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Tmproving the Mutritive Value of Cereal Based Foods

Progress Report No. 1
J.no - DGCQ, 1968

Final authorization for initiation of this research project was
received in January, 1968, This report constitutes essentially the
progress made during the first year under the contract;

The general objective of this research project is designed to
improve the nutritional value of wheat:;aaed food by supplementation
and process modification without decreasing the food acceptability to
the consuming people in North Africa and Pakistan. The studies were
to be conducted in two parts, One deals with wheat product supplemen-
tation with lysine or protein concentrates and vitamins and minerals
to determine the best nutritionally economical blends which will result
in highly acceptable finished foods, The other part deals with process
modifications to maximize the recovery of the nutritionally valuable
constituents of wheat,

Both specific objectives are to be carried out in three phases;
l.e., a ‘survey phase, an experimental phase, on a field testing phase.
The survey phase has been essentially completed although a follow-up
tri> may be nceded as more information is developed as the experimental
phase progresses.

This report will cover the progress made in the survey phase and

experimental phase of the project.



Bl- SE
The purposes of the survey phase were as follows:

1. To gain first-hand knowvledge about North Africa and Pakistan
including:

a, geography

b, agriculture

c. economy

d, " characteristics of the population
e, history

2, To learn as much as possible about couscous and chapatis
a, composition
b. preparation
¢, consumption
d. commercial prccessing
3. To determine dietary patterns and food consumption data

a. average
b. typical daily diets and intakes

4. To obtain information about the nutritional status of the
population segments

5. To evaluate grain production, marketing and processing
a. production, current and potential
b. marketing and prices
c. wmilling
d, comnercial procevsing of milled food products
6. To determine potential indigenous sources of nutrients

7. To obtain samples of grains, nutrient sources, and sample
foods for analysis and evaluation

8. To determine pertinent research groups and research in each
country

9. To establish centacts for cooperative in-country testing and
development

To carry out these objectives, a trip was made by Dr, Charles
Deyoe, Dr. Williem Hoover, and Prof. Arlin Ward during March, 1968, to

Morocco, to PAD headquarters in Rome, Italy, and to Pakistan. It would



be impractical to detail thes masgs of knowledge and information accumu-
lated on this trip. It was felt that we had accomplished to varying
degrees the nine purposes previously listed,

One finding is worthy of special mention. From information about
typical daily food intekes, 1t became obvious that cousc ,18, while
important in the Moroccan diet, no longer represents the .asic food
position of bread. PFor this reason, we decided to includc Arab bread
along with couscous in the supplementation studies to be crrried out
in the experimental phase.

However, to give an indication of the exteht of the ir ormation
gathered on the pages immediately following will be found:

1. Informational materials acquired

a, Morocco

b, Pakistan

c. Food and Agricultural Organization

2, Samples and process information obtained. (Actual samples not

attached to sheets in this report. These sheets are dupli-
cates cof those appearing in our project master files which
do have the samples mounted in the small squares on the
sheets,) Enough of each sample was acquired for chemical

and physical analysis,

a. Morocco
b. Pakistan

3. Pertinent contacts established
A number of photos were taken to tell the story to the team
working on this project, Slides and movies were also made to show the
techniques used in Morocco and West Pakistan in producing and processing

their grain and grain products,
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THPORMATIONAL MATERIALS ACQUIRRD TN MOROCCO

La Quingaing du Maroc (written iu French and Eungliah)

Simplified Handbook on Hutrition for Personnel Conducting Peeding
Programs (Ovoraeas, Melvin B. Myers (2 copies)

L'Econowie Cerealiore au Maroc, Btude Statistique, Abd el Khalek
Kebbaj (French) :

Geographie du Mazoc, J. Martin, H. Jouer, J. Le Coz, G. Maurer, and
D. Noin (French)

Geographie Illustrec du Maroc, Henry Oge (French)

Les Cultureo Oleoagicsusos (French)

Bureau d'etudes et de participations industrielles (French)
Morocco Tourism, Jeen Dalage, Bditor

Cereal Production and Marketing Procedures in Morocco, FPloyd L. Corty,.
Agricultural Bconomist, USAID (2 copies)

Morocco - Role of Pertilizer in Agricultural Development with special

enphasis on wheat, Thurman M. Kelso, Ralph E. McKnight, John L. Nevius,
and Darraell A. Russell

Disponibiltes Bosoins et Carences Alimentaires au Maroc by the Institut
National de la Recherche Agronomique, Bureau d'etudes de l'alimentation
(French)

Final Report to Tho Agency for International Development U. §. Dept.

of State on Phase 1 of Feacibility Study for Locally produced Wheat
Bascd Protein Food Producte in Tunisia by the Intermational Milling
Co., Inc.

Le concentre de proteines (Prench)

S8enegal Project 170

Possibilities for Davelopment of Protein-Rich Food Mixtures for

Infants and Children in Morocco, Report on field trip to North Africas
by G. D. Kapsiotis,

Developusnt of Protein-Rich Foods in Morocco, G. D. Kapsiotis ‘

La productior industrielle d'aliments enrichis en proteines dan les
pays en cours de daeveloppement by Aldo Buffa (Prench)

Menus Types, Winter 1967-68 (Franch)
Alimsntation et Travail Manhel Agricale (French)

Rapport d'une enquete par sondage sur l'etat de nutrition d'enfants
Marocains de 1 jour a 14 ans inclus, Professeur Andre Reoult (French)
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39.

40,

4l.
42.

Rapport sur la situation alimentaire et nutritionnele et les prograumes
d'alimentation supplemsutaire au Maroc, Professeur G. Ferro-Luzzi
(Prench)

A Resume of population and health statistics for Morocco (3 copies)

Resume relatif a 1'etat d'avancement du Project 124 extension du P.A.M.
(FPrench)

Bases d'etudes a 1'ussge des winiteurs et monitrices des ecoles
d'infirmiers et d'infirmiere's, by the Ministere de la sante publique
service de la nutrition (French)

Range Managewont Recommendations for Morocco, Meril G. Carter, Soil
Conservation Service, USDA.

Btude sur la production des graines oleagineuses au Maroc {3 copies)
(French) .

Chemical Composition of '"Morocco Shnflower Flour" (2 copies)

Notes sur la viesite de M. F. Bodis (3 copies) (French)

Breve etude comparative entre marine proteine concentrate (farine de
sardine comestible) Ichlhyoproteolyte (Proleolysat de sardines)

et les proteines provenant des diverses algues fermentation des
microorganismes sur paraffine (French)

Mixed Feed Manufacturers

FParine Alimentaire de Tournesol (Sunflower), M. Quinson (French)
Seed Requirements for Morocco, Ralph Edwards

Morocco Economic Study (2 copies)

Awmerican Consulate General Fact Sheet, Casablanca, Morocco

Samples of products collected, March, 1968

Country Report--Morocco--IFYE Program, 1966-67

Fez Cookbook, recipes of Moraccan dishes

Project FAO de Developpement mediterraneen Maroc, rapport national,
Organisation des nations unies pour l'alimentation et 1'agriculture
(French)

Map of Morocco

Le Maroc Enchiffres by the Banqus Marocaine du Coumerce Exterieur
(French)

Morocco, An Economic Study

Morocco, a Feasibility Study and Possible Methodology for Increasing
the Cattle Production Potential, D. W. Butchart, D. V. M.
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INFORMATIONAL MATRRIALS ACQUIRED IN PAKISTAN

Pakistan Map and Atlas (Urdu)
Speach by a senator at a cattle affair in Lyallpur (Urdu)

Annual Report, 1965-66, Agricultural Development Corporation,
West Pakistan, Planning and Evaluation Division

Long Range Assistance 8trategy, Pakistan Agriculture, 1965-835

Atnunl Technical Report Accelerated Wheat Improvement Program West
Pakistan, 1965-66

Agriculture in Pakistan

Livestock, Poultry and their Products, Dr. Israr-ul-Haq T.Q.A. and
Col. M. Maoud T. Pk., West Pakistan Agricultural University, Lyallpur

Nutritive Value of Food-Stuffe and Planning of Satisfactory Diets in
Pakistan, Part 1 -« Composition of Raw-Foodstuffs, Division of Bio-
chemistry, Panjab University .

Commercial Vinegar Manufacture, C. W. Eddy, and Mohammad B. Bhatti
Chemical Composition of Wheat C-591 and Factors Influencing 1its
Composition in the Former Prcvince of Punjab West Pakistan, Anwar
Hussain and Mohd. B. Bhatti

Aunnual Technical Report Accelerated Wheat Improvement Program West
Pakistan, 1966-67

Preliminary Report, West Pakistan Nutrition Survey, 1964-66, issued
by Directorate of Nutrition Survey & Research, Government of Pakistan

Vice-Chancellor's Report, 1965-66

Rural Development in East Pakistan (The Rice Goal Plan), by US/AID,
Agriculture Division, June, 1966

Survey of Agricultural Marketing in West Pakistan
Requirements to get Self-Sufficiency in Wheat from 1968 Ounward

Twenty Years of Pakistan, 1947-67, Mr. Altaf Gauhar, S. Pk., S.Q.A.,
Cc.S.P.

Pakistan Council of Scientific and Industrial Research (2 copies)

Brief Note on the History and Activities of the Department of

Agricultural Economics, West Pakistan Agricultural University (2 copiese)

Production of Protein Flour and Concentrates from 0il Seeds for
Human Consumption



21.

22,

23,

N
8'

25,

26.
27.

28,
29.
30.

31.

36.
37.
38.

Data on 011 Seeds: West Pakistan

Group I - Health & Trainingz: Basic Requirements for Nutrition
Programmes, A. D. Dominguer.

Cento, Conference on Combating Malnutrition in Preschool Children,
March 18-22, 1968, by Dr. S. A. Momin (3 copies)

Cento Conference on Combating Malnutrition in Preschool Children,
Mrrch 18-22, 1968, 0official List of Participants

Series of reports by B, C. Preelend entitled: 'Rice Bran 0il-Rapeseed
Solvent Extration Plant;" "Soapstock Production in West Pakistan;"
"Data on 011 Seeds: West Pakictan;" and '"Recovery of Vegatable 01l
from Cotton Seed (and Ropasead) Cake in Pakistani Vegetable 011 Colvent
Fxtraction Planta"

Crop Statistics of Pakistan

Tables of Weights and Measures coumpiled by Emile C. Freeland, U. 8,
Agency for International Development Rarachi

Proposed Vegetable Chee Plant at Peshawar, Emile C. Freeland
Fish Protein Concentrate from Elasmobranchi Fighes, S. Abdul Haq

Studies on the "Enrichment” of Local Bread (or Roti) in West Pakistan,
M. B. Bhatti and Riaz Ahmad Riaz (2 copies)

Letter from Norman Boriaug, Visiting Consultant in Wheat Improvement,
international Center for Maize and Wheat Improvem=nt to President
Hohammad Ayub Rhan sumnarizing a meeting at Lyallpur om March 13, 1967.

Summary from the Agricultural Department of Dr. N. E. Borlaug obser-
vations on the wheat improvement program

Couments on West Pakistan's Accelerated Rice Improvement Program in
cooperation with The International Rice Research Institute, Robert
P. Chandler, Jr., Kenneth E. Mueller, and Williaw G. Golden, Jr.

Increasing and Diversifying Food Production in East Pakistan,
Richard Bradfield, Ph.D.

Progress Report: Accelerated Wheat Improvement in West Pakistan,

and the Revolution in Agriculture, Dr. Ignacio Narvaez and Dr. Norman E.
Borlaug

The Pakistan Times, newspaper of March 23, 1968

Diversification of Agricultura in East Pakistan

fole of PCSIR in The Industrial Development of Pakisten, Part 1,
West Regional Laboratories, Lahore, M. Aslam, Director



39,

40.

41.

42.

44,

45.

46.
47.

I’sl

&'9 L]

53.

56,

55.

56,

wn
~}
.

Cconomic Impact of the Prrcesses Developed by West Regional'Laboratotieq,
PCSIR, Lahore, M. Aslam, Director

Third 8ix Monthly Report, July - December, 1967, West Regional
Laboratories

A Study of the Potentiel for Increased Oilseed Productlon in West
Pakistan

A Geography of Paekistan, Kazi 8. Ahmad

Ten Years of PCSIR, 1953-63

Map of East Pakistan

Road Map of W. Pakistamn

Map ol Bahawalpur, Lahore, Multan, Rawalpindi énd Sargodha Divisions

Telaphone Director, Pakistan, Northern Telecommumnication Region and
T.ahore

Review of the Present Country Programme in the Field of Nutrition
in Pakistan, Directorate of Nutrition Survey & Research, Islemabad

Coufarence on Combating Malnutrition in Preschool Children, March 18-22,
1968, paper on Food and the Plan of Nutrition of East Pakistan People,
Dr. H. Rahman

Review of Training and Education Pacilities in the Field of Nutrition
in Pakistan, Directorate of Nutrition Survey & Research, Islamabad

Cento, Paper on Review of Agricultural Resources Present and Potentisgl
for Providing Food Materlal Useful for Combating Malnutrition and Pro-
vidiug Raw Materials for Preschool Protein Fcods, M. B. Sial

Cento, Paper on "Applied Nutrition Programmes and Other Activities in
Vest Pakistan'" F. R. Mahmood

Present Country Programs and Activities in Turkey Designed to Combat
Maluutrition, Ayse Baysal

Observations at Model Child Welfare Centre at Lahore on Nutritional
Status of Infants and Preschool Children, S. M. K. RPaeti

Sutmary of Achievements of West Regional Laboratoriee, PCSIR, Lahore,
1958-68

Present Position of Oils and Fats in Pakistan, S. A. Khan and
M. K. Bhatty

V'est Regional Laboratories, PCSIR, A Simple Mathod for Protecting
1ica Agailuost Rice Weevil on Storage
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Group 1 - Health and Trainiug, Subject: Poods for pta-uchobi ¢hildren
\

Group 11 - Planﬁtng & Developmant, Subject: Coordination of Nutrition
Programs at the plauning level

Pood & Nutrition in Iram, Dr. H. Hedayat

Croup I - Health & Traiming: Basic Requirements for Nutrition
Progremrs, A. D. Domingues

Cento Conférance on Cozbating Maluutrition in Preschool Children,
Summaxy Conforeunce Report

Crop and Irrigation Guida, Pak’:-tan Punjab Area

Strategy and Outlook for Agricultural Development in West Pakistan,
Oddvar Aresvik, Senior Economic Adviser, Government of West Pakistan

Agricultural Prqgresa ~ Pekistan

Plant Protection
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INFORMATIONAL MATERIALS ACQUIRED FROM PAO

Joint PAO/WHO Expert Comnittes on Nutrition
Encouraging the Use of Protein-Rich Foods

Report of the Joint Symposium on Industrial Feeding aud Canteen
Management in Europe, Roma, Italy, 2-7 September 1963

Poultry Feeding in Tropical and Subtropical Countries
Audio-viéual Aids for Cooperative Education aund Training

Specifications for Idemntity and Purity of Food Additives, Vol. I,
Antimicrobial Preservatives and Antioxidants

Specifications for Identity and Purity of Food Additives, Vol. II,
Food Colora .

Nutrition and Working Efficieuncy, Freedom from Hunger Cempaign,
Basic No. 5 Study .

Grain Legumes in Africa
Legumes in Agriculture
A Short Guide to Fish Preservation

Fish Culture in Central East Africa

Third World Food Survey, Freedom from Hunger Campaign, Basic No. 11
Study

Evaluation of the Toxicity of a Number of Antimicrobials and Antioxidants,
Sixth Report of the Joint FAO/WHO Expert Coumittee on Food Additives

Specifications for the Identity and Purity of Food Additives and Their
Toxicological Evaluation: Ewmulsifiers, Stabilizers, Bleaching and
Maturing Agents, Seveuth Report of the Joint FAO/WHO Expert Coummittee
on Food Additives

Procedures for the Testing of Intentional Food Additives to Establish
Their Safety for Use.

. §econd Joint FAO/WHO Conference on Food Additives

Joint FAO/WHO Expert Committee on Nutritionm

Specifications for the Identity and Purity of Food Additives and
Their Toxicological Evaluation: Some Antiwmicrobiale, Antioxidants,
Buwulsifiers, Stabilizers, Flour-Treatment Agents, Acids, and Bases
Guide to Extension Training

Bvaluation of the Carcinogenic Hazards of Food Additives
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Specifications for the Identity and Purity of Food Additives ard Their
Toxicologicai Evaluation: Sowe Emulsifiers and Stabilizers and Certsain
Other Substances

Manual of Methods in Fisheries Biology

Protein Requirements

Education and Training in Nutrition, Freedom from Hunger Campaign,
BDasic No. 6 Study

Organizational and Regional and Liaisoa Offices Directory, Rome,
September, 1967.

Legumes in Human Nutrition
Humar Nutrition in Tropical Africa
Manual oun Household Food Consumption Surveys

Pourth Inter-African Conference on Food and Nutrition, Douala, Cameroun,
4-13 September 1961 '

‘The World Rice Economy in Figures, 1909-1963 (French, Spanish and
English)

The Worid Rice Economy, Vol. 1: Selected Papers
Operation and Management of Marketing Boards in Africa
The State of Food and Agriculture 1966
The State of Pood and Agriculture 1964

Indicative World Plan for Agricultural Development 1965-85, Near East,
Sub regional Study No. 1

Report to the Government of Yugoslavia on Production of Rice and 0il
Bearing Crops

Report on the Near East Agricultural Extension Training Center, Cairo,
Bgypt, 1-27 October 1955

Catalogue of FAO Publications and Quarterly Supplements
Rice--Grain of Life

The World Rice Economy, Vol. II: Trends and Forces
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MOROCCO SAMPLES NA—8

DURUM MiLL UNIT | ‘ MARCH 1968
(REFERRED TO AS HARD WHEAT)

TwOo UNIT MiLL
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MOROCCO SAMPLES NA—9
BREAD WHEAT MiLL UNIT 2

(REFERRED TO AS SOFT WHEAT)
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MOROCCO SAMPLES N O
COMMERCIAL FLOUR MiLL SALE, MOROCCO
MiLL USED TO GRIND BREAD WHEAT MARCH 1968
AND ALSO DURUM WHEAT
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COMMERCIAL HAND MADE Cous Cous MARCH 1968
CASABLANCA, MOROCCO
STEP 1 PART DURUM PART WHEAT
SEMOLINA FLOUR
DURNUM SEMOLINA, WHEAYT FLOUW
l WlATER . anR 1 wlnnn
v \\_/
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Cous Cous PROCESSING PLANT
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MOROCCO SAMPLES

Cous Cous PROCESSING PLANT
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CONTINUOUS Cous Cous PLANT
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MOROCCO SAMPLES
MISCELLANEOUS

300-68
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MOROCCO SAMPLES NA— |6
PASTA PLANT CASABLANCA  MARCH 1968
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WEST PAKISTAN SAMPLES | WP — 2
SAMPLES OF SUPPLEMENTS BEING ADDED To NAN
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WEST PAKISTAN SAMPLES
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PERTINENT CONTACTS

Dr. Muhammad Akram

West Pakistan Agricultural University
TLyallpur

Pakistan

Mr. John Alden

Food and Agriculture Division

United States Agency for
International Development

American Embassy

Pabat

Morccco

Dr, As'am

Divector of the Lahore
Zegional Laboratory

Pakistan Scientific and
Industrial Research

Lahore

Pal.istan

Mr. M. Pernand Bodis, Directeur
SEPO, Rue Caporal Carbi
Roches=Noires

Morocco

Dr. Brookshire

United States Agency for
International Development

Lahore

Pakistan

Dr. Aldo Buffa

Program Officer

UNICET

No, 20 Rue Pauline Borgehese
Neui Lly-sur-siene 92

Frince

Mr. Doug Butchart
American Consulate
Casablanca

Morocco

Mr. J. M. G, Calmes, Chief
Africa Regional Branch
Program Cperations Division
World Food Program

Rome

Italy

Mr. Alfred Cardinaux
USAID Mission
American Embassy
Rome

Italy

Dr. M, Shafiq Chaudhry

Department of Food Scilence

West Pakistan Agricultural
University

Lyallpur

Pakistan

Dr. Alfonso D. Dominguez (A1)

Chief, Food Resources Branch

United States Agency for
International Development

Lahore

Pakistan

Telephone: Off, 64201/369

Res. 81223

Dr, Ralph Edwards

Food and Agriculture Division

United States Agency for
International Development

American Embassy

Rabat

Morocco

Dr. M. El Janatti

Food and Agriculture Division
USAID

American Embassy

Rabat

Morocco )

Telephone: 303-61

Mr. Robert Ferraro (Bob)

United States Agency for
International Development

Lahore

Pakistan

Dr. W, J. Gall, Chief

Food Science and Technology Branch
Food and Agriculture Organization
Rome

Italy
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3, Rue Daord Dahiri (ex Rue Marceau)

Casablarca (Maarif)

Morocco

Telephore: 508-46

. Gereld Ginnelly

Food erd Agriculture Division

United “tates Agency for
International Development

Ar:rican Embassy

Ravat

Morocco

Dr. [srar-ul Haq, Dean

Fazulty of Animal Husbandry

‘lest Pakistan Agricultural University
Lyallpur

Palistan

Dr. Leon Hesse

Jnited States Agency for
international Development

Lahore

Pakistan

Dr, J. H., Hulse

Joci ard Agricultural Organization
ia Delle Terme Di Caracalla

Rome '

Italy

Mr. James L, Hutchinson

Far East General Director

Wheat \ssocilates, U.S.A.

Tam2ike Tokyu Building, 8th Floor
1-14, Akasaka l-chome, Minato-ku
Tokyo
Jaoan
Tolephone: 584-2311

Mr. George Kapsiotis, Chief

Fool Industries Development Section
rfood and Agriculture Organization
Rome

Italy

Mr. Leslie Klieforth :
Ameiican Consulate
Casablanca

Jdorocco
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Mr, H. D. Xoone

United States Agency for
International Development

1200 Roxas Boulevard

Manila, Philippines

Mr. Abe Loskove, Director

American Joint Distribution
Committee for Morocco

53, BD D'ANFA

Casablanca

Morocco

Telephone: 747-17
795-63

Dr. Sinclair Loutit
Public Health Officer
World Health Organization
10 Rue General Humbert
Rabat

Morocco

Mr. M. Yamin Qureshi

Joint Secretary

Ministry of Food and Agriculture
Islamabad

Pakistan

Dr. A. 0, Shaw
USAID/Box L
APO New York, New York 09271

Dr. Shafqat Siddiqi

Chairman,

Council of Scientific and
Industrial Research

Karachi

Pakistan

Telephone: Off. 52104
Res. 45643

Mr, Othman Skired]j

Ingenieur Docteur Es Sciences (M.I,.T.)
Directeur General

Societe Privee De

Developpement Economique

20, Zankat Quarzazate

S.P.D.E,

Rabat

Morocco

Telephone: 330-75
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PHASE II - THE EXPERIMENTAL PHASE
MATERIALS

The processing of grain and other food products is done in many
different ways. A study of the present methods used in Morocco and
West Pakistan was male. Samples of the grain and grain products were
procured from the proces~ing plants,

Grain and other available products that would be potcatial supple-
ments for cereal based foods were procured. When possible simplified
flow diagrams were made showing the procedures used in processing.

The local market place--both wholesale and retail--were visited and
samples were obtained wherever possible. The section of this report
beginning on page 12 indicates the type of thaterials and process prod-
ucts obtained.

After identifying the samples obtained in Morocco and West
Pakistan, we have been procuring similar materials in the United
States with which to work. Some of these are depicted on the next two
pages.

The potential nutrient supplements can be derived from fractions
of Lhe native materials, from protein concentrates, or from synthetic
nutrients, The following supplemental materials have been obtained
and are currently under study: Peanut flour; fish protein concentrate;
soy isolate; soy flour; high lysine corn grits; corn-soy-milk (CSM) ;
grain sorghum protein ccncentrate; wheat protein concentrate; gland-
less cottoﬁseed flour; horsebean flour; chick pea flour; yeast concen-

trate; and L. Lysine-HCl,
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SAMPLES FROM JUNE 1968
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MILLING AND PROCESSING OF PRODUCTS_AED_gQEPLEMgﬂlg

Techniques have been worked out to produce materials similar to
the native prod;cts in analytical pProperties as well as physical
Properties such as particle s{ze. 4 considerable amount of material
for couscous manufacture and also atta for making chapati and roti
Products has been produced, We are developing a better understanding
of the effect of Processing on the end use of the products,
couscous

An outline of work underway and the experimental milling flours
developed are given on the pages 46 through 48, Preliminary milling
studies have been completed on a 97% ex;raction flour and semolina
from durum wheat. The granulation and protein content of the 97%
extraction flour are very nearly the same as those obtained in
Morocco. The couscous preparations have been compared with the commer-
cial Moroccan products and have met the approval of a taste panel of
international students familiar with couscous, Improved cooking

utensils have been obtained through the assistauce of the Moroccan

Embassy,



I
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TTL,

v,
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An Outline of a Work Schedule
for a Couscous Study

Allen Kirleis

Milling procedure

A. 977 extraction flour

B. Semolina
C. 97% extraction flour and 'horsebean flour" of '"chick pea

flour"

Develop a standard method for preparation of couscous

Keeping quality

A. Of 977 extraction flour and semolina and 97% extrac=-
tion flour and horsebeans

1. Development of fat acidity

B, Of dried couscous made from 97% extraction flour and
semolina and 97% extraction flour and horsebeans

1., Development of fat acidlity
2, Possibly organoleptic test

Nutritive quality

A, Determine vitamins and availability of protein on 97%
extraction flour and semolina and 97% flour and
horsebeans

B. Determine vitamins and availability of protein on cous-
cous made from 977 extraction flour and semolina and

97% flour and horsebeans
C. Possibly rat studies of 977 extraction flour, semclina
and couscous and blend

Acceptability of couscous from A, B, and C in I above

46
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MOROCCAN BREAD

Two studies are underway on Moroccan Breads. An Outline of Work
on Charaéterizing and Supplementing Moroccan bread is given on page
and a milling flow developed for Moroccan bread flour is given on page

A program of study investigating new methods of milling wheat for
Moroccan bread flour production and for processing chick pea and horse-
bean flours for supplementat’on is outlined on pages 52 and 53.

Chick peas and horsebean samples were obtained from Morocco.

Their preliminary analyses indicated a high leVel of protein content.
The amino acid contents for these legumes showed good levels of essen~
tial amino acids. It was proposed to use the flour of these legumes in
fortifying the local bread to increase its nutritive value,

Samples similar to these legumes were obtained from a foreign
food stored in Kansas City (Scimico Italian Supermarket). It was
found that the chick pea was a product of Morocco, the horsebean was
an Italian product,

Experimental milling was done with these legumes and experimental
flows were developed (pages 54 and 55), Analyses were made for each
fraction obiained. Horsebean flour was fractionated according to
particle size and analyses for moisture content, protein, ash, crude

fat and crude fiber were made,



An Outline of a Work Schedule for
Study of Moroccan Breads

Luils Aira
This involves the following grains--rye, barley, millet and wheat
(soft red winter)
1. Moroccan Bread
Formulation
Test Baking for Standard
Characterization of Standard
Evaluation
2. Grains -- Physical Properties
Wheat
Rye
Barley
Millet
3. Supplementation and Enrichment
Legumes
Lysine
Standard Enrichment
Physical Properties and Baking
4., Characterization and Evaluation of Finished Products
Nrganoleptic Evaluation Panel

Biological
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The Proposed Qutline and Schedule of Work
on the Use of Chick Peas and Horsebeans
In Moroccan Bread

M. Al Suaidy

I. Increasing yield and nutritive value of wheat products.

A, Grain and Treatment
Origin of Grain

From two Agricultural Stations in Kansas (Manhattan and
Hays)

Variety:

Guide
Manhattan Protein 12,0%
Hays " 12,87%
Blended and tested here at KSU 13.9%

Grain:
(Ash Test Wt.
(Protein Pearling Test
(Moisture 1000 Kernel Wt
Fat ) Microscope Obser,
Fiber) Potential yield

B. Treatments of Grain

Grain CONTROL -=~=--~- STANDARD Processing
Control -==---- Sorghum Peeler

Cold Treatment

1, Temper at 4°c. water bath to 20% moisture,
2. Divide in half,

a, Freeze one half at -10°C.°for 72 hours.
b. Second half storage at 40 F., for 72 hours.

3. Remove grain from freeze and cold room and dry in
air oven at 110°F. over night,

C. Treatment on Sorghum 'Peeler"
Control
Frozen Grain

Non-Frozen Grain



II.

D.

53

Non-frozen grain (cont.)

1.
2.

3.
b4,
5.

6.

Short Tempering 25% moisture for 30 minutes.

Run through sorghum peeler at 1350 RPM with feeding gage
at 4.5,

Sieve and Air separate--determine yield.
o

Dry in air oven at 110 F. over night,

Approximate analysis of fraction,

Store grain at 40°F.

OTHER TREATMENTS: (Proposed)

Using
1. Softner
2, Pearling or Engelburg Huller

Supplementation Studies

MILLING STUDIES

Temper to 16% moisture for 24 hours.

A.

C.

Mill using a flow for 85 and 977 extraction,

FLOUR STUDIES

Analyses: Moisture, ash, protein, fat and fiber.

Physical Dough Tests; Farinograph, Extensograph and

Amylograph and Flour Colorimeter.

BAKING TEST

American Standard 85% extraction

Moroccan Bread 97% extraction

Supplementation on 85% and 97% Flour Extraction

Horsebean Flour (0, 1, 3, 6, 9, 12 - 50%)

Chick Pea Flour (0, 1, 3, 6, 9, 12 - 50%)

1.
2,
3.
4.
5.
6'

Flour analyses - proximate, minerals and amino acids,
Granulation and yield.

Effect on physical dough properties.

Baking test - scoring.

Taste panel.

Bread analyses - proximate minerals and amino acids,
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ROTI T'RODUCTS

Considerable progress has becn made on the milling and processing
of roti products, The bulk of this progress is reported in the nutrition
section as three papers submitted for publication (pages 101 through 151).

An outline of additional work is given on page 58.

Studies on the shelflife of Chapatis on Nan have been carried out
as outlined on paée 59. Each study was extended over a six-week period.
In the packaging study, daily moisture losses were recorded during the
initial week and then followed by weekly measurements.

The developing microbial population during storage was studied.
Microt ial evaluations were made on the initial ingredients, the mixes

and the final products., It was found that the most undesirable micro-

organisms were Aspergilius niger, Aspergillus flavus, Penicillium

lilacium, and Aspergillus fumigatus., A study is now underway to add

mold inhibitors that are acceptable under the laws of the countries
concerned.

The shelflife and preserving studies are deemed necessary before
marketing of chapatis and nan can be considered. Village or neighbor-
hwod bakeries are looked upon as advantageous developments to a nutri-

ent supplementation program,



An Outline of the Work Schedule
on Roti Products

Robert Tang

ATTA AND CHAPATI
1. Analysis for
Amino Acid
Vitamin - B, Bz, Nicotinic Acid, Pyrodovine
Minerals
Fats - Fats Acidity
2. Supplemented ( 5, 10, 20, 30% )
Fish Protein (2)
Sorghum Protein
Wheat Protein Conc.
Lysine
Corn Protein Conc,
Corn Soy Milk
Legumes
Analysis As Above
3. Atta and Chapati From Other Grains
Corn
Sorghum
Millet
Barley
4. Characterization and Evaluation of
Finished Product
Crganoleptic Evaluation

Biological
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Microbiclogical Studies of Chapatis and Nan for Quality Control
and Keeping or Shelf Life

Abdul Rashid Mann

Microbiological survey of raw materials including atta.

a. Bacterial

b. Mold

¢. Yeast

Prepared chapatis and nans.

lst steps in preparation - Samples for microbiological testing
2nd step in preparation - Samples for microbiological testing
3. The prepared chapatis and nan

Storage

a. Keeping quality

1. GCeneral microbial determinatiom
2. Specific - bacteria, yeast and mold

b. Pathogens - Enterics

Packaging

a. open - no coverage

b. Poly - bags

¢. Saran - bag

d. Foil - wrap

e. Waxed paper

£. Ordinary wrapping paper (Brown or white)

59



Protein Corcentrate from Whaat Bran and Shorts

Prelim’nary studies on producing protain'concentrnte for human food
from wheat millfeeds have beesn undertaksn, Samples of bran and shorts
ware sscked off the etresm while milling a Kansas herd red winter wheat.
Germ and red dog were sacked off separately,

Sexples of bran and shorts were ground separately by a MIKRO
Grinder with the rotor at 7300 r,.p.m,; the separator at 2060 T.PeM,;
the process air ut 400 cu. ft./min, Each ground sample was mixed by a
tumbling blender and sifted by & G.W. lab sifter inm 500 gram lots.
Samples of the throughs were taken after sach 30 seconds of sifiing,
weighed and analyzed separately.

Results of the analysis of fractions obtained are given on page 61.

High Lysine Corn

Many 5-1b. lots of yellow corn and high lysine corn (both white
and yellow) ware milled by many differant flow diagrams to develop
experimental willing procedures for the different kinds of corm, at
low moistures (15-~16%) and high moistures (22-23Z) with and without
impact type germination.

White high lysine corn grown in Kansar in 1967 was milled on
experimental milling equipment in sufficient quantities to obtain 50
1bs. or more of flour, fine meal, and medium meal for testing by fine
grinding and air classification for protein quantity and quality in the
many fractions. This work ic scheduled to start the week of December 11,

The analytical evaluation of the milling fractions obtained is
given on page 62,

Sorghum Protein Concentrate

Considerable work has been done on developing high protein fractions
from grain sorghum. Results of this work are found i{n the nutrition section

on pages 158 to 172,
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igentificat ion

Lab YNo.

G 1168 White

G 1169 Corn

G 1170 High Lysine
G 1171 'e7

G 1172

G 1173

G 1174 Yellow

G 1175 Corn

G 1176 High Lysine
G 1177 '67

G 1178

G 1l/4

Hulls

Germ .

+ 14W C. Grits
+ 20W M. Gricts
+ 50gg F. Grits
+ 50gg Flour

Hulls

Germ

+ 14W C. Grits
+ 20W M. Grits
+ 50gg F. Grits
+ 55gg Flour

‘Ate = e roie Ash Fat
Z2v-jan-ha D 12.8 A 6. U
! ~.2 16 .7 14,7
£t . e 85 1.7
! L R 1 62 1.9
RS [ Yea U.'j

! Yo 26 225

" 5 ) L2 1.8 6.2
Lt b 14,4 4R 18.4
" B.4 9.2 84 2.2
! oA d4.b .66 1.5
& 3.n 7.5 DY 0.9
5,4 .5 35 0.9




PHYSICAL PROPERTIE

L}
Physical property evaluations are underway to determine the effect

o:. supplements to the properties of wheat flour,

The list of supplements and their suggested addition level is as

foilows:
Supplement Levels of additive
Peanut flour 0, 1, 2, 5, 8 and 50%
Fish protein concentrate 0, 1.5, 3, 5, 8 and 10%

(100, 200 and 300 mesh)
L. Lysine - HCl 0, 0.1, 0.2, 0.3, and 0.4%

Soybean products

Soy lsolate . 0, 1,.3, 6, 9, 12 and 15%
(fine, medium, coarse granulation)

Soy flour concentrate 0,1, 3, 6, 8 and 50%
High lysine corn meal 0, 1, 3, 6, 9 and 50%
Corn-Soy-Milk (CSM) 0, 1, 6, 9 and 50%
Sorghum protein concentrate 0, 1, 6, 9 and 50%

Wheat protein concentrate 0, !, 3, 6, 9 and 307
Glandless Cottonseed flour 0, 1, 3, 6, 9 and 157
Horsebean flour 0,1, 3, 6, 9, 12 and 507%
Chickpea flour 0, 1, 3, 6, 9, 12 and 50%
Yeast concentrate 0, 1, 3, 4 and 67

The general dough rheology is based upon the use of the farinograph,

extensograph, amylograph and gassing power tests (See Table on page 64,

63



PHYSICAL PROPERTIES OF BLENDED FLOURS WITH PEANUT FLOURS

% % % % FLOUR mm
FLOUR ABSORP - GASSING
No. PROTEIN* ASH MOISTURE TION POWER

Pesuut flour 57.7 4.5 8.2 ———- 46.6
Low protein white flour 10.4 4 12.9 60.3 20.2
+10 peanut flour 14.6 .8 12.4 64.3 36.5
+20 peanut flour 18.8 1.2 11.9 69.0 33.4
+30 peanut flour 21.8 1.6 11,5 73.5 38.6
+40 peanut flour 27.1 2.1 11.1 79.9 41.8
+57 peanut flour 31.2 2.5 10.8 83.6 41,9
Medium protein white flour 12.5 4.3 12.8 61.0 36.1
+10 peanut flour 16.2 .83 12.1 65.4 41.3
+20 peanut flour 20.9 1.2 11.9 71.8 38.9
+30 peanut flour 24,6 1.7 11.3 76.2 41.2
+40 peanut flour 28,7 2.1 10,9 80.5 43,5
+50 peanut flour 34.4 2.7 10.0 85.5 45,0
high protein white flour 13.0 44 12,1 63.5 34,4
+10 peanut flour 17.6 .90 14.4 70.3 36.5
+20 pecanut flour 20.6 2.0 11,5 72.3 42 .4
+°C peanut flour 25,0 1.6 11.1 77.0 38.6
+4C peanut flour 29.0 2.0 10.7 81.5 52.2
+50 peanut flour 32.8 2.4 10,2 85.0 40,0

* Protein Factor 5.75

64
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The peanu* flour was blended with a low protein, a medium protein
and a high protein wheat flour at the 5, 10, 15, 20, 30, 40, and 50
percent levels. The general increase in protein content resulting at
each increment of blending is shown in the table on page 64. Results
indicate that flour absorption increasad as the increments of blending
increased.

Farinograph data indicated a strengthening in the lower protein
flour up to the 30% level, but above this level it became difficult to
distinguish between the low, medium, or high protein flours with respect
to the farinograph curve. The farinograph picture did indicate that
there had been heat damage to the protein of the peanut flour. The
extensograph data paralleled that of the farinograph.

The peanut flour blends were baked according to the standard pup
loaf method. Results indicate that blends beyond the 307, level of
peanut flour destroys all loaf volume. The loaf volume tends to de-
crease at the 30% level. The flavor beyond that point is not to be
recommended.

The upper levels of the blends were tested by baking into nan, the
Pakastani bread. The resultant product proved to be heavy but had good
keeping quuslity. The flavor fmproved with age.

The physical dough testing with the soy isolate is divided into
coarse, medium und fine granulation material. Thus for results indicate
that the medium granulation is better with respect to flavor, loaf volume,
grain and texture of finished bread but these studies are incomplete.

Preliminary physical property studies have been made upon the chick
pea and horsebean flours produced. With the exception of the water
abgorption characteristics, the preliminary physical dough tests do not
show the same trend as soy and peanut flour blends perhaps because these

beans were not heat treated.



IMPROVING NUTRITIONAL VALUE OF CEREAL BASED FGOODS
(NUTRITIONAL EVALUATION)

The enclosed attachments eover l{terature reviews which have been
conducted on various aspects on legumes which may be important in
nutritional evaluation of these products if they are to be additives
in human dfets.

Of specific interest has been inforwmetion on toxic factors and/or
inhibitors found in the chick peas and the bread beam.

Swmmaries covering some of the more pertinent references in these
areas 1s given in the first atqtéchmnts. §econd1y'. progress that has been
made in analysis of samples collected in Morroco and Pakistan are summarized
fn the attached tables with data giving values for amino i1y corposition
and prote'n values of the samples on which analysis has been completed. Also
in progress is the evaluation of the mineral content of these samples using
activation analysis.

Data available on some of the samples have been examined and 1t :ou'rd
appear that some of the data look reasonable, but thut oth:r seryles need to
be checked further to determine the significance of the values which have
been obtained. Data on some samples for nitrogen level have not agreed well
with the more common Kjeldahl analysis. These values are being re-checked and
the work on tha analysis is being evaluated to determine the accuracy of the
information

Information covering three separate growth studies using rats arve
included. These studies cover work which was done to evaluate the effect of
lysine and vitamin and mineral additions to atté used in making chapatis. In

the second study the nutritional value of protein in fractions from sorghum

vo



grain is evaluated. These studies were designed to evaluate the protein
quality of endosperm. The studies evaluated protein from fractions of

floury en&ospann and horny endosperm. In the third study evaluations were
designed to determine the effect of minimuem additions of vitamin and minerals
which might result in the most improvement in growth rates. Complete vitamin
and mineral edditions to diets containing wheat flour or the cereal flours
will result in good growth. In this study only tho§e minerals calculated or
most deficient were added in test diets.

[f such additions are not made poor growth can be expected since high
extration wheat flours and other cereal products contain certain amounts of
vitamin and minerals but not adequate levels of all nutrients  Enrichment
which suppl!ied the lacking nutrients would aid in avoirding nutritional
fmbalance which might occur on the addition of single nutrients Preliminary
data obtained in the third rat study indicate the need for further eva'uations
related to the effects of only Yimited supplements of certarr vitaminc and

minerals.
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- TOXIC FACTORS IN CHICK PEAS

The prasence of toxic factors in legumes have been recognized by man
since the dawn of history. Among the legume seeds of nutritional importance
N investigated, the trypsin inhibitor was found in the chick peas and other
beans. The trypsin inhibitor was not found in non legumes.

Imhlrs and Acktrson (1950) have presented a table containing seeds of
leguninosae and other seeds. Chick peas contain 32.3 units of inhibitor/ml.
extu?.:t of sample. (Table attached). |

Thay also studied the effect ot autoclaving on the nutritive value of
pulses. There was no correlation between .the 1mpr:overmnt in nutritive value

‘tﬁn svgsclaving and the presence or absence of the trypsin inhibitor.

STt i i

Hirwa and Magar (1952) showed that trypsin inhibitor content o7 pulses

rov pulisgn ncveased nutritive values.
N " Chattepadiiya end Banerjee (1953) studies the biologica) value of
protetns of five varfeties of pulses (including chick peas) by the rat growth

\
|
|
|
\
!
;,  ~ "’3 was 1¢ss them that of beans. They found that methionine supplementation to
,
\ ”[’?‘. _ o both before and after 48 hours of gemmination. They reported that,

' \ Mﬁ.-'iﬂlﬂtor activi*y did not change with germination 'ndiceting that
'. ﬂl ﬂm biolegical value of the protein is not due to e'ther increases

or @cvesses in thefr trypsin fnhibitor activity.
- Sahenie end Shendarkar (1954) found that the trypsin inhibitor from

cﬂd poae ave dantroyed by'mting at 100§ for one hour. Whereas the
| o N O iﬁ‘hiﬁn from double beans are stable under these conditioms. Autoclaving
‘ . ﬂm mt 1nhiditors with the exception of double bean inhibitor.
! . " m fn (1931) worked on other legumes. Lathyrism is the only
|
|
|

i L e m to arise from their use. The poisonous principle 1s an acid,
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2%

white and hygroscopic, extracted by macefating the g.ound peas in cold water
or alcohol for several days, percipitating albumen, filtering and concentrating
the liquid. Experiments were done with the active principle and the exfract on
monkeys..rabbits and frogs. It ceused lesions in the brain and spinal cord
and paralysis of motor nerves.

Acco}d1ng to A!tschui;(}958), diseases caused by toxic factors are
referred to as lathyrism, ctcertsm or odoratism. A species of cicer have
been presumably pointed out as causative agent. He.mentioned that the coﬁmon

reasons for iathyricm may be due to:

a: Abnormally high levels of selenium and manganese in
certain legume seeds, '

b’ tir & particular amino acid deficiency.

We nas also presented a table on the "effect on amino ac'd composition
of wheat and corn flours by addftion of chick pea products and soybean meal."
The tadle is attached with the report.

Altschul pointed out the common practice in preparing dishes by soaking
first and throwing away the steeping witer may help in diminishing the risks
derived from the ingestion material containing the toxic factor. (He means the
ingestion of toxic factor).

Abramova and Chernikov (1964) investigated the proteinase inhibitor in
chick peas along with other legumes. The fat free flour was extracted,
precipitated, filtered and dialyzed until salt free. The inhibitory effect of
this matarial was investigated. The highest aniitryptic and antichymotryptic

activity was found in P. Vulgaris seeds followed in G. Max, C. Arfctinum

(chick peas), L. Esculenta and P. Sativum. None of these seeds exhibited

antipaptic activity.
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PROTE;N REQUIREMENTS

‘ Mason et al. (1964) found that the American and European women
-~ had significantly higher basal metabolic rates than‘the Indian worer,
The differences could not be attéfbuted to differences in age, neight,
weight, or muscle mass. They r.ggested that the differences may be due
to several generations of Indians adapting to the tropical climate.
Since the metabolic rates of the INdian women are fower. their protein
needs may be lower. |

The amino acid requirements for adult humans and for rats have been
reported by Rose aﬁﬁ others and is g1;en.in Processed Plart Protetn

Foodstuffs, p.24, (Altschul, 1958):

amino ecid ' adult human rat
g/day t dre:
arginine 0.00 )
histidine 0.00 G4
isoleucine 070 05
leucine 1.10 ng
lysine 0.80 19
methionine 110 n &
phenylalanine 110 )
threonine 0.5C <
tryptophan 0.2% o
valine 0.80 7

‘Hegsted (1957) estimated that children of the giver ayes require

the amounts of protein listed below:
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1 month -- 2.5 g/kg body weight
18 months -- 1.0 g/kg body welcht
2.5 vears -- 0,76-0,83 g/kg tody weicht
6. years -- 0.6h2-0,67 g/ka body weight

Howe ot al. (1965) reported the following recommendations:

infants (at birth) -- 2,2 g/kg body wetlont

2.months -= 2,0 g/ke body weirht

1 year == 1.5 g/ke body weicht
vears == 1.,0=1.5 g/ke boiv waiecnt

L=5
Plenert ot al. (196%) found that increasing the protein
intake - in“ants ;bove 3 2/ka did not imnrove welcht
ga'r. or utilization of food and eneray.

Nitrogen balance studies (Nakagawa et al,, 192
"WVe snown that 10-12 year old boys req:!re appreximately
o' @ trrecnine (35 mg/kg), 0.9 g valine (13 =g k1, and
' @ t e ¢laianine (27 mg/ke) daily.

Fomen and Filler (1966)_repcrteﬁ that ''¢  a.'a {rp
and valine requtrementaAwere sliehtly lower *tnap :rrevious
reports had indicated. Twenty infan*s wore fe: g
formula which contained protein (6% of formu's 'r t-e
form of metnionine-supplemented 8oy 1solate. Inaey
reported that 50-85 mg isolrucine/ke/day and <i- ,: mg
valine/ke/day were sufficient for most children. Tlnese
values thev compared with 79-126 mng isoleucina/ka/day
and 85-105 mg valino/kg/day-roportod by Snvdarman et al,
(1959, 19y),



http:0.62-0.67
http:0.76-0.83
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PRUTEILN AVATLARIILITY

“Autoclavine (121°C, 30 and 60 minutes) reduced tne
l78ine content ¢f chickpeas by 10% (Gonzélez del Cueto
tt 8i., 1960). In contrast to reports that autoclaving
redure: the arginine content of cottonéeed meal, no
measurable reduction in areinine concentration was
observed in chickpeas (Gonzdles del Cueto et al., 194,
Kuiken and Lyman (1948) reported the true avallability
(#» . no urids fed minus amino acids i: feces Cf pats: ar

Wheat wna (), lows:

arginine 96.&%
“{stidine 98.8%
.3vleucine 95.0%
sur{ne 95.4%
vsine 4 92.8%
metnionine 9L .9%
phenvlalanine 96.9%
threonine 92.2%
trvptophane 93.2%
valine 33.2%
total ¥ 95.0%

‘upte et &i. (1958) reported that on bhe.basis of rat

feeding expeﬁiments, lysine 13 ﬂrbﬁéf available {n rira

and 61+79% available in wheat, E,
The true digestibility of properly cooked léaumes

nas been estimated to be between 85 and 9%%, with beans

being digested slightly poorer than peas (Aydrovd and
Doughty, 196y), The protein content of some Indian

pulses has been observed to increase during germination
(Chattopadhyay and Banerjee, 1953), Genetic strains of
chickpoas.vary as much as 38% in protein content”(Esh

et al., 1960),


http:chickp.as
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SUPPLEMENTATION OF DIETS

Howe ot &l. (1367) stated that fish protein concentrate
and sovbean meal are the only potentially available protein -
concentrates containina a sufficiently high lvsine content
to 'be useful as & supplement. In general thayvy advocated
the addition of pure amino acids to the staple foods,
On the other hand, Hegsted (1968) stated thal purified
amino e-i4s are too eéxpensive at the present to be useful
RS supp.ements for developing areas.

Growth of cnildren 2-5 years of are nas been imprcoved
‘hishnly s!nnificnntly) by supplementing tneir uscal
rice and pulse diets with one cunece of a rien osrotein rcod
iy oumm et al,, 1966). The food conta'net =f gr . 4nLt
protein isolate, 15% roasted chickpea flour, v'tumins sni
minerals and supplied 22.2 g protein per cunce,

Guttikar ot ul., (1965) evaluated a protein !ood
based on groundnut, chickpea, and sesame flour (,:L:2)
as being quite effecfive @3 a source of protetn when fed
at the rate of 1,5 g protein per kg body weight,

The effect of supplementing the rice diet of
Indian girls (8-9 years) with lysine, methionine, and
threonine has been studied (Parthasarathy et al., 1964),
The rice diet containsd 2597 g rice, small amounts of
legumes, vegetables, 45 g oil, and S g skim milk powder,

vitaminas, sugar, and a salt mixture. It furnished 154



kcal/day and had a nitrogen retention of 9% of intake.
A exir milk rewier dlet was formulated or comparat!-e
Y ot 19;11 .4 @ neanut oil, 125 g tavivca flour, 4. ¢
rtoartgren, 70 g o skim milk powder, vitamins, mluzur, and
salt ~.»*ura. The nitrogen retentions for tre «urnlementer
ile*« were as follows: rice + 316 me methionine, 12,75
ri « ¢+ 22 mg lvsine, 12.h%; rice * ‘1% mg methionire *
~» valre, 13,5%: rice ¢+ 1128 mg lvaine *+ /52 mp
~a e, 17, ¢; rlee + 1129 mg lvaine *+ 21> mr met-.cnine
=7 * resonine, 23.0%; skir .milk Do.u!nr‘ Aler, /5, 0%,
eme: *a* i n improved the net proteln utilizaticn:
e e, 2.9% and SU.9%; rice * metrhicnine * g e ¢
re - e, ~' i k; skim milk diet, 719, "te rs‘ ava a-'e
sretein @/ke toly welght) for the various tieta ware:
rice, Y.71; rice + lysine and/or methionine, ./ - ,[*7:
ricre *+ lvsine *+ threonine, 0.85; rice * lvsine * metni.nine
* tareonine, 0,91; skim nilk,$0.98. Protein (n*uke waa
1.d9-1.3% g/ke body weignt. f'
Barness et al. (1961) observed that wheat 'cream o°
wheat cereal) fortified with 1veine and potass!.m
appearei to supplv adequate orotein for growing Latin
Amsrican inf‘aml:a 3-17 months of age. The dallv raluric
inteke was 75-12S lkeal/kg; protein intake was ).2-4.0 g/ke.
- Chickpeas and broad beans have been used !n foods

In the Near East and other parts of the world to sup:.eme-¢




the ilet of sma]} children (Autret and Van Veen, 1.cq,
Astur et al., 1%5), 1n India legume flour is gometimes
1d%d to whent "lour (up to 10%) to make chapatties

(AvAr.v1 and Jouwhty, |34y,

77
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Protein
Moisture

Lysine
Histidine
Ammonia
Arginine

Aspartic acid

Thraonina
Serine
Clutsmic acid
Proline
Glycine
Alanine

Half Cystine
Valine
Msthionine
Isoleuzine
Leucine
Tyrosine
Phenylalanine

78-68
Lentils

10.6

2.019
0.661
0.428
2.045
2.904
0.920
1.206
4.063
1.436
0.964
1.018
0.026
1.266
0.09%
1.007
‘.‘u
0.797
1.171

Mitrogen Recovery 94.78

Oxidations:
Cystine A
Mathionine

81-68
Moroccan
Lentils

23.0
10.7

1.776
0.613
0.417
1.846
2.551
0.851
1.148
3.924
0.827
0.902
0.924
0.000
1.

0.
0.644
1.075

89.42

1.405

% SAMPLE

346-68
lLentiils

17.0
11.

~4

1.246
0.651
0.317
1.537
2.291
0.740
0.970
3.487
1.337
0.775
0.796
0.0

1.016
0.274
0.780
1.364
0.574
1.040

106.60

124 -68
Lenatile
No. 53

25.8
10.7

.812

.08
192
.262
.97
.302
.550
1.089
1.083
1.105
0.0

1.182
0.099
0.904
1.844
0.786
0.285

B O w0t ™ e

91.83

0.150
0.093

321-68
111
Peies

26.1

1.732
0.650
0.488
2.640
2.887
0.929
1.201
4.492
1.016
1.067
1.052
0.365
0.690
0.122
1.074
1.662
0.832
1.090

98.80

0.272
0.148



% SAPLR

83-68 331-68 335-¢8 182-68 73-68
Cood Horse Nerthorn Lg. Kidmey 364 -68 © 347-68 Red Kidney Raricot

Seans Beans Baans Pevercles Borve Basns . Beans Beanc
Protein 26.3 23.3 22 9 25.8 27 3 21.6 20.8
Yoisture 10.1 13.4 11.5 10.3 9.8 10.) 10.6
Lysine 1.308 1.705 1.559 1.5%S 1.613 1.575 1.419
Histidine 0.501 0.723 0.677 0.613 0.612 0.653 0.567
Ammon ia 0.360 0.454 . 0.432 0.452 0.474 0.414 0.322
Arginine 2.206 1.673 1.491 2.674 2.354 1.592 1.119
Aspartic acid 2.319 2.823 2.898 2.789 2.760 2.852 2.555
Threonine 0.779 1.032 0.991 0.848 0.952 0.932 0.924
Serine 0.983 1.452 1.377 1.207 1.178 1.374 1.236
Clutamic acid 3.649 3.6% 4.075 3.965 4.452 4.0%9 3.465
Preline 0.789 1.215 0.850 1.007 0.874 0.914 0.8%
Cyleine 0.882 0.950 0.896 1.022 1.005 0.917 - 9.819
Alanine 0.887 1.016 0.933 0.977 1.018 9.930 0.876
dalf Cystine 0.000 0.255 0.0 0.349 0.0 0.210 0.211
Valine 0.993 1.192 1.316 1.119 1.197 0.971 1.001
Msthicnine 0.062 0.210 0.213 0.115 0.063 0.210 0.1
Iseleucine 2.008 1.077 1.084 0.964 1.040 1.078 0.943
Leucine 1.332 1.869 1.659 1.74$ 1.585 1.884 1.634
Tyroaine 0.633 0.757 6.742 0.784 0.799 0.797 0.700
Phecylalanine 0.791 1.295 1.309 1.035 1.047 1.335 1.5905
Nitrogee Recovery 76.08 94.99 92.03 89.52 83.26 98.84 '87.50
Oxidaticans: :
Cystioe ~ 0.243 0.213 0.154

Methionine 0.265 G.255 0.170



Protein
Moisture

Lysine
Histidine
Ammonia
Arginiae
Aspartic acid
Threcaine
Serine
Glutamic acid
2roline
Glycineg
Alanine

Half Cystine
Valine
Mgthionine
Icoleucine
Lsucine
Tyzosine
Phenylalanine

Ritrogen Recovery
Oxidatiomns:
Cystine
Mathionine

75-68
Moroccan
Beans

22.7
10.6

1.628
0.721
0.517
1.619
2.783
0.915
1.183
4.375
1.016
0.984
1.003
0.0

1.096
0.331
0.941
1.704
0.730
1.306

96 .48 -

7% SAMPLE

85-68 322-68
Poor Horse 319
Beans Feveroles
22.0 24.9
10.7 10 ¢
1.441 1.580
0.527 0.631
0.448 0.459
1.979 2.402
2.355 2.883
0.815 0.886
1.031 1.172
3.758 4.314
0.891 1.013
0.922 1.044
0.901 1.008
0.268 0.257
0.965 1.143
0.093 0.075
0.882 1.018
1.432 1.628
0.697 0.792
0.928 1.044
90.99 91.9;
V.2
U. .00

348-68 1264 A-08
Ground White
Shortas wWheat
21.1 1G.;
is.1 1.2
0.586 0.324
v.529 0.244
. 864 0.340
1.126 0.5C9
1.225 0.598
0.657 0.342
1.107 0.535
8.613 3.517
2.533 1.024
0.928 0.456
0.7277 0.427
0.702 0.353
1.006 0.505
0.159 0.123
0.800 0.3%
1.390 0.764
0.708 0.362
1.101 0.522
108.51 96.11
0.255

0.160

1{8A-08
Stone Ground
White Wheat

11.6
11.7

0.333
0.260
0.318
0.573
0.661
0.377
0.557
3.885
1.276
0.474
0.438
0.310
0.606
0.181
0.445
0.720
0.344
0.512

9% .41

127-68
White
wWheat

12.2

0.322
0.270
0.385
0.575
0.601
0.366
0.564
3.814
1.169
0.471
0.438
1 0.471 -
0.478
0.128
0.423
0.808
0.368
0.555

91.37

0.331
0.190



Pretein
. Hoisture

B

?’Eyun
Histidins
Asmonia
Argiaine
Aspartic acid
Thzeoains
Cering
Glutswie ecid
frolime -
Sircins
Alaninme

H3l? Cystine
Valine
Mathionins
Isoleucine
leucine

f{ne

Phanylalanine

__Pizrogen Rasevery

it tions:

*Cystina
Mathicuine

-

307-68
RA-3
n

11.8
9.2

0.313
0.260
0.307
0.546
0.9871
0.335
0.586
3.929
1.232
0.431
0.402
0.232

..’“ :

0.035
0.426

0.70)

.39
0.557

0.365
0.120

% SASLE

311-48
3T
3597

11.1
10.7

0.317
0.239
0.366
0.539
0.652
0.337
0.538
3.530
1.210
0.455
C.614
0.383
006%
0.069
0.330
0.736
0.32¢
0.479

9% .47

0.276
0 164

58-63

Coarse

Bren

14.1
15.4

0.322
0.994
1.130
0.49%
0.672
2.941
0.930
0.817
0.731
0.392
0.697
0.151
0.399
0.868
0.399
2.570

91.78

0.315
o. 1“

91-68
o1
Burum

11.6
11.8

0.316
0.238
0.39%
0.540
0.885
0.329
C.380
3.861
1.266
0.421
0.402
0.308
0.474
0.033
0.376
0.732
0.321
0.330

93.90

312-68
08

xo.s
11.3

0.304
0.232
C.339
0.499
0.624
0.328
0.523
3.437
1.186
0.431
0.393
0.353
0.476
0.052
0.352

0.323
0.472

95.71

0.230
0.129

308-68
3225

10.3
10.9

0.29%
0.231
0.308
0.523
0.589

0.301
0.492
3.143
1.114
0.404
0.374
0.265
0.463
0.086
0.332
0.680
0.297

0.469 .

92.24

0.247
0003‘



Protein
Moisture

Lysine
Histidine
Ammonia
Arginine

Asy rtic acid
Threonina
Serine
Glutemic acid
Proline
Giycine
Alanine

Half Cystine
Valine
Methionine
Isclaucine
Leucine
Tyrosina
Fhenylalanine

Nitrogen Racovery

aBuidacions:

#

Cystine
Mathionine

310-68
BT
2306

10.9
11.7

0.280
0.227
0.300
0.486
0.525
0.324
0.503
3.364
1.005
0.425
0.375
0.430
0.455
0.041
0.368
0.703
0.337
0.488

87.45

. 25U
C.oiol

93-68
Durum

3} 57

CoO0O0CO0OOoCOCCOmPOOOOO OO

7% SAMPLE

57-68 ‘-8
Fine fr Rec
Bran winter
14 .

111 -

0.61a D
a_ A7 45
0,333 L3
0.957 . 580
0.103 U.58¢b
G.521 0.34 4
0.665 0.525
3.0e8 3.584
1.092 1.032
0.773 0.461
0.728 0.413
0.405 0.335
0.800 0.581
0.200 0.131
0.457 0.412
0.883 0.699
0.428 0.352
0.591 G.531
B8.65 21.30
. 296

Y ]

Y. Sl

e

26
.34
. 366
. 138
.538
449
.023
445
.41le
. 354
.487
.083
. 399
. 761
.351
.520

.40

. d4b
192

il i

OCoCcCOO0OoOoCcOoO—~$&OoOC

0
("]

. 342
. 405
A
.632
.757
.398
.699
. 780
.557
.499
L4770
.391
.621
.129
.419
.865
412
.696

.37

1t -nl
Strd:, f
Flour

h D

12.¢
W.20°
e, 200
O.3/1
0. 392
0.392
0.272
0.461
31.668
1.092
0.337
0.291
0.366
0.6440
0.104
0.341
0.611
0.316
0.477

97.67

v.215
0.112

wrade
torce

P et




8o

Protein
Moisture

Lysine
Histidina
Amxomie
Arginine
Aspaztic acid
Threocnine
Serine
Glutamic acid
Proline
Glycine
Alanine

Balf Cystine
Valine
Methionine
Isolcucine
leucine
Tyrocsine
Phenylalanine

Hitrogea Recovery
Gxidations:
Cystine
Methionine

84-68 71-68
Ralba-Bxt. Bird Seed
25.5 16.3
9.70 10.0
1.637 0.357
0.617 0.329
0.401 0.395
2.344 0.947
2.864 0.9504
0.930 0.403
1.248 0.680
4.266 4.842
1.030 1.198
1.183 0.479
0.997 0.834
0.143 0.491
1.167 0.791
0.159 0.208
1.245 0.669
1.4%8 0.159
0.783 0.421
1.062 0.902
89%.62 86.62

% SAMPLE

151-68
Lebin

10.0

1.746
G.780
0.415
1.725
3.065
0.959
1.286
4.725
1.388
1.015
1.046
0.0

1.3C0
0.277
1.061
1.727
0.799
1.418

97.08

0.218
0.189

3125-68
204 Soja

i8.4
8.1

2.800
1.094
0.799
3.275
4.996
1.656
2.150
8.301
1.999
1.723
0.757
1.101
1.925
0.467
1.942
2.822
1.519
2.124

102.93

70-68
Broken Split
Peas

22.4
10.8

1.253
0.564
0.357
2.6433
2.897
0.877
1.118

.. 4.209
e < 1984
T 0.986
1.0G8
0.153
1.121
0.311
0.974
1.817
0.763
1.069

101.2

}J312-68
Gorden
Peas

27.3
12.4

2.350
0.695
0.577
2.855
3.124
1.128
1.393
5.126
1.146
1.30%
1.314
2.271
c.883
0.0

1.159
1.981
0.898
1.272

100.51

0.349
0.285

333-68
Small Br.
Crowder

20.4
12.7

1.495
0.653
0.428
1.482
2.248
0.858
1.121
3.821
0.983
0.947
0.99%
0.107
1.058
0.267
0.903
1.621
0.728
1.175

97.36

0.207
0.281



87

Protein
Moisture

Lysine
Histidine
Ammoni ia

"Axginine

Aspartic acid
Threonins
Sarine
Clutamic acid
Proline
Glycine
Alanine

Balf Cystines
Valice
Mathionine
Isoleucine
Leucing
Tyroaine
Phexylalaning

. 336-68

Crowdar Cow

Pea

23.3
4.1

1.799
0.836
0.536
3.006
3.061
1.033
1.377
4$.937
1.283
1.092
1.117
0.0

1.39%
0.383
1.080
1.978
0.838
1.488

Witrogen Recovery 107.51

Oxidations:
Cystine
Kathionine

0.235
0.332

1
.0
8
.0

0.402
1.120
0.183
1.029
1.519
0.826
1.162

90.78

0.302
0.231
0.232
0.484
0.578
0.348
0.515
3.501
1.227
0.411
0.411
0.307
0.492
0.136
0.39%
0.750
0.355
0.395

83.95

0.146
0.18:

0.356
0.210
0.304
0.516
0.696
0.383
0.493
3.063
1.215
0.455

0.45%

0.326
0.537
0.036
0.402
0.762
0.369
0.570

93.10

0.219
0.139

94 -68
Barley

9.4
11.3

0.322
0.185
0.226
0.441
0.540
0.324
0.398
2,293
0.968
0.363
0.368
0.242
0.457
0.063
0.321
0.838
0.202
0.482

85.75

338-68

Hg.-treated

Sorghum

10.2
12.6

0.220
0.225
0.283
0.363
0.818
0.365
0.481
2.441
0.736
0.283
0.925
0.045
0.606
0.199
0.532
1.410
0.341
0.388

93.50

126A-68
Sorghum

- 9.5
12.3

0.182
0.193
0.261



By

Protein
Moisture

Lysine
Histidine
Aamonia
Arginine
Aspartic acid
Threcaine
Sarins
Clptamic acid
Proline
Glycine
Alenine

Half Cystine
Valine
Methicaine
Isoleucine
Laucina
Tyrosine
Phenylalenine

Mitrogen Recowvery

Oxidsations:
Cyszice
Methionine

318-48

SH20-Hybrid
Mawcain

16.3
11.6

0.280

0.330
C.&75

92.07

C.269
0.2067

319-68
Sorghums
Vulgare

10.5

1

O

2.1

0.238
0.210
0.327.
0.361
0.862
0.341

ronoc
D bt

*:sthlhm-u

S corooon
N W
3 5

© 3
47

% SAMPLR

77-68 134-68
White Corn Amgrican

from Fez Corn

10.¢4 il.¢6

11.3 13.6
0.231 0.259
0.227 0.343
0.255 C.13107
0.433 0.628
0.761 0.775
0.365 0.424
0.472 0.592
2.393 2.712
1.193 1.277
0.341 0.384
0.99%4 0.957
0.11C 0.331
0.588 0.577
0.239 0.204
0.455 ‘0.643
1.387 1.630
0.468 0.521
0.568 0.641

96.98 98.84
0.251
0.227

129-68
Domest ic
Cormn

9.3
xl1.5

0.283
0.269
0.186
0.434
0.632
G.351
0.4654
1.901
0.839
0.344
0.685
0.171
0.468
0.019
0.334
1.017
0.371
0.427

88.66

0.208
0.171

315-68
D117

Hybrid Double

10.1
11:4

0.267
0.280
0.233
0.443
0.764
0.367
0.528
2.213
1.081
0.362
0.816
¢.213
0.461
0.040
0.324
1.399
0.612
0.537

96.39

0.210
0.176

74-68
American
Corn

16.1
i1.¢

 $3 333

b3

%Lkahhh
wlouae
AN RO

L]
N W
~ow

COHOO0O0O0OO~NOOOOOOD
& O g
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W W
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1 SAPLE
345-68 341-68

148-68 Mung 131a-68 337-68 724-68 Canary 340-68

ng Bean - Mung White Mnllet Millet Seed Mustard
Protein 3.6 21.9 22.9 10.6 10.1 "16.6 26.0
Weisture 11.7 11.9 11.1 12.2 10.9 12.7 7.10
Lysine 1.696 1.653 1.757 0.189 0.186 0.535 1.210
Histidine 0.631 0.612 0.660 0.217 0.204 0.318 6.576
dmmoaia 0.419 0.376 0.266 0.319 0.242 0.479 0.532
Arginine 1.629 1.550 1.656 0.357 0.402 1.134 1.644
drpartic acid 3.026 2.7131 3.080 0.692 0.677 1.357 1.477
Thrommine 0.851 0.804 0.833 0.340 0.328 0.486 0.891
Sarins 1.333 1.238 1.281 0.733 0.61% 0.700 0.936
Slutamdz scid &.665 4.196 4.598 2.359 2,579 3.840 4.109
Prelime 1.136 1.037 1.297 0.679 o.7TH 0.841 1.260
Glyuine 0.966 0.901 0.913 0.252 0.202 0.625 1.073
Alanine 1.130 0.993 1.001 1.173 1.003 0. 240 0.910
Balf Cystins 0.107 0.200 0.0 0.182 0.085 0.457 0.666
Valine 1.321 0.405 1.339 0.242 0.532 0.778 0.919
Methicminme 0.266 0.278 0.250 0.160 0.2%6 0.220 0.091
Iseleoucine 1.128 1.020 1.058 0.422 0.602 0.636 -0.850
Leucine 2.002 1.828 1.736 1.311 1.047 1.089 1.442
Tyreeina 0.7%8 0.764 0.663 0.423 0.345 C.504 0.584
Phenylslanine 1.518 1.421 1.414 0.613 0.515 0.849 0.8372
Nitrogen Racovery 96.76 92.87 96.00 91.10 89.48 89.06 74.10
Oxidations: :
Cystise 0.186 0.163 0.157 0.355 0.546
Methisunine 0.277 0.290 0.510 0.272 0.354



Protein
Moisture

Lysine
Histidine
Ammonia
Arginine
Aspartic acid
Threonins
Serine
Clutamic acid
Prolime
Glycine
Alsaine

Balf Cystine
Valine
Methionine
Isoleucine

‘Oyotime

78-68
Lentils

81-68
Moroccan
Lentils

10.7

7.721
2.665
1.812
8.026
11.090
3.701
4.991
17.062
3.596
3.922
4.020
0.000
4.884

0.777

6.210
2.801
4.676

346-68

Lentils

17.0
LR

7.329
3.828
1.864
$.040
13.479
4.351
«5.705
20.509
7.862
4.560
4.683
0.000
3.979
1.613
4.587
8.025
3.377
6.117

Z PROTEIN

126~68

~S|mL! s

Nou

10

[—
W oo ro

0.

2%

-

Lu2.
w3
. 819
.49
- 566
.774
.048
17.
4.
4.
4.
0.
4,
0.
3.
7.
3.
4.

634
222
082
285
000
582
382
506
149
048
982

581

..-b8
Feien

185

2.698
.04
10.95)
i1.980
3.854
4.984
18.638
§.215
4.427
4,37
1.516
2.863
0.508
&§.4658
6.897
3.450
6.524

1.130
0.615

13.675

2.998
3.352
3.374
0.000
3.7
0.236
7.633
5.085
2.407
3.596

TETYL Y

e



v2

Protein
Moisture

Lysine
Histidine
Ammonia
Arginine
Aspartic acid
Tarsconine
Serine
Glutamic scid
Proline
Glycine
Alanine

331-68
Northern
Beans

23.3
13.6

7.317
3.102
1.950
7.180
12.115
4.430
6.232
15.853
5.213
8.076
§.361
1.094
5.115
0.500
4.628 -
8.020 -
3.248
5.558

1.044
1.136

3135-68
Lg. Kidnes
Beans

22.9
11.5

6.983
2.958 -
1.884
6.509

12.656
4,327«
6.012

17.795
3.710
3.911
6.076 ..

°*9ﬂ9§§§i§
.5. 7“ < =2

Lo D.929
1‘1,33
T. 7.2646

- 3.238

5.716

0.929
1.114

Z PROTFIN

iLL-b8
Fever. ien

25.8
10. 3

6.02°
2.378
1.751
10. 364
10.811
3.285
4.677
15. 370
3.90¢
3.963
3.785
1.353
4,337
0.445
3.736
6.762
3.037
4.010

o T-bM
He rae
Be ans

8.623
10.111
3.487
4.303
16. 309
3.203
3.682
3.729
C.000
4.1385
0.231
3.808
5.807
2.926
3.836

i8. »y

Red Kidnev

Re ane

7.1362
3.050
191313
T.wld?
13.329
4.357
6.420
18.969
4.271
“.287
4.579
0.982
4.538
0.982
5.023
8.803
3723
6.240

0.505
0.793

ni-68
naricot
Beans

7.172
3.177
2.279
7.134
12.258
46.033
5.211
19.273
4.476
4.337
4.421
0.000
4.830
1.460
4.147
7.5035
3.217
5.755
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Protein
Moisture

Lysine
Histidine
Ammonia
Arginine
Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine

Half Cystine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine

Oxidation:

Cystine
Methionine

85-68

Poor Horse

Beans

22.0
10.7

6.551
2.396
2.035
8.994
10.706
3.704
' 4.688
17.081
4.048
4.189
4.095
1.217
4.385
0.421
4.010
6.511
3.167
4.220

322-68
319
Feveroles

24.9
10.9

6. 345
2.532
1.843 "
9.647
11.578
3.558
4.705
17.324
4.069
4.194
4.047
1.030
4.589
0.302
4.088
6.539
3.182
4.193

1.182
0.661

2 PROTPIN
348-68

Ground
Shorts

21.
13.

-

2.776
2.50%
4.097
5.337
5.806
3.114
5.248
40.821
12.004
4.396
3.681
3.325
4.770
0.755
3.792
6.586
3.35%
5.219

124-068
White
Wheat

v

13.¢

3.020
2.2:8
3.17¢4
4.761
5.589
3.192
4.996
32.865
9.568
4.260
J.991
3.297
&.721
1.153
3.678
7.144
3.388
4.881

2.382
1.493

128-68
Stone Ground
white Wheat

11.6
i

.872
. 263
741
.94l
.703
. 250
. 806
33.488
10.999
4.090
3.772
2.675
5.221
1.563
3.836
6.206
2.969
4.410

O w W -ruNoN

2.380
1.523

127-68
whice
Wheat

12.2
11.9

2.639
2.214
3.157
4.716
4.927
2.996
4.623
31.262
9.581
3.862
3.592
3.859
3.915
1.05C
3.465
6.624
3.020
547

2.711
1.638

J07-68
HA-3
277

11.8
9.2

2.667
2.205
2.602
4.631
5.682
2.839
4.946
33.29¢
10.614
3.653
3.403
1.966
4.361
0.470
3.610
5.943
2,874
h.724

2,075
1.016
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Protein
Moisture

Lysine
Histidina
Asmmonia
Arginine
Aspartic acid
Threonine
Serine
Glutamic aci?
Proline
Glycine
Alanine

Half Cystine
Valine
Methionine *
Isoleucine
Laucine
Tyrosine
Phenylalanine

Oxidation:
Cystine
Methionine

313-68

BT3597

11.5
11.6

2.891
2.207
3.072
4.777
5.441
2.988
4.585
32.152
10.5¢8
3.787

311-68
BT251)

2.852
2.151

3.301.

4.775
5.875
3.039
4.843
31.798
10.901
4.103
3.730
3.446
4.469
0.624
2.972
6.634
.2.933
4.315

2.488
1.473

T PROTEIN
56-68 6l-08
Coarse Bran #] Durus
14.1 Y
11.4 11.8
4.176 o T
2.777 Z.053
2.281 3.398
7.052 4.659
8.015 5.903
3.501 2.8137
4.764 4.997
20.857 33.547
6.948 10.913
5.794 3.626
5.187 3.46%
2.781 2.658
4.945 4.090
1.072 0.303
2.832 3.224
6.158 6. 309
2.831 2.767
4.042 4.571
2.236

« 1.379

112-68
BT-908

10.5

2.899
2,210
3.229
6.752
5.938
3.125
4.984
32.922
11,297
4.107
3.742
3.362
4.530
0.499
3.352
6.534
3.072
4.500

2.191
1.226

308-68
3225

.854
.247
.993
.075
.716
.927
.778
.516
.820
.927
634
.574
.492

c ¥
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3.225
6.44])
2.884
4.550

2.397
0.328



Protein
Moisture

Lysine
Histidine
Ammonia
Arginine
Aspartic acid
Threonine
Serin2
Glutamic acid
Proline
Glycine
Alanine

Half Cystioe
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine

Oxidation:
Cystine
Methionine

93-68
Durum

2.495
2.043
2.852
4.255
4.857
2.964
4.676
31.306
9.654
4.051
3.414
3.355
4.221
1.117
3.412
6.509
3.125
4.478

57-68
Fine Bran

4.124
2.492
2.235
6.426
7.401
3.495
4.465
20.593
7.327
5.188
4.886
2.716
5.371
1.342
3.067
5.927
2.876
3.964

55-68
Soft Red
Winter

11.7
12.6

2.837
2.209
3.1964
4.960
5.013
2.934
4.485
30.629
8.817
3.939
3.526
2.3863
4.964
1.118
3.521
5.975
3.012
4.536

2.526
1.39:

2 PROTEIN

169-68
1426

~N

S LWOAWOS WWEEOUKMESWWVENT

.933

.097
.044
.850
.074
.220
.011
L747
.185
. 388
.752
.595
.856
.160
.684

.219
.731

92-58
#2 Durum

R

1.«

.314
. 240
.737
. 786
. 564
.929
.142
.150
.450
.668
.455
2.875
A.567
0.949
3.082
6.359
3.029
5.116

[l V]
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56-68

Straight Grade
Flour “Force”

2.161
2.084
3.861
4.083
4.084
2.83
4.801
38.209
11.374
3.505
3.034
3.809
4.579
1.088
3.534
6.367
3.291
4.965

2.235
1.165

84-68

Halba Ext.

16.728
4.038
4.460
3.910
0.563
4.576
0.624
4.883
5.876
3.069 .
4.088



Protein
MoisCure

Lysine
Elstidine
Ammonia
Arginine
Aspartic act-]
Threonine
Serine
Glutaaic acid
Proline
Glycine
Alaaine

Half Cystine
Valine
Methionine
Iscleucine
Leucine
Tyrosine
Phenylalanine

Oxidation:
Cystine
Methionine

71-68
Bird Seed

16.3
10.0

2.192
2.019
2.42]1
5.810
3.543
2.472
4.173
29.705
7.349
2.936
4.198
3.o11
4.855
1.27%
4.103
6.498
2.583
5.531

7.366
3.292
1.751
7.279
12.932
4.046
5.427
19.937
5.82%8
4.283
4.413
0.000
5.483
1.167
4.478
7.286
3.3%0
5.985

0.921
0.796

X PROTE: N

325-68
204
Soja

38.4
8.1

7.2913
2.850
2,081
8.527
13.011
4.306
5.600
21.618
5.207
4.487
4.576
2.867
5.013
1.217
5.056
7.348
3.955
5.532

70-08
8 saen Spit.
Peas

e a o

10.8

7.8249
2.218
1.595
10.862
12.934
3.914
4$.989
18.785
5.255
4.402
4.501
0.685
5.005
1.388
4.348
8.113
3.407
4.773

J372-08
Garden
Pecas

8.609
2.544
2.114
1G.45%6
11.442
4.131
5.101
18.851
4.197
4.781
4.812
0.992
3.236
0.000
4.247
7.25%
3.291
4.658

1.278
1.045

333-08
Small Br.
Crowder



36-68 3138-68 118-68

. 32868 Wheat & l44-68 94-68 Hg-treated 126-68 SH20 Hybdbrid

191 Pois Barley Borlaey Bariey Sorghum Sorghum Navwcain
Protein 23.7 12.1 10.8 9.« 10.2 9.5 16.3
Moisture 9.9 11.4 i1.0 1.3 12 4 12.3 11.6
Lysine 7.801 2.492 3.277 3. 24 2.153 1.915 1.716
Risti{dine 2.342 1.908 2.028 1.969 2.201 2.035 2.023
Ammonia 1.542 2.668 2.815 2.402 2.776 2.745 2.917
Arginine 8.186 4.004 4.779 4£.697 3.587 3.510 3.486
Aspartic acid 11.382 4.773 6.442 S.746 8.017 6.991 6.841
Threonine 4.151 2.874 3.542 3.450 31.579 3.302 3.110
Serine 4.687 4.264 4.560 4.234 4.716 4.608 4.347
Glutamic acid 16.932 28.934 28.175 24.39) 23.929 21.810 24.054
Proline 3.694 10.138 11.251 10.299 7.216 7.817 7.750
Clycine 4.502 3.397 4.213 3.857 2.778 3.308 2.708
Alanine 4.573 3.398 4.233 3.915 9.073 9.411 9.660
Half Cystine 1.694 2.528 3.015 2.574 0.4)39 2.003 1.846
Valire $.725 4.067 4.972 4.860 5.962 5.067 5.020
Kethiontine 0.771 - 1.120 0.332 0.718 1.9%0 0.450 1.228
Isoleucine 4,344 3.258 3.723 3.419 5.220 4.039 4.076
Leucine 6.410 6.200 7.052 6.787 13.819 13.203 12.419
Tyrosine - 3.479 2.931 3.421 3.107 3.33 6.041 4.270
Phenylalanine 4.904 4.920 5.27% 5.123 3.807 5.381 5.399
Gxidation: ' . )
Cystine . 1.208 2.027 1.486 1.648

Methionine i.500 1.280 1.267 1.627
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Protein
Moisture

Lvsine
Histidine
Ammonia
Arginine
Asparcic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine

Half cystine
Valine
YMethionine
Isoleucine
Leucine
Tyrosine
Phenylalanine

Oxidation:
Cystine
Methionine

319-68

Gorghun
Vulgare

10.5
12.1
2.271
2.000
3.117
3.440
8.214
3.244
5.052
23.764
11,131
3.135
9.788
0.000
4.928
0.199
3.947
13.775
3.798
5.314

1.509
G.942

77-68

Ehite Corn
from Fez

1.3

222}
2.180
2.456
4,162
7.316
3.512
4.535
23.012
11.470
3.283
9.555
1.055
5.656
2.294
4.389
13.340
4.503
5.463

Z PROTF:N

Jle-cB

Anerican

Corn

23.7869
11,204
3.362
8.394
3.079
5.061
1.789
2.886
14.296
4.586
5.623

2.205%
1.989

129-68

DNumes ' .

“orn
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997

-bbSs
. 791
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.44)
.01%
7072
. 366
.837
.034
.201
.593
.939
.985
=395

232

1.842

i15-m8
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Hvbdbric Double

iv 1!
14

.643
772
. 307
. 390
;. 566
.635
.227
<313
. 999
.87
.081

[ SRV N )

— )
N ©w O =

‘.“3
0.391
3.207
13.855
4.075
5.314

2.077
1.739

T4-68
American
Corn

. 849
.827
.455
. 746
.1le9
.760
3.692
15.959
7.180
2.488
5.852
0.784
3.745
0.952
2.728
8.861
3.014
3.496

U R =

149-68

23.4
11.7

7.247
2.782
1.792
6.963
12.931
3.636
5.698
19.92%
4.855
4.213
4.830
0.457
5.645
1.137
6$.822
8.557
3.409
6.475

0.797
1.183
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Protein
Moisture

Lysine
Histidine
Ammoriia
Arginine
Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine

Half Cystine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Fhenylalanine

Oxidation:
Cystine
Methionine

345-68

Mung
Brans

1.9
11.9

4
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98

. 701
. 245
.089
.565
.666
. 591
.926
. 840
. 265
. 534
.979
. 366
.418
.100

Jut-08

Mustard

-

- .

2

~

5.2
3
e
15.
. Ba?
4.
3.
2.
3.
0.
3
5.
2.
3.

“

2.
1.

o

656

=2
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(o] £
555
679
425
60C
805

126
502
556
533
351
268
547
246
355

099
362

339-68
Pumpkin
Seeds

30.0

.020
.363
. 316
.235
. B45
.826
.202
.725
.674
.935
4.159
2.321
4.298
1.579
3.556
6.589
3.717
4.829
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1.357
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Protein
Boisture

Lysine
Histidine
Ammonia
Arginine
Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine

Half Cystine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine

Oxidation:
Cystine
Methionine

152-6%

Rice

L
a0 -

£ e v o
(o = B o V-]

10.649
3.870
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19.659
4.815
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5.790
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4.706
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25975

B0-68
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25134
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O & wmuv w

4.017
6.878
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Studies on Attas and Chapatis I L

Experimental Produq&lon of Atta
M. Shafiq Chaudhry, 2/ M. M. MacMasters,
E. P. Parrell and W. J. Hoover
Department of Grain Science and Industry
sansas Scate University, Manhattan, Kansas 66502

Summary

]

An experinmental method was developed for making atta, .he .oarse
«our frwm whi n unleasened bread (chapatis) is made 1n Pax,.-t.r und

Tnula. Attas of 80% and 957 extraction were prepared (r.om Rartu o+

winter, Haro red Spring, Durum, White Club, Soft Red w.rie¢: 414 .akistani
wheats Particle size distribution of experimental at..s were = the
range of that of typical Pakistani attas. Proximate - omp.si1t. n and
anugh characteristics of the experimental attas wer+ 1etrrmined A

standard method was developed and used to produce c(hapat.s rom tre
experimental attas. The chapatis were evaluatec crpanviepticaily oy
&« panel using a scoring system devised for the purpose Al: attas
except those trom Durum wheat y{elded satiafactcrv  hapatis. .olor

apparentlv is a major factor in decermining acceptabiiicy, tne White

-~ Contribution No. 649, Department of Grain Science and Industry,
ronsas Agricultural Experiment Station, Kansas State Uriversity,
Manhattan, Kansas 66502, ~

2/ This paper .s based i{n part on the dissertation presented by M.
Shafiq Chaudhry in partial fulfillment of the requirements for the Ph.D.
degree. Dr. Chaudhry's present address is Department of Food Science,
Wwest Pakistan Agricultural University, Lyallpur, Pakistan.



Club and Pakistani wheat products were found to be significantly more

acceptable than those from any red wheat.

Introduction

Unleavened bread i:s a staple article of food in Pakistan and India.
It is simfiar (n uppearance to a tortilla but made of corrse wheal flour
and known an a "chapati". The flour from which chapatis are made ig
called "atta"., The typical chapati is prepared from atta and water
mixed 1nto a dough that is cooked on a flat, ungreased, hot surface.
The chapatt 1s turned several times during cooking and finally, if of
8oud g.ality it pufts, {.e., the two surfaces separate because of con-
stderabie expansion oi gases, probably mon&ly gteam, between tham.
The puftirg subsides as the chapati cools, @0 the cooked chipati resem-
bles a 1 .ght tan tortilla flecked with dark brown spots. wuen cold, a
coowed chapati :s wsoft and pliable.

There currently is much interex in pPosiil e fmpr . vewent ,¢
average diets {n both Pakistan and India. As thapatis are the sLaple
food and somet imes practically the only food in idrge par:-s ot buth
countries, improvea nutritior must depend primarilv .n iwpre vement of
the nutritive value of chapatis. Particle sfze o1 coavent fanal wheat
flour of Europe and the Americas 18, however, usueliy considersd two
small for good :hapatis, There {9 very little tn -he litersti.ra on
the production and characteristics of atta.  Yet it is obviously very
difficult to study nutritional improvemant of a product unless the raw

material {s either readily available or can easily be produced.


http:literat.ra
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Materiale and Methods
Seven samples of wheat were used for the study, Each was fumigated

when received.

Hard Red Winter: One sample, Triumph variety, from a farm near Scott

City, Kansas.

Hard Red Spring: One sample, Selkirk variety from Minnesota,

Durum: One commercial blend from Peavey Mills, Minneapolis.

White Llub- Two samples, Burt and Gaines varieties, respectively,
grown in 'he state of Washington,

Soft Red winter: One composite sample already on hand.

Pakistani: One tlend of improved varieties C-273.and C-228 from the

.

Department ot Plant hreeding and Genetics, West Pakistan Agricultural
Unjversity, Lyallpur.

Five hundred grams of each sample was milled and the regulting atta
tested for waring chapatis, (Wichita variety, (Hara Rec¢ Winter) a
commer: {ai blend of Hard Red Spring and Omar varietv, (white (1.b) also
vere used in preliminary tests and found to be not appreciavly d:fierent
from other samples in their respective .lasses.

A milling method was developed that yielde: a:tas .limelv approxi-
mating in properties samples obtained from Puk sran. A Hart-Carter
Dockage Tester was used for cleaning, with all settings aa recomended
by the manufacturer. Each sample was conditioned to 157 moisture comtent
by adding the calculated amount of water as a spray tu the Rrain as it
was tumbled {n & small rotating drum. The conditfoned wheat was held
in polyethylene bags 24-48 hours before milling. The milltng tlow

sheat is shown in Pig. 1. Ross experimental rolier mills were used,
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All except the smooth pair of rolls were of ''Getchell" type, set dull
to dull. The sifting was carried out on'l Smico laboratory sifter for
2 ain,, except in the fourth step where the time was 15-30 sec., depending.
on the wheat Seing milled, to obtain approximately 5% overs of 44 W,

Two types of atta, 95% and 80% extraction, were obtained. For 95%'
extraction, 53 bran (overs of 44 W from the fourth griné) vas removed,
For 80% extraction, 15% fines (thrus of 10XX) was also removed. After
appropriate removal the remaining millstreams were pooled &nd blended
35 min. {n a laboratory bléndar.

Eleven samples of atta that represented products made (a) on lteoi
roller mill (A-E), (b) on the manually operated sto&e grinder locally
known as s ''chakki" in Pakistan (F-H), and (c) on animal-powered stone
burr mills (I-K’ vere employed to determine the particle size distribu-
tion of acceptable attas. (Letters refer to designatiocns in Pig, 3.)
Two hundred grams of atta were sifted for 2 min. on a Rotap sifter
through sieves indicated in Fig. 1. The overs of each sieve and thrus
of 150 W were used to calculate a cumulative particle eize curva.

Analyses - for moisture, crude protein, ash, crude fat and crude
fiber were made nccordin; to methods «4-15, 46-10, 08-10, 30-20, and
32-15, respectivaly, in Cereal Laboratory Methods (1962).

Preliminary studies were made of doughs prepared by housewives
from Pakistan and India. The amounts of water used by three housewives
with 300 grams of attas o£.951 extraction (from Gaines variety wheat)
were 49%, 59%, and 71.5%, respectively. A small amount of vegetable

oil vas added when 49% water was used. Each dough was {mmediately
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placed in a large size farinograph bowl and the consistency determined.
The values were 1,000 B.U., 780 B.U._and'élo B.U., respectively, All
gave acceptable chaéacil,

A mechanical proceduré to evaluate doﬁghn, for chapatis was
devised on the basis of knowledge obtliﬁed of machinery used for making
tortillas. Two sets of sheeting rolls were adapted to determine
machinability, The first set, a product of National Machinery Co.,
had a roll speed of 85 r,p.m.,, peripheral speed 84 ft. per min.; this
set wes adjudted to a clearance of'one-eighth inch between the rolls.
The second set, a product of Anetsburger Bros., Inc,, had a roll spced
of o0 r.p.m,, peripheral speed 52 ft, per min,, adjustment was made
to a clearance of 0.050 in, between the rolls. Attas were evaluated
for machinability by starting at 71% absorption and decreasing absorp-
tion oy 1% at each trial untilla dough was obtained that made a clean
pass through each set of rolls.. Wrinkling after t'ie second rollse
could be reduc;d by (a) substituting 2% water with an equal amount of
vegetable otl (Neaaon oil), (b) reducing absorption by 5% from the
level that gave no sticking to the rolls, (c) generous use of dusting
flour (atta). Combining the three factors completely eliminated
wrinkling and improved the handling properties of the chapatis. In
Pakistan and India, the housewife commonly uses over 70% absorption and
employs dusting flour (atta) to improve handling properties. Fat is
sometimes uped in making chapatis in India; the product is then not a
chapati but a "parachl“. Economic considerations often prohibit the

use of butter fat or processed vegetable oils in India and Pakistan.
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Procedures 54-21 and 54-10 in Cereal Laboratory Methods (1962) were
used to evaluate dough characteristics in the farinograph and extensio-
graph, respectively,

Cooked chapatis were evaluated organoleptically by a panel of
judges composed of seven students from Pakistan and India to whom
chapatis wvere a common and well-known food, A scoring system was
devtced'by vhich each characteristic wac evaluated on a scale from 0
to 10, a score of 0 representing the pcorest qualicty and 10 the best
(Fig. 2), FEarh chapati was prepared from 50 gm. of atta, sheeted,
cooked on a hot plate, cooled for sbout 5 minutes and wrapped in wax
paper until it was presented to the judges. Organoleptic data were
analyzed oy students "t" distribution test ;hd analysis of variance

(Alder and Roessler 1958).

Results and Discussion

The particle size distribution of attas obtained from Pakistan
varied considerably (Fig. 3); that of sample A, from a modern mill,
was considered to fepreaent vhat would probably be available for large-
scale production of chapatis, stpilnr to production of bread in a
commercial bakery.

The method developed for willing wheat to atta gave products with
particle size distribution well within the limits of distribution found
for Pakistani attas (Pigs. 4, 5, 6), although there were large variations
among both the commercial and the experimentally milled samples. Attas
of 952 extraction from Pakistani and Hard Red Spring wheats were simjlar

in particle size distribution, However, Aziz and Bhatci (1962) found a
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wide range in the granularity of attas from various sources, yet all
made good chapatis., Probably color is more important tnan granularity,
within a wide range, in determining quality of atta.

Proximats cooposiction of the attas is shown in Table I. Protein
. mtent war trom 1l.boW to 15.42%, ether extract was from 1.4U7% to
2.U2% ano an  content was from 1, 8% to 1.81%4. Hard Red Winter
wieat mos' onearlv approached Pakistani wheat in the protein content of
tie atta wnhe:var the hard wheats gave attas of appreciably higher ash
(sutent “ta  -nat of atta from Pakistani wheat.

N v co1ane were found tnat permitted prepar+iion of a machinable
toagh nr o Wwhea’ atta, -Attas of the other wheats were machinable
vhen «a » war alded at 5% below maximum agsorptiou, 2. of the water
wis epia -4 «'tn vegerable oil, and generous use was made o: Jdudting
fl

Far rocprap’ irvrs (titration to 5NV B.U,) dre = ~a . Figps 7 and
[ *xte: sto.raph _urves are shown in Figs. 9 and iv. Nel ner st wed
ditteren-es 'nat .ould be related teo differences in gual'ty of chapatis
maja from ar-aa,

Rate 0! coviraction of the atta nad no significant etie. t on accepta-
bility ol cnapatis except in the case of Gaines wheat, where Lhe atta ot
957 extraction wag judged to vield a slightly better chapat: than the
atta of K0T v~traction (Table 11).

When chapattis from artas of 957 extraction were cumpared, thosu
from Burt, Gaines and Pakistani wheats were significantly better than

the others, chiefly on the basis of color, but with a slight influence

from flavor differences (Table III).




A similar trend was noted when chapatis from attas of 80% extrac-
tion vere compared, In this series, flavor Played a more pronounced
role in the differencesa. The Judges may have been more influenced by
¢clor than they realized, as the tests were carried out under ordinary
fluorescent lighting., The tests ®Bay not have shown actual differences
in flavor, but simulated the usual conditions of consumption closely
enough to give good: indication of consumer preference.

The results explain why U.S, vheats are often judged inferior for
making atta. 1f only White Club wheats were supplied to atta producers,

the quality ot U.S. wheats might well be judged excellent.
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TABLE I

_ Chemical analysis of atta samples milled from indicated vheats®

Atte Extraction - Bolsture Crude Crude fat Ash
rate o protein .

... (%) (%) (%) x

:.unrd Red Winter 50% “ifi- 12495 14,56 1,66 1.72
Hard Red Winter 95% " 13,03 15.04 . YY) 1.60
Herd Red Spring BOZ  13.43 13.69 2,02 1.76
HA:J Red Spring = 95% 13,21 14,11 1.85 1.61
Soft Red Winter 80% 13.35 12,92 1.85 1.81
Soft Red Winter 95% 13,35 12,46 1.70 1.62
Bugt 80% 11,30 11.63 | 1.59 1.64
Burt 95% 13,02 12,02 1,40 1.38
Gctﬁoo 80% 13.28 12,45 1,76 1,64
Cainase ;51 12.79 12,04 1,62 1.55
Pakisteai 95% 12,45 15.42 1,59 1.46

¥ Crude protein, crude fat, and ash arc exprassed om moisturs free basis



TABLE Il
Effect of the rate of extraction on the organoleptic properties of chapatis

Prepared from attas of 807 ead 95% extraction of indicated wheats.

Type of Rate of .. YOrage score of seven panel members
vheat oxtnc:m.gga;éb . Color 7Plavor Texture Acceptabilicy
‘ Rt sk

' : '0 R 7.00 7.57 7071 8000
Hard Red Winter e n.s n.s n.s n.s
95 ' 7.29 7.43 71.29 8.00
80 70 86 7.29 71,43 7.43
Hard Red Spring n.s . n.s n.s N.s
' 95 7.14 7.43 7.29 7.21
80 6,86 7.00 7.14 7.14
Soft Red Winter n.s n,s n.s n.e
95 7.71 7,43 7.57 7.57
80 9,93 8.79 8,57 9.36
Burt Wheat nNes n.s n.e n.s
93 9,79 8.43 8,57 9.07
80 9.14 8.86 8.64 8.93
Gaines Wheat n.s n.s n.s L
95 9.57 9,00 8.71 9.36
* eignificant at 0.05 level

n,s nonsignificant



TAF" ™ II1
Analyses of variance for color, flavor, texture and acceptability of chapatis

prepared from attas of 95% extraction of different wheats.

Source of Degrees of Mean square and significance

variance freedom Colior Plavor Texture Acceptability
Wheat 5 22,768%wm 3,820 2,114 n.s 7.394%%
Error 36 0,710 1.483 | 1.609 0.831
Total 41
n.s. nonsignificant

* significant at 0,05 level

LAd esignificant at 0,01 level



TABLE IV
Analyses of variance for color, flavor, texture and acceptability of chapatis

prepared from attas of 80% extraction of different wheats.

Source of Degrees of Msan square gnd significance

variation freedom Color Flaver Texture Acceptability
Wheat type -5 23 .84 8.148%w 2.024 o.s. 13.924¥*
Exrox 36 0.78 1.286 2.175 0.944
Total bl

n.s. noasignificant

e significant at 0.0l level
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Figure 7, FParinograph curves of attas from Gaines, Burt,
and HRS Wheats
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Figure 8. Parinograph curves of attas from SRW, HRW
and C 273 Wheats
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Figure 9. Rxtensiograph curves of attas from Gaiaes,
Burt, and HRS Wheats
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Studies on Attas and Chapatis II

Nutrit.:ional Value of Chapatis
With and Without Added Lysine

M. Shafiq Chaudhryl/, M. M. MacMasters,
' and W. J. Hoover
Summary
Rats were fod ground whels whaat, 'attu of 80% and 957 extraction and
chapatis made from them with end without supplementation with vitamina and
minerale and vith lyeins at two levels of supplementation but wichout
supplemsntary vitamino end minerals. Growth rates and protein efficiency

:ltioi (PER) wore evaluated vookly over an sight week period. The PER

‘velues vere ‘Mshu for chapet;.s then for attas from which thay were prepared.

Supplemsntotion with vitamine and minerals reoultc.d in an increase in PER

during tha 8§ week feeding trial. A similar improved PER resulted during the

fizet four wveeks on diets with added lysine but without added vitamins and
sinexrals, but an adverse effact on PER during tha second four waek period
was found using this diet. Livers of ratc fed lysine-supplemented diets had
lower motstuze content and higher protein content than thosa of the rats on
other diats. Fortification of cercal products with lysine in the absence
of adeguate concurrent fortification with vitamine and minerals may not be
of wolue when the products form essentielly the only article of dist as

1s ofiien true iun daveloping countries.

U Goatrtb.utton Ro. _____. Department of Grain Scienca and Industry,
Kaneas Agricultural Experiment Station, Kansas State University,
Manhattan, Kensas 66502,

This papor is takan fzom a portion of the dissertation presanted by M.
$hafiq Chaudbry in partial fulfillment of the requirements for tane Ph.D.

dogroe at Hensas State University. Rr. Chaudhry's present address is De-
partment 62 Food Science, Wast Pakistan Agricultural University, Lyallpur.



. Intyoduction

Improving the nutritional status c.:! developing nations, most of which
produce insufficient protein for the national need, is currently of much
interest. Often a cereal food constitutes ths major portion of the diet
of most of the people and may even be essaentlially their sole souxce of
mtritica. XIn Yost Pakicten wad a large portion of India, unleavened
bread, ‘kmm @5 “chapatis”, holds that position. Improvemant of the nutrie
ticnal otatus of ths pacple in those areas will bs most easily and accepte
ably accemplished by improvement of the nutritiocnal value of chapatis.

Flouz enrichment programs in the United States, Howfoundland, the
Pilippings and elecwhore have established zhe bgneficial nutritional ef-
fects of vitemin end mineral supplenentation of bacic cereal foods. There
heve becn very fow studies made of the nutritional value of chapatis. The
Pretein Rificiency Ratio (RER) of chapatis was reported by Shayemala and
Rennady (1962) to bo about 201 higher than that of unbaated flour, and re-
placemset of 10% flour with 8oy flour or dry milk solide was found to fur-
ther increass the PER. Imties (1962) xeported thaet chapatie prepared from
whola-wheat pastry flour with the addition of 15% medium fat eoy flour and
10% éxy shimmed milk supported amcelleat growth of rats.

In aress vhere chapatis form the otaple food, it has been felt that
the limiting amino acid in the diet s lysina, ednce tha lysina content
of whoat protein ic lknown to be ths limiting factor in that protein for
bumans. It is liksly that vitemins end minerals are not at optimal lev-
els in diets based lamgely on chapatie. The losses of thiamin that occur
during milling of wheat to ths coarse flour, called "atta", from which
shapatis are made, was studied by Singh ot al. acc'ordtns to Asis and Bhatti

(1962) . Loases of 20% to over 50% of thisaine wers reported, the

1ees beding dependent upom tho type of milling.
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The present study was undertaken to explore the possibility of
improving the nutritional value of chapatis by the fortification of atta

with lysine and some vitamine and minerals.

Materials and Methods

Gaines variety White Club wheat was milled experimentally to produce
two attas of 80% and 95% extraction respectively; the wheat and the milling
procedure were described by Chaudhry et al, (1968).

Chapatis were prepared in batches, each from 1000 grams of stta (d.b.),
to which 70-75% distilled water was added to produce a dough of the proper
consistency. The dough was knesded by hand, divided into balls weighing
SO grams each, and each ball shaped with a rolling pin into & chapati of 6-
to 7-imch diameter. Each chapati was cooked on an ungreased hot plate
(290° - 300°C.) for approxima;ely tvo minutes,

Cooked chapatis were air-dried in the laboratory (65° . 75°F.) for
48-72 hours, then ground in a Wiley Hammer Mill No. 1 to pass through a 1-mm,
sieva.

Diets containing the two attas and vhole ground wvheat, as well as the
cooked, dried and ground chapatis, were prepared and fed to weanling male
rats, as shown in Table I. Bach prepared diet was analyzed for moisture
content, and 2% sodium chloride and 5% refined cottonseed oil (d.b.) were
added to each. The moisture content of each diet was then adjusted to 15%
by the addition of distilled water. Vitamin and mineral supplementation
levels waere based upon multiple increments of the amounts available in the
original grain, rather than upon known dietary requirements of the test
animale.

Male weanling rats (Sprague-Dawley strain) were used in the studies.

They were fed a stock diet for one day defore being housed individually,
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Five randomly selected rats vere maintained on each diet, Initial weight
vas taken after the animals had been on the diets for 5 days and weekly
thereafter, for a total of 8 weeks. Pood and water were provided ad lib{itum,
At the end of 8 weeks, the rats were sacrificed and the liver of each was
removed for analysis for moisturs, crude fat and crude protein,

Whole wheat, attas and chapatis were analyred for moisture, crude fat,
nitrogen, ash, crude fiber, thiamine, niacin, riboflavin, calcium, and iron
contents by wethods 44-15, 30-20, 46-10, 08-10, 32-15, 86-80, 86-51, 86-70,
40-20, and 40-4] relpecttvoly.’ln Cereal Laboratory Methods (1962). The

factor 5,7 was uged to convert nitrogen to crude Protein value, Lactobacillus

plantarum NRRL B-531 wasg the organism used {n determi{ning niacin,

Each liver was vrapped in aluminum foil and frozen. . The frozen liver
was sliced rapidly, and approprinée amounts weighed for analysis, Moisture
vas determined by the vacuum oven method (100°C., 5 hrs.); dried samples
were extracted for 8 hours with ethyl ether (high heat, Goldfish extractor)
for crude fat determination. The Kjeldahl method was used to determine
nitrogen,

Data on weight 8ain and on protein effictency were anslyzed by two way
claesificacion analysis of variance, Pryer (1966). Duncan's New Multiple
Range Test, as outlined by Fryer (1966) was used to determine the signiff-
cance of differences among means of percentage gain in weight and protein

efficiency ratio.

Results and Discussion

Chemical gnalyses of the wheat, attas and chapatis are shown in
Table II, where each value is an average of 4 to ¢ replications. No
.significant difference in vitamin contents was found between the attas of

80% and 95% extraction, The three vitamins that were determined decreased
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in amount during cooking of the chapatis, but the difference was not
significant when atta of one extraction rate was compared with chapatis
made from it. With the exception of minerals, atta of 80% extraction
and chapuitu prepared from it showed higher contents of nutrients than
etta of 95% extraction and chapatis prepared from {t.

Average cqaulatlve veight gair. curves are shown in Pigs. 1, 2, and 3.
Atta of 93% extraction (Piet III) promoted significantly better growth
than that of 80% extraetion (Diet II) and than whole wheat (Diet I)
during the first week, othervice the three diets yielded no significant
differences, (Figs. 1 and i).

Peeding studies to determine the nutritive value of vitamins and
minerals added in msking chapatis from atta of 80% extxaction showed
that supplementation at levels 6f 50% (Diet VIII) or 100% (Diet IX)
above the level in the original wheat (Diet 1) gave a significant
improvement (Pig. 2). Similar results were obtained with chapatis made
from atta of 952 extraction in which the vitamine end minerals were
added to make them equal in the atta to the amounts pregent in the
original vhole wheat (Diet VII). Comparison of the data suggested
that rats fed diets based on atta of 80% extraction (Diet IV) and
chapatis mede from it performed better than those fed diets based on
ctta of 95% extraction (Diet III) Bnd chapatis wade from it. The
differences were, however, not statistically significant. Hepburn
et al. (1960) found less than half as high a concentration of lysine
in the best patent flour than in germ. Removal of 15% fines during
production of atta of 80% extraction would therefore, mean removal of
13% lysine-poor material, with the result that the amino acid balance
of the atta would be improved. The chapatis made from atta of 80%
extraction also contained more vitamins than those made from atta of

95% extraction,

.
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Supplementation with lysine led to unexpected results (Fig. 3).
Addition of lysine at 0.2% (Diet X) and 0.4% (Diet XI) the weight of
the atta aignificantly improved the performance of the test animals
during the first four weeks, but caused a decline in the growth rate
during the subsequent four weeks. Such an effect has not been reported
in any of the numerous studies on lysine supplementatione of foods,
Rosenberg and Rohdenberg (1952) found significantly improved nutritional
value to result from addition of lysine at 0.2% to 0.8% levels to a
diet of which 90% was afr dr}ed bread; those workers considered 0.2% to
0.4% to be about the optimal level for lysine supplementation, and othér
wvorkers have come to similar conclusions.

Lack of fortification with vitamins and minerals of the diets to
vhich lysine was added might have caused the observed results. Porti-
fication of wheat products with lysine to provide better nutrition for
developing nations has generally been recommended. Apparently this {5 a
promising procedure when the diet of the people contains other sources
of vitamins, minerals and even small amounts of methionine. In
nconomically poor areas of Pakistan and India, chapatis often form the
svle article of food consumed over long periods of time. Little fruit,
vegetables, fats or oils, meats or fish are eaten with the chapatis in
such areas. 1In view of the results of the present study, it appears
that atta supplementation with lysine is of questionable value unless
adequate enrichment with vitamins, minerale and other amino acids in
marginal supply is also practiced.

Data showing consumption of feed and of protein, gain in weight

and PER are given in Table III, and data on analyeis of variance are
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shown in Table 1V. Differences in PER smong the diets in both four week
periods were tested for significance by Duncan's NMRT. During the first
four weeks, Diet XI (0.4% lysine supplemented) gave the highest PER, but
that diet and Diet X (supplemented with lysine at 0,27 level) gave the
lowest PER values during the second four week period. PER values were
higher for chapatis than for the attas from which they were prepared.
This may be due to nutrient availability rather than protein quality.
Shayamala and Kennedy (1962) attributed a similar difference found in
their studies to the destructfon of Trypsin inhibitor during baking.

Two other possible factors may be {nvolved. F.rst, Parihar and
Chatterji (1956) determined by X-ray diffraction studies that starch

is gelatinized during the baking of chapatis. The starch would there-
fore be more susceptible to the action of digestive enzymes. Second,
although no toformation is available on the fate of phytin durtng the
baking of chapatis, Kent (1966) statee that phytin {s hydrolyzed during
the baking of bread, If hydrolysis occurs as chapatis are baked,
phosphorus would be freed, and there would be less probible formation
of complexes of calcium and iron with phytin,

During the first four weews, supplementation with vitamins,
minerals and lysine resulted in en increase of the PER and the increased
value continued during the second four weeks, except in the cases of
supplementation with lysine,

Dats obtained on the livers at the end of the fe:ding experiment
indicated that the supplementation of the diet with lysine increased
protein content and decreased moisture content of the liver, No con-
sistant effects vere obtained as the result of rate of extraction of

atts, baking or supplementation with vitamins and minerals,
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(2% sodium chloride and 5% fat not shown in this table,

TABLE |

Coaposition of diets

wvere added to diets before feeding to rats)

Diet Code Description The amount of various nutrients added (expressed as mg./100 g,)
Mo,
Thiamine Niacin Riboflavin Calcium Fe SO,“?HZO Lysine
HC1 Carbonate HCl
I W Whole ground wheat - - - - - -
IX AT-80 Atta, 80% ex:ractfion - - - - - -
I11 AT-95 Atta, 95% extraction - - - - - -
Iv CH-80 Chapatt from atta of
802 extraction - - - - - -
v CH-S5 Chapati from atte of
952 extraction - - - - - -
VI CH-80 IX Chapati from atta of
807 extraction 0.008 1.25 0.031 6.71 - -
VIl CH-95 1Ix Chapati from atta of
95% extraction 0.188 1.41 0.046 - - -
VII1I CH-80 1.5Xx Chapat{ from atta of
807 extraction 0.368 2.35 0.056 93,64 11.67 -
Ix CH-80 2x Chapati from atta of
807 extraction 0.735 4.0 0.112 187.28 23.34 -
X CH-80 2L Chapati from atta of
807 extraction - - - - - 200
X1 CH-80 4L Chapat{ from atta of ’
807 extraction - - - - - 400

€1
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Analys.s of wteal, attis a.?

2]

cia, AT <«

(moistur. free bas:is:
Sample Moisture Crude Crude Crude  Ash I
protein fat fiber

% % % A % mg%
Whole wheat 9.97 12,22 1.70  2.62 1.713 4.89
Atta of 80%
extraction 12.39 12,16 2,06 1.95 1.611 4,9
Atta of 95%
extraction 12,57 12,07 1.81 1.72 1.482 5.07
Chapatis from atta
of 807 extraction 7.28 12.15 1.21 2.02 1.643 5.77
Chapatis from atta : .
of 957 extraction 6.54 12.0Y 1.00 1.7% 1.491 7.52
LSD 0.0] 1level r. QL2 N L= 0,03n 0,177

Calcium Niacin Thirarin Ribo-
flavin -

_ mE% mg% _ ™87
58.4 4,70 0.733 0.112
56.3 4,28 0.728 0.0,6
53.9 3.78 0.680 0.074
56.5 3.58 0.728 0.081
65.1 3.42 C.548 0.066
3.89 L7 0.203 0.0199




TABLF 11

Average amount of feed consumed, protein consu=ed, gain 1o we.pgr a A pr-ces: » “ficiency ratio (P.E.R.
of different diets i .xr tw pertods of four weers eact, o —
Diet No, First four wecr period —— . ..Second four week periocd
Feed Protein Gain in P.E.R. Feed Protein Gain in P.E.R.
consumed consumed weight consumed consumed weight
(8.) (g.) (8.) &.) _ . ., = __ (&)
I 225.4 21.66 22,20 1,031 201.2 19.34 13.20 0.680
— II 265.0 20.40 22,60 1.107 200.2 ‘19.92 18.80 0.737
III 235.2 22,44 22,20 1.011 198.6 18.95 16.40 0.873
Iv 201.8 19.84 26.80 1.348 191.4 18.81 22,00 1,172
v 185.6 17.76 23,00 1.290 176.2 16.86 12,80 0.786
Vi 217.2 21,52 27.20 1.265 197.8 19.¢0 22,60 1.156
VIl 185.0 17.95 23.80 1,31 193.2 18.18 17.80 0.968
VIII 216.2 21.31 32,00 1.« 201.2 19.8% 22,20 1.105
IX 261.2 25.62 39.20. 1.5 272.8 26.76 35.00 1.317
X 200.2 20.00 36.40 [ P15 190.0 18.98 11.00 0.544
X1 191.6 19.35 35.20 1.821 225.2 22.74. 8.8 0.410

— e e e -




Pigure 10. Bxtensiograph curves of attas from HRW, SRW,
and C 273 Wheats
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Studies on Attas and Chapatis I

Nutritional Value of Chapatis
With and Without Added Lysing

M. Shafiq Chaudhryl/, M. M. MacMasters,
and W, J. Hoover
Summary

Rats ware fed ground whole vheat, attas of 80% and 95% extraction and
chapatis made from them with and vithout supplementation with vitamins and
minerals and with lysine at two levels of supplementation but without
supplemaentsry vitamins and minerals. Growth rates and protein efficiency
ratios (PER) were evaluated weekly over an eight week period. The PER
values were highar for chapatis than for attas from which they were prepared.

Supplementation with vitamins and minerals resulted in an increase in PER

during the 8 week feeding trial. . similar improved PER rcasulted during the

first four veeks on diets with added lysine but without added vitamins and
ainorals, but an adverse effact on PER during the second four week period
was found using this diet, Livers of rats fed lysine-supplemented diets had
lover woisture content and higher prctein content than those of the rats on
other diets. Fortification of cereal products with lysine in the sbsence
of adequate concurrent fortification with vitamine and minerals may oot be
of value when the products form essentially the unly article of diet as

is often true in developing countrias.

1/ Contribution No. ____ . Dopartment of Grain Science and Industry,
Kansas Agricultural Experiment Station, Kansas State University,
Manhattan, Xansas 66502,

This paper is taken from a portion e¢f the dissertation presented by M.

Shafiq Chaudhry in partial fuifillment of the requirements for the Ph.D.

degree at Kansas State University. Rr. Shaudhry's present address is De-
partment of Yood Science, West Pakistan Agricultural Univereity, Lyallpur,



_ Introduction

Improving the nutritional status 6! developing nations, most of which
produce insufficient protein for the national need, is currently of much
interaeat. thcn a coreal food constitutes tha major portion of the diet
of most of the people and may even bo essentially their smole source of
nutrition. In WHest Pakistan end a large portion of India, unleavened
bread, .knwn as "chapatis", holds that position. Improvement of the nutrie
tional status of the people in those areas will be most easily and accept-
ably accomplished by improvement of ths nutritional value of chapatis.

Flour enrichment programs in the United States, Newfoundland, the
Philippines and elasgwhere have established tha beneficial nutritional ;f—
fects of vitamin and mineral supplementation of basic cereal foods. There
have been very few studies wade of the nutritional value of chapatis. The
Protein Rfficiency Ratic (BER) of chapatis was reported by Shayamala and
Kennedy (1962) to ba about 20% highsr than that of unbeated flour, and re-
placement of 10% flour with soy flour or dry milk solids was found to fur-
ther increase the PER. Imtiaz (1962) rer 'rted that chapatie prepared from
whole-wheat pastry flour with the eddition of 15% medium tat soy flour and
10% dry skiomod milk supported excellent growth of rats.

in areas vhexe chepatise form tize staple food, it has besen felt that
the limiting amino acid in the diet s lysine, =ince the lysine content
of wheat protein is knowm to be the limiting factor in that protein for
bumans, It 1is liksly that vitemine and mineralc are not at optimal lev-
els in diets based largely on chapatis. The losses of thiamin Lot occur
during milling of wheat to ths coarse flour, callcd "atta", from which
chapatis are made, was studied by Singh gt al. ncc.ordi.ng to Azis and Thated

(1962) . Losses of 20% to over 50% of thiamine were reported, the

loss being dependent upon ths typo of milling.
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The present study was undertaken to explore the possibility of
improving the nutritional value of chapatis by the fortification of atta

with lysine and some vitamins and minerals,

Materials and Methods

Gaines variety White Club wheat was milled experimentally to produce
two attas of 80X and 95% extraction respectively; the wheat &nd the milling
procedure were described by Chaudhry et al. (1968).

Chapatis were prepared in batches, each from 1000 grams of otta (d.b,),
to which 70-757 distilled water was added to produce a dough of the proper
consistency. The dough was kneaded by hand, divided into balls ueighing.
50 grams each, and each ball shaped with a rolling pin into a chapat{ of 6-
to 7-inch diameter. Each chapati was cooked on an ungreased hot plate
(290o - 300°C.) for approximately two minutes.

Cooked chapatis were air-dried in the laboratory (65o - 75°F.) for
48-72 houre, then ground in a Wiley Hammer Mill No. 1 to pass through a 1-am.
sieve,

Diets containing the two attas and whole ground wheat, as well as the
ccoked, dried and ground chapatis, were prepared and fed to weanling male
rats, as shown in Table I. Each prepared diet was analyzed for moisture
content, and 2% sodium chloride and 5% refined cottonseed oil (d.b.) were
added to each. The moisture content of each diet was then adjusted to 15%
by the addition of distilled water. Vitamin ard mineral supplementation
levels were based upon multiple increments of the amounts available in the
original grain, rather than upon known dietary requirements of the test
aninals.

Male weanling rats (fprague-Dawley stiain) were used “n the studiee.

They were fed a stock diet for one day before being housed individually.
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Five randomly sclected rats were maintained on each diet. Initial weight
was taken after the animals had been on the diets for § days and weekly
thereafter, for a total of 8 weeks. Food and water were provided ad libitum,
At the end of.8 weeks, the rats were sacrificed and the liver of each was
removed for asnalysis for moisture, crude fat and crude protein,

Whole wheat, attas and chapatis were analyzed for moisture, crude fat,
nitrogen, ash, crude fiber, thiamine, niacin, riboflavin, calcium, and iron
contents by methods 44-15, 30-20, 46-10, 08-10, 32-15, 86-80, 86-51, 86-70,
40-20, and 40-41 respectively, in Cereal Laboratory Methods (1962)., The
factor 5.7 was used to convert nitrogen to crude protein value. Lactobacillus
plantarum NRRL B-531 was the organism used in determining niacin.

Each liver was wrapped in aluminum foil and frozen. . The frozen liver
was sliced rapidly, and epptopriaée amounts weighed for analysis. Moisture
vas determined by the vacuum oven method (100°C., 5 hrs.); dried samples
were extracted for 8 hours with ethyl ether (high heat, Goldfish extractor)
for crude fet determination. The Kjeldahl method was used to determine
nitrogen,

Data on weight gain and on protein efficiency were analyzed by two vay
classification analysis of variance, Pryer (1966). Duncan's New Multiple
Range Test, as outlined by Fryer (1966) was used to determine the signifi-
cance of differences among means of percentage gein in weight an’ protein

efficiency ratio.

Results and Discussion

Chemical analyses of the wheat, attas and chapatis are shown in
Table II, where each value {s an average of 4 to 6 replications. No
.significant difference in vitamin contents was found between the attas of

80% and 95% extraction. The three vitamins that were determined decreased
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in amount during cooking of the chapatis, but the difference was not
significant when atta of one extraction rate wae compared with chapatis
made from {t, With the exception of minerals, atta of 80% extraction
and chapatis prepared from it showed higher contents of nutrients than
atta of 95% extraction and chapatis prepared from f{t.

Average cumulative weight gain curves are shown in Pigs. 1, 2, and 3.
Atta of 957 exéraction (Diet III) promoted significantly better growth
than that of 80% extraction (Diet II) and than whole wheat (Diet 1)
during the first week, othervise the three diets yielded no significant
differences, (Pigs. 1 and 2).

Feeding studies to determine the nutritive value of vitamins and
minerals added {n waking chapatis from atta of 80% extraction showed
that suppiementation at levels Qf 50% (Diet VIII) or 100% (Diet IX)
e@bove the level in the original wheat (Diet I) gave a significant
improvement (Pig. 2). Similar results were obtained with chapatis made
from atta of 957 extraction in which the vitamins and minerals were
added to make them equal {n the atta to the amounts present in the
original whole wheat (Diet VII). Comparison of the data suggested
that rats fed diets based on atta of 80% extractiosn (Diet 1V) and
chapatis made from it performed better than those fed diets based on
atta of 95% extraction (Diet IIT) und chapatis made from {t. The
differences were, however, not statistically significant. Hepburn
et al. (1960) fouud less than half as high a concentration of lysine
in the best patent flour than in germ. Removal of 15% fines during
production of atta of 80% extraction would therefore, mean removal of
15%. lysine-poor material, with the result that the anino acid balance
of the atta would be improved. The chapatis made from atta of 80%
extraction also contained more vitamine than those made from atta of

95% extraction,
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Supplementation with lysine led to unexpected results (Fig. 3).
Addition of lysiﬁe at 0.22 (Diet X) and 0.4% (Diet XI) the weight of
the atta significantly 1mproved'the performance of the test animals
during the.first four weeks, but caused a decline in the growth rate
during the subsequent four weeks, Such an effect has not been reported
tn any of the numerous studies on lysine supplementations o< foods,
Rosenberg and Rohdenberg (1952) found significantly improved nutritional
value to result from addition of lysine at 0.2% to 0.8% levels to a
“iet of which 90% was air dried bread; those workers considered 0.2% to
0.4% to be about the optimal level for lysine supplementation, and other
workers have come to similar conclusions,

Lack of fortification with vitamina and minerals of the diets to
vhich lyesine was added might have caused the observed results. Forti-
fication of wheat products with lysine to provide better nutrition for
developing nations has generally been recommended. Apparently this s a
promising procedure when the diet of the people contains other sources
of vitamins, minerals and even small amounts of methionine, In
economically poor areas of Pakistan and India, chapatis often form the
sole article of food consumed over long periods of time. Little fruit,
vegetables, fats or oils, meats or fish are eaten with the chapatis in
such areas, 1In view of the results of the present study, it appesrs
that atta supplementation with lysine is of questionable value unless
adequate envichment with vitamins, minerals and other amino acids in
marginal supply is also practiced,

LCata showing consumption of feed and of protein, gain in weight

and PER are given in Table III, and data on analysis of variance are
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shown in Table IV. Differences in PER among the diets in both four week
periods vwere tested for significance by Duncan's NMRT. During the first
four weeks, Diet XI (0.4% lysine supplemented) gave the highest PER, but
that diet and Diet X (supplemented with lysine at 0.2% level) gave the
lowest PER values during the second four week period. PER values were
higher for chapatis. than for the attas from which they were prepared.
This may be due to nutrient availability rather than protein quality.
Shayamals and Kennedy (1962) attributed a similar difference found in
their studtes to ihe destruction of Trypsin inhibitor during baking.

Two other possible factors may be involved. First, Parihar and
Chatterji (1956) determined by X-ray diffraction studies that starch

is gelatinized during the baking of chapatis. The starch would there-
fore be more suasceptible to the action of digestive enzymes. Second,
slthough no information {s available on the fate of phytin during the
baking of chapatis, Kent (1966) states that phytin fs hydrolyzed during
the baking of bread. If hydrolysis occurs as chapatis are baked,
phosphorus would be freed, and there would be less probable formation
of complexes of calcium and iron with phytin.

During the first four weelis, supplementition with vitamins,
wminerals and lysine resulted in an increase of the PER and the increased
value continued during the second four veeks, except in the cases of
supplementation with lysine.

Data obtained on the livers at the end of the feeding experiment
indicated that the supplementation of the diet with lysine increased
protein content and decreased moisture conteat of the liver, No con-
sistent effects were obtained as the result of rate of extraction of

atts, baking or supplementation with vitamins and minerals,
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TABLE 1}

Composition of diets

(2% _sodium chloride and 57 fat not shown in this table, were added to diets before feeding to rats)

Diet Code Description The amount of various nutrients added (expressed as mg. /100 g.)
No. .
Thiamine Niacin Riboflavia Calcium Fe SOa°7820 Lysine
HCl Carbonate HC1
I W Whole ground wheat - - - - - -
I1° AT-80 Atta, 807 extraction - - - - - -
III  AT-95 Atta, 95% extraction - - - - - -
v CH-80 Chapati from atta of
80% extraction - - - - - -
v CH-95 Chapati from atta of .
95% extraction - - - - - -
VI CH-80 IX Chapati from atta of
807 extraction 0.008 1.25 0.031 6.71 - -
VIl CH-95 IX Chapati from atta of
95% extraction 0.188 1.41 0,046 - - -
VIII CH-80 1.5X Chapati from atta of
877 extraction 0.368 2.35 0.056 93.64 11.67 -
x CH-80 2X Chapati from atta of
807 extraction 0.735 .70 0.112 187.28 23.34 -
X CH-80 21 hapati from atta of
807 extraction - - - - - - 200

XI CH-80 4L Chapati from atta of
807 extraction - - - - - 400
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TAr.Y 11
Anailys.- Sl vy &R v @ g Al <
(moi1stu:. free bae =

Sample Moisture Crude Crude Crude Ash i Calcium Niacin Thrar:ir Ribo-

: protein fat fiver flavin

x % 2 % L mg%  mgh =gl mgT

Whole wheat 9.97 12.22 1.70 2,62 Weil3 4,R9 58.4 4,70 0.733 0.112
Atta of 807
extraction 12,39 12.16 2,04 1.95 1.611 i 4 56.3 4.28 0.728 0.096
Atta of 957
extraction 12,57 12.07 1.81 1.72 1.482 5.07 53.9 3.78 0.680 0.074
Chapatis from atra
of BO7 extraction 7.28 TZalS 1.2 2.02 1.643 5.77 56.5 3.58 0.728 0.081
Chapatis fro~ atta
of 957 extra.: on 6.54 12.9% Lood™  jui- 1,49 7.52 bS.1 3.42 C.548 0.065
LSD 0.0! leve! - % B - TS 0,177 3.8Y9 L 7 0.203 0.0199




TARLF

Average amount of feed consumed, protein consu-el,

of difterent diets i t °-

Diet No.

IX
II1I

v

VII

VIII

X1

Feed Protein
consumed consumed
&.) (g.)
225.4 21,66
205.0 20.40
235.2 22,44
201.8 19.84
185.6 17.76
217.2 21,52
185.0 17.95
216.2 21.31
261.2 25.62
200,2 20,00
191.6 19.35

First foq[_ggr-_gqiiggm
Gain 1n

weight

-Lg.)

22,20
22,60
22,20
26.80
23,00
27,20
23,80

32.

L5
[
i}

TP,

E.R.

1,031
1,107
1.011
1.348
1.290

1.266

gain 1. we.

‘~eri:xd.~. o

Feed Protein

consumed consured

&) e
201.2 19,34
200,2 19.92
198,6 18,95
191.4 18.81
176.2 16.86
197.8 19.¢0
1¢3.2 18.18
201.2 19.85
272 .8 26.76
190.0 18,98
225.2 22,76

e - *
P

foul weer -~ edadlt.,

L

cficiency

Second four week period

tatio {(P.E.R.

Gain in
weight

(g)

13,20
16 .80
16,4C
22,00
12.80
22,60
17.80
22,20
35.00
11.00

8.8

P.E.R.

0.680
0.797
0.873
1.172
0.786
1.156
0.968
1.105
1.317
0.544

0.410
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TABLE IV

Ana.ysis ot varience for protein efficiency ratio of various diets during

two growth perfods of four weeks each,

——

Soarce Deveoee  of Sum of

variation freedon squares Mean square F value
Per iods i 5.54268 5.5427 109, 76%*
Dievcs i 2.6688 0.2664 5.,285%*
Peri.as X

Diets 10 4,78756 0.4788 9,481%%
Error 38 4,44127 0.0505

Total 109 17.44031

v  gignificant at 0.01 level,
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Studies om Attse and Ghapatis III

A Wote om the Relative Bupertamce of 1/
Vitanins and Mimorsls as Pleteary Supplesents

Netn Y. Chumg, W. M. MseMioters and ¥. J. Noever

- Semmary
Peoding myuo vith wesalisg usle rvats indfcate that adequace
u"l.'t‘-utlu of chagatis vith vitomiso asd micerals ts es nocessary for
optimal growth as is segplamentatien with lysise. Supplementstion of flour
or atta with lysime for mutviSisssl izprovemsnt i proteia-poor countries
wty be of questicnsble wales smlesc adoguate vitamine aed aimsrels are ﬁloo

oupplied.

Iatroductien

Chouddery g; al. (19-b), feoding chapstis supplemeuted withk 0.4% ly-
siee to wesniing mle rots, fowsd loos in vaight of the vats by cho etighth
wesk. It wo pootulatod thit the notursl vigemia aud mincral cupply per-
heps besamo imndeguits besanse of {nsvensed motsbelic astivity brought
abewt by tho otimmslatiea of grewth cawsod by the lystiae sédad 1o the feed-
433 srlalds.

Bzplezitory siwdies were vadertaben with the limited casent of stta
Wwepsred by Cheafdoy gt 91, (199-0) that rematimsd afeor the fesdiag empert-
seeto (Ghoudday g2 al. 196-0) were eoncleded.

)/ Ceatridatios ms. m' BOPATIEGAt of Grain dsicnse ced Iadestry,
Rencas Agrieultuse] Buperimcat Station, Dsasss Stete Wdvevotty,
Wmbatten, Buces 60908.

s w009 Lo buoad ou part of the disssrcatice proveated by Bate Y.
Guag fa poreial fulftllaest of the raquirensats for the #A.D. degree.



Wteriale snd Wtheds
The sssunt of atta O extrectise) aveilablo was estimeted to be suf-
fieiont to make emcugh nbapatis to fosd nins wats Zor eix wesks. Threa
veanling malo rage (Spsogue-Bavisy otrain), ehoesn at rendom, were theve-
fore pisced ca cesh of thoes dicto aftoy tse days om & cemmmrcial feed
{Pezima Dog Chew) erd watow g4 Lihitym
A. Ground cha@gie ¢ 0.4% *~ilme

C. Orewd chapitts ¢ 6,48 Iyetse + 0.0 methieutne + vitsaine and
aiesralo. .

The conpecitica of the vitamin-ainscei supplement 1is shewe (s Tuble I.
Ia the otudy mds by Chauéhwy gt gl. (190-0) vitamine ond mimerals wore
odded to dicte, ot oupplemsnted with lycims on the baefc of mmitiple {a-
evemsnto of 2o czowmts p¥escat im tho erigissl vholo uhent. I the preseat
otudy, cupplamzataticn of the dlete was baoced wpon the lowole resummsuded by
ths Baticmal Roscoved CGoumoil.

Promiante conpoeitisno of the threo diete arve shewa ia Tdle II.

Rosultes and Blscussien

Besulto of the ouporiment ave abova in Plgu¥e 1. Supplemsncatien with
6.48 lyeims alone gove 4 ewmmwlacive weight gola that wne oely olightiy abeve
et dtsined by owdhry of al. (190-b). o vete wsed in the preseat
soudise wove doloyed in gwessit, ¢o usse covesul days oldev whon outeving
the trialo thea tho wote uweed fn tho formar otadice. Wolghto of tho elder
288 vevo undorotindably somsehot bigher them woighteo of tleco provicusly
weed,

e séédfatsn of the cemplete vitamin a=d micswral cupplamant wsed fa
the gweoont stufy greasly iacresced the giin Lm weight of the rads ever

14



Addtcion of 0.64R cotddenize to o lystne-oupplemonted diec coatsining
vitamiss and einerals es0eod me sppreetshle 12¢oronce 1 weight patasd,
Perthor wood 1o spoded oo dotzendes o miaties) offoetivo emowmte of
vitimias eed etzorolo nopded ¢ cxpplemens edagaeis for umen aztrition,
The pressag ezplorageny Eparimeats, bewewer, 8ive otrong evidomss that
vitening eed misssals w2ot B2 aupplied (a adeguate emownmto if 6504 veowle:
67¢ to be edeatned thrcegh cupplemsataticn of At8a or ehapatis vith lysine,



Table %
Vitanis and Niacral Gontents of Plets

Vitemin , Supplomentaticn por 106 gun. of Dlet

or Present Choaddry By wheat Recommended
Mipevel 2eudy Ak al, (1963) flewr, 801 extrn. by JAC
Vicantia A, L0 - 1000 0 0 200
Vitamia B, L8, 100 ] - .
Vicamin B, ug 10 0 - 6
Vitamie KX, =g 0.3 ¢ - 0.01
Tuismine BC1, ag 0.9 0.7 0.2¢ 0.25
Vitsmin By, ug 0.4 0 . 0.12
Nisein, wg 4,0 3.5 2.0 1.8
Cs psatothozage, ag 23 0 - 0.8
Cheline chloride, cg 200 0 - 73
Vicemts B,y. g4 2 0 - 0.3
Ribeflavia, og 1 0.081 0.09 -
ZABA, «g 10 o
Blolia, =g 0.08 0
Polts ecle, ug 0.2 0 . )
Oaleimm, g 700 3.3 24 600
Thesphorus, wg 360 0 19 300
Sediwm, ug 30 7 l 30
Pessosion, g 180 0 ” 180
Ghlczins, oy 2s) 122 - 30
guootan, ug o3 0 . &0
ageess, ag ] e - 5
Iven, @ S "N | 1.3 2,3
Qoppan, m2 0.3 0 | - 0.5
Ziss, ug 3. 0 | . 1.2
ledine, ug | .18 o - 0.013
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Preximate Cemposition of Biets (dry basts)

Crude xotuip

Cxruwédz Pac
Crude Pibey

Teble 12

A

12.0
3.3
1.0

A
12.9

5.6
A ) !o’

14

12.¢
4.8
2.2
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Nutritional Evaluation of Wheat Based Poods:
Rat Study I. Studies on minimum
supplementation of high extraction flour,

Obj«.:t'lvo: To o.tudy the effoct of supplamenting 97% extraction wheat
flour with limiting amino acids, mineralc, and vitamins, each of the
rations shown in Table 1 were fed to aight weanling (21-day old)
female albino rats of the Sprague-Dawley strain. The duration of the
study was 28 dayn £oliowina an adjusteent period of three days.
Procedure: Diet I, the control diet, wes designed to mset all WRC
minima] requirements for the rat. Diet I was supplemonted with four
amino acids (lyvine, threonine, valine, and methionine), eix minevals
(memgaraee, iodine, calcium, phosphorus, sodiuva, and chlortine), and

four vitemins (vitemins A, D, and B 2° and riboflavin). Supplementes-

1
tion of these nutriemts was based om snslyiical values on the whast
products and a compariesa with requiremant values. Diets Il threugh
VII hed one or more of thede supplements omitted as follows: Diet []--
threonine, valine, sad mathionime; Diet II1--calctium; Diet [V- -one-
helf the level of calcium supplied io the coatrol; Diat V - -phosphorus;
Diet Vi--iodins; Diet VII--vitamin Du. Diet VIII was supplemented
vith lysine and with viteains end nimerals greater than tho minims]
Toquirements. Diet VIII wae included to cempare recults of the present

exporimant with those of previcus emporimsnts of Chung ( ) and
Chaudhsy ( ).
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The nitrogen coniemt of the diets was determined by the Kjeldahl
method (A.0.A.C. 2.036). The diets contaimed the following amounts of

protein (M x 6.25):

Diet 1 10.83%
Diet IIX 10.29%
Diet IIX 10,75%
Diet IV 10.75%
Diet ¥ 10.75%
Diet VI 10.86%
Diet VIX 10. 882
Diet VIIX 10,422

Animals wors woighed weekly. Protein efffciency ratios (PER)
ware calculated at the ead of the 28-day study. :l'he cumulstive

weight gains and PER's ere chown in Table 2.

Table 2. Cumslative veight gains amd protein efficiency

— Xacinn af xats fod gxpaximpatal dists.
Diet Cwmulgtive Waisht Goime, 8. P
7 daye 16 dayo 21 days dave

1 16.4 39.6 6.4 84 2 1.99
11 18.8 6.3 6.0 91.9 2.18
4 ¢4 17.0 8.0 . 61,6 73.9 1.80
v 17.4 62.9 69.0 89.0 2.1)
v 13.1 34.9 $5.6 75.5 1.9%
L 4§ 15.4 60.1 6.9 9.2 2.03
2 ¢ S 12.9 32.6 3.0 77.0 1.97

viix 16.2 L) 71.4 92.6 2.11
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The analysis of variance (Table 3) showed that differences among

PER's were significant at the 1% level.

Jable 3, Analysis of variance of PER data.

Source d, £, 8.8. M.S. [ 4
Diets 7 0.824 0.118 4,701 %%
Error 56 1.408 0.025
r - 2,18 LSD e 00,1584

.05 .08
For = 2.98

Differences among diets at the 5% level are summarized below

Ir 5 1, vii, v, 111
v ) vII, v, 11X
VIII) Vv, III

I ) 11
I y II
VI 1III

In this experimsnt it was obsarved that omfesion o+ wsthionine,
valine, and threonine improved the lysine-supplemonied o ions e
messured by PER's. The supplementation of calc{um was necessary, but
adding half of the difference beiween the calcium supplied bv the wheat
flour and the MXC requirement produced reoults as favoradle as edding
fa amount equivalent to the entiro differemce. The {nclueton of em
excess of vitemins and minerals above MRC ainims] requirements did mot
improva the growth of rats. The additiom of phoophorus amd vitesin

lll sppacred to improve the qualicy of the retioms, The sdditiscm of
fediny 4d not alter the quality of tha diets significantly,
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Data presented in Pigure 1 indicate that the effect of limited
calcium was more apparen: near the emd of the study, These results
indicute the need to carry similar experiments for longer periods to

determine longer term effects.



. -ar Hw

N [2 PRDE § i
.o ceve .w
[SYTY SRppe P
.t e o »
Py ieca 123
-+ - - b Ex d
p

T

- e e m-
e tespoena.

—

2"

SO S

: : toee R3S
1 - I3 . v ae
um' 3 4 H b S Sl
e A
Hi4 b
£ i i
jag N
29394 opde;
+ 1+ w T
! T
e
pS ¥
[23e:
pe 2o
1 st
1 y
¥ + ;.r .
.. ¢ . moae
L <a 1 4
he a
. 5 iy
p os B -
+- 7 474
+ +4-4+ M v b0 -
Weags. 8 8 o8 T
4 0 -duo 44 4 - ¢“ +
+ 3
s ‘
T . <
:
879901 -
by
-
"4
-
>
s Stiren H -
2231 s L
b o -
4 137 ATIrun.. w.!. - 15 N
- o8 e fev i 29 - -1
ol ol ol b - b
I PR S200 5 24048 g g0 T 3
nites T :mm TS ,ruu 1 T
R ISoes seRes Ce IR bee : gessgracs:
s LT R S E38gssatseaaitisnts
PR besaforeddqusafots- .vv'kﬁ.l + 4. 3 :n mu.
cesifeosodg-or 1».{1... » +o tttee -ﬂM. + 3
IFSLY P90 93 reg sy F00 PY S0 ¥Y YRGS Ties 1T R i
e R b 3 L opgsstses
hat -3 ptidi dareetedeie iz ity 3 ML sttt
- . page pee saoee
8 P M 1ot - T s 1] 133 I3
t : ' sy 1 efe bt
. o] M«
T T o T v o pye
g M [33- * xxumurr See
'S P - * v 14 e
¢ - be ae “u
1 S8 4
=1 :
H K <33
ppes 3 14+11 T 3

12-2800 F

60

swewad

= =
&N ~

IQITOA eATIvINWM)




158

STUDIES TO EVALUATE THE NUTRITIONAL VALUE OF THE
PROTEIN IN MILLED SORGHUM GRAIN FRACTIONS

Prgliminary sthies of sorghum grain have indicated that the
nutritionil quality of the protetn in sorghum grain varies. The highest
nutritional values is observed in the sorghum grain fraction derived from
the floury endospeim.

Horny endosperm has a poor nutritional belance being deficient in
. lysine and other basic essential amino acids. The following experiment
was designed to evaluate the nutritional value of the protein >f various
endosperm fractions.

Two varieties were selected having equal protein content The jra:ns
were milled end various endosperm fractions were supplemented with aminc
acids for biological study. The additional amino acid supplementation

studies were planned to offset the nrotein parameters.
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EXPERIMENT OBJECTIVES

The objectives of the study were as follows:

(1) To compare the protein quality of milled endosperm fract:on
from two hybrids.

(2) To study the effects of supplementing endosperm protein with
lysine and methionine. |

(3) To study the effects of supplementing both high an: low
protein milled products with lysine and methionine.

(4) To compare the growth of rats fed milled endospert oronudts

with that of cesein.



MATERIALS AND METHODS

Two hybrids having equal protein content (9.50% protein, 12% moisture
basis) were dry milied using conventional dry milling equipment as described
by the m11ing flow in Figura 1. Amino acid composition of all endosperm
fractions are given in Table la. The yfeld and approximate analysis of
the milled products are given in Table 1.

Fractions 3 and 7 from each hybrid were divided and half was supplemented
with methionine and lysine and the remainder was fed without supplementation.
Diets containing fraction 3 (floury endcsperm) were fed at approximately a
5.6% protein level while diets containing fraction 7 (horny endosperm) was
adjusted with starch to provide approximately 10.2% protein. Casein control
diets were fed at both dietary protein levels. Approximate gnalys:s of the
diets are shown in Table II.

Table III and IV show the composition of the diets and the levels of
lysine and mathionine addition. The amino acids were incorvorated to
provide those diets with 1001 of the HRC requirement.

The ten diets were fad to 22-day old weanling female white rats in
tndividual cages. There were six replications per diet with one ret per
replication. The sixty rats, weights ranging from 43 to 50 grams, were
vendomized to the vartous diets.
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RESULTS AND CONCLUSIONS

Average wetght gain, feed consumptioa, and protein efficiency ratios
(PER) for rats fed the floury endosperm products in the low protein (5.6%)
diets are shewn.in Table V. The supplementation of lysine and methionine
to diets 2 and 6 resulted in a marked increase in weight gatn and PER above
the non-supplemented diets. The supplemanted diets were similar to the
casein diet which was fed at the same protein level.
 The same information 1s provided in Table VI for rats fed the horny
endosperm products. These diets were isonftrogencus at approximately 10.2%
protein. Again the amino acid supplementation caused a marked increase in
gein and PER's. The weight gain of the supplemented diets was superior to
the casein diet. The PER's, however, were similar. Horny endospers from
Frontier &408C produced greater gain and had a highar PER ther Paymsster Kiowa
whan supplemented with the amino acids. Howaver, when the PER's wore adjusted
for the control diets (as shown in Table VII) differences were not significant.

Table V11 provides & maans of comparison of floury and horny endosperm.

The PER's of the experimental diets were corrected by the fraction as follows:

CORRECTED _ 2.8 ,  PER OF EXPERI-
PER determinad FIN of the controT caseln dlet MENTAL DIETS

The 2.5 1s the assumed PER for & reference standard casein diet. The
varfous experimental diets were corrected by the fraction odtained from
their respective control diets having similar protein contest, {.e. diets 1,
2, § and 6 were correctad by the use of control diet 9; dists 3, 4, 7 and 8

were corrected by the use of control diet 10.
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When the diets were not supplemented the floury endosperm was superior
to the horny endosperm within a given hybrid. When the floury and horny
fraciions were supplemented with amino acids, however, difference, were not
present indicating the protein was utilized equally when the amino acid
deficit was supplied. Table VII also shows no differences between the PER's

obtained from the two hybrids irrespective of amino acid supplementation.
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SUMMARY

The data from this study substantiates differences tetween floury and
horny endosperm. The protein quality of floury endosperm appears to be
superior to that of horny endosperm when fed on an 1sonitrogenous basis.

D1 fferences between floury and horny fractions, however, were not present
when both were supplemented with sufficient lysine and methionine to

meet adjusted NRC requirements. When lysine and methionine is 1ncorporatgd
into the diets containipg floury and horny endosperm, gain and PER's are
high and comparable to those obtained with casein. Significant differences
were riot observed between fractions obtained from the two hybrids used in

this study.
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TABLE I ARAL™SIS OF FRACTIONS OBTAINED FROM DRY MILLING SORGHUM GRAIN‘

Trude Trude Trude
Yield3d Protetn Fat Fiber  Ash

Hybrid2 A B A 8 A B A B » B
Fraction

1 » 27.33 25,32 ...«

2 18.88  19.62

3 12.5¢ 12.23 7.4  6.82 0.91 1.02 0.9 0.80 0.48 0.47

4 5.06 5.06 949 10.62 0.98 0.94 1.13 1.3 0.5¢ 0.5

5 9.95 10.31 9.8 878 0.9 1.09 0.70 1.13 0.5 0.4

6 8.38 8.19 13.98 12.58 0.87 1.12 0.72 V.12 0.47 0.46

7 14.29 16.61 15.96 1547 1.12 1.23 1.12 1.3 0.5 0.55

'Hoisture free basis.

2Mybric.! A is Paymaster Kiowa.
Hybrid B is Frontier 400C-

3percent of whole sorghum grain

*Blank spaces indicate no determinations made.

car



Tate ta Mmimo Acid Distribution in Protein of Scrghum Grefn'Milled Fractions and Casein

il -

Fraction 3 4 5 6 7

Mﬂé‘ A ] A ] A 8 A 8 A 8 Casein
Protainl 7.40 6.8 9.49 10.62 9.8 878 13.98  12.58 15.96  15.47  94.31
Lysims 1.72 1.80 - 1.33 1.3% ' 30 1.54 0.99 1.15% 1.0% 1.16 8.98
Histidine 1.98 2.10 2.03 2.16 1.96 2.2% 1.81 2.18 1.93 2.05 3.2
Aemonia 2.95 2.7% 3.08 3.8 2.78 3.23 2.94 3.1¢ . 3.15 2.90 1.86
Arginine 2.85 3.01 2.61 2. N 2.30 3.07 2.15 2.54 2.27 2.63 4.09
Aspartic acid 6.13 6.15% 5.93 6.23 6.33 6.32 6.43 5.97 6.39 7.38 8.04
Threonine 3.0 3.16 3.14 3.26 3.1¢6 3.38 3.00 3.22 3.03 3.34 4,72
Serine 4.45 4.3 4.54 4.92 4.66 4.78 4.6) 4.70 4.63 4.9 6.36
Glutamic acid 21.72  #.67 23.67 24.85 24.93 25.% 25.24 25.68 25.59 27.05 27.18
Proline 8.06 B.17 8.93 9.20 $.03 Q.28 9.47 §5.42 8.8 10.87 12.63
Glycine 2.6) 2.79 2.50 2.56 2.36 2.7% 2.18 2.40 2.18 2.56 2.02
Alanine 9.4 8.92 10.4) 10.81 10.66 10.82 1i.27 11.53 10.95 11.42 3.3
Cystine 1.77 2.13 1.47 1.77 0.53
Valine 4.28 4.8 4.8 4.67 4.81 4.87 5.08 5.3 7.00
Methionine 1.62 1.72 1.38 1.56 2.19
Iscleucire 3.98 3.8 3.99 4.12 4.27 4.18 8.22 4.2¢8 4.30 4.45 5.8
Leucine 13.63 12.95 15.53 16.53 16.02 16.47 16.29 16.32 16.40 16.83 10.48
Tyrosine 4.08 4.02 4.15 4.4 4.43 4.45 4.58 4.44 4.50 4.53 6.33
Phenylalanine 5.13 5.08 5.3 5.46 5.7 5.40 5.82 5.94 6.01 6.12 5.64
N-Recovery 86.26 85. 3 92.28 97.51} 92 &6 95.94 91.68 97.04 94.42 99.76 103.44 .

THybrid A 1s Paymaster Kiowa; Hybrid B is Frontier 400 (
zProtcin. 2 (N x 6.25) moisture free basis.

3Grams of amino acid per 16 grame nitrogen, duplicate determinations on samples 3A, 3B, 7A and 78.

991



TABLE Il APPRCXIMATE ANALYSIS OF EXPERIMENTAL DIE™S

Milling Amino Actd Diet :
Hybrid Fraction Supplement No . Moistyre Protein Fat Ash
- 1 V1.2 5.6 4.2 3.5
3
. 2 1.3 5.8 4.3 3.4
Paymaster Kiowa
- 3 10.6 9.8 4.3 3.4
7
+ 4 10.7 10.4 4.3 3.4
- 5 10.7 5.4 4.3 3.4
3
+ 6 10.8 5.8 4.4 3.4
Frontier 400C
, - 7 10.5 10.0 §.2 3.4
+ 8 10.8 10.7 4.0 3.5
- 9 10.0 5.8 4.0 3.2
Casein
- ? 9.9 10.0 4.0 3.2

/Q1



TABLE 1!

COMPOSITION OF EXPERIMENTAL DIETS

Ciets 1 2 3 . 5 6 ’ 8 9 10
Ingredients: % L § 4 3 3 3 3 T 4
Milled

Fraction 85.08 86.08 67.98 67.98 92.26 92.26 70.49 70.49

Starch 7.18 7.18 23.03 23.03 20.80 20.80 54.75 80.26
Corn 011 3.4G 3.40 3.40 3.40 3.40 3.4 3.40 3.40 3.86 3.86
Blter] 1.22 1.22 0.97 , 0.97 0.97 0.87
¥itamin

Pmixz 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63
Mineral

Prewtx? .n .n n N .n .n .n .Nn . N .n
Lysine 0.33 0.64 0.33 0.64
Methionine 0.12 0.25 0.12 0.25

Casein 6.08 10.66

]

Water was added to ~Mjust mofsture content of diet.

ZPmix composition given in Yable lv.

891
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TABLE IV COMPOSITIQN OF PREMIXES FOR EXPERIMENTAL DIETS

INGREDIENT 1000 g. Diet
Mineral Premix: g.
Dicalcium phosphate’ 30.00
Salt ‘ 3.00
Trace mimralsz 0.50
Potassium chloride 3.05
Magnes tum culfate 1.77
Vitamin Premix mg .
Vitamin A (30.0 IU per mg.) 66.70
vitamin 0 {15.0 IU per mg.) 133.00
| Alpha tocopherol [110.1 U per. g.) 544 90
Menadiong 110
Thiamine H(CI V28
Riboflavin 2 5N
Pyridoxine HC) 1 2o
Riacin 15 00
Calcium pantothenate 8.00
Vitamin 312 5.00
Choline chlr>ide 7%0.00
Carrier (starch) 5000 . 00
'Sargents Calcium Company, Des Motnes, lowa: P, 18.58: Ca. 19.0-27 5%,
2cCC trace mineral mix contafned: (ppm) Mn, 10; Fe, 10; Ca, 14, Cu, 1.

In, 5; I, 0.3; and Co, 0.1; Calciun Carbonate Company, Quincy, [111nois.
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TABLE V AVERAGE WEIGHT GAIN, FEED CONSUMPTION, AND
PER'S FOR RATS FED FLOURY ENDOSPERM

Amino Acid Feed

Hybrid' Supplement Diet? Gain3 Cons umed? PERS
A - o 5.50° 193.5° 0.49°
B - 5 8.83% 210.33b 0.76°
A ' 2 15.50> 242.0Cb 2.54°
B N 6 3%.67° 257.0¢ 2.440

Caseln - 9 37.00° 259.3¢ 2.46°

]Hybrid A is Paymaster Kiowa.
Hybrid 8 is Frontier 400C.

2Diet contains approximately 5.6% protein.
3Averagn weight gain per rat 0-4 weeks, LSD.O, = 8.22 q.
4Gm feed consumed O-4 weeks, LSD 5y = 46.12 g.

SEm of gain/gm of protein consumed, LSD 0" 0.38.

LIv
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TABLE VI AVERAGE WEIGHT GAIN, FEED CONSUMPTION, AND

PER'S FOR RATS FED HORNY ENDOSPERM

Amino Acid Feed

Hybridl Suppliement Diet? Gaind Consumed PER®
A - 3 2.50% 168.72 0.152
8 - 7 4.50° 176.72 0.253
A s " ‘ 75.70° 342.5¢ 2.13b
: . 8 91.679 366.0° 2. 3¢
Casein - 10 62.17° 272.00 2.29"¢

- e £ - o—— . . - e —_ -

|
Mybrid A 1s Faymaster Kiowa.
Hybrid B 1s ‘rontier 400C.

*H1ets contarn approximately 10.2% protein.

3Average weight gain per rat 0-4 weeks, LSD o 1.5 4

‘G- of feed consumed 0-4 weeks, LSD o1 = 42.08 gq.

S6m of gain/gm of protein consumed, LSD o " 0.20

e . o —— - m———
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TABLE VII PER'S OF EXPERIMENTAL DIET? ADJUSTED BY THE
CASEIN CONTROL DIETS

Milled Amino Acty

Fraction Supplement Hybr1d2 Diet PER3
. A | 0.50%0
Floury
- B 5 0.783
- A 3 0.16¢
Horny
- 8 7 0.27¢b
+ A 2 2.584
Floury d
+ B 6 2.49
. A ‘ 2.37¢
Horny d
‘ + B 8 2 %%

———

lcorrection factor for the low protein, floury endosperm diets 1, 2, §
and 6 s equal to:
2.5 constant PER for cesein)
(2.458 of reference std. caseln, diet 9)

Correction: factor for the high protein, horny endosperm diets 3, &4, ? and 8
is equal to:
42.5 constast PER for casein)
(2.291 FER of reference std. casein, Diet 10)

ZHybr*ld A is Paymaster Kiowa.
Hybrid B ts Frontier 400C.

Yon of gain/gm of proteir consuwad, corrected by the control diets:
nuwbers having different letters are significantly different. LSD 0y * 0.30.
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2. Effect of Cooking on Nutritive Quality of Common Native Foods,

A number of reports are available on the effect of heat on tie-up
or destruction of amino acids in pure proteins, grains, and protein-
carbohydrate mixtures. There are few gtudies on effect of heat on
nutritive value of food products,

Séudies will be made to extend the knowledge of effects of normal
cooking of chapatis, cous-cousr, and Arab bread on nutritive value, A
preliminary study was made two years ago on the effect of toasting
bread on tie-up of lysine. Toasting to a dark brown color markedly
lowered growth of rats, but addition of lysine almost fully overcame
the adverse effect.

Cooking can have both a favorable as well as unfavorable effect,
In addition to the well-known effect on starch granules, there is sowe
evidence.thnt heat may make phosphorus of grains more available. Heat
may destroy factors such as the anti-trypsin factor and those causing
Lathyrism or Odoratism. Since most literature reports on these effects
were done years ago, and often crudely, more needs to be known of the
possible hazards from these facicrs in chick peas, a likely source of
protein supplement for chapatis. Cooking also could tie up or destroy
lysine and other supplements added to chapatis. This has not been
investigated.

There are chemical tests for destruction or freeing of nutrients,

such as solubility for phosphorus and FDNB method for lysine. 1In some
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cases comparisons of the animal and chemical methods need to be made,
since results are not the same, and they could give cluee to nutrient

availability to animals.

3. The nutrition group has s major responsibility to evaluate and
decide -some questions relative to the project, which are not primarily
based on our laboratory work directly, We are at work on these
problems and will continue discussing them until conclusions or at
lesst working assumptions can be made,

Some of theoe are:

A. Can improvement of nutrition of adults and children,
with the foods to be employed be coneidered as one or
separate problems?

B. To what extent will the nutritional plans need to take
into account parasitism, other disease, sud pre-exieting
nutritional atatus of subjects?

C. What size individual in the population are we planning
for (i.e. 55-60 kg man, or larger or smaller)? Should
we plan for minimal or optimal nutrient intake? What
level of energy, type and level of protein and levels of

vitamins and minerals will become our working standard?

D, What would be the most satisfactory supplement to grain--
pure rutrients or natural foodstuffs.





