biochemistry, College of Medicine
 

National Taiwan University
 
Republic of China
 

Pre-cooked rice powder is quite popular among Chinese 
families of low
 

Paste prepared with the
 
socio-economic class for weaning babies in recent 

years. 


more concentrated
a sence that it is 
rice powder might be better than rice gruel in 


the sole
 
However, rice powder is not suitable for feeding 

infants as 

in calories. 


low and its protein is short in
 
or main protein source, since its protein level is 


Protein level of the commercial pre-cooked rice powder 
prepara

lysine content. 

Net protein
(1)
' 
tions, which are flavored with sugar, ranges between 

7.1 and 7.5%. 


(NPU) of rice is known to be rather low, 57, in rats. Considering

utilization 


its acceptability to the poor mothers, the pre-cooked 
rice powder was mixed with
 

skim-milk powder by various ratios and the nutritive value of the mixtures was
 

studied with rats and normal infants. Nutritive value of two mixtures of rice
 

The results of this study show that some
 powder and wholemilk were also studied. 


of these mixtures can be used successfully in infant feeding.
 

MATERIALS AND METHODS
 

Two kinds of pre-cooked rice powder was used
 Rice-skim milk mixtures: 


Rice was cooked into
 
in the present study. One is a non-commercial preparation. 


gruel, treated with amylase, drum dried and pulverized. This rice preparation
 

Another is a com
does not have particular odor and used in all four mixtures. 


(Santa Claus Brand) which contains 7.1% protein. Rice was cooked,
mercial one 


heated to dryness and then pulverized. It is white in appearance and has pleasant
 

RM-2 and RM-3 (Table 1) contained this preparation.
odor. 


Rice powder and skim milk powder were mixed by the ratio 
of 2:1 (RM-l),
 

(RM-4), and adequate amounts of vegetable oil,
4:1 (RM-2), 9:1 (RM-3) and 5:1 


sugar, mineral and vitamin mixtures were added (Table 1). Protein, fat and
 

250 g of the powder
energy value of the food mixtures are shown in table 2. 


blended with 1000 ml of water, distributed in bottles and steamed.
mixture was 


Dry skim milk powder used was made in U.S.A. and the dry whole 
milk
 

powder used was of OAK brand of Australia.
 

were formulated as shown in table 1.
Rice-whole milk mixtures 




SELECTION OF INFANTS:
 

Infants studied were selected from volunteer families. Their parents
 

were usually both working and paid visits to the clinical research centre quite
1
 
often. Infants' ages ranged from 2-to 7 months on admission but mostly 4 to 6
 2
 

Infants applying for admission were Zirst examined by a pediatrician
months of age. 


and those who had acquired chronic diseases, congenital abnormalities or were very
 

poorly nourished were omitted. Their body weights between plus and minus 15 per
 

cent. of the mean weights of normal Chinese infants of the same age and sex group.
 

Only one marasmic baby was admitted for therapeutic puivose.
 

FEEDING AND CARE OF INFANTS:
 

On admission, an infant was usually given a milk formula (M-2), and then
 

a test diet was given gradually in increasing amounts, replaced completely 5 to 7
 

All babies were fed five times a day and the amount taken was recorded
days later. 


each time within an error of ±5 gm. Some fruits such as banana, papaya and orange
 

juice were given once a day. Some biscuits were given to infants of more than 7
 

months of age.
 

Body weight and height of the infants were measured three times a week
 

and once every 2 weeks respectively. 3ody temperature was measured twice a day and
 

the frequency of defecation and nature of stools were checked and recorded. Physi

cal examination was conducted by a pediatrician routinely, and if necessary treatment
 

was given. All infants were taken care of by full-time nurses and aides for the
 

whole time.
 

ANIMALS:
 

Weanling male albino rats were used for the determination of protein
 

efficiency ratio and net protein utilization.
 

RESULTS
 

PROTEIN EFFICIENCY RATIO: PER of RM-I and RM-2 was determined with weanling albino
 

10%, and a 10% casein
rats, S in each group. Protein level of the test diets was 


RM-2
diet served as the control. PER calculated were 2.73, 2.45 and 2.65 for RM-l, 


and casein diet respectively. It is apparent that the mixed proteins of rice and
 

skim milk is good in quality and comparable with casein protein.
 



NET PROTEIN UTILIZATION: Net protein utilization was also studied with weanling
 

(2 ) 
albino rats. Protein level of the test diets was 10%. NPU of RM-l and casein
 

calculated from the data obtained were 72 and 65 respectively. These data indicate
 

the superiority of RM-l over casein as the protein source.
 

FEEDING OF INFANTS WIT! RICE-SKIM MILK MIXTURE NO. 1 (RM-l): Ten boys of 3- to 7

month old were subjected to a growth test with W.-1, mostly for 3 months.
 

Because RM-i contains 27% of skim milk, appearance of the liquid prepara

tion is milky but has higher viscosity than cow's milk. Protein level of the li

quid formula is 2.7%, and its caloric content is 83 calory per 100 g. Calculating
 

from the data obtained during 8th to 17th or 8th to 27th day of the feeding, the
 

range of daily calory and protein intakes were 98-135 calories and 3.1 to 4.4 g
 

per kg body weight. The average intakes were 113 calories and 3.7 g respectively.
 

Seven out of 10 boys gained their weight satisfactorily or excellently
 

as can be seen from table 3. Average weight gain of 8 boys, exluding cases No. 5
 

and 6, was 53z g per months. An average normal Chinese boy would gain about 470 g
 

monthly between 4 and 7 months of age.(
3
 

Although there were several infants who did not grow well on RM-I, the
 

mixture was considered to be a good one in general. A 82-month old marasmic girl
 

who weighed only 4.9 kg was admitted and given RM-l formula. The growth response
 

was excellent. She gained 1.8 kg in 45 days and 2.1 kg at the end of 60 days with

out having any gastro-intestinal disturbance. She was able to get 154 kcal. ari
 

5.0 g of protein per kg body weight per day during the first 2 weeks of feeding,
 

and 132 kcal and 4.3 g of protein per kg per day during the 5th and 6th week.
 

FEEDING WITH RICE-SKIM MILK MIXTURE NO. 2 (RM-2): The growth of infants fed with
 

RN-l was considered satisfactory, and the amount of protein supplied by RM-I was
 

much enough for the infant need. Therefore, another feeding trial with RM-2, in
 

which the ratio of rice powder to skim milk was increased to 4:1, was carried out

1
 

with 8 male infants. Since the infants of this group were younger, 21 to 5 months
 

old, the liquid formula was prepared with 220 g of the mixture and 1000 ml of
 

water. It provided 76 calories and 1.9 g of protein per 100 g. As the result,
 

both calory and protein intakes were lower than those of RM-1 babies. The ranges
 

were 83 to 104 calories and 2.3 to 2.8 g protein per kg per day. The average
 

daily intakes were 93 calories and 2.5 g protein per kg body weight respectively.
 

Feeding period ranged from 1 to 4 months in this experiments, but only
 

2 cases were 2 months or shorter. Data of weight gain are shown in table 4.
 



As can be 	seen from the table, growth of the boys was generally satisfactory except
 

cases 2 and 3. Although gained less weight, case 3 had been active physically and
 

was able to stand at the age of 7-month.
 

The over-all average monthly weight gain for the eight boys was 453 g
 

which is less than the average Chinese figure of 525 g for 3 to 7-month old boys.
 

Lower calorie intake for their age, average of 93 kcal./kg/day, and the fact that
 

two of our boys started from 4-month old and one started from 5-month old, might
 

be responsible for this. Their average protein intake was about 2.5 g/kg/day
 

which seemed to be not inadequate. It might be mentioned here that the average
 

body weight gain of Chinese infants of younger than 6-month old who are mostly
 

breast fed or fed with cow's milk can be considered quite normal comparing them
 

with an American standard. (5 ) If cases 1, a 5-month old boy, and 3 were omitted,
 

the average weight gain is 498 g per month which perhaps can be considered normal.
 

FEEDING EXPERIMENT WITH THE RICE-SKIM MILK MIXTURE NO. 3 (RM-3):
 

The ratio of rice to skim milk was increased to 9:1 (Table 1). The
 

amount of milk protein is therefore about half that contained in RM-2. The ratio
 

of rice protein to milk protein is approximately 2:1. This mixture contained the
 

least amount of skim milk and consequently the protein level was the lowest, 8.1
 

per cent. Dietary protein intake ranged from 1.9 to 2.2 g/kg/day, averaging 2.0
 

g/kg/day.
 

In all, 7 male infants of 4 to 7-month old were subjected to a growth
 

study with this mixture for 1 to 3 months. However, their growth was not adequate
 

except in two older boys of 7-month old. Four younger boys grew well for the first
 

one to two months and then the growth rate slowed down. The impression was that
 

RM-3 formula was not suitable for younger infants.
 

GROWTH OF 	 INFANTS FED WITH RICE-SKIM MILK MIXTURE NO. 4 (RM-4): 

The ratio of rice to skim milk is 5 to 1 and the ratio of rice protein 

to milk protein is approximately 1 to 1. Protein level of this mixture is also
 

rather low, 8.6%, but slightly higher than RM-3. The protein level and caloric
 

value of the liquid RM-4 formula is 1.7 g and 87 kcal per 100 g respectively.
 

Nine infants of 5- to 7-month of age were fed with RM-4 formula for 1
 

The data are shown in table 5. Weight gains of cases
to 3 months and 20 days. 


No. 1,2,7 	and 9 which are 670 to 536 g per month are considered excellent for
 

this age group. Cases 3,5 and 8 gained their weight normally, 430 to 340 g mon

thly. However, case 6 grew poorly. Protein and calorie intakes in this feeding
 



experiment were 1.8 to 2.2 g/kg/day and 91 to 108 cal/kg/day respectively. It was
 

estimated from the results that if an infant could take 100 cal/kg/day (protein:
 

1.95 g/kg/day) or more with this diet normal growth could be obtained. Average
 

weight gain of the 8 infants, excluding the poorest one, was 473 g per month. An
 

average Chinese boy gains only 320 g per month between 5- and 8-month of age.(3)
 

GROWTH OF INFANTS FED WITH RICE-WHOLE MILK MIXTURE, RWM0-1:
 

In the place of skim milk in RM mixtures whole milk powder was used.
 

This formula, with raised fat level, proved to be very satisfactory in supporting
 

weight gain of 7 to 9-month old infants for 2 to 3 months (Table 6). Average
 

weight gain of 4 male and 3 female infants was 536 g per month, excellent growth
 

rate for this age group. Their protein intake averaged about 2.2 g/kg/day. Ap

parently, this amount of the mixed protein (milk protein: rice protein = 2.5 : 1)
 

is enough for the needs of 7 to 12-month old infants.
 

GROWTH OF INFANTS FED WITH A RICE-WIOLE MILK MIXTURE, M-2:
 

Formula M-2 was prepared primarily as an control diet for tests with
 

vegetable protein food mixtures. It contains more protein but less fat than RWM-1
 

described above. This formula was studied with 11 boys and 3 girls of 4 to 7

month old for 1 to 5 months duration. Weight gain data obtained were analyzed at
 

monthly interval and presented in table 7. As can be seen from the table, average
 

monthly weight gain of our infants of 6-month or older on M-2 formula surpassed
 

that of average normal Chinese boys (3)of the same age group considerably. 

Growth data obtained with RM-I for 4 to 7-month period were comparable 

with those obtained with M-2. 

BODY HEIGHT GAIN OF THE INFANTS: 

Body height was measured twice a month in the present study. The rate
 

of grow-li in height was generally within the normal range for their age.
 

NITROGEN BALANCE STUDIES:
 

Nitrogen balance studies were performed with boys, at or near the end
 

of the feeding experiment, and the diets were used as they were, without changing 

their protein levels. A balance period was six days. 

Among four rice-skim milk mixtures only RM-4 was evaluated by nitrogen
 

balance techniques. With this diet, nitrogen intake was only 228 to 269 mg/kg/day
 



during the balance period (3 cases). Nitrogen retention was 54 to 82 mg/kg/day
 

(Av:68 mg) and thus was 28 per cent. of the nitrogen intake on average. It is
 

considered from these data that the efficiency of protein utilization for RM-4
 

is quite good.
 

BLOOD CHEMISTRY DATA:
 

All subjects' blood was analysed for haemoglobin, haematocrit, total
 

serum or plasma protein. These data were usually all within normal range, indi

cating no protein deficiency was induced. However, these are probably of less
 

No signifivalue in evaluating the protein quality in these clinical studies. 


cant difference between groups was found for serum or plasma albumin level.
 

DISCUSSION
 

Of the rice-skim milk mixtures and rice-whole milk mixtures tested,
 

only RM-3 (Rice: skim milk = 9:1) which contained least amount of milk and total
 

proteins failed to support normal growth of infants of 4 to 6-month of age. RM-4
 

the protein level of which is still rather low, supported
(Rice:skim milk = 5:1), 


the growth of 5 to 7-month old infants for 1 to 3 months quite well in most cases.
 

The average monthly weight gain of infants studied, surpass that of an average
 

Chinese infant of the same age and sex group, although did not reach the growth
 

rate of American infants. (5) The results indicate, if the appetite was good, an
 

infant could grow excellently on RM-4. Protein level of RM-4, 1.95g/100 kcal,
 

seems not for of older than 5-month of age. The FAO/WVIIOinsufficient infants 

expert group estimated that 1.5 g/kg body weight of breast or cow's milk protein 

can adequately cover the protein requirement of 6 to 9-month old infants 

than RM-2 or RM-4. InfantsAcceptability of RM-I and R10-1 was better 

grew well on these formulas. Furthermore, rice-milk food mixtures might be used
 

Therefore, RM-I which
 as supplementary foods in ordinary families if marketed. 


contains higher level of protein and R'1,7-1 which is richer in calories might be
 

the choices for the practical purpose. ND pCal % of RM-I was calculated to be 9.4,
 

although that of RM-I was only 5.5 . The concept that ND Cal % should be above 

8 for infant feeding (1) may need further investigation.
 

Rice protein is known to be deficient in lysine content and the milk
 

protein is rich in lysine but rather short in the sulfur containing amino acids.
 

Essential amino acid composition of RM-I and RM-4 was calculated and lysine is
 



are methionine plus cysno more insufficient, and the first limiting amino acids 


of RM-l and RM-4 based on the FAO reference pattern are 76
tine. Protein scores 


and 74 respectively. The chemical scores based on human milk protein was both 79,
 

and while the first limiting amino acids are still methionine plus cystine for
 

RM-l, tryptophan is limiting in RM-4. These scores are higher than those of rice
 

for the protein score and the chemical score respectiprotein itself, 70 and 75 


vely (1).
 

SUMMARY
 

Pre-cooked rice powder was mixed with dried skim or whole milk powder 

by various ratios and formulated into weaning foods with vegetable oil, sugar, 

minerals and vitamins. These food mixtures were tested for their nutritive value 

by infant growth tests.
 

Only one formula (RM-3) which contains the least amount of skim milk,
 

rice to skim milk ratio equals to 9, failed to support normal growth of infants
 

of 4 to 6-month of age.
 

Formula RM-l, in which the ratio of rice to skim milk was 2 to 1, and
 

a rice-whole milk formula, RWM-I, were well accepted and were able to support
 

normal growth of infants of under 1 year of age.
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Table 1. Comoosition of rice-milk mixtures
 

Ingredients RNI-I RM-2 RM-3 RM-4 RW"I-I M-2 

"% 90 % 1 %% % 

Rice, amylase treated 54 54 64 60 - -

Rice, Pre-cooked - 10 8 - 33 38 

Skim milk powder 27 16 8 12 - -

Whole milk powder - - - - 25 32 

Vegetable oil 9 10 9 15 15 6 

Sugar 8 8 8 10 24 22 

Salt mixture 2 2 2.9 2.9 2.9 1.9 

Vitamin mixture 0.1 0.1 0.1 0.1 0.1 0.1 



Table 2. Protein, fat and ener.y value of th,! rice-milk mixtures 

% of cal.
Fat Calorie Protein
Protein
Food mixtures 
 /100 kcal. from fat 

% % kcal. g 

1. Rice-skim ,ilk, RM-l 13.5 9.5 415 3.3 21 

2. Rice-skim milk, RNI-2 10.4 10.4 422 2.5 22
 

3. Rice-skim milk, IM-3 8.1 9.4 415 2.0 20 

1.9 31
4. Rice-skim rtilk, RM-4 8.6 15.4 446 

5. Rice-whole milk, RWIM- 9.1 21,7 473 1.9 41
 

436 2.6 30
6. Rice-whole milk, M-2 11.2 14.7 




Table 3. 


Case Age at 

No. beginn. 


h1 D 


1 4 10 


2 3 . 

3 4 10 

4 4 10 

5 7 4 

6 6 20 

7 5 0 

8 4 4 

9 4 8 

10 4 2 

* Male. Average 

and 6.
 

Table 4 . 

Case Age at 
No. beginn. 

M ID 

1 5 12 

2 3 12 

3 3 9 

4 2 20 

. 4 10 

6 4 20 

7 3 13 

8 3 20 

Weight gain of infants* fed with RM-1
 

Feed. Body Weight
 

period Beginn. End Gain Gain/M
 

hi D g g g g 

4 0 7170 9750 2580 645
 

3 15 63'0 7700 1320 377 

3 10 630(. 82M 19c, 570 

3 0 6900 8850 1950 650 

1 16 7550 7750 20G 133 

2 0 7450 7650 200) 100 

3 0 69c0 7950 1050 350 

3 0 710r) 9030 1930 643 

3 0 7980 965( 1670 557 

3 G 7250 8b50 140C 467 

,nonthly weight gain is 532 g excludiiig case No. 

Body weight gain of boys fed with RI-2 

Feed. Body weight 
L)!riod Begini,. zncI jain Gain/Nl 

IM D g g g g 

2 0 8270 8870 550 325
 

2 20 6055 7280 1225 459
 

4 0 6600 7850 1250 313 

3 u 5500 7150 165C 3U.) 

3 0 7150 8650 1500 5uu 

2 20 615C 770(K 155(1 581 

1 0 6280 680c 520 520 

3 0 76cX( 8730 1130 377 

Av. :453 g 

5 



Table 5. 'Veight ,ain of male infants fed with RM-4 

Case Age at Feed Body weight 
No. beginn. Period Beginn. End Ga in/Month 

M MM D g g g 

1 5 c 3 20 7953(6 1C, CL,O 670 

2 5 25 2 15 7,170 9,350 590 

3 5 0 2 20 6v75C" 7,(, 430 

4 6 12 2 10 7,6Cc 3,250 280 

5 7 1 1 10 8P650 9,1A 340 

6 7 4 1 0 7,700 7,800, 100 

7 5 19 1 16 6,650 7,470 536 

0 ' C 3 u 7P450 8,550 367 
9 7 2 2 0 6COO 7,150 575 

Av.: 432 



Table 6. 3ro~ith data of 

Case Sex Age at 
No. beginn. 


M 1) 

1 NI 9 9 


2 I 8 IC 


3 NI 9 23 


.4 M 8 6 


5 F 9 8 


6 F 7 I0 


7 F 7 i) 


• 	 Boy's average monthly 

Qirls' average monthly 

infants fed 

Period of 
feeding 


N D 

2 27 

2 20 

2 27 

2 14 

2 12 

2 10 

2 20 

weight gain: 

weight gain: 

with a rice-whole milk formula 

kiody weight 
Beginn. End Gain/M* 

g g g 

9050 I'IO 362 

9250 I0"3C, 451 

9420 11350 665 

8470 1(0150 081 

7o50 93WL- 037 

690(. 76C., 3 CC 

63L, 7 9(C: 602 

34(" ,, 

530 g 



Table 7. Growth of infants fed with a rice-whole
 

milk formula, M-2 

Case Sex Monthly Weight gain
 

No. 5th M* 6th M 7th M 8th M 9th M
 

g g g g g
 

I M - 300 350 150 

2 M - - 5(O) 5x) 

3 M 600 650 350 - 

4 M - - - 450 250
 

5 N 580 700 50 450 400
 

6 M - 450 230 170 

7 M - - - 450 450
 

8 NI - 330 - - 

9 N - - 280 320 

10 M - - 530 270 

- 580 120 - 

12 P - 520 4C - 

13 P - 650 5(X - 

11 M 


14 F - 330 350 - -

Average 590 501 374 345 367
 

Average of 540** 490 280 10 60
 
Chinese boys
 

* 	 5th month denotes the period between 4 and 5-month of age. 

** 	 In this series, 5th month denotes the period between 4
 

and 5- -month of age. These are data of Chen et al. 3
 



Breeding for High Lysine Corn1 in Thailand
 

by
 
2
 

Dr. Sutat Sriwatanapongse
 

INTRODUCTION
 
Corn is an economically important crop. In some countries corn is used
 

directly as a staple food and in other countries it is utilized more and more in
 

livestock feeding. It is already well-known that the people in many of the areas
 

have inadequate balanced protein in their diet. The source of protein comes from
 

grains since the consumption of animal protein is low and the quality of meat is
 

also poor. The improvement of flour protein, especially in corn, will help to
 

reduce malnutrition in these areas of the world.
 

To improve the quality of corn, the level of protein as well as the
 

quality of protein has to be considered. The discovery of the high lysine content
 

of opaque-2 (02) and floury-2 (f12) endosperms (1, 2) has a great impact in im

proving the quality of protein since lysine is the most limiting essential amino
 

acid in corn.
 

The nutritional value of opaque-2 corn is already well known. Feeding
 

tests with rats (4)showed that no single, essential amino acid was limiting for
 

growth in the proteins of whole, ground opaque-2 maize. The average weekly gain
 

of rats fed on opaque-2 maize was much more than those fed on normal corn. Similar
 

results were obtained in feeding trials on swine (5), chicken (6)and humans (7).
 

Human nutrition studies were carried out recently using high lysine corn in Columbia
 

(3). The treatment of four children who were in an advanced state of malnutrition
 

resulted in a normal nutritional balance in their systems when the normal maize in
 

their diets was replaced with ppaque-2 maize.
 

OBJECTIVES
 

Opaque-2 kernel has soft endosperm with a dull, opaque oppearance. I
 

has little or no corneous starch. Kernels rich in lysine generally are softer tl.an
 

normal grain. This softness makes them more susceptible to insect attack and less
 

The project is supported in part by the National Institute of Health,
 

U.S.A.
 
2 Senior Lecturer and Corn Breeder, Department of Plant Science, Kasetsart
 

University.
 



acceptable as human food. Moreover, the yield of opEque-2 maize is lower than the
 

Grain
normal ones. The objectives of this project are to overcome these problems. 


yield, percentage of protein and lysine as well as hard endosperm character will 
be
 

considered together as a selection unit.
 

MATERIALS
 

For the past few years the Thai National Maize Improvement Program has
 

been incorporating the opaque-2 and floury-2 genes into various sources of 
germ
 

4 were selected
plasm adapted to Asia. Out of 14 opaque-2 converted lines (Table 1), 


on the basis of agronomic characters in 1969 test. T6-,o composites were made, namely
 

Opaque-2 Composite # 1 and Opaque-2 Composite # 2. Opaque-2 Composite # 1 was made
 

up from 4 selected lines while the Opaque-2 Composite # 2 contains 14 opaque-2 con-


The floury-2 gene is likewise being transferred to similar genetic
verted lines. 


background.
 

Thus far the selection for high lysine has been carried out on the basis
 

of the phenotypic characteristic of the seed (opaque), with the assumption 
that the
 

two are perfectly correlated. The validity of the assumption may be good enough for
 

preliminary work thus far completed but maust be subjected to chemical analysis for
 

further improvement. Results of protein and tryptophane analyses (Table 2) done at
 

CIMMYT, Mexico, show some improvement. Tryptophane in opaque-2 converted varieties
 

about double that of the normal varieties.
was 


BREEDING PROCEDURE
 

1. The improvement of existing opaque-2 materials.
 

The following materials:
 

1. Caribbean Mixed Comp. x 0202
 

2. Flint Comp. Amar. x 0202
 

3. Veracruz 181 Antigua Gr. 2 x o202
 

4. Cuba Gr. 1 x 02o2
 

5. Opaque Composite # 1
 

6. Opaque Composite # 2
 

will be further improved using S1 selection. Many vigorous and accep

table plants within each variety will be selfed. Selfed ears will be
 

Only seeds
shelled separately and analyzed for protein and lysine. 


from ears having high protein and high lysine will be bulked 
to re

constitute a new population. This procedure will be repeated and
 

yield test should be done every year.
 



acceptable as human food. Moreover, the yield of opaque-2 mai-e is lower than the
 

Grain
normal ones. The objective's of this project are to overcome these problems. 


yield, percentage of protein and lysine as well as hard endosperm character will be
 

considered together as a selection unit.
 

MATERIALS
 

For the past few years the Thai National Maize Improvement Program has
 

been incorporating the opaque-2 and floury-2 genes into various sources of germ
 

plasm adapted to Asia. Out of 14 opaque-2 converted lines (Table 1), 4 were selected
 

on the basis of agronomic characters in 1969 test. Two composites were made, namely
 

Opaque-2 Composite # 1 and Opaque-2 Composite # 2. Opaque-2 Composite # 1 was made
 

up from 4 selected lines while the Opaque-2 Composite # 2 contains 14 opaque-2 con

verted lines. The floury-2 gene is likewise being transferred to similar genetic
 

background.
 

Thus far the selection for high lysine has been carried out on the basis
 

of the phenotypic characteristic of the seed (opaque), with the assumption that the
 

two are perfectly correlated. The validity of the assumption may be good enough for
 

preliminary work thus far completed but must be subjected to chemical analysis for
 

further improvement. Results of protein and tryptophane analyses (Table 2) done at
 

CIMMYT, Mexico, show some improvement. Tryptophane in opaque-2 converted varieties
 

was about double that of the normal varieties.
 

BREEDING PROCEDURE
 

1. The improvement of existing opaque-2 materials.
 

The following materials:
 

1. Caribbean Mixed Comp. x o202
 

2. Flint Comp. Amar. x o202
 

3. Veracruz 181 Antigua Gr. 2 x o202
 

4. Cuba Gr. I x o202
 

5. Opaque Composite # 1
 

6. Opaque Composite # 2
 

will be further improved using S1 selection. Many vigorous and accep

table plants within each variety will be selfed. Selfed ears will be
 

shelled separately and analyzed for protein and lysine. Only seeds
 

from ears having high protein and high lysine will be bulked to re

constitute a new population. This procedure will be repeated and
 

yield test should be done every year.
 



Table 1 - Grain yield and other agronomic characters of opaque-2 converted lines and
 

their normal counterparts grown at 	Farm Suwan, 1969
 

Yield 1000 grain Protein
 

No. Entry (kg/ha) weight, gm (per cent)
 

Normal Opaque Normal Opaque Normal Opaque
 

1* Caribbean Mixed Composite 3941 3721 	 228 196 10.1 10.0
 

225 217 10.0 9.4
2* Flint Compuesto Amarillo 	 4448 3797 


4662 4378 227 175 10.6 9.6
3* Veracruz 181 x Antigua Gr. 2 


3272 2914 183 161 10.3 10.0
4 Cuba 40 

10.8 10.5
S* Cuba Gr. 1 4104 3737 	 193 185 


6 Cuba llJ 3704 2686 	 231 178 9.6 10.0
 

172 173 9.4 10.0
7 Narino 330 x Peru 330 3690 3249 


8 CM 103 2733 2733 182 188 10.8 9.1
 

2947 2491 181 168 10.6 10.9
9 CM 104 


10 CM 105 3518 2930 168 180 10.0 10.1
 

11 CM 106 3323 3332 188 164 10.2 10.0
 

i11 155 11.7 9.6
1273 2761 


125 9.6
 
12 CM 109 


1548 1325 	 117 10.8 


187 11.5 10.3
 
13 CM 201 


14 Antigua 2D 	 3611 2849 167 


25.64
L. S. D. (.05) 	 510 


C. V. M 	 9.07 

* selected lines 



Table 2 - Protein and tryptophane analyses of some materials grown in 1969. 

No Material 

1 Cupurico x Flint Comp. (F) C 1I 

2 Cuba Gr. I x Cuba 40 (F) C'II 

3 Thai Composite H 1 

4 Puerto Rico Gr. I (E) C I 

S Pucrto Rico Gr. I (EL) C III 

6 Opaque-2 Comp. It2 

7 Flint Comp. Amar. x o202 

8 Caribbean Mixed Comp. x o202 

9 Floury-2 Comp. 

10 Antigua 2D x 0202 

11 Ver. 181 - Antigua Gr. 2 x o202 

% Tryptophane in 
% Protein 

Protein Sample 

10.50 .036 .34 

10.63 .032 .30 

10.88 .034 .31 

9.69 .035 .36 

9.75 .038 .39 

7.19 .052 .72 

7.75 .058 .75 

8.13 .060 .74 

11.19 .064 .57 

7.50 054 .72 

8.50 .054 .64 

Note: 1. No. 1 - 5 are normal and 6 - 11 are opaque-2 converted varieties.
 

2. Correlation between tryptophane and lysine is .81 (CIMMYT Report,
 

1967 - 68).
 



MALNUTRITION
COMBATTING 


Poorwo Soedarmo, Head Dept. of Nutrition 

Medical Faculty, University of Indonesia 

Protein Food PromotionSeminar on 

Bangkok, November 22 - December 1, 1970 

found in
 
In this article I wish to discuss malnutrition, 

especially as 


of the island of Java, Indonesia, and particularly 
aimed at the
 

the poor areas 

- 2 years.


malnutrition of the young children in the age group 6 months 


When discussing malnutrition it is necessary to consider the factors
 

Some of the factors will be put forward 
here:
 

leading to the malnutrition. 


1. Menu pattern and attitudes towards food intake.
 

2. Weaning pattcrn.
 

3. Attitude towards health and sickness.
 

4. Poverty.
 

MENU PATTERN
 
It consists of
 the island of Java is basically good.
The menupattern on 


The basic food rice, the others, we will call side dishes,
 a meal of four dishes. 


consist of a dish prepared from vegetables, 
a dish of protein foods, mostly pulses
 

= the same process but
 
(tempe = moulded and fermented products of soybean, ontjom 


= using groundnut and grated coconut meat) but 
also a
 

using groundnuts, bongkrek 


The fourth dish consists of
 
small amount of meat, fish and other animal 

food. 


as a snack. The meal
 
fruit, which however might be taken between 

the main meals 


is low in fat, usually about 5 - 10%
 

If taken in the right amount, this meal will 
supply the necessary re

a good health and is
 a little thin, will have 
quirement. The consumer, although 


free from atherosclerosis.
 

are however weak points in the philosophy of 
this menu-composition.


There 


that the role of rice is over-valuated in the daily meal.
 
The first weak point is 


are just
 
A meal contains a sufficient amount of rice, 

the other parts of the menu 


So, if for
 
there as appetizers to encourage and to make easy the 

intake of rice. 


are not present, a spicy dressing or even 
salt will be
 

some reason the proteinfoods 


This habit, also implied in the food management 
of the growing
 

used as appetizer. 


Salted fish, because of its stimulating 
taste,
 

child is of course very dangerous. 


in fact not much, as
 as protein supplier is 

is very popular in the meal; its role 




it is eaten only in small amounts because of its saltiness.
 
A second weak point is the presence of taboos. 
 Women after pregnancy are
 

not allowed for a certain time to eat some kind of vegetables and fruit; serious
 
is the belief that to the young child should not be given meat and fish because
 
it cause worms.
 

A third point: there is a general belief that one should not 
 overeat
 
and not aim at luxurious food. 
 Showing to be hungry and demonstrating satisfaction
 
after a meal is considered not decent/indecent. 
You should be able to perform
 
your work even with a minimum of food. Fasting at certain times of the year is 
considered a virtue.
 

WEANING PATTERN
 
It is considered unusual if an infant is not breast fed. 
 The breast
 

secretion is usually good up to six months, and mostly the Indonesian child of up
 
to six months is healthy even when compared with infants in well developed countries.
 
The breast feeding is continued as long as possible, and stopped only after the
 
mother becomes pregnant again, but sometimes only after a younger child is born.
 
After six months, alerted by the crying of the child, the mother starts with addi
tional food, which should be considered as the first step in the weaning 
 process. 

Tle weaning pattern is very weak indeed. 
 It is not a pattern, which
 
purposedlyprepares the young child to adipt to the existing menu of the adults.
 
As earlier mentioned meat and fish are 
 forbidden, eggs although not in the list of 
the taboos 
are usually not given. Milk is considered a necessity to replace
 
breastmilk if the breasts 
have failed; but although not forbidden it is usually not
 
given to older infants and has not the place as a "required" food, as it is in the
 
Western world. 
This attitude towards milk however is gradually changing.
 

The result as often seen especially in poor families is that the 6 months
 
- 2 )ears old child is 
 fed only with rice and salt as an addition to the decreasing 
amount of breastmilk . Fruit is given according to season, snacks abundantly; these
 
snacks however are prepared mostly from a carbohydrate source with fat from coconut
 
milk and very little protein.
 

Up to about 2 year the child depends for its food on what the mother
 
knows and considers good for him; he is in the stage of the passive consumer. 
At
 
about 2 
year he becomes active and is allowed and is taking his part of the adult
 
food. lie 
adapts very soon to the spicy and hot foods. 
 His food becomes much
 
better and accordingly morbidity and mortality due to protein calorie malnutrition
 
and vit. A deficiencies improve very much.
 



The improper food management of the young child is clearly caused by
 

ignorance of the mother; it is not so easy to overcome this ignorance.
 

ATTITUDE TO ILL-HEALTH AND SICKNESS
 

Illness is usually brought too late to the doctor's attention; usually
 

the man has worked himself up to the point that he is really sick and even has to
 

lay down. This is because, it is considered childish to complain of sickness.
 

This attitude is dangerous for the sick child. In the case of malnutrition, they
 

are brought in an advanced stage of kwashiorkor and xerophthalmia. The mother does
 

not recognise the earlier stage of the diseases, especially if living in a poor
 

area. This was a very typical finding among the thirty cases of hemeralopia found
 

in families living in a poor alley. When asked, why the children were not brought
 

to the clinic earlier, the mothers gave the surprising answer: "But all th'_
 

children here are the same".
 

There is certainly not a conscinusness of good health among these people. 

The high morbidity and mortality among the age group 6 months - 2 year is accepted 

as normal. They will not consider it strange if from 5 to 6 live births half of 

the children have died as a toddler. 

The facts mentioned about improper food management and the attitude to
 

illness and death are caused by ignorance. But in combatting these shortcomings
 

we would not succeed very much if people do not possess a certain level of general
 

knowledge/education. They should also know much more that is how life should be

as it is found better environments of living, which they should regard as the
 

standard of normal life.
 

POVERTY
 

Poverty, next to ignorance, is the greatest barrier for achieving im

provement. This is particularly true, when we want to improve the food of the
 

population.
 

In the village, rice, vegetables, fruit and in the proper areas also
 

fresh fish, for the daily food is acquired from the surrounding fields. The house

wife goes to the market to buy salted fish, salt, sugar, tea, and coffee and spices.
 

Here also is bought the tempe and the ontjom (earlier mentioned) which
 

are much liked and which are produced locally even in the remotest villages.
 

Canned and other technological food products, which have been produced centrally
 

in a city/town, become expensive because transportation facilities are low.
 

According to this marketing condition, the policy in Indonesia to
 



medical electronics, nursing requisites and nutrition.
 
The nutrition division has been researching food since the mid-S0's. 
 It
 

built a pilot plant to produce eviscerated-fish protein in 1961, and converted it to
 
full-scale production five years later. 
 Another land-based factory in Sweden began
 
producing large quantities of the fish protein early this year. 
At the same time,
 
a 25,000-ton ship was converted into a floating protein factory.
 

EFP Top-Quality Protein 

FFP meets new quality concepts. It will not offend anyone's food sensi
bilities. The product has 92-9406 protein, with a solvent residue less than 100 ppm
 
and as low as 50 ppm. 
It is produced on the factory ship virtually from live fish,
 
with processing equipment that meets dairy sanitation standards.
 

With its superior quality, EFP is expected to command a price at least
 
20% higher than the price of protein from whole fish. 
 Higher price is indicated by 
the fact that it takes 8 lb. of fish to produce 1 lb. of EFP. Only 6 lb. of fish 
is required for 1 lb. of FPC from whole fish. The latter is only 81-82% protein
 
compared to more than 90%0 for EFP 90 (Astra's trade name).
 

"EFP undoubtedly will be protein buy
the best in the market on the basis
 
of protein yield." 
 That is the opinion of a Nabisco-Astra executive. It is better, 
for example, to pay say 50c/lb. for a 94% protein than 30c/lb. for a 40% protein.
 

EFP can stand on its own in nutrition values, as can be seen from the
 
table comparing essential amino acid content of EFP with casein, egg and beef. 
If
 
used alone as a protein enriching ingredient, EFP comes close to meeting all amino
 
acid requirements. It 
even exceeds some of those requirements. The combination of
 
EFP and soya flour gives even better than recommended amino acid levels.
 

Added to EFP's nutritional values are the very important attributes of
 
being tasteless and odorless. 
 It also is quite stable when stored in a cool dry
 
place. 
And shelf-life of products containing it are determined by other ingredients
 

rather than by the protein.
 

Nor is that all. Important functional values likely will be engineered
 
into the protein. Such being pursued researchare in the laboratories of both 
Nabisco and Astra. 
 This research can make a major contribution to the performance
 
of the ingredient by achieving properties such as wettability, solubility and whip
pability, as well as crumb structure, or texture. 
EFP is free of grittiness as
 
produced, and it 
can be used as an ingredient even in soft candies.
 



FACTORY SHIP M/S Astra that produces EFP from "live" fish is converted 25,000-ton,
 

20 silos hold 12,000 tons total of finished product, which is
600-ft whaler. Its 


Ship has crew of
transferred by pneumatic conveyors to bulk carrier every 35 days. 


160. 	 Eleven satellite trawlers, with landing capacity of 200,000 tons annually,
 

Ship takes process to source of raw material.
bring fish to the floating factory. 


110W FI COMPARES NUTRITIONALLY 

(Essential Amino Acid Content Expresscd in Grams per 16g Nitrogen)
 

Animal Ingredients Vegetable Ingredients
 

Astra
 
Corn Cottonseed
Amino Acid FAO Std. EFP90 Casein Egg Beef Wheat Soya 


8.1 7.2 8.4 2.3 6.3 2.8 4.4
Lysine 4.2 9.8 


8.8 8.4 7.2 7.7 13.0 5.9
Leucine 4.8 8.5 10.1 


3.2 5.3 4.6 3.8
Isoleucine 4.2 5.1 6.6 5.7 5.1 


2.2 3.6 3.1 3.8 2.3 1.4 1.3 1.8 1.4
Methionine 


Phenylalanine 2.8 4.6 5.4 5.7 4.0 4.8 4.8 4.4 5.2
 

5.3 4.0 2.9 3.8 4.0 3.6Threonine 2.8 5.1 4.3 

1.1 1.3 0.6 1.2Tryptophane 1.4 1.6 1.3 1.3 1.1 

6.2 7.4 8.8 5.7 3.9 	 5.2 5.2 4.9Valine 4.2 

Challenging Opportunities
 

EFP has excellent potential in developed nations as an ingredient in
 

Among such foods may be snacks, meat
foods for which protein enrichment is desired. 




Process Is Sophisticated
 

Innovations in the EFP process were developed by Astra researchers. Then
 

efficient, sanitary equipment to carry out the various steps of the process was
 

built-4mostly by Alfa Laval in Sweden, with other firms making important contribu

tions. Alfa Laval is world-famous for its advanced dairy processing equipment.
 

Equipment is made of stainless steel to resist corrosion and prevent
 

metal contamination of product. It is designed to avoid places where bacteria can
 

build up. And it is arranged for efficient in-place cleaning.
 

The major process innovation, evisceration, is performed mechanically by
 

equipment for ,hich patent application has been made. Bone also is mechanically
 

separated from the fish.
 

To avoid an explosion hazard, apparatus containing solvent, or its vapors,
 

is ventilated over inert-gas condensers. And means of rinsing with nitrogen or
 

blanketing with carbon dioxide are provided where sparks could ignite an explosive
 

atmosphere.
 

Operations Step by Step
 

Steps in the preparation of the fish and the extraction of fat are il

lustrated in the flow diagrams. Eviscerated fish are cut into segments, washed to
 

remove viscera and blood, pulped in water, and boiled. Then the material goes
 

through a deboner, a desludging centrifuge, a hot-water treatment and a second
 

centrifuge.
 

Now it enters a continuous extractor where neutral fat and phospholipids
 

are dissolved out. The fat solvent flows counter-current to the fish pulp through
 

the extractor, and it is centrifuged on discharge to clarify it for return to the
 

recovery plant. Protein material from the extractor goes into a tank where solvent
 

is added, then it is centrifuged to separate the solvent for reuse in the extraction
 

process. Now the fish pulp passes through a steam-heated agitating desolventizer
 

where any remaining solvent and odorous substances are removed. Drying in a steam

heated unit, milling, and bagging of finished protein complete the operation.
 

Fat solvent used in the process is isopropyl alcohol. The extracting
 

agent is removed from the fats by boiling off in an evaporator, then is deudorized
 

and concentrated.
 

Patents covering process arrangement, method, and apparatus have been
 

applied for in most industrialized countries and fishing nations.
 

Astra considers some of the earlier fish protein concentrating techniques
 

to be superficial and incomplete. Successful production of FPC involves many
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to make protein concentrate is followed by centrifug

ing. desolventizing, drying, and bagging. 

These had to be solved by well
 
intermingled biotechnical and biochemical problems. 


coordinated research and development, technical 
studies, knowledge of advanced
 

techniques in chemical processing equipment and 
construction, and experience in sea
 

fishing on a large scale.
 

Successful processing requires continuous operations 
carried out at the
 

Continuous checks must be made on
 
lowest possible temperatures for best quality. 


And continuing analysis
 
the purity and concentration of new and distilled 

solvent. 




for bacteria, on both material being processed and finished product, is required.
 
Still other factors in successful processing are minimizing loss of
 

solvent, automatic process control, centralized supervision, and high standards of
 
sanitation.
 

In its land-based operations in Sweden, Astra has produced the high-qualit.

protein from herring, which are in good supply in Scandinavian waters. And having

used fat fish, the extraction process has demonstrated good capability and versatilit
 

FDA has recognized only hake as raw material for producing fish protein

for human consumption. Canada, however, approves herring and similar fat fish such
 
as pilchards, sardines and anchovies.
 

Develops Products, Markets
 
National Biscuit Co. had for some time been seeking a way to help relieve
 

the world protein shortage. 
 It found the answer in Astra and its high quality

protein from eviscerated fish. So Nabisco-Astra Nutrition Development Corp. was
 
set up on a 50-50 ownership basis. 
Astra is producing the protein, and Nabisco is
 
developing products enriched with it and market testing those products.
 

The big challenge to Nabisco is to develop protein-enriched foods that
 
are compatible with the eating habits, tastes and pocketbooks of potential markets
 
in developing nations. Furthermore, these products are preferably made primarily
 
from raw materials indigenous to the area involved.
 

To date, Nabisco's RCD lab has 
come up with 34 potential protein-enriched

foods for developing countries. These incorporata EFP at an average level of 20%.
 
Now the company is appraising the food habits in potential markets so as 
to refine
 
the products to suit ethnic tastes. 
 Quite a variety of foods have been developed,

ranging from pasta to meat analogs, and including sandwich spread, cookies and
 
crackers.
 

17 marketing such foods, Nabisco will approach a market as 
a whole. It
 
wi ero 
 .iui any one group of people. 
The last thing it wants to do is create

the image of a "poor man's food" for any product. That would very seriously impair
 
acceptance ; ,ng hose who need it most.
 

N ne of the EFP-enriched 
 items is on the market yet. But Nabisco hopes

to have a few representative products going by the end of this year. 
Some research
 
projects are nearing a conclusion.
 

There is real urgency behind this project. Protein is seriously short now.
 
And the equivalent of another world in terms of population will develop in the 35
 
years between 1965 and 2000, with population doubling from 3 
billion to 7 billion.
 



Developing Markets
 

Highly experienced in international operation, Nabisco is approaching
 

potential markets cautiously. It is exploring possibilities through classical
 

market research techniques. Actual product samples are handed out to determine
 

consumer reactions and preferences as precisely as possible. The researchers will
 

find out which type of product will be bought by the greatest number of people with
 

the greatest frequency. Local market research organizations and local people are
 

utilized when feasible.
 

In its moves to introduce popular, low cost, protein-rich foods in the
 

nations that need them most, Nabisco will work with any organization that can help.
 

It is utilizing the cooperation of UNICEF, FAO, the U.S. State Department (in

cluding AID), and businessmen in developing countries.
 

Astra Researches Uses
 

Research by Astra has shown cereals and bread to be suitable for EFP
 

enrichment. Addition of 5% fish protein to flour brought bread protein content
 

from 11 to 15%. A strong enrichment effect is attained even in the presence of
 

reducing sugar. Enrichment of hard bread has given a nutritional value equivalent
 

with casein.
 

A critical test is the use of the protein in faffa, an Ethiopian baby
 

food. Faffa with powdered milk or fish protein as the sole source of animal
 

protein is being tested in a study of child growth. Tests also are under way with
 

gruel containing fish protein, and with enriched foods integrated into a complete
 

diet.
 

Top executive of Nabisco-Astra Development Corp. is Per E. IHoel, who 

also is head of Astra Nutrition U.S.A., Inc. (marketing firm for EFP 90) and who 

serves as vice-president of Astra Pharmaceutical Products, Inc., Boston. Executive 

Vice-President of Nabisco-Astra is Harry J. Watson, National Biscuit Co., New York
 

City.
 





WHERE IT ISMOST NEEDED
 

Some reflections on the world food situation
 

From Naarden News, U.S. Edition, November 1968, volume 19.
 

The world food supply problem has formed the subject of many, many publi

cations.
 

Our motive for adding to the flood of words which have been poured out on
 
the subject lies in a report from Mr. Du Mee of Naarden-India concerning the group's
 
share in 
a project aimed at making the residue of groundnuts after pressing--a sub
stance rich in proteins--suitable for human consumption. 
 We are indebted to Ir. B.
 
J. Grootenhuis, Head of Development of Naarden, for the 
use of documentary material
 

which provided a background to the report, and for his views on 
its interpretation.
 

We are often reminded that the world population is increasing by something
 
like 180,000 every day, a development which, through the years, has caused many to
 

exclaim anxiously, "where will it end?"
 

The answer to tha.t question lies in a twofold realization: the growth of
 

the world population is at presen, exponential, and we cannct go on indefinitely with
 
an exponential growth curve. 
 Among the theories which match this standpoint is:
 

Exponential growth is characteristic of a transitional phase between two situations,
 

in which birth rate and death rate are in equilibrium. Improved standards u- living
 

and advanced medical c re have resulted in a fall in the death rate; the birt.. -'ate,
 

however, has remained constant and the result is a disturbance in the population
 

balance. Such temporary disturbances--although they may span several generations-

haye occurred previosly in Man's history, but never on the present scale. 
 According
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to current predictions, the optimal family size--and, thus, the optimal birth rate-

will adapt itself to the new situation one or two generations hence and will then
 

diminish (see Fig. 1). In the meantime, however, the phase of exponential growth
 

has become a.fact (see Fig. 2), and, since this cannot be erased, the level of po

pulation at the outset of the new situation of equilibrium will be substantially
 

higher than the present level. Futurologists differ fairly widely in their estimate
 

of the absolute value, however analysis of these estimates for the year 2000 gives
 

a minimum of 6,000 million and a maximum of 8,400 million.
 

Feeding the hungry mouths
 

Aiways there is the problem of feeding all these hungry mouths. The
 

experts are divided on the question of how this can best be achieved, one group
 

being convinced that new, unconventional sources of nourishment ("artificial meat") 

must be tapped if the world's population is to be fed, while another group--equally
 

expert--is of the opinion that intensification and expansion of present methods of 

providing food will more than meet the anticipated rise in demand.
 

For so urgent a problem as this, discussion wor.d appear to be the least
 

desirable course. Here, more than anywhere, there is a case for adopting one of
 

the alternatives while not discarding the other.
 

The most pressing problem at the moment is one of economic barriers and
 

distribution facilities rather than xood production. Under present conditions there
 

is a lack of food production in areas where it is most urgently needed, namely the
 

developing countries. The result is A vicous circle with fatal consequences. The
 

countries concerned are too poor to ,importsufficient food; their peoples are under

nourished, so their physical output is limited; production consequently lags, the
 

national income is inadequate ... and the circle is completed.*
 

In recent years more and more voices have been heard clamouring for
 

fresh efforts to break this circle, since it has been shown that food shipments, 

even as gifts, are not in themselves a solution. Calculations show that, in order
 

to bring living standards throughout Asia to the present level enjoyed in Japan
 

(which it itself only about one-quarter of the level in western Europe), it would
 

*) Research has produced more and more evidence to show that "indolence" 

and lack of intelligence in many under-developed areas is in all proba

bility attributable to protein deficiency uuring infancy, as a result of
 

which brain development is retarded.
 



The world food problem as It has been visualized at Naarden's ex~ocitiona 

be necessary to provide:
 

22,000,000,00.3 tons of potable water
 
82,000,000 tois of rice (more than half the world crop)
 

10,000,000 tons of wheat 
180,000,000 tons of vegetables
 

60,000,000 tons of fish
 

13,000,000 tons of meat.
 

Quite apart from the fact that supplies on such a scale are clearly not
 
feasible, this solution possesses the considerable disadvantage that it would dis
locate the economies of the countries concerned and undermine local food production.
 
The real solution lies in producing adequate amounts of food in all countries with
 
the means available there.
 

The possibilities 
Earlier studies of the problem have shown that, leaving aside incidental 

cases of acute hunger resulting from serious caloric deficiency, lack of protein is 
in most instances the primary cause of under-nourishment. Thus foods rich in pro
tein are the most important when dealing with the problems of hungry nations. Iron
ically enough, major sources 
of protein are available in many under-developed areas.
 
These are principally vegetable proteins (in soya, groundnut and cottonseed meal)
 
and fish proteins (in fishmeal). In addition, experiments now being conducted are
 
aimed at extracting protein substances from leaves, and the cultivation of microbial
 
proteins using crude oil as a basis. 
 Soya beans, groundnuts and cottonseed are
 
grown on a large scale in many developing countries, the vegetable oils extracted
 
from them being exported to richer lands.
 

The residual materials left after pressing operations are toxic and unfit
 
for consumption (often as a result of incorrect processing), and are usually employed
 
as soil fertilizers, or are even thrown away. 
Just how undesirable such practices
 



are may be gauged from the fact that, for example, groundnuts grown in India contain
 

sufficient protein to provide half the population of 560 million with a diet con

taining adequate amounts of this ingredient. Fishmeal presents an equally encourag

ing picture. Worl-i fishmeal production is now running at about 1 million tons
 

annually, sufficient to provide 650 million people with nourishment at the set
 

minimum standard. As it is, countries like Chile and Peru, where hunger exists,
 

export huge quantities of fishmeal of a quality well suited to human consumption to
 

the rich nations of the West at dumping prices. Much of the calorific value of the
 

meal is lost, for the importing countries ust it to feed pigs, the meat from which
 
does not go to still the hunger of the people whose dietary needs are the greatest.
 

In this, the Western nations are guilty of indulging in a luxury at thu double ex

pense of underfed peoples, and unless this situation is rectified it may well lead
 

to a catastrophe.
 

On the other hand, care must be exercised in considering the "inexhausti

ble supplies of food" which, many maintain, exist in the world's oceans. A single 

edible fish forms the last link in an extremely costly "food chain". For example, 

one kilogram of cod represents the fifth and final stage of a process which began 

with something like 50,000 kilograms of phytoplankton. It has been estimated that
 

the present yield of fish from the sea cannot be more than doubled, or at the most
 

trebled, without disturbing the biological balance in the oceans. The only alter

native would be to deliberately empty the oceans of fish and embark on the cultiva

tion of phytoplankton!
 

The problems of food production
 
Although, as already stated, potential sources of nourishment are "there
 

for the taking" in many underfed areas, innumerable technological, sociological,
 

psychological and political problems combine to create a situation in which these
 

sources are being tapped only very gradually. As we have said, the products which
 

form these sources are often regarded as waste matter; in the case of groundnut
 

residue, for example, this attitude may result in the formation of moulds, giving
 

rise to lethal aflatoxin.
 

Another important aspect is the need to organize large scale production
 

of such nutrients in the countries concerned and at very low costs. This is im

perative if these new sources of food are to be properly matched to the local eco

nomic system.
 

Among the greatest of all the problems concerned is that of presenting
 

such protein foods in a form in which the consumer will accept them. Psychological
 



considerations are of considerable importance in this respect. The marketing of
 

TVP (soya meat) in the affluent countries of the Western world is aimed partly at
 

eliminating later suspicions on the part of people in the under-developed areas
 

that they are being asked to accept inferior substitutes. Only when such types of
 

food have been fully accepted by developed nations will the remainder accept them.
 

Traditions
 

Similarly, it will be necessary to break down local traditions, which
 

are very strong in many of the countries involved. The peoples of Asia are rice

eaters by tradition and it will take a great deal to convince them that other,
 

equally worthy forms of nourishment exist. All too often we hear of allegations of
 

"irrational" dietary habits based on religious considerations on the part of the
 

peoples of the--materially--underprivileged countries. Vegetarianism and the
 

the cows typical example. Frequently,opposition to slaughter of in India is a 

however, "religion" is a form of experience sublimated over thousands of years, and
 

thus many "irrational" customs have a logical explanation.
 

Among these are the vegetarianism and protection of cows in India. In
 

all probability the people of that country learned at an eariy point in their history
 

that an animal calorie is very costly, requiring about seven times the area of land
 

needed to produce one vegetable calorie. After all, an animal is the last link in
 

a chain of processes in which thousands of calories are consumed; the plant, which
 

builds up its proteins directly from soil, light, and air, forms the initial link.
 

Many more mouths can thus be fed with a vegetarian diet; meat is a luxury which the
 

world as a whole cannot permit itself. Viewed thus, the "religious" diet of the
 

Indian becomes a custom based on purely practical motives.
 

As for the sacred cows, they largely eat foodstufds which are not suitable
 

for human consumption, e.g. indigestible grasses growing on 'landwhere nothing else
 

will flourish. These grasses are converted into meat, but also into dung, a vital
 

commodity in India, not only as a fertilizer but also as a fuel; indeed, such is
 

the importance of this type of "fuel production" to the local economy that its
 

cessation would have incalculable consequences.
 

The sacred cow thus also serves a purpose, albeit the importance of this
 

is diminishing rapidly in the light of modern technological developments. Neverthe

less, it will be anything but a simple task to banish customs evolved through 
thou

them with modern ideas in a few decades..sands of years of experience and replace 



The function of flavour
 

Hunger is the best sauce, people used to say (and some still do). 
 With
 
this pronouncement, the flavour of food, as a functional property, was given
 
secondary importance and made to look something of a luxury. 
 But this attitude is
 
rapidly giving way to one which could be summed up in the words, "Flavour sets the
 
stage for digestion". Among the effects of the flavour or aroma of a dish is the
 
stimulation of the digestive juices, and in this role it is indispensable for
 

efficient digestion.
 

It is against this background that the flavour industry has a part to
 
play in all "protein projects". Naarden, for example, is concerned with a groundnut
 
project in India, its role being to impart shape and flavour to proteins obtaining
 
from this 
source with a view to making them acceptable to the consumer as full
bodied foods. As already mentioned, one of the principal facets of this and similar
 
operations is an extremely low price.
 

The forms in which these sources of nourishment have been presented so
 
far are a "health drink", biscuits and toffees. 
 In addition, groundnut residue
 
has been reconstituted and given the shape of the original nut, and has been market

ed in salted or coated form.
 

Amonj the flavour types employed so far are nut (including almond),
 
orange and chocolate. 
Meat flavours do not, of course, lend themselves to these
 
applications. 
But in spite of all the efforts, the new edible products have not
 
yet found favour with the mass of the Indian people. Price and adherence to local 
tradition are the principal obstacles. However, it is confidently anticipated that 
these new foods will soon meet with the same degree of acceptance as their fore
runners, such as Incaparina in Central and South America, Pronutro in South Africa 
and Vicasoy in Hongkong, three types of food rich in proteins, made from local 

ingredients and selling fairly satisfactorily. 

Willingness by the affluent nations to invest in such projects to an 
adequate degree and on an economically warrantable basis will make it possible to 
restructure the mechanism of world food pyoduction in such a manner that sufficient 
quantities can be produced in the areas where they are required. 
This is the or ly 
alternative to playing into the hands of those pessimists who are predicting a food 
catastrophe in the coming decades, and with it a rebalancing of the world population
 
... not as 
a result of a declining birthrate, as postulated at the beginning of this
 
article, but as a result of mass death from hunger.
 



We can but hope that this contribution will focus attention on the exis

tence of large potential stocks of food, and on the fact that if the world is willing
 

and able to utilize these, hope is not lost. Even so, a great deal of hard work
 

will be required to develop the production of food where the need is greatest.
 





ORIENTAL FERMENTED FOODS 1
 

H. L. Wang and C. W. Hesseltine
 

Northern Regional Research Laboratory, 2 Peoria, Illinois 61604
 

For centuries the people in Asia have used fermented products made from
 

soybeans and cereals to add pleasure and variety to their vegetable and rice diet.
 

The preparation of these fermented foods, however, was a natural process and house

hold art. Americans and Europeans know little about these products and their in

volved technology. It was not until the late 1950's that studies on Oriental food
 

fermentation were begun in the United States at the Northern Regional Research
 

Laboratory and at the New York State Experiment Station, Geneva. Since then we
 

have conducted a modest research program on Oriental food fermentation. We have
 

examined the various processes from a scientific standpoint and applied modern
 

microbiological and biochemical principles to them, to their products, and to the
 

improvement of both. A few of these products with which we have had some experienc
 

in the laboratory are miso, hamanatto, sufu, natto, and tempeh. We have also
 

examined fermented foods for their nutritional value and for any mycotoxin con

tamination.
 

MISO
 

Miso is a Japanese food prepared from rice, soybeans, and salt. The
 

miso fermentation is a two-step process (1). The first step involves the fermenta

tion of rice with Aspergillus oryzae followed by fermentation of molded rice along
 

with soybeans and salt involving yeast and bacteria. Misolike products are also
 

produced in other countries of the Orient. The product has the consistency of
 

peanut butter and has the color and flavor of soy sauce. It is used widely for
 

adding flavor to a great many foods. In Japan, miso is used principally to make
 

soup with vegetables that takes the place of our hot cereals for breakfast.
 

1
 
To be published in Part I of Seminar on Protein Food Promotion,
 

November 22-December 1, 1970, Institute of Food Research and Product Develop
ment, Bangkok, Thailand.
 

2 This is a laboratory of the Northern Utilization Research and
 

Development Division, Agricultural Research Service, U.S. Department of
 
Agriculture.
 



HAMANATTO
 

A fermented whole soybean product known as hamanatto by the Japanese and
 

toen-si by the Chinese is also widely used. The cooked whole soybeans are coated
 

with parched wheat flour and inoculated with the mold A. oryzae (2). After 3 or 4
 

days of growth, the molded beans are packed into earthen jars with salt or other
 

spices, such as 
ginger slices, and then aged for a few months. The final product
 

is blackish in color and somewhat soft. Although it has its own characteristic
 

flavor, it has the taste of miso and soy sauce. 
 Again it is used to add flavor to
 

other.foods or eaten as an appetizer.
 

SUFU
 

Sufu or fu-ju is a Chinese name for a fermented product made from soy

bean curd (tofu) by the action of mold. Westerners often refer to this product as
 

Chinese cheese. It is 
a soft cream, cheese-type food that has a mild characteristic
 

flavor and salty taste. Traditionally, it is served as a relish. Sufu fermentation
 

consists of three steps: preparation of soybean milk and soybean curd, molding, and
 

brining (3). Actinomucor elegans, Mucor hiemalis, Mucor silvaticus, and Mucor
 

subtillissimus are the molds that 
can be used to make sufu having good quality.
 

Among them, A. elegans seems to be the best organism and is the one selected com

merciallv. The basic brine solution contains NaCl and wine. 
The added salt im

parts a salty taste to the product and also retards mold growth and growth of
 

contaminating microorganisms. In addition, the NaCl brine solution serves to elute
 

the enzymes from mycelia (4) which in turn penetrate into the molded soybean curd
 

and act upon the substrate protein. Other additives to give either color or flavor
 

are frequently incorporated into the brine.
 

NATTO 

In Oriental soybean fermentations, molds usually are the organisms used,
 

but natto is an exception. The bacterium Bacillus subtilis is the organism for
 

this fermentation (5). Cooked w'iole soybeans are inoculated with the bacteria.
 

After a day the product is ready to eat. Natto has a strong odor of ammonia, a
 

musty flavor, and is covered with a viscous sticky polymer produced by the organism.
 

Even though it is well known in Japan natto is not so popular and widely consumed
 

as other fermented foods.
 

TEMPEH
 

Tempeh is an Indonesian fermented soybean product. Unlike the other
 

fermented foods that usually have a very strong flavor and act as 
flavoring agents,
 



,tempehhas a very mild flavor and is consumed as the main dish. Tempeh fermentation
 

is rather short and simple. The process is carried out in almost every household in
 

From samples of tempeh we have received from Indonesia, we have isolated
Indonesia. 


and identified the mold Rhizopus oligosporus as the organism responsible for the
 

In preparation of soybeans for fermentation in the laboratory (6),
'fermentation. 


they are first soaked overnight so that the seedcoat can be easily removed by hand.
 

The soaked and dehulled beans are boiled, drained, cooled, mixed with spores of
 

a petri dish which is then inoculated at 30 C.
R. oligosporus,and then packed in 


At that time, the soybeans are bound together by mycelia and
 for 18 to 20 hours. 


yield a cakelike product. It is usually sliced into thin slices, dipped in salt
 

Fried tempeh tastes like shoestring or french fried
solution, and then deep fried. 


potatoes. We also found that tempehlike products can be made from wheat, barley,
 

,oats, rice, and their combination with soybeans (7).
 

NUTRITIONAL VALUE OF FERMENTED FOODS
 

From their experiences, the Orientals consider fermented soybean products
 

as nouiishing and easily digestible foods; the nutritional value of those fermented
 

foods, however, has never been adequately investigated. Not until the 1960's were
 

These studies showed that protein efficiency
a number of studies made on tempeh. 


ratio (PER) and digestibility of soybean protein were not improved by fermentation,
 

although the PER of mixed wheat and soybeans is increased by fermentation with
 

But let us look
R. oligosporus (8). All the studies emphasized the protein value. 


at these Oriental foods from another viewpoint.
 

1. The Oriental diet consists mainly of rice and vegetables which can be
 

rather bland. The strongly flavored fermented foods not only add taste to the rice

vegetable diet, but also through stimulating appetite contribute nutritional 
value
 

to people who may otherwise not consume enough food to meet their caloric 
require

ments.
 

2. Tests have shown that the vitamin contents of some of those fermented
 

foods greatly exceed those of unfermented soybeans (9, 10). This increase in
 

vitamin content has a great nutritional significance to the people of those 
coun

tries whose food industries do not enrich their foods with vitamins as we do in 
the
 

United States.
 

3. Most recently, we have found that the mold used in tempeh fermentation
 

produces an antibacterial compound (11). The compound does not have a wide anti

biotic spectrum, but it does inhibit the growth of many Gram-positive bacteria,
 

Similar
including some Clostridium species commonly found in the intestinal tract. 




antibacterial compounds are also produced by A. elegans and molds isolated 
from ragi
 

which are commercial starters for rice fermentation (12). It is well
 
and 1xeh-ytIeh, 


established that antibiotics in addition to minimizing infection also stimulate 
the
 

growth of animals particularly those whose diets are deficient in either 
vitamins,
 

Our finding that antibacterial
 proteins, amino acids, or other growth factors. 


compounds are produced by R. oligosporus and other molds used in Oriental food fer

mentation possibly offers a clearer understanding of the true value of 
tempeh in
 

the diet of Indonesians and perhaps that of fermented foods in the diets of all
 

Orientals.
 

ABSENCE OF AFLATOXIN IN FERMENTED FOOD PRODUCTS
 

Recently, aflatoxins have been found in agricultural commodities, espe

formed by certain strains of A. flavus, a relative
cially peanuts. The toxins are 


of the A. oryzae mold used in Oriental food fermentation. Some people have expressed
 

concern over the possibility of toxins in fermented foods. In addition to testing
 

strains of A. oryzae, we have also made tests for aflatoxins on extracts of mold

fermented food products and have found them all negative for aflatoxin (13).
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UNIVERSITY OF READING
 

THE DEPARTMENT OF FOOD SCIENCE
 

The Department of Food Science of the University of Reading, was esta

blished in October 1968 to continue and develop within a wider framework the acti

vities of the older University Department of Dairying. This came into being as a
 

professorial department in 1938 and was the first such university department con

cerned with foodstuffs (as distinct from agricultuie) in the United Kingdom; its
 

origins go back to the 1880's.
 

The Food Science Department is within the Faculty of Agriculture and
 

Food and works in close conjunction with other departments in this and other 

Faculties, and with research establishments such as the National Institute for
 

Research in Dairying.
 

The Department is responsible for teaching and research activities in

cluding:
 

- 3 or 4 year courses for the B.Sc. Hons. Food Science.
 

- Taught course leading to the M.Sc. in Food Science.
 

- Research leading to the MPhil or Phd. 

- Post-doctoral or other research projects. 

- Vacation courses. 

M.Sc. (TAUGHT COURSE) IN FOOD SCIENCE
 

This M.Sc. course was established in 1968; it is designed primarily as-' 

a conversion course to enable graduates in chemistry, biochemistry, agriculture or
 

veterinary science or other appropriate subjects, to study food science. A.two
 

year programme has been worked out to begin in October each year. The first or
 

qualifying year enables the student to follow courses in chemistry, biochemistry,
 

microbiology and other r-ubjects, chosen from the B.Sc. Hons. Course. Before admit

tance to the second year, students must pass a qualifying examination usually to

wards the end of the Summer term in the first academic year.
 

The second year or M.Sc. course proper- may be taken as a general cot 7se
 

or with the possibility of specialisation in one of three options, namely (i)daLry
 

science, (ii)food analysis and (iii) public health aspects (nutrition and toxi

cology) of food science. Under certain circumstances students with gOod honours
 

degrees in suitable subjects (eg.biochemistry) may be admitted directly into this
 

second year.
 



Throughout the two year programme emphasis is given to the importance of 

close connections between the agricultural (and fisheries) sector of a national eco

nomy and the conservation and utilisation of agricultural produce for food purposes.
 

Emphasis is given also to nutritional concepts and the contribution of the food in

dustries to national nutrition and public health programmes.
 

This report is concerned with the arrangements made in the session
 

1969/70 for a group of students in the qualifying year.
 



UNIVERSITY OF READING
 

THE DEPARTMENT OF FOOD SCIENCE
 

TEACHING STAFF
 

Professor and Head of the Department:
 

Francis Aylward PhD.DSc (Liverpool) F.R.I.C.
 

Senior Lecturers
 

F.H. Grimbleby BSc (Leeds) PhD (Reading) F.R.I.C.
 

R. Scott. BSc (Nottingham) PhD (Reading) MInstR.
 

Leverhulme Senior Fellows
 

R. Harper. MSc (Manchester) PhD (Reading) 

I.D. Morton. MSc (New Zealand) PhD (Cantab) F.R.I.C. 

Lecturers
 

E.C. Apling. BSc (London) MChemA F.R.I.C.
 

W.F. Harringan. BSc (Birmingham) PhD (Glasgow)
 

A.L. Lakin. BSc (Reading) MSc (Nottingham) A.R.I.C. 

J. Rothwell. BSc PhD (Reading)
 

RESEARCH WORKERS
 

Nestle" FoundationResearch Fellow 

J. McDowell. L.R.I.C.
 

Agricultural Research Council Grants 

D. Croker. BSc (Wales) MSc (Warwick)
 

Mrs. S.A. Caister. BSc (Reading)
 

J. Owen. BSc (Liverpool)
 

Sainsbury Centenary Fund
 

G.P. Jones. BSc (Wales)
 

G.H. Parsons. BSc (Hull) 

Sponsored by Overseas Governments and Agencies 

: R.G. Oyon. BSc (Cal.Poly)Government of Venezuela 
MSc (Reading) 

Greek State Scholarship Foundation: C. Pappas BSc (Athens) MSc (Reading) 



Government of Turkey :, O.C. Tekinsen. BSc (Ankara) MSc (Reading) 

Government of Thailand: N. Tongsiri. BSc (Bangkok)
 
Columbo Plan
 

M.Sc. COURSE - OUTLINE OF ARRANGEMENTS 

The programme can be considered in five sections:
 

(1) Study in the Department of Food Science.
 
During period 
 (2) Contacts with sc ientific and technical bodies.
 
October - June
 
(i.e. the (3) Day visits to research and industrial centres in Reading and 
academic year) Southern England. 

(4) Scottish Tour during the Easter vacation.
 
During period 
 (5) Eight weeks or more training in an industrial concern or other
 

July-September centre. 

Some details of (1) to (5) are given in the following pages but a few
 

introductory notes may be nelpful to explain the objectives. 

(1)Study in the Department The primary objective is to provide the student with a 
sound basis of chemical and physical principles and of aspects of biochemistry and 
mico-biology of importance in the understanding and practice of food science. 

(2) Contacts with Scientific Bodies Overseas students are encouraged to attend 
meetings of appropriate scientific and technical bodies and organisations, so as to 
establish contacts which can be maintained on their return to their home courtries.
 

(3) Visits in the Reading area and Southern England These visits arranged on a one
 
day basis during the academic year are designed to follow up (2) by providing an 
introduction to the food industries in Britain and to the relevant governmental
 
bodies and research organisations (see apprendix 1 and 2). 

(4) Scottish Tour A ten-day tour was organised during the Easter Vacation 1970 to
 
enable students to visit sereral industrial, research and educational centres in
 

Scotland.
 

(5)Industrial or External Training Arrangements were made for each student to
 
spend periods (Totalling approximately 8 weeks) in industrial concerns (factories or
 
laboratories) or in other centres outside the University. 
In arranging this exter
nal programme full account was taken of the type of work likely to be undertaken 
by the overseas student on his return to his own country. 



•STUDY AT THE UNIVERSITY
 

Summary of Time-Table
 

1. Autumn Term: October 3rd - December lth 1969
 

Couzce Hours/Week
 

Theoretical/Lectures Practical
 

1. Food Chemistry 2 4
 

2. Quality Appraisal
 

including Sensory 3
 

Evaluation and
 

Statistics
 

3. Food Physics 1 3
 

4. Food Microbiology 2 6
 

11. Lent Term: January 9th - March 19th 1970
 

1. Food Chemistry 1 3 

2. Quality Appraisal
 

including Sensory 3
 

Evaluation and
 

Statistics
 

3. Food Physics 2 3
 

4. Food Microbiology 1 6
 

iii. Summer Term: April 24th - July 2nd 1970 

1. Analytical Chemistry 3
 

2. Food Chemtstry Practical - 7
 

3. Food Microbiology 1 2 

4. Seminars -2'
 



Qualifying Examination Suwrmr 1970 

Paper A: Chemistry including Colloid Chemistry and 

Biochemistry. 

Paper B: Microbiology. 

Paper C: General, including: Physics, Quality Apprais 

Sensory Evaluation and various special topics 

NOTES
 

(1) VISITING LECTURERS
 

In addition to the above courses given by members of the staff of the
 
department, special courses were given by visiting lecturers (e.g. on fisheries).
 

(2) OTHER UNIVERSITY DEPARTMENTS
 

The M.Sc. qualifying year students are based in the Department of Food
 
Science, but arrangements were made for them to see something of the work of other
 
departments and institutes, within or associated with the Faculty of Agriculture and
 
Food of the University.
 

These centres included:
 
Department of Agriculture : University farms.
 
Department of Horticulture : University Horticultural Station.
 

The National College of Food Technology, Weybridge.
 
National Institute for Research in Dairying.
 

(3)LABORATORY COURSES
 

In the laboratory courses special efforts have been made to provide the
 
students with training in basic chemical and biochemical analytical techniques and
 
in basic micro-biological techniques which are particularly important to a food
 
scientist who on returning to his own country may have to assume responsibility for
 
the quality appraisal of products, and also for the training of junior technical
 
staff. 
In the second year of the course the laboratory techniques will be closely
 
linked to problems of food strage, preservation and processing.
 

(4)TUITION IN THE ENGLISH-LANGUAGE
 

Several of the overseas post-graduates had little previous experience in
 
following lectures in English. 
A special language course was initiated in the Autumn
 



of 1969 and continued throughout the Session- 2 hours, lecture and-2 hours practical
 

per week. Supplementary training was provided for some of the students.
 

CONTACTS WITH SCIENTIFIC AND TECHNICAL BODIES
 

The scientific meetings attended during the University year included
 

those organised by the Food Group/Nutrition Panel of the Society of Chemical
 

Industry on the effects of modern processing on the nutritive value of foods.
 

DATE 	 TITLE SPEAKER
 

October 8th, 1969 	 1. Influence on protein Dr. D.H. Shrimpton
 

quality of meat and eggs. (B.O.C.M. Ltd.)
 

November 12th, 1969 	 11. Soy protein synthetic Mr. J.A. Church
 

meat. (Spillers Ltd.)
 

December 10th, 1969 	 111. The effect of UHT Dr. J.W.G. Porter
 

processing and subsequent (National Institute
 

storage on the nutritive for Research in
 

value of milk. 	 Dairying) 

February 4th, 1970 iVa. The Nutritive value Dr. G.A.H. Elton
 

of Modern Bread. (Flour Millers and
 

Baking Industries
 

Research Assoc.) 

lVb. Contributions of the Dr. F.G.H. Lupton
 

plant breeder to the im- (National Institute
 

provement of wheat vari- for Agricultural
 

eties in British Agriculture. Botany)
 

May l3th,''1970 	 V. Eating sea fodd, Mr. H.W. Symons 

aesthetics and nutrition. (Birds Eye Foods. 

Some of the students attended other lecture
 

arranged by the S.C.I. and other bodies.'



EXTERNAL VISITS AND VACATION TRAINING
 

(a) 	 Reading and Southern England 

These visits included the following:-

GOVERNMENT AND LOCAL GOVERNMENTAL: 

DEPARTMENTS AND LABORATORIES 

INDUSTRIAL RESEARCH STATIONS 


INDUSTRIAL ESTABLISHMENTS 


(b) 	 Scortish Tour 

The 	visits included the following:-


GOVERNMENTAL AND GOVERNMENT 


SUPPORTED RESEARCH ESTABLISHMENTS 


Ministry of Agriculture, Fisheries and
 

Food.
 

Laboratory of the Government Chemist.
 

Ministry of Technology.
 

Tropical Products Institute '(Ministry of
 

Overseas Development)- centres in London,
 

Slough, Bucks. and Culham, Berks.
 

Borough of Reading Sewage Works.
 

Fruit and Vegetable Preservation Research
 

Association.
 

British Food Manufacturing Industries
 

Research Association. 

British Industrial Biological Research
 

Association.
 

Huntley & Palners Ltd., Associated Biscuits 

Ltd., Reading. 

H.J. Heinz Company Ltd., Hayes Park,
 

Middlesex.
 

A.P.V. Co., Ltd., Crawley, Sussex.
 

Hannah Dairy Research Institute, Ayr.
 

Rowett Recearch Institute, Aberdeen.
 

Torry Research Station, Aberdeen.
 

Marine' Biology Laboratory, Aberdeen.
 

(Department-of Agriculture for Scotland).
 



EDUCATIONAL CENTRES 	 University of Strathclyde, Department of
 

Food Science.
 

West of Scotland Agricultural College,
 

Auchincruive, Ayr.
 

INDUSTRIAL AND RELATED ESTABLISHMENTS Scottish Milk Marketing Board Creamery,
 

Stranraer.
 

Unigate Foods Ltd., Kirkmichael.
 

Unilever Research Laboratory (Colworth),
 

Aberdeen.
 

(c)Summer Vacation Training
 

The organizations listed below made training and other facilities avail

able for periods up to 8 weeks for the post-graduate students.
 

Beecham Products (UK)
 

Research & Development (Foods)
 

Slough, Bucks.
 

J. Bibby & Sons Ltd.,
 

Animal Nutrition Centre,
 

Willaston, Wirral, Cheshire.
 

Cadbury-Schweppes Ltd.,
 

Marlbrook Factory,
 

Leominster, Hereford.
 

Cliffords Dairies Ltd.,
 

Bracknell, Berkshire.
 

Co-operative Wholesale Society Ltd.,
 

Canning & Preserved Food Factories,
 

Lowestoft, Suffolk.
 

Express Dairy Co., (London) Ltd., 

- Central Laboratories, London. 

- Staplemead Factory, Frome, Somerset. 



Midland Counties Dairy Ltd., 

Birmingham. 

Unigate Foods Ltd.,
 

- Central Laboratories, London.
 

- Scrubbs Lane & Vauxhall Processing and
 

Bottling Factories (London) 

- Whitland, Carmarthen, South Wales. 



APPENDIX 1
 
FOOD RESEARCH CENTRES INTHE UNITED KINGDOM
 
RECEIVING SUPPORT FROM GOVERNMENTAL GRANTS.
 

Sponsoring Ministry 


or other official body 


Agricultural Research* 

Council (or equivalent 

body in Scotland) 


Ministry of Technology 


Ministry of Overseas 


Development 


University Grants 

Committee/ Department 

of Education & Science 


Centres controlled by 

Ministry 


Food Research Institute 

Norwich. 


Meat Research Institute 

Bristol. 


Torry Research Station 

Aberdeen, Scotland. 


Laboratory of the 

Government Chemist, 

London. 


Tropical Products Institute
 
(London; Slough, Bucks;
 
and Culham, Berks.)
 

Supported through
 
Ministry or related body
 

National Institute for#
 
Research in Dairying,
 
Shinfield, Reading.
 
Hannah Dairy Research#
 
Institute,
 
Ayr, Scotland.
 

RESEARCH ASSOCIATIONS
 
sponsored by industry
 
but with some financial
 
support from the State.
 
British Food Manufacturing
 
Industries
 
R.A. Leatherhead, Surrey.
 

Fruit & Vegetable Preserva
tion R.A.
 
Chipping Campden, Glos.
 
Flour Milling & Baking R.A.
 
St. Albans/Chorleywood.
 

British Industrial Biolo
gical R.A. Surrey.
 

Food Science Depts. at
 
Leeds, Nottingham, Strath
clyde & Reading. Food
 
Technology at U. of Reading
 
/Weybride (M.C.F.T.)
 

Some other agricultural research centres 
(e.g. Rowett R.I. Aberdeen, Long Ashton
R.I., Bristol; East Malling R.I., Kent) are concerned with food storage and other
 
problems.
 

The Dairy Institutes are concerned in part with food (as well as agricultural)

problems.
 



FOOD RESEARCH CENTRES INTHE UNITED KINGDOM 
CLASSIFIED BY COMMODITIES. 

PRODUCTS CENTRE SPONSORING 
MINISTRY OR 
AGENCY 

ANIMAL 
PRODUCTS 

Milk and 
Dairy Products 

National Institute for 
Research in Dairying. 
Hannah Dairy R.I. 

A.R.C. or 
equivalent. 

Meat 
Poultry 

Meat R.I. 
Food R.I. 

A.R.C. 

Meat Products B.F.M.I.R.A. Ministry of 
Technology 

Fish Torry Research Station Ministry of 
Technology 

PLANT CEREALS 

PRODUCTS Milling 

Baking) 

Flour Milling and Baking 

R.A. 

Ministry of 

Technology 

FRUITS & VEGETABLES 

(a) Canning ) 
Quick Freezing ) 
Dehydration j 

Fruit and Vegetable 
Preservation R.A. 

Ministry of 
Technology 

(b) Post-harvest 
storage 

East Malling R.I. A.R.C. 

(c) Fruit Juices and 
Cider 

Long Ashton Research 
Station 

A.R.C. 

(d) Jams and Pickles B.F.M.I.R.A. Ministry of 
Technology 

(e) Chocolate and 
Sugar Confectionery B.F.M.I.R.A. 

GENERAL Tropical Products Institute Ministry of 
Overseas 
Development 

GENERAL Both Plant and 
Animal Products 

Food Research Institute 
Laboratory of Government 
Chemist 

A.R.C. 

Ministry of 

British Industrial 
Biological R.A. 

Technology 

NOTE. 	The University departments are concerned with both plant and animal produce
 
and have specialised equipment and research programmes in different commodity
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INDICATIVE WORLD PLAN FOR AGRICULTURAL DEVELOPMENT
 

Nutritional Digest 

by
 

M. Autret and J. Perisse
 

Nutrition Division, FAO 

(original text in French) 

The following article singles out from the Indicative World Plan for
 
Agricultural Development (IWP) 
a number of food aspects of particular interest to
 
the nutritionist.
 

BASES AND ASSUMPTIONS
 

The study takes as a basis the food balance sheets for the years 1961-63
 
and establishes supply and demand projections for the horizon years 1975 and 1985.
 
Food demand targets for 1975 and 1985 are arrived at by econometric techniques (the
 
consumption function and coefficients of demand elasticity) and in the light of the
 
population and income assumptions of the model. 
Methods of establishing standard
 
diets capable of satisfying nutritional requirements at the lowest economic cost
 

are not considered.
 

Countries are classified into three groups:
 
A. North America, Western Europe, Japan, Oceania, Republic of South
 

Africa
 

B. U.S.S.R., Eastern Europe, mainland China
 
C. All developing countries (excluding mainland China).
 
For the world population trend the IWP adopts the average United Nations
 

assumption. 
The Zone C countries included in the study today represent over 1,500
 
million inhabitants, 60 per cent of whom are 
in Asia; this figure will be 2,200
 

million in 1985.
 

The importance of this population for the world's economic life cannot
 
be over-emphasized. 
During the period 1961-63, the agricultural .sector of the 
developing countries (excluding mainland Lhina) represented 30 per cent of the 
gross domestic product (GDP) plus 30 per cent of the total exports and directly
 
supplied the needs of two-thirds of the world's population.
 

During the period 1955-65, the gross value of agricultural commodities
 
in developing countries grew at the rate of 2.8% per annum, while for population
 



the figure was 2.6%-. The volume of food production grew by about three per cent
 

both in developing countries and in developed countries.
 

The per caput improvement in food production was 1.5% per annum in A
 

countries compared with 0.4% in C countries because of the smaller population growth 

in the former. (Food disparities between A and C countries have therefore simply 

increased.) 

The IWP assumes that growth rates for the gross domestic product in Zone
 

C countries will lie, according to the country, between 4.9% and 5.9% per annum
 

from 1962 to 1985 (whereas they varied between 3.8%and 4.8% over the last decade); 

growth rates in terms of gross value of agricultural production should be 3.2% to 

3.8% compared with 2.8% before. It is already known that growth rates in Asia and
 

Africa between 1963 and 1967 did not accord with the IWP's assumptions.
 

THE IMPLICATIONS
 

If agricultural production were.simply left to grow at 2.6 to 2.8% 

annually compared with the forecast 3.9% increase in demand, the supplies available 

for consumption in 1985 would be only 82% above the 1962 level while the figure for 

demand would be 142%. Assuming that imports could be relied on to bridge the gap 

in the underdeveloped world, this would mean, in monetary terms, an outflow of 

30,000 million dollars compared with four thousand million today- an unrealistic
 

assumption!
 

Local agriculture in Zone C must therefore manage to meet the demand,
 

and must thus increase much more rapidly from 1965 to 1985 than it did between 1955
 

and 1965. In fact, as the forecast growth rates between 1962 and 1967 did not
 

materialize, it may be affirmed that the average growth rate should rise from 2.6%
 

in 1962 to 4.2% now. 

In view of this, the IWP defines four major objectives for the countries 

of Zone C: 

1. To secure the food production required by a population which is grow

ing at a rate of 2.5 to 3% per annum and which has leeway to make ip,
 

2. To ensure-an improvement of the diet as a result of increased dem ad
 

and of the need to combat certain dietary deficiencies.
 

7 3..To earn and save foreign exchange for investment and 'capital formation

in non-agricultural fields.
 

.4.-To provide additional: employment by intensifying agriculture and set

ting up new agro-allied industries.,
 



Only the first two objectives will be considered here.
 

THE QUANTITATIVE FOOD PROBLEM
 

Countries in Zone A and Eastern Europe have calorie supplies of around
 

2900 to 3000 calories per day per person. Zone C countries and mainland China have
 

less than 2200 calories. For Zone A countries, consumption exceeds requirements by
 

15%. However, in Zone C Latin America has 9% more than it needs while the other
 

regions show a deficit ranging from 10% for Asia and the Far East to 5% for Africa
 

and 8% for the Near East. 

These averages obviously conceal wide inter-country differences. Thus, 

in Latin America, which is apparently in surplus, there are, side by side with 

countries that are greatly in surplus, twelve countries representing 48% of the
 

population of the region which have a deficit in excess of 10%.
 

How will this situation develop between now and 1985 if real per caput
 

income rises in accordance with the assumptions and if food supplies grow according
 

to the projected demand increase? (see Graph 1.)
 

In the countries of Zone A and Eastern Europe, the average calorie level
 

will rise little, not more than 5%. In a fair number of countries (North America,
 

Australia, New Zealand) it will not increase at all, but it will increase by 10% in
 

Southern Europe and Japan. In these countries, supply will match demand.
 

In the countries of Zone C, the calculated increase in average calorie
 

level will be around 10% between 1962 and 1975 and 9% between 1975 and 1985. On
 

this assumption, the average level of demand for the whole zone would exceed re

quirements by 4% in 1975 and by 13% in 1985.
 

This increased demand resulting from the increase in population and pur

chasing power will not be fully met by supply because of production constraints on
 

certain commodities (meat, fish, milk, animal fats and vegetable oils). Supplies in
 

1975 will be barely sufficient to meet, on average, the level of requirements in
 

Zone C.
 

Because of distribution inequalities between regions, countries, zones of
 

a country and socio-economic groups, much of the population will still be under

nourished in 1975. As the population will have grown from 1,400 million in 1963 to
 

2,000 million in 1975, it is probable that, even though the proportion of under

nourished human beings will have diminished, the absolute number will still be what
 

it--is today. If even this figure is to be reached in thirteen years, a.52% increase
 

in overall calorie supplies will be necessary.
 



In 1985, to achieve the proposed targets, calorie supplies should have
 
reached an index of 209 (i.e. over double in 23 years); the level of calorie sup
plies would then be 10% 
over requirements.
 

Theoretically, this safety margin should meet the requirements of the
 
majority of countries. 
 Here again, however, about ten countries (the Andean zone
 
and the arid regions of Africa and the Near East) will probably not reach or will
 
only just reach the level of requirements because of the inter-country distribution
 
and the disparity between socio-economic groups. 
At the same time, overpopulated
 
areas 
in Asia will not be safe from regional or seasonal deficits.
 

Thus, while the hunger problems will not be solved in 1985, the size of
 
the deficit zones will at least be much smaller and will be reduced to proportions
 
which could easily be tackled by efficient international aid.
 

THE QUALITATIVE FOOD PROBLEM
 
How can the quality of the diet, its protein content and nature be
 

varied during the period of the IWP?
 
Developed countries have a daily intake of around 85 g. of protein and
 

developing countries 50 to 70 g. (average 57 g.) 
while some of them, especially in
 
central Africa, have hardly more than 40 g. 
Disparities in animal protein supplies
 
are even greater. Whereas available supplies range from 40 to 60 g. daily in rich
 
countries, they are only 5 to 25 g. per day in developing regions (avarage 11 g.).
 
In developing countries as 
a whole, vegetable protein therefore represents 81% of
 
the protein intake, cereals alone 57% and pulses, oilseeds and nuts 17%. 

According to FAO _/projections ( see Graph 1 ): 
- in the countries of Zone A, the total protein intake, which was al

ready high in the base period, continues to rise and is increasing
 
from 85 to 92 g. This is due, despite a decline in vegetable protein
 
intake, to the strong increase in demand for animal protein from 45 g.
 
per person per day in 1962 to'55 g. in 1985. 
 Thus, the percentage of 
animal protein in relation to total protein will rise from 70 to :2% 
in North Amprica and from 48 to 57% in Europe; 

- according to IWP data for the countries of Zone C as a whole (see
 
Table 1), calorie supplies will rise from 2133 to 2477 and total
 

'Agricultural Commodities--Projectionsfor 1975 and ]985, Volumes I and
II, FAO, Rome, 1967. ....... .
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Fig. I CALORIE AND PROTEIN INTAKES BY FOOD GROUPS DURING THE" PROJECTED PERIOD (1962-75-85) 
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ARALYSIS OF FOOD SUPPLY AND DEMAND IN ZONE CTable I 


Pepulation (inmillfIone) 1975 1285 

total atuy 1982 - -rosed Poose 

lano C countries Prolcted Dunand Projesed Po Onaed P. 

19R: 114 11 7 Sepaly Calories Proteins Fats Dmand not Suply Proteins Fats D.and Not SuIpy Colorin Proteins Fats 

1975: IPA '115411 1' - r_ -
kg/year no/day girosday

kqjyesr no/da grass/day kg/yer ercent kg/,oar no/day grassday k/year percnt
1985: 2514 213 

Cereals: Rice 76.7 506 9.5 1.1 83.3 100 83.4 550 10.3 1.2 86.0 100 86.0 569 10.7 1.2 
Vheat 36.6 296 9.4 1.2 39.8 102 40.6 328 10.4 1.3 42.0 103 43.1 345 11.0 1.4 
Other 52.3 446 12.6 4.2 54.1 98 53.2 456 12.7 4.2 54.8 98 53.6 460 12.8 4.3 

Starchy products 65.9 160 1.9 0.4 67.6 100 67.4 164 1.9 0.4 68.2 100 67.9 164 2.0 0.4 
Sugar/sveets 20.4 199 0.3 - 24.0 100 23.9 234 0.2 .- 28.5 99 28.3 275 0.2 -
Pulses, cuts, seeds 20.8 173 9.8 4.2 22.8 100 22.8 189 10.6 4.7 25.1 100 25.2 208 11.8 5.2 
Vegetables 38.4 23 1.4 0.2 44.2 101 44.4 27 1.7 0.3 51.1 100 51.2 31 1.9 0.3 
Fruit 30.1 38 0.5 0.3 35.8 100 35.9 44 0.5 0.4 42.3 100 42.3 52 0.6 0.5 
Vegetal oils 3.9 96 - 10.8 4.8 100 4.8 117 - 13.2 6.2 97 6.0 147 - 16.6 
Misc. plant products 0.8 7 0.3 0.3 1.0 100 1.0 8 0.3 0.4 1.1 100 1.1 10 0.4 0.4 
Meat and products 12.1 71 4.6 5.6 14.2 90 12.8 75 4.8 6.0 17.1 82 14.0 81 5.2 6.6 
Eggs 1.1 4 0.3 0.3 1.4 100 1.4 6 0.4 0.4 1.8 94 1.7 7 0.5 0.5 
?ish/shellfith 5.6 10 1.7 0.3 7.2 92 6.6 13 2.1 0.4 9.7 75 7.3 14 2.3 0.5 
Milk & products, whole 35.9 66 3.4 3.9 44.6 79 35.4 66 3.4 3.8 55.5 70 38.6 72 3.7 4.2 
Milk& products, skin 8.5 9 0.9 0.1 10.9 I 90 9.8 10 1.0 0.1 13.9 73 10.1 11 1.0 0.1 
Animal oils and fats 1.3 29 - 3.3 1.5 j87 1.3 , 28 - 3.2 1.9 68 1.3. 31 - 3.5 

Nutritional Indicators: supply Nutritiona Indicators: huand Not 

1975 1985
192 1975 1985 1975 1985 


Calories: total 2133 2315 2477 2348 2554 99 97 
of plant origin 1944 2117 2261 2117 2267 100 100 
of animal origin 189 198 216 232 287 85 75 

Proteins: total 56.6 60.3 64.1 62.2 68.0 97 94 

of plant origin 45.7 48.3 51.4 48.9 51.5 99 100 

of an3al origin 10.9 12.0 12.7 13.3 16.6 90 77 
Pats: total 36.2 40.0 45.7 42.0 50.1 95 91 

of plant origin 22.7 26.1 30.3 25.7 30.2 102 100 

of animal origin 13.5 13.9 15.4 16.1 19.9 86 77 
Percentage of calories from cerealspstarchy products and sugar 75.3 74.8 73.2 73.7 71.1 
Protein/calorie ratio 10.6 10.4 10.4 10.6 10.6 

Cat/aloriee pratio 15.3 15.6 16.6 16.1 17.7 
Calories as percent of requirement 94.4 102.4 109.6 103.9 113.0 
Proteins supply as percent of requirement 93.2 99.3 105.6 102.5 112.0 



protein from 56.6 to 64.1 g., 
but animal protein supplies will in
crease only from 10.9 to 12.7 g. The percentage of animal protein in
 
relation to total protein will therefore increase only slightly and
 
will rise from 19.3 to 19.8%. Calories from cereals, starchy foods
 
and sugar as per cent of total calories will decrease slightly, pass
ing from 75.3 to 73.2%. Conversely, the fat colorie ratio will rise
 
from 15.3 to 16.6. These modifications in the nutritional indicators
 
agree with what is known of the effects of income on the structure of 

the diet .!/ 
according to projected demand, the protein calorie ratio remains con
stant at 10.6% for the whole of Zone C. On the other hand, when con
sidering the level of projected supply, it declines and falls from
 
10.6 in 1962 to 10.3 in 1965 owing, as will be seen later, to con
straints on the production of animal products. 
This decline is par
ticularly marked in Asia. 
The protein calorie ratio decreases from
 

10.3 to 9.9.
 

For Zone C as a whole, it is estimated that the supply deficit in rela
tion to demand will continue to get worse. The deficit will be about 2 g. of animal
 
protein per person per day in 1975 and will rise to 4 g. in 1985. 
 In other words,
 
on the assumption of constant prices, the supply leve" expressed in animal protein
 
will fall below demand level by 23% in 1985.
 

This deficit is considerable and represents 3,600,000 tons of animal
 
protein, or more than the consumption of animal products of the Common Market
 
countries in 1962 and the aggregate consumption of Africa south of the Sahara, Latin
 
America and the Near East. 
The targets, therefore, even if reached; do not satisfy
 
the nutritionist. 
The fact is that at the level of development of most of the
 
countries in Zone C, demand does not have a decisive effect on diet diversi fj.:ation.
 
In industrialized countries, when income rises the proportion of calories derived
 
from cereals, roots and tubers with respect to total calories decreases relatively
 
and even absolutely (Graph 1). 
 Indeed, for many of these commodities demand elasti
city isnegative (e.g. Europe and America). Hence, there is room in the diet for
 
other foods (sugar, fats and oils, animal products, fruits and vegetables) which,
 
through substitution, help to diversify the diet with no appreciable increase in
 

Perisse, J., Sizaret, F. and Francois, P. -Effect of Income on the
 
Structure of the Diet- FAO nutrition Newsletter, Vol. 7, No. 3,
 
July-September ]969.
 



calorie intake.
 

In certain countries of Zone C which reached a satisfactory calorie level
 
in the base period, this decline in the proportion of staple foods has already
 
started (Mexico, Argentina, Uruguay and Taiwan). 
 In other countries currently near
 
the level of requirements, the increase in demand for staple foods will be modest
 
and will reach saturation level, subsequently falling off slightly during the period
 

considered.
 

On the other hand, in the many countries with a low calorie intake level,
 
it is reasonable to think that, on the assumption of constant prices, higher food
 
demand will bear primarily on staple foods, which are the only ones 
capable of fill
ing the calorie deficit wt the least cost. 
 In such countries, the demand for calo
ries from staple foods as 
a group with respect to total calories will doubtless de
crease slightly in relative terms but will increase in absolute terms, as 
shown in
 
the graph for Zone C as a whole; this will limit the room left in the diet for sugar
 
and oils, fruits and vegetables and especially foods of animal origin. 
 Despite a
 
high demand elasticity for these prestige commodities, their initial share in the
 
diet is too small for this to result in a significant modification of the dietary
 

pattern.
 

Hence, at this pre-take-off stage of the economy, the dietary pattern
 
suffers from a rigidity that hampers the solution of malnutrition problems. 
 From
 
the particularly worrying point of view of protein, the staple foods 
are of major
 
importance in the demand perspective and remain the chief sources of protein. 
It
 
follows that in the projection period the protein characteristics of the diet will
 
be just as dependent on the kind of staple food as 
they were in 1962. In other
 
words, the protein inequalities and calorie/protein imbalances observed today will
 
persist. 
The forecasts are based on observation of past facts. It remains to be
 
seen whether demand in these countries can be influenced by nutritional education
 
of the consumer. 
In any case, such education would call for programmes of consider
able scope and its effect on demand levels cannot be calculated.
 

AN OUTLINE OF THE OPTIONS
 

The IWP foresees no major difficulties with roots and tubers, fruits and
 
vegetables and oilseeds. 
 The key to the solution will be found in:
 

a) increasing cereal production;
 

b) improving the protein quality of the diet.
 



a) Calories
 

If cereal production grew only at the rate of 3% experienced during the
 

1955-65 decade and imports continued as over the last few years (11% per annum in
 

Asia and 9% in North Africa and the Near :ast), 70 and 22 million tons of cereals
 

would have to be bought by Asia, North Africa and the Near East respectively to meet
 

their deficit, representing 7,500 million dollars in 1985. These are impressive
 

figures.
 

If cereal productivity remained what it has been to date, an extra 68 and
 

26 million would have to be placed under cereals in those countries by 1985, or
 

50% and 100% respectively more than today. Such areas do not exist in the already
 

overpopulated regions of Asia.
 

The only solution, then, is to increase yields. No one can be unaware
 

today of the promising results already achieved with the new varieties of hybrid
 

maize throughout the world, of dwarf wheat in Mexico, India and Pakistan, of rice
 

in the Philippines and of sorghum in India and Uganda, while numerous tests are
 

being carried out in many other countries. The solution to the calorie problem has
 

certainly been furnished by American researchers and the Rookefeller and Ford
 

Foundations. It therefore seems appropriate for FAO to have placed this task at
 

the head of its five areas of concentration. The eradication of undernourishment
 

from the world may be said to depend first and foremost on the progress in cereal
 

production expected of the new high-yielding varieties. This inevitably means the
 

employment of various technical and economic measures (inputs).
 

b) Protein Quality
 

It should first be noted that since cereals furnish an average of 57% of
 

the protein ration in developing countries, any increase in supplies will produce a
 

marked improvement in the protein ration, especially in maize and wheat countries.
 

In addition, once energy requirements have been met, or even before in some coun

tries, part of the land under cereals can be devoted to other essential activities
 

in order to diversify the diet, for example, pulses and stock breeding, apart from
 

the fact that some cereal production will doubtless be used for animal feed.
 

One solution, and probably the most efficient solution, to the protein
 

problem would be to replace some of the high-yielding cereals by varieties of higher
 

protein content (rice) or of better protein quality, such as the Opaque 2 and Floury
 

2 maize varieties and wheat varieties containing over 4% lysine, which have proved
 

suitable for the growth of animals and infants without any protein supplement. This
 



is undoubtedly the solution to the protein problem, especially as some of the new
 

varieties of high protein quality seem likely--without attaining the maximum yields
 

of the very high-yielding varieties--to exceed the yields from the traditional
 

varieties by an ample margin.
 

During the period considered, special attention should be devoted to
 
pulses, which contribute greatly to the calorie/protein balance of the diet in Latin
 

America and Asia. It is essuntial to develop high-yielding pulses, otherwise the
 

cyltivation of traditional varieties will be ousted by cereals of high productivity.
 

Similarly, measures must be taken to promote their consumption over and above the
 

demand perspectives.
 

Meanwhile, what of animal protein, which is the most sought after but 

which suffers the most from production constraints? How will its production develop? 

Annual growth rates in animal production, which were 1.5 to 2% in the
 
base period, should rise, in accordance with the IWP's targets, to 2.9% between 1962
 

and 1975 and 3.8% between 1975 and 1985. Even at these rates, Zone C would have to
 
import 8 million tons of meat and 34 million tons of milk in 1985.
 

To deal with the situation, two alternatives are proposed directed at
 

meeting the overall demand for meat by increasing the production of short-cycle
 

species (poultry and pork). This would produce an additional 850,000 tons of animal
 

protein provided- amongst other things- animal feed supplies were increased by 27
 
million tons.
 

With regard to fishery products, catches today amount to 60 million tons
 

and projected demand could reach 106 million tons in 1985, two-thirds of which would
 
be for human consumption and one-third for animal feed. It should be noted that the
 

potential from conventional sources (sea and fresh water) does not exceed 140 million
 

tons and costs will become extraordinarily high when the catch level approaches the
 
potential level. The 8% annual rate of increase in 1958-62 had already fallen to
 

5.7% in 1965 and the IWP has been able to forecast only an average annual growth
 

rate of 3.5% which, in 1985, will meet only 75% of demand.
 

At the rates of increase given in the IWP, the gap between supply and
 
effective demand will carry on widening; protein supplies, which would represent only
 

90% of demand in 1975, would be only 77% in 1985. Because of constraints on meat,
 

milk and fish supplies, the supply/demand gap would amount to 3,600,000 tons of total
 

protein in 1985 for Zone C and to 2,750,000 tons if the pig-poultry alternative
 

could be implemented. These constraints, which affect prices,'are therefore liable
 

to increase consumption inequalities.
 



In particular, the increase in supplies of milk and milk products will be
 

only just able to meet the increase in population, so per caput consumption will
 

remain stationary (see Table 1).
 

High-protein foods or food mixtures must be developed for the partial or
 

total replacement of milk in infant feeding. Subsidized supplementary feeding pro

grammes ensuring a fair distribution of milk according to the needs of young
 

children in the less well-off socio-economic groups must be established on a wide
 

scale and must go hand-in-hand with programmes to educate mothers. Failing these
 

measures, the incidence of infant malnutrition is likely to progress at a rate at
 

least equivalent to the rise in population.
 

The IWP also lays stress on the need to align demand with national food
 

production by suitable consumer information.
 

The function of food preservation, storage and processing is also amply
 

covered and an important place is given to new foods capable of partly filling the
 

protein deficit in human diet either directly or by use in animal production.
 

The protein deficit as established on a world, regional or national
 

basis, helps to define production targets. However, the margin between national
 

requirements and supplies does not show who has a protein-deficient diet or where and
 

when. The IWP is concerned primarily with supplies and production targets. Food
 

distribution between countries and the regions of a country according to season,
 

socio-economic group and age-group remains one of the most important problems even
 

when national supplies are equal to or higher than national requirements. It is
 

therefore necessary to identify the population liable to protein deficiency, their
 

numbers and distribution by age-group, socio-economic group and geographical area,
 

if it is desired to evaluate the size of the protein deficit and its location in
 

space and time and to determine where and how to apply curative and preventive
 

measures.
 

The IWP is a critical study of the food problem and of the lines to be
 

followed and means to be employed to solve it in the period 1970-85 if the reasonable
 

targets assigned therein for agricultural production and trade are to be achieved.
 

It is a unique and innovating international exercise in forward planning which
 

points the way to general national and international strategies.
 

The IWP demonstrates that the economic development of developing coun

tries will depend primarily on local agriculture and that the latter will depend,
 

first and foremost, on the attention and resources allocated to it by the countries
 

themselves.
 



Furthermore, the IWP stresses the role of agriculture in the creation of
 

financial resources for economic investment in the non-agricultural sector. However,
 

these resources will not be sufficient to ensure .the expected rate of growth and
 

must be amply supplemented by external aid and foreign investment.
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PROTEIN VALUE OF DIFFERENT TYPES OF DIET
 

INTHE WORLD: THEIR APPROPRIATE SUPPLEMENTATION
 

by
- / 

M. Autret, J. Perisse, F. Sizaret and M. Cresta
 

Nutrition Division 

FAO, Rome 

(original text in -French)
 

Experimentation on animals is generally used to determine accurately the
 

biological value of proteins in mixed diets; by appropriate supplementation it is
 

also possible to identify the limiting factor of protein efficiency. This method
 

is easy to apply when standard diets for animals are studied. Things are different
 

Here, in addition to the constraints inherent in experimentation as such,
in man. 


there is another difficulty- defining the representative diet of the population
 

under study.
 

Food intake, in fact, varies greatly as a result of numerous factors

ecology, ethnic groups, level of income, social environment, family size, consumer's
 

age, season, etc. Thus, there are many reasons why protein intake varies from day
 

to day, from place to place, from group to group and even among the consumers of the
 

same family. It is, therefore, difficult to gain an overall view of a country's
 

food intake and analyze its diverse features, and be certain that the results close-


It is the aim of our study to
ly correspond to the actual physiological situation. 


estimate, by theoretical calculation, the protein value of different types of diet
 

in the world and how they can be supplemented.
 

To this end, it is intended to identify the amino acids that are the
 

limiting factors of the diet, determine the protein score in relation to the proteins
 

of whole hen's egg taken as reference proteins, and to show the factors of variation
 

affecting food consumption.
 

National household food consumption surveys which would make it possible
 

to isolate the different factors and to increase the precision of the analysis, are
 

To grasp the protein problem as a whole, it
available only in very few countries. 


is therefore necessary to study food consumption at national level as it appears in
 

The second part of this paper shows how the results of certain
food balance-sheets. 1
 



consumption surveys complete these results.
 

I.METHODOLOGY
 

The study of the protein value of the various types of diet has been 

based on FAO food balance-sheets. It covers 84 countries with 60 per cent of the 

world population (excluding mainland China) (see Appendix I). Some of these balance
sheets are inprocess of publication. They have been drawn up within the framework
 
of the FAO study entitled "Indicative World Plan for Agricultural Development" and
 
are subject to modification. The study of food intake, by socio-economic groups,
 
season, age group, and day by day, is based on the results of food surveys involving
 

family groups or individuals.
 

The values referring to the amino acids composition of foodstuffs have
 
been taken from the FAO document to be published in 1969 and entitled "Amino Acids
 

Content of Food and Biological Data on Proteins".
 

In keeping with recommendations by the Joint FAO/WHO Expert Group on
 
Protein Requirements (1963), the protein score has been calculated with whole hen's
 
egg as the reference protein (1). This Expert Group did not adopt the essential
 
amino acid pattern provisionally proposed by the FAO Committee on Protein Require
ments (1955) and known as "FAO reference protein" (2). Some research had shown 
that the rates of lysine, tryptophan and sulfur-containing amino acids were probably
 
too high. Consequently, it is the combination of essential amino acids of whole
 
hen's egg, adopted by the Joint FAO/WHO Expert Group, that has been used for refer
ence purposes in this study. We shall return to this point in another paper to
 
see whether the problem can be defined in greater detail.
 

In this study, the chemical scores of essential amino acids and the
 
protein score of the amino acid that is the limiting factor of food intake have been
 
calculated according to the method of Block and Mitchell (3)2
 

The rate of protein calories 3 is calculated by using the conversion
 
factor 1 g of protein = 4 calories.4. Operative net protein utilization (NPUop) and
 
the calories derived from net dietary proteins in per cent of total calories
 
(NDpCal%), which we are going to call more simply the rate of net protein calories,
 
have been calculated on the basis of the protein score, in line with the suggestions
 

Miller and Payne. (4)(5)
 
Before analyzing the results, the methodological limitations of the study
 

should be stated. The food supplies given by the balance-sheets refer to big aggre
gations. For instance, wheat consumption is indicated globally but that of wheat
 



As a result, it is impossible
products (bread, semolina, food paste) is not listed. 


to take into proper account the changes proteins undergo in industrial or small

scale processing, or the effects of cooking, which may considerably modify the
 

availability of certain amino acids, lysine, for example.
 

By the law of averages, national balance-sheets indicate per caput con

likewise, seasonal varisumption per day, even for foods that are not eaten daily. 


ations or regional features of nutrition affecting and modifying the nature of the
 

diet cannot be taken into consideration. Thus, in calculating the protein score, a
 

The

supplementation is effected artificially which, in actual fact, does not exist. 


results are therefore approximate and, in our calculations, the values of primary
 

and secondary limiting factors are higher and more concentrated than they doubtless
 

are in reality.
 

II. PROTEIN INTAKE AND REQUIREMENTS
 

are arranged in seven groups, according to the
In Figure 1, the countries 


nature of their protein sources, and within these groups in decreasing 
order of
 

A cross in the diagram indicates
total protein intake in g per person and per day. 


The

protein requirements6 expressed in g of local proteins per person and 

per day. 


quantities of essential amino acids
7 of food intake are indicated by solid lines in
 

Dotted lines denote non-essential amino acids and non-proteinic nitrogen.
the figure. 


Protein intake decreases sharply as we pass from industrialized countries
 

with big consumption of animal products to countries of the equatorial 
regions where
 

roots and tubers are the staple food.
 
While


Protein requirements range from 83 to 51 g per person and per day. 


some industrialized countries enjoy a large margin of safety, 43 out 
of the 84 coun

tries under review show an average consumption level below estimated 
requirements.
 

These 43 countries total 900 million inhabitants. Considering unequal distribution
 

among socio-economic groups, it may be assumed that a considerable 
part of the po-


It will
 
pulation in these countries has quantitatively inadequate protein 

intakes. 


only be possible to know this if national household food consumption 
surveys become
 

available in most countries to show consumption levels by socio-economic 
groups.
 

It should be noted that the intake of essential amino acids shows 
very
 

prominent differences between developed countries and some developing 
countries.
 

Total protein intake in some tropical countries with roots and tubers as the staple
 

food is barely higher than the intake of essential amino acids 
in industrialized
 

countries.
 

Considering the difference in diets, the share of essential amino 
acids
 



in relation to total proteins is remarkably constant. It represents about 40 per
 

cent of total proteins (35 to 43) both in countries with a small protein allowance of
 

vegetable origin and in countries with a high protein allowance rich in animal
 

proteins (see Appendix I).
 

III. 	PROTEIN SCORE AND LIMITING AMINO ACID OF FOOD INTAKE BASED ON NATIONAL FOOD
 

BALANCE -SHEETS
 

The 	 different diets, as evidenced by the food balance-sheets, show great 
variety as to the nature of the foods consumed and the relative importance of these
 
foods. An effort has been made to class the countries in homogeneous groups with
 

main 	emphasis on the origin of protein intakes. Seven types of diet have been
 

adopted. The first type includes countries where protein intake stems mainly from
 

animal products. Types 2, 3, 4, 5 and 6 (wheat, millet and sorghum, maize, rice
 

and wheat + maize + rice) group the countries where protein intake is provided
 

mainly by cereals. The seventh type covers countries where roots and tubers play
 

a preponderant role. Within each group, the countries have been classed according
 

to the score of the limiting acid, in decreasing order.
 

A. Countries where Animal Products are the Main Source of Proteins, Table 1
 

The group (19 countries) comprises the countries with high monetary in
come in Western Europe, North America, Oceania and the River Plate countries with
 

large-scale animal husbandry.
 

In these diets, animal products (meat, eggs, fish, dairy produce) furnish
 
54 to 70 per cent of the proteins of food intake. Protein calories make up. 10.3 to
 

13.9 per cent of total calorie intake. The protein score is high and varies within
 

narrow limits (65 to 68). In nearly all cases, sulfur-containing amino acids are
 
the limiting factor of protein efficiency, but isoleucine shows a very close score
 

if it is not itself the limiting factor.
 

For the average Canadian diet, as reflected by the 1964 balance-sheet, 

Ballantyne and McLaughan have determined NPU experimentally in growing rats (6). 

The standard NPU value is 67, that is, a value identical to the protein score found 
here by calculation. The composition of this food mixture, analyzed by column chro

matography, shows that, compared with egg, the sulfur-containing amino acids are
 

the limiting factors, and that for the various amino acids the values found are
 
remarkably close to those obtained by us by calculation on the basis of the tables.
 

This confirms the validity of our estimates.
 

B. Wheat Countries, Table 2
 



FIGURE I - PROTEIN INTAKE AND REQUIREMENTS (g) BY 	COUNTRY, ACCORDING TO TYPE OF DIET 
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Table 1 - Countries having Animal Products as Main Source of Proteins
 

Cal. 

Prot. 
Tot. Cal. 
Prot.Ratio 

NDp 
NPU Cal. 
op % Iso 

Chemical Score 
Leu Lv MC Phen Tyro Three Trv Val 

Protein 
Sources in % 
A.P.WhetL 

N.Zealand 3490 109,4 12,5 59 7,3 68 91 98 68 81 84 79 77 70 68 23 1 
Australia 
Uruguay 2 

3140 89,8 
3140 109,4 

11,4 
13,9 

60 
56 

6,9 
7,8 

68 
L 

90 
90 

97 
97 

68 
68 

80 
81 

82 
81 

79 
77 

76 
75 

70 
69 

66 
67 

24 
25 

1 
2 

Canada1 3020 91,3 12,1 58 7,1 68 90 98 67 81 84 78 76 71 66 20 1 
Belg.Lux. 3040 85,3 11,2 60 6,7 67 89 88 L 81 80 75 76 70 54 33 2 
U.K.1 3280 89,0 10,8 60 6,5 a 89 92 U 82 81 76 76 71 60 26 3 
Sweden' 2990 82,7 11,1 60 6,7 68 91 99 U 82 85 80 76 74 66 24 1 
U.S.A.1 

France1 
3100 

3050 

91,2 

99,4 

11,8 

13,0 

59 

56 

6,9 

7,3 

70 

67 

92 104 

89 91 

§ 

66 

81 

81 

87 

81 

81 

75 

76 

74 

73 

71 

70 

56 

14 

30 

2 

2 
Austria2 2970 86,8 11,7 58 6,8 66 88 87 67 81 80 75 77 69 55 21 1 
Argentina 3040 

Oerm.F.R.1 2960 

97,9 

80,3 

12,9 

10,9 

57 

59 

7,3 

6,5 

66 

68 

89 
89 

93 

96 

68 

66 

79 

81 

78 

83 

75 

79 

72 

77 

67 

72 

59 

61 

30 

19 

1 

1 
Netherld. 2950 78,0 10,6 60 6,3 67 90 92 66 82 83 76 77 72 59 27 1 
Norway1 2930 81,3 1i,1 59 6,6 66 90 93 66 82 82 77 76 72 60 25 2 
Switzld! 

Ireland1 

3220 

3490 

90,3 

91,9 

11,2 
10,5 

59 
60 

6,6 
6,3 

66 
67 

90 
90 

90 
91 

67 
66 

82 
83 

83 
82 

75 
77 

76 
79 

71 
70 

57 28 1
60261 

Denmark' 3370 93,3 11,1 58 6,5 68 90 O 65 81 84 81 75 74 62 22 3 
Finland' 3110 93,9 12,1 57 6,9 0 90 92 83 83 77 76 71. 58 20 1 
Israel1 2820 84,2 11,9 57 6,8 1 86 77 69 82 75 69 72 69 43 42 5 

1 Food Balance Sheeta 1960-62, Rome 1966 A.P. - Animal Produots
 
2 Indicative World Plan, provisional 
 P. - Pulses
 

results in print 



Table 2 - Countries having Wheat as Main Source of Proteins
 

Prot. NDp Protein 
Tot. Cal. NPU Cal. Chemical Score Sources in 

Cal. Pro1. Ratio op % Iso LouLy MG PhanTyro Throo Tryp Val lheat A.P. Other 

Italy1 2730 79,6 11,7 56 6,5 § 87 75 67 82 75 69 72 68 44 37 416 

Hungary 3030 91,7 12,1 55 6,7 6 83 75 66 80 71 70 73 66 46 41 2L 

Poland1 3350 92,9 11,1 57 6,3 6 85 79 64 81 74 73 75 69 44 40 1OP IL 
Chile 2 2510 72,3 11,6 56 6,5 §1 85 76 65 81 72 69 73 65 44 37 7L 

Spain1 2800 76,7 11,0 56 6,2 62 83 73' 64 80 71 69 73 66 41 31 6b 

Greece1 2940 96,3 13,1 53 7,0 62 80 74 62 79 81 71 71 68 50 33 7L 
Romania 3155 97,3 12,3 54 6,9 62 89 70 62 79 81 72 69 67 42 31 17M 6L 
Afghan.1 2060 68,5 13,3 52 7,0 61 87 6O 64 78 79 68 68 67 53 22 14M 

Yugool.1 3030 94,0 12,4 53 6,6 61 90 63 66 83 72 66 69 65 52 24 9K 6L 

Iraq 2140 61,9 11,6 54 6,3 61 79 69 62 77 75 69 73 67 55 29 51. 
Lebanon1 2360 64,8 11,0 54 6,0 60 85 68 65 82 71 .66 70 65 50 24 101. 
Iran 2050 59,6 11,6 54 6,2 60 78 61 64 78 77 67 72 66 65 22 7R 3L 

Syria 2340 68,1 11,6 54 6,2 60 78 63 62 79 74 67 73 65 64 18 lOL 
Jordan1 2230 62,4 11,2 53 6,0 52 78 60 63 79 70 65 71 64 60 17 7L 

Turkey1 3110 97,5 12,5 52 6,5 59 78 60 62 78 76 67 68 64 66 16 6L 

U.A.R.1 2690 79,0 11,7 53 6,2 52 92 62 63 79 77 68 68 66 42 15 19K 8L 
Koroooo3 2170 61,6 11,4 52 6,0 58 83 61 65 81 75 68 75 66 65 18 14L 

1 	 Food Balance Sheets 1960-62, Rome 1966 * Including rye, barley, and oats 

2 	 Indicative World Plan, provisional L - Pulses 
results in print P a Potatoes 

3 Disponibilitis, beoin. et carenoes N - Maize 
alilnentaires au Maroo, INHA, Rabat, 
July 1966 R - Rice 

P.A.- Animal Products
 



Table 3 - Countries havin& illet and Sorghum as Main Source of Proteins 

Prot. NDp Prot.Souross in 

. 
Niger 

.. Cal. 
2160 

Tot. Cal. NPU 
Prot.Ratio _O 
78,2 14,5 52 

Cal. 
% 
7,6 

Io Leu LY 
6 110 66 

Chemioal Score 
NO Phen Tyro Three Tryp Val 
68 83 77 74 86 73 

millet 
Sorgh. 
65 

.P. 
18 

Other 
151L 8M 

Senegal 
Sudau2 

Oambia2 

2280 
2030 

2300 

64,5 
69,3 

60,5 

11,3 
13,7 

10,5 

56 
53 

57 

64 
7,2 

6,0 

6310671 
65 116.79 

62 10965 

64 
62 

64 

80 
85 

80 

76 
81 

73 

69 
75 

68 

75 
78 

77 

71 
73 

72 

31 
41 

39 

28 
33 

20 

13R 
14L 

25R 
Ethiopii 2040 68,8 13,5 53 7,1 62 99 72 65 85 72 73 76 70 450 22 18L 8M 
Tanzania 

U.Volt&2 

Chad2 

Mali2 

Nigeria2 

2100 

2020 

2180 

2120 

2180 

58,6 

69,9 

75,8 

64,3 

59,4 

11,2 

13,9 

13,9 

12,! 

10,9 

54 
51 

51 

52 

54 

6,0 

7,0 

7,1 

6,2 

5,9 

60 116 68 
60114 61 
61 119 64 

62 121 60 

5 105'62 

60 

60 
60 

63 

61 

82 

84 

84 

82 

81 

75 

74 

75 

74 

73 

71 

68 

69 

69 

69 

69 

74 

73 

76 

77 

69 

69 

70 

71 

68 

38 

56 

56 

55 

48 

16 

8 

16 

17 

9 

18L 18M 

27L 6M 

24L 

12L 

17L 17T 

Table 4 - Countries havingMaize as Mainsource of Proteins 

IS*Afrioa 1 2820 80,2 11,4 56 6,3 63 108 79 65 80 87 Maize77 62 69 39 
 39 14B
 
Mexico 2610 71,9 11,0 55 6,1 
 6310878 61 84 83 
 75 64 69 46 32 14L
 
Honduras1 2080 53,7 10,3 
 55 5,7 61 11073 60 81 83 72 60 70 43 23 12L
 
El Salv. 2030 56,7 11,2 54 6,1 
 62 119 71 60 85
Zambia2 2280 71,8 12,6 52 6,5 116 64 .84 

84 74 61 69 51 26 14L
82 71 61 68 40 14 21L
 
2
 

Kenya 2120 64,4 12,2 51 6,3 61 114 75 
 58 85 82 74 61 69 37 19 22L
Dahomey 2 2130 51,9 9,8 53 5,2 58 106 66 
 56 81 77 71 62 66 33 11 14L 21T 
Ouatem.1 2080 55,4 10,6 51 5,4 59 119 62 T 83 84 72 55 66 16
jXalawi2 2090 62,9 12,1 46 5,6 57 118 64 55 87 85 71 

60 8L
 
51 66 62 5 23L
 

0 inoluding teft 
1 Food Balance Sheets 1960-62, Rome 1966 B - Wheat X( Maize 
2 Indicative World Plan, provisional RL - Pulses
results in printR-Ro Rice 

T - Roots and tubers 

P.A. - Animal products 



The 17 countries of this group are generally situated in the Mediterranean
 

area, the Near East and Central Europe. In these diets, wheat and other secondary
 

grains (rye, barley, oats) are the main protein sources and represent 42 to 66 per
 

cent of total proteins.
 

Although consumption of animal proteins is markedly lower, the rate of
 

if not higher than, in the industrialized countries,
protein calories is as high as, 


ranging from 11.0 to 13.3 per cent. This good protein-calorie balance is mainly due
 

to the fact that fats, sugar and tubers (potatoes) have a less important place in
 

the diet than in the first group, while protein intake is much the same because of
 

The
the high wheat consumption. However, this protein intake is of lesser quality. 


protein score ranges from 58 to 63, depending on the country. It decreases as
 

cereals augment their share in food intake and the share of animal proteins declines.
 

Isoleucine is the primary limiting factor in the food intake of all these countries.
 

The score of sulfur-containing amino acids is close to that of isoleucine in the
 

countries at the top of the list where consumption of animal products and pulses is
 

relatively high, while lysine appears as a secondary limiting factor in the countries
 

classed at the bottom of the table in which protein intake stems mainly from grains.
 

C. Millet-and-Sorghum Countries, Table 3
 

It is of interest
These ten countries are in the Sudanese zone of Africa. 


that in these diets, despite a very low level of income, the rate of protein calories
 

is high (10.9 to 14.5 per cent) and bears comparison with that of wheat diets or
 

This is due to the fact that millet and sorghum are
of industrialized countries. 


rich in proteins, pulses are relatively important in the diet, and part of the popu

lation, the nomadic stock-breeders, eat quite big quantities of animal products (es

pecially dairy produce). The protein score is in general comparable to that of the
 

wheat countries (59 to 63). In most cases, isoleucine is the first limiting factor,
 

but sulfur-containing amino acids and lysine (when the effect of cereals 
receives
 

It should be noted that
slight correction by intake of pulses) are very close. 


leucine contributed in large quantity by sorghum shows a very high score.
 

D. Maize Countries, Table 4
 

The rate of
These nine countries are in Central America and Africa. 


(51 to 62) are lower than in
protein calories (9.8 to 12.6) and the protein score 


a lower rate of calories of protein origin
the foregoing diets because maize has 


and a lower protein score than wheat, millet and sorghum. Sulfur-containing amino
 

acids and tryptophan generally are the limiting factors, but isoleucine also shows
 



Countries having Various Cereals (Wheat, Maize, Rice)
 

Table 5  as Main Source of Proteins
 

Prot.Sources in % 
Prot. NDp Chemical Score Cereals, 

Tot. Cal. NPU Cal. C i cr whioh 
Cal. Prot.Ratio op % Iso Leu Ly MC [hen Tyro Three Tryp Valtot. D M R P.A. L 

Venezuela 2260 59,5 10,5 59 6,2 § 96 89 66 83 82 76 70 69 37 17 15 45 9
 

Colombia22210 53,5 9,5 59 5,7 65 101 90 §1 81 86 78 70 70 33 22 48
 

Surinam 1980 44,5 9,0 60 5,4 §4 89 79 67 81 75 70 74 72 51 22 2934 
1Costa Ric 2430 539 8,9 60 5,3 §1 94 83 81 78 73 71 68 34 14 11 34 

Paraguay2 2730 71,1 10,6 58 6,0 65 91 92 6 78 77 76 69 66 28 15 11 47 12 

Bolivia 1790 45,3 10,2 56 5,7 61 97 71 63 79 77 71 69 67 53 20 24 27 

Eouador2 1850 42,0 9,1 58 9,1 62 92 85 61 79 79 74 71 69 37 8 15 33 13 
Peru 2 2270 60,1 10,6 56 5,9 62 88 79 61 79 75 72 72 67 42 19 11 11 31 
Brazil 2830 69,6 9,8 55 5,4 63 93 86 5 81 76 74 70 68 36 11 13 31 25 

Table 6 - Countries having Rice as Main Source of Proteins
 

Rice A.P. Other 
Maloyeig 2340 52,1 8,9 61 5,5 6 89 81 66 80 75 72 77 74 39 30 13B IOL 

Philipp2 1870 43,8 9,4 60 5,6 §4 93 77 66 77 76 72 75 73 37 30 13N 5L 
Thailand2 2130 46,5 8,7 61 5,3 §4 89 73 65 78 73 70 80 76 61 21 9L 
Japan 2230 69,3 12,4 56 6,9 65 88 80 §4 88 75 73 79 73 34 23 liB 18L 

China Tai .2400 59,2 9,9 58 5,8 64 85 77 63 77 73 69 78 72 42 27 liB 12L 

Mauritius1 2330 47,2 8,1 61 4,9 §1 90 77 § 83 75 70 76 72 38 26 17B 

Ceylon2 2050 44,8 8,7 59 5,1 62 86 73 62 78 71 69 75 73 41 19 11B 16L 

Madagascar 2320 51,9 8,9 59 5,2 63 90 73 62 78 72 69 78 73 56 18 8T 9L 

Pakistan2 1940 46,5 9,6 58 5,6 62 88 71 62 80 76 69 76 71 37 22 22B IOL 
S.Korea2 2210 64,3 11,6 53 6,1 5 84 66 62 83 87 72 81 70 37 9 liD 6L 296r 

India 2 1980 52,2 10,5 53 5,7 61 93 70 8 85 73 69 72 69 22 10 15B 24L 
L - 1 1 16NS 

1 Food Balance Sheets 1960-62, Rome 1966 B a Wheat A.P. - Animal products 
2 Indicative World Plan, provisional M - Maize M3 - Millet and sorghumresults In print 	 L - Pulses or - Barley 

R - Rice T - Roots and tubers 



very close values. On the other hand, the leucine score is high because maize, like
 

sorghum, is very rich in this amino acid.
 

E. Countries with Various Cereals (Wheat, Maize, Rice), Table 5
 

These nine countries are in Latin America. Cereals as a whole are the
 

main source of proteins. Here, in contrast with the countries of the other groups,
 

grain consumption is more diversified at national level. Wheat, maize and, to a
 

lesser extent, rice are the staple grains, but their distribution within the coun

tries depends on ecological and ethnic factors. The protein score ranges from 59
 

to 65. Sulfur-containing amino acids or isoleucine, depending on the country, are
 

the limiting factors. Their values are always very close, while the score of other
 

essential amino acids is markedly higher. The rate of protein calories is close to
 

10, that is, an intermediate value between the wheat countries and the rice countries
 

of the following table.
 

F. Rice Countries, Table 6
 

These eleven countries are mainly in Southeast Asia. Isoleucine or methi

onine-cystine are the limiting factors and show very close scores.
 

In seven of these countries (Malaysia, Philippines, Thailand, Taiwan,
 

Mauritius Island, Ceylon and Madagascar) where rice is really predominent, the rate
 

of protein calories is low (8.1 to 9.9), but the protein score is relatively high
 

(62 to 65), higher than that of the wheat, millet-and-sorghum and maize countries.
 

But this qualitative
The explanation is that rice has a good balance of amino acids. 


advantage conferred by rice protein on the diet makes up only to a small extent for
 

its protein rate which is lower than that of the other cereals, with the result that
 

rice diets have a low rate of net protein calories.
 

In the other countries, rice is not a national staple food. It is'a
 

staple food in certain areas, while wheat, millet and sorghum, and barley are basic
 

foods in others. This applies to certain regions of India, Pakistan and Korea. It
 

illustrates the difficulties in determining the limiting factor at national level
 

when the type of diet closely depends on ecological conditions.
 

Although rice is the main protein source in Japan, the country has a high
 

protein-calorie rate (12.8), comparable to that of countries with animal products
 

and wheat. This is due to a decline of rice in favour of wheat and to big consump

tion of animal products and pulses, while the shares of sugar and fats are small.
 

G. Countries with Roots, Tubers and Plantains as Staple Food, Table 7
 

The nine countries of this group are in the equatorial zone of Africa.
 



Table 7 - Countries with low Protein Supply having 
Roots and Tubers as Staple Food
 

Prot. NDp 

Cal. 
Tot. Cal. NPU 
Prot.Ratio op 

Cal. 
% 

Chemloal 3oor. 
Iso Lou Ly MC Phen Tyro Threo Tryp Val 

Protein Source, in 
T. A.P. Other 

Gabon 2 2140 43,9 7,8 61505 _. 77 96 66 75 74 75 70 64 27 51 7L 

Ivory C.2 2300 52,2 9,1 57 5,2 6 94 70 62 79 78 70 69 68 23 20 19N 15R 

Ghana2 2160 48,6 9,0 56 5,1 52 91 75 62 78 77 71 72 68 32 22 13L 11N 13N 

Cameroon2 2130 54,5 10,2 65 5,6 2 104 66 61 81 79 70 72 68 17 18 24K3 16N 

Congo Br? 2130 38,9 73 58 43 5 75 84 60 72 73 69 70 64 28 38 15L l1D 

Uganda 2 2060 49,5 9,6 55 5,3 52 92 80 60 80 76 72 73 67 20 19 30L 

Togo2 2210 49,1 8,9 56 4,9 58 102 65 59 80 76 68 67 66 19 12 22L 22MS16N 

CA.R°2 2170 44,8 8,2 55 4,5 56 85 73 59 74 71 67 71 62 27 21 27L 12MS 

Congo K.2 1920 28,8 6,0 57 3,4 56 82 77 57 74 73 68 64 61 25 26 22L 14M 

2 Indicative World Plan, provisional R - Rice B - Wheat 
results in print 	 L a Pulses MS - Millet and sorghum
 

M a Maize A.P.° Animal product@
 
T - Roots &
 

tubers
 

Table 8 - Frequonoy or Limiting Factors 

Limiting ISo- Methie. Trypto- Threo-

Faotor leucine cystine lysine han. Valine nine 

Primary 55 39 2 4 

Secondary 27 30 7 2 6 

Tertiary -1 10 2 11 

85 79 18 10 52 11 

Table 9 - Orading of Diets
 

Type of Prot.Cal. Chemical NDp
 
Diet Ratio Score NPUop Cal. % Limiting Factor
 

Animal Products 10,5 - 11 1 65 - 68 56 - 60 6,3 - 7,8 M.C. Iso. Valine 

Wheat 11,0 58 - 63 52 - 57 6,0 - 7,0 Iso. M.C. Lys. Val. 

Millet, sorghum 1ii. 14,5 59 - 63 51 - 57 5,9 - 7,6 Iso. M.C. Lye. 

Maize ,,J- 12,6 51 - 62 46 - 56 5,2 - 6,5 M.C. Iso. Trypt. 

Rice .I,l- 1?,1 58 - 65 53 - 61 4,9 - 6,9 loo. M.C. Threo. 

Roots & tubers ;,0 - 10,2 56 - 63 55 - 61 3,4 - 5,6 Iso. M.C. Valine 



Starchy foods (roots, tubers, plantains) are the main source of calories but, in
 

contrast with the preceding diets, these staple foods play only a secondary role
 

in regard to protein intake because their protein content is low (taro, yam) or
 

very low (plantain, cassva). As a result, these diets based on roots and tubers show
 

a very marked protein-calorie imbalance. The rate of protein calories is mediocre
 

(less than 8) in countries with a strict tuber diet (Gabon, Congo-Brazzaville, Congo-


Kinshasa). It improves and approaches 10 as maize partly replaces tubers or in
 

countries with savannah areas where the population has millet and sorghum as staple
 

but not lower than that of maize diets.
food. The protein score is low (56 to 63), 


Isoleucine is the limiting factor of protein efficiency in all cases, with sulfur

containing amino acids and valine the second and third limiting factors, respectively.
 

IV. 	 GRADING OF DIETS 

In the above protein diets based on balance-sheets, isoleucine is the 

limiting factor 55 times, sulfur-containing amino acids 39 times, tryptophan 4 times, 

lists these data and shows that sulfur-containing aminoand lysine 	twice. Table 8 

acids and isoleucine also act as a secondary limiting factor, and valine and thre

onine as a third limiting factor.
 

Numerous investigations on animals show that lysine, methionin-cystine,
 

tryptophan and threonine really limit the protein efficiency of diets. By contrast,
 

isoleucine and valine generally are not regarded as having a particular role in this
 

field.
 

Therefore, it may be asked whether the protein of whole egg used as
 

reference protein does not result in over-estimation of the importance of 
certain
 

The frequent role of methionine-cystine as
amino acids, especially isoleucine. 


limiting factor of certain notoriously satisfactory diets leads one to ask 
the same
 

question in regard to sulfur-containing amino acids.
 

It is certain that egg protein, like others which have also been proposed
 

(human milk, cow's milk, FAO protein), remains controversial and does not seem
 

Moreover, recent
 
entirely satisfactory in judging the protein quality of human food. 


analyses based on more precise methods have shown that the chemical 
composition of.
 

egg protein differs from that given for egg by the FAO/WHO Expert 
Group on Protein
 

The present values observed by Cresta (7)would produce marked-
Requirements (1963). 


We are going to study this in a
ly different results for limiting amino acids. 


While waiting for experiments and posfuture paper devoted to reference protein. 


sibly mathematical analysis to suggest a new reference protein more in 
line with
 

biological data, we have deemed it reasonable to keep to widely accepted 
terms of
 



reference.
 

On the basis of the data in the foregoing tables, the diets have been
 

graded from the protein point of view. This classification is based on the rate of
 

net protein calories (NDpCal%), a value that integrates the quantitative aspect
 

(rate of protein calories), the qualitative aspect (protein score), and takes into
 

account the fact that the lower the rate of protein calories (NPU operative), the
 

higher is the protein efficiency.
 

The extreme values of these indicators, by types of diet, are set out in
 

Table 9.
 

Although the diets of these 84 countries differ widely in quality and
 
quantity, the table shows that the protein score varies within fairly narrow limits
 

(51 to 68); on the other hand, the protein-calorie rate shows a big margin of
 

variation (6.0 to 14.5).
 

Figure 2 depicts schematically the data of Table 9. The line represent

ing the type of diet is determined by the average rate of protein calories and by the
 

average protein score 
88 
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It should be noted that, despite strong consumption of protein-rice foods,
 

the countries with animal products have an extremely average protein-calorie rate
 
comparable to that of many grain countries where consumption of animal proteins is
 
low. The phenomenon is explained by the important place of fats and sugar-containing
 



products in the diets of industrialized countries.
 

Compared with the other grain countries, the rice countries are strongly
 

handicapped in their protein-calorie balance. A good protein score partly makes up
 

for this handicap. This is due to the fact that rice is poor in protein but these
 

proteins are of good quality. The countries with roots and tubers as staple food
 

have a low rate of protein calories and a low protein score.
 

Intergration of these two indicators, in the form of the rate of net
 

protein calories (NDpCal%), makes it possible to grade the country groups in the
 

following order:
 

1. Countries with animal proteins;
 

2. IWheat countries and sorghum countries;
 

3. Maize countries; 

4. Rice countries; and 

5. Countries with roots and tubers.
 

In short, these diets rank to a very large extent according to the pro

tein hierarchy of their staple food.
 

V. SUPPLEMENTAL EFFECT OF ANIMAL PRODUCTS AND PULSES
 

The supplemental effect of animal products and pulses on cereal diets is
 

studied here by means of inter-country comparison. To bring out this phenomenon,
 

only the countries of Groups I and 2 have been considered. These countries differ
 

widely from the economic point of view because they include highly industrialized
 

nations and developing countries. As a result, consumption of animal products and
 

pulses presents a wide range of variations, but their common characteristic is that
 

they have wheat as the staple grain.
 

We, therefore, have a series of relatively homogeneous countries in which
 

protein intakes are largely of the same nature, differing only in quantity. An ana

lysis of this kind would obviously be of great interest for rice or maize countries.
 

It could not be undertaken at the level of food balance-sheets: the number of thc.e
 

countries is too small and their level of development is such that the intake of
 

animal products and pulses varies within too narrow limits to produce any significant
 

results.
 

In Figure 3, each country is classed in the abscissa according to the
 

percentage of animal proteins and leguminous proteins in relation to the total
 

proteins of food intake9 , and in the ordinate according to the chemical score of
 

.
the essential amino acids10




FIGURE 3- CHEMICAL SCORE OF ESSENTIAL AMINO ACIDS IN RELATION 
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For each amino acid and for the countries as a whole, we obtain points
 

whose representative lines are determined by regression. For all amino acids,
 

except for phenylalanine, we observe a satisfactory correlation between the percen

tage of animal products and pulses and the chemical score of food intake. The
 

highest correlation coefficient is obtained with lysine (r = + 0.97).
 

The chemical scores of amino acids improve from country to country in
 

different degree as the relative share of pulses and animal products grows in the
 

diet. The line of adjustment of lysine is clearly marked off from the others by
 

a very strong angular coefficient. For the other amino ac.L±, evolution of the
 

scores is less marked while clearly showing improvement, except for phenylalanine
 

and methionine-cystine.
 

The left part of the figure shows that lysine has every chance of being a
 

limiting factor in diets whose protein intake from animal products and pulses is
 

less than 22 per cent of total proteins. In fact, in wheat countries, apart from
 

Afghanistan, the share of complementary foods is higher than this figure. This
 

explains why lysine does not appear as a limiting factor in the national average
 

food intake of these countries.
 

Between 22 and 60 per cent, isoleucine limits the protein efficiency of
 

the diet and corresponds to the situation in Mediterranean and Near Eastern countries,
 

as well as in part of the European countries. Beyond 60 per cent, the countries
 

consuming animal products generally have methionine-cystine as the limiting factor.
 

As the line representing the score of sulfur-containing amino acids has a very
 

gentle slope, large quantities of animal products are necessary to improve the
 

protein score of food intake in these countries by a few points.
 

Thus, from this point of view, high-quality proteins are being wasted in
 

countries with very high incomes because the resultant qualitative improvement is
 

slight and out of proportion to the financial effort made to ensure very high levels 

in the consumption of animal products. (Italy consumes 30 g of animal protein per 

caput and Denmark 58. As a result, the lysine score rises from 75'.in Italy to 100 

in Denmark, but this has no effect on protein efficiency. The protein score of the 

limiting factor has the same order of magnitude in both countries, 63 and 65, 

respectively.) 

VI. PROTEIN SCORE AND LIMITING AMINO ACID OF FOOD INTAKE BASED ON CONSUMPTION SURVEYS
 

The results of the first part, established on the basis of average nation

al food supplies representative of large population aggregates have methodological
 



limitations. They do not permit us to grasp the actual situation at consumer
 

level. It may be assumed that what is observed among countries wit. different
 

protein levels applies also to socio-economic groups within a given country. Dif

ferences may even exist among the members of one family. 
This is particularly
 

important in the case of children. It is already known that they generally do not
 
receive the share of the family's food they should receive. Finally, in view of
 
seasonal and even daily changes in food intake, one may ask how these variations
 
affect the limiting factor and the protein value of diets.
 

Such a study is only possible on the basis of family consumption surveys
 
that are representative of the country under review and take into account the variol 
factors capable of influencing the protein value of the diet: ecology, ethnic grout 
income, family size, consumers' age, season, day, etc. Such surveys are still
 
extremely rare. However, there are some that can give an 
objective pi:ture of one
 

or the other of the above mentioned factors.
 

A. Variation of Limiting Amino Acid Depending on Income
 
It wo ld be interesting to see if the qualitative modifications brought
 

out by the comparison among wheat countries 
(Fig. 3) are also to be found among the
 
socio-economic classes within one of these countries. 
This study could not be made
 
because, as far as we know, surveys permitting a correct correlation of the economic 
standard of households and their consumption are not yet available in low-income 

countries with high wheat consumption.
 

But one may assume that what is observed (Fig. 3) among the countries of 
Groups I and 2 with different protein levels and incomes, probably also applies to
 
socio-economic groups within a given country. In the wealthiest families, sulfur
containing amino acids will be the limiting factors of protein efficiency because
 
of the considerable share of animal products in the diet. Lysine will be the limit

ing factor in the poor classes in which wheat is the main source of protein. Accord
ing to the diagram of Fig. 3, between these extremes the diets of the middle classes
 
will show very close protein scores for lysine, isoleucine and methionine-cystine.
 
Polysupplementation will therefore be necessary if the protein 
scores of these diets
 
are to be improved. 
 For the poor classes, the addition of lysine-rich complementary
 

foods to the diet will make it possible to improve the protein score very rapidly to
 
a level close to 60. Above that, as in the preceding case, the qualitative gains
 

will De much slower.
 

However, this analysis, in tei;is of income, could be made for a rice
 



country, based on a survey of 5,000 families representative of rural households in 

qadagascar (8). 

In Figure 4, the families are classed according to monetary income. In
 

all groups, methionine-cystine and isoleucine have close scores and are the limiting
 

factors of protein efficiency. This is in line with the results obtained on the
 

basis of the food balance-sheets of rice countries (Table 6). The protein score
 

of these amino acids improves as monetary income goes up, but it does so within
 

narrow limits (methionine-cystine 60 to 68, isoleucine 61 to 70). The other amino
 

acids show a higher score and change very little as a result of income. Only the
 

lysine score grows very fast (from 69 to 100) with rising income, mainly because of
 

increased intake of animal products.
 

This illustrates the remarkable ability of these foods and of pulses to
 
supplement the staple cereal with lysine. The wealthiest class if only a tiny frac

tion ( %o) of the population. At this level alone, the share of rice, which was
 

roughly constant, drops sharply in favour of wheat and foods of animal origin. As
 

a result, the rate of protein calories rises to 12.8, and sulfur-containing amino
 

acids are the limiting factors. Thus, this high-income group shows the dietary
 

features of industrialized countries (see Table 1).
 

Rice, like the other cereals, has lysine as the limiting factor, but the
 

margin separating this amino acid from isoleucine (or from methionine-cystine) is
 

narrow. On the other hand, rice is relatively poor in proteins.
 

Consequently, lysine-rich complementary foods (animal proteins, pulses)
 
will easily make up for the lysine deficit because, even in small doses, they repre

sent here a relatively more important part of protein intake than in the wheat,
 

sorghum or.maize diets. This explains why even among the low-income classes the
 

few grams of animal proteins that appear in food intake can fill the lysine deficit.
 

In conclusion, while it is conceded that animal products and pulses have
 

a marked supplemental effect in regard to cereal diets, it would seem that in the
 

case of rice diets in which the lysine deficit is not prominent, they will have
 

limited impact from the qualitative point of view. On the other hand, they can
 

effectively raise the rate of protein calories of rice diets.
 

B. Seasonal Variation of the Limiting Factor
 

This aspect is studied on the basis of th results of a survey carried
 

out by EURATOM-CEA*(9) in eleven areas of the six countries.of the European Community
 

* Commissariat a 1'Energle Atomique = Atomic Energy Commission 

http:countries.of
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Campania (Italy) has been chosen because of the similarity of its diet to that of
 
the wheat countries in Table 2. The scores of amino acids have been established
 

month by month throughout the year on the basis of average consumption by 30
 

families (Fig. 5).
 
Some amino acids (phenylalanine, tryptophan, methionine-cystine) show a
 

relatively constant score throughout the year. Others rise in the first half of
 

the year and decline in the second half. As a result, protein intake shows a low
 

score ia.winter, with a minimum in January (54) and relatively higher values in
 

summer, with a maximum in June (63). The qualitative improvement of the diet in
 

spring and summer is due to resumption of work in vegetable canneries which brings
 

about a seasonal improvement of family income. During the periods of economic
 

difficulties when the share of pulses and animal product is less than 27 per cent,
 

lysine appears as the limiting factor. In the period of abundance, it reaches
 

very high values, and isoleucine appears as the limiting factor.
 

The seasonal variations of the limiting factor here are strongly dependent
 
on changes in monetary income. In the following example, taken from a consumption
 

survey in a Togolese rural area (10), the variation of the limiting factor is closely
 

linked to the cultivation schedule and to socio-cultural choices of basic foods
 

(Table 10). This type of diet is based on cassava and maize. In the pre-harvest
 

period ("hungry season" - May), when cassava is the mainstay of food intake, the 

limiting factor is isoleucine. In September, after the first grain harvest, maize 

partly replaces cassava. Tryptophan then becomes the limiting factor, and the pro

tein score drops. In January, after the second harvest, maize becomes preponderant, 

and the chemical score of tryptophan worsens even more. 

However, the gradual replacement of cassava by maize entails a very clear
 

increase in protein intake which more than makes up for the qualitative degradation.
 

Table 10 - Seasonal Variation of the Limiting Factor - Togo, Ouatchis
 
Village of Attitogon
 

Prot. NDp Prot. Sources in
 
Cal. Cal. % of tot. prot.
 

Cal. Prot. Rate NPU % Iso Leu Ly MC Phen Ty Threo Tryp Val A.P. Maize C P
 

May 1,830 26.4 5.8 60 4.5 59 99 80 60 73 75 74 62 66 26 37 19 9
 
Sep 2070 40.7 7.9 58 4.6 60 109 79 64 76 80 77 52 69 31 47 12 3
Jan 2)090 46.5 8.9 54 4.8 59 114 73 61 78 81 75 5 68 20 52 8 10
 

A.P. = Animal Products C = Cassava P = Pulses
 



FIGURE 5 - SEASONAL VARIATIONS OF ,HEMICAL SCORE 
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C. Variation of the Limiting Factor Owing to Consumer's Age
 

The foregoing survey in Campania makes it also possible to show the
 

variations in the quality of protein intake which may arise within the family owing
 

to the consumer's age. Five age groups have been studied in two of the eleven
 
11
 .
 

regions 


In Brittany (France) CFig. 6), the difference between the protein scores 

of the various amino acids diminishes markedly in passing from children to adults. 

The variation is particularly prominent between the ages of one and ten. This is 

largely explained by a drop in the consumption of dairy produce in favour of wheat. 

The protein score improves in the first age class (62 to 67), but afterwards remains 

relatively constant. Methionine-cystine is the limiting factor in the one-year-old 

infant, closely followed by isoleucine; in the other classes, isoleucine becomes the 

limiting factor but the scores of valine and sulfur-containing amino acids remain 

very close. 

In Campania (Fig. 7), the pattern is different. It corresponds to a 

wheat-based diet in which animal products have a limited place (19 g of animal 

proteins per caput and per day, as against 47 g in Brittany). Most amino acids 

show slight differences among each other and are at a lower level than in Brittany. 

This applies particularly to lysine which becomes the limiting factor in children
 

and adolescents. Isoleucine is the limiting factor in adults and in infancy.
 

In these two examples, as in the preceding analyses, it is found that
 

improvement of the protein score can be obtained only by polysupplementation because
 

of the slight differences generally separating a number of amino acids. These
 

results show that the structure of children's diet differs markedly from that of
 

adults in the special case of less-favoured rural classes (Campania), and link up
 

with Nicol's observations among other rural groups (12). Bad distribution of small
 

quantities of protective foods within a family may considerably degrade the protein
 

quality of the diet in certain age groups.
 

D. Daily Variation of the Limiting Factor, Table 11 

In the three examples below, the amino acids scores are determined day by
 

day on the basis of the family's protein intake. This attenuates the effect of
 

supplementation obtained artificially by the law of averages. However, at this
 

level of analysis one could still object that this statistical bias is not entirely
 

eliminated because the type of intake may vary from meal to meal. On the other hand,
 

it has already been shown that the nature of the diet may vary with the consumers'
 



FIGURE 6 - VARIATIONS OF THE CHEMICAL SCORE IN RELATION TO AGE 
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FIGURE 7 - VARIATIONS OF THE CHEMICAL SCORE IN RELATION TO AGE 
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Table 11 - Daily Variation of the Limitini Factor 

a) an - Wheat Diet 
Province Azarbaidjan 

loo Leu Ly MC Phen Tyro Threo Trvp Val Wheat A.Po P. R. & T. 

first day 56 70 5o 64 74 73 63 69 61 80 I 5 

second 58 72 56 62 75 72 65 68 62 75 10 10 

third 5 69 56 60 74 68 65 67 59 66 6 16 5 

fourth 55 68 45 63 75 69 62 67 59 87 8 1 

58fifth 71 A2 64 75 74 63 64 63 82 10 4 2 

average 56 70 51 63 75 71 64 68 61 78 7 6 5 

b) Tunisia - Wheat Diet
 

first day 59 73 72 57 76 71 72 77 65 42 21 3 28
 

second 56 68 8 57 74 69 63 73 60 73 3 18 
third a 79 82 67 75 73 75 67 68 49 40 5 

fourth 62 77 84 66 74 74 75 67 65 43 42 5 

fifth R1 72 64 62 74 72 65 66 61 62 23 7 

sixth 60 74 77 52 73 73 72 76 63 44 31 22 

average' 60 73 68 §2 74 72 69 72 63 52 26 4 5
 

o) Togo Ouatchis- Maize/Caaeava Diets; Shortage Period Maize Case. A.P, Pulses 

first dy 5 105 70 58 74 74 70 58 64 49 19 14 14 

second 51 109 A2 58 70 73 65 56 60 66 34 

third 58 100 83 51 73 72 73 59 65 38 15 22 23 

fourth 52 107 51 58 72 75 66' 59 62 61 28 

fifth 59 107 805 5 78 75 74 57 66 45 9 17 29 

sixth 52 103 69 52 72 75 69 52 63 48 2o 20. 5 

average 51104 70 58 74 74 70 58 64 51 21 12 12 

A.P. - Animal produots 
P 0 Pulses 



age within the family group.
 

In family a) in Iran (13), wheat, the staple food, is by far the main
 

On the
 source of protein, and lysine appears as the limiting factor on four days. 


fifth day, the contribution of pulses is sufficient to make up for this deficit;
 

isoleucine then shows the lowest score.
 

Likewise, in example b) of a Tunisian family (14), the relative importance
 

of animal products in the diet is in a position to change the nature 
of the limiting
 

factor three times during the six-day survey.
 

Example c) of a Togolese family is even more conclusive (10). During
 

In
 
the six-day survey, the limiting amino acid changes on five days 

out of six. 


this diet, in which tubers have a dominant place, protein intake 
is low (22 g a day).
 

Thus, small quantities of maize, fish or beans, which make an irregular 
appearance
 

during the week, are relatively important sources of protein for 
this diet and can
 

modify the nature and score of the limiting factor.
 

The examples could obviously be multiplied ad infinitum. From the point
 

of view of food policy, the real problem consists not so much 
in showing up this
 

above all in measuring its extent
 phenomenon in some arbitrarily chosen families as 


in a given population.
 

CONCLUSION
 

The first part of the study (chapters II, III, IV, V) is based on an
 

analysis of food balance-sheets. It shows that protein intake is uneven in the
 

world, and some diets, especially those based on rice, roots and 
tubers, present
 

marked protein deficits at national level. Protein allowances, not only from the
 

is well known, but from the qualitative point of view
 quantitative point of view, as 


are very largely influenced by the kind of staple food and rank 
in the same hierarchi

cal order.
 

In nearly all developing countries, cereals are by far the main source 
of
 

protein, and complementary foods (animal products, pulses), 
despite limited intake,
 

are essential factors in improving the protein characteristics. 
If it is true that
 

lysine is the limiting factor of cereals, the risk of its 
being also the limiting
 

factor in diets is the greater, and the need of filling 
the lysine aeficit the more
 

urgent, the wider the margin separating lysine from the 
secondary limiting factor
 

and the higher the calorie rate of protein origin in the 
staple cereal.
 

Wheat, millet and sorghum, more than any other cereal, 
fulfil these two
 

Thus, in wheat diets the protein contribution of animal products 
and
 

conditions. 




pulses would have to range between 1/4 and 1/5 of total protein intake in order to
 

cover the lysine deficit.
 

For the same reasons, the risk of having lysine as the limiting factor
 

will be smaller in the other cereal diets (maize, rice). It will be nil in strict
 

tuber diets.
 

Thus, complementary foods (animal products, pulses) act differently in
 

regard to these diets because their ability is twofold. Because of their high
 

protein content, they improve the protein-calorie balance of the diets. They are
 

also effective agents of supplementation, notably because of their high lysine
 

content. One or the other of these two effects predominates according to the nature
 

if the staple food. In wheat, millet and sorghum diets, these foods will have a
 

marked effect on protein quality because of the wide margin separating lysine from
 

the second limiting factor. On the other hand, their action on the protein-calorie
 

rate will be moderate because these diets have a good protein-calorie balance.
 

In maize diets, these foods have a more moderate effect on protein quality.
 

They would make it possible to fill the lysine deficit, which would represent a low
 

protein gain, but also to reduce the whole tryptophan deficit or part of it. From
 

the quantitative point of view, the improvement would be greater than in the preceding
 

group because these diets have an extremely average protein-calorie rate.
 

In rice diets and diets based on roots and tubers, no considerable quali

tative improvement may be expected in view of the fact that the lysine deficit is
 

small or nil. But these foods are indispensable as suppliers of protein and can
 

effectively correct the protein-calorie imbalance.
 

Owing to economic and production constraints, one cannot hope for increased
 

supplies of complementary foods which would make it possible to solve the protein
 

problem. It is, therefore, necessary to act on the staple food itself. A very
 

definite improvement can be achieved by the introduction of new high-yielding vari

eties of cereals which would increase supplies, thus improving the intake of calories
 

and proteins. But it would be a mistake to confine oneself to this. The protein
 

hierarchy of diets shows that research must also be aimed at a better protein value
 

of cereals.
 

For wheat, millet and sorghum, priority in research should be given to
 

lysine-rich varieties because there is a wide margin of manoeuvre between the first
 

and second limiting factors, rather than to high protein content because it has been
 

seen that these diets already have- a satisfactory protein-calorie rate'.
 

For rice, priority in research is the other way round. Improvement in
 



the lysine rate would produce a very limited gain; on the other hand, it is
 

advisable to concentrate efforts on protein content for a considerable increase in
 

the protein-calorie rate of rice diets.
 

Maize is in an intermediate position. A notable gain in protein effi

ciency can only be achieved by developing varieties rich in lysine and tryptophan, as
 

has been done for the Opaque 2 variety. An increase in protein content is also
 

desirable to improve the protein-calorie balance of maize diets.
 

For roots and tubers, and contrary to efforts aimed solely at yields,
 

research should deal with an improvement of protein content and, in addition, in
 

the case of cassava, with improvement in-protein quality. However, the diets based
 

on roots and tubers have such a high protein deficit that their gradual replacement
 

by cereals is to be recommended.
 

These two aspects justify the choice of "concentration zones" for FAO's
 

work in the next few years, in which high-yielding varieties of food plants, es

pecially cereals, and increased production of protein foods have a prominent place.
 

The second part (chapter VI) is based on the results of consumption 

surveys. The facts emerging from them greatly complicate the average picture of the
 

protein value of diets furnished by national balance-sheets.
 

While, on the whole, this second study confirms the first one, it shows
 

the need for consumption surveys to express the diverse conditions within a country
 

and to grasp the real state of nutrition.
 

Two kinds of practical conclusions emerge. Some confirm the ideas set
 

out in the first part about general policy in the field of food production, but
 

call for its application in a specific manner to ecological zones and socio-economic
 

groups. Others correct views prematurely proclaimed by some people and should govern
 

the attitude to be taken in regard to amino acid fortification of foods, especially
 

fortification of cereals with lysine.
 

The study shows, in fact, that great caution is needed in the implementa

tion of programmes of enrichment by industrially prepared amino acids be.ause it
 

demonstrates the following points:
 

- Amino acid deficiencies of diets at consumer level are not always necessa

rily those of the staple food. In fact, the limiting factors of the 

staple food are also those of the diet only under certain conditions
 

of very great premodinance of the staple food imposed by low income,
 

seasonal shortages, or ignorance in the matter of nutrition. 

- The limiting amino acid varies with income, seasons, age groups, days, as 



a result of the nature and amount of complementary foods. Thus, .lysine 

a country with high.wheat consumption, would
enrichment of wheat, even in 


be useful only for part of the population, in certain seasons and on
 

certain days.
 

*The protein score of the limiting factor moves away only rarely from the
 

scores of two or three other amino acids, with the exception of poor
 

socio-economic groups with wheat diets.
 

Coicparatively modest quantities of complementary foods (animal products,
 

pulses) are sufficient to supplement the proteins of the diet and, in
 

particular, to eliminate lysine from the group of limiting amino acids.
 

When supplementation is necessary, it must mostly be polyvalent. In
 

the present state of industrial production and cost of amino acids, this
 

can be economically envisaged only at the level of large population
 

groups in the form of addition of natural protein supplements to the
 

staple food or to the diet.
 

However, the study of family consumption day by day, season by season,
 

according to income and age group, makes it possible to define better the nature and
 

frequency of the primary limiting factor and the margin separating it from the
 

It also makes it possible to identify the
secondary and third limiting factors. 


part of the population (socio-economic strata or age groups)whose food intake shows
 

this limiting factor and which may have access to enriched food, considering its
 

degree of integration in the monetary economy.
 

Such studies make it possible to determine where, when and for whom
 

artificial supplementation by the amino acids usable at present (lysine-methionine)
 

has a chance of producing nutritional benefits, and to evaluate the coast of enrich

ing the staple food in relation to the actual beneficiaries. This is the only way
 

of envisaging the cost and profit study of the enrichment operation, a study every
 

government should make before launching large-scale programmes.
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France 
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41 
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4 469 
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60 
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37 
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54 

Congo Bras. 
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z8,8 

37 
36 57 



NOTES AND REFERENCES
 

Per caput'net food supplies obtained on the basis of national balance-sheets 

take 	 into account the figures of production, imports and exports. Storage losse 
and possibly the quantities used for seed, animal feed and industrial purposes
 
are deducted; nutritive value is calculated on the basis of net food supplies
 
per person and per day, taking into account inedible waste and, for cereals,
 

the extraction ratio.
 

2 	 The essential amino acid content of proteins in the food intake is calculated.
 

The 	qi.antity of each essential amino acid of the food intake is then divided
 
by the total nitrogen of the food intake. 
One obtains the essential amino acid
 
content per g of nitrogen of the food intake, which is compared with that of the
 
corresponding essential amino acid in hen's egg. 
The amino acid showing the
 
lowest percentage is called the limiting factor of protein efficiency of the
 
food intake. This figure is the protein score.
 

In the food composition tables, conversion of nitrogen into protein is effected
 
for cereals on the basis of specific conversion coefficients, for instance,
 
5.95 	for rice. For maize, millet, sorghum and roots and tubers, the general
 
coefficient 6.25 has been used although the specific coefficient is probably
 
lower. This introduces-a systematic error by excess into the evaluation of
 
protein content and of the protein-calorie rate which is certainly not negligible
 

4 	 The FAO tables for determining the calorie value of foods use specific conver
sion factors. In calculating protein calories in relation to total calories,
 
it would, strictly speaking, be necessary to use the specific coefficients for
 
the numerator as well. Use of the coefficient 4 for all foods leads to over
estimation of the rate of protein calories, which increases with the share of
 

vegetable proteins in the food intake.
 

It may be asked whether the protein score is representative of the protein
 
quality of fopd intake. 
There is, in fact, no strict concordance between tais
 
score and the values of net protein utilization (NPU) obtained by animal ex)eri
mentation. 
However, the FAO/WHO Expert Group on Protein Requirements considers
 



it legitimate to use the protein score for determining protein quality,
 

especially in mixed diets, if NPU cannot be determined experimentally. 

6 	 Protein requirements have been calculated according to the recommendations of 

the report by a Joint FAO/WHO Expert Group (1963). They take into account 

provisional data on body weight and the sex and age groups of the population. 

Protein requirements per kg of body weight are those listed in Column III of 

Table 10 of this report. This protein requirement, expressed in g of reference 

protein (NPU = 100), has been expressed here in g of local protein, having 

regard to Operative Net Protein Utilization of food intake in the country 

under consideration, in keeping with the suggestions of Miller and Payne (4). 

These recommended allocations are considered adequate to meet the needs of 

97.5 % of the population.
 

The total of essential amino acids has been obtained by adding up for each food
 

the following amino acids: Isoleucine, leucine, lysine, methionine, phenylala

nine, tyrosine, thronine, tryptophan and valine. Cystine is also included in
 

the total.
 

8 These mean values for each type of diet are based on country values.
 

9 See Table 1, columns 16 and 18; Table 2, columns 17 and 18 

10 See Tables 1 and 2, columns 7 to 15. 

11 	 The evolution of consumption in terms of age on the basis of family data has 

been established by a statistical callculation with the help of a mathematical 

model, the methodology of which is defined in a report of the EURATOM- CEA,
 

Rapport CEA-R-3434 (11).
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1. Econometric research in the developed countries has shown the role played by
 

income in food consumption variation. The trends observed for a long time in these
 

countries have implied that action to influence income levels was a necessary and
 

adequate means of creating diet improvements or changes where needed.
 

2. Actually, it is one thing to describe the influence of income in diversified
 

money economies and quite another to observe its impact in developing economies
 

having a high degree of subsistence farming and undergoing structural change.
 

3. We must therefore ask whether the econometric conclusions drawn from developed
 

countries are applicable as they stand to the countries of the Third World. In other
 

words, for the specialist in food economics concerned with the future of low income
 

countries a number of basic questions arise which may be summarized as follows:
 

1) Assuming a real income growth rate compatible with the constraints of the
 

country's economy, is the expected rise in purchasing power likely to result in
 

sufficient propulsive effects either to produce substantial improvements in diets
 

or else a radical change in the dietary pattern when the latter is desirable?
 

2) If so, how much time is necessary for change to occur, allowing for a number
 

of economic constraints?
 

4. What is at stake is important, whether an adequate rise in incomes is considered
 

the sufficient determining factor in improvement of nutrition and a "laissez-faire"
 

policy is then advocated, or we reach more highly differentiated conclusions which
 

require economic options and specific food policies.
 



5. 	 It is impossible to answer these two questions in the abstract, in view of the
 

We have therefore predifferences in the economic conditions of the Third World. 


ferred to take a rice and livestock producing country (say country A) as a point of 

reference. For the sake of simplicity we will confine ourselves to an examination 

of protein consumption among the rural population as a function of income. 

6. However, the approach proposed here is general, and can readily be transposed
 

in other countries insofar as adequate statistical data exists.
 

I. INCOME GROWTH HYPOTHESIS FOR COUNTRY A
 

7. The National Plan foresees a total growth in household incomes of 4.8 % per year 

for the period 1962-75. Given a population growth rate of 2.5 % per year, the rise 

foreseen in per caput income will be only 2.3 % per year. 

8. To be realistic we must also study the breakdown in urban and rural inhabitants
 

and the balance of migration movements, since the difference in food behaviour of
 

these two types of human community is considerable, and will so remain in the pro

jection previews.
 

9. In 1962 the natural growth rate of the rural population was 2.5 % per year;
 

however, the net migration observed from rural areas to the towns was estimated at
 

0.3 %. Considering this as an acceptable medium-term trend, the National Plan sets
 

the growth rate of the population remaining in the countryside at 2.2 % per year,
 

Likewise, due to the contribution from rural migration, the urban population
2
 

10. 


should increase by 5 % per year, a reasonable figure in line with our knowledge of
 

other comparable countries.
 

Table I - Income Grouth Hypothesis 3 ( I) 

Total A I. Population A Per caput A I.
 

per year per year per year
 

Urban population 7.4 % 5.0 % 2.4 %
 

Rural population 3.9 % 2.2 % 1.7 %
 

Total national
 
population 4.8 % 2.5 % 	 2.3 %
 

11. Since the National Plan calculates the differential growth rates of total in

come for the urban and for the rural populations, it can be deduced from the
 



demographic constraints that if the nationwide per caput income should increase by
 

2.3 % per year, population movements would result in a rise in per caput income of
 

2.4 % for the urban population against only 1.7 % for the rural population.
 

12. In the following pages we shall evaluate the repercussions on protein consump

tion of reasonable hypothesis formulated by planners. To do this we shall use two
 

approaches: the classical approach through calculations of elasticities and mean
 

values, and the approach based on frequency distributions.
 

II.PROJECTIONS TO 1975 - THE CLASSICAL APPROACH
 

13. 	On an average, in 1962 the calorie requirements in the daily diet of the rural
 

Carbohydrate:
population were covered as the intake was estimated at 2,220 calories. 


accounted for 84.4 % of calories, fat for 6.3 % and proteins for 9.3 %. The low
 

one of the
protein-calorie ratio is here due to high consumption of rice, which is 


cereals poorest inproteins.
 

14. From the quantitative standpoint, in 1962 the average protein content in the
 

diet was 51.9 g per caput per day, or a minimal deficit (about 5 %) compared to the
 

requirements.
 

It should be noted that most of the proteins were of vegetable origin, with
 

animal proteins constituting only 7.9 g, or 15.3 % of total proteins.
 

15. An econometric analysis for 1962 in terms of total per caput income suggests
 

some demand functions. We have included some of them in the table below, given
 

together with the quantity-elasticity calculated for average per caput income ($ 52)
 

Table II - Demand Functions for Calories and Proteins
 

Function Formula Correlation Mean Elasticity
 

Calories~~ 	 ~~ 000 RCalories Log-inverse LLnYn = 7.99 - 0.9627o-nes1X = 0.94 = 0.074 

Total proteins semi-log Y = -50.50 + 10.99 L X R = 0.90 0.205
 

Animal proteins semi-log Y = -70.85 + 8.41 L X R = 0.98 = 0.992 

Vegetable
 
proteins semi-log Y = 20.35 + 2.58 L X R = 0.44 = 0.057
 

With Y as consumption, X as average per caput income and Ln as Napierian logarithms.
 



16. Total protein consumption is a function of income, and this appears to account 

for 90 % of the variation observed using a semi-logarithmic model. Elasticity at 

the meanpoint ($ 52) is low, equalling 0.21. 

17. Animal proteins are much more subject to income influences. On a semi-log
 

function, 98 % of animal protein variation are due to variation in income. Elasti

city at the meanpoint is high, equalling 0.99.
 

18. This leaves the problem of vegetable proteins. The correlation between consump

tion and income is poor, and at the aggregate level selected it would appear that
 

the influence of income levels is secondary. In fact, although the amount of vege

tables remains stationary in absolute value in the protein intake and decreases in
 

relative value, its origin changes as a function of income under the effect of sub

stitution phenomena.
 

In the low income groups in particular, we observe a progressive replacement of
 

cassava by rice; then, at a higher income level, there is a shift from pulses as
 

primary protein sources towards livestock products and an introduction of breed in
 

the diet.
 

19. In short, protein consumption is linked to income and in view of the stable
 

consumption of vegetable proteins in the diet, any increase in the protein demand
 

is the result of a high demand for animal proteins (see graph I hereunder).
 

Graph I 
STRUCTURE OF PROTEIN CONSUMPTION AS A FUNCTION OF PER CAPUT INCOME 
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20. From 1962 to 1975, according to the hypothesis of a per caput income rise of
 

1.7 % per year, the average income of the rural population should increase from
 

$ 52 to 65, or a gain of 24 %. What will be the resulting increase in average
 

demand?
 

21. Average per caput consumption of calories should rise by only 1.5 % during
 

this period, but we may observe a comparative fall in the proportion of carbohydrates
 

and an increase in fat and proteins.
 

Table III - Demand Projections per caput 1962 - 1975
 

1975-hypothesis &I = 1.7 % 1975-hypothesis 4 I = 3 % 

Data Increase Annual Data Increase Annual Data
 
in over 13 Increase in 1975 over 13 Increase in 1975 

1962 years years 

Calories 2223 1.5 % 0.15 % 2256 2.5 % 0.20 % 2279
 

coverage % + 0.4 % ... + 1.9 % .... + 2.9 % 

Tot. Proteins 51.9 g 4.7 g 0.36 g 54.3 g 7.9 g 0.55 % 56.0 g 

coverage % - 4.8 % .... balance -- -- + 2.7 % 

Vegetable Prot. 44.0 g 1.3 % 0.10 % 44.6 g 2.2 % 0.18 % 45.0 g
 

Animal Prot. 7.9 % 22.7 % 1.60 % 9.7 g 38.1 % 2.51 % 11.0 g 

An. Prot. x 100 15.3 % .... 17.9 % -- 19.6 % 

Veg. Prot. 

Protein

calorie 

ratio 9.3 % .... 9.6 % -- 9.8 % 

Per caput
 
Income $ 52 24.5 % 1.7 % $ 65 46.8 % 3 % $ 76
 

22. Total proteins per caput would increase uider hypothesis 1.7 % of annual income 

increase by 4.7 % and animal proteins by 22.7 %. Changes in vegetable protein intake 

would be very small. At this aggregate level, we see that an income growth rate of 

1.7 % per year does not produce any very striking results. The protein-calorie 

ratio improves by only 0.3 % for the whole period, and the proportion of animal 

proteins in total protein content only rises from 15.3 to 17.9 %. 

23. We might suppose that this general situation would be far better if we were to
 



take an income growth rate of 3 %, for example, as a hypothesis. In reading Table
 

III, we must recognize that this rise in income (46.8 % in 13 years at constant
 

prices) would not lead to any very substantial improvements of protein content in
 

the diet. The structures of the diet would appear to have considerable resistance
 

(in general) to the expected influence of income.
 

24. It should be mentioned here that when we demand a development effort by the
 

national economy to attain an annual per caput income increase of 1.7 %, we must
 

bear in mind the influence of the demographic constraint. In fact, since the rural
 

population increases by 2.2 % per year, the overall effort required of the economy
 

is in practice an annual rise of 3.9 % in income.
 

25. In the second hypothesis where per caput income would rise by 3 % per year, an
 

overall growth of 5.2 % would be necessary to absorb the population growth. The
 

latter rate is in fact unrealistic for an agricultural environment, and has not been
 

accepted by the national plan.
 

26. Since a growth rate of the agricultural economy equivalent to a 1.7 % rise in
 

per caput income has been accepted as plausible by overall and sector economy studies,
 

we must see whether the resulting demand will be met. In other words, will food
 

resources be sufficient to attain equilibrium at the demand level? This means that
 

the planner must consider the constraints bound up with production, exports and
 

imports.
 

27. Without going into details, we may say that in the present case the food demand
 

can be covered except for animal proteins. In fact, the per caput demand for animal
 

products is rising by 1.6 % per year (Table III), whereas production and imports
 

will only be able to increase their supplies to the market at the rate of 1.1 % per
 

year in view of their own technical and financial constraints.
 

28. Thus, during the period there will be price adjustments between supply and
 

demand and, at best in 1975, the animal protein intake will be established at 9.2 g
 

per day instead of 9.7 g. Although this daily per caput deficit of 0.5 g appears
 

very small, when extended over the year and to rural areas as a whole, it accounts
 

for 1,254 tons of proteins, or the equivalent of 9,200 tons of carcass-meat.
 

29. If anadjustment between supply and demand occurs through prices (which seems
 

logical), the deficit estimated here may be even higher, in the light of the foresee

able competition between the urban and rural populations. Under the Plan, the former
 

should have an increase in income of 2.4 % per caput per year. Because of the
 



pressure on supply, the rise in prices will probably be disproportionately high and,
 

in view of the disparity of income increases in the city and country, this will be
 

detrimental to the poorest demand sector, i.e., most of the rural population.
 

30. What conclusions may be drawn from this exercise in projection?
 

On the whole, elasticity curves show that income influences diet levels; but
 

among low-income populations (average here $ 52) population growth carries such
 

weight that the overall effort required of the economy to raise income will, at
 

best, result in a small annual increase per caput.
 

Consequently, on the average income produces only an insignificant improvement
 

in diet. In 13 years total protein content will increase by only 4.8 % and the
 

structural deficits, represented here by the protein-calorie ratio, will remain
 

sizable. Moreover, we have seen that the constraints on production and imports will
 

further diminish the effects of income, due to price adjustment between potential
 

demand and possible supply.
 

31. This set of observations indicates that: the economic and demographic context
 

for low income groups appears such that, under a "laissez-faire" food policy, the
 

nutritional structures of the traditional diet are in general rigid. In general,
 

too, we observe that the expected increase in purchasing power does not produce any
 

marked propulsive effects which themselves seem slowed down by production structures
 

32. This analysis and the resulting conclusions are based on a classic method of
 

approach using elasticity calculations and mean values. We may legitimately ask
 

whether the reasoning process based on simple average data does not tend to blur
 

phenomena which are more highly differentiated than that shown above. With this in
 

mind, it is worth trying another analytical approach, no longer drawing on averages
 

alone, but on the frequency distributions which, on principle, they summarize.
 

III. PROJECTION TO 1975 - FREQUENCY DISTRIBUTION APPROACH
 

33. The demand curves given in Table II allowed us to standardize trends as func

tions of income. A study of the base data in Table IV shows the presence of fluc

tuations (not necessarily in sampling) which prohibit analysis by income group and
 

require a fairly comprehensive evaluation.
 

34. It is clear that although a breakdown by per caput income group provides a
 

detailed summary of the rural diet, it includes related phenomena acting as "para
4
 

sites", so to speak, on distribution.


In fact, while income is undoubtedly a criterion of homogeneousness in terms of
 



Table IV - Protein Structure of the Diet IV per caput Income Groups 

Per caput Total Animal Vegetable Origin of Proteins in % Protein Protein Coverage 
Income 
in $ 

Groups 0/00 
people 

Proteins 
g / day 

Proteins 
g / day 

Proteins 
g / day Rice Pulses Animal 

Prod. 
Others Total 

Calorie 
Ratio % 

Quality 
Index 

of 
RequLe
mente % 

28 1 ..

28  36 178 49,8 5-5 44.3 55 7 11 27 100 9.3 60.5 - 8.4 
36 - 44 323 45.9 2.3 43.6 64 7 5 24 100 8.5 61.5 - 15.6 
44- 52 175 53.9 8.1 45.8 58 7 15 20 100 9.4 62.0 - 1.4 
52 - 60 115 54.5 9.3 45.2 56 8 17 19 100 9.6 62.0 balance 
60 - 68 83 52.7 9.0 43.7 61 7 17 15 100 9.3 62.0 - 2.0 
68- 76 43 55-5 10.0 45-5 58 5 18 19 100 9-9 62.5 + 2.0 
76  108 49 61.2 15.3 45-9 55 5 25 15 100 10.4 63.5 + 11.1 
108- 148 19 59.1 15.4 43.7 57 3 26 14 100 10.0 64.5 + 7.0 
148 - 316 9 64.6 22.0 42.6 54 3 34 9 100 11.0 65.5 + 16.0 
316  436 4 65.3 23.5 41.8 54 3 36 7 100 10.6 67.0 + 21.4 
> 436 1 - - - - - - - - - - -

1,O00 

Aver6e 51-9 7.9 44.0 57 7 15 20 100 9-3 62.0 - 4.8 



the diet it adds ecological, professional and socio-cultural differences which are
 

responsible for most of the variations appearing here.
 

35. As an example, in the $ 28 - 36 group, we find many stockraisers who eat cassa

va, but who also drink milk. Thus the protein-calorie ratio is better here than in
 

the next group which includes small rice farmers and many coffee planters from some
 

of the poorest areas from the standpoint of animal protein resources.
 

36. In terms of total proteins it has been found that the $ 28 - 44 groups, com

prising 50 % of the total population, have low average consumption levels. Here we
 

must consider the significance of these averages transposed within the statistical
 

frequency distribution approach.
 

37. Current nutrimetric research is indicating that,5 in a given population, suf

ficiently homogeneous in economic aspects, total protein consumption is very general

ly distributed over a bell-shaped curve, most often with skewness to the right. In
 

this case study, the distribution average (x) is influenced by the highest consump

tion levels and no longer represents half the population (median M). In other words,
 

average consumption frequency is higher
frequency 

than the median (x s M). As this is
 

the case in all income groups examined
 

MSpreshere, proteins (g), 'this means that over 50 % of the 

population does not attain the total 

protein intake levels given in average 

proteins (g). 

38. In the income groups above $ 44, consumption is still distributed on a skew,
 

but due to a rapid shift of curves as a function of income increase, there is only
 

a progressively smaller fringe of people not covering their protein requirements.
 

39. Thus it appears that the problem of low total protein intake levels arises
 

mainly below $ 44. We have therefore adopted this figure as the total protein sub

consumption threshhold. For purposes of analysis we then tried to establish the
 

level of per caput income at which the improvements in the structure of the diet
 

could be considered substantial. The apparent threshhold of diversification of the
 

diet has been set, somewhat artificially perhaps, at $ 76. Above this limit, animal
 

proteins account for 25 % and more of total protein intake; requirements are amply
 

covered; and the protein-calorie ratio as well as the protein quality index are much
 

more positive. Finally, more detailed study of the foods in the diet has shown the
 



appearance of diversification in the sources of animal protein (eggs, milk, meat,
 

It should also be noted that
 fish) and increased consumption of fats 	and vegetable. 


the great majority of
above $ 76, subsistence farming has lost its importance since 

foods are purchased on the market. 

a threshhold of
 
40. 	 The framework of the analysis is thus reduced to three groups: 


a thresshold above which diversification of the diet begins;
protein sub-consumption; 


and, finally, the intermediate group.
 

How can income frequency distribution (graph II) be projected to the year 1975
41. 


according to a general hypothesis of a growth rate of 1.7 % per caput per year?
 

A bell-shaped curve of density fits the histogram of incomes in 1962:
 

Ln (X-X )-m 2 
11


f(x) 

r(x-xo0) 	 2 

Using a logarithmic scale on the x-axis and a normal scale on the y-axis for
 

the cumulated percentage of people, the cumulative function:
 

[Ln (x-xo)-mJ
F(x) 


can be drawn as a straight line6 (graph 	III).
 

the reference
42. 	The median or amount reached by 50 % of the people was taken as 


As is customary among planners, it may be
in the hypothesis of a rise in income. 


assumed that the income frequency distribution will not undergo a deformation in
 

time but simply a shift resulting from the increase in income. Therefore, the ap

plication of a growth rate to the median determines the point
7 starting from which,
 

by drawing a simple parallel to the first straight line, we can deduce the cumulative
 

distribution function of 	income in the target year of the projection.
 

According to two growth hypotheses, one for 1.7 % and the other for 3 % per
43. 


year, the cumulative distribution functions corresponding to 1975 have been drawn
 

By this approach it is possible to follow the repercussions of an
 on graph III. 


In fact, the intersection
improvement in purchasing power on the rural population. 


of these straight lines with the threshholds of $ 44 and $ 76 respectively, permits
 

us to read the new population distribution in ordinates. The results are set forth
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in the table below.
 

Table V - New Population Distributions according to
 
Two Hypotheses of Shifts of Income Distribution
 

Income Population Population below Intermediate Population above
 
Growth Distribution Protein Sub-Consump- Population Diversification
 
Rate tion Threshhold $ 44 
 Thresshold $ 76
 
per Year
 

1962 1975 1985 1962 1975 1985 1962 1975 1958
 

in % 50.2 26 16 41.6 48 46 8.2 26 38
 
1.7 % in 000 2610 1785 1370 2160 3300 3930 430 1785 3240
 

in % 60.2 16 7 41.6 46 35 8.2 38 58
 
3.0 % in 000 2610 1100 600 2160 
 3160 2990 430 2610 4950
 

44. With respect to the protein sub-consumption threshhold, in 13 years at an
 

income growth rate of 1.7 % per caput per year, the percentage of people on the defi

cit side falls from 50.2 % to 26 %; however, allowing for a population increase of
 

2.2 % per year, the number of those below this threshhold total 2,610,000 in 1962,
 

and still come to 1,785,000 in 1975.
 

Thus in 23 years the mere effects of income can reduce the part of the popula

tion whose protein status is unsatisfactory by only half. Improvement appears to
 

be slow, therefore, and we have calculated the projections to 1985 to show sufficient

ly that we cannot expect miracles of the income fqctor within the space of one single
 

human generation (see graph IV).
 

45. Undoubtedly, if we were to adopt an income growth rate of 3 %, the results would
 

be more substantial. However, as we have seen previously, such a rate--which cor
responds to a total increase of 5.2 % per year--is deemed unrealistic and therefore
 

cannot be accepted.
 

46. Going further, we have been able to calculate that, under the present hypo

theses of distribution and allowing for a growth rate of 1.7 % projected for the
 

very long-term, it would take about 70 years for protein sub-consumption to dis

appear. It should be understood that this would be the case if we were satisfied
 

with a "laissez-faire" income policy, but do we not intend to do anything else?
 

47. The second threshhold is that of diversification of the diet combined with the
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progressive reduction of subsistence farming. In view of the right-skewness of the
 

logarithmic normal curves, the percentage of the population corssing this thresshold
 

is rapidly increasing: 8.2 % in 1962; 26 % in 1975; and 38 % in 1985. Or, in
 

absolute terms allowing for the demographic trend, a rise from 430,000 to 3,240,000
 

people in 23 years.
 

48. Thus the income effect is expressed by an intensification of the process of
 

change for the income groups already having the best nutrition and for those close
 

to the second threshhold, whereas where there are many people, in the low income
 

groups, the improvement observed in the diet does not make it easy to combat sub

consumption.
 

IV.CONCLUSIONS
 

49. The case examined above cannot be considered as generally valid as would be
 

that of a country with a marked calorie deficit. In the example discussed here, by
 

hypothesis the majority of the population has reached an adequate calorie intake
 

level. The problem is one of adjustments in the diet, primarily of animal proteins.
 

Hence, increased income has a positive effect on the structures of the diet and
 

especially on the protein-calorie ratio, since at the same time sugar and fat intakes
 

are assumed to remain very small.
 

50. At the theoretical level, the trend models used are necessarily simplified in
 

comparison to reality. They have the following advantages:
 

1) they permit, in terms of averages, a coherent approach with reference to
 

the various economic constraints conditioning the possible level of income growth,
 

the level of supply, and the fitting of supply to demand.
 

2) In terms of frequency distribution they show the disparities in the effects
 

of income and its impact which is weaker when incomes are very low.
 

51. However, these Mdodels have some drawbacks which must be kept in mind for pur

poses of interpretation.
 

1) In terms of averages, we maintain a total view. Phenomena of population
 

distribution linked to the disparity of consumption curves are not perceived, al

though they are of prime importance for the adjustment of food policies by population
 

group.
 

2) In terms of frequency distribution, the simplifying idea which consists in
 

applying the same income growth rate to all income groups may result in patterns not
 

favourable enough in the case of the high incomes and overoptimistic elsewhere.
 



(111 fact, the tendency most often seems to be to the broadening of income disparities 
at the development stage.)
 

52. The hypothesis of an income growth rate of 1.7 % per caput per year has been 
assumed for the total income, that is, including subsistence farming. Logically, 
this presupposes a speeded up monetarization, productivity gains, and even more 
efficient utilization of arable land. For the poorest income groups (50 % of the 
population below $ 44 in 1962), subsistence farming accounts for an average of 65 
to 83 % of total income (see graph II). Income from subsistence farming constitutes 
a decreasing proportion of rising total income. 8 Therefore, if we apply an income
 
growth rate of 1.7 % to those groups the calculations show that the per caput mone
tary income must increase by more than 4 % to assure 
a total income increase of
 
1.7 %. 
Due to low income levels, the monetarized part would rise on average to 
between $ 10 and $ 18 in 13 years for a subsistence farming income remaining at 

about $ 26 (at constant prices9 ). 

53. We have pointed out a new important constraint. In a successful marketing
 
policy, including the opening up of ecological enclave areas, the prospects outlined
 
in Table V may be regarded as an accessible objective.
 

economy54. But unless the becomes really dynamic, the importance of subsistence 
farming will show the standstill which will affect the majerity of the population. 
Then, only a fringe group already practising very little home-consumption in 1962
 
(above $ 60) will strengthen its privileges, substantially increasing dietary 

disparities.
 

55. The truth undoubtedly lies halfway between the developments shown in Table V 
and a standstill of the majority. From this viewpoint we are obliged to note that
 
in 1975 a minimum of 1,785,000 out of a total 6,870,000 rural inhabitants will still 
be at the protein sub-consumption level if we count only on the effect of a general 
rise compatible with the possibilities of the economy. 

56. 
The influence of income is slower than was supposed, probably due to the power
 
of various constraints. 
 It is all the more difficult to make improvements and
 
changes in the diet in rural 
areas by raising the living standard inasmuch as sub
sistence economies must first be converted to market economies.
 

57. 
All of this indicates that a "laissez-faire" policy which does not provide for
 
reduction of disparities in gains by improvement of small incomes is insufficient
 
to relieve the situation of the poorest classes within a time-period of less than
 



one or several generations. But can any developing country aftord such 
a policy
 

of redistribution of income?
 

58. Hence the most immediate solution to be implemented should consist, for the most
 
modest classes, in diet safeguard measures through education, through development of
 
new foods capable of integration within the traditional subsistence farming patterns
 

and also through specific action on high yield and high nutritional value varieties.
 
All these measures could be supplemented by national or international food aid
 

programmes.
 



NOTES AND REFERENCES
 

FOREWORD: This is a case study showing a line of approach of nutritional
 

analysis in terms of income within the framework of national plan

ning. This work also constitutes an illustration of the more
 

general article published in the Nutrition Newsletter, Volume 7,
 

No. 	3, July-Srtember 1969, entitled "The Effect of Income on the
 
/ /
 

Structure of the Diet" by J. Perisse, F. Sizaret and P.J. Francois.
 

In view of local conditions, agglomerations of over 5,000 inhabitants have been
 

considered urban.
 

3 	 The total income growth rate (Z) is shown as the sum of the population growth 

rate (Y) and of the per caput income growth rate (X). It is an approximation. 

As a matter of fact, the exact formula should be (I+ Z) = (1 + Y) (I + X), 

that is for rural population a total income growth rate of 3.93 % instead of 

3.9 %
 

This touches on 
the econometric problems of mixed populations. There is cer

tainly a risk of biasing elasticities through lack of homogeneousness. It is
 

preferable at our level of demonstration, to omit this question for the present.
 

"Nutrimetric Study on Dietary Disparities", P.J. Fransois - Nutrition News

letter, Volume 7, No. 3, July-September 1969.
 

6 	 To obtain this straight line, a change of origin x = $ 31 had to be made and 

the statistical variable Log (x-31) considered.
 

In 1962, M = $ 44 is represented by Log (44 - 31) + Log ($ 13); 

In 1975, M = $ 55 at an annual growth of 1.7 % - that is, on the graph: 

Log (55 - 31) = Log ($ 24); 

In 1975, 1 = $ 65 at an annual growth of 3 % - or, on the graph: 

Log (65 - 31) = Log ($ 34). 

8 Y = 16.06 - 1.04 Ln X/1000, R = - 0.92, Y =percentage of income from subsistence 

farming and X = total income. 

9 	 For 80 % of the rural population (up to $ 60 per caput), per caput subsistence 

farming varies little, remaining at about $ 26. This ensures a strong persis

tence of the traditional types of consumption. 



Notes and Articles 

THE EFFECT OF INCOME ON THE STRUCTURE OF THE DIET
 

by
/ / 

J. Perisse, F. Sizaret and P. Frangois
 

Food Consumption and Planning Branch 

Nutrition Division, FAO 

(original text in French) 

For most people living in a money economy and for those for whom money
 

has already made a breach in the traditional economy, the income factor can account
 

for many changes in the structure of the diet. An attempt has been made to identify
 

the general trends of consumption patterns as a function of income in order to deter

mine, for planning purposes, what structural changes may be expected.
 

The study covers 85 countries in Europe, the Americas, Africa, Asia and
 

Oceania, with a total of 1880 million inhabitants in 1962. The figures are based on
 

national food balance sheets (three yearly averages for 1960-62 or 1961-63) (1) (2).
 

Atwater's general conversion coefficients have been used to calculate, for each
 

country, the amount of calories provided by: 

- separated fats and unseparated fats of animal and vegetable origin, 

intake. 

- carbohydrates, while separating sugar from the others, 

- animal and vegetable protein. 

These values have then been expressed as a percentage of the total calorie 

The gross domestic product (GDP) in the same year was taken, for want of 

a better figure, as the independent variable to obtain per caput income (3) (se3
 

table in appendix).
 

Il.. ure 1, the countries were listed in ascending order of income on a 

logarithmic scale along the ordinate, .;' le percentage of calories provided by the 

various nutrients is shown along tric abscissa. Clusters of points were obtained 

for which the best fitting functions were computed and the corresponding regression 

lines plotted. 1",e areas enclosed represent the calories supplied by the different 

nutrients in tI-, Ji-t as percentages of tot _lories. They obey semi-logarithmic 

functions of the type y = a + b log nx whose different parameters are shown in 



Table 1. 

Table 1 
Equations of the Regression Line
 

for various Calorie Ratios
 

("y" gives percentages and
 
"x" the income in dollars)
 

Percentage of Calories
 

from: Regression Equations Correlation Coefficient
 

Separated fats y = -14.23 + 4.14 L x r = 0.69n 
Unseparated vegetable fats y = 15.51 - 1.87 L x r = 0.63
n 
Unseparated animal fats
 
and oils y = -21.15 + 5.32 L x r = 0.72
 

Total fats 
 -19.87 + 7.59 L x =y = r 0.84 
n 

Sugar y = -12.94 + 3.81 Lnx r 0.78
= 

Vegetable protein y = 16.02 - 1.57 Lnx r = 0.74
 

Animal protein y = - 5.58 + 1.70 L x r = 0.77n 
Total protein y = 10.44 + 0.13 Lnx r = 0.82
 

Calories from Fats
 
The proportion of calories from fats (fat calorie ratio) rises steeply
 

with income. It is below 15 percent of the total in countries of per caput incomes
 
under US $ 100, and 30 to 40 percent in countries where this income exceeds US $ 600.
 

This difference is the resultant of two opposing phenomena:
 
- a steep rise in the consumption of separated fats (oils, butter, mar

garine, shortenings and lards) and of unseparated edible animal fats 
through increased consumption of meat, milk and fish, 

- a reduction in the consumption of unseparated vegetable fats (in cereal! 

nuts and oilseeds). 

The latter constitute the major sources of fat in the low-income countries
 
their contribution is, 
on the whole, negligible in the industrialized countries. In
 
fact, the proportion of cereals in the diet varies inversely with income, and there
 
is substitution of nuts and oilseeds by industrially prepared fats and oils, while
 

cooking practices shift from boiling to frying.
 

There are, of course, deviations from this pattern. The countries of Asia
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with rice-based diets lie to the left of the regression line. Fat intake is ap

parently lower, on the average, than in other countries of Zone C (28 g per caput
 

per day) and is still very moderate in Japan (36 g) despite the higher income there,
 

which must be attributed to dietary traditions. In the 14 countries with per caput
 

incomesof more than US $ 1000 in 1962, daily fat consumption has reached very high
 

)evels (117-157 g per person). These countries have arrived at, or are near, the
 

saturation level for separated fats and oils (3), but the proportion of fats goes
 

on rising because of the sustained demand for products of animal origin which pro

vide unseparated fats.
 

Calories from Carbohydrates
 

Unlike fats, the proportion of the calories supplied by carbohydrates
 

declines as income rises, ranging from 75 percent in countries with per caputincomes
 

under US $ 100 to 50 - 60 percent in those with incomes in excess of US $ 600.
 

This trend actually conceals two opposing phenomena linked with a rise in
 

income: a diminished proportion of starchy staples (cereals, roots, tubers, plan

tains, and pulses as well) and a sharp increase in the consumption of sucrose in
 

sugar and sugar-sweetened foods. Since the former trend is stronger than the latter,
 

the carbohydrate calorie ratio of the diet falls when income rises.
 

These correlations with income point mainly to one trend. Here again,
 

there is on either side of the regression line a scattering of points that reflects
 

ecological conditions and dietary habits. For example, certain countries on the
 

Saharan periphery and in the Near East, have, despite a low income, a sugar consump

tion in excess of 25 kg per person per year (Morocco, Mauritania, Iraq and Jordan);
 

this is largely attributable to their tea drinking. In the tropical countries of
 

Latin America, sugar consumption is higher than income would lead one to expect and
 

plays a much more significant role than in the other countries of Zone C because of
 

the former traditional attachment to crude cane sugar products, for which refined
 

sugar is becoming the substitute.
 

Calories from Proteins
 

The proportion of protein calories of animal origin in the diet is closel)
 

linked to income. This proportion rises with income from I to 2.5 percent in the
 

countries with per caput incomes under US $ 200 to over 8 percent in North America.
 

Inversely, the proportion of calories supplied by vegetable proteins diminishes "s
 

income rises, raning from 7 to 10 percent in the low-income countries to 3.5 percent
 

in North America. As the two trends offset each other, the proportion of calories
 



supplied by total protein (protein calorie ratio) at the level of aggregation of our
 

data appears to be independent of income, and its regression line reflects through

out values close to 11 percent. Dispersion above and below this figure increases
 

as we move from high income countries to developing ones, as shown in Table 2.
 

Table 2
 

Dispersion of Protein Calorie Ratio according to Income
 

Income Groups Number of Protein Calorie Standard
 

in US Dollars Countries Ratio Range Deviation
 

600 and over 20 10.5 - 13.0 1.00
 

220 to 600 22 8.1 - 13.9 1.42
 

110 to 220 21 7.3 - 14.4 1.64
 

below 110 22 6.0 - 14.5 2.14
 

Due to its strong positive correlation with animal protein, income cer

tainly explains the qualitative improvement of the protein intake, but it is not
 

the causal variable of the protein calorie ratio. For example, it is surprising
 

to find that this figure is as high in East Africa (11.9%) where the average GDP
 

is US $ 70 per capita, as in North America (11.8%) where income is over US $ 2000
 

per capita. This is because the protein calorie ratio reflects the differences in
 

protein content of the staple foods in the diet and, hence, the ecological condi

tions and cultural factors governing dietary choices, all the more so since in the
 

low-income countries plants are the primary source of protein.
 

Thus, in the countries of the African savannah, despite a per caput in

come of less than $ 100, where millet, sorghum and pulses make up the bulk of the
 

diet, the high protein calorie ratio (13.3%) is quite comparable with those of
 

countries with per caput incomes of over US $ 1000. On the other hand, the countries
 

of central Africa, located in the humid equatorial zone, and hence largely dependent
 

on roots and tubers, have a protein calorie ratio of 7.3 percent, i.e. well to the
 

left of the regression line. Although these countries have higher per caput incoies
 

than those of the savannah zone, they suffer a severe protein handicap imposed by
 

their ecological situation and do, in fact, show protein deficits. The case is the
 

same in the rice eating countries of Asia, where the protein calorie ratio is lower
 

than 9 percent (5). 

The countries with wheat-based diets of the Near East, North Africa and 



southern Europe have, in spite of lower incomes, a protein calorie ratio which is
 

equal or higher than the countries of northern Europe. Even at high income levels,
 

ecology and cultural habits remain decisive. Though Franice and Western Germany both
 

have per caput incomes of about US $ 1300, the protein calorie ratio of the average
 

diet is 13 percent in France and 11 percent in Western Germany. In the former
 

country the traditional preference is for cereal (wheat) products, whereas in the
 

latter roots, tubers and fats usually rank high in the diet.
 

The results of the Madagascar survey, carried out in 1962 on 5000 house

holds representative of the rural population, has enabled us to study the structure
 

of the diet by income groups (see Table 3, Figure 2).
 

Table 3
 

Madagascar - Rural Household
 

Variation in Food Consumption per capita per day 
according to Monetary Income (6) 

Classes in thousands 

of Malagasy Francs 1 20 40 80 130 190 390
 

per Household/Year to 20 to 40 to 80 to 130 to 190 to 390 to 590
 

Number of households % 54.6 27.7 11.0 3.8 1.5 0.8 0.3
 

Subsistence farming %2 83.1 70.9 68.4 67.7 55.9 35.9 30.9
 

Calories 2154 2292 2256 2359 2350 2341 2456
 

Total fats g 12.1 15.9 17.6 23.1 25.6 32.2 38.9
 

Separated fats g 0.1 0.4 0.6 1.0 1.2 2.7 3.9
 

Unseparated veget. fats g 7.6 7.9 7.3 6.9 6.8 5.1 4.9
 

Unseparated animal fats g 4.4 7.6 9.7 15.2 17.6 24.4 30.1
 

Sugar g 2.4 2.6 4.0 4.6 6.0 8.7 16.1
 

Total protein g 47.3 54.1 53.6 61.2 59.1 64.6 65.3
 

Animal protein g 5.5 8.5 9.4 15.2 15.2 21.8 23.6 

Vegetable protein g 41.8 45.6 44.2 46.0 43.9 42.8 41.7
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same trend for calories from fats, carbohydrates
This study reveals the 


It should be noted that in this country
and protein as the between-country analysis. 


the protein calorie ratio rises gradually from 
9 p,rcent for the vast majority of
 

This improvement is
 
the population to 11 percent for the very high income groups. 


cause by a displacement of rice by wheat and by 
an increased intake of animal protein,
 

but it is also observed that a household must 
achieve a cash income 16 times higher
 

much animal
 
than that of the lowest income group heiore it can consume three times 

as 


This trend model in the long run produces a dietary pattern hike that 
of
 

protein. 


modern Japan. However, considrable gains in per caput income 
would havo to be made
 

and a veritable agricultural revolution wrought 
to change the sources of supply be

fore such a new dietary pattern can be brought 
within the reach of the entire popu

lation.
 

Everything appears to suggest that the straictural changes in progress will,
 

in the long run, bring the protein calorie ratios of the 
different countries to an
 

ultimate equilibrium position in the neighbourhood 
of 11 - 12 percent.
 

Conversion to a money economy gradually emancipates 
the diet from its
 

ecological constraints. However, the improvement in protein intake that may be
 

expected is very slow in materializing and, in most 
countries, largely offset by the
 



growth of the demand for sugar, fats and oils, which supply calories with no protein
 

counterpart. From the Indicative World Plan studies it appears that supplies of
 

animal products will be subject to the limitations inherent to the process of pro

duction, whereas the demand for sugar and fats is likely to be met (2). Consequently
 

there is a risk in some countries that the protein calorie balance of the diet will
 

be adversely affected by rising incomes, unless adequate food policies are adopted.
 

A time-series study for countries that have undergone rapid economic
 

development shows the same structural shift as does the between-country analysis.
 

Table 4
 
Italy: Shift of the Dietary Structure
 

Food Balance Sheets (1) 

1948-50 1951-53 1954-56 1957-59 1960-62 1963-65 1965-66 Trend
 

Fat calorie ratio 19.8 21.8 22.8 24.4 26.0 27.0 27.4
 

Carbohydrate
 
calorie ratio 68.3 66.6 65.4 63.8 62.3 61.1 60.7
 

Protein
 
calorie ratio 11.9 11.6 11.8 11.8 11.7 11.9 11.9 4--


Animal protein
 
calorie ratio 3.3 3.4 3.9 4.1 4.4 4.7 4.8
 

Vegetable protein
 
calorie ratio 8.6 8.2 7.9 7.7 7.3 7.2 7.1
 

Hence, the gradual restructuring of the diet as a function of income ap

pears to be a general phenomenon. However, each country moves in this direction from
 

features basic to it and which reflect its dietary heritage. The speed of the evo

lutionary process will depend, on the national level, on the rate at which per caput
 

income rises, but the prime movers in this evolution will be these classes which,
 

particularly as a result of urbanization, will enter a market economy and acquire
 

wider freedom of choice of foods.
 

If this model is accepted, it is natural that demand projections for in

dividual foods and for food groups should also reflect this evolution of the dietary
 

structure. Therefore, in the Indicative World Plan methodology, the proportions of
 

calories from fats, carbohydrates and proteins have been used as tests of the nutri

tional coherence of the demand for food (2).
 



2 

Notes and References
 

In a previous study (3)(4), the clusters of points were adjusted for functions
 
log y = a + b log nx. For certain nutrients such as animal proteins, these
 
functions give better correlations (r= 0.81). Here, however, we have prefer
red to adopt semi-log functions which have the advantage of enabling one to
 
cumulate the areas of the various nutrients by calculation and by graph. For
 
example, the equation which determines the total fat area is found by adding
 
the equations related to the constituent products (separated fats + unseparated
 

vegetable fats + unseparated animal fats).
 

Consumption of home-grown food as percentage of total expenditure on food
 

(1) FAO. Food Balance Sheets 1960-62. (1966).
 

(2) FAO. Indicative World Plan for Agricultural Development to 1975 and 1985. 

Provisional Regional Studies Nos. 2, 3, 4. 2. (1968) 

(3) FAO. Agricultural Commodities - Projections for 1975 and 1985. 1, 2 (1967). 
/ / 

(4) Perisse, J. The Nutritional Approach in Food Policy Planning. Nutrition
 

Newsletter No. 1, Vol. 6, p. 30-45. (1968).

/ / 

(5) Autret, M., Perisse, J., Sizaret, F. and Cresta, M. Protein Value of Different
 
Types of Diet in the World: Their Appropriate Supplementation. FAO Nutrition
 

Newsletter, Vol. 6, No. 4 (1968).
 

(6) Fransois, P. Budgets at alimentation des menages ruraux de Madagascar en 1962.

2Publication Secretariat d'Etat, charge de la Cooperation, Paris.
/ P S c (1968). 



APPENDIX 

Calories provided b Nutrients 

as Perceitage of total Calories 

according to Country Incomes (1962) 

GDP per Separated Uneepar. Uneepar, Vegetable Animal 

caput Calories edible vegetable animal Sugar proteins proteins 

per year fats fats fats 

IUnited States 2684 3100 16,1 2,5 22,5 16,O 3,5 8,3 

Canada 1787 3020 15,5 2,5 22,4 16,6 4,1 8,0 

Switzerland 1738 3220 14,9 4,1 17,2 14,4 4,9 6,3 

Sweden 1689 2990 18,5 2,1 18,6 15,2 3,8 7,3 

N.Zealand 1563 3490 14,3 2,0 24,3 13,7 39 8,6 

4 Australia 1492 3140 11,5 2,3 24,2 17,7 3,8 7,6 

v Denmark 1381 3370 19,9 2,0 19,8 15,7 4,2 6,9 

8 F.R.Geraany 1338 2960 21,2 2,2 15,6 11,7 4,3 6,6 

? Norway 1318 2930 19,3 2,0 18,0 15,2 4,4 6,7 
,o France 1314 3050 18,1 2,1 16,9 11,0 5,7 7,3 

," U.K. 1305 3280 17,3 1,7 20,4 16,9 4,3 6,5 

/iI elgium 1255 3040 23,9 2,0 15,1 11,1 5,2 6,0 

13 Finland 1057 3070 15,5 2,0 17,6 13,6 5,1 7,0 

,v Netherlds. 1027 2950 24,1 2,1 13,1 17,3 4,4 6,2 

, Austria 
/I Israel 
, Venezuela 

886 
830 
721 

2970 
2820 
2262 

14,9 
15,3 
9,5 

3,0 
4,1 
3,O 

16,0 
9,6 
12,2 

13,3 
12,4 
13,8 

5,3 
6, 
5,8 

6,4 
5,1 
4,7 

/| Italy 699 2730 15,2 3,O 8,2 9,4 7,3 4,4 
Iq 

,; 
a, 

Ireland 

Argentina 
Poland 

639 
601 
594 

3490 
3038 
3350 

13,8 
9,8 
10,1 

1,7 
1,8 
1,9 

18,4 
21,0 
15,? 

14,5 
12,2 
9,3 

4,3 
5,3 
6,6 

6,3 
7,6 
4,5 

A Uruguay 
Bmrana 

571 
550 

3143 
3160 

9,1 
6,8 

1,3 
3,1 

24,4 
11,6 

13,2 
4,3 

4,5 
8,8 

9,4 
3,5 

>,, Japan 521 2230 5,3 5,8 3,6 7,1 9,4 3,0 
" S.Africa 480 2820 4,7 5 11,6 15,3 6,9 495 

;e Chile 
Panama 

420 
410 

2509 
2310 

8,2 
7,9 

2,5 
5,6 

9,7 
8,9 

13,5 
8,7 

7,3 
6,0 

4,2 
41 

Greece 406 2940 15,4 3,9 7,7 5,6 8,8 4,3 
Mexico 367 2610 10,3 6,0 8,4 12,1 7,5 3,5 

Gabon 364 2135 4,2 5,1 2,1 1,1 3,9 4,2 

,, 

, 

Spain 
Costa Rica 

354 
339 

2800 
2430 

17,9 
7,1 

5,5 
3,4 

6,7 
8,1 

7,1 
13,1 

7,6 
5,4 

3,3 
3,4 

J Lebanon 314 2360 12,2 3,7 4,9 10,4 8,3 2,7 

Surinam 310 1980 11,8 2,9 5,9 12'1 5,9 3,1 

j,.
j 

Portugal
Iraq 

285 
273 

2550 
2140 

15,0
4,3 

4,0
2,6 

4,6
7,7 

8,1
14,6 

7,1 4,34,3 

,/ 

Qolombia 
Ouatemala 
Yugoslavia 

eeru 
Ivory Coast 
LEl Salvador 

264 
256 
254 
246 
225 
222 

2210 
2080 
3030 
2268 
2294 
2030 

5,9 
3,5 
94 
8,8 
4,4 
6,7 

4,2 
7,4 
3,8 
, 

6,0 
6,0 

11,7 
4,3 
9,1 
6,5 
1,8 

6,8 

7,8 
9t7 
5,7 
6,5 
3,5 

8,3 

5,0 

9,2 
9,4 
7,3 
7,3 

87 

4,6 

11,7 
3,0 
3,3 
1,8 

3,0 



ENDIX (Cont'd.)
 

GDP per 
caput/ 
year 

Calories 
Separate 
edible 
fate 

Unsepar. Unepar. 
vegetable animal 

fate fatp 
Sugar 

Vegetable 
proteins 

Animal 
proteins 

f3 Ghana 218 2157 497 8,0 1,8 3,9 7,O 2,O 

t1. Turkey 
,,< Honduras 
ai( Senegal 

212 
201 
198 

3110 
2080 
2279 

6,3 
3,5 
9,9 

5,0 
6,1 
7,2 

4,3 
4,1 
3,8 

6,2 
6,7 
5,5 

10,5 
7,9 
8,1 

2,0 
2,4 
3,2 

u) Iran 
qS Malaysia 
>0 Syria 

193 
192 
182 

2050 
2336 
2340 

8,0 
10,0 
9,8 

3,3 
2,4 
3,7 

5,0 
4,5 
5,0 

9,9 
10,6 
5,7 

9,0 
6,4 
9,6 

2,6 
2,6 
2,1 

% 

Jordan 
Paraguay 
Equator 
Zambia 
china Taiwan 
Congo B.Libya 

178 
176 
174 
173 
170 
168 
156 

2230 
2733 
1846 
2277 
2400 
2125 
1850 

10,9 
6,8 
6,7 
3,2 
4,9 
11,1
9,5 

4,6 
3,3 
3,2 
7,5 
3,3 
7,0 
3,6 

2,9 
13,7 
8,3 
1,1 
7,1 
2,6
397 

11,0 
12,8 
12,8 
1,5 
7,4 
1,0 

10,2 

9,3 
5,5 
6,1 
10,9 
7,4 
45 
8,3 

1,9
4,9 
3,0 
1,7 
2,3 
2,8 
2,2 

V- Philippines 
Brazil 

152 
146 

1875 
2830 

4,6 
4,5 

4,3 
4,4 

5,6 
7,9 

6,7 
13,8 

6,4 
8,7 

3,0 
3,1 

Ceylon 
U.A.R. 

138 
135 

2049 
2690 

4t8 
5,0 

12,3 
5,1 

"1,7 
4,0 

9,9 
5,6 

7,1 
9,9 

1,7 
1,8 

/ Cameroon 
6 Mauritania 
-37hailand 

C.A.R. 

121 
115 

-112 
108 

2133 
1954 
2127 
2122 

6,4 10,8 
1,9 19,5 
1.7 18. 
2,4 11,3 

2l6 
1697 
4.1-
2,4 

0,8 
13,5 
199 
0,9 

8,4 
6,5 
6,8 
6,5 

1,9 
7,9 
2IO 
1,7 

Bolivia 
. Madagasoar 

6 Congo K. 
0 Sudan 
6 Kenya 
70 India 
/ Togo 

. Pakistan 
- Niger 
yu Gambia 
,( Nigeria 
7 ( Dahomey 
-7Uganda 
9iMali 

So Korea. 

108 
105 
103 
93 
86 
86 
85 
80 
80 
72 
71 
71 
70 
68 
65 

1785 
2333 
1914 
1940 
2118 
1977 
2214 
1940 
2161 
2301 
2182 
2124 
2068 
2120 
2209 

6,3 
3,5 
7,7 
9,0 
4:7 
6,3 
399 
5,7 
1,3 
8,1 
7,8 
611 
2,7 
3,3 
0,6 

4,6 
3,3 
6,5 
6l6 
6,8 
4,8 
9,3 
2,5 

11,0 
6,9 
7,8 
5,0 
7,2 
97 
4,7 

5,7 
1,3 
1,5 
7,8 
1,5 
197 
1,8 
3,8 
-48 
1,9 
1,3 
1,2 
3,1 
3,4 
1,5 

10,2 
3,0 
14 
5,6 
5 3 

2,9 
1,4 
1,3 
0,9 
5,3 
0,6 
1,5 
5,6 
2,8 
09 

7,4 
7,3 
4,4 
8,9 
999 
9,5 
7,9 
7,7 
11,9 
8,4 
9,9 
8,7 
7,7 

10,0 
10,7 

2,7 
1,6 
1,6 
47 
2,3 
1,1 
1,0 
1,8 
2,6 
2,1 
1,O 
1,1 
119 
211 
1,1 

g- Tanzania 
/ Chad 

61 Afghanistan 
3 Upper Volta 

s iEthiopia 
Malawi 

64 
63 
60 
5O 
46 
36 

2102 
2184 
2050 
2016 
2039 
2113 

2,3 
1,1 
Ito 
2,5 
6,0 
1,0 

6,6 
123 
4,7 

11,5 
6,3 
10,8 

2o7 
3,3 
7,4 
1,5 
2,5 
195 

3,0 
2,1 
1,7 
1,0 
1,1 
1,3 

9,4 
11,7 
I0,3 
12,8 
10,5 
11,4 

1,7 
292 
3,1 
1,0 
2,9 
0,6 

i__________________ --
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1. INTRODUCTION
 

In a previous paper we dealt'.,with the different protein values of various
 

types of human diet (1). A very careful determination of a protein quality index
 

based on the amino acid content is particularly important when it is not possible to
 

apply methods of biological measurement systematically. This quality factor should
 

be taken into account both in assessing protein requirements and in shaping food
 

policy.
 

The table "Amino Acids Content of Foods and Biological Data on Proteins"
 

(2), compiled by the Nutrition Division of FAO, gives a number of biological data
 

derived from tests carried out on rats fed with experimental diets, from which the
 

amino acids content of foods can be calculated a posteriori. We came to the con

clusion that a study of the correlation of the biological with the chemical measure

ments, as well as an attempt to assess the role of the various reference proteins
 

which have been used up to now, would prove of value in establishing a protein
 

quality index. An IBM 1130 computer was used for all statistical caloulations.
 

(1) 	Autret, M., Perisse, J., Sizaret, F. and Cresta, M. Protein Value of
 

Their Appropriate Supplementa-
Different Types of Diet in the World: 


tion. Nutrition Newsletter, FAO, Vol. 6, No. 4, 1 - 29 (1968).
 

(2) 	FAO. Amino Acids Content of Foods and Biological Data on Proteins
 

(1969, in press).
 



2. HISTORICAL BACKGROUND
 

In 1946 Mitchell and Block proposed a method for assessing the quality of
 

nutritional proteins by means of an index (3). This method, which is still widely
 

adopted, consists in calculating by the use of tables the quantity of each essen

tial amino acid contained in the protein mixture. The values so deduced are then
 

expressed individually as percentages of the corresponding amino acid content of
 

egg protein. The amino acid which shows the lowest percentage is called a limiting
 

factor, and the percentage so obtained is the protein score 1/. To justify the
 

merits of this method, the authors showed the results of a correlation study between
 

the chemical score (CS) established for 23 different foods and their biological
 

value (BV) obtained from nitrogen balances.
 

The composition of the amino acids contained in the foods examined and in
 

the egg protein used as reference, had been determined previously by various inves

tigators using chemical and microbiological methods. The data referring to biolo

gical value were extracted mainly from the finaings of the University of Illinois
 

on young growing rats. By comparing these two sets of data, Mitchell and Block
 

ascertained that the representative values of the chemical score and of the biologi

cal value showed an extremely satisfactory coefficient of correlation (r = -0.86)
 

1/, which (in their opinion) confirmed both the validity of adopting the chemical
 

score for grading the quality of proteins and the hypothesis whereby the 71(otein
 

synthesis is limited, in relation to the requirements of the organism, by those
 

amino acids which are present to a minor degree.
 

(3) 	Mitchell, H.H., Block, R.J. Some Relationships between the Amino
 
.Acid Contents of Proteins and their Nutritive Value for the Rat.
 

J. Biol. Chem. 163, 599 - 620 (1946).
 

/ In fact, from the first stages of their research, the authors adopted as
 
representative measurement of protein quality not a percentage but the dif
ference between its value and 100. This does not in any way alter the order
 
of classification, but it does cause the coefficients of correlation to
 
assume a negative value.
 



On the other hand, in the scatter diagram, the regression line representing
 

the set of points cuts the coordinates at such a value that many proteins, although
 

showing a zero chemical score (through the absence of one or more essential amino
 

acids), could nevertheless have a definite biological value. The authors then put
 

forward the hypothesis that "proteins inadequate for growth, but possibly adequate
 

for maintenance, would possess a biological value of 39".
 

Mitchell and Block followed up this line of research and, in 1946-47, pu

blished a further study on the correlation of the chemical score with the protein 

efficiency ratio (PER), based on 23 different foods (4). The PER values were ob

tained by various investigators who fed rats for periods of four to eight weeks 

on diets containing from eight to twelve percent of proteins. The coefficient of 

correlation established between the two series of data was again high (r = -0.89), 

and was comparable to the coefficient obtained previously by correlating chemical 

score with biological values; in this letter case, however, results showed a degree 

of dispersion (eight percent of standard error in the regression equation) which 

was less than that obtained with the protein efficiency ratio (16 percent). 

The interrelationship existing between chemical and biological measurements
 

of protein quality also at+ acted the attention of the FAO Committee set up to define
 

protein requirements (5). This Committee examined the concordance between the two
 

sets of variables on 30 different foods. The biological values were established on
 

adult men and young growing rats, while the chemical score was calculated with re

ference to the "provisional amino acid pattern" proposed by the Committee itself (FAO 

reference protein). A proper mathematical correlation study was not carried out, but 

nevertheless the scatter diagram showed a high degree of dispersion among the results. 

The Committee came to the conclusion that complete concordance between protein scores 

and biological values is not to be expected in view of the incompleteness of present 

knowledge of amino acid requirements of man :nd of amino acid values of foods.
 

(4) Block, R.J., Mitchell, H.H. The Correlation of the Amino Acid Composition of 

Proteins with their Nutritive Value. Nutr. Abst. Rev. 16, 249 - 278 (1946-47). 

(5) FAO. Protein Requirements. FAO Nutritional Studies No. 16 (1957).
 



The problem was re-examined in 1963 by a Joint FAO/IW1O Expert Group who
 

were entrusted with the revision of protein requirements. The group investigated
 

26 foods, comparing the chemical scores with the net protein utilization (NPU) as
 

The results showed numerous discrepancies, which the Comdetermined on rats (6). 


mittee ascribed to the fact that biological tests and chemical analyses had been
 

carried out on different samples and that, as a result, the measurements were lia

ble to error. The chemical score does not, in facts, show any possible imbalance
 

between amino acids, and there is the risk of overestimating the values of certain
 

amino acids which are not available.
 

As we shall see, another (and not unimportant) reason for these incon

sistencies lay in the choice of reference protein (FAO pattern, egg, milk) used to
 

calculate the chemical score.
 

3. REGRESSION STUDIES WITH TWO VARIABLES
 

From the data contained in the table "Amino Acids Content of Foods and
 

Biological Data on Proteins", 274 diets were selected. These diets were used by
 

various investigators to determine protein quality in rats. Eighty-seven of these
 

diets were used in connection with the biological value (BV), and 187 with the
 

The amino acids content of each diet was determine
protein efficiency ratio (PER). 


using the above-mentioned table, taking into account the composition of the foods
 

contained in the various diets. The source of nitrogen for the diets was either
 

one food only, or several foods (in both cases with or without the addition of
 

amino acids).
 

Diets supplemented with high amounts of amino acids (more than 0.4 per

cent of lysine or more than 0.1 percent of methionine) were discarded, since at
 

these levels certain side effects (linked to amino acid imbalance and to possible
 

toxic effects) can possibly interfere and become a cause of heterogeneity. The
 

number of experiments considered in the two series of results is markedly greater
 

than those considered in previous studies, thus allowing a significant statistical
 

analysis.
 

(6) FAO. Protein Requirements. FAO Nutrition Meetings Report Series No. 37 (1965)
 



a) VARIATION OF THE CHEMICAL SCORE ACCORDING TO THE NATURE OF THE
 

REFERENCE PROTEIN
 

The chemical score of each diet was calculated by the Mitchell and Block
 

method, using various reference proteins whose composition is given in table 1.
 

The chemical score was also calculated in terms of egg protein (1963),
 

using however the method of calculation recommended by the Joint FAO/WIIO Expert 

Group in their report (Appendix 2): this method takes into consideration the total 

content of essential amino acids (A/E method).
 

Table 1 calls for some comments. Compared to the 1963 data, the egg
 

protein (1946) proposed by Mitchell gives 10 or 15 percent higher values for iso

leucine, lysine and sulphur amino acids. The levels of isoleucine and sulphur
 

amino acids are, instead, perceptibly lower in cow milk and in human milk proteins
 

than they are in egg. Finally, the level of sulphur amino acids in the FAO pro

visional pattern is, generally speaking, lower than in either milk or egg. In view
 

of these variations, it might be expected that both the type of the limiting amino
 

acid and the value of the chemical score would vary according to the choice of re

ference protein. In other words, if egg protein were adopted as reference, its
 

high content of sulphur a-,aino acids would tend to show methionine-cystine as the
 

limiting factor in diets, and the chemical score would be lower than when milk is
 

used as reference protein. Conversely, if cow milk protein were adopted as re

ference, its high conterc of lysine would increase the number of diets for which
 

this amino acid is the limiting factor and the deficit would be more pronounced
 

than if egg or human milk were used.
 

The FAO reference protein pattern was devised with intent to minimize
 

these disadvantages. The low level fixed for most of the amino acids forming
 

this reference protein does in fact diminish the deficits and penalizes diets to
 

a lesser extent. We shall have the opportunity later on to consider whether this
 

reference protein does in fact reflect actual biological reality more closely or
 

not.
 



iade i 

ESSENTIAL AMINO ACIDS CONTENT OF THE VARIOUS REFERENCE PROTEINS 

EXPRESSED IN MG OF AMINO ACID PER G OF NITROGEN 

Egg Egg 	 Egg Human Cow FAO
 

1969 Milk Milk Pattern
1946 1963 

1/ 2/ 3/ 4/ s/ 6/
 

Isoleucine 500 415 393 254 295 270 

Leucine 575 553 551 548 596 306 

Lysine 450 403 436 428 487 270 

Sulphur A/A * 406 346 362 185 208 270 

Aromatic A/A ** 675 627 618 421 633 360 

Threonine 306 317 320 280 278 180 

Tryptophan 94 100 93 105 88 90 

Valine 456 454 428 284 362 270 

* Methionine + Cystine ** Phenylalanine + Tyrosine 

1/ Mitchell, see reference (3), page 1.
 

2/ Report of Joint FAO/WHO Expert Group (1963), table 6B.
 

3/ Amino Acids Content of Foods and Biological Data on Proteins. Average data by
 

column chromatography.
 

4/ Report of Joint 	FAO/WHO Expert Group (1963), table 6B.
 

5/ Report of Joint 	FAO/WHO Expert Group (1963), table 6B.
 

6/ FAO Committee Report on Protein Requirements (1955).
 

Table 2 shows the frequency with which a given amino acid assumes a limi

ting role for the 87 diets under consideration in the first regression study, accor

ding to different reference proteins.
 

As might have been expected, 40 to 50 of these 87 diets are limited by
 

are used as references, while the
methionine-cystine when the various egg proteins 


same amino acids are limiting, for two and ten diets respectively, when cow milk
 

and human milk are adopted as references. Conversely, lysine and threonine are
 

a reference, but only
limiting factors 60 times out of 87 when milk is adopted as 


The type and frequency of occurrence of the limiting
25 times in the case of egg. 


amino acids with the FAO pattern are rather similar to the results obtained with
 

scores are higher than when the other reference proegg protein, but the chemical 


teins are used.
 



Table 2
 

COEFFICIENTS OF CORRELATION BETWEEN CHEMICAL SCORE AND BIOLOGICAL VALUE
 

AND FREQUENCY OF OOCURRENCE OF LIMITING AMINO ACIDS 

ACCORDING TO VARIOUS REFERENCE PROTEINS 

Egg 
1946 

Egg 
1963 

Egg 
1969 

Human 
Milk 

Cow 
Milk 

FAO 
Pattern 

Isoleucine 3 15 5 - - 2 

Lcucine - - - 3 10 1 

Lysine 24 21 25 44 51 18 

Sulphur A/A 53 41 50 2 10 40 

Threonine 1 4 2 22 12 21 

Tryptophan 3 6 5 16 3 3 

Valine 3 - - - - -

Diets with 
CS 100 - - - - 1 2 

Total 87 87 87 87 87 87 

Coeffici.ent of 
Correlation 0.383 0.501 0.524 0.619 0.673 0.378 



Table 3
 

COEFFICIENTS OF CORRELATION BETWEEN CHEMICAL SCORE AND PROTEIN
 

EFFICIENCY RATIO AND FREQUENCY OF OCCURRENCE OF
 

LIMITING AMINO ACIDS ACCORDING TO VARIOUS
 

REFERENCE PROTEINS
 

Egg Egg Egg Human Cow
 
1946 1963 1969 Milk Milk
 

Isoleucine 73 44 20 - -


Leucine -	 - 2
- 9
 

Lysine 35 44 
 52 93 149
 

Sulphur A/A 79 86 106 3 7
 

Aromatic A/A  - - - 3 

Threonine 4 144 4
 

Tryptophan 
 3 2 75 15
 

Valine - 6 3 - -


Total 	 187 187 187 187 187
 

Coefficient of
 
Correlation 0.710 0.726 0.678 0.647 0.656
 

b) 	CORRELATION BETWCEN THE BIOLOGICAL VALUE (BV) AND THE CHEMICAL
 

SCORE (CS)
 

Table 2 also shows the coefficient of correlation of the protein score
 
with the biological value. The chemical scores obtained on the basis of the FAO
 

pattern show a very poor correlation with the biological value (r = 0.38). In
 

the same way, the A/E method of calculating (in terms of egg protein) the chemical
 

score, recommended by the Joint FAO/WHO Expert Group, gives 
a very low coefficient
 
of correlation (r = 0.29). The best coefficients of correlation are obtained with
 

human milk protein and, aboe all, with cow milk protein (r = 0.67).
 

The data contained in this table do not, however, confirm the good coef

ficient of correlation established by Mitchell and Block on 23 diets with egg as
 
reference protein; but, as we have seen, these investigators carried out far fewer
 
experiments and moreover used an amino acid pattern which was either incomplete
 



(the value of cystine not having been taken into consideration) or based on methods
 

some of which are technically obsolete (chemical methods).
 

Figure 1 shows the regression lines obtained by correlating the biological
 
values with the chemical score; these last are calculated on the basis of the three
 
reference proteins (namely, egg (1963), human milk, 
cow 	milk). The regression lines
 
have been extended so as to include the values of the chemical score between two
 
standard deviations which comprises 97.5 percent of the observations. The standard
 
deviation is represented by two curves, 
one above and one below the regression line;
 
these curves delimit a confidence interval which includes 68 percent of the observa

tions.
 

c) 	CRRELATION BETWEEN THE PROTEIN EFFICIENCY RATIO (PER) AND THE
 

CHEMICAL SCORE (CS)
 

This study is based on 187 experimental diets. The values of the chemical
 
score have been established using as reference protein the three egg proteins 
1946,
 
1963, 1969), human milk and cow milk. 
Table 3 shows that the coefficients of corre
lation of the chemical score with the PER are higher than those given in table 2 for
 
the biological value. In this case the coefficient is more than 0.60, whichever
 
protein is adopted, but the highest value is obtained when egg protein is used as
 

reference protein.
 

Among the various reference proteins used, MILK PROTEIN 
- AND ESPECIALLY
 
COW MILK PROTEIN - GIVES THE BEST CORRELATIONS WITH THE BIOLOGICAL VALUE, AND EGG
 
(1963) GIVES THE BEST CORRELATION WITH THE PROTEIN EFFICIENCY RATIO. 
These results
 

are plotted on the diagram in figure 1.
 

These first findings confirm the classical assumption that some amino
 
acids play a role, the importance of which varies according to whether maintenance
 

requirements (BV) or growth requirements (PER) are considered.
 

4. MULTIPLE CORRELATION STUDY
 

This study is 
an attempt to ascertain whether a mathematical formula in
stead of the chemical score would not give a protein quality index more respondent
 
to biological reality, and whether the respective importance of each essential amino
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acid with regard to growth and maintenance requirements can be measured by a suit

able test. The methodological aspects and the definition of the mathematical con

cepts used are given in the Appendix.
 

a) MULTIPLE CORRELATION OF BIOLOGICAL VALUE WITH ESSENTIAL AMINO ACIDS.
 

This analysis relates to the 87 diets previously investigated. Table 4
 

specifies the differeni parameters of the multiple regression correlation and gives
 

two formulae. The first takes into consideration each individual essential amino
 

acid and the total of the non-essential amino acids. '.e second is a simplified
 

formula and considers only those amino acids which, following the Student test,
 

appear to be the most representative. In both cases, the coefficients of correla

tion (r = 0.707,'r = 0.688) are higher than those obtained previously by the simple
 

correlation of chemical score with biological value (see table 2). It would seem,
 

therefore, that the application of a multiple regression equation to the amino acids
 

content of a diet gives a higher degree of approximation in assessing the biological
 

value than the use of the classical method of chemical score calculation.
 

The relative importance of each essential amino acid and of the totality 

of non-essential amino acids in determining the biological value can be evaluated 

by calculating Student's variable t (table 4, col. 8). Lysine (t = 3.5) appears to 

play a fundamental role, followed by tryptophan (t = 2.3) and leucine (t = 2.2), and 

then later by isoleucine on account of its high negative index (t = -1.6). On the 

other hand, sulphur amino acids are of lesser account. Threonine, valine and the 

non-essential amino acids appear to have a negligible influence. 

b) MULTIPLE CORRELATION OF PER AND ESSENTIAL AMINO ACIDS
 

Table 5 lists the values of the various multiple correlation parameters 

resulting from the 187 experimental diets. The table gives two multiple regression 

equations (as in the case of biological value), one of which is simplified to five 

variables. High coefficients of correlation are obtained in both cases (r = 0.72, 

r = 0.72), but these are no better than the coefficient obtained by correlating the 

PER with the chemical score calculated by reference to egg protein (1963) (r = 0.73). 

As far as the PER is concerned, therefore, the Mitchell and Block method gives as 

good results as the formula of multiple regression. 



Table 4
 

MULTIPLE REGRESSION BETWEEN BIOLOGICAL VALUE, ESSENTIAL AMINO ACIDS AND THE TOTAL
 

OF NON-ESSENTIAL AMINO ACIDS
 

Coefficient Correlation Coefficient 

Standard of Coefficient of 


Mean Deviation Variation for each Regression 

A/A with BV 


Isoleucine 256.50574 33.67901 0.131 0.45352 -0.07897 

Leucine 462.14942 75.38020 0.163 0.28688 0.03628 

Lysine 318.86206 123.91906 0.389 0.62374 0.06267 

Sulphur A/A 211.36781 53.97439 0.255 0.10462 0.02171 

Arom. A/A 491.31034 61.84626 0.126 0.15902 -0.01694 

Threonine 223.39080 40.22967 0.180 0.62105 0.02649 

Tryptophan 70.68965 14.27170 0.202 0.17842 0.20699 

Valine 301.27586 44.86923 0.149 0.40615 0.01048 

Non-Ess.A/A 3663.55172 311.95187 0.085 -0.39687 -0.00079 

Multiple Regression Formulae:
 

1) with all amino acids (r = 0.707)
 

BV = 32.831 - Iso 0.07897 + Leu 0.03628 + Lys 0.06267 + Sulphur A/A 0.02171 


Threo 0.02649 + Tryp 0.20899 + Val 0.01048 - Non-Ess. A/A 0.00079
 

2) 	with the more representative amino acids only { t 1.5) (r = 0.688) 

BV = 30.556 - Iso 0.06543 + Leu 0.03381 + Lys 0.06814 + Tryp 0.21581 

Standard Student's
 
Deviation of Variable t
 
Regression for each
 
Coefficient Amino Acid
 

0.05086 -1.55257
 

0.01680 2.15943
 

0.01780 3.52109
 

0.02393 0.90708
 

0.02312 -0.73268
 

0.05506 0.48118
 

0.08984 2.30395
 

0.02891 0.36282
 

0.00468 -0.17007
 

- Arom. A/A 0.01694 + 



Table 5
 

MULTIPLE REGRESSION BETWEEN PROTEIN EFFICIENCY RATIO AND
 

ESSENTIAL AMINO ACIDS
 

Coefficient Correlation Coefficient Standard Student's 

Mean 
Standard 
Deviation 

of 
Variation 

Coefficient 
for each 

of 
Regression 

Deviation of Variable t 
Regression for each 

A/A with PER Coefficient Amino Acid 

Isoleucine 256.43850 37.93826 0.147 0.48144 0.00237 0.00126 1.88383 
Leucine 495.83422 89.12772 0.180 0.08852 -0.00046 0.00048 -0.96459 
Lysine 304.60962 101.45295 0.333 0.50204 0.00214 0.00041 5.19566 
Sulphur A/A 217.22459 59.22658 0.273 0.39206 0.00249 0.00071 3.48082 
Arom. A/A 515.64705 40.16743 0.078 0.32615 0.00018 0.00102 0.18024 
Threonine 224.15508 57.33426 0.256 0.27132 0.00033 0.00065 0.51645 
Tryptophan 74.00000 13.65315 0.184 0.49798 0.00587 0.00379 1.54838 
Valine 303.26737 34.29886 0.113 0.68927 0.00462 0.00168 2.74326 

Multiple Regression Formulae:
 

1) with all essential amino acids (r = 0.724)
 
PER = -1.2689 + Iso 0.00237 
- Leu 0.00046 + Lys 0.00214 + Sulphur A/A 0.00249 + Arom. A/A 0.00018 +
 
Threo 0.00033 + Tryp 0.00587 + Val 0.00462
 

2) 	with the more representative amino acids only Ct 1.5) (r = 0.722)
 

PER = -1.25482 + Iso 0.00210 + Lys 0.00229 + Sulphur A/A 0.00256 + Tryp 0.00706 + Val 0.00412
 



Student's test (table 5, col. 
8) shows that lysine has an extremely high
 
relative importance and plays a leading role (t = 5.2), a role which is even more
 
decisive than in the case of biological value. Sulphur amino acids follow in order
 
of importance (t = 3.5), 
then valine, isoleucine and tryptophan.
 

c) 	COMMENTS ON RESULTS RELATED TO BIOLOGICAL VALUE AND PROTEIN
 

EFFICIENCY RATIO
 

According to the results of Student's test, the importance of the most
 
representative amino acids in relation to BV and PER can be summed up as follows:
 

Protein
 
Biological Efficiency
 
Value Ratio
 

Lysine .... ....
 

Tryptophan ++ ++
 

Isoleucine 
 ++ 

Leucine 
 ++
 

Sulphur amino acids +
 

Valine 	 ...
 

The 	signs + and - represent one unit of
 

Student's variable t.
 

Essential amino acids appear to vary in importance (at least on rats)
 
according to whether they are considered in relation to the requirements of rowth
 
or of maintenance. There would not, therefore, seem to be one ideal protein 
 and
 
one only, which should be adopted as a reference, but at least two: 
 one suitable
 
for obtaining a chemical score more consistent with the biological value (this is
 
the case of milk protein which has a higher coefficient of correlation than egg);
 
and the other for supplying a chemical score more closely correlated with the
 
values of the protein efficiency ratio (in this case egg protein is superior to
 

milk protein).
 

The role ascribed to certain amino acids by Student's variable t would
 
appear to explain why some reference proteins give chemical score values which
 
are better correlated than others with, at times, the biological value and, at
 
times, the protein efficiency ratio.
 



In a given series of observations, some amino acids can show, insofar as
 

they are limiting factors, a high frequency of occurrence even though they have a
 

merely relative importance in the study of multiple regression. The role of these
 

amino acids can thus be erroneously overestimated, and the diet under examination
 

is consequently penalized. These limiting amino acids (or rather, amino acids which
 

are identified as such) can thus become misleading factors in the establishing of
 

biological quality of protein from chemical score.
 

For this reason, only a poor correlation can be obtained between the two
 

measurements. For example, when simple correlation is attempted between biological
 

value and the chemical score calculated from egg, sulphur amino acids are frequen

tly limiting (see table 2) since egg is rich in methionine-cystine. Now, Student's
 

variable t shows that sulphur amino acids play a secondary role with regard to bio

logical value (see table 4). The chemical score of these amino acids will thus in

terfere in the correlation calculations, with the result that the coefficient of
 

correlation will drop.
 

On the other hand, sulphur amino acids show a reduced frequency of occur

rence as limiting factors when milk is used as a reference protein, since milk is
 

less rich in sulphur amino acids. The role of the sulphur amino acids, therefore,
 

diminishes in importance and falls more into line with the results of Student's
 

test t. As a consequence, it is not surprising that milk as a reference protein
 

should give a better correlation with biological value than egg.
 

The same line of reasoning can be used to explain the different intensi

ty of simple correlations between chemical score and PER. The use of egg as a re

ference protein in preference to milk will give rise to a high frequency of occur

rence of sulphur amino acids as limiting factor. The choice of this protein will
 

give to sulphur-containing amino acids an importance which is more in line with
 

the data obtained from Student's test t. As a result, the coefficient of correla

tion between the chemical score and the PER will be higher with egg than with milk.
 

The same general argument holds good for all other amino acids. The effect that
 

they may have on the correlation will depend on their respective levels in the
 

reference protein which determine the frequency of occurrence of the limiting factor.
 

At the same time, however, the effective role of these amino acids depends on their
 

',tive importance as indicated by Student's variable t.
 



We have seen that the coef-
Calculations support this line of reasoning. 


score is low
ficient of correlation between the biological value and the chemical 


(r = 0.50) when egg (1963) is used as reference. Let us now take it that the sul

phur amino acids are by-passed as limiting factor and that the biological value is
 

limiting amino acid; in this way
correlated with the chemical score of the second 


the influence of the sulphur amino acids is minimized, in full accordance with the
 

minor role indicated for them by Student's variable t in relation to biological
 

value. The relevant calculations show that, in this case, the coefficient of cor

relation does in actual fact improve and its value increases from 0.50 to 0.60.
 

In the case of the PER, on the contrary, Student's test t shows that
 

sulphur amino acids are of considerable importance. If we by-pass them as before
 

and only take into account the chemical score of the second limiting amino acid,
 

it follows logically that the correlation between the two variables will deterio

rate. In fact, calculation demonstrates that the coefficient of correlation does
 

indeed drop from 0.73 to 0.62.
 

Here, therefore, is the proof that some amino acids play different parts
 

according to whether one refers to biological value or to PER. Their respective
 

importance can be measured by means of a multiple regression analysis using Stu

dent's test t.
 

S. PRACTICAL CONCLUSIONS
 

Whenever the chemical score is used to estimate the ability of a Rc
 

protein to maintain the nitrogen balance (BV), the reference proteins should be
 

chosen among those which have high levels of lysine, tryptophan and leucine and
 

with low levels of iso!eucine. These optimum levels should be comprised between
 

the average values indicated on table 4 (col. 2) and the two positive standard
 

deviations for the first three amino acids and two negative standard deviations
 

for isoleuciie (col. 3).
 

According to these data, the pattern of milk protein appears to be more
 

suitable than egg protein. However, neither cow milk nor human milk seem to have
 

an optimum amino acid composition with regard to biological value. Cow milk is
 

richer than human milk in leucine and lysine (positive aspect), but it is poorer
 

in tryptophan (negative aspect). Neither completely meets the optimum levels
 



indicated by the multiple correlation. In fact, the regression equations (table 4)
 

appear to give an estimate of the BV which comes much closer to biological reality.
 

When the chemical score is used for estimating the capacity 
of proteins
 

to meet growth requirements (PER), the reference protein should be selected from
 

among those with high levels of lysine, sulphur amino acids, 
valine and isoleucine.
 

These levels should be comprised between the average values 
indicated in table 5
 

(col. 2) and two positive standard deviations (col. 3). The pattern of egg protein
 

appears to be in this case more suitable than that of milk 
protein. Among the
 

three egg proteins used as reference, tho egg protein pattern 
recommended in 1963
 

by the Joint FAO/HIHO Expert Group on Protein Requirements appears to give 
the best
 

coefficient of correlation in relation to the PER when the 
calculation of the che

mical score is carried out according to the classical Mitchell 
and Block method
 

In this case, the multiple regression equation (table 5)
and not by the A/E method. 


does not give a better approximation than calculating the chemical 
score.
 

seems to give a good
Not one of the reference proteins at present in use 


correlation of the chemical score simultaneously with both biological 
value arnd PER.
 

The multiple regression analysis moreover shows that the amino acids 
vary in impor

to whether they are to meet maintenance or growth requirements.
tance according as 


As young children and expectant and nursing mothers are usually the first
 

to suffer from protein deficiencies, in practice the quality of proteins 
contained
 

in the various diets should logically be assessed in terms of growth 
requirements.
 

- the Mitchell and Block
Under these conditions - and for want 6f something better 


method would seem to be the most suitable, provided that egg (1963) is adopted as
 

These results would seem to justify a posteriori our choice of
reference protein. 


this method in a previous paper (see ref. (1)).
 

the coeffi-
This does not, however, mean that we should stop short here: 


cient of correlation is only 0.73 and the standard error of regression reaches 12
 

percent. The approach we have used might well give useful results, but the input
 

information of the mathematical model was vitiated by errors inherent to the nature
 

of the data available.
 



These errors concerned the composition of diets, biological methods, and
 

the nature of the reference protein. The amino acids content of the diets had also
 

been calculated from tOe average values shown in composition tables; but it is a
 

well-known fact thaL the composition of foods can present varietal differences and
 

that it can also be modified by production factors.
 

The representative values of the biological value and the protein effi

ciency ratio supplied by different investigators are also a source of heteroge

neity. This was the main reason why there was a great variance in the PER results,
 

both between individual cases of identical experimental lots and between different
 

sets of experiments. The use of a more precise biological method, such as net
 

protein utilization (NPU), would perhaps allow a better correlation with the che

mical score. We were, however, unable to do this owing to the limited number of
 

According to the classical Thomas method (7),
data available to us at that moment. 


investibiological value (BV) should be calculated on adult animals only, but some 


gators have used young animals with the i;sult that maintenance and growth require

ments have interfered in the nitrogen balances studies.
 

If,
Finally, the reference protein is not perforce an optimum pattern. 


consider the results of the multiple regression in table 5, we will
for example, we 


see that the quantities of isoleucine, sulphur amino acids and valine contained in
 

egg reference protein (1963) are either equal or greater than the maximum values
 

plus two standard deviations. At the same time, the quantity of lysine is inferior
 

by 20 percent to the maximum value obtained in the multiple regression analysis.
 

These differing levels of amino acids may be due to chance and have no biological
 

significance, but it it cannot be exluded that a reference protein, which is rich
 

in lysine and low in the other four amino acids, might have a higher PER value
 

than egg.
 

(7) Themas, K. Ueber die biologische Wertigkeit der Stickstoffsubstanzen in ver

schiedenen Nahrungsmitteln. Beitrage zur Frage nach dem physiologischen
 
- 232. In Terroine, F. Ln
Stickstoffminimum. Arch. f. Physiol. (1909) 219 


(1933).
metabolisme de 1'azote. P.U.F. Ed. Par-is 




To be decisive, any ontribution towards the solution of this problem of
 

assessing protein quality should originate in a series of biological experiments
 

(BV, PER, NPU) carried out on a sufficiently extensive number of foods and diets; it
 

is also essential that the amino acid composition of these foods and diets should be
 

ascertained by column chromatography. Results could then be subjected to the same
 

kind of mathematical processing as we have used.
 

A comprehensive programme along these lines would certainly call for con

siderable financial backing and technical means. Some laboratories are already
 

said to be implementing programmes of this kind (8). Such enterprises can never be
 

given too much encouragement; clearly any revision of the report on protein require

ments will only lead to a real improvement in current knowledge when more precise
 

data are available on the existing interrelationship between the amino acid com

position of foods and their protein quality.
 

(8) Kofranyi, E., Jekat, F. The minimum N-Requirement of Man. . Proc. VII Intern. 
Cong. Nutr. Verlag Friedr. Vieweg und Sohn GmbH, Braunschweig (West Germany)
 
(1966).
 



APPENDIX
 

GLOSSARY
 

PROTEIN EFFICIENCY RATIO (PER)
 

Increase of body weight during four weeks, divided by the weight of
 

protein intake.
 

BIOLOGICAL VALUE (BV)
 

Proportion of nitrogen intake retained by the body for growth and for
 

maintenance requirements.
 

LINEAR REGRESSION WITH TWO VARIABLES
 

A stochastic linear relationship between two random variables. This
 

can be obtained by determining the linear function y = f(x) which considers all
 

points-observations. The parameters a and b of the equation are obtained with
 

the method of least squares.
 

COEFFICIENT OF CORRELATION WITH TWO VARIABLES
 

This quantity measures the linear relationship of two variables. It
 

can be calculated with the following formula:
 
1
 
r ____x-x) (y-y) ___x-x) (y-y) _Irxy-]nTy

r=nc" (r n F 
x-xy-x y 

STANDARD DEVIATION OF LINEAR REGRESSION
 

This indicates the confidence interval around the regression line. The
 

deviation is small for values near to the mean and becomes progressively larger as
 

the distance from the mean increases. The confidence limits shown in figure 1 have
 

been calculated for + lstandard deviation.
 

When the regression curve between y and x is considered, then the stan

dard deviatin can be decomposed into two terms: a) the standard deviation around 

the regression curve e- = e-Y and b) the standard deviation of the regres

sion line ai= 6 In the case of a multiple regression 2 is calculated with
(r

y2
 

(n- k- 1) degrees of freedom as the determination of the adjusted y requires k + I
 

relationships between the y observations (k + I normal equations). The value of e1
 

is instead calculated with only k degrees of freedom as the mean y is given; only a
 

k number of values are therefore sufficient to determine the regression plane.
 



STANDARD ERROR OF REGRESSION EQUATION
 

This is the standard deviation around the regression line:
 

-r -2 
(r2 =I (fk2 

In this paper, this measure is given as a percentage, ii the form (1 - 2 )x 100. 
a12
 
y
 

MULTIP!,E LINEAR REGRESSION
 

This stochastic linear relationship can exist between a dependent varia

ble y (i.e. biological value or protein efficiency ratio) and several independent 

variables x1, x2 . . . . . . xn (amino acids). The linear relationship can be expressed 

as follows (when a,bl,b .... bn are constants): 

y = a + b1 x1 + b2 x2 + ..... + bn xn 

COEFFICIENT OF MULTIPLE CORRELATION
 

This quantity measures the relationship of the dependent variable y and
 

the several independent variables included in the model. In the case of a linear
 

relationship, this coefficient is calculated with the following formula:
 

r 
 P O=_2. s 

Where s2 is based on the sum of the squares of the distances of each point from
 

the adjusted hyperplane of estimation. 

APPLICATION OF STUDENT'S T TEST TO MULTIPLE REGRESSION
 

In terms of probability, this test measures the importance assumed by
 

each independent variable in a multiple regression:
 
b. 4 

t= {i 4 , n)b. 

with n - k degrees of freedom.
 



EDIBLE GROUD T MeAL AS A PROTEIN SOURCE IN .TIE 
NUTRITIONAL PROGRA"IEMS* 

G. Rama Rao and M.R. Chandrasekhara 

Central Food Technological Research Institute, Mysore, India. -0-

Most of the technologically less developed countries of
 

the world are short of cqlories and proteins. The worst
 

affected population in these countries are the vulnerable 

groups such as children below 5 years, who constitute about 

75 million in India and the pregnant women and nursing mothers 

who number about 20 million
1 . Malnutrition during pregnancy 

can seriously affect the post-natal health of the mothers 
and. 

can also reduce their resistance to diseases.
their infants • It 


Inadequate intake of protein by children during the 
first three
 

years can retard physical growth and even affect mental
 

.
 
development under certain conditions
 

The current levels of consumption of the main categories
 

of food in India show that the diets of the people 
are based
 

The percapita consumptiol
predominantly on cereals and legumes. 


6.0 g per day out of a total
 of animal protein is as low as 


This is far short of the
 intake of 51 g of dietary protein. 


(Table 1). Though attempts to
 recommended requirements
4 


increase the production of milk and animal 
proteins are in
 

progress, it is realised that the present 
resources of land,
 

Paper for presentation at the Internati5nal 
Seminar on
 

"Protein Food Promotion" to be held at the 
Institute of Food
 

Research and Product Development, Bangkok, 
Thailand, between
 

November 22-December 1, 1970.
 



wat.er ar.d animal feeds are inadequate to accomplish significant 

results. In addition, the high cost of animal protein foods 

the low income who suffergroupslimit their extended use by 


most from malnutrition and dietary deficiencies.
 

of oilseeds in the developing countriesAbundant supplies 

at low cost have led to an increasing realisation 	of 
their
 

importance as sources of suoplementary protein for human 
feeding.
 

one of the major oilseed producing countries of the 
world
 

India is 


and has the largest production of groundnut (Table 2). 
Though
 

groundnut kernels are used traditionally in various 
forms after
 

roasting in candies and food preparations, bulk of 
the pro

recovery of edible 
duction (more than 80 percent) is used for the 

oil. The oil milling industry makes available approximately 

1.6 million tons annually of groundnut pressed meal 
with about
 

45 	per cent protein. The commercial meal is, however, unfit 
for 

and processing
human consumption because of unhygienic handling 

Efforts to process groundnut into an acceableconditions. 


The present
edible protein concentrate began in India in 1950. 

paper deals with the technological improvements 
in groundnut 

processing and in the utilisation of this valuable source of 

protein for human consumption. 

quality factors.
Choice of raw materials and its 


as pods (nuts in shells)
Groundnuts are generally marketed 


of drying arises in areas where humidity
in India; the problem 

the time of harvest. Theis high or rainfall occurs during 



shelling of dried pods is done mechanically in decorticators. In 

commercial practice the quality of groundnut is judged by: (a) 

moisture content, (b) shelling percentage (proportion of kernels 

to pods), (c) natural test weight (weight to volume ratio), (d) size 

of kernels, (e) colour of pods and kernels, (f) oil content of 

kernels, and (g) free fatty acid content. 

The presence of mould (A.flavus) infected kernels presents 

a special problem in groundnut. Surveys carried out on several 

commercial samples of seed and meal have revealed the presence 

of low to high levels of aflatoxin (unpublished data). One of 

the important requirements in the choice of kernels fo' processing 

is freedom from mycotoxins. The major approaches for eliminating 

aflatoxin are: (1) prevention of mold infestation during harvest

ing and storage, (2) removal of infected nuts by manual or 

electronic means, (3) extradting the toxin by selective solvents, 

and (+) inactivation of the toxin by chemical treatment ;rthout 

impairing meal quality. It has been found that considerable 

reduction in aflatoxin levels could be achieved by adopting the 

first two alternatives and in case the aflatoxin content is high 

in the meal, the third and fourth alternatives could be adopted. 

Production of edible groundnut flour. 

The process for the production of edible groundnut flour
 

consist of: (1) grading and precleaning of kernels (2) heat treat

ment for removal of testa, (3) mechanical sorting, (1+) screw

pressing and solvent extraction using food grade solvent,
 

(5) storage and (6) grinding. A flow-sheetof the process is 

given in Fig. 1. 



Shelf-life of edible groundnut meal and flour. 

Edible groundnut flour can be stored in polyethylene lined 

jute bags without any significant deterioration in quality for a 

period of 5-6 months under moderate conditions of temperature and 

humidity5. In areas where the temperature exceeds 370C and humidity 

is in the range of 80-90 per cent for long periods, the shelf

life of the flour may be restricted to 3-4 months. Storing in tin 

. 
containers, though a costly process, affords 

better stability
6
 

Standards for edible groundnut flour. 

Specifications fcr screw-pressed edible groundnut flour have
 

been laid down by the Indian Standards Institution (IS4681+-1968)
 

and by the Protein Advisory Group of the FAO/UNICEF/WHO. Stress
 

is laid on the collection, handling and cleaning of raw materials,
 

processing conditions, particularly time/temperature relationships,
 

hygienic conditions of plant and quality controls, nutritional 

value and sanitary quality. The Protein Advisory Group tentatively
 

recommended that the aflatoxin limit in foods containing groundnut
 

should not exceed 30 ppb (0.03 mcg/kg). However, the Indian 

Standards Institution has prescribed a limit of 120 ppb for flour 

used in compositions, but the overall aflatoxin content in the 

food not to exceed 50 ppb (0.05 mcg/kg). 

As a consequence of heat during expelling, it has been
 

observed that part of the lysine in groundnut is rendered bio

logically unavilable. To avoid this milder conditions in
 

expelling are recommended. Specification for available lysine
 

content in groundnut flour has been fixed as 2.5 g/16 g of nitrogen.
 

ui standards lai-I down for edible flour (both screw-pressed and 

solvent extracted) are given in Table 3. 



Utilisat .,n of edible groundnut flouro, 

Fortification of wheat floUL Attempts to use groundnut 

flour on a large scale with cereal and tuber flours in the pre.. 

paration of several nutritious, bulk foods which could stretch 

the available food supplies were made earlier. A blend of cassava 

flour, wheat flour and groundnut flour (75:17:8) proved as 

acceptable and as nutritive as wheat flour to consumers and could 

be used in ChaTathi (unleavened bread). These attempts have not 

been very successful. But recently the Government of India has 

adopted r,programme of enrichment of wheat flour with 5 percent 

edible groundnut flour. This is now being produced and marketed 

in Bombay and it will be extended to Calcutta, Delhi and other 

places. Thir enrichment increases the protein content of wheat 

flour by 2.5 percent. 

Feeding trials in India7 on school children have shown that 

supplementation of cereal based Kndian diets with 50g/day/child 

of groundnut flour fortified with vitamins and minerals signifi

cantly increased height, weight and haemoglobin content (Table 4). 

These objectives can be further achieved by a judicious mixture 

of groundnut flour with other tradiL0±onal food items such as 

grain legumes 8 19 . Two plants for the production of edible 

groundnut flour of 5 tonnes capacity per day have been set up in 

Coimbatore and the other in Bombay under UNICEF aid. Efforts have 

also been made in several African countries to use groundnut and 

groundnut flour as protein supplements to human diets. In Nigeria, 



groundnut flour has been tested as a supplement to cassava on boys
 

In long term feeding trials carried out at Senegal
11
 

and adizlts 1 0 . 

good nitrogen retention and minimal digestive disturbances were
 

noticed in infants and young children receiving 75-150 g. groundnut 

flour per day for long periods. 

High protein supplements. 

One of the earliest products based on groundnut flour is the 

Indian Nultipurpose Food (IMPF) which is a (3:1) blend of edible 

groundnut flour and chick pea (Cicer arietinum). The blend is 

fortified with minerals and vitamins and vitamins (A&D, thiamine 

and riboflavin). The product is being prepared inthree forms to 

serve the Indian preferences and needs: (a) seasoned (b) unseasoned 

and (c) unseasoned product with 20 percent milk solids. 

Feeding experiments with children1 2 have shown that supple

mentation of diet with 56 g. of MPF daily significantly improved 

height, weight, RBC count, haemoglobin and nutritional status. 

MPF containing 20 percent milk solids also proved effective as a 

dietary supplement for weaned children1 3 and in the treatment of 

kwashiorkor 

The Indian MPF has been tested widely for its accepbility 

in educational, social, industrial wd catering institutions. 

During the years 1958-1959, the Government of India took keen 

interest in the popularisation of this product. Subsequently a 

plant with a capacity of 2 tons per day was set up in the private 

The entiresector in Coimbatore with the help of the OFTRI. 

nroduction of MPF from the plant was being utilised by the 

Government of Madras in School feeding programmes over a number 

of -rs. In Mysore, the CFTRI has been producing MPF in a 



small plant with a capacity of j tonne per day since 1956. Recently
 

three additional units have been set up by the private industry
 

in Uttar Pradesh for the production of MPF.
 

Infant foods.
 

Infant foods based on vegetable proteins for feeding infants
 

and preschool children have been developed at the CFTRI, Mysore1S ,16.
 

More recently the preparation of a spray dried infant food based on
 

groundnut flour has been standardised 17 . In composition, it has
 

26 percent protein out of which 15.6 percent is from groundnut,
 

7.8 percent from milk solids and 2.6 percent from cereals. Feeding
 

trials conducted on children aged 6-18 months have shown that this
 

food has nutritional qualities comparable to those of infant foods
 

18  
based on animal milk Nitrogen balance experiments carried out 

on nine new born babies fed on this food at various levels of 

protein have shown that the net protein utilisation (NPU) was 

similar to that of a control food based on skim milk solids; no 

adverse reactions were noticeable 19 (Table 5). 

Precoo1ed Weaning Foods. 

More sophisticated than the above, precooked weaning foods, 

which are ready to serve are also now being produced in the country.
 

These are made by roller drying, blends of groundut flour, pulse 

flours and cereal flours. One such blend based on soya flaur in
 

place of groundnut flour is now being marketed in India under the
 

name of Bal-Amul. A second product containing groundnut protein 

isolate is in the final stages of development. 



Foods for the weaned child, 

In India as in many other developing countries protein mal

they are weaned from mothersnutrition develops in children when 


milk and put on solid foods, at the age of 6 months and above.
 

Due to economic privations these children are given only starchy 

foods, which lack the required quantity and quality of protein 

and in addition lack the vitamins and minerals.
 

To overcome this the Government of India has undertaken 

of foreign agencies the manufacture and distributionwith the help 

of a type of weaning food under the name of "Bal-Ahar". The 

developmental work of this food was carried out at CFTRI, Mysore. 

of wheat flour, 20 partsThe food is based on a blend of 75 parts 

of edible solvent extracted groundnut flour and 5 parts of milk 

C & B group with calcium andpowder fortified with vitamins A, D, 


iron. The protein content is about 22 percent. The production
 

tonnes.during 1970 is estimated to be 50,000 

Protein isolates and their products:
 

A process for the manufacture of protein isolate from
 

groundnut flour (92-94 percent protein) has been developed 
at
 

2 1 and a plant set up by private industry at
CFTRI, Mysore20 ,
 

1968.
Bombay is producirg 2.5 tons of this product per day since 

The capacity of the plant is now being further increased to 
5 tonnes 

It is being used in the preparation of high protein
per day. 


biscuits, beverage foods, etc.
 

Use of protein isolates in stretching the milk resources 

nf the country. Recently successful attempts have been made in 

with sugar or hydrolysed starch
using groundnut protein isolate, 



for toning of buffalo or cow's milk. In the process an. emulsion
 

of the protein isolate, carbohydrates, vitamins and minerals are
 

made, homogenized with an equal part of milk, pasteurized and
 

bottled. The resulting vegetable protein toned milk (iltone) has
 

all the characteristics of milk and could be used in its place
 

for feeding children for making lactic culture milk (Yoghurt), and
 

as a beverage food after flavouring or as sterilized milk. The
 

protein isolate could be prepared insitu as wet protein or the
 

One unit at present
spray dried proteinisolate could be used. 


in Bangalore is producing about 1,000 litres of Miltone per day
 

which is being used in a slum feeding programme now been operated
 

by the Government there. The UE',ICEF is supporting this project 

by partly subsidizing the production. 

Cost of production, protein content and protein value cost index.
 

Market price of groundnut kernel has steadily increased during
 

the past five years and has been reflected in the price of oil and
 

meal. At present, commercial groundnut meal costs about Rs.700/

and the oil Rs.i, 00/- per tonne. The cost of edible groundnut flour 

would be necessarily higher than that of the commercial meal and
 

actual cost data, indicates its price in the range of 
Rs.1,000

1,100 per tonne. 

There is a considerable variation in the protein conteit,
 

protein efficiency ratio and relative cost of the different 
oilseeds.
 

rating system based on the protein
Campbell 2 2 suggested a protein 

content, protein efficiency ratio and the quantity of protein likely 

(protein value cost index) as 
to be consumed. A modified index 


cost protein to its

designed by Parpia which relates the of tho 


is in 6. (The data indicates

nutritive value (PER) given Table 



that the PVCI of the vegetable protein based foods is significantly 

higher than the currently used milk based foods and hence their
 

advantage in meeting the protein needs of low income groups).
 

Marketing of protein foods based on edible groundnut flour. 

Commercial groundnut meal has been used hitherto as livestock 

feed and manure. Hence, considerable consumer resistance is en

countered owing to prejudices predominant in the minds of the user 

that it is unfit for human consumption. Due attention has 

therefore to be given in developing processed foods containing 

edible groundnut flour so that they would fit into the existing 

dietary patterns as substitutes and supplements. The sociological 

and economic factors of the population should also be taken into
 

consideration. In the marketing of Indian Multipurpose Food supple

ment, for example, a detailed promotional progranme was undertaken
 

by the CFTRI, Mysore, before the Madras State Government could be
 

induced to adopt a product in its mid-day feeding programme in
 

schools. In addition, an aggressive and alert campaign for tle 

Market
popularisation of the protein foods is also essential. 


surveys and promotional techniques such as audio-visual aids, are
 

of utmost value in this regard. In the development of products
 

like Bal-Ahar, fortified wheat flour, vegetable toned milk,
 

weaning foods, etc. the Food and Nutrition Board of the Government
 

of India is actively collaborating with research institutions and
 

other commercial agencies for the large scale production and 

promotion of these productions. The Protein Foods Association 



of India established in 1968 is helping in these efforts. There is 

no doubt that the use of groundnut flour in processed foods would 

offer new possibilities of improving nutritional status of the 

vulnerable groups of the population.
 

Conclusion.
 

Groundnut occupies a prime place as a commercial oilseed crop.
 

The entire worid production of 11.2 million tonnes if processed into
 

edible protein concentrates, would provide 3 million tonnes of addi

tional protein for enrichment of deficient diets. At present, however,
 

only a fraction of this is used as human food. The protein-calorie
 

gap could be bridged if the quality of protein is improved by elimi

nating deleterious and toxic factors, better processing conditions
 

and supplementing the protein with other vegetable proteins.
 

Introduction and development of nutritional standards for oilseed meals
 

and oilseed proteins become all the more essential in this regard.
 

The most important aspect of the problem of utilising groundnut flour,
 

however, is the marketing and promotion of the processed foods, for
 

which concerted efforts are being made both by Government and private
 

agencies.
 

Acknowledgement. 

The help of Dr.J.V.Shankar and Dr.H.A.B. Parpia in going through
 

the naper and making useful suggestions is acknowledged with thanks.
 



References.
 

1. 	 Parpia, H.A.B. Some Technological and Economic Considerations
 
for the Manufacture and Marketing of High Protein Foods. Paper
 
presented at the International.Symposium on "Protein Foods and
 
Concentrates", Central Food Technological Research Institute,
 
Mysore, 1967.
 

2. 	 Jackson, R.L. Effect of Malnutrition on Growth of the Pre
school child, Publication 1282, National Academy of Sciences-

National Research Council, Washington, D.C., 1966.
 

3. 	 Scrimshaw, N.S., PAG Bulletin, FAO/HIO/UN\ICEF/Protein Advisory
 
Group, United Fations, N.Y. 10017, U.S.A.
 

)+. 	 Gonalan, C., Balasubraanian, S.C., Ramasastri, B.V. and
 
Visweswara Rao, K. Diet Atlas of India, National Institution
 
of Nutrition, Indian Council of Medical Research, Hyderabad,
 
India, 1969.
 

5. 	 Kantharaj Urs, M. and Bains, G.S., Indian Oilseeds J., 
1964, -, 103. 

6. 	 Kantharaj Urs, M., Srinatha, V.R., Nurthy, H.B.N., V'uthu,Y. 
and Bains, G.S., Fd.Sci., 1962, 11, 273. 

7. 	 Doraiswamy, T.R., Narayana Rao, M., Swaminathan, V., 
Sreenivasan, A. and Subrahmanyan, V. Fd.Sci. 1962, 11., 186. 

8. 	 Parpia, H.A.B., Paper presented at the International
 
Conference on Prevention of Ialnutrition in the Pre-school
 
Child, das'Aington D.C. 1964.
 

9. 	 Parpia, H.A.B. and Subraxianian, N. World Protein Resources, 
Advances in Chemistry Series, 57. (Ed) R.F.Gould, American 
Chemical Society Publications, Washington D.C. 1966. 

10. 	 Vicol, B.M. and Phillips, P.G. Progress in Meeting Protein 
Needs of Infants and Preschool children, Proceedings of an 
International Conference held in Washington, 1960. 
Publication 843, N.tional Academy of Sciences, National 
Research Council, Washington, D.C. 1961. 

11. 	 wenecal, J. Proress in Meeting Protein 14eeds of Infants
 
end Pre-school children, Proceedings of an International
 
Conference held in Washington, 1960. Publication 843,
 
National Academy of Sciences, National Research Council,
 
Washington D.C. 1961.
 

12. 	 Subrahmanyan, V., Joseph, K., Doraiswamy, T.., Narayana Rao,
 
M., Sankaran, A.1i. and Swaninathan, M. Brit.J.Nutr., 
1957, 11, 382. 



13. 	 Subrahmanyan, V., Doraiswamy,T.R., Bhagavmn, R.K.,
 
Yarayana Rao, M.9 Sankaran, A.N. andSwaminathan, M.
 
Indian J.Fediat., 1959, 2, 4.06.
 

14. 	 Subrahmanyan, V., Doraiswamy, T.R., Joseph, K., Narayana Rao, 
M. and Swaminathan, M. Indian J.Pediat,, 1957, 21+, 112. 

15. 	 Subrahmanyan, V., Chandrasekhara, M.R., Subramanian, N., 
Korula, S., Bhatia, D.S., Sreenivasan, A. and SwaminathanM.Fd.Sci., 1962, 1, 9. 

16. 	 Shurpalekar, S.R., Chandrasekdiara, M.R., Korula, S., 
Swaminathan, M., Sreenivasan, A. and Subrahmanyan, V. 
Fd.Technol., 196, 8j, 108. 

17. 	 Chandrasekhara, N.R., Shurpalekar, S.R., Aswathanarayana, S. 
and Parpia, H.A.B. Paper presented at the VIIth International 
Congress of Nutrition, Hamburg, 1966. 

18. 	 Pereira, S.M., Jesudian, G., Sambamurthy, R. and Benjamin, N.
 
J.Fd.Sci.Technol., 1968, I, 133.
 

19. 	 Prasanna, H.A., Rama Rao, G. and Chandrasekhara, M.R. 
Indian J.Pdiat., 1970, 3Z, 89. 

20. 	 Subrahmanyan, V., Bhatia, D.S., Kalbag, S.S. and Subramanian,
 
N. J.Amer. Oil Chem.Soc., 1959, 36,66. 

21. 	 Bhatia, D.S. Parpia, H.A.B. and Baliga, B.P., 
J,Fd.Sci. & Technol., 1966, 3, 2. 

22. 	 Campbell, J.A. Agric. Fd.Chem. 1960, _, 4. 



TABLE 1: 	 Per Capita Consumption of Food and 
Protein in India* 

Food 	 Protein
 
g 	 g 

Cereals 375 30 

Starchy roots 30 

Sugar 45 

Pulses and nuts 65 14 

Fruits and Vegetables 80 1 

Meat, Poultry and eggs IP 1 

Milk and Milk Products 140 5 

Fats and Oils 11 a 

Total Calories 1970
 

Animal Protein 6t
 

Total Protein 51t
 

* 	 Source: Sukhatme, P.Vej 'Feeding Indiats 
Growing Millions', Asia Publishing 
House, Bombayp 1965. 



TABLE 2: gu2&ion and Yieldof Gromwdnuts (in 
-. nd Otha Producing 

Countries of"the orld* (1967) 

Production Yield 
Country (1000 metric (100 kg/

tons) hectare) 

1. India 	 5829 7.7 

2. China 	 2450 12.4 

3. Nigeria 	 1252 12.3 

4. U.S.A. 	 1122 19.8 

5. Senegal 	 1114 9.7 

5631 	 -Others 

World Total 	 17398 12.4 

* 	 Source: Food and Agriculture Organisation 
of the United Nations, Rome 
Production 	Year Bookq 22 9 1968 



TABLE 

Constituent 

Moisture % (max.) 

Ether extractives % (max.) 


Protein (N x 6.25) % (min.) 


Fibre % (max.) 


Total ash % (max.) 


Acid Insoluble ash % (max.) 


Available lysine

(g/16 g N) (min.) 

FFA (%oleic acid) (max.) 

3: SDecifications 

Draft standards 
laid for solvent 
extracted ground-nut flour for 

an 1costion 

8.0 

1.5 

47.0 

5.0 

5.0 

0.35 

for Edible Groumdnut Flour 

UNICEF Specifications*Sci 
Specifications 
for edible Low 1Pegroundnut spe sed pressed 

flour (expel- speed speed solvent 
ler pressed) expeller expeller extrac

tion 

9.0 5.0 5.0 5.0 

8.0 5.5 5.5 1.0 

45.0 52.0 50.0 53.0 

2.1 3.5 3.5 3.5 

5.0 4.5 4.5 4.5 

0.10 - - 

2.5 - 

3.0 - - -

Free from E.coli.j Salmonella and pathogenic anaerobes. 



TABLE 4: 	 Increase In Height. Weight. heemogolobin and 
AW blood Cell Count Children Receivingeof 
Supplements of Fortified Groundnut Flour 
(Duration of Experiment 3 months) 

Control Experimental 
Group Group Significance 

Character (Rice diet+ (Rice diet + of diffe
Wheat-tapioca fortified rence 

blend) groundnutrfCInIW) 

height(cm) 	 1.04 1.88 Sig. at 0.1%
 

Weight (kg) 0.37 1.02 	 it 

Ha emoglobin 
(g/100 ml) 0.51 1.20 

H.B.g.Count
 
(10 /cu.mm) 0.09 0.37 	 " 

Each group had 23 boys aged 5-11 years. The control 
group received a daily supplement of 50 g of 1:1 
blend of wheat and tapioca flours, while the experi
mental group received a daily supplement of 50 g of 
fortified groundnut flour. 15 boys in the experi
mental group and 3 in the control group improved in 
their nutritional status. 



TABLE 5: Men al.e oten-tt9_t !.b• nat 2.on E0fnt0O.d!n~ 

tper ki body wei"F-ht 

Total N itr o  n o r 
 - C r ec d
 
Type of food and No. of gen(mg) Uncorrec- Corrected 
level of protein infants gn g) ted NPU. NPY 
fed(g/kg body wt.) Intake Retention % % 

(mg) (mg)
 

1. Infant Food * 

(Experimentel)
 

1.9 1 298 178 59.7 78.9 

2.7 3 444 306 68.9 81.8 

3.5 2 563 345 61.4 71.4 

5.3 1 851 600 70.5 77.1
 
7.2 3 1165 838 71.9 76.8 

2. Control Food**
 

1.9 1 304 163 53.6 72.3 

2.6 6 417 277 66.3 80.1 

3.4 5 538 381 70.8 81.4 

Average weight of infants . 2.57 kg 

• Average weight of infants 1 2.38 kg 



TABLE 6: Chemical Comvositionof Groundnut Flour and Processed 
Foods Based on it (Der 100 R on fresh basis) 

Protein 
(Nx6.25) 

S 

Ether 
extrae-

g 

Carbo- Cal-
hydrates cium 

g9mg 

Phos-
phorus 

g 
Iron 

Thia-
mine 

img 

Ribo-
flavin 
mg 

Nico-
tiCio 
acid 

Vitamin 
Viei 
A D 

Calo

per200 g 

Grcundnut 
f"our 

Soya Clour 
(low fat)* 

Sesame meal* 
Supplementary 
Protein Food 

52.7 

50.0 
33.3 

8.9 

7.0 
12.2 

21.8 

30.0 
38.. 

0,07 

0.33 
2.38 

0.05 

0.42 
0.63 

2.9 

5.6 
19.3 

0.95 

0.70 
1.05 

0.20 

0.58 
0.33 

19.5 

5.7 
5.3 

-

-

-

378 

383 
395 

Multipurpose 
Food 

Bal-Ahar 

41.9 

25.1 

8.5 
3.1 

35.3 
56.0 

0.67 
0.40 

0.32 

0.63 

5.1 
20.1 

1.03 
0.30 

3.00 
0.40 

14.0 

5.0 

3000 
-

300 
-

387 
351 

Groundnut flour 
+Tuber flour 
(1:3) 13.8 

Groundnut flour 
+Tuber flour+ 
Wheat flour 
(8:17:75) 13.4 

Wheat flour* 12.1 
Skim milk powder

35.6 

2.7 

2.0 

1.7 

1.0 

69.8 

71.8 

72.2 

52.0 

0.06 

0.05 

0.04 

1.30 

0.18 

0.29 

0.32 

1.03 

3.6 

5.0 

7.3 

0.6 

0.31 

0.50 

0.54 

0.35 

0.07 

0.13 

0.12 

1.96 

5.4 

5.6 

5.0 

1.1 

-

-

-

-

-

359 

359 

359 

* Included for comparison. 



TABLE 71 Reative Cost and Prote.in Conttstof 
.L22.fl Pten Fod 

Cost/kg 

Protein Food 	 Protein PER PVCI,
 
us Indian g % 
A currency R. 

Groundnut four 0.14 1.00 50.0 1.6 57.0
 

Indian MPF 0.32 1.60 41.9 1.8 24.0
 

Milk 0.14 1.00 3.4 3.0 7*3
 

Skim Milk powder 1.10 8.25 35.0 2.8 to 3.2 10.0
 

Miltone 0.10 0.75 3.5 2.3 8.0
 

Infant Food 0.79 5.80 26.0 2.7 8.9
 

Weaning Yood 0.41 3.00 17.0 2.3 8.0
 

Biscuits with MPF 0.41 3.00 17.0 2.1 8.0
 

Protein per 	 100 g 
* 	 PVCI = .. PER 

Coat per 100 g in cents (US, 

The higher the indexp the higher would be the value 
of food as a source of protein per unit cost. 

http:Prote.in
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- AN EXPERIMENT ON THE ADMINISTRATION OF 

LYSINE TO SCHOOL CHILDREN 

TADATAKA FUKUI 

HISAKO FUKUI 

TOSHIHIDE SASAKI 



The authors reported sometimes in meetings of the Society and 

others that the development of children can be promoted by administration 

But in these experiments previously
amount of lysine.of an appropriate 

reported the administration was continued for only 6 months at the longest. 

The authors after that had an opportunity to continue the administration 

pbtaining interesting results which are dealt 
over a period of one year, 

With in this paper. 

1) Method 

carried out on the fifth-year boys and girls,
The experiment was 

96 in total, of a primary school admitting mainly farmers' children in 

of children were divided 
the vicinity of Tokushima City. Both sexes 

into 4 groups, the control, Lysine-0. 5, 1.0 and 1. 5g, respectively. 

Attention was paid to the grouping in order to make these groups as equal 

as possible in the physique and family condition of the children. 

The material used for administration was the L-Lysine in tablets 

administeredInc. The Lysine (0. 5g a dose ) was 
donated by Ajinomoto Co., 


at the lunch time, in the group L-Lysine-0. 5g, two times
 
one time a day, 

a day, at the beginning of class in the morning and at the lunch time, 

at the beginning of class in the 
in L-Lysine-1. Og~and three times a day, 


and after the evening meal in L-Lysine-1.5g.
 
morning, at the lunch time 

The experiment was continued for one year from February in the fifth 

The development of children was examined 
year to February in the 6 year. 


on the height, body weight and grasping power of them every other month.
 

2) Results and Consideration 

The development was more promoted in every Lysine group than in 

the control irrespective of sex as shown in Table 1 and Figs. 1 and 2.
 

In the boy, increases in body weight in both L-Lysine-1. Og and 1. 5g,
 

and in height in L-Lysine-1. 5g were significantly larger, respectively, 

than in the control.
 
equal to or a
 

The increase in body weight and height of the boy was 

little smaller than the mean throughout the country in the control, while 

it was larger than the control in every Lysine group. 

http:L-Lysine-1.5g


In the girl, the difference in development between the Lysine and 

control groups was greater than in the boy. Especially, an increase in 

body weight in every Lysine group and that in height in L-Lysine-0. 5g 

were significantly larger than in the control. 

The development in the girl was also equal or a little inferior to 

the mean throughout the country in the control, but it was superior to 

the mean in every Lysine group. 

The comparison between the Lysine group in total and the control 

showed that an increase in body weight of the boy and that in body weight 

and grasping power of the girl were significantly larger in the Lysine 

group than in the control. 

The Lysine group is thus superior in development to the control 

irrespective of sex. However, the development in Lysine group was 

not always in proportion to the dose of Lysine administered. This 

discrepancy is considered as follows. 

The amount of nutrients taken by the boy in Lysine groups is: nearly 

the same in all groups in calory, a little larger in the 1.0 and 1. 5g 

groups in Protein and nearly in proportion to the amount administered in 

Lysine. The ratio of Lysine to Tryptophan ingested is 6 or so in the 

Lysine groups which are superior in development. 

And if the optimum L/T ratio is 6 in the development stage concerned, 

it is understood that shortage in the amount of Lysine is the inhibitory 

factor for development in the control and L-Lysine-0. 5g groups, while 

shortage in Tryptophan in the inhibiting factor in L-Lysine-1. 5g. The 

practical efficiency, calculated from the amount of Lysine and Tryptophan 

on the basis of the L/T ratio 6, is smaller in the control than in the others, 

and shows no difference between L-Lysine-1.0 and 1. 5groups. This 

result seems to indicate that the practical efficiency explains well the 

developmental condition in each group. In the girl, the inhibitory factor 

is Lysine in L-Lysine -0. 5g, and Tryptophan in L-Lysine-1. 5g. The 

comparatively good development in L-Lysine-0. 5g, in which the administ

ration was small in amount, appears to be due to a little larger practical 

efficiency of Lysine and Tryptophan than in the other groups resulting 



protein
from the intake of a comparatively larger amount of Tryptophan, 

and calory.
 

no difference in development betweenThe fact that there was 

practicalexplained by the nearly same
i.-Lysine-1. 0 and 1. 5g may be 

whichAnd the inferior development in the control,
efficiency in them. 

is considered to be 
took a 	comparatively larger amount of Tryptophan, 

the smallest practical efficiency.due to 

school children, mostly of farmers' , 

3) Conclusion 

An experiment was carried out on the administration of L,-Lysine to 

of 11-12 years old over a period 

obtaining the result that the development in the administ
of one year, 

ration group was superior not only in body weight but also in height of 

In the control the intake of Lysinechildren to that in the control. was 

the inhibiting factor for development. It is
small in amount and it was 

in such a case, the administration of Lysineconsidered that, can 

the practical efficiency of Tryptophan and in the same way
increase 

those of the other amino anid which have excesses in.the balance of 

amino acids as Tryptophan, inducing increased synthesis of protein, 

accompanied by promotion of development. 

optimum ratio of Lysine to TryptophanAlbanese reported that the 

an
is 6. This result was confirmed by the authors who carried out 

country, obtaining results which
experiment in the dietary life of our 


can be understood by supposing that the optimum L/T ration is 6.
 

K. Kodama for his guidanceWe should like to thank President Dr. 

for their donation of material.and Ajinomoto Co., Inc. 



(Table 1)
 

Growth gain of children on Lysine supplemented'diet
 

Grasping 
Group Height Weight Power 

sex personnel initial gain rateiof nitial gain rate of initial gain 
cm crf " kg kg % kg kg 

control 17 133.72 5.85 4.49 30.05 3,78 12.63 18.14 3.14 

t,-Lysine 0.5g 9 133.01 *7.23 5.45 28. 54 *5.48414 9. 33 17.50 6.0? 

'-n 

.-

L-Lysine 1.Og 
L-Lysine 1.5g 
L-Lysine total 

7 
8 

24 

140.57 
134.20 
135 61 

6.34 
6.04 
6.58 

4.53 
4.51 
4.87 

34.93 5.81 *16.58 
29.98 *5.02 *1J. 56 
30. 88 '5. 43'.I7 60 

19.86 4.75 
18.50 3.74 
18.52 *4.72 

average in primary 134.9 57 4.23 30.5 4.4 14.43 
in Japan ( 1956 1 

control 24 132.72 4.74 3.57 28.50 2.88 10.07 20.48 3.45 
L-Lysine 0.5g 10 133.26 4.77 3.58 29.69 3.34 11.04 20.38 3.41 

L-Lysine 1.Og 11 134.32 5.17 3.83 29.55 *3.178 4'12. 78 19.50 4.63 

J.-Lysine 
o L-Lysine 

1.5g 
total 

10 
31 

133.76 
133.80 

**5.94 
*5.29 

*:*4.43 
3.94 

29.84 *3.56 D12.11 
29.69 *3.57 12.00 

19.87 
19.90 

3.77 
3.96 

average in primary 133.8 4.8 3.59 29.6 3.2 10.81 
in Japan ( 1956 

remarks: G Significance as 10% level * as 5% * as 1 % 

(Table 2) 

The amount of nutrients intake 

Girls
Boys 

trol Lysine group 
trol Lysine group 

the amount of L-Lysine 0.5-	 0.5
su emont - n 0 0.5 1.0 1.5 0.5 0 0.5 1.0 1.5 1.5supplement 	 1, _____5________ 5_ 

2056 	 1979 2222 1950 1813 2006Calorie Gal 2146 2013 2193 1947 
• 	 Protein g 69.4 66.6 73..6 74.6 71.7 65.4 75.5 61.2 62.4 67.0 

, 	 animalprotein,, 26.0 24.4 28.4 34.0 28.9 24.5 26.9 24.0 23.0 24.8 

L-Lysine , 4.03 4.49 5.27 5.76 5.17 -. 7_9 4. 79 4.58 5.05 4.82 

Tryptophan , 0.87 0.82 0.88 0.88 0.86 C, 81 0.88 0.76 0.76 0.81 
L/T 4.63 5.48 5.99 6.55 6.01 4.68 5.44 6.03 6.64 5.95 

-on L/T 6Effective Value 
L-Lysine g 4.03 4.49 5.27 5.28 5.16 3.79 4.79 4.56 4.56 4.82 
Tryptophan g 0.67 0.75 0.88 0.88 0. 8610. 63 0. 80 0.76 0.76 2.80 
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Weight gain and increase in Height of School boys aged 10 years old
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Lysine Fortification of Intact Rice Grain
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The major source of calories and protein in the 
world for human
 

it is in Asian.countries. 
Rice
 nutrition is the cereals, and so 


A nati,.al nutrition
 
constitutes the primary cereal in these countries. 


3urvey conducted in 1967 by the 
Japanese government revealed that
 

rice provided about half of total caloric and 
about one-third of
 

protein and vitamin B1 intakes. One can imagine from these figures
 

how rice grain plays an important role for the nutrition 
of Japanese
 

peoples. Dependence on rice grain as major nutrient source 
would
 

be much more in other Asian countries. Among the nutrients which
 

are often found deficient in the diets of rice-eating 
peoples,
 

and lysine are two of the most significant. This is a
 
vitamin B1 


reflection of a nutritional inadequacy of their staple 
food, rice;
 

consumed by these
vitamin B1 and lysine content of rice grain 
as 


peoples are too low to satisfy the nutritional requirements. 
There
 

are two persistent opinions for the nutritional improvement 
of rice-


One is to persuade the peoples to select subsidary
eating peoples. 


dishes of high vitamin B1 and lysine contents. Another is to dose
 

peoples with the pills of vitamin B1 and lysine. Peoples however
 

In
 
can not comply with these impractical and atroucious opinions. 


this paper, the author wishes to describe about the method of lysine
 

fortification of intact rice grain, which is based on the acid

soaking method, and the nutritional impact brought about by lysine
 

fortificatisn.
 

http:nati,.al


Acid-Soaking Method
 

The acid-soaking method, which principle is based on the
 

or penetration into the rice
phenomenon of solute inclusion of 


was developed by the author as an extention of acid-parboiling
grain, 


process employed for vitamin B1 fortification. It would be thus
 

to make note on vitamin B1 enrichment in Japan. Since
worthwhile 


1885 when Takaki provide the first experimental evidence for the
 

beriberi, a serious condition of athiaminosis, as a rice-originated
 

malnutrition, there had been many approaches to improve the nutritional
 

quality of rice grain; discovery of antiberiberi factor in rice bran
 

leading to the discovery of vitamin B1 and the invention of vitamin B1
 

enriched rice. Nutritional improvement of rice kernel was started
 

with practicing under-polished or germ-retaining rice, since it was
 

well known that polishing causes a significant decrease in rice kernel.
 

Under- or half-polished rice had actually been rationed in Japan as
 

staple food, although it was discontinued soon due to a low palatability
 

and a short storagelife. Before the cost of synthetic vitamin B1
 

declined to food additive levels, major efforts were made to increase
 

the vitamin content of white rice by processing rough or brown rice
 

prior to milling in a manner so as to cause transfer of the vitamins
 

from germ and bran to the edible endosperm portion.
 

Acid-parboiling of brown rice is known as a unique process for
 

increasing vitamin B1 content in the endosperm. One of the serious
 

limitations to this method is however that a limited amount of the
 

vitamin is availabled even from whole grain. In order to employ
 

synthetic vitamin B1 as vitamin source, the acid-soaking method
 

was developed by the author as an extention of the acid-parboiling
 

process. The acid-soaking method consists relatively simple steps;
 

either brown or polished rice is soaked in a 1% acetic acid solution
 

containing enrichment ingredients such as synthetic vitamins, minerals,
 



and amino acids for a period of 12 to 24 hr, after draining off
 

the solution, the wet kernels are steamed briefly to convert the
 

surface starch into a-form, and the steamed grain is then dried to
 

a moisture content of 12 to 13%, by adjusting the concentration of
 

enrichment ingredients in the soaking medium and the duration of
 

the soaking period, one can produce enriched rice of varied enrichment
 

content as desired.
 

"Enriched rice" containing vitamin B concentrations of 120 to
 

150 mg.%, produced by the acid-soaking method, has been on the
 

Japanese market since the beginning of 1951. The acid-soaking method
 

is different in principle from the coating method developed by Kik
 

and Williams. The "enriched rice" kernel contains the ingredients
 

within the kernel and has a rinse-resistant layer made of a-starch
 

at the surface of the kernel, whereas "premix rice" is produced by
 

spraying the ingredients on the surface of the kernel and then
 

forming a rinse-resistant coat made of zein, a maize protein. The
 

enriched rice available in today's Japanese market is almost exclusively
 

the product of the acid-soaking method. Figure 1 shows a flow sheet
 

for the manufacture of enriched rice.
 

The enriched kernel does not reduce the palatability of white rice,
 

but rather, in a sense, improves it. Storage life of the enriched
 

rice is adequately long; it is resistant to rice weevil spoilage
 

which develops extremely easily during the storage of half-polished
 

rice.
 

Rice is invariably washed with water before cooking to remove
 

fine bran fractions which adhere to the surface of the kernel, and
 

other contaminations which occur in storage handling and transit.
 

The a-starch layer formed by the steaming process seals the enrichment
 

ingredients within the kernel and thus prevents their loss in washing.
 

Loss in vitamin B1 content of the enriched kernel in cooking and in
 



washing/cooking is found to be around 7 and 12% respectively.
 

Enrichment with Lysine
 

Rice is generally acknowledged to be among the best of the
 

cereals in terms of nutritive quality of its protein. It is
 

theoretically and experimentally well known, however, that the
 

protein quality of rice can be further improved by supplementation
 

with lysine. Rice kernel cnriched with lysine by means of a
 

premix formula has been commercialized quite recently. This is 

due to the technical difficulty of applying relatively large 

amounts of this ingredient uf the grain. 

The soaking method developed for the production of vitamin

enriched rice can be effectively employed for this purpose. By
 

employing a 1% acetic acid solution saturated with lysine as
 

soaking medium, one can produce kernels enriched with lysine up
 

to 66 mg. per g. of kernel. The steaming process is also effective
 

in preventing loss of lysine in washing. Threonine, a second
 

limiting amino acid in rice for human nutrition, can be introduced
 

together with lysine by the soaking method. The product obtained
 

after processing the kernel first in lysine solution and then in
 

a solution of water-insoluble vitamin B1 derivatives is found
 

significantly resistant to washing. The technique for enrichment
 

by this double-soaking method, which is outlined in Fig. 2, is
 

quite feasible for fortifying staple food with both vitamin B1
 

and lysine. Its appearance is close to that of ordinary white
 

rice; neither cracking nor discoloration is detectable. Besides
 

improving the nutritionai quality of rice protein, lysine
 

fortification produces a positive effect on the palatability of
 

boiled rice; lysine added before cooking subdues, possibly by
 



trapping the volatile carbonyls, the strength of stale flavor
 

which becomes distinct with the storage of rice grain for longer
 

period.
 

It is figured out that a blending ratio of I to 100 of the
 

enriched kernels containing 60 mg. per g. of lysine with ordinary
 

white rice provides an optimum nutritional effect,for Japanese
 

people.
 

Some approaches have been made to provide premix granules
 

which simulate rice kernels. To make such granules, a dough
 

consisting of wheat flour as binder, rice flour, and the enrichment
 

ingredients are either extruded through a macaroni press of passed
 

through a noodle-making machine. Loss of the ingredients in
 

washing/cooking are unfortunately too high to put them to practical
 

use and, to make the matter worse, they spoil the palatability of
 

boiled rice.
 

Nutritional Improvement Brought by Lysine-Enriched Rice
 

Benefits from use of lysine as a means of improving protein
 

quality of Japanese diets have been demonstrated in various
 

experiments. Data obtained by providing lysine tablets together
 

with bread at the time of the school lunch indicated that Growth
 

rate of children is significantly improved by administering even
 

0.5 g. of L-lysine per day. On the basis of these and other
 

results, the Essential Amino Acid Research Committee of Japan
 

initiated a lysine survey of feasible ways for enrichment of
 

foods and to assess their practical nutritional effects. Feeding
 

tests were continued from 1964 to 1966 with a total of 3,000
 

pupils in elementary schools by providing bread enriched with
 



lysine in the school lunch. Physical conditions of test groups,
 

become, in general, better than those of control groups; increases
 

in body height and weight were significant with test groups in
 

rural areas.
 

In last april, the author had a chance to survey the actual
 

nutritional conditions of the children in a village that locates
 

in the mountain district further north-west from Chain Mai near
 

to the Burmese border of Thailand. To say nothing of a specific
 

rural area in so-called developing countries, there are many who
 

suffer from malnutrition even on the corners of the street, in
 

so-called developed countries. Shortage of food is bringing
 

about, in a sence, food originated malnutrition in the world.
 

One of the most feasible strategies for supplying protein for
 

human nutrition, is to increase the amount of protein in the
 

conventional foods by improvTing its nutritional quality. And
 

the lysine "enriched rice" of premix formula, of high palatability,
 

and in the form of conventional intact grain, is highly acceptable
 

for rice-eating peoples as a means of improving their protein
 

nutrition.
 

There are many developments in techniques for preparing
 

enriched foods and processing them with minimum loss of enrichment
 

ingredients. There are also several approaches to increasing the
 

protein quantity and quality of cereal foods by means of protein
 

isolated from single-cell materials. Recently some success was
 

achieved in breeding of a high-protein mutant originating from
 

domestic varieties of rice. If the palatability of the polished
 

grain is high enough to be accepted by the majority of people,
 

protein nutrition of rice-eating people may thus be improved to
 

a certain extent.
 



Morphological evidence has been obtained indicating a particulate
 

nature of protein in rice grains. This may provide a sound basis
 

for developing new techniques in rice polishing and in by-product
 

utilization.
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Fig. 1Flow sheet for the manufacture of "enriched rice."1 
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2. Production of lysine- and vitamin 13-enriched rice by double-soaking method.
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Rice Fortification Granule (RFG) 

RFG is an agent which has been developed to be used mixed with 

natural rice for the purpose of increasing the protein efficiency ratio 

- 10 % in.protein content.in the latter, The natural rice is about 8 

But its protein is low in the efficiency ratio, because the protein has 

a wrong pattern of constituting am no acids, and is especially low in 

These are the " Essentialthe L-Lysine and L-Threonine contents. 

Amino Acids ' ' which can not be synthesized in the human body. There 

are several methods to evaluate the quality of protein and a popular 

criterion for it is the Protein Efficiency Ratio ( PER ) obtained by the 

This is a value expressed by the ratio of anexperiment in the rat. 

increase in body weight during 28 days after weanling of the animal to 

The PER an amount of the protein taken by it during the same period. 


value in casein, which is the protein contained in cow' s milk and considered
 

to be one of the best protein, is 2. 5. Consequently, it-may safely be
 

said that a target of the improvement in to increase PER to the level of
 

2.5. 
though it is somewhat variableThe value of PER in rice is 1.5 or so, 

according to the variety of rice. The protein efficiency ratio in rice, 

But it has been
thus, represents only about 60 % of the ratio in casein, 


proved that the protein of rice can be improved in quality to the level of
 

casein if amino acids in want are added to it (0.27 %of L-Lysine and 0.17%
 

of L-Threonine).
 
can be utilized most effectively

This means that the protein of rice 


if 1g of RFG is added to 100g of rice, a supposed amount, taken at one
 

meal (RFG contains 20 %L-Lysine and 10 %L-Threonine, and 1g of it
 

an appropriate amount of these amino acids for fortification).
provides 


the amount of protein changed

Supposing that rice contains 80 % protein, 


into the blood or muscle is only 8(g)X.-5X0. 7 = 3. 36(g) (where, the
 

the assumption that the digestibility of
 
amount was multiplied by 0. 7 on 


rice protein is the same as that of casein). If-the rice is enriched with
 



= ig of RFG, the amount of effective protein is increased to 8(g)X 0. 7 

= 2. 4(g) of effective protein is additionally5.6(g), that is, 5. 6 	- 3. 36 

produced in the body. And to take the same amount of protein from meat, 

.
it is necessary to eat 2. 24(g)X - 7 = 16(g) of meat with bread. 

20 0.7 
and addition ofTherefore, ig of RFG is equivalent to 16g of meat, 

even if the price ofRFG to rice will be understood to be very economic 

RFG is $. 3. 00 / kg. If ordinary rice is compared to less effective 

low -octane gasoline, addition of RFG to rice is supply of superior high

octane gasoline to an engine. 

Mixing in advance of RFG with milled rice can save the trouble of 

and will help effective useweighing the additive at every cooking time, 


of RFG, because the rice fortified in advance with this product does not
 

lose the amino acids added in washing with and soaking in water.
 

The rice fortified with RFG dose not show any change from natural 

one in smell, taste and resistance in the teeth after cooking. 

Description 

Name of product: 	 RFG ( Rice Fortification Granule ) 

Component: 	 L-Lysine 0. 2g 
g of RFG 

L-Threonine 0. ig per 


( Main component of the granulating agent is cornstarch).
 

Property: 	 This product mixed with ordinaty (1 jo in weight) 

increases markedly the protein efficiency ratio 

( as mentioned above). This product does not lose 

the components in washing with and soaking in water 

(the loss is less than 5 jo), and can be finished mixed 

with natural rice into cooked rice without any change 

in acceptability of the rice. 
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The short-term solution 

,o protein malnutrition 
Agricultural development is the long-range goal. Today, however, attractive and inexpensive 

protein cereals, soft-drink beverages and textured foods are available or under research to 

alleviate nutritional shortages of the world. 

tProtein strength for health &heightl 
Comes to you in Modern White 

A
 
SPREAD FAMINE in the near 


future of some countries has beenpostponed, as eviden¢ad by in-' 

creases in agricultural production 
wherever science and technology 
have been applied to traditional 

adagriculture. When adequate sup- ] .plies of water, fertilizer, pesticides. 

and modern equipment are coupled 	 THE MOST NUTRITIOUS 
BREAD ININDIAwith the new high-yield varieties, 

agricultural production can be 
doubled and even tripled. But it is 
not realistic to expect.that the po
tential increase in food supplies 
will be readily achieved. a .. b ,,ie= WrZ-

Protein-rich beverages, top ofMankinidnd has. not yet solved his 	 0 page, are proving competitive toMaop or nfan 
food problem. .,d, soft drinks In popularity. India's 

For example, the lack of avail- r-]i Modern Broad, Immediately above, 
able irrigated land is a constraint el advertised on billboard, is fortified

L2 3 with lysine, vitamins and minerals. 
L r uC'd0 Left, Duryea, a baby food prepared 

Dr. Rosen field is Deputy Director, K ~-from precooked high lysine corn,
H o 	 is fortified with soy flour and skimHigh Profein Foods and Agribusiness mlk powder.

Group, U.S. Department of Agricul- , 
Coda 

m l. , 
ture, and Dr. Stare is professor of 	 .. .;,) ',,,, 

" nutrition and chairman of the depart- " 
ment of nutrition, Harvard School of > "CI l a 

Public Health. '"p from MODERN GOVERNMENT 
f.* ,Reprinted 	 fo OENGV 



to the spread of the high-yield vari- sequent improvement in the nutri
etie. . As large financial outlays are tional status of the majority of poor 
neec ,d to construct irrigation facil- people in less-developed countries, 
ities, where are poor countries go- will be slow. Hence pre-harvest 
ing to got the necessary capital? agricultural solutions to malnutri-
Finenclal resources are also needed tion, which Includes hunger, will 
for pesticides and fertilizer. A po- be long term. 
tential technological stumbling Fortunately, the use of modern 
block is the change in texture, science and technology in post
flavor and handling characteristics harvest agriculture (food process
of the new varieties. The improved ing, fortification, packaging and 
high-yielding rice varieties taste storage) isincreasing. Here we be
different; the high-lysine corn vari- lieve are the short-term approaches 
eties crumble easily and this re- and solutions to alleviating mal
quires changes in milling and home nutrition. 
preparation. 

Agricultural progress will occur Typos of malnutrition 
only at the speed at which the 
whole process of economic devel- Before discussing some of the 
opment takes place. There were specific technical developments be
limited economic advances by de- ing used, we would like to discuss 
veloping countries during the what is malnutrition and what is 
1960's, the so-called Decade of its prevalence today. The answers 
Development; there is little reason to these questions depend on the 
to expect sudden dramatic eco- definition of malnutrition. With 
,omic progress during the next de- some 50 different nutrients in foods 

cade. Therefore, the rate of appli- and water there can be very many 
cation of science and technology to different types of malnutrition. 
pre-harvest agriculture, with sub- Malnutrition is generally defined 

Spun soy protein fibers, top, form the base for new textured proteins of varying shapes 
and sizes. Products from Worthington Foods, a pioneer In the field,resemble ground 
beef, seafood, poultry, diced meats. 
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as some measurable degree of ill 

health due to inadequate nutrition 
that can be prevented or cured by 
improved nutrition. With such a 
broad definition, malnutrition is 
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, 
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" 

., 

. 
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widely prevalent in all areas of the 
world and includes starvation (ma-
rasmus) or severe lack of calories, 
protein deficiency, combinations of 
caloric-protein malnutrition, iodine-
deficient goiter, tooth decay and 
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osteoporosis from lack of adequate 
amounts of fluoride, obesity from 
an intake of too many calories in 
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relation to those expended in phys-
ical activity, coronary and cerebral 
atherosclerosis when related in part 
to excessive quantities of s d.LI 
fats and cholesterol in the diet, hy-
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pertension when due in part to ex-
cessive intakes of sodium, anemiasd 
due to lack of iron, folic acid and 
vitamin B,., and the classical vita-
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-
. ,, 
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,p , 
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min deficiencies of scurvy, beriberi, ' -
pellagra, xerophthalmia and rickets 
which still exist, occasionally with 
high prevalence, in various parts of 
the world. Thus, malnutrition is a 
dominant factor in the health of 

-

o . ( 
I
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mankind all over the world and ... ... 

among all social classes. 

Poverty-caused Research worker adds flavoring to to. turedsoy protein at Swift & Co. laboratory. 
Flavoring is one phase of company's development of new uses for Its product, 
Texgran, which It makes in many valetles exclusivelyfor the food.processingThe malnutrition to which we 

have devoted much professional at. Industry. 
tention is caused by poverty. In 
general, poor people have little 
choice but to consume a few food protein malnutrition, frequently ac- of potential heart trouble, particu
staples with monotonous regularity companied by varying degrees of larly when in the presence of other 
day after day. caloric malnutrition, is certainly findings such as cigarette smoking 

One measurement of malnutri- one of the most prevalent and crit- and overweight. 
tion due to poverty is the lack of ical types of malnutrition. What is needed in the protein 
variety of foods found on the kitch area are various indicators, includ
en table. A rough correlation can Protein malnutrition ing biochemical measurements for 
be obtained among income, lack of the early detection of protein mal
variety of foods, and malnutrition. Protein deprivation can manifest nutrition, that is,before it.is visual-
As money available to a poor fam- itself in a variety of ways which ly recognized and the individual is 
ily anywhere inthe world increases, frequently are not apparent in the wiffering from associated illnesses. 
variety of foods consumed increases early or mild (sub-clinical) stages. This is particularly important for 
and malnutrition decreases. Pover- The situation is somewhat analo- adults. Were such a tool available, 
ty-caused malnutrition may appear gous to heart disease. Previously the endemic character of protein 
and disappear depending.upon one had to have a heart attack to malnutrition would be more widely 
changing financial situations. It may know one was suffering from heart recognized. 
also be seasonal due to changing deterioration. Now, blood analysis The biochemical indicators such 
prices of foods. for cholesterol, measurements of as total serum protein and albumin 

While there are many types of blood pressure and various exercise 
malnutrition caused by poverty, tests serve as useful early indicators 



MALNUTRITION 
continued
 

levels in use today generally require 
rather marked changes in protein 
nutrition before they show measur-
able differences and thus they are 
of limited value. 

In summary, protein deprivation 
has been obscured both by lack of 
an early warning system, and the 
presence of associated diseases at 
advanced stages of protein malnu-
trition. Within the past few years 
protein ma!nutrition is be-.g recog-
nized as : problem for people 
other than infants and special 
groups such as pregnant and lactat-
ing women. 

Innovative approaches 

The conventional approach to 
combating protein shortages is to 
increase the production of both 
cereal grains and animals. This 
conventional approach, while it 
should not be ignored, is close'. 
tied to economic development and 
as such is long-term solution. What 
we will discuss are alternate inno-
vative approaches which can have 
an immediate beneficial effect on 
the protein nutrition of large num-
bers of poor people. These ap-
proaches must of necessity not re-
quire large capital investments if 
they are to have a current impact. 
In short, they are inexpensive so-
lutions which can and are being 
used now. Two of the most impor-
tant solutions which will be dis-
cussed are development of new 
protein foods and fortification. 

New protein foods 

The processed food industry has 
begun to assume its logical role in 
the worldwide attack on protein 
malnutrition by designing and mar-
keting inexpensive, esthetically at-
tractive protein foods. They may be 
divided into the following classes: 
" blended foods (usually cereal 

mixtures) 
" beverages 
" textured foods 

Blended foods are designed pri-
marily with nutritional needs in 
mind. The technology and degree 

of processing which goes into their 
preparation are usually less than 
that found in other protein foods. 
A major attribute is their low cost. 
Probably the best known of the 
blended foods is a cereal mixture 
known as Incaparina. This is a 
blend of corn and cotton seed pro-
tein fortified with 0.1 % lysine to 
increase its biologically usable pro-
tein and to which a small amount 
of yeast and various vitamins and 
minerals are added. This was de-
veloped by the Institute of Nutri-
tion of Central America and 
Panama. 

Another representative of a 
blended food is CSM which is pre-
pared from 70% gelatinized corn, 
25% soybean and 5% non-fat dry 
milk. This is technically not a cereal 
mixture because of the 5% milk 
solids. Over one billion pounds of 
this product containing 20% pro-
tein has been distributed around 
the world under the U. S. Food For 
Peace Program. 

Cereal mixtures in the United 
States have also been developed 
particularly in prepared breakfast 
cereals. 

New protein beverages have 
great potential for popular accep-
tance as beverages appeal to all 
segments of a society. Protein bev-
erages may be divided into two 
groups: milk-types or extended 
milks and those that resemble soft 
drinks. The technology for their 
preparation is similar. Method of 
marketing to the consumer is usu-
ally the major difference. There is 
special interest in extending milk 
supplies via addition of protein 
concentrates. For example, empha-
sis is being given in India to ex-
tending ("toning") high-fat buffalo 
milk with non-fat dry milk or other 
protein concentrates from sources 
such as peanuts, soy or cottonseed. 
The acceptance of milk-types and 
extended milks is dependent, in 
part, on the advances in develop-
ing the technology for preparing 
stable suspensions of protein and 
fat and the addition of appropriate 
flavors. 

Soft-drink protein beverages 

vary in nutrition, appearance and 
flavor. To be commercially success
ful in the soft-drink market they 
must also give refreshment to the 
consumer. Their nutritional contri
butions may be secondary from 
standpoint of purchase. 

Vitasoy which has been success
fully marketed in Hong Kong for 
a few years is one example of this 
kind of beverage. It contains about 
3% soybean protein, 20% of its 
calories are from protein and in 
hong Kong it costs 3.5 U.S. cents 
per bottle. Another example is 
Puma which has exceeded all mar
ket expectations since its introduc
tion by the Monsanto Co. in 
Guyana. Current plans call for the 
introduction of Puma, which is pat
terned after the Vitasoy model, in
to other countries. 

The Coca-Cola Co. is testing a 
caramel flavored protein beverage 
in Brazil. It is called Saci. It also 
contains 3% protein. 

Changes foreseen 

We expect a number of carbon
ated protein beverages to be mar
ket-tested in the near future. P. 
Ballantine &Sons is currently test
ing a prototype product in the 
United States. 

The protein beverages are cur
rently selling at the same price as 
competitive soft drinks. When they 
replace regular soft drinks in the 
diet, the added nutrition is at no 
extra cost. 

One way to increase the use of 
new protein foods is to build tex
ture into food powders. For exam
ple, the wide use of wheat is due 
to its ability to be made into the 
textured products such as bread 
and noodles. Wheat flour as such 
is not consumed. Under develop
ment are new textured protein 
foods from low-cost sources such 
as oilseeds, fish and bacterial pro
tein grown on petroleum or other 
hydrocarbon substrates. U.S. corn
panics active in developing and 
marketing textured foods include 
General Mills, Swift, Archer-Dan
iels-Midland, H. B. Taylor, Worth



MALNUTRITION 
continued 

ington Foods and Ralston-Purina. 
The major texture technology 

lies in products prepared from soy-
beans. However, the technical prin
ciples are similar for proteins from 
other oilseeds such as peanuts or 
cottonseed, or protein from fish or 
bacteria. The availability and use 
of these materials will evolve to 
meet Tpecial economic and nutri-
tional situations. For example, it 
can be expected that bacterial pro-
teins will partially substitute for 
other materials such as soybeans 
,n animal feeds; in turn, soybeans 
and fish protein concentrates will 
be used, in part, in human foods 

eral, there will be a gradual shift-
ing in the use of oilseeds and fish 

from animal feed to human food as 
the needs for lower-cost protein in 
foods increase and as the techno
logical problems are solved. 

Fortification may be defined as 
the addition of nutrients to a food 
to nutritionally upgrade the prod-
uct, generally at a level appreciably 
higher than found in the food in its 
natural state. The added nutrients 
may or may not have been present 
to any significant degree in the 
naturally occurring product. An ex-
ample of the former is the addition 
of iodide to salt; addition of vita
min D to milk or vitamin A to 
margarine are examples of the lat-
ter. If originally present and lost 
during processing a nutrient may 
be added back to its approximate 
original level or to slightly higher 
levels. The former is usually re
fcrred to as restoration and the 
latter as enrichment. Thus we have 
"restored" cereals and "enriched" 

flour. "Fortified" products, as men-
tioned earlier, are those in which 
the nutrient supplements are added 
in an amount appreciably higher 
than in the natural food. 

In the context of protein nutri-
tion, fortification generally refers 
to the addition of amino acids and/ 
or protein concentrates to food 
staples such as the cereals. Forti-
fication with protein concentrates 
prepared from sources such as milk 
and oilseeds increases both total 

of biological valuee-(so-called protein quality).in addition to animal fed.I 2. PRE-Protein Retention Efficiency which Is a measurefeeds. In gen-

TABLE 1 

Protein value of supplemented broad' 

% Protoin Net 
In Bread, Protein 

Supplemont to Water Broad PRE 2 Dryweight Valu,;, 

None 49 15 7.3 

4% nonfat dry milk 53 16 8.5 
4.1% toasted soy 53 17 9.0 
10% nonfat dry milk 62 17 10.0 
0.3% L-lysine monohydrochloride 62 15 10.0 

1. Data from G.R.Jansen (1969) Amer. J. Clin. Nutr. 22, 38-43. 

Net ProtenvaluePRE. %Protein/100.a 

TABLE 2 

Supplement effects of amino acids and protein 
concentrates on cereal protein' 

Products % Protein 
Content %RNV 2 

Usable 
Protein 3 

White flour 13.75 24!1.5 3.2 

White flour +0.2 L-lysine HCI 13.94 38±1.7 5.3 
White flour +5% fish flour 16.66 42±1.1 7.0 
White bread (92.2%) + skim 
milk powder (8.1%) 

16.80 41 ±1.4 6.P 

1. Data from D.M.Hegsted In"Protein Enriched Cereal Foods for World Needs," 
published by the American Association of Cereal Chemists, Minneapolis 1969. 

Relative Nutritive Value which Isa measure of a biological value.2. RNV-
3. Usable Protein = Protein Content .RNV/100. 

protein content as measured 'by 
chemical analysis and biologically 
usable protein. Fortification with 
amino acids such as lysine also in-
creases the biologically usable pro-
tein but does not change the total 
protein content. From a nutritional 
viewpoint, the major consideration 
is the level of usable protein. The 
accompanying tables illustrate the 
effects of fortification with amino 
acids and some protein concen-
trates. 

The percent usable protein from 

Hegsted's data, and net protein 
value from Jansen's table, are corn
parable ways to measure protein 
which is available for'physiological 
purposes. Note that added lysine in 
both instances did not change the 
protein content, but did increase 
the biological value as shown by 
increases in NPv and PRE. While 
there is a divergence in the biologi
cally usable protein for unfortified 
wheat (3.2% from Hegsted, 7.3% 
from Jansen), there is good agree
ment on the increment of usable 



protein achieved by fortification 
with lysine. Jansen shows an in-
crease to 10 grams NPV from 
7.3 when 0.3 gram lysine is added 
to water bread, This is an icra-

ment of 0.97 grams NPV per gram 
of lysine. Hegsted shows an in-
crease to 5.3 grams usable protein 
from 3.2 when 0.2 gram lysine is 
added to white wheat flour. This 
is an increment increase of 1.05 
grams of usable protein per gram 
of lysine. 

By far the largest immediate 
possibility for improving protein 
nutrition lies in the fortification of 
cereals and cereal products with 
protein concentrates and/or amino 
acids. Cereals probably supply suf-
ficient protein for healthy adults 
when consumed in large quantities. 
When fortified with the essential 
amino acids they are low in, the 
extra available protein can extend 
their effectiveness to most of the 
population. This extra protein can 

Itmaybe cncldedthatanialbe te dffeencebeteenwellbe the difference well- It may be concluded that animalbetween, 
being and illness to those on the 
border line of adequate protein 
nutrition. This holds true for adults 
as well as infants. 

On page 50 are some examples of 
development in which cereals for-
tified with amino acids and/or a 
protein concentrate are either made 
available or being evaluated, 

Complete foods 

The examples are just a part of 
what is being done to increase the 
protein impact of the major source 
of the world's protein supplies 
the cereals. The rationale for these 
efforts is that cereals can be made 
into complete foods by adding most 
of the needed minerals and vita-
mins and fortified with amino acids 
and protein concentrates to a level 

such that 10% of their calories are 

from usable protein. Costs will ""-o' 

depending on types and ar- unts 
of added nutrients. It can be cal-
culated that fortification is the least 
expensive method for adding pro-
tein to the diet. For example, we 
have calculated the expense of add-
ing protein to the diets from milk 

products and wheat fortified with 
lysine. One gram of protein from 
non-fat dry milk and one gram 
from fluid milk costs 10 and 24 
times as much as the cost of one 

gram of additional usable protein 
in lysine-fortified wheat. 

In summary, fortification of 
wheat, rice and corn which are al-
ready being widely consumed can 
have immediate beneficial effect on 
large numbers of people. 

In the course of a nation's his-
tory, as its income increases, so 
does its consumption of animal 
products. Current consumption 
levels of animal products are out-
standingly low in underdeveloped 
countries. Even increases of two to 
five times current animal supplies 
would have negligible impact in 
satisfying protein needs in most 
such countries. And to achieve 
these increases, exceptional prog-
ress in economic and technical de-

velopment would have to be made. 

resources cannot have any short 
term impact in alleviating poverty-
caused protein deficiencies. 

Also, so-called "green" or "agri-
cultural" revolution cannot have 
significant beneficial effects for the 
short term. A total agricultural and 
economic progress of a developed 
agrarian society, together with large

capial nvesmens,ust e bilt 
capital investments, must be built 
up in the less developed world. 
This will take time as anyone ac-
tive in economic development 
would attest. 

Fortunately, the raw material 
supplies, be they cereals, legumes, 
oilseeds, fish protein concentrate 
or synthetic amino acids, are avail-
able today for alleviating protein 
and much caloric deprivation. The 
technology for their use is also 
available or being actively devel-

oped. But a great deal of creative 

nerve in production development 
and marketing is needed to trans-
form protein resources into prod-
ucts which people will accept and 
buy. We are witnessing some of this 
today, more will be required to win 
the battle for better nutrition 
throughout the world. .4 
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Cereal fortification projects around the world 

WHEAT 

1. Over 30% of the bread in Jap-
anese school lunch programs isfortiied h lunth additimsif 
fortified with the addition of 
lysine. 

2. Modern Bread in India, baked 
in government-controlled bak-
enes in India's major cities and 
reaching a production goal of 
100 million loaves annually, is 
fortified with lysine, vitamins 
and minerals. 

3. Pillsbury Co. is market testing 
at the retail level five-pound 
bags of flour containing double 
the amounts of vitamins and 
minerals normally used in en-
riching wheat flour and with 
0.3% lysine. 

4. Macaroni fortified with skim 
milk powder or soy flour will 
be added to foods in the family 
food distribution program of 
the U. S. Dept. of Agriculture. 

5. The U. S. government has an-
nounced the purchase of 4 mil-
lion pounds of lysine-fortified 
bulgur for emergency shipment 
to Nigeria under the Food For 
Peace Act.

6. Dr. George Graham, professor 

of pediatrics at the Johns Hop-
kins School of Medicine and 
DireCtor of the British Ameri-
can Hospital in Lima, Peru, 
and his associates have re-
ported increased rates of weightgain and nitrogen retention, 
stability of serum albumin, and 
elevation of the molar ratio of 

plasma lysine when wheat flour 
fortified with 0.12% was fed 
as the sole source of protein in 
the diets of rapidly growing 
children. 

7. Dr. Sheila Pereira, professor of 

pediatrics at the Christian 
Medical College and Hospital 

in Vellore, South India, and 
her colleagues found that pre-
school children in an orphan-
age showed a statistically sig-
nificant increase in height when 
fed wheat fortified with lysine 
at the 0.25% level. This forti-
fled wheat provided 54% of 
daily calories and 85% of the 
daily protein, 

8. In Tunisia, the Tunisian Na-
tional Institute of Nutrition and 
the Department of Nutrition of 
Harvard University have a co-
operative project to determine 
physiologic, economic and so-
cial effects of fortifying the 
major portion of a nation's 
cereal products -wheat -with 

various vitamins, minerals, and 
lysine. The Pillsbury Co. of 
Minneapolis and the Ajino-
moto Co. of Tokyo are co-
operating in this study. 

9. Countrywide fortification of 
wheat is being seriously con-
sidered by the government of 
Peru. They have asked the as-
sistance of the Food and Agri-
culture Organization of the 
United Nations. 

CORNin 

1. General Mills is testing the 
market possibilities in Guate-mala for a prepared, instant 
tortilla flour fortified with soy 
protein, 

2. The Department of Food 
Science of Rutgers and the In-
stitute of Nutrition for Central 
America and Panama are study-
ing the technological possibil-
ities for fortifying corn with the 

amino acids lysine and trypto
phan at small mills. 

3. General Foods is market test
ing in Brazil and the United 
States a corn macaroni which 
is fortified with soy protein. It 
contains 10% wheat flour for 
functional purposes. 

4. CPC International is market 
testing a baby food prepared 
from precooked high lysine 
com. It is fortified with soy 
flour and skim milk powder. 

RICE 

1. In northwest Thailand a project 
with the fortification of rice, 
somewhat similar to the Tuni
sian wheat study, is being car
ried out cooperatively with the 
Division of Nutrition of the 
Thai Ministry of Health, Har
yard's Department of Nutri
tion, and with assistance from 
Ajinomoto of Tokyo. The rice 
is fortified with ricelike gran
ules containing various vita
mins, minerals, lysine and 
threonine. These granules are 
added to regular rice kernels at 
the mill. The nutrients are pro
tected by loss from soaking and 
boiling in water by a protective 
coating that is removed when 

contact with the acid of he 
stomach. 
stomach. 

2. Dr. Pereira and her associatesin India are carrying out with 
fortified ricdlike granules 
studies similar to their work 

with lysine-fortifid wheat re.
ported above. 

3. The government of Pakistan is 
actively investigating the po
tential for fortified rice in East 
Pakistan. 
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One of the foremost international authorities In the field 
of food technology and nutrition, Professor Nevin S.Scrim
shaw chaired the recent session of the Protein Advisory
Group (PAG)-sponsored by UNICEF, FAO, and WHO-at 
U.N. headquarters last spring. This Interview took place at 
the Massachusetts Institute of Technology, at Cambridge, 
Mass., where Professor Scrimshaw heads the Department
of Nutrition and Food Science. 

Q. Are the global famines of the mid-1970's inevi
table as some experts have predicted? What are the 
scientific and technological breakthroughs that may 
prevent them? 

A. Fortunately, there are no longer any serious pros
pects for global famines in the mid-70's because of the 
potential achievements of the so-called "green revolu
tion," the finding and introduction of cereal varieties of 
greatly improved yields, particularly in Southeast Asia 
but also in some of the developing countries in other 

of the w3rld. This represents merely a brief re
prieve, however, because population increase will soon 
catch up with the capabilities of even "the green revo

to feed the world. 
Furthermore, the increased yields anticipated are of 

cereals, and, while these provide adequate calories, they 
do not have the quality and concentration of protein 

necessary for the optimum growth and development of
infants and young children, or, indeed, for the properof pregnant and nursing mothers or the indi

with acute and chronic infections so common in 

developing world. Fortunately, there are a number 
of other applications of scientific and technical knowl
edge that will make it possible for the world to feed 
greatly increased numbers of people. The problem is 
that we really don't know how to bring about the rapid 
application of this scientific and technological knowl
edge within the developing countries. Moreover, the 
industrialized countries are not doing enough to help in 
this process either through the United Nations or 
through bilateral efforts. 
Q. What must be done now to boost food produc
tion in the coming decade enough to meet the nvitri
tional requirements of the expanding populations? 

A. First, there must be an increase in the application of 
present scientific and technical knowledge to the pro

duction of food from conventional sources within the 
developing countries. This means an increase in the pro
duction of plants and animals for food purposes and 
increased utilization of food from the sea. The indus

4 



trialized countries are, for the most part, producing far 
more food per capita than they need and the developing 
countries often much less. 

There miply inUlt ba an impmvpofant in tho toeh.niques of production of conventional foods in the de-

veloping countries and, fortunately, there are signs that 
this is beginning to take place. New seeds, fertilizers, 
pesticides, irrigation, and better cultivation practices are 

the basis of the "green revolution" and improved animal 
production practices are being introduced. Asecond ma-
jor necessity is reduction of the tremendous waste of 
food in the developing countries, due to insects, rodents, 
molds and simple spoilage. There are indications that at 
least a third and, sometimes, as much as half of the food 
produced is wasted. A considerable proportion of this 
waste is preventable, 

The third task will be the utilization of protein re-
sources not yet considered conventional, particularly the 
oilseed meals, and, further, the development of wholly 
unconventional sources of protein and other essential 
nutrients, 

increase food r. be 
Q. Must easures to n cs o roductions? 
coupled with strong population control regulations? 

A. There is no question but that the rate of growth of 
the world population must decrease if mankind is to 
provide adequately for human health and welfare. More-
over, it is the rapid rate of population growth in the 
developing countries which makes it so difficult for these 
countries to increase their food production fast enough 
to maintain even the status quo, let alone provide the 
more nutritious diets really required. The truly heroic 
effort that some developing countries are making with 
international assistance to improve the availability of 
food would be a dramatic success story if the gains were 
not swallowed by the high population growth. Actually, 
enormously greater populations could be well-fed cithem 

of present knowledge to conventionalby application 
agriculture or the use of new and unconventional food 
sources or, more likely, a combination of both. But, the 
knowledge and resources to bring this about in the short 
period. required are simply not available. Therefore, re-
gardless of world potential, continuation of population 
increase at present rates does threaten world famine, 
perhaps no longer in the 1970's, but by the end of the 
century. 

Q. Do you think this will actually happen? 
A. No. I have faith that a gradual strengthening of the 
United Nations machinery and greater understanding of 
the. problem within both the developing and industrial-
ized countries will result in our facing up to these prob-
lems and solving them in time. 

Q. Looking ahead, what do you feel will be the most 
significant challenge to those working in the field of 
nutrition in the Second Development Decade? 

A. The application within the developing countries of 

the scientific and technical knowledge which we now 
possess and that which we shall continue to acquire in 
the years ahead. 

Q. Why is so much emphasis placed on the need for 
protein rather than simply on tie production of 
more food? 

A. The shortage of food is not just one of quantity but 
also of quality to meet human nutritional requirements. 
Protein of good quality is more scarce and far more 
costly than calories, which can be readily supplied by 
cereals and root crops. But cereals do not contain a high 
enough concentration of protein to meet the needs of 
infants and young children, who require proportionately 
more protein for normal growth and development than 
adults. Moreover, cassava or manioc, a staple crop in 
several tropical countries, is almost wholly lacking in 
protein, yet it forms the principal food for such areas. In 
the industrialized countries, protein needs are met b) 

meat, milk, poultry, eggs and fish, but these commodities 
are so costly that they are consumed in only limited 
quantities by the bulk of the populations of most devel
oping countries. If the people of these countries could 
afford to eat more foods of animal origin at present 
prices, supplies would be grossly inadequate and prices 
would spiral. Yet, unti! the young children of develop
ing countries receive more adequate protein either from 
conventional or unconventional sources, malnutrition will 
continue to impair the health and productivity of pre
sent and future generations. 
Q Wo't the new higher-yielding cereal varieties 

msolve part of the prolem? 

A. Certainly. Despite the relatively low concentration 
of the protein in most cereals, the qclitntiti,s consumed 
arc so enormous that they account for more dietary pro
tein than all other sources combined. However, the 
quality of protein in most cereal grains is so poor that 
much of it cannot be utilized. A major means of increas
ing the value of existing protein supplied by cereal 
grains would be to improve its quality, either by the 

addition of limiting essential amino acids in synthetic 
form or of protein concentrates in which essential amino 
acid composition complements that of the cereal. For 
example, only about one-half of the protein in wheat is 
utilized because the essential amino acid lysine is de
ficient; corn protein is poorly utilized because both lysine 
and tryptophan are inadequate. Where wheat is milled 



Indonesian farmer and son plant rice seedlings 
an even distance apart as they have been 

taught to do by government agriculture teams. 
UNICEF Photo 4605 by Jack Ling. . 
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into flour on a large commercial scale, lysine can be... 
added at the time of milling. When limiting amino acids 
are added to plant protein, their protein quality can be 
made comparablo to tho bcst animal protalnN, proviling
other factors do not interfere. The limiting amino acids 
can be added in synthetic form, by breeding them in, in 
protein concentrates, by genetic improvement, or by a 
combination of these approaches. the 

Furthermore, we must have adequate calories in the 
diet for best utilization of protein; otherwise part of the 
protein will be used to meet calorie needs. Availability 
of adequate supplies of cereals is the best way of assur
ing caloric sufficiency in the developing countries. 
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Q. If cereals alone are not adequate to supply suf
ficient protein for vulnerable population groups, 
such as children and nursing mothers, and animal 
protein tends to he too expensive for the majority of 
people in the developing countries, where is the 
needed additional protein to come from?. 
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A. The most important immediately available source 
lies in improved use of legumes and, in the utilization of 
the protein of oilseed meals. In India, Bengal gram 
(chick pea) and other grams, and in much of Latin 
America the common beans (Phaseolavulgaris)represent . 

. 1j.- r 

......
7. 

the major supplementary protein source. , :.. . ' . ' ".4/. 4 
In much of Asia, the soybean in various forms is the . , . , 

major source of protein supplementary to that in the ," "V."-'. .:. " "... 

cereal staple. Legume production should be increased , , . .. :-*.-.*,* ,... \ . "'*'* .* 

and varieties and techniques of both cultivation and 7' . "..." " 
utilization should be exchanged among the various re- .:; - . 
gions of the world. ,,,. - . 

The principal limiting factor here is the difficulty of 
introducing any new food. This problem also applies to 
the utilization of the oilseed meals. There are, however, ' ... -

many methods of incorporating oilseed meals, into tradi-
.-..

tional foods in ways which improve their protein value -" 
without impairing their acceptability. Approximately , .,.. -" ,
eight million metric tons of fermented or cooked soy- . !j .' 
bean products are consumed annually in the Far East 1.,-.: 
and another three million metric tons of peanuts, coco ' 
nuts and other oilseeds are eaten in various parts of the " ,. 
world. Almost no use is being made for human feeding .. . . " ". 
of the remaining n~arly seventy million metric tons of 
oilseeds. The meal left after soy, peanut, cotton, sesame, , " 
sunflower and other oilseeds have been processed to ex
tract their oil contains 40 to 50% good quality protein
suited to human consumption and is particularly useful i 
in combination with cereal grains. Because the extracted !. " 
oil (and in the case of cottonseed, the fiber as well) pays " '. . 
part of the cost, these meals are the world's cheapest ", J.' 
sources of protein and are likely to remain so. They pro- ___________ "._•'_ ': ' 
vide protein at a cost of 8 to 12 U.S. cents per pound 



compared with 60 to 70 U.S. cents for non-fat dry milk 
at the current world market price, and U.S. $1.00 to $2.00 
for most other protein of animal origin. Although avail-
able in large quantities in most developing areas, this 
nutritious and low-cost protein-rich material is now larg- 
ely exported, fed to ruminants, or wasted as inefficient 
fertilizer. Most of the developing countries have enough 
oilseed meal, if properly processed, to meet the present 
protein needs of their children. 

Q. How would these oilseed meals be utilized in 
human feeding? 
A. Existing technology is adequate to produce oilseed 
meals suitable for simple low-cost, protein-rich food mix-
tures such as "Incaparina" (Central America nd Co-
lombia); "Fortifex" (Brazil); "Bal Ahar" (India); "Pro-
Nutro" (South Africa); and Lauhina (Middle East). 
Infant foods containing processed full-fat soya have been 
successfully tested in China (Taiwan). While additional 
processing re;earch is desirable, the main obstacles to 
the general kse of products containing oilseed protein 
are the lack of market research to determine the best 
form and manner of presenfation of the product, lack 
of the kind of promotional and distributional efforts Cs-
sential to effective marketing, and insufficient under-
standing and support on the part of governments, 

.. . -.-- \ • , . , .. 

A schoolgirl in India inds 
her school garden as 

partof an appliecd nutrition 
programome. 

... •UNICEF Photo 4699 by Jack Ling. " 
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Q. Much has been written about fish protein con
centrate (FPC). Will this be an important protein 
source in the future? 
A. Fish protein concentrate is a stable form of protein 
which can be fed even to infants, and it can be made 
from fish available in very large quantities because they 
are lower in the food chain of thesea and not considered 
palatable as fresh fish. Popular ocean fish such as hali
but, tuna and salmon are not available on a sustained 

yield basis in the quantities required for production of 
fish protein concentrate. Moreover, they would ho too 
expensive for this purpose. FPC can be made from more 
abundant fish which would otherwise not have a ready 
market except for animal fee 1 or fertilizer. 

The obstacles to major co 'ribution by FPC to the 
protein needs of the infants and young children in de
veloping countries are: (a) the need for modern fishing 
industries to provide raw material; (b) the construction 
and operation of plants to make acceptable FPC at low 
cost; (c) the finding of acceptable ways of using the 
products in foods; and (d) the marketing and promo
tion of the product. 

While FPC may become useful in a few countries, I 
do not expect it to make the kind of major contribution 
to world protein supplies sometimes envisaged. 

t 
 *V.
 

* 



Q. Are there really any significant "new sources of 
food" in the world or must we depend on agricul. 
tural improvements to increase food production?• 
A. No major differences exist between protein derived 
from the single cells of yeast or bacteria and the protein 
of other plants and animals. Sufficient information has 
accumulated to indicate that slngle-eell proteins are 
readily utilized by animals and man. The advantages of 
microorganisms as sources of proteina are their rapid 
growth and ability to convert cheap energy sources and 
nitrogen into high-quality protein. These microorgan-
isms can obtain energy from petroleum fractions, natural 
gas, or starchy vegetables and vegetable residues. Pro-
tein from single-cell organisms has the special merit that 
it is produced without the need f6r agricultural land or 
the products of agriculture. 

In my opinion, low cost and immediate availability 
give oilseed proteins first priority in the development of 
new unconver.tional sources of edible protein to meet 
world needs. Fish protein concentrates merit second 
choice, since they are closer to achieving large-scale in-
dustrial production than single-cell proteins and have.I 
been approved for human use. Single-cell protein de
serves at least third priority. Despite formidable tech-
nical problems remaining, there is little doubt that 
wholesome and nutritious single-cell products can be 
developed and produced in almost unlimited quantities 
within a decade, 

Q. What about the protein in green leaves, seaweed 
and algae? 

A. These materials all contain protein of relatively good 
quality in their cells which can be precipitated from the 
expressed juice. However, crude protein from either al-
gao or greenleaves has a somewhat unpleasant taste. 
This can he removed by further processing but the pro-
duction costs are greater than for single-cell protein or 
FPC. Nevertheless since the efficiency of photosynthesis 
for converting inorganic nitrogen to protein is high, it 
would be unwise to underestimate the possibility of a 
technological breakthrough. Moreover, it is comforting 
to know that it will be feasible to use algae protein for 
human food when mankind exhausts both available agri-
cultural land and fossil fuels as energy substrates for non-
photosynthetic single-cell production. 

Q. What about the possibilities for the purely syn. 
tetic foods? teevident 

A. All essential amino acids are available in chemically 
pure form although for some, producti.on costs are still 
extremely high. It should be technically feasible to com-
bine these into palatable synthetic foods, fully satis- 
fying the protein requirements of man, but the present 
cost would be prohibitive. As synthetic amino acids are 
used increasingly in fortification of natural foods and as 
synthetic processes are developed further, the cost will 
decrease. 

Even at a conservative estimate, synthetic foods which 
meet protein requirements by supplying the proper pro-
portions of essential amino acids and other available 

nitrogen are unlikely to become significant before the 
end of the century. They are almost certain to be more 
costly to produce for a long time to come than the other' 
new protein sources described. 

Q. Is there a substantial difference between nutri
tion problems found in rural areas and those found 
In urban arean? 
A. There are a number of important differences. People 
in urban areas have definitely entered the cash economy 
and can be reached through fortification and other meas
ures to improve processed foods. Moreover, the com
mercial production of low-cost protein foods is possible 
for urban areas. On other hand, many of the persons
in urban areas of the developing countries today have 
migrated from the countryside and have been forced 
to abandon many o their traditional food practices with

reout either the knowledge or the financial ability to 
place them in a satisfactory manner. Thus, nutrition edu
cation and the availability of nutritious foods at a reas
ena nd te become o r to s foos a tr 

enable price become major factors in improving nutri
tionin urban areas along with the fortification of staple
foods. 

In rural areas, increased production of food becomes 
a major need along with a variety of foods which will 
ensure a balanced and adequate diet. Persons in rural 
areas in developing countries frequently participate very 
little in the cash economy and cannot be reached by im
provements in the nutritional value of processed foods. 
By and large for them improvement must come in the 
availability and utilization of traditional foods in kinds 
and quantities to ensure good nutrition. 

. What is your appraisal of FAO's Indicative World 
Plan for Agricultural Development as a framework 
and guide for governmental policies and action in the 
areas of agriculture, food, population, trade and de
velopment? 

A. FAO's Indicative World Plan (IWP) provides the 
most comprehensive statistical information yet available 
on the food supply in developing countries. According 
to this, the average supply per caput in the developing 
world as a whole, falls short of physiological require
ments by at least 6% for calories and 7% for protein. 
The projections for the next 15 years indicate that the 
gap between demand and supply will be particularly 

for protein of good quality. Yet, the figures given 
in the IWP are averaged figures and therefore tend to 
understate the problem. Apart from uncertainty as to the 
reliability of the statistical data, it must be emphasized 
that aggregate and per capita data are not a sufficient 
base for the formulation of nutrition policies having 
particular reference to vulnerable population groups. Be
cause of the large inequalities in protein shpply and dis
tribution, even when supplies are 20% above thc aver
age national requirements, a significant part of the pop
ulation may not have its requirements satisfied. 

Obviously, the protein intake within a population dif
fers according to its economic status. Whereas high and 
middle income groups usually have a satisfactory protein 
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but it is not and it was never intended to be a detailed 
blueprint for action in individual countries in the decades 
ahead. By outlining present prospects in such dramatic 
detail, it is hoped that the IWP will motivate the nations 
of the world to take more effective measures to over
come the problems identified and projected. 

It i not Ncilontlhcnly correct to mny that a present 
shortage exists specifically for animal protein. The need 
is only for adequate amounts and proportions of the 
eight essential amino acids that protein of good quality 

and enough additional nitrogens from any utiliz
,*. : : .. ~able source to enable the body to synthesize the remain
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ATokyo family on a Sunecy outing reflects physical 
changes resulting from improved diet. Recent 
nutritional studies show that because of greater 
animal protein in the diet, the average Japanese 
will grow to be taller (about four inches) than 
his parents. UNICEF Photo 6077 by Dork Rynor. 

intake, low income groups, representing a high percent-
age of the population of developing countries, often have 
protein intakes that are too low. 

Protein malnutrition is fe'quent in urban and semi-
urban low income groups who rely completely on the 
market for their food suppfy and also in such groups in 
rural areas which produce a major part of their own 
food supply. 

When family intakes of protein appear adequate, pro-
tein malnutrition may still occur because individual fam-
ily members who have special needs, such as the pre-
school child and the pregnant and lactating woman, do 
not necessarily receive a share proportionate to their 
needs. The problem is particularly acute with respect 
to the pre-school child. 

The problem of insufficient dietary protein is aug-
mented by the fact that when the calorie intake is in-
sufficient, as is frequently the case, part of the dietary 
protein is used to meet calorie needs. Another factor is 
the high prevalance of infectious and parasitic diseases, 
in most developing countries, particularly in children, 
which increase protein requirements while decreasing 
dietary protein utilization, 

In summary, the IWP is an extremely useful exercise, 

ing amino acids of which protein is made up. It's true 
that protein of animal origin has traditionally been a 
major contributor to supplying these essential amino
acids in human diets. However, large populations of the 
world already obtain the bulk of their proteins from 

cereal and legume combinations, with little or no ani
mal protein. Furthermore, we now have a powerful new 
tool to bring the quality of protein of plant origin into 
the range of that for animal protein. This is amino acid 
fortification, the addition in synthetic form of those 
amino acids in which the plant protein is relatively defi
cent. 

Addition of of 1% of lysine brings the quality of 
dheprotein in wheat flour up to that of meat. In the 
case of more concentrated sources of protein, such as the 
oiseedl meals or single cell protein, the addition of 
,methioninehas the same effect. 

Thus, mankind is not tied to a physiological need for 
animal protein however much he may enjoy it. 
Q. What assurance can you give that people will eat 
the new and unconventional foods of the future you 

say will become avaiable and help prevent nutritional disaster? 

A. Most foods of different cultures are rejected by most 
people to whom they are unfamiliar. Many of the staples 
upon which large populations in the developing coun
tries depend would be very unconventional on a Euro
pean or American table. The tortillas of Latin America, 
the ehappaties of India, the tenpeh of Indonesia, the 
mealie meal of South Africa, would be rejected by most 
persons not accustomed to them, to say nothing of the 
maguey worms which are delicacies in parts of Latin 
America, termites in Australia and Africa, locusts in the 
Middle East, raw turtle eggs, or the meat friom dogs, 
monkeys, snakes and rats, consumed by various popula
tions. 

Conversely, caviar, artichokes, truflles, linburger and 
roquefort cheese, snails, frog legs, whale steak, and blood 
sausage would be just as hard to introduce to societies 
not familiar with them. Beef steak delights us and is 
intolerable to an orthodox Hindu. Pork is very much 
liked by some populations and violently rejected as "tin
clean" by others. Ope of the hardest tasks of my life was 
to convince the ppulation of a small Guatemalan vil
lage wholly unfafniliar with milk, that the dried skim 
milk provided by UNICEF would not make their chil
dren sick. 



Synthetic and substitute foods should be nutritionally
equal to or better than the conventional foods they sup
plement or replace because this is technologically feas
ible, socially desirable and economically profitable. The 
limiting factors in the adoption of synthetic and substi
tute foods are not ones of either nutritional value or 
safety, but rather, as your question implies, they are 
concerned with palatability, cultural acceptability, and 
economics. 

Food habits have always been determined by en
vironmental and cultural factors which vary widely from 
one population to another and which change with time. 
In recent decades the rate of change has been enorm
ously accelerated. Most of the processed foods of Eu
rope and America were not even available a generation 
ago. Within the life span of a single generation, many 
new and substitute foods have become conventional. 
Some of these are more nutritious, more palatable and 
more satisfying and interesting than ever before avail
able to the general population. Precedent, human desire, 
technology and need all suggest that our foods will con
tinue to evolve in ways which will increase rather than 
decrease the pleasures of eating by promoting good 
health through a more balanced nutrient content. 
Q. Is it fairly well established in scientific circles 
that malnutrition definitely causes mental retarda. 
tion ? 

A. Two-thirds of the world's children live in the devel
oping countries of the world, and for most of them mal
nutrition during their early years is a fact of existence. 
The consequent retardation in physical growth and 
development is reflected in the almost universally smaller 
body size of members of low-income populations in 
these countries. Genetic differences are a minor factor. 
Many underprivileged children among poor families in 
the industrialized countries are also malnourished at an 
early age.

Attention was focused until recently mainly on the 
high mortality of malnourished infants and preschool
children of developing countries, with no particular con
cem for the smaller body size of the survivors. In the 
1920s, experiments with rats began to show that nutri
tional deficiencies not only retarded physical growth
and development but affected the central nervous sys
tem as well. In recent decades, early malnutrition suf
ficient to impair growth in experimental animals has 
repeatedly and conclusively demonstrated its effect on 
their subsequent learning, memory and adaptive behav
ior. This has led to widespread concern that infants and 
young children whose physical growth is retarded by 
malnutrition may also be impaired in brain development 
and subsequent learning and behavior. The smaller head 
circumference of such children when they reach matur
ity, observed in many parts of the world, has added to 
this concern. Recent field studies in several developing 
countries are confirming poorer performance on some 
tests of intelligence and learning in children with a his
tory of e,,rly severe malnutrition, but psychological and 
soci.J ,.swell as nutritional factors are certainly involved. 
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PAG STATEMIZNT ON AMIIO ACID) FORTIFICATION .OF FOODS 

SUMIVARY 

There is abundant evidence from aniral studies and observations on humans 

under controlled situations in institutions such as hospitals, schools and 

orphanages that improvement in nitrogen retention or growth occurs when 

either simple experimntal diets or mixed diets typical of food intake patterns 

in certain regions are supplemented with the limiting amino acid(s). This is 
orparticularly apparent in infants and children who have been malnourished 

have low protein intakes. At higher protein intakes, cereal-based diets can 

usually provide sufficient protein for disease-free adults, but this may not be 

true for adults suffering from acute and chronic infections or women who are 

lactating. 

Supplementation effects have been observed mainly with lysine and methio

nine; in maize-based diets tryptophan is also limiting. 

More precise information is needed on the protein and amino acid require

ments of various population groups and the e:;tent to which the local diets 

meet these needs. 

There is evidence that baking and cooking processes 	reduce levels of armino
 

acids added to food products. Further studies are requested to assess the
 

loss due to different types of storage and from foods 	cooked for home 

a need to examine the nutritional, technological andconsumption. There is 

commercial possibilities of using vehicles otheir than staple cereals for
 

amino acid fortification.
 

The decision as to fortification of staple foods with amino acids will have to
 

The target groups that can be expected to

be made on a national basis. 


benefit should be identified and the desirability of amino acid fortification
 

should be judged in comparison with alternative approaches to meeting 

national protein needs. 

Cop.es may
PAG Statements and Guidelines may be used and quoted freely. 

F Protein Advisory
be obtained without charge from the FAO!'WHO/UUNICE 

Group, United Nations, N. Y. 10017, U.S.A. 
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PAG recommendation on amino acid fortification .of foods 

At its 15th Meeting in Rxome. 9 - 13 September 1963, the PAG stated: "There 
is a growing interest among countries in the use of synthetic amino acids 
for the improvement of the protein quality of cereal grains and vegetable 
mixtures for human feeding. While the PAG has encouraged exploration of 
such fortification where it is likely that such supplementation could make a 
significant contribution at an economically justifiable cost, there remains 
great uncertainty or controversy as to when these conditions are met. 

"The increasing availability at low cost of the most frequent limiting amino 
acids in the diets of low-income populations, lysine and methionine, has 
increased pressures on governments to approve their use in the fortification 
of cereals. The choice of amino acid fortification, the addition of protein 
from fish protein concentrates and oilseed flour, or both must be made on a 
combination of economic, nutritional and policy grounds which are still 
controversial. " 

Because this is a real problem confronting countries today, background 
information and guid.elines have been developed to assist the United Nations 
Agencies and Member Governments in evaluating the desirability of instituting 
programmes of amino acid fortification. 

The PAG has been helped in this task by an ad hoc Working Group with the 
following membership: Dr. N. S. Scrimshaw (Chairman) U.S.A., Dr. David 
Call, U. S.A., Dr. C. Engel, the Netherlands,. Dr. D. M. Hegsted, U.S.A., 
and Dr. T. Ciso, Japan, with Dr. U. Kracht, Federal iiepublic of Germany,
and Dr. P. S. Venkatachalam, India, participating as consultants. Dr. L.J. 
Teply, UNICEF, served as technical secretary of the ad hoc Working Group. 

The following Statement was adopted by the PAG at its 17th Meeting in 
New York, U.S.A., 25- 28 May 1970. 

1. Amino acid fortification studies in man 

The effectiveness of amino acid fortification in increasing the utilizable pro
tein of cereals and legumes has been demonstrated in experimental animals. 
There is also abundant evidence of the biological effectiveness of amino acid 
fortification from metabolic and growth studies in man. In these studies, 
carried out in different parts of the world, the methodology has varied. Also 
many of these experiments have used a single cereal, grain, legume, or 
oilseed as either the sole source of protein or the main source of protein in 
a simple mixture. 
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1. 1 Studies using nitr,'gen balance methods 

Nitrogen balance studies in various age groups have indicated that for humans 
lysine is the most limiting amino acid in a number of cereal proteins (in the 
experiments the monohydrochloride of L- or DL-lysine was used). 

1. 1. 1 Wheat Hoffrran and McNeil (1) observed in ten adult hospital patients 
that the Allison nitrogen balance index increased from 0. 62 to 0. 76 when 
L-lysine was added at a 4% level to wheat gluten serving as the sole source 
of protein; the index for a casein preparation was 0. 30. 

Cremer et al. (2) fed 400g of 60% extraction wheat per day in the form of 
bread as the sole source of protein to nine normal adult males. Separate 
supplementation with lysine, corresponding to the addition of 0. 1%DL-lysine 
to the flour, raised the average Biological Value (BV) from 41.8 to 61.7 in 
three subjects. In nine subjects addition of 0. 2% DL-lysine to the flour prior 
to baking resulted in raising the BV only from 40. 5 to 45. 0; this was 
attributed to losses in the baking process. 

Rice et al. (3) observed statistically significant nitrogen balance responses 
in young healthy aduilts fed diets in which protein came mostly from lysine
supplemented, white-flour bread. 

Bressani et al. (4) observed increased nitrogen retention in six children aged 
18 to 69 months, who had recently recovered from severe protein malnutri
tion, when 0. 64%6 L-lysine was added to a diet in which the main source of 
protein was wheat flour and wheat gluten. The subjects consumed 2g protein 
and 80 to 100 calories per kg body weight per day. Bressani et al. (5) later 
showed that addition of L-lysine to a wheat diet fed to seven children of 3 to 
6 1/2 years of age at a level of 2 to 3g protein per kg body weight clearly 
increased the nitrogen retention to close to that "obtainedwith an equal intake 
of milk protein. 

Barness et al. (6) fed wheat diets to 22 malnourished infants at levels of 1. 2 
to 4. Og protein and 75 to 120 calories per kg body weight per day. Addition 
of 0. 35% L-lysine to the wheat flour used as the protein source brought the 
protein value close to that for milk, according to nitrogen balance measure
ments; potassium had to be added to the diet to get thiis effect. Consistent 
results were obtained at a consumption level of 1.75 to 3g protein and 75 to 

100 calories per kg body weight per day. 

T.aniel et al. (7) supplemented a poor wheat-based diet of seven boys aged 
10 to 12 years with L-lysiAe and DL-threonine. The diet provided approxi

mately 1. Bg protein per kg body weight per day. L-lysine significantly 
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increased nitrogen retention and BV; simultaneous supplementation with 
DL-threonine brought some further increases. 

Graham et al. (8) measured nitrogen retention in six infants and young 
children, 10 to 48 months of age, recovering from protein-calorie malnutri
tion. The sole protein source in the experimental diet (wheat, cottonseed oil, 
cane sugar, vitamins, and minerals) was a wheat flour prepared by air 
classification to contain 21% protein. The amino acid composition of the plo
tein in this preparation was found to be similar to that in ordinary white 
wheat flour. Protein intake was 1. 5 to 2. Og per kg body weight per day. 
L-lysine was added to the wheat flour at three levels: 0. 215%, 0. 359% and 
0. 725%. These levels were considered to be analogous to the following levels 
of fortification for ordinary wheat flour with 111c protein; 0. 12%, 0.20%and 
0. 40%. A clear supplementary effect was observed even at the lowest level of 
fortification, with some additional benefit in going from the intermediate to 
the highest level. 

1. 1.2 Maize Scrimshaw et al. (9) , in a series of balance studies on two 
hospitalized children recovering fron protein-calorie malnutrition, fed lime
treated "maize-m-nasa" (used for making tortillas) as the main protein source 
at a level of 3g protein per kg body weight per day. L-lysine together with 
DL-tryptophan had to be added to get satisfactory nitrogen retention. In an 
extension of these studies, Bressani et ., (10) led "maize-masa" as the sole 
source of protein to three children at an intermediate level of 1. 5 and Zg 
protein per kg body weight per day. Again, when both lysine and tryptophan 
were added, good nitrogen retention was obtained. In these investigations the 
levels of supplementation were in accord with the FAO reference protein 
amino acid pattern (11). In nitrog.n retention studies in ten children of 1 1/2 
to 5 years of age where dietary protein came entirely from "maize-masa" 
Bressani (12) got equally good results with somewhat lower levels of the 
amino acids. The protein was fed at a level of Zg and 3g per kg body weight 
per day. Although addition of DL-tryptophan had no effect in these latter 
experiments, supplementation with L-lysine improved nitrogen retention 
slightly; the combination of lysine plus tryptophan was highly effective. The 
further addition of DL-isoleucine had a slight additional effect. In a recent 
summary of this whole series of experiments, Bressani (13) reviewed the 
decreased nitrogen retention observed when other amino acids (DL-methio
nine, DL-valine) were added to the diets and the importance of an appropriate 
balance among the amino acids present in children's diets. 

Truswell and Brock(14) conducted nitrogen balance studies in eight normal 
males aged 22 - 56 years who custorarily ate 503 to 600g maize per day. At 
a protein intake of approximately I- per kg body weight per day, addition of 
L -lysine increased nitrogen retention and addition of DL-tryptophan had a 
further enhancing effect. 
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Gomez et al. (15) reported that a combined supplement of L-lysine and 
four preschool'DL-tryptophan improved nitrogen absorption and retention in 


children on a maize-beans diet.
 

1. 1.3 Sorghum and millet Doraiswarny et al. (16) reported a significant 

increase in nitrogen retention in studies on forty-eight school girls aged 

7-12 years when L-lysine was added to a poor sorghum diet which provided 

2. Og protein per kg body weight per day. 

Daniel et al. (17) added L-lysine to a millet diet of eight school girls aged 

11-12 years, which provided 1. 3g protein per kg body weight per day. The 

lysine supplement doubled the nitrogen retention; DL-threonine in addition 

to the lysine gave a slight further improvement, The same investigators (13) 
same experimentalreported similar results using a sorghum diet under the 


conditions.
 

rice diets furnishing 26 to 31.7g protein1. 1. 4 Rice Hundley et al.. (19)fed 

per day to five young adult males and studied effects on nitrogen retention 

of L-lysine plus DL-threonine, a mixture of eight essential amino acids, 

nonessential amino acids. The investigators concludedand a mixture of 
or lysine plusthat the diets were primarily deficient in total protein. Lysine 

threonine produced a positive shift in nitrogen retention in some of the 
response.,subjects but so did a mixture of nonessential amino acids. Negative 

one case and to a mixture of eightto lysine plus threonine were observed in 

essential amino acids in another; the significance of these observations is 

not clear. 

Parthasarathy et al. (20) fed a diet consisting mainly of rice (250g rice in 

375g total daily food intake) to six girls aged 8 to 9 years. Effects of 

nitrogen retention indicated lysine and threoninesupplementation on were 

most limiting, followed by methionine. 

in hospitalized children between
Bressani(13) measured nitrogen balance 

years of age who had recovered from malnutrition. Polished rice
1. 5 and 5 

per kg body
fed at two levels of protein intake (320 mg N and 235 mg N 

was 
At the higher levels only lysine increases nitrogen balance.

weight per day). 
except for methionine, tended

Simultaneous addition of other amino acids, 
At the lower level of protein intake lysine had 

to decrease nitrogen balance. 

effect but addition of lysine plus methionine improved nitrogen retention 
no 

(L-lysine and DL-methionine were used).
 

to aHegsted et al. (21) found that the addition of L -lysine
1. 1.5 Mixed diet 

fed at a minimum protein intake level of
cereal-vegetable-fruit diet, 

increased nitrogen retention moderately in 
approximately 24g per day, 

supplementation with DL-methionine gave
female university students; further 
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slight.additional retention. It should be notd that the protein level of the 

experimental diet was at or belowrequirement for the individual and the 

subjects had been on a protein depletion diet prior to the tests. 

1.1.6 Methionine supplementation of m::ed diets Goyco (22) observed 
increased nitrogen retention in young adults when torula yeast plus 
DL-methionine was added to a rice-bean diet; torula yeast alone produced a 
lesser effect. In three young men fed torula yeast at a low level of protein 
intake, Young and Scrimshaw (23) also report increased nitrogen retention 
with the addition of D la-methionine. 

Nicol and Phillips (24) increased nitrogen retention in adult Nigerian males 
eating a diet of cassava gari, groundnut flour, and vegetable soup at a 
protein intake of 0. 4g per 1:g body weight by adding 500 mg DL-methionine to 
the daily diet. No significant change was observed, however, when the 
methionine was added to a diet of rice, fish and vegetable soup. 

Graham (25) observed "striking improvement" in nitrogen retention when 
DL-methionine was added to soy protein isolates, full-fat soy flour or a soy 
milk made with defatted soy flour fed at critical levels of protein intake to 

infants and small children (6 to 23 months of-age) recovering from 
ralnutriti on. 

1. 1. 7 All of these studies carried out under the controlled conditions of a 
metabolic unit have demonstrated increased nitrogen retention when 
experimental diets fed at relatively low levels of protein intake or to depleted 

subjects are supplemented with the limiting amino acids. On sustained higher 
intakes of these same proteins the effects of the amino acid supplement might 
not be as pronounced. It should also be noted that predominantly cereal diets 
ordinarily provide adequate protein for most normal adults if sufficient calo
ries are consumed, although this may not be true for adults with acute or 
chronic infections or for lactating women. 

1.2 Growth studies 

Albanese et al. (26) observed increased growth in thirteen infants 1 week to 
14 months of age when L.-lysine was added to a wheat gluten diet furnishing 
3. 5g protein and 100 calories per kg body weight per day, but also observed 
this effect when the protein of the basal diet came from lactalbumin, casein, 
or condensed mill, 

Several studies in institutions such as. schools cr orphanages have been 
conducted in various parts of the world. Fukui et al. (27) fe4 0. 5 to 1.5g 
supplemental lysine for six months to three hundred and fifty children 5 to 15 
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years of age whose height and weight were below the national average. The 

diet consisted.mainly of rice. The authors concluded that the children 

receiving either DL- or L-lysine gained more height and weight than the 

controls. Lecently Oiso (29) has described additional experiments that are 
underway in remote mountain villages in Japan. 

Krut et al. (29) fed two groups of children aged 2 to 8 1/2 years (29 per 

group) staying temporarily in an institution, a basal diet of bread, fats, 
vegetables, and fruit plus vitamins and minerals. Bread supplied 88. 8c of 

the protein and 52.4% of the calories. Protein consumption was 1.5- 1. g per 

kg body weight per day. One group received lg L.-lysine per child per day 

while the other received 0. 822- glycine per child per day; the supplements 
were given in a beverage taken immediately after meals. After six weeks the 

supplements for the two groups were switched. Lysine addition to this 

low-protein diet gave superior weight gain (protein efficiency ratio, PER 0. 22 

compared with that on glycine supplementation (PER 0. 04). 

King et al, (3)) fed 150g bread or 153g bread plus L-lysine to four hundred 

and fifty Haitian school children between 4 and 13 years of age for 150 days. 

The basal diets supplied approximately 1500 calories and 37g protein per 

day. The bread supplement raised caloric intake by 25% and protein intake by 

34%, assuming consumption of the basal diet was maintained. Although the 

effects on height and weight were moderate, they were statistically 

significant in favour of the bread plus lysine. 

Doraiswamy et al. (16) supplemented a "poor" sorghum diet of twenty-four 

school girls aged 7 to 12 years with 1. Og L-lysine per day-divided into three 

doses given with meals. Twenty-four unsupplemented controls were paired 
The basalwith experimental subjects according to initial height and weight. 

Over a six-monthdiet provided 2. Og protein per kg body weight per day. 


period the controls gained an average of 0. 80kg in weight and 1. 82cm in
 

height. The supplemented group gained an average of 1. 74kg in weight and
 

2.93cm in height.
 

Pereira et al. (31) observed a moderate but statistically significant (p.0. 05)
 

increase in height over a six-month period when L-lysine was added to wheat
 

diets of children aged 2 to 5 years in an orphanage. The average ncrease in
 

height was 3.26cm (1. 19) in the experinental group and 2.61 (!L0.99) in the
 

control. The basal diet (wheat, pulses, oil, vegetables, fruit, sugar and
 

spices) provided 2g vegetable protein and 100 calories per kg body weight per
 

day. For the lysine supplementation, wheat flour was fortified at a level of
 

0. 25% and wheat grains were impregnated at a 0. 1% level. The wheat and 

roasted and fried foods. The controlswheat flour were consumed in boiled, 
had a daily lysine intake of :0. 63g and the suppiempntal wheat provided an 

cooking losses reduced ihe effectiveadditional 0. 37g per day. However, 
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levels, as measured by chemical determination of available lysine, by 21%6 

in the control group and by 30% in the experimental group. (Incidentally, in 

this experiment significant differences were not observed in nitrogen 

retention between the two groups.) 

some cases and marginallyThese studies have demonstrated convincingly in 

in others that the growth response of the children receiving the amino acid 
The investigasupplemented diets was superior to that of the control groups. 


tions ar difficult to compare quantitatively since the methodology varied
 

greatly. Although the pitfalls in interpretation of these results are realized,
 

the studies indicate that increased growth can be observed in well-designed
 

experiments, especially those invoivin, . preschool children studied under
 

carefully controlled conditionz. Additional studies are required to determine
 

the limiting amino acids in the diets of vulnerable groups in various developing
 

countries.
 

1. 3 Guidelines for future studies in man under controlled conditions 

At present, convincing estimates of the nutritive value of proteins for human 
onconsumption and determination of the effects of amino acid supplements 

of human cubjects in experiments. Nitrogen retention or 
man require the use 


balance studies are difficult ,nd expensive and of necessity limited to only a
 
are likely to


few centres. Unless strict precautions are taken, such studies 

give variable and unreliable results. PAG provides guidelines (No. 7) for both 

and WHO is sponsoring a series of regionalmetabolic and growth studies, 

centres for such testing. 

protein have been reported, andsameWidely varying values for the BV of the 


clear that the conditions necessary for this determination are inadequait is 
should be increased efforts to establish the appropriatetely defined. There 


standard conditinns for the estimation of BV and net protein utilization (NPU)
 

in human subjects and to obtain adchLional data on the effects of amino acid
 

of protein quality in human subjects.
fortification using these measures 

2. Possible adverse effects 

even when the amino acids involved are not otherwiseAmino acid imbalances, 


limiting, have been extensively documented in studies of animals on low
 
on

protein intakes (32, 33, 34). The PAG considered the available evidence 


toxicity and imbalance of amino acids and concluded that there is no hazard
 

from excess lysine even at levels considerably above those )sed for
 

The level of methionine supplementation, however,
fortification purposes. 
view of the reduced nitrogen retention induced by

requires careful control in 
10, 35)

higher intakes of methionine when other amino acids are limiting (9, 

amounts
and its known toxicity when ingested by experimental animals in 

considerably above requirement. The question was considered by the PAG in 
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It 	seems clear that menthionine1960 on the basis of a detailed working paper. 
be added to foods at safe levels. is a degree of self-limitation due'Aherecan 


to flavour effects.
 

3. 	 Losses in processing, storage and home preparation of foods for 

consumption 

Essential amino acidk3 iay be rendered unavailable through chemical reactions 

Lysine loss has been observed,which are accelerated by heat and moisture. 
in 	the browned portions of baked cereal products, in roller

for example, 
in 	milk powder stored under high humidity. Losses of

dried milk powder o-
free amino acids in ioods may be more than losses of amino acids in intact 

as in
food proteins, especially if there is leaching into cooking water, 

or 	pasta products. Some indications of this are
preparation of fortified rice 

provided from studies in which processing first releases amino acids from 

food proteins and then subjects them to conditions that make them physiologi

cally unavailable. 

(36) found that during fermentation of bread dough,
Kretovich and Ponomareva 
amino acids are released and the concentration of these free amino acids, 

et al. (37) andon 	baking. ±Rubenthalerdecreasesparticularly of lysine, 
Morimoto (33) have reported similar findings. Jenneskens (39) reported that 

lysine added before baking of bread survives to about 90% and that losses 

occur only in the crust. Stillings and Hackler (40) reported that free amino 

acids released during the fermentation of the soybean product ternpeh were 

rendered nutritionally inactive during the traditional deep fat frying, lysine 

and cystine being nost sensitive. 

found that the loss of added L-lysine in baking
Rosenberg and P.ohdenbu:g (41) 

averaged .3 oercent. Most 
as 	measured by microbiological assay,of 	bread, the loss of(When DL-lysine was added,

of 	the loss occurred in the crust. 
) Other workers have also observed 

nutritionally active lysine averaged 11%6. 
43).

losses of the added lysine as high as Z5% during baking (42, 

of 	added lysine during baking
Matthews et al. (44) reported a loss of only 47 

Bains and rara (45) found a negligible loss of added lysine in 
of 	chapatis. 

parathas and poories.
optimally baked traditional breads such as chapatis, 

The same authors found that the losses of L-lysine and L-threonine in 

cooking raw and parboiled rice were negligible in model systems with and 

without added amino acids and without draining the gruel. 

(46) found no significant loss of 0. 376 L-lysine added to 
Bressani et al. 

Incaparia in cooking (boiling) up to 24 minutes in the presence of sucrose.
 

(47) reported losses of amino acids and decrease in 
et 	al.However, Planella 

value in the cooking of a maize-soybean mixture to which lysine and 
PEP. 
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methionine had been added. Akiro (43) observed losses of 50-60% of added
 
lysine in the boiling oz nood.cs. Perecira at al. (3) reported lysine losses
 
of 21% in a control diet prepared by boiling and frying of foods and 
a 30% loss 
when the wheat components were fortified. The calculated loss of added 
lysine was 43%. 

It is known that control of sugar concentrations in eggs, meat and fish before 
dehydration can greatly diminish the susceptibility of protein amino acids to 
damage during subzequent storage. However, relatively few studies have* 
been reported on the stability of added amino acids in storage. Hunter et al. 
(49) reported losses of free amino acids in aged parboiled rice. On the other 
hand, 1?ohdenburg and Rosenberg (50) found DL-methionine added to animal
 
feeds to be stable for more than a year even at 50 C. Bains and Tara (45)

found the lysine in fortified atta fairly stable over a 
period of six months when 
stored at room temperature. 

4. Estimation of the effects of amino acid fortification 

4. 1 Amino acid scores 

Scoring procedures have been recommended by the 1955 FAO Expert
Committee on Protein Requirements (11), the 1964 FAO/W'HO Expert Group 
on Protein Requirements (34), and several others (51, It is52). clear that
 
different estimates of the nutritive value of proteins will be obtained using

these different approaches. If the essential amino acid composition of egg is
 
used as a reference, 
 the results will depend upon the particular amino acid
 
values used. There is 
 presumptive evidence that the concentrations of the 
essential amino acids of egg protein, as percent of total protein, are high

relative to the essential amino acid requirements of man. Among these
 
essential amino acids, 
 isoleucine and methionine are probably particularly
high. The use of egg as a reference will often overestimate the extent to 
which isoleucine and methionine are limiting and-thus underestimate the 
quality of a protein for human use. 

Similarly, the literature contains a wide range of values for the amino acid 
composition of food proteins. Estimates of their nutritive value will vary
markedly with the amino acid composition data which are used in the 
calculation. Moreover, in some foods, particularly processed and cooked 
foods, certain amino acids may be relatively unavailable (as for example 
some of the lysine in most baked products); in such cases amino acid scoring 
will yield falsely high values. 

The significance of amino acid scores, which are useful as a preliminary
screening method for predicting the limiting amino acid(s )and the approxi
mate protein value of the diet, can be judged by comparison with biological 
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determination of nutritive value. Unfortunately, the correlations between 

biological measurements and amino acid scores are poor. Errors in the 

estimates can be greater than the calculated improvement from amino acid 

supplementation. The extent to which the discrepancies are due to errors in 

estimation of the amino acid composition of the protein, availability of the 
amino acids, or inappropriateness of the scoring patterns has not been 
determined. 

4. 2 Biological evr.luation of protein quality 

Improvement of PER, NPU, or values obtained by other techniques for 

determining nutritional quality of protein (53, 54. 55) can be readily demons

trated with appropriate amino acid supplementation of deficient proteins. 

5. Economic and nutritional evaluation of specific national situations 

The task of evaluating amino acid fortification programmes is a difficult one 

because any proposed programrne should be compared with other alter

natives in the context of the local situation. Ideally, each country should 

have well-defined objectives ior nutritional improvement and a national 

nutrition plan. Such a statement of objectives and time-oriented goals should 

have priorities assigned so as to provide a basis for preproject evaluation 
It is important that nutritional interventionof any programmes proposed. 

,elong-range nutritional plans ofprogrammes be evaluated in relation to 
a country, because ultimately such programmes involve the allocation of 

limited resources. Every effort must be made to use these resources in the 
in the light of carefully considered andmost efficient manner possible, 

defined objectives. 

The definition of national objectives is primarily the task of the national 

health, agriculture, and other responsible authorities in each country. It 

would be inappropriate for the PAG or international agencies to perform this 

can provide guidelines which will help governments to choosetask, but they 
among various strategies for improving the nutrition of their people. The 

following economic and social considerations are advanced as initial steps in 

developing PAG guidelines for national nutrition intervention programmes. 

essential to evaluate 	proposed nutritional intervention programmes5. 1 It is 
on a national basis, taking into conside. ation the limiting amino acids in the 

diets 	of the target group(s). It is not sufficient to make broad global 

the efficacy of amino acid fortification of cereal grainsjudgements based on 
alone. 

calculation of its5.2 In the examination of an individual programme, 


probable cost should be based upon the expected total cost divided by the
 
Per capita cost estimates may

estimated number of 	people likely to benefit. 
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tend to seriously understate the actua.l cost in iclation to benefits to needy 
beneficiary groups within the populz.ion. 

5. 3 The target group zhcu.ld be d qu-ntit -ivcly as precisely as 

possible, even though this will be difficult and, to a certain extent, arbitrary. 
In most developing countries it will normally include a high proportion of the 
preschool children Lad most pregnant and lactating women. In addition, some 
of the other adult:; -."ose px'otein intahe is marginal, and who are suffering 

from malaria, tuberculosis, hoo.-worm disease or other chronic infection, 

may benefit. 

5. 4 In determining tLe %:AlCC'lvenes of amino acid fortification, the question 
of the calorie adequacy o- t-c diet must be carefully considered. If calories 

are inadequate, the added protein value will not be utilized. 

5. 5 An attempt should be made to compare the costs of an amino acid 

fortification programme with costs of other programmes designed to meet the 

same problems in approximately the same target groups. Ideally, the 
programme which will make the best use of national resources will be 

selected. In some cases there may appear to be no logical alternatives to 
fortification, but an attempt should be made to search out any that are 

reasonable for comparison purposes. 

5.6 Programmes which will cause even a moderate increase in the retail 

price of a food staple can be justified only if it can be shown that the expected 
overall benefits outweigh the cost of the programmes. 

5. 7 In analyzing the economic feasibility of an amino acid fortification 
programme in a specific country, the following must be considered: 

5. 7. 1 Local prices for various foodstuffs should be used in the comparative 

analysis. 

5. 7.2 Since the costs of transporting, storing, and handling a protein 
:ngredient may be quite high relative to the value ol the ingredient itself, it 

is essential that these costs be included. in the analysis, with appropriate 

credit for increase in volume of product obtained. The comparative processing 

cost of adding an amino acid or a protein supplement to a food product should 

be close'. examined. 

5. 7. 3 Comparisons of the relative costs of fortification may be presented in 

different forms. A key measure is the relative cost of utilizable protein in 

the final product. Also of major concern is the potential impact of 

fortification on the retail cost of the foodstuffs. 
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5. 7. 4 Consumer acceptability of proposed Cbod mixtures is important and 
in many cases will limit the lexibiaiiy ol mixzur J7ormulation. Within these 

limits, attempts should be made to com2are the relative costs of different 
formulations. 

5. 7. 5 It is important to consider thc proposed channels of distribution for a 
fortified product. i a product is to be distributed through noncommercial 
channels, such as government feeding schemes, the limits of acceptability 
may be somewhat wider. 

5. 7. 6 In evaluating alternative programmes, social factors should also be 
considered. Some of these are the potential impact through nutrition 
education, employment in manufacturing industries, influence on the 
development of agriculture, the availability and use of foreign exchange, and 
other such factors. 

In evaluating the potential effects of amino acid fortification, particular 
attention should be given to he ef.Zect that a programme might have on the 
development of other industries. For example, aimino acid fortification 
programmes should not be considered as substitutes for promoting the 
increased availability and use of edible oilseed protein concentrates. Oilseeds 
are still the cheapest source of good quality proteins and can provide a 
multitude of useful products ranging from oil to highly-refined protein 
materials. Similarly, in those countries in which it becomes available for 
human consumption at a relatively low cost, fish protein concentrate (FPC) 
may-in the long run be a more effective means of adding nutritionally balancing 
proteins to bread and other cereal products than amino acid fortification. 

6. Alternative vehicles for fortification 

Cereals have received the greatest attention as potential vehicles for amino 

acid fortification, but this practice poses special processing and distribution 
difficulties in some countries. These difficulties should stimulate consideration 
of other possible ca::riers from the nutritional, technological and commercial 
points of view. A variety of other items in the daily diet might be suitable 

vehicles for amino acid fortification. 

The choice of a vehicle for amino acid fortification depends on several factors. 

The process .ng of the carrier food should be relatively centralized and its 

distribution through normal commercial or other channels should be amenable 

to regulatory control. 

The product chosen for fortification should be one which is consumed con.

sistently and regularly by a significant proportion of the target groups. These 
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will include low-income-group preschool hilrcn, adolescents, women 

during the reproductive period o; life and other adults exposed to chronic 

infection and other factors affecting protein requirement. Since the ultimate 

objective of the amino acid fortification programme is to upgrade the protein 

quality of the daily diet as a whoie and not necessarily that of the carrier 

product, due attention must be given to.amino acid deficiencies of the total 

These will be influenced by seasonal variations and differences in dailydiet. 
meal patterns. 

From the technological point of view the carrier should retain its character

istic taste, qlavour, odour and appearance after the fortification and should 
the variety of domestic processingwithstand, without loss of the amino acid, 


and cocking procedures practiced in the community. In addition, the fortified
 

product should have an adequate shelf-life under varying climatic conditions.
 

The cost of fortification should not change the price sufficiently to affect
 

consumption.
 

7. Economic and nutritional analysis of specific programmes and proposals 

The following general comments apply: 

7. 1 Any feasible commercial project for improving the protein quality of 

staple foods in a developing country should be encouraged provided: 

7. 1. 1 The measure adopted has been demonstrated by animal assay or 

clinical studies to bring about a significant improvement in protein quality of 

the diet of the target group(s). 

7. 1. 2 There is no cost to the national government or, if the commercial 

distribution must be subsidized by the national government, the cost of such 

subsidy is not out of proportion to the nutritional oenelits within target groups. 

7. 1. 3 Any appreciable additional retail cost to the public is justified. A pro

ject reaching largely middle and upper income groups, as for example the 

introduction of fortified western-style white breads, may still make 

a valuable contribution by stimulating interest in improving protein quality of 

foods, by contributing to the education of the public, and by alerting the food 

industry to its responsibilities for ensuring good nutritive value and whole

someness of its products and by promoting improvement in its efficiency. 

Moreover, the number of persons within target groups benefited by such a 

project is likely to increase as urbanization proceeds. 
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7. 2 The probable value of amino acid supplementation of a local staple will 
vary from country to country as a function of the-local diet and other cir
cumstances so that each proposal must be analyz'ed -5h its own merits. 

7. 3 Like many other nutritional and health measures, amino acid fortifica
tion of a specific product may initally benefit a relatively small proportion of 
the total population in need. This, in itself, should not be sufficient reason 
for discouraging a proposed programme. Any measure which appears to offer 
positive benefits to a significant part of the target group at a reasonable cost 
should be encouraged, even though it is far from a total solution to the 
problem. 

7.4 Programmes should include plans for continuation should they prove 
successful. This need not apply to pilot or field experiments, where the 
outcome will determine whether or not a long-range programme should be 
developed.
 

3. Evaluation of established fortification programmes 

Amino acid fortification programmes involve a significant cost which must be 
evaluated in the light of limited national resources. It is therefore essential 
to obtain information on the biological and social effects of such programmes. 
However, this presents very difficult, problems of experimental design, 
technique, and interpretation. Poorly designed or executed studies are likely 
to give misleading results. For this reason the PAG is developing guidelines 
for the evaluation of supplementary feeding and fortification programmes.
Such a document will include consideration of sample selection and size; 
nature of controls; number of replications; duration; anthropometric, clinical, 
biochemical, demographic and other criteria; statistical handling of the data 
and limitations to their interpretation. 

The general problem of assessment of nutritio-::.-l status has been reviewed in 
WHO Expert Committee Reports and by Jelli"Ia t56), but specific guidance 
should be provided as to the selection of measures for evaluation programmes 
of varying degrees of sophistication. 

A major factor interie ring with the effectiveness of nutrition intervention 
prograrnmes an-iong the underprivileged population of the developing countries 
is infectious disease. This subject has been extensively reviewed in a WHO 
monograph by Scrimshaw et al. (57). The frequency and severity of diarrh,,eal 
respiratory, and other infectious diseases is often so great that little or no 
growth response is obtained from feeding programmes alone. Moreover, 
epidemics of a particular infectious disease in either an experimental or 
control group may seriously bias the results. 
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If experimental and control groups cannot b- randomly drawn from the same 
population, great care nust be taken to ensure that they are comparable, and 
in practice this may prove impossible. The guidelines should provide the best 
advice possible for circumventing these obstacles to the evaluation of the
 
effectiveness of nutrition intervention programmes. Since the cost and
 
feasibility of meeting the necessary conditions for a sound field evaluation 
vary considerably with the experimental design, guidelines should classify the 
various measures according to their sensitivity and indicate those which may
be most readily eliminated without significantly reducing the value of a study. 

9. Relation to ot'er programmes 

When a situation is identified as suitable for the application of amino acid 
fortification of staple foods, the foregoing factors and considerations having
been taken into account. fortification programmes of this nature should be 
considered supplementary to a country's overall efforts to increase protein 
supplies through conventional and unconventional means. Amino acid 
fortification projects should be judged in comparison with other means of
 
solving the protein problem, with full consideration of the economic and
 
social factors involved.
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NATIONAL FOOD AND NUTRITION POLICY FOR THAILAND
 

1972 - 76
 

(abridged)
 

INTRODUCTION
 

In an economically developed society, higher income bears no direct
 
relationship to the increase in food consumption expenditure (Fig. 1) Such increase
 
does not account for more than 30 percent of the total increase in income.2 Evi
dence suggests that when income increases, people tend to spend a good proportion
 

of their earning on commodities and services other than food.
 

On the other hand, in a typical rural community where income level is low
 
with consequently less money transactions, variations in the eating pattern of the
 
populace generally are limited and markedly influenced by the community's ecology.
 
Available but limited data reveals no influence of an increase in income on the
 
eating pattern. For example, foods which are normally consumed by a villager will
 
in no way be different from those of the village chief who is relatively better off.
 

However, with improved economic conditions of a family coupled with
 
improved market and buying power, deviation from traditional eating pattern may
 
result. More money may be spent on items which are previously out of reach, such as
 
entertainment (radio), transport (motorcycle). This is done usually at the expense
 
of the family's food quality. The phenomenon is painfully true especially in city
 
slums where one finds unsettled rural families which migrate into town to seek
 

employment.
 

ANALYSIS
 

As a basis for the food and nutrition policy, data from the national food
 
balance sheet are used 2 
It should be pointed out that these data indicate the
 
country's averages and do not show any variation which exists among different
 
population groups. Such statistics should be regarded only as a guide to the iden
tification of problem areas, hence they serve to minimize error in the policy for
mulation. When better and more 
complete data are available, adjustment of the policy.
 

will be in order as is deemed necessary.
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Table 1 

Average per Caput Food Consumption - Thailand 1962 

(from the food balance sheet
3) 

Kg. Calorie Protein Fat
 

per year per day gm. per day
 

Total - 2,127 46.5 33.6 

- Plants - 1,973 35.9 23.1 

- Animals - 149 10.6 10.5 

Food Groups 

Rice 226.0 1,513 28.4 3.1 

Cereals 44.0 98 1.0 0.3 

Sugar 9.8 97 0.2 -

Pulses 36.9 184 4.1 15.8 

Vegetables 39.7 24 1.5 0.2 

Vegetable oils 1.2 29 - 3.2 

Plants, fruits 1.0 8 0.4 0.3 

Animals and animal products 14.6 91 4.9 7.7 

Eggs 3.0 12 0.9 0.9 

Fish, crustaceans 13.5 24 4.2 0.7 

Dairy and dairy products 6.6 14 0.5 0.4 

Animal oil and fats 0.3 8 - 0.8 

Table 2 

Average daily per Caput Intake of Nutrients - Thai Civilian4 

Number Number Calories Total protein Animal protein Fat 
of

Popu-
% of 
Total 

Family lation gms. Calories gms. protein gms. 

1. Calculated: from
 

food table 93 513 1,821 49.1 10.8 15.2 31.0 18.0
 

2. Food analysis 93 513 1,770 47.2 - - - 17.3 



CALORIC CONSUMPTION STATUS
 

Data on food comsumption in Thailand as derived from the country's food
 

balance sheet are shown in Table 1 while Table 2 shows results of the dietary
 

surveys in selected population from each region. It may be noted that the data
 

are agreeable and indicate small intake deficit as judged from the recommended daily
 
5
 

allowance for Thailand.


The average calorie consumption of the population is slightly less but
 

acceptable.
 

Table 3
 

Nutrition Indices for Thailand
 

Data Average Indices 

0 
Temperature 27 C Protein Calorie Ratio 8.7 

Weight Male 54 Kg. NDp Cal % 5.3 

Female 47 Kg. Fat/Calorie RatiQ 14.2 

Calorie Consumption % 97.8 
Calorie requirement 2,195 Cal. Protein Consumption % 92.0 

Protein requirement (local) 50.5 Gm./day 

Somehow, the figure may conceal variations among population groups due
 

to different economic status. Consequently, it is possible to find in a certain
 

segment the population calorie-deficient individuals or groups.
 

Furthermore, the average figure tends to mask any seasonal or geographical
 

variation. These ecologic constraints do play very decisive role in rural commu

nities because most of the foods consumed are locally produced.
 

Thus, variations in calorie consumption of rural community will depend
 

largely on the level of production of local foodstuff. Evidence6 suggests that in
 

such a place the decline in food production will affect more than proportion to
 

numbex of families. Bigger families will be more affected by the change and childrer
 

of those families, in particular will be the first to show signs of deficiency.
 

Hence, policy in calorie provision for the population may emphasize
 

the programme to increase food supply for local consumption so that foods b:'come
 

more available to the under-privileged group.
 



PROTEIN CONSUMPTION STATUS
 

The average protein intake of the population is 46.5 - 47.0 gm. per caput
 

per day or 0.9 gm. per kg. body weight per day (Table 1, 2). This range, although
 

on the low side (Table 3), is acceptable.
 

However, if one considers recommended age-specific protein allowance for
 

young Thai children, the protein intake should start at over 2 gm. of local protein
 

per kg. per day for infant, then gradually decline to the level of 1 gm. per kg. per
 

day when the child reaches adolescence (Table 4).
 

Table 4
 

Local Protein Requirements (B.V. 70)

5 

Thai Population by age
 

Age Weight Local protein Local protein
 

Year Kg. Gm. Gm./Kg. body weight
 

Infant 	 0-1 6 14 2.3
 

Children 	 1-3 10 17 1.7
 

4-6 16 21 1.3
 

7-9 20 24 1.2
 

10-12 25 32 1.2
 

Young adult 13-15 37 39 1.0
 

16-19 48 41 0.9
 

Adult 1.0
 

Pregnancy increased 20 gm./day
 

Lactating women increased 40 gm./day
 

Considering the eating habit of rural Thais, one finds that food other
 

than rice are usually shared by member of the family from the common dish. No extra
 

amount of protein is provided for children. This practice leads to the assumption
 

that children could get from their diet the same proportion of nutrients as adults.
 

Because of the difficulty in conducting individual dietary survey under such condi

tion, the available data on children's intake are limited. Table 5 gives the result
 

of such survey made in rural Thailand among children of the age group 1-5. It reveals
 

that the amount of rice a child could take in a day would yield approximately 1.1
 

gm. per kilo body weight of local protein. Older children may get more protein from
 



the side dishes in the form of animal or pulse protein (which would amount to no
 

more than 30% of total protein according to the Thai food pattern- Table 6). If thi:
 

is the case, total intake of protein may be raised to approximately 1.7 gm./Kg./day.
 

However, for young rural children, it is customary that supplementation of rice by
 

animal protein is restricted due to certain taboos, with the result that chi'ldren
 

receive almost all their supplement to breast milk in the form of rice or other
 

carbohydrate foods. Against this background, it may be estimated that the child
 

receives not more than 1.1 - 1.2 gm. of local protein per Kg. body weight per day.
 

Table 5
 

Amounts of Rice Consumed by Children 1-5 years of age
 

Ubol Rural 19667
 

Age Number Weight (average) Rice Rice protein Rice Protein
 
year Total (male/female) Kg. Gm./day Gm./day Gm./Kg. body w

1 2 (1/1) 8.4 136 9.9 1.2 
1 3 (0/3) 9.1 152 11.1 1.2 
2 4 (3/1) 10.8 164 12.0 1.1 
2 1 (1/0) 11.7 169 12.3 1.0 
3 10 (6/4) 12.1 190 13.9 1.1 
4 5 (3/2) 13..6 213 15.6 1.1 
5 9 (5/4) 14.8 222 16.2 1.1 

Table 6
 

Protein Contents of Thai Rice-based Diet 3 

1. Total protein 49.5 gm./day
 
2. Protein sourceq: 

Rice 61 % 
Animal 21 % 
Pulse 9 % 
Others 9 % 

3. Chemical score 
Isoleucine 64 
Leucine 89 
Lysine 73 
Sulfur-Containing Amino Acid 65 
Pheny]alanine 78 
Tyrosine 73 
Threonine 70 
Tryptophan 80 
Valine 76 



- ---

Furthermore, to attain optimal growth, the protein calorie ratio of the
 

diet must also be satisfactory. For a pre-school child, this ratio should range
 

from 13-15% while in a school child, 10-13% is considered adequate. The Thai rice

based diet, on the other hand, with a chemical score of 64 (Table 6) will give a
 

protein calorie ratio of 8.7%. This level may be considered satisfactory for adults,
 

but definitely not for children (Fig. 2).
 

Fig. 2: The Protein status of rice-based diet 8 (expressed as NDP Cal. %)
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Consequently, the growth performance of a Thai child could match with
 

his western counterpart only as long as he is fully breast fed. After 6 months of
 

age, when supplementary feeding begins to play a role the rate of growth 
declines9
 

(Fig. 3).
 

Aside from physical growth, severe protein deficiency also affects mental
 

development. Damage to the brain, from protein malnutrition, once occurred, cannot
 
1 0
 

be fully restores.
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Fig. 3: Comparison of Weight of Thai and 
American Children
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Apart of hindering growth and development of the young child (especially
 

during the post weaning and preschool period), protein malnutrition also gives way
 

to decreased resistance to infection. The phenomenon is reflected in the high mor

bidity and mortality rates of infectious diseases (especially those of the gastro

intestinal and respiratory systems) in 1-4 year old children. These high rates may
 

not be brought down successfully if the child nutritional status is not taken care
 

of. Figure 4 shows that the age specific mortality of 1-4 year old Thai children
 

exhibits least decline within the last 22 years (from 1947 - 1968).
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PROTEIN QUALITY OF RICE-BASED DIET
 

The source of protein in the food is from plant or animal, its quality
 

could be measured against egg protein which is considered best natural source.
 

Protein of lower quality must be consumed in greater amount in order to achieve
 

the same advantage.
 

Estimation of protein quality could be done using laboratory animals
 

(expressed in units such as biological values- B.V. protein officiency ratio- PER,
 

etc.). To obtain quick overall estimation of protein quality, calculation method
 

by which amino acid contents in the protein are compared against those in the egg
 

may be used. The amino acid which gives lowest percentage by such comparison is
 

considered the limiting factor to the quality of that protein and is called "pro

tein score" or "chemical score" (Table 6).
 

In Thailand where rice is staple in the diet, the protein calorie ratio
 

is somewhat low. This is due to the low protein content of rice which is considered
 

its main drawback. However, the low protein calorie ratio will mostly affect
 

the young population in which more protein of high quality is essential for optimal
 

growth. The quality of the rice-based Thai diet, on the other hand, is more or less
 

satisfactory (giving a protein scc.
1.e of as high as 64) because of the relatively
 

well balanced amino acid contents of the rice protein. Rice protein, the major
 

source of protein in the diet, is considered to be one of the best vegetable
 

proteins nature produces.
 

Based on its quality index (expressed in NDp Cal %), Thai diet has been 

shown to have an NDp Cal of 5.3% which is satisfactory for adult (Fig. 2) but, as 

is previously discussed, not for children. Thus the problem with this type of diet 

is rather one of insufficient quantity than poor quality. 

RELATIONSHIP OF INCOME TO THE FOOD PATTERN
 

In a society with market economy, the income level bears no relationship
 

to the protein calorie ratio but will affect the type of protein of the diet. Highez
 

income will see increased animal protein, fat and sugar intake while there is cor

responding decrease in the consumption of vegetable protein hence, there is no
 

change in the overall protein calorie ratio (Fig. 5).
 

In developed countries, the average protein calorie ratio in the food is
 

approximately 11 - 12 03. The figures in developing countries are lower (Thailand
 

8.7 %). The ratio can be increased by raising the level of animal protein intake 

or changing staple diet. Available data point to the fact that when economy im

proves, protein calo :ie ratio will gradually increase and eventually maintain an 



equilibrium at 11 - 12 %. 

PROJECTION
 

In planning for future policy on food and nutrition, more data are needed
 

on economy, agriculture and population. Any change in the dle'ary pattern of a
 

society as a result of the change in either of these components needs further studies.
 

Because the changing dietary pattern of a society is a slow process while
 

the production of most of the animal protein sources within the country does not
 

show any significant rise in relation to population growth (Table 7) it can be
 

predicted with reasonable accuracy that any change in the dietary pattern, if there
 

is at all, will be minimal during a short period of 5 years for which recommended
 

policy will be formulated.
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Animal Food 'Sources 1957 
- 196612 for Thailand 

Year Cattle Cow Pig Chicken Duck Fish(1000 tons) Thai 
(1000) (1000) Sea Water population* 

2500 5,938,077 4,983,417 3,738,672 23,861 9,410 171 64 
2501 6,293,620 5,044,807 3,921,926 28,810 8,617 145 51 
2502 6,422,253 5,114,567 4,205,620 24,632 6,324 148 57 
2503 6,666,120 5,264,765 4,231,248 24,003 8,719 146 73 26,392,000 
2504 

2505 

6,749,344 

6,914,774 

5,099,181 

5,440,784 

5,246,230 

4,389,140 

25,170 

23,223 

7,236 

7,029 

233 

270 

72 

70 

27,210,000 

28,054,000 
2506 7,087,137 5,347,044 4,466,834 24,895 10,155 323 95 28,923,000 
2507 6,877,965 5,235,821 4,291,283 31,005 11,670 494 83 29,820,000 
2508 

2509 

6,691,103 

6,877,584 

5,103,854 

5,167,350 

4,805,370 

4,045,104 

33,992 11,719 

35,323 9,699 

529 

635 

86 

85 

30,744,000 

31,698,000 

Rate
 
Percentage 15.82 
 3.69 8.19 
 48.04 3.07 271.34 32.81
 
increase
 

in 10 years
 

Rate
 
Percentage 1.58 0.37 
 0.82 4.80 0.31 
 27.13 3.28 


increase
 

in 1 year
 

* Population and Vital Statistics Report 

3.2 



Based on the quality analysis of rice-based diet, it can be predicted

that the'most vulnecable group of population will be the preschool children, the
 
infant, pregnant and lactating women and the school children. 
Top priority should
 
be given to the preschool age group because of the fact that rice-based diet does
 
not supply sufficient amount of protein needed for their optimal growth, and the
 
traditional eating pattern does not allow supplementation of good protein for this
 
age group.
 

It is not expected that the situation will correct itself even if economy

improves for the reason mentioned elsewhere in this paper. 
The rice in income level
 
will exert only limited influence on the nutritional status of the population and
 
that is due mainly to the better quality of more animal protein being consumed.
 

Table 8
 
ProteinQuality of Selected Plants and Animal13
 

Type 
 Chemical score
 

Plants
 

Polished rice 
 56
 

Wheat 
 32
 
Potato 
 34
 
Pulse 
 47
 

Animals
 

Meat 
 69
 
Pork 
 69
 

Chicken 
 64
 
Fish 
 70
 

FOOD AND NUTRITION POLICY
 
1. PROTEIN SUPPLEMENTATION FOR THE TARGET GROUP
 

One measure to cope with the protein problem is to increase, by supple
mentation, the protein calorie ratio in the child's diet up to the level of 13 
-
15%. Such 
an increase cannot be expected ti occur automatically as a result of
 
increased income, since protein-calorie ratio will reach an equilibrium at 11 
-




12% and the traditional eating pattern does not allow for extra protein to be
 

given to the vulnerable age group.
 

It is considered necessary that supplementary feeding be |established for
 

the vulnerable groups, especially the pre-school child, the infant and school
 

child in that order of priority.
 

One objective of such a program is to supplement, not substitute, the
 

daily protein intake of the child while nutrition education is given to his
 

parents, the final aim of such a program is to affect change in the eating pat

tern within the family in a way that the child could get more share of the pro

tein in the family's diet.
 

Since protein supplementation must be carried out on a continuous basis.
 

The success of the outcome will lay in part on the methodology used in reaching
 

the target group, especially the pre-school child.
 

2. PROMOTION OF PROTEIN FOOD PRODUCTION AT LOCAL LEVEL
 

In a traditional society, the majority of food consumed is produced by
 

the family. For this type of society, it is essential to support protein food
 

production at local level. Priority is given to protein of animal origin follow

ed by pulses because the quantity required to serve the target group is limited
 

while pulses, on the other hand, are not conmonly used in Thai foods. The pro

motion program should also aim at raising the income level of the producer for
 

incentive purpose.
 

3. PROTEIN FOOD DEVELOPMENT
 

Other venue which should be seriously probed is the development of cheap
 

protein foods. Cheap sources of protein are mostly vegetable in origin. Utili

zation of such protein would also help alleviate the need for higher production
 

of animal protein to satisfy the demand of increasing population. For this type
 

of program to last, the source of protein to be utilized should be produced in
 

adequate quantity with relatively stable price.
 

The development of protein foods should also aim at producing formulae of
 

highest piotein quality as is technically and economically feasible. 

- Because high quality vegetable protein sources such as pulses are not 

commonly included in the Thai foods, utilization of these sources should involve
 

food processing techniques which would give the product form and properties
 

acceptable to the general public.
 

It is also deemed necessary that a corps of food technologists be developed
 



in the country and their work be coordinated with the nutritionist under an
 
integral food and nutrition plan.
 

The final consideration in the development of protein foods is that the
 
success of the program would depend on the plan for marketing,and distribution
 
uf the finished products.
 

4. RESEARCH ON HIGH-PROTEIN RICE VARIETIES
 
Research on genetics and ecology of plants has recently produced signi

ficantly high yielding rice varieties. This discovery should solve the problem
 
of calorie deficiency at least for the time being. 
However, high-yielding rice
 
does not serve to alleviate protein deficiency in the population unless protein
 
content of such rice can be improved.
 

In a country with rice-based diet such as Thailand, lysine is generally
 
not a constraint to the protein quality. 
Even though the gaps between the first
 
few amino acids in these diets have not been fully studied, it could still be
 
recommended that high protein rice varieties should be the object of rice re
search, and should be given serious consideration.
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THE PRIME MINISTER 

Stated That 

Today Children are Tomorrow Adults 

BUT 

A Well Nourished Child HasA Better Chance To Live and Learn. 


