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Improvtng the Nutrittve Value of Cereal Based Foods 

P0tsresa Report No. 1 

Jan. - Dec., 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-based 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;
 

i.e., a"survey phase, an experimental phase, on a field testing phase.
 

The survey phase has been essentially completed although a follow-up
 

trin may be needed 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. 



PMES I - TUB MUVE PHASE 

The purposes of the survey phase were as follows:
 

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

a. geography
 
b. agriculture
 
c. economy
 
d. characteristics of the population
 
e. history
 

2. To learn as uich as possible about couscous and chapatis 

a. composition 
b. preparation
 
c. consumption 
d. commercial processing
 

3. To determine dietary patterns ana 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. milling
 
d. coma rcial 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 cwntacts for cooperative in-country testing and 
development 

To carry out these objectives, a trip was made by Dr. Charles
 

Deyoe, Dr. William Roover, and P%-of. Arlin Ward during March, 1968, to
 

Morocco, to FAD headquarters in Rome, Italy, and to Pakistan. It uould
 



be Impractical to detail the mass of knowledge and information accumi­

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 iniormation about
 

typical daily food intakes, it became obvious that couacous, while
 

important in the Moroccan diet, no longer represents the ,asic food
 

position of bread. 
For this reason, we decided to includc Arab bread
 

along with couscous in the supplementation studies to be crrrLed out
 

in the experimental phase.
 

However, to give an indication of the extebt of the ir.'ormation
 

gathered on the pages immediately following will be found:
 

1. Informational materials acquired
 

a. Morocco
 
b. Pakictan
 
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 of 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 inMorocco and West Pakistan inproducing and processing
 

their grain and grain products.
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n OaSTIML MAtEIL AC"D 1- MOROCCO 

1. La Quinsaino du Maroc (written in French end English)
 

2. Simplified Haudbook on Nutrition for Personnel Conducting Feeding

Programs Overseas, Melvin B.Myers (2 copies)
 

3. L'Economie Cerealiore au Maroc, Etude Statiatique, Abd el Khalek
 
Kebbaj ('rench)
 

4. Geographie du Maroc, J. Martin, H. Jouer, J. Le Cox, G. Maurer, and 
D. Voin (French) 

5. Geographie Illustree du Maroc, Henry Oge (French)
 

6. Lee Culturee Oloaaluousao (French) 

7. Bureau dletudee et do participations industrielles (French) 

8. Morocco Tourism, Joan Dolage, Editor
 

9. Cereal Production and Marketing Procedures in Morocco, Floyd L. Cortyv.
 
Agricultural Economist, USAID (2 copies)
 

10. 	Morocco - Role of Fertilizer in Agricultural Development with special 
emphasie on wheat, Thurman M. Keloo, Ralph E. HcKnight, John L. Nevins, 
and Darrell A. Russell 

11. 	Disponibilte Dooino ot Carouceo Alimentaires au Haroc by the Inititut
 
National do la Recherche Agronomique, Bureau d'etudes de l'alimentation
 
(French)
 

1.2. 	 Final Report to Tho Agency for International Development U. S. Dept. 
of State on Phase 1 of Feasibility Study for Locally produced Wheat 
Based Protein food Products in Tunisia by the International Milling 
Co., 	 Inc. 

13. 	 Le concentre do proteines (French)
 

14. 	Senegal Project 170
 

15. 	 Possibilities for Development of Protein-Rich Food Mixtures for 
Infents and Children inMorocco, Report on field trip to North Africa 
by G. D. Kapiotis. 

16. 	 Development of Protein-Rich Foods in Morocco, C. D. Kapsiotia 

17. 	 La production industrielle d'aliments enrichia en proteines dan lea 
pays en cours do developpement by Aldo Buffa (French) 

18. 	Menus Types, Winter 1967-68 (French) 

19. 	 Alimentation at Travail Manuel Agricale (French) 

20. 	Rapport deuue enquete par sondage sur l'etat de nutrition d'enfanta 
Karocains de I Jour a 14 ana inclus, Professeur Andre Reoult (French) 



21. 	 Rapport our la situation alimentaire et nutritionnele et lee programmes
 
d'alimentation supplemeutaire au Maroc, Professeur G. Ferro-Luzzi
 
(French)
 

22. 	A Resume of population and healtb statistics for Morocco (3 copies)
 

23. 	Resume relatif a l'etat davancement du Project 124 extension du P.A.M.
 
(French)
 

24. 	Bases d'etudes a l'usage des miniteurs et monitrices des ecoles
 
d'infirmiers et d'infirmiere's, by the Ministere de la sante publique 
service de la nutrition (French) 

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

26. 	Etude our la production des graines oleagineuse au Maroc (3 copies)
 

(French)
 

27. 	 Chemical Composition of "Morocco Sunflower Flour" (2 copies)
 

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

29. 	 Breve etude comparative entre marine proteine concentrate (farine de
 
sardine comestible) Ichlhyoproteolyte (Proleolysat de sardines)
 
et lea proteines provenant des diverses algues fermentation des
 
microorganismes sur paraffine (French)
 

30. 	Mixed Feed Manufacturers
 

31. 	 Farine Alimentaire de Tournesol (Sunflower), M. Quinson (French)
 

32. 	 Seed Requirements for Morocco, Ralph Edwards
 

31. 	 Morocco Economic Study (2 copies)
 

34. 	American Consulate General Fact Sheet, Casablanca, Morocco
 

35. 	 Samples of products collected, March, 1968
 

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

37. 	 Fez Cookbook, recipes of Moraccan dishes
 

3G. 	Project FAO do Developpement mediterraneen Maroc, rapport national,
 
Organisation des nations unies pour l'alimentation et l'agriculture
 
(French)
 

39. 	Map of Morocco
 

40. 	Le Maroc Enchiffres by the Banque Marocaine du Commerce Exterieur
 
(French)
 

41. 	Morocco, An Economic Study
 

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

1. 	Pakistan Map and Atlas (Urdu)
 

2. 	Speech by a senator at a cattle affair in Lyallpur (Urdu)
 

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

4. 	Long Range Assistance Strategy, Pakistan Agriculture, 1965-85
 

5. Annutl Technical Report Accelerated Wheat Improvement Program West
 
Pakistan, 1965-66
 

6. 	Agriculture in Pakistan
 

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

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

9. 	Commercial Vinegar Manufacture, C. W. Eddy, and Mohammad B. Bhatti
 

10. 	 Chemical Composition of Wheat C-591 and Factors Influencing its
 
Composition in the Former Prcvince of Punjab West Pakistan, Anwar
 
Hussain and Mohd. B. Bhatti
 

11. 	 Annual Technical Report Accelerated Wheat Improvement Program West
 
Pakistan, 1966-67
 

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

13. 	 Vice-Chancellor's Report, 1965-66
 

14. 	 Rural Development inEast Pakistan (The Rice Goal Plan), by US/AID,
 
Agriculture Division, June, 1966
 

15. Survey of Agricultural Marketing inWest Pakistan
 

;.6. Requirements to get Self-Sufficiency inWheat from 1968 Onward
 

17. 	 Twenty Years of Pakistan, 1947-67, Mr. Altaf Gauhar, S. Pk., S.Q.Ao,
 
C.S.P.
 

18. 	 Pakistan Council of Scientific and Industrial Research (2 copies)
 

19. 	 Brief Note on the History and Activities of the Department of
 
Agricultural Economics, West Pakistan Agricultural University (2 copies)
 

20. 	Production of Protein Flour and Concentrates from Oil Seeds for
 
Human Consumption
 



21. 	Data on 01 Seeds: West Pakistan 

22. 	Group I - Health & Trainitt: Basic Requirements for Nutrition
 
Programmes, A. D. Dominguez.
 

23. 
 Cento, Conference on Combating Malnutrition in Preschool Children,

March 18-22, 1968, by Dr. S. A. Momin (3 copies)
 

24. 
 Cento Conference on Combating Malnutrition in Preschool Children,

fHrrch 18-22, 1968, Official Liat of Participants 

25. 	 Series of reports by E, C. Freeland entitled: "Rice Bran Oil-Rapeseed
Solvent Extration Plant;" "Soapatock Production in West Pakistan;"
"Data on Oil Seeds: West Pakiotan;" and "Recovery of Vegetable Oilfrom Cotton Seed (and Rapseoed) Cake in Pakistani Vegetable Oil Solvent
 
Fxtraction Planto"
 

26. 	 Crop Statietica of Pakistan
 

27. 
 Tables of Weights and Measures compiled by Emile C. Freeland, U. S.
 
Agency for International Development Karachi
 

28. 	 Proposed Vegetable Chee Plant at Peshawar, Emile C. Freeland
 

29. 
 Fish Protein Concentrate from Elaomobranchi Fishes, S.Abdul Haq
 

30. 	Studies on the "Enrichment" of Local Bread (or Roti) inWest Pakistan,

M. B. Bhatti and Riaz Ahmad Riaz (2 copies)
 

31. 
 Letter from Norman Borlaug, Visiting Consultant inWheat Improvement,

International Center for Maize and Wheat Improve_±nt to President
M-ohammad Ayub Khan sunmarizlng a meeting at Lyallpur on March 13, 
1967.
 

31. 
 Summary from the Agricultural Department of Dr. N. E. Borlaug obser­
vations on the wheat improvement program 

33. 
 Comments on West Pakistan's Accelerated Rice Improvement Program in
cooperation with The International Rice Research Institute, Robert
 
F. Chandler, Jr., Kenneth E. Mueller, and William G. Golden, Jr.
 

'4. 
Increasing and Diversifying Food Production in East Pakistan,
 
Richard Bradfield, Ph.D.
 

35. 	Progress Report: Accelerated Wheat Improvement in West Pakistan,and the Revolution in Agriculture, Dr. Ignacio Narvaex and Dr. Norman E. 
Borlaug 

36. 	The Pakistan Times, newspaper of March 23, 1968
 

37. 	Diversification of Agriculture in East Pakistan
 

38. 
 R.ole of PCSIR in The Industrial Development of Pakistan, Part 1,

West Regional Laboratories, Lahore, M. Aslam, Director
 



39. 	Economic Impact of the Vrrceesee Developed by West Regional Laboratories, 
PCS1R, Lahore, M. Asla, Director 

40. 	1hird Six Monthly Report, July - December, 1967, West Regional
 
Laboratories
 

41. 	A Study of the Potential for Increased Oilseed Production in West
 

Pakistan
 

42. 	 A Geography of Pakistan, Kazi 8. Abmad 

.3. Ten Years of PCSIR, 1953-63 

44. 	Map of East Pakistan
 

45. 	 Road Map of W. Pakistan
 

46. 	Map ol Bahawalpuro Lahore, ?Vultan, Rawalpindi and Sargodha Divisions
 

47. 	 Telaphone Director, Pakistan, Northern Telecommunication Region and
 
Lahore
 

"5. 	Review of the Precent Country Programme in the Field of Nutrition
 
in Pakistan, Directorate of Nutrition Survey & Research, Islamabad
 

49. 	 Conference 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
 

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

51. 	 Cento, Paper on Review of Agricultural Resources Present and Potential
 
for Providing Food Material Useful for Combating Malnutrition and Pro­
vidiag Raw Materials for Preschool Protein Foods, M. B. Sial
 

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

53. 	 Present Country Programs and Activities in Turkey Designed to Combat
 
Malnutrition, Ayse Baysal
 

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

55. 	 Sumnary of Achievements of West Regional Laboratories, PCSIR, Lahore,
 
1958-68
 

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

.5;. V:est Regional Laboratories, PCSIR, A Simple Mathod for Protecting 
*ice Against Rice Weevil on Storage 



58. 	 Group I - Health and Tratnirs, Subject: Foods for pre-school ehildren 
59. 	Group II - Planning & Development, Subject: Coordination of Nutrition 

Programs at the planning level 

60. 	Food & Nutrition in Iran, Dr. H. Hedayat
 

61. 	Croup I - Health & Tralaina: Basic Requirements for Nutrition 
Programs, A. D. Domingue 

62. 	Cento Conference on Combatinr Malnutrition in Preschool Children,
 

8umary Conference Report
 

53. 	 Crop 'andIrrigation Guid2, PakV tan Punjab Area
 

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

63. 	Agricultural Progress - Pakistau 

56. 	 Plant Protection
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IVIORKATIONAL MARIALS ACQUIRED F24 FAO 

1. 	Joint FAO/WHO Expert Comittee on Nutrition
 

2. 	Encouraging the Use of Protein-Rich Foods
 

Report of the Joint Symposium on Industrial Feeding and Canteen
3. 

Management in Europe, Rome, Italy, 2-7 September 1963
 

4. 	Poultry Feeding in Tropical and Subtropical Countries
 

5. 	Audio-visual Aids for Cooperative Education and Training
 

6. 	Specifications for Identity and Purity of Food Additives, Vol. I,
 

Antimicrobial Preservatives and Antioxidants
 

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

Food Colors
 

8. 	Nutrition and Working Efficieucy, Freedom from Hunger Compaign,
 

Basic No. 5 Study
 

F. 	Grain Legumes in Africa 

10. 	 Legumes in Agriculture 

11. 	 A Short Guide to Fish Preservation
 

12. 	 Fish Culture in Central Eatt Africa
 

Third World Food Survey, needom from Hunger Campaign, Basic No. II
13. 

Study
 

Evaluation of the Toxicity of a Number of Antimicrobials and Antioxidants.
14. 

Sixth Report of the Joint FAO/WHO Expert Committee on Food Additives
 

15. 	 Specifications for the Identity and Purity of Food Additives and Their
 

Toxicological Evaluation: Emulsifiers, Stabilizers, Bleaching and
 

Maturing Agento, Seventh Report of the Joint FA0/WHO Expert Commaittee
 

on Food Additivea
 

16. 	 Procedures for the Testing of Intentional Food Additives to Establish
 

Their Safety for Use.
 

17. 	 Second Joint FAO/WHO Conference on Food Additives
 

18. 	 Joint FAO/WHO Expert Committee on Nutrition
 

19. 	 Specifications for the Idenzity and Purity of Food Additives and
 

Their Toxicological Evaluation: Some Antimicrobials, Antioxidants,
 

Emulsifiers, Stabilizers, Flour-Treatment Agents, Acids, and Bases
 

.20. 	Guide to Extension Training
 

21. 	Evaluation of the Carcinogenic Hazards of Food Additives
 



22. 	 Specifications for the Identity and Purity of Food Additives and Their
 
Toxicological Evaluation: Some Emulsifiers and Stabilizers and Certain
 
Other Substances
 

23. 	Manual of Methods in Fisheries Biology
 

24. 	Protein Requirements
 

25. 	 Education and Training in Nutrition, Freedom from Hunger Campaign,
 
3asic No. 6 Study
 

76. 	 Organizational and Regional and Liaison Offices Directory, Rome,
 
September, 1967.
 

27. 	Legumes in Human Nutrition
 

28. 	Human Nutrition in Tropical Africa
 

29. 	Manual on Household Food Consumption Surveyh
 

30. 	Fourth Inter-African Conference on Food and Nutrition, Douala, Cameroun,
 
4-13 September 1961
 

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

32. The World Rice Economy, Vol. 1: Selected Papers
 

33. 	Operation and Management of Marketing Boards in Africa
 

34. 	The State of Food and Agriculture 1966
 

35. 	The State of Food and Agriculture 1964
 

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

37. 	Report to the Government of Yugoslavia on Production of Rice and Oil
 
Bearing Crops
 

38. 	Report on the Near East Agricultural Extension Training Center, Cairo,
 

Egypt, 1-27 October 1955
 

39. 	Catalogue of VAO Publications and Quarterly Supplements
 

40. 	Rice--Grain of Life
 

41. 	The World Rice Economy, Vol. II: Trends and Forces
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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 Pnkistan was ma e. Samples of the grain and grain products were
 

procured from the proces,:ing plants.
 

Grain and other available products that would be potcntial supple­

ments for cereal based foods were procured. When possible sinplified
 

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 faterials and process prod­

ucts obtained.
 

After identifying the samples obtained in Morocco and West
 

Pakistan, we have been procuring similar materials in the United
 

Stntes 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 concentrate; wheat protein concentrate; gland­

less cottonseed flour; horaiebean flour; chick pea flour; yeast concen­

trate; and L. Lysine-HCl.
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NILLING AND PROOSSING OF PRODUCTS AND.SUPPLEMENTS
 

Techniques have been worked out to produce materials similar to
 
the native products in analytical properties as well as physical
 
PL-pLerties such as particle size. 
A 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% extraction 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 tho assi.staxuce of the Moroccan
 

Embassy.
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An Outline of a Work Schedule
 
for a Couscous Study
 

Allen Kirleis
 

I. Milling procedure 

A. 977 extraction flour 
B. Semolina
 
C. 	97% extraction flour and "horsebean flour" of "chick pea 

flour" 

I. Develop a standard method for preparation of couscous
 

TTI1 	 Keeping quality
 

A. 	Of 97% extraction flour and semolina and 97% extrac­
tion flour &nd 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 acidity
 
2. Possibly organoleptic test
 

IV. 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 97% extraction flour and semolina and
 
97% flour and horsebeans
 

C. 	Possibly rat studies of 97% extraction flour, sen.:ina
 
and couscous and blend
 

V. Acceptability of couscous from A, B, and C in I above
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MOROCCAN BREAD
 

Two studies are underway on Moroccan Breads. An Outline of Work
 

on Characterizing and Supplementing Moroccan bread is given on page
 

and a milling flow developed for Moroccan bread flour isgiven 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 supplementation is outlined on pages 52 and 53.
 

Chick peas and horsebean samples were obtained from Morocco.
 

Their preliminary analyses indicated a high lerel of protein content.
 

The amino acid contents for these legumes showed good levels of essen­

tial amino acids. Itwas 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 ob~ained. Horsebean flour was fractionated according to
 

particle size and analyses for moisture content, protein, ash, crude
 

fat and crude fiber were made.
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An Outline of a Work Schedule for
 
Study of Moroccan Breads
 

Luis 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
 

Organoleptic Evaluation Panel
 

Biological
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The Proposed Outline and Schedule of Work
 
on the Use of Chick Peas and Horsebeans
 

In Moroccan Bread
 

H. Al Suaidy
 

I. 	Increasing yield and nutritive value of wheat products.
 

A. Grain 	and Treatment
 

Origin of Grain
 

From two Agricultural Stations in K-nsas (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 40C. water bath to 20% moisture.
 
2. 	Divide in half,
 

a. 	Freeze one half at -100C. 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 1100F. over night.
 

C. 	Treatment on Sorghum "Peeler"
 

Control
 

Frozen Grain
 

Non-Frozen Grain
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Non-frozen grain (cont.)
 

1. Short 	Tempering 25% moisture for 30 minutes.
 

2. 	Run through sorghum peeler at 1350 RPM with feeding gage
 
at 4.5.
 

3. Sieve 	and Air separate--determine yield.
 

0 
.4. Dry 	in air oven at 110 F. over night.
 

5. Approximate analysis of fraction.
 

6. Store 	grain at 400F.
 

D. 	OTHER TRFATMENTS: (Proposed)
 

Using
 

1. Softner
 

2. Pearling or Engelburg Huller
 

II. Supplementation Studies
 

A. 	KILLING STUDIES
 

Temper to 16% moisture for 24 hours.
 

Mill using a flow for 85 and 977. extraction.
 

B. 	FLOUR STUDIES
 

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

Physical DouRh Tests; Farinograph, Extensograph and
 
Amylograph and Flour Colorimeter.
 

C. BAKING 	TEST
 

American Standard 857. extraction
 

Moroccan Bread 97% extraction
 

D. 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. Flour 	analyses - proximate, minerals and amino acids.
 
2. Granulation and yield.
 
3. Effect 	on physical dough properties.
 
4. Baking test - scoring. 
5. Taste 	panel.
 
6. Bread 	analyses - proximate minerals and amino acids.
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ROTI rRODUCTS
 

Considerable progress has been made on the milling and processing
 

of roti products. The bulk of this progress is reported in the Rtrition
 

section as three papers submitted for publication (pages 10± 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 page 59. Each study uas 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.
 

Microfial evaluations were made on the initial ingredients, the mixes
 

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

organisms were Aspergillus niger, AEpergillus 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

hood bakeries are looked upon as advantageous developments to a nutri­

ent supplementation program.
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An Outline of the Work Schedule
 
on Roti Products
 

Robert Tang
 

ATTA AND 	CHAPATI
 

1. 	Analysis for 

Amino Acid 

Vitamin - B, B , Nicotinic Acid, Pyrodovine 

Minerals
 

Fats - Fats Acidity
 

2. Supplemented ( 5, 10, 20, 307. ) 

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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Microbiological Studies of Chapatis and Nan for Quality Control
 

and Keeping or Shelf Life
 

Abdul Rashid Mann
 

1. Microbiological survey of raw materials including atta.
 

a. Bacterial
 
b. Mold
 
c. Yeast
 

2. Prepared chapatis and uans.
 

lst steps in preparation - Samples for microbiological testing
 

2nd step in preparation - Samples for microbiological testing
 

3. The prepared chapatis and nan
 

3. Storage
 

a. Keeping quality
 

1. General microbial determination
 
2. Specific - bacteria, yeast and mold
 

b. Pathogens - Enterics
 

Packaging
 

a. open - no coverage 
b. Poly - bags 
c. Saran - bag 
d. Foil - wrap 
e. Waxed paper
 
f. Ordinary wrapping paper (Brown or white)
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Protein Concentrate fram Whnat fran and Shorts
 

Preliminary atudies on producing protein concentrate for human food 

from wheat millfeeds have been undertakcn. Samples of bran and shorts
 

were socked off "he stream while milling a Kansas hard red winter wheat. 

Germ and red dog were sacked off separately. 

Saeples of bran and shorts were ground separately by a MIKRO 

Grinder with the rotor at 7300 r.p.m.; the separator at 2000 r.p.m.; 

the process air ut 400 cu. ft./ain. Each ground #angle was mixed by a 

t:umbling blender and sifted by a G.W. lab sifter in 500 gram lots. 

Samples of the throughs were taken after each 30 seconds of sifting, 

weighed and aualyzed separately. 

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

High Lysine Corn
 

Many 5-lb. lots of yellow corn and high lysine corn (both white
 

and yellow) were milled by many differtnt flow diagrams to develop
 

experimental milling procedures for the different kinds of corn, at
 

low moistures (15-16%) and high moistures (22-23%) with and without
 

impact type germination.
 

White high lysine corn grown in KansaP in 1967 was milled on
 

experimental milling equipment in sufficient quantities to obtain 50
 

lbs. 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 frotein Concentrate
 

Considerable work has been done on developing high protein fractions
 

from grain sorghum. Results of this work are found in the nutrition section
 

on pages 158 to 172. 



Ground Shorts Sifted on 9XX Sieve 
500 g. sample 

Cum. Cum. 
,ode Sieve Time Time Through Through Moist. Pro. Pro. Ash Ash 

Sec. Sec. g. g. 7 7. 14% m.h. 147. m.h. 

FS-1 
FS-2 

9XX 30 
30 

30 
<0 

135 
74 

135 
209 

9.0 
9.1 

1).6 
114.5 

18.5 
18. 

1.,j 
3.8 

3.7 
3.6 

FS-2 
FS-4 

30 
30 

,l 
120 

61 
28 

270 
298 

9.3 
9.3 

19.0 
17.6 

18.') 
16.1 

1.1 
1.'C 

3.5 
3.7 

FS-5 30 15(o 16 314 9.2 4.1 3. 9 
FS-6 +4XX 9.2 13.5 12.8 4.4 4.6 

Ground Shorts Sifted on 1OXX Sieve 
500 g. sample 

-11 IOXX 30 30 75 75 9.3 20.4 19., 4.2 4.0 
-12 " 30 60 55 130 9.3 20.2 1W.' 3.9 3.7 
"l3 " 30 9C 57 187 9.3 19.*9 18.2t 3.8 3.6 

14 " 30 120 43 230 4.r 19.2 lH.? 3.6 3.4 
to 30 150 41 271 9.0 2u.f, 19.4 3.7 3.5 

I ++IOXX 8.9 13.9 . 4.7 4.4 

rround Bran Sifted on 9XX Sieve 
500 g. sample 

FB-I 9XX 30 30 71 71 . , 5.2 
FB-2 " 30 60 36 107 0.7 ' , 5. 
FB-3 30 90 27 134 ." 2.4 .. 
FB-4 30 120 27 161 'o.8 . 5.8 
FB-5 30 15k 19 189. I. S. 6.2 
FB-6 +9XX ' 2 6.5 6.2 

Ground Bran Si f ted on 
5N.) p. sample. 

\ I e,/# 

FB-11 LOXX 30 30 -41 41 10.1 20'.4 19.5 6.1 5.8 
FB-12 " 30 60 37 78 ).9 2u.7 19.8 5.o 5.1 
FB-13 " 30 90 38 lb 9.8 19., . i8.9 5.3 5.1 
FB -14 " 30 120 31 147 9.8 t8.7 17.8 5.6 5.3 
FB-15 
FB-16 

" 
+lOXx 

30 150 31 178 9.8 
9.j 

18.2 
12. c 

17.4 
12.2 

b.3 
6.4 

6.0 
6.1 



C
C

 
O

I 
* 

r 
L

P
 V

,'.L
 

c
c
 

-C
 

X
, 

.3 

J. 
3 

rJ 

4
j.4

 .41 

0 
0 

LL; 

O
P

a-
06 

0
 

r.+
+>1+++­

4 
0 

.0-4 
-

-4
 

.-
*-

-
-4 



63 

PHYSICAL PROPERTIES
 

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
 

follows:
 

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 Isolate . 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, 1, 3, 6, 9 and 30%
 

Glandless Cottonseed flour 0, 1, 3, 6, 9 and 15%
 

Horsebean flour 0, 1, 3, 6, 9, 12 and 50%
 

Chickpea flour 0, 1, 3, 6, 9, 12 and 50%
 

Yeast concentrate 0, 1, 3, 4 and 6%
 

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

extensograph, amylograph and gassing power tests (See Table on page 64.
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PHYSICAL PROPERTIES OF BLENDED FLOURS WITH PEANUT FLOURS
 

No. 


Peanut flour 


Low protein white flour 


.-L0 peanut flour 


+20 peanut flour 


+30 peanut flour 


+40 peanut flour 


+5 peanut flour 


Medium protein white flour 


+10 peanut flour 


+20 peanut flour 


-L-30 peanut flour 


+40 peanut flour 


+50 peanut flour 


high protein white flour 


+10 peanut flour 


+20 peanut flour 


+N, peanut flour 


+40 peanut flour 


+50 peanut flour 


% 
FLOUR 


PROTEIN* 


57.7 


10.4 


14.6 


18.8 


21.8 


27.1 


31.2 


12.5 


16.2 


20.9 


24.6 


28.7 


34.4 


13.0 


17.6 


20.6 


25.0 


29.0 


32.8 


% 

ASH 


4.5 


.4 


.8 


1.2 


1.6 


2.1 


2.5 


4.3 


.83 


1.2 


1.7 


2.1 


'2.7 


.44 


.90 


2.0 


1.6 


2.0 


2.4 


7. 

MOISTURE 


8.2 


12.9 


12.4 


11.9 


11.5 


11.1 


10.8 


12.8 


12.1 


11.9 


11.3 


10.9 


10.0 


12.1 


14.4 


11.5 


11.1 


10.7 


10.2 


* 

% FLOUR mm 
ABSORP- GASSING 
TION POWER 

46.6
 

60.3 20.2
 

64.3 36.5
 

69.0 33.4
 

73.5 38.6
 

79.9 41.8
 

83.6 41.9
 

61.0 36.1
 

65.4 41.3
 

71.8 38.9
 

76.2 41.2
 

80.5 43.5
 

85.5 45.0
 

63.5 34.4
 

70.3 36.5
 

72.3 42.4
 

77.0 38.6
 

81.5 52.2
 

85.0 40.0
 

Protein Factor 5.75
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The peanut 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 increased 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 30% 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 quality. The flavor improved with age.
 

The physical dough testing with the soy isolate is divided into
 

coarse, medium and 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
 

absorption characteristics, the preliminary physical dough tests do not
 

show the same trend as 
soy and peanut flour blends perhaps because these
 

be.ns were not heat treated.
 



IMPROVING NUTRITIONAL VALUE OF CEREAL BASED FOODS
 
(NUTRITIONAL EVALUATION)
 

The enclosed attachments eover literature reviews which have been
 

conducted on various aspects OM legumes which may be important in
 

nutrit4onal evaluation of these products if they are to be additives
 

in human diets.
 

Of specific interest has been information on toxic factors and/or 

inhibitors found in the chick peas and the broad beam. 

Somaries covering some of the more pertinent references In these 

areas is givrm in the first attachments. Secondly, progress that has been 

made in analysis of samples collected in Morroco and Pakistan are summarized 

in the attached tables with data giving values for amino :c6 cofpositlon 

and prote'n values of the samples on which analysis has bet coapleted. Also 

In progress is the evaluation of the mineral content of these saWles using 

activation analysis. 

Data available on some of the samples have been examined and it woutd
 

appear that some of the data look reasonable, but thut oth;r Saar-,les need to
 

be chocked further to determine the significance of the values which have
 

been obtained. Data on some samples for nitroIen level have not agreed well
 

with the more common Kjeldahl analysis. These talues are being re-checked and
 

the work on the analysis is being evaluated to determine the accuracy of the
 

informtion 

Information covering three separate growth studies using rats are
 

Included. These studies cover work which was done to evaluate the effect of
 

lysine and vitamin and mineral additions to att& used inmaking chapatis. In
 

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



grain is evaluated. These studies were designed to evaluate the protein
 

Quality of endosperm. The studies evaluated protein from fractions of
 

floury endosp*m and horny andospem. In the third study evaluations were
 

designed to determine the effect of minimn additions of vitamin and minerals
 

which might result in the most improvement In growth rates. Complete vitamin 

and mineral additions to diets containing wheat flour or the cereal flours 

will result In good grcwth. In this study only those minerals calculated or 

most deficient were added In test diets. 

If 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 nutrientm fnr'chment 

which supplied the lacking nutrients would aid in avoiding nutritlondl 

imbalance vhich might occur on the addition of singie nutrient% Preliminary 

data obtained in the third rat study indicate the need for further eva'uations 

related to the effects of only limited supplements of certair vitamlr and 

minerals. 
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TOXIC FACTORS IN CHICK PEAS 

The presence of toxic factors In legmes have been recogni zed by man 

since the daw of history. Among the legume seeds of nutritional importance 

Investigated, the trypsin inhibitor was found in the chick peas and other 

beans. The trypsin inhibitor was not found in non legumes. 

Brochers d Acberson (1950) have presented a table containing seeds of 

legunosme and other sees. Chick peas contain 32.3 units of Inhibitor/mi. 

extrat .of ample. (Table aMted). 

They also studed the effect of autoclaving on the nutritive value of 

pulsm. There was no 0rrmlation between -the improvement in nutritive value 

*fW ***clawing and the presence or absence of the trypsin inhibitor. 

Hi and Nagar (1952) showed that trypsin inhibitor content o; pulses 

ws less Sh that of beans. They found that methionine supplmnta'on to 

vM 0sa Ieamsed nutritive values. 

, gSdpaedya and BanerJe (1953) studies the biological valve of 
J.4 

: *f fiV* Varitift of pulses (including chick peas) by the rat grewth 

r" br beftil and after 46 hours of geminatton. rhey sported that. 

*41 .I1btoiractlvity did not change with germination indicating that 

. jV0 lue of the protein to e, ther increasesvaologi is not du 
. n their trypsin inhibitor activity. 

*0* od Vadafr (1954) foond that the trypsin inhibitor from 

f dot* Whereas 

, i- . f, frm 60% beans are stable unbr these condttiom. Autoclaving 

n 1*t0rs with the exception of double been inhibitor. 

,. . t by eatirq at 10% for one hour. the 

-' ; 9 . " (1 ) worked on other legumes. Lathyrism is the only 

~' rie frm thvir use. The poisonous principle is an acid, 
-Z. 
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white and hygroscopic, extracted by macerating the gound peas in cold water
 

or alcohol for several days, percipitatvng albumen, filtering and concentrating
 

the liquid. Experlments were done with the active principle and the extract on
 

trnkeys, rabbits and frogs. It caused lesions in the brain and spinal cord
 

and paralysis of motor nerves. 

According to Altschul (1958), diseases caused by toxic factors are
 

referred to as lathyrism, cicerism or odoratism. A species of cicer have 

been presumably pointed out as causative agent. He mentioned that the common 

reasons for athyrlsm may be due to: 

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

,flr a particular amino acid deficiency. 

fIt has also presented a table on the "effect on amino acid compoition 

of wheat and corn flours by addition of chick pea products and soebean meal." 

The table is attached with the report. 

Altschul pointed out the comon practice in preparing dishes by soaking 

first and throwing away the steeping water may help In diminishing the risks 

drived from the ingestion material containing the toxic factor. (He means the 

ingestion of toxic factor). 

Abramnova 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 material was investigated. The highest antitryptic and antichymotryptic 

activity was found in P. Vulgaris seeds followeci in G. Max, C. Arctnum 

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

antipaptic activity. 
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PROTEIN REQUIREMENTS
 

Mason et al. (1964) found that the American and European woen 

had significantly higher basal metabolic rates than the Indian wo,.ier. 

The differences could not be attributed to differences inaqe, neight, 

weight, or muscle mass. They .;ggested that the differences mauy be due 

to several generations of Indians adapting to the tropical climate. 

Since the metabolic rates of the INdian women are lower, their orotein 

needs may be lower.
 

The amino acid requirements for adult humans and for rats have been 

reported by Rose and others and is given in Processed Plart Protein 

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

amino acld adult human rat 
g/day ' 

arginine 0.00 
histidine 0.00 C,4 
isoleucine 0 70 0 5 
leucine 1.10 n b 
lysine 0.80 1 ,1
 
methionine 1 10 n '. 
phenylalanine 1 10 
ttreonine 0.50 
tryptophan 0.25 
valine 0.80 .7 

Hegsted (1957) estimated that children of the glvef ajes require 

the amounts of protein listed below: 
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1 month 2.5 g/kg body wei4ht 

18 months -- 1.0 g/kg body weight 
2.5 years -- 0.76-0.83 g/kg body weight
6.Vyears -- 0.62-0.67 g/ka body weight 

Howe at &1. (1965) reported the followina recormmendnt ions: 

infants (at birth) -- 2.2 g/kg body weight2.months 
 -- 2.0 g/kR body wei,:ht
I year 1.5 g/kv body weimht
1-5 years 

--

-- 1.0-I. /kw boly weivit 
Plenert et al.. (196C) found that increasing the Protein
 

intke -f in"ants above 3 i/ki 
did not Imnrove welht
 

i7n,'. or utilization of food and eneray. 

Ntrowen balance studies (Wakawawa et l., Im12
 

•,mve mnown that 10-12 year old boys req,;lre apprc(ximrneIy 

-,,rs (nine (35 mg/kg), 0.9 g valine ( g ka,. ind 

. ~~:~eilianine (27 mg/ka) datiV. 

Fomon and Filer (1966) reported t hat. , O. 1.M 

and valine requlrements~were sl1 htIv lower siNr :'rovious 

reports had indicated. Twenty Infan.q wore f,- q 

formula which contained protein (6% or rorriuls .r t-:e 

rorm of metnionine-supnlew nted so.y Isolate. .)Oev 
reported that 50-85 mg isoliucine/kx/day and ,-n 

valine/ka/dRya were sufficient for moat children. rnose
 

values they compared with 79-126 mg isoleucine/k/lav
 

and 85-105 mg valine/kg/day reported by Snvderman eL 
 il. 

(1959, 9 6L). 

http:0.62-0.67
http:0.76-0.83
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PRuTEIN AVAILABRITY
 

Autoclevinp (1210C, 30 and 60 minutes) reduced tne 
Ivsinp content or chiccneas by 10% 
(Gonzalez del 
Ci:to 
._t a;., 1960). In contrast to reports that au;toclavJng 
redbred the 'arzinine content of" cottonseed mehl, 
no
 
me3Sirabls reduction in arainine concentration 
was
 
observed 
in chickp.as (Gonzales del Cueto et al.. 
10%)').

Kulwen and Lyman (194.) reported the 
true 9vaiabilitv
 
(-.no teids 
 fed minus amino acids in races L& rats "#f 

wt.s.-at N ri1 lows: 

akrainine 
 96.4%
1'istidine 
 98.8%
 
,.oleucine 
 95.0%
 

uIneIPe 95.4% 
v-9;ne 
 92.8%
 

metniontne 
 94.9%
 
PhAnylalanine 96.9%

threonine 
 92.2%
 
trvptophane 
 93.2%
 
valine 9).2%
 

total N 
 95.0%
 
3upta et al. (1958) reported that on the basis of rat 
feeding experiments, lysine is 8i available in ri-P 
and 61T79% available 
in wheat.
 

The true digestibility of properly cooked lelurnes 
nms 
been estimated to be 
between 85 and 
95%, with beans
 
being digested slightly poorer than peas 
(Aydrovi and 
Doughty, 1964). 
 The protein content of some 
Indian
 
pulses has 
 been observed to increase during germination
 
(Chattopadhyay and 
 Banerjee, 1953). Genetic strains of 
chickpeas vary as much as 38% in protein content (Esh 

!t al., 1960). 

http:chickp.as
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SUPPLEMENTATION OF DIETS
 

Howe et al. (1967) stated that 
fish protein conrentrate
 

and soybean meal are 
the only potentially available protein
 

concentrates contsininn a sufficiently high lysine content
 

to"be useful as a supplement. In general they advocated
 

the addition of pure amino acids to the staple 
foods.
 

On the other hand, Hegsted 
(1968) stated that purified
 

amino a-ida are too expensive at the presentbo be useful
 

as supp.ements for developina areas.
 

Gr'owth of cnildren 2-5 yeari of age nas been improved 

hi.zhtlv siwnificantly) by supplementino tneir usual
 

rie and pulse diets with one 
ounce of 
a niwi nrotein rcod 

a LY .'Imm et al., 1966). The food conta!n-.1 -,,i a- jI.nut 
protein isolate, 15% roasted chickpea f'lour, v!t',ins and
 

minerals and supplied 22.2 i protein per tunce.
 

Outtikar et al. (1965) evaluated 
a orotein :ood
 

based on wroundnut, chickpea, and 
 sesame flour t,,:L:d)
 

as 
being quite effective as 
a source of protein when red
 

at 
the rate of 1.5 R protein per kg body weiqht.
 

The effect of supplementing the rice diet of 

Indian girls (8-9 yearN) with lysine, methionine, and
 

threonine has been studied 
(Parthasarathy et al., 
1964). 

The rice diet contained 250 p rice, 
small amounts of
 

legumes, vegetables, 45 9 oil, 
and 5 g skim milk powder,
 

vitamins, sugar, and a salt mixture. 
 It furnished 15',O
 



kcal/day and had a nitroeen retention of 9*4 of intake. 

A ,K'- milk r,.w 41Pr diet was formulatel "or comvaratl-fo 

:..rr, ,os: a reen,.t oil, 125 g taoLLca flour, .,v 

,,'r-,, 7n a skim ilk powder, vitemins, miuaar, inri 

.hIt ".Y'ijre. Tho nitrooen retentions for tt.e qupnlpmenter' 

le', were as follows: rice + 316 ma methionirle, l2.V; 

-no Ivsin, 12.61; rice 4 :l1- mv methionire 

+
-. v,3.r.,, ,5%3. rice 1 1128 ma .. ;.he jc2 mv, 

1". 4: rice + 1124 mv lv,,.ine + mi' vet- onine 

, -ionine, 21.0; skirr ilk powlr diet, , 

-re: t:.-fn improved the net prote'ii utili7atlrn: 

" ' 2.9% and 54.9%; rice + methicrn- • u, 

.. . ; skim milk diet, 711'. 'o IV a a'e 

ir, ,irn a/kg toiv weight) for the variouq iotq%ware: 

r ,-) .'I1; rice + lysine and/or metk:onine, '. .- .": 

+
r' e lvnie threonine, 0.85; ric-. I Ivslneo • tninine 

t',rouninp, 0.91; skim milk ,0.98. Protein L-V..kp w 

..I-l.V- lka body weiunt. 

Barness et &L (1961) observed that wheat c-va. o.' 

wheat cereal) fortified with lvsin and notass~im 

appearel to supplv adequate orotein for prowinp 'tin 

Aaericsn infants 3-17 months of age. The daily caloric 

'intake was 75-125kal/kg; protein intake was 1.2-4.0 a/ka. 

Chickpeas and broad beans have been used In foods 

In the Hear East and other parts of the world to aup:K:emP.c 
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the 
Ilet 
of small 
children (Autret and Van Veen, l"%;

Artur et 
al ., 1o165). 
 In India legume flour
4'o"d Is sometijn.
t, wheft, 'lour (up to 10%) 
to make Crapatties
 

(A', r,.vl qrd :JOughty, 
I16h).
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% SAMPLE 

81-68 j24-68 321-68 79-68 
78-68 Moroccan 346-68 Leatil* III Horse 

Lentils Lentils Lent IL, No. 53 Felte beans 

Protein 
Moisture 

24.1 
10.6 

23.0 
10.7 

17.0 
11.7 

2'S.e 
10.7 

24.1 
1 / 

26.4 
11.0 

Lyline 2.019 1.776 1.246 1.812 1.732 1.676 
Histidine 0.661 0.613 0.651 6 0.650 0.613 
1-nia 0.428 0.417 0.317 q .68 0.488 0.433 
Ahginin* 2.045 1.846 1.537 2.192 2.b40 2.440 
Upartic acid 2.904 2.551 2.291 3.242 2.887 2.901 
Thrmoimine 0.920 0.851 0.740 0.974 0.929 0.949 
Serine 1.206 1.148 0.970 1.302 1.201 1.243 
Glutanic acid 4.063 3.924 3.487 4.550 4.492 4.607 
?roliue 1.416 0.827 1.337 1.069 1.016 1.014 
Glyclue 
ilamine 

o.964 
1.018 

0.902 
0.924 

0.775 
0.796 

1.053 
1.105 

1.067 
1.052 

1.046 
0.062 

Half Cystine 0.026 0.000 0.0 0.0 0.365 0.0 
Valine 1.266 1.14 1.016 1.182 0.690 1.232 
Ysthionine 0.096 0.274 0.099 0.122 0.11.3 

soleuclue 
LU=CIne 
Tyroeine 

1.067 
1.612 
O.m9? 

0. 
1.405 
0.6"6 

0.780 
1.364 
0.574 

0.904 
1.84" 
0.786 

1.074 
1."62 
0.832 

1.060 
1.67 
0.798 

ftieylalanine 1.171 1.075 1.040 0.265 1.090 1.039 

itrgen K covery
OsIdat ions : 

94.78 89.42 106.60 91.83 98.90 ".41 

Cyatins 0.150 0.272 
Nothionino 0.093 0.148 



% Sa= 

83-68 
Good ioroe 

331-68 
Orthorn 

335-" 
1.g. Ltdey 34A--8 347-68 

182-44 
Bd Kidney 

73-68 
Maricot 

Beans Beans 544" Pev to Ie ore iUana Beans Mean 

Protein 
Voisture 

26.3 
10.1 

23.3 
13.4 

22 9 
11.5 

25.8 
10.3 

27 j 
9.8 

21.4 
10.3 

20.8 
10.6 

Lysine 
Histidine 
Amonia 

1.308 
0.501 
0.360 

L..705 
0.723 
0.454 , 

1.559 
0.677 
0.432 

1.555 
0.613 
0.452 

1.613 
0.612 
0.474 

1.575 
0.653 
0.414 

1.419 
0.57 
0.322 

Arginine 
Ampartic acid 
Threoniue 

2.206 
2.319 
0.779 

1.673 
2.823 
1.032 

1.491 
2.898 
0.991 

2.674 
2.789 
0.848 

2.354 
2.760 
0.952 

1.592 
2.952 
0.932 

1.119 
2.555 
0.924 

sene 
0lutawc acid 
Preline 
Gylcine 

0.983 
3.649 
0.789 
0.882 

1.452 
3.694 
1.215 
0.950 

1.377 
4.075 
0.850 
0.896 

1.207 
3.965 
1.007 
1.022 

1.175 
4.452 
0.874 
1.005 

1.374 
4.059 
0.914 
0.917 

1.236 
3.465 
0.894 
0.819 

Alanine 0.887 1.016 0.933 0.977 1.016 0.960 0.876 
&elf Cystine 
Valin 
Natbloulne 
Iseleucin. 

0.000 
0.993 
0.062 
2.008 

0.255 
1.192 
0.210 
1.077 

0.0 
1.316 
0.213 
1.064 

0.349 
1.119 
0.115 
0.964 

0.0 
1.197 
0.063 
1.060 

0.210 
0.971 
0.210 
1.075 

0.211 
1.061 
0.174 
0.943 

Laucime 
Tyr.oine 
Phecylalanine 

1.332 
0.633 
0.791 

1."69 
0.757 
1.295 

1.659 
0.742 
1.309 

1.745 
0.784 
1.035 

1.585 
0.799 
1.047 

1.86 
0.797 
1.325 

1.AU 
0.700 
i.35 

Nlitl@sm Recovery 76.06 94.99 92.03 89.52 83.26 98.64 870 
Oxidatins: 
Cystine 0.243 0.213 0.194 
Uhthionine 0.265 0.255 0.170 



7. SAMPLE 

75-68 
Moroccan 

85-68 
Poor Horse 

322-b8 
319 

348-68 
Ground 

124A-08 
White 

i2dA-b8 
Stone Cround 

127-68 
White 

Beans Beans Feveroleb 3horts Wheat White Wheat Wheat 

Protein 
moisture 

22.7 
10.6 

22.0 
10.7 

24.9 
10 9 

211.1 
ij.1 

10. ; 
13.2 

l1.b 
11.7 

12.2 
11.9 

Lysline 
Histidine 
A uia 
Arginiae 
Aspartic acid 
Thrmnine 
S*rlne 
Clutamic acid 
roliue 
Glycine 
Alanine 
alf Cystine 

Valine 
Methionint 
Isoleucino 
Leucine 
Tyrosine 
Phenylalanine 

1.628 
0.721 
0.517 
1.619 
2.783 
0.915 
1.183 
4.375 
1,016 
0.984 
1. 03 
0.0 
1.096 
0.331 
0.941 
1.704 
0.730 
1.306 

1.441 
0.527 
0.448 
1.979 
2.355 
0.815 
1.031 
3.758 
0.891 
0.922 
0.901 
0.268 
0.965 
0.093 
0.882 
1.432 
0.697 
0.928 

1.58u 
0.631 
0.459 
2.402 
2.883 
0.886 
1.172 
4.314 
1.013 
1.044 
1.008 
0.257 
1.143 
0.075 
1.018 
1.628 
0.792 
1.044 

0.586 
u.529 
o.864 
1.126 
1.225 
0.657 
1.1(07 
8.613 
2.533 
0.928 
0.777 
0.702 
1.006 
0.159 
0.800 
1.390 
0.708 
1.101 

0.324 
0.244 
0.340 
0.509 
0.598 
0.342 
0.535 
3.517 
1.024 
0.456 
0.427 
0.353 
0.505 
0.123 
0.394 
0.764 
0.362 
0.522 

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 

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

Nitrogen Recovery 96.48 90.99 91.9; 108.51 96.11 94.41 91.37 
OxIdatiom: 
Cystine 
Methionine U. 

0.255 
0.160 

0.276 
0.177 

0.331 
0.190 



%SAWL 

307-6 313-6 311-6 54-68 91-"6 312-66 

NA-3 BT IT Cosre 1 IT 309-6 

277 3597 3597 ftan bdn 906 3225 

ProIn 
•tivsture 

11.8 
9.2 

11.5 
11.6 

11.1 
10.7 

14.1 
11.4 

11.6 
11.8 

10.5 
11.3 

10.3 
10.9 

'tna 0.315 0.332 0.317 0.596 0.316 0.304 0.294 

ELstidis 
d1a 

0.260 
0.307 

0.254 
0.353 

0.239 
0.366 

0.392 
0.322 

0.238 
0.394 

0.232 
0.339 

0.231 
0.308 

£riol 0.546 0.549 0.539 0.994 0.540 0.499 0.523 

AsPl&TC aMid 
7,108 
cum 
@2Mt~e id 

. 

0.671 
0.335 
0.566 
3.929 
1.156 

0.626 
0.344 
0.527 
3.690 
1.218 

0.652 
0.337 
0.538 
3.530 
1.210 

1.130 
0.494 
0.672 
.941 

0.930 

0.685 
0.329 
0.580 
3.891 
1.266 

0.624 
0.328 
0.523 
3.457 
1.166 

0.589 
0.301 
0.492 
3.143 
1.114 

ryciae 
A1ant1 
Ualf Cystine 
valine 
Ibthstmie 
Isolsmcine 
Li*~CU 
Tyro iae 
ptunylalaurae 

0.431 
0.402 
0.232 
0.15 
0.055 
0.426 
0.701 
0.339 
0.357 

0.436 
0.405 
0.372 
0.301 
0.151 
tJS 
0.729 
0.216 
0.517 

0.455 
0.414 
0.383 
0.496 
0.069 
0.330 
0.736 
0.326 
0.479 

0.817 
0.731 
0.392 
0.697 
0.151 
0.399 
0.868 
0.399 
m.570 

0.421 
0.402 
0.308 
0.474 
0.035 
0.374 
0.732 
0.321 
0.530 

0.431 
0.393 
0.353 
0.476 
0.052 
0.352 
0.666 
0.323 
0.472 

0.404 
0.374 
0.265 
0.463 
0.066 
0.332 
0.66O 
0.207 
0.469 

Irosw Im"ry 89.54 92.61 94.47 91.78 93.90 95.71 92.24 

-.Ub ties.: 
.cystite 

.Im 
0.345 
0..iO.120 

0.267 
0.13 

0.276 
0 164 

0.315 
0.194 

0.230 
0.129 

0.247 
0.034 
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% SAMPLE 

70-68 332-68 333-68 
84-68 71-68 151-68 325-68 Broken Spilt Gordon SmiaI Br. 

Ralba-Kzt. Bird good Lobin 206 Soja Peas Pes Crowder 

ftotei 25.5 16.3 23.7 J8.4 22.4 27.3 20.4 
iature 9.70 10.0 10.0 8.1 10.8 124 12.7 

Lysias 1.637 0.357 1.7,46 2.800 1.753 2.350 1.495 
Histidina 0.617 0.329 0.780 1.094 0.564 0.695 0.653 
Ammic 0.401 0.395 0.415 U.799 0.357 0.577 0.428 
Arginiva 2.344 0.947 1.725 3.275 2.433 2.855 1.482 
Anpai-c icid 2.864 0.904 3.065 4.996 2.67 3.124 2.248 
Trhemiae 0.950 0.403 0.959 1.654 0.677 1.128 0.658 
Serine 1.248 0.680 1.286 2.150 1.118 1.393 1.121 
GlutamIc acid 4.266 4.842 4.725 8.301 4.2w, 5.126 3.821 
PMoliSe 1.030 1.198 1.388 1.999 ;11.177 1.16 0.983 
Glycine 1.183 0.479 1.015 1.723 O.986 1.305 0.947 
Almi.e 0.997 0.6 4 1.046 0.757 1.008 1.314 0.994 
Half Cystine 0.143 0.491 0.0 1.101 0.153 0.271 0.107 
Valine 1.167 0.791 1.300 1.925 1.121 0.883 1.058 
3ethioniue 0.159 0.208 0.277 0.467 0.311 0.0 0.267 
Isoleucine 1.245 0.669 1.061 1.942 0.974 1.159 0.903 
Leuclne 1.49 0.159 1.727 2.822 1.817 1.981 1.621 
Tyroas e 0.763 0.421 0.799 1.519 0.763 0.898 0.728 
ibeuylalanine 1.062 0.902 1.418 2.124 1.069 1.272 1.175 

sitzgem Recovery 69.62 86.62 97.08 102.93 101.2 100.51 97.36 
t dat ions: 
Cystine 0.218 0.349 0.207 
Dbtbiobine 0. 189 0.285 0.281 



Protein 

Moieture 


Lysise 
Histidine 

Amonia 

Arginine 

Aspartic acid 

Threonine 

Serin 

glutaiul acid 

Proline 

Glycins 


Iaul ue 

Ralf Cystlne 

Vallne 

athionine .
 

Isolqucine 

Leucthe 

Tyrosine 

Pheylalanine 


Nitrogen Recovery 


Oxidatima:
 
Cystine 

Kethionina 


336-68 

Crowider Cow 


Pea 


23.3 

14.1 


1.799 

0.836 

0.536 

2.004 

3.061 

1.033 

1.377 

4.937 

1.283 

1.092 

1.117 

0.0 

1.394 

0.383 

1.060 

1.978 

0.838 

1.A46 


107.5i 


0.235 

0.332 


328-68 

191 

Pos 


23.7 

9.9 


1.849 

0.555 

0.365. 

1.940 

2.697 

0.964 

1.111 

4.013 

0.876 

1.067 

4.084 

0.402 

1.120 

0.183 

1.029 

1.519 

0.824 

1.162 


90.78 


36-68 

Wheat 6 

Marley 


12.1 

11.6 


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 

0.394 

0.750 

0.355 

0.595 


83.95 


0.146 
0.16i 


144-68 
arley 

10.8 

11.0 


0.354 
0.219 

0.30. 

0.516 

0.696 

0.383 

0.493 

3.043 

1.215 

0.455 

0.457 

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 

0.54 
0.324 

0.398 

2,293 

0.966 

0.363 

0.368 

0.242 

0.457 

0.068 

0.321 

0.638 

0.292 

0.482 


85.75 


338-68 
Rg. - treated 126A-68 
Sorghum Sorghum 

10.2 9.5 
12.6 12.3 

0.220 0.182 
0.225 0.193 
0.283 0.261 
0.363 0.333 
0.818 0.664 
0.365 0.314 
0.481 0.438 
2.441 2.072 
0.736 0.743 
0.283 0.314 
0.925 0.894 
0.045 0.190 
0.606 0.481 
0.199 0.043 
0.532 0.34 
1.410 1.254 
0.341 0.384 
0.388 0.511 

93.50 90.87 

0.141 
0.120 



Z SM@LJ 

318-68 319-68 77-68 334-68 129-68 315-68 74-68 
SR20-Hybrid 
N=wcain 

Sorghum 
Vulgare 

White Corn 
from Fez 

Amrican 
Corn 

Domestic 
Corn 

DI17 
Hvbrid Double 

Amercan 
Corn 

Protein 
Nb~ature 

16.3 
11.6 

10.5 
12.1I 

10.4 
11.3] 

11.4 
13 .6 

9.3 
11.5 

10.1 
11;4 

16.1
11.0 

Lysine 0.280 0.238 0.231 0.259 0.283 0.267 0.298 
H1itidine 0.330 0.210 0.227 0.343 0.269 0.280 0.294 
mmonia 0.475 0.327- 0.255 0.307 0.186 0.233 0.234 

hrzgnine 0.568 0.361 0.433 0.428 0.434 0.443 0.442 
pazrtic acid 1.115 0.862 0.761 0.775 0.632 0.764 0.832 

Throeatu 6..507 0.341 0.365 0.424 0.351 0.367 0.44 
Otia0.70 0.530 0.472 0.592 0.454 0.528 0.594 

GCItLmc ac d 3.921 2.495 2.393 2.712 1.901 2.213 2.569 
hrollue 1.263 1.169 1.193 1.277 0.839 1.061 1.156 

Glycein 0.441 0.329 0.341 0.384 o.344 0.362 0.401 
AI m.i.e 1.575 1.028 0.994 0.957 O.665 0.816 0.942 
Half Cystine 0.301 0.0 0.110 0.351 0.171 0.213 0.126 
Valine 0.819 0.517 0.588 0.577 0.468 0.461 0.603 
Nethionine 0.200 0.02. 0.239 0.204 0.019 0.040 0.153 
ISo1MUcIne 0.664 0.414 0.456 0.443 0.334 0.324 0.439 
Laucins 2.089 1."46 1.387 1.630 1.017 1.399 1.427 
Tyrosine 0.696 0.399 0.468 0.521 0.371 0.412 0.485 
Phenylalanins 0.880 0.554 0.568 0.641 0.427 0.537 0.563 

Nitrogen Recovry 92.07 97.17 96.98 98.84 88.66 94.39 65.08 
Oxidatons: 
Cyetirze 0.769 0.158 0.251 0.206 0.210 
Nthionime 0.267 0.099 0.227 0.171 0.176 



00' 

%.SAWLE 

146-6l6g 
345-66 

SMeBe= 
131A-6" 
MMi 

337-B 
ible allet 

72A-68 
Millet 

341-68 
Canary 

Seed 
340-68 
Mustard 

louln 
1108tv 

23.4 
11.7 

21.9 
11.9 

22.9 
11.1I 

10.6 
12.2 

10.1 
10.9 

16.6 
12.7 

26.0
7.1I0 

LYSaae 
viotidime 
Amonia 
Arginim 
bqFatrtic acid 

O acid 
toltm 
alp ime 
Alauala 
btif C"IrtmS 
Tlei&* 
Ntbemife 
IaelnmcSme 
JacIs 
TyzTeene 
phanyllaiue 

1.6%6 
0.651 
0.419 
1.629 
3.026 
0.851 
1.333 
4.665 
1.136 
0.966 
1.130 
0.107 
1.321 
0.26 
1.138 
2.002 
0. 79 
1.515 

1.653 
0.612 
0.376 
1.550 
2.731 
0.304 
1.238 
4.196 
1.037 
0.901 
0.993 
0.200 
0.405 
0.276 
1.010 
1.625 
0.764 
1.421 

1.757 
0.660 
0.266 
1.656 
3.080 
0.633 
1.281 
4.598 
1.297 
0.913 
1.001 
0.0 
1.339 
0.250 
1.058 
1.736 
o. 663 
1.414 

0.189 
0.217 
0.319 
0.357 
0.692 
0.340 
0.733 
2.359 
0.679 
0.252 
1.173 
0.182 
0.242 
0.160 
0.422 
1.311 
0.423 
0.613 

0.186 
0.204 
0.242 
0.402 
0.677 
0.30 
0.615 
2.271 
O.n7 
0. 33 
1.003 
0.0S5 
0.532 
0.256 
0.62 
1.047 
0.345 
0.515 

0.535 
0.318 
0.479 
1.134 
1.357 
0.4"6 
0.700 
3.840 
0.841 
O.625 
0. w4 
0.457 
0.778 
0.220 
0.636 
1.069 
0.504 
0.849 

1.210 
0.576 
0.532 
1.444 
1.477 
0.891 
0.936 
4.109 
1.260 
1.073 
0.910 
0.6"6 
0.919 
0.091 
O.650 
1.442 
0.56 
0.872 

Nitrogmia Icover7 96.7t 92.87 96.00 91.10 69.48 89.06 74.10 

Cyslt J 0.186 
0.277 

0.163 
0.290 

0.157 
0.510 

0.355 
0.272 

0.546 
0.354 
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2 PROTFT'% 

85-68 
Poor Norse 

Bea 

322-68 
319 

Feveroles 

348-68 
Ground 
Shorts 

124- b8 
Whte 
Wheat 

128-68 
;tone Ground 
White Wheat 

127-68 
White 
Wheat 

3107-68 
EA-3 
277 

Frotein 
Moisture 

22.0 
10.7 

24.9 
10.9 

21.1 
13.1 13.i' 

11.6 
.i 

12.2 
11.9 

11.8 
9.2 

Lysine 
Histidine 
Amonia 
Arginine 
Aspartic acid 
Threonine 
Serine 
Glutaaic acid 
Proline 
Glycine 
Alanine 
Half Cystine 
Valine 
Methionine 
Iuoleucine 
Leucine 
Tyrosine 
PhenylalanLne 

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 

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 

2.776 
2.505 
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 
3.355 
5.219 

3.016 
2.?08 
3.174 
4.761 
5.589 
3.192 
4.996 
32.865 
9.568 
4.260 
3.991 
3.297 
4721 
1.153 
3.678 
7.144 
3.388 
4.881 

2.872 
2.243 
2 741 
4.941 
5.703 
3.250 
4.806 

33.488 
10.999 
4.090 
3.772 
2.675 
5.221 
1.563 
3.836 
6.2D6 
2.969 
4.410 

2.639 
2.214 
3.157 
4.716 
4.927 
2.9% 
4.623 

31.262 
9.581 
3.862 
3.592 
3.859 
3.915 
1.05C 
3.465 
6.624 
3.020 
.547 

2.667 
2.205 
2.602 
4.631 
5.682 
2.839 
4.946 

33.296 
10.614 
3.653 
3.403 
1.966 
4.361 
0.470 
3.610 
5.93 
2.874 
4.124 

Oxidation: 

Cystine 
Methionine 

1.182 
0.661 

2.382 
1.493 

2.380 
1.523 

2.711 
1.638 

2.075 
1.016 



C.. 

Z PIROTEI 
313-68 
BT3597 

311-68 
3T2511 

56-68 
Coarse Bran 

61 -e8 
#1 Durm 

112-8 
BT-908 

308-b8 
3225 

310-68 
8T2306 

protein 
Moisture 

11.5 
11.6 

11.1 
10.7 

14.1 
11.4 

1: #5 
11.8 

1o.S 10.3 
10.9 

10.9 
11.7 

Lysine 
Histidina 
Amonia 
Arginine 
Aspartic acid 
Threonine 
Serine 
Glutamic aci', 
Proline 
Glycine 
Alanine 
Half Cystine 
Valifne 
Methionine' 
Isoleucine 
Laucis 
Tyrosine 
Phenylalanine 

2.891 
2.207 
3.072 
4.777 
5.441 
2.988 
4.585 

32.152 
10.5W9 
3.787 
3.520 
3.233 
4.355 
1.313 
3.360 
6.340 
2.745 
4.498 

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 

4.176 
2.777 
2.281 
7.052 
8.015 
3.501 
4.764 

20.857 
6.948 
5.794 
5.187 
2.781 
4.945 
1.072 
2.832 
6.158 
2.831 
4.042 

" 
1.05 
3.398 
4.659 
5.903 
2.837 
4.97 

33. 547 
10.913 
3.626 
3.466 
2.658 
4.090 
0.303 
3.224 
6.309 
2.767 
4.571 

2.899 
2.210 
3.229 
1..752 
5.938 
3.125 
4.94 

32.922 
.1.297 
4.107 
3.742 
3.362 
4.530 
0.499 
3.352 
6.534 
3.072 
4.500 

2.854 
2.247 
2.993 
5.075 
5.716 
2.927 
4.778 
30.516 
10.820 
3.927 
3.634 
2.574 
4.492 
0.838 
3.225 
6.441 
2.884 
4.550 

2.567 
2.082 
2.757 
4.462 
4.812 
2.974 
4.611 

30.864 
9.222 
3.899 
3.438 
3.946 
4.170 
0.378 
3.374 
6.495 
3.093 
4.478 

Oxidation: 
Cysnine 
Methionine 

2.317 
1.371 

2.488 
1.473 , 

2.236 
1.379 

2.191 
1.226 

2.397 
0.328 

2.294 
1.383 



% PRMVYEIN 

55-68 56-b8 

93-{48 57-68 Soft lRed 19-bs 91-t8 Straight Grade 84-68 

Durum Fine Bran Winter 1414 #2 )urtm Flour "'Force" Halba Ext. 

Protein 13.0 14.9 11.7 • . , 25.5 

Moisture 11.7 11.1 12.6 ' I1.' 12.4 9.10 

Lysine 2.495 4.124 2.837 8. 2.514 2.161 6.421 

Histidine 2.043 2.492 2.209 - 2 , 2.240 2.084 2.421 

Ammonia 2.852 2.235 3.194 2.933 2.73? 3.861 1.572 
Arginine 4.255 6.426 4.960 4.808 479 4.083 9.193 

Apartic acid 4.857 7.401 5.013 5.097 5.564 4.084 11.231 

Threonina 2.964 3.495 2.934 3.044 2.929 2.834 3.724 

Serine 4.676 4.465 4.485 4.850 5.142 4.801 4.896 

Glutaaic acid 31.306 20.593 30.629 31.074 35.150 38.209 16.728 

Proline 9.6.4 7.327 8.817 9.220 11.450 11.374 4.038 

Glycine 4.051 5.188 3.939 4.011 3.668 3.505 4.460 

Alanine 3.414 4.886 3.526 3.747 3.455 3.034 3.910 

Half Cystine 3.355 2.716 2.863 3.185 2.875 3.W09 0.563 

Valine 4.221 5.371 4.964 4.388 A.567 4.579 4.576 

Methionine 1.117 1.342 1.118 0.752 0.949 1.088 0.624 

Isoleurine 3.412 3.067 3.521 3.595 3.082 3.554 4.883 
Leucine 6.509 5.927 5.975 6.856 6.359 6.367 5.876 

Tyrosine 3.125 2.876 3.012 3.160 3.029 3.291 3.069 
Phenylalanine 4.478 3.964 4.536 4.684 5.116 4.965 4.088 

Oxidation: 
Cystine 2.526 2.219 2.235 

Methionine 1.392 1.731 1.165 



Z PKPT'T% 

Protein 
3oda6ure 

71-68 
Bird Seed 

16.310.0 
10.0 

151-68 
Lobia 

23.7 
10.0 

325-68 
20*4 

Soja 

38.4 
8.1 

70-b8 
6, -&en Spi t, 

Pea* 

.. 
•os~r 
I0.1 

332-68 
Garden 

Peas 

; 3 
12 A 

333-68 
Soatl Br. 
Crowder 

20.4 

12.7 

336-68 
Crover 
Coy Pea 

23.3 

14.1 
Lysine 
EMatidine 
Amonia 
Arginine 
Aspartic acI ;1 
Threonine 
Serine 
Glutmlc acid 
Prolle 
Glycine 
AlaLine 
Half Cyatine 
Valime 
Hathlonine 

Iacleacine 
Leucine 
Tyrosine 
Phenylalanine 

2.192 
2.019 
2.421 
5.810 
5.543 
2.472 
4.173 

29.705 
7.349 
2.936 
4.198 
3.011 
4.855 
1.274 

4.103 
6.498 
2.583 
5.531 

7.366 
3.292 
1.751 
7.279 

12.932 
4.046 
5.427 

19.937 
5.856 
4.283 
4.413 
0.000 
5.483 
1.167 
4.478 
7.286 
3.370 
5.985 

7.293 
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 

1.811) 
2.518 
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 

8.609 
2.5" 
2.114 

10.456 
11.442 
4.131 
5.101 

18.851 
4.197 
4.781 
4.812 
0.992 
3.236 
0.000 
4.247 
7.255 
3.291 
4.658 

7.329 
3.201 
2.100 
7.266 

11.021 
4.205 
5.497 

18.728 
4.816 
4.640 
4.873 
0.524 
5.184 
1.309 
4.426 
7.948 
3.569 
5.760 

7.723 
3.587 
2.299 
8-600 

13.139 
4.435 
5.911 

21.189 
5.508 
4.688 
4.793 
0.000 
5.994 
1.643 
4.637" 
8.440 
3.596 
6.388 

Oxidation: 
CyatineHthtonine 

0.9210.796 
1.278 
1.045 

1.012 
1.375 

1.009 
1.425 



in 

2 PRDTI I N 

36- 'A38-b8 318-65 
326-68 

191 Pots 

Wheat & 

Barley 
144-68 

Barley 

9-68 

bariev 

Mg-rreated 

Sorghum 
126-68 

Sorghum 

S20 Hybrid 

Nowcain 

Protein 
Moisture 

23.7 
9.9 

12.1 
11.4 

10. 
11.0 

9.4 
1.3 

10.2 
12 A 

9.5 
12.3 

16.3 
11.6 

Lysine 
Histldizne 

Amonia 
Arginine 
Aspartic acid 
Threocine 
Srino 
GluitaIc acid 
Proline 
Glyeine 
Alanine 
Half Cystine 
Valirne 
Kethloetne 
Isoleucine 
LAucIM 

Tyrosine 
Phenylalanine 

7.801 
2.342 
1.542 
8.186 

11.382 
4.151 
t.687 

16.932 
3.694 
4.502 
4.573 
1.694 
4.725 
0.771 
4.344 
6.410 
3.479 
4.904 

2.492 
1.908 
2.668 
4.004 
4.773 
2.874 
4.264 

28.934 
10.138 
3.397 
3.398 
2.538 
4.067 
1.120 
3.258 
6.200 
2.931 
4.920 

3.277 
2.028 
2.815 
4.779 
6.442 
3.542 
4.560 

28.175 
11.251 
4.213 
4.233 
3.015 
4.972 
0.332 
3.723 
7.052 
3.421 
5.279 

3..24 
1.969 
2.402 
4.697 
5.746 
3.450 
4.234 
24.393 
10.299 
3.857 
3.915 
2.574 
4.860 
0.718 
3.419 
6.787 
3.107 
5.123 

2.153 
2.201 
2.776 
3.5%7 
8.017 
3.579 
4.716 

23.929 
7.216 
2.778 
9.073 
0.439 
5.942 
1.950 
5.220 

13.819 
3.339 
3.807 

1.915 
2.035 
2.745 
3.510 
6.991 
3.302 
4.608 
21.810 
7.817 
3.308 
9.411 
2.003 
5.067 
0.450 
4.039 

13.303 
4.041 
5.381 

1.716 
2.023 
2.917 
3.486 
6.841 
3.110 
4.347 

24.054 
7.750 
2.708 
9.660 
1.846 
5.020 
1.225 
4.076 
12.K9 
4.270 
5.399 

GOidation: 
Cystine 
Methlonine 

1.208 
1.500 

2.027 
1.286 

1.486 
1.267 

1.646 
1.637 
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Studies on Attas and Chapatis I -

Experimental Production of Atta
 
2/
 

M..Shafiq Chaudhry,- M. H. MacMasters, 

E. P. Farrell and W. J. Hoover
 

Department of Grain Science and Industry
 

sansas State University, Manhuttan, Kansas 66502 

Summary 

An expertit.nta. method was developed for makiny 8Lta, r arse....


,ur ir ,m whi r unlea-ened bread (chapatis) is made in Pdw,-t..r .,id 

":gUia. Artas .)f 8A7. and 957. extraction were prepaiea ir -n ir , 

winter, Har, kPd Spring, Durum, White Club, Soft Red vk., :,: 41.) .'*KiStalJ' 

wheats Particle size distribution of experimentai at,.. wtrv -,the
 

that typical p.,bp.range of of Pakistani attas. Proximo:r riit ,n and 

atugh dharacteristics of the experimental attas wer,. ietst-mined A
 

standard method was developed and used to prodi,,e hapa?,s rom tr:!. 

experimental attas. The chapatis were evaluate. ,rganoi,.ntJcailTy Dy 

& panel using a scoring system devised for the purpose Al, atas 

extept those from Durum wheat yielded satlsfactGCV, hapasti. kolor 

dpparentlv is a major factor in determining acceptab LIcy, cte White 

"- ontribution No. 6/.9, Department of Grain Science and Industry. 
,.nsas Agricultural Experiment Station, Kansas State L;r',erhity, 
Manhattan, Kansas 66502. 

7/ This paper .s based in part on the dissertation presrited by M. 
Shafiq ChAudhry in partial fulfillment of the requirements for the Ph.D. 
degrae. Dr. Chaudhry's present address is Department of Food Science,
 
seiat Pakistan Agricultural University, Lyallpur, Pakistan.
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Club and Pakistani whoat products 
were found to be significantly more
 

acceptable than those from any red wheat.
 

Introduction
 

Unleavened 
bread is a staple article of food in Pakistan and India.
 

It Is similar in appearance to a tortilla but made of corrse wheat 
flour
 

and known an a "chapati". 
The flour from which chapatis are made is
 

called "Act&". 
The typical chapati is prepared from atta and water
 

mixed iLto a dough that is cooked on a flat, ungreased, hot surface. 

The chai-aci ts turned several times during cooking and finally, if of 

good qally It puffs, i.e., the two surfaces separate because of 
con­

sidetabie expanatuno 
 gases, probably mostly steam, 


posai Le itpr vetaevt P1 

betweeti them. 

The puftog subsides as the chapati cools, so the cooked cti'ati resem­

bles a I.ght tan tortilla flecked with dark brown spots. 6,ten cold, a 

coo..d .aapatl -.a ,oft and pliable. 

There Lurrently Ia much interes.r in 

average diets 
in both Pakistan and India. As Ltha)ati, at the .8taple 

food and sometimes practically the only food in 1-tr,# polit- oL buth 

countries, Improvea nutrittton must depend primaril lv trl .Wr, ement of 

the nutritive value of chapatis. Particle size oz coov.nt iidl wrteaL 

flour of Europe and the Americas is, however, usually considv[pd Loo 

small for good :hapatis. There is very little in -h, literat.ra on 

the production and characteristics of atta. 
 Yet it is obviuusly verf
 

difticult to study nutritional impruvamant of a product unless the 
raw
 

material is either readily available or can easily be produceo.
 

http:literat.ra
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Materials 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.
 

burum: One Lomercial blend from Peavey Mills, Minneapolis.
 

White Club- Two samples, Burt and Gaines varieties, respectively,
 

grown in ,he state of Washington. 

Soft Red 41ititer' One composite sample already on hand.
 

Pakistat: On,. blend of improved varieties C-273.and C-228 from the
 

Department ot Plant Breeding and Genetics, West Pakistan Agricultural
 

University, Lyallpur. 

Five hundred grams of each sample was milled and the resuiting atta 

tested for ,aafing Ahapatis. (Wichita variety, (Har ,ee Winter) a 

ommer(iai blend of Hard Red Spring and Omar varlets, tWhite ( i,.b) also 

were used in preliminary tests and fpund to be not. appreciably tifierent 

from other samples in their respective Iabses., 

A milling method was developed that. yielde. a: -as . I.,. apprtxi­

mating in properties samples obtained from Pak sran. A Hart-Carttr 

Doclage Tester was used for cleaning, with all settings as rvcntuuerded 

by the manufaLturer. Each sample was conditioned to 15% moisture content 

by adding the calculated amount of water aa a spray to thf grain As Lt 

was tumbled in a small rotating drum. The conditioned wheat wa, held 

in polyethylene bags 24-48 hours before milling. The mtlli,.g Ilow 

sheet is shown in Fig. 1. Ross experimental roller 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 a Siico laboratory sifter for
 

2 min., except in the fourth step where the time was 15-30 sec., depending.
 

on the wheat being milled, to obtain approximately 5% overs of 44 W.
 

Two types of atta, 95% and 80% extraction, were obtained. For 95%'
 

extraction, 5% bran (overs of 44 W from the fourth grind) was removed.
 

For 80% extraction, 15% fines (thrus of 1OXX) was also removed. After
 

appropriate removal the remining millstreams were pooled and blended
 

25 min. in a laboratory blender.
 

Eleven samples of atta that represented products made (a) on steel 

roller mill (A-E), (b) on the manually operpted stone grinder locally 

known as a "chakki" in Pakistan (F-H), and (c) on animal-powered stone 

burr mills (I-K) were employed to determine the particle size distribu­

cron of acceptable attas. (Letters refer to designations in Fig. 3.) 

Two hundred gram of atta were sifted for 2 min. on a Rotap sifter 

through sieves indicated in Fig. 1. The overs of each sieve and chrus
 

of 150 W were used to calculate a cumulative particle size curve.
 

Analyses-for moisture, crude protein, ash, crude fat and crude 

fiber were made according to methods 4-15, 46-10, 08-10, 30-20, and 

32-15, respectively, 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 atta of 95% extraction (from Gaines variety wheat) 

were 49%, 59%, and 71.5%, respectively. A small amount of vegetable 

oil was added when 49% water was used. Each dough was imediately 
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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 410 B.U., respectively. All
 

gave acceptable chapatis.
 

A mechanical procedure to evaluate doughs, for chapatis was
 

devised on the basis of knowledge obtained 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 was ad~usted to a clearance of one-eighth inch between the rolls.
 

The second set, a product of Anetsburger Bros., Inc., had a roll speed
 

of oO r.p.m., peripheral speed 52 ft. per min., adjustment was made
 

to a clearanLe of 0.050 in. between the rolls. Attas were evaluated 

for achinability by starting at 71% absorption and decreasing absorp­

tion oy 17 at each trial until a dough was obtained that made a clean
 

pass through each set of rolls. Wrinkling after t Iesecond rolls
 

could be reduced by (a) substituting 27 water with an equal amount of
 

vegetable oil (Wesson oil), (b) reducing absorption by 57 from the
 

level that gave no sticking to the rolls, (c) generous use of dusting
 

flour (atta). Coubining the three factors completely eliminated
 

wrinkling and improved the handling properties of the chapacis. In
 

Pakistan and India, the housewife commonly uses over 70% absorption and
 

employs dusting flour (atta) to improve handling properties. Fat is
 

sometimes used in making chapatis in India; the product is then not a
 

chapati but a "paratha". 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 ware evaluated organoleptically by a panel of
 

judges composed of seven students from Pakistan and India to whom
 

chapatis were a common and well-known food, A scoring system was
 

devised by which each characteristic wat evaluated on a scale from 0
 

to 10, a score of 0 representing the poorest quality and 10 the best
 

(Fig. 2). Farh thapati was prepared from 50 gm. of atta, sheeted,
 

cooked on a hot 
plate, cooled for about 5 minutes and wrapped in wax
 

paper until it was presented to the judges. OrganoL]eptic data were
 

analyzed oy students "t" distribution test and analysis of variance
 

(Alder and Roemaler 1958).
 

Results and Discussion
 

The particle size distribution of attas obtained from Pakistan
 

varied cons.lrably (Fig. 3); 
that of sample A, from a modern mill,
 

was considered to represent what would probably be available for large­

scale production of chapatis, similar 
to production of bread in a
 

comercial bakery.
 

The method developed for milling wheat to atta gave products with
 

particle size distribution well within the limits of distribution found
 

for Pakistani attas (Figs. 4, 5, 6), although there were 
large variations
 

among both the commercial and the experimentally milled samples. 
Attas
 

of 95% extraction from Pakistani and Hard Red Spring wheats were similar
 

in particle size distribution, However, Aziz and Bhatti (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 than granularity, 

within a wide range, in determining quality of atta. 

Proximati. comp)siclon of th, attas is shown in Table 1. Protein 

Wrent wap it ,m &l.t,. to 15.42%, ether extract was from 1.407. to 

2.01. Pino Ax iortevit was from 1.18% to 1.817.. Hard Red Winter 

wheat m,,s' nerlv a~proached Pakistani wheat in the protein content of 

tti' atta. wi..eas the hard wheats gave attas of appreciably higher ash 

,.fent "' ria (f atta from Pakistani wheat. 

N . :'j),jq were found thiaL permitted prepar.at1'n of a machinable 

, g, . r wfiea' at ta. .Attas of the other wlheats w,,r,, machinable 

when .a, w. ijded at 57. below maximum absorption, 27. of the water 

was .. pa ,1 I-tn vegetable oil, and generous use was made o: Ju:ting 

fI 

far r .grap. ,r-.,s (titration to 50U B.U.) are -.1 Figs 7 and 

t 'te; raph .urves are shown in Figs. 9 and h . Nelzir sNwed 

dilteren,-es rat ould be related Lo differences in q'aliy of chapatio 

Rate o! .wtraction of the atta nad no significant ,tler oyi ac~epta­

bilitv o:" cthpatis except in the case of Gaines wheat, witere the atta ot 

957 extract ion was Judged to yield a slightly better chapati than the 

atta of 610. letraction (Table II). 

Whet, chapatts from artas of 957. extraction were compared, tiost, 

frow Btrt, Gaines and Pakistani wheats were significantly better than 

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

fros flavor differences (Table II). 
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A similar trend was noted when chapatis from attas of 80% extrac­
tion were compared. 
In this series, 
flavor played a more pronounced
 

role in the differences. 
The Judges may have been more 
influenced by
 
clor than they realized, as the 
tests were carried out upder ordinary
 

fluorescent lighting. The 
tests may not have shown actual differences
 

Ln flavor, but 
simulated the usual conditions of consumption closely
 

enough 
to give good indication of consumer preference.
 

The reoults explain why U.S. wheats are often judged inferior for
 
making are. 
If only White Club wheats were supplied to atta producers,
 

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

Chmical analysis of atta sl.e8 milled from indicated wheats*
 

Ata Iatraction Noirture Crude Crude fat Ash
 
protein
 

Hard Red Winter 80n "'- 12.95 14.56 1.66 1.72 

Hard Red Winter 95% 13.03 15.04 1.47 1.60 

Hard Red Spring 80 13.43 i3.69 2.02 1.76 

Hard Red Spring 95"% 13.21 14.11 1.85 1.61 

Soft Red Winter 807. 13.35 12.92 1.85 1.81 

Soft led Water 957. 13,35 12.46 1.70 1.62 

uirt 80. 1I.30 11.65 1.59 1.44 

Burt 95% 13.02 12.02 1.40 1.38 

Gaines 807. 13.28 12.45 1.76 1.64 

Gaimis 95 12.79 12.04 1.42 1.55 

Pakistamit 95% 12.45 15,42 1.59 1.44 

* Crude proteim, crude fat, and ash are eapressed en moisture tree basis 



TABLN II
 
Effect of the rate of extraction on the organoleptic properties of chapatis
 

prepared from attas of 80% ad 95% 
extraction of indicated wheat.
 

Type.of 
 late 9t, 
 Averana score ofcevenpanel members
wheat extractfe!,, Color Flavor Texture Aceptab 

80 7.00 7.57 7.71 8.00 
Hard Red Winter 

95 
nos 

7.29 
no$ 

7.43 
nos 

7.29 
no& 

8.00 

80 ,86 7.29 7.43 7.43Hard Red Spring 
 n. 
 nos 
 n. 
 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.• 
 n.9 
 n.s
 
95 
 7.71 7.43 7.57 
 7.57
 

80 
 9.93 6.79 
 8.57
Burt Wheat 9.36
 
nos 
 n.s 
 nos 
 n.
 

95 
 9.79 8.43 
 8.57 
 9.07
 

80 9.14 8.86 8.64 
 8.93
Gaines Wheat 
 ns 
 n.e 

95 
 9.57 9.00 
 8.71 
 9.36
 

S significant at 0.05 level 

use nonsignificant 



TA1?7 III 

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

prepared from attas of 95% extraction of different wheats.
 

Source of Degrees of !ean square and significance
 
variance freedom Color Flavor Texture Acceptability
 

Wheat 5 22.768**' 3,820* 2.114 n.s 7.394**
 

Error 36 0,710 1.483 . 1:609 0.831
 

Total 41
 

n.e. nonsignificant 

* significant at 0.05 level 

sigmificant 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 Mean square gnd significance 
variatiom freedom Color Flavpr Texture Acceptability 

Wheat type .5 23.84** 8.148** 2.024 n.s. 13.924**
 

grror 36 0.78 1.286 2.175 0.944
 

Total 41
 

n.a. noseignificant 

* significant at 0.01 level
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Figure 1, A aohematlc flow shet for milling of atta from wheat and set of 
Tyler sieves used n particle size determinAtion. 



FIuURE 2 

Depart--ent "f t;ra;n Sc:ence art.-
l-rdtry
 

Sc.,re Shec-t f~r Chapatis
 

Name__ a,_ 

!lease exa.ire the haaats .a-q.es and score " .ese .oth 	respect to the 

qualities in questior, using the follcwing scale:
 

Best 10 points 

Poorest 0 points 

,uality in question 	 Score
 

1. 	Color
 

2. 	Flavor 

Tezture 

4. Acc o. :,,i-tty 

3u9:-Vs' or ::.Im-ents-­
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and 74xistani wheat:.
 



Figure 7. Farinograph curves of atas from Gaines, Burt,
 
and HRS Wheats
 



HRSm 

;- __--- --

• --. .. 

-

.. 

_ 

-

. -. - -

. 

__- - -

. -- .. 

" 
5 

_ 

-

- - . . ._.­

-BRS.-URT." 
- -_- _ 

GAn GA,, 
--. -

.. 

* -<ebb 

.2' -& < 

.- -- - - - - -­ - - -, - - ­ . - -- . . . - - . " - Iw 

_ _ __ _ __ _ ___ 
--

... 
-I 

..- _.<~ -

1* -

*.-< 
~ . _ -. . . 

- - - - .-_- -

. . f 

.." - . -­ ~--~< - -
- _ 

-. t-ac 



Figure S. Farinograph curves of actas from SRW, H3W 
and C 273 Wheat@ 
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FiVure 9. 3xtensiograph curves of attas from Gaines, 
Burt, and HRS Wheats
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Studios on 	Attas and Chapatis 11 

Nutritional Value of Chapatis 
With and Without Added Lysine 

M. 	Shaftq Chaudhryy, . M. Maclasters, 
and W. J. Hoover 

Sumary 

gets were fed ground whola wheat, attas of 80% and 95. extraction and 

chapativ uads from them with and without supplementation with vitamins and 

minerals and vith lysine at two levels of supplementation but without 

supplaentary vitamins and minerals. Growth rates and protein efficiency 

ratios (MU) were evaluated weekly over an eight week period. The PER 

values were higher for chbapati than for attas from which they were prepared. 

Supple t tin with vitmins and minerals resulted in an increase in PER 

durin the 0 week feeding Lrial. A similar improved PER resulted during the 

first four weeks on diets with added lyuine but without added vitamins and 

miseraln, but an adverse effect on PER during the second four weak period 

was found using this diet. Livers of rate fed lysine-supplementel diets had 

lower uslature content and higher protein content than those of the rats on 

Otier diets. Fortification of cereal products with lysine in the absence 

ad adequate concurrent fortification with vitamins and minerals may sot be 

ef vlue when the products form essentially the only article of diat as 

is edan true ito developing countries. 

SContribution No..-. Department of Grain Science and Industry,
 
Kansas Aaricultural Experiment Station, Kansas State University,
 
Manhattan, Kasas 66502.
 

This paper is taken from a portion of the dissertation presented by M. 
&Agfiq Chaudhry in parttal fulfillment of the requirements for the Ph.D. 
dere at Mansas State University. Ir. Chaudhry's present address is Da­
piterwt rf Food ScLenze, West Pakistan Agricultural University, L7'llpur. 
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Introduction 

Improving the nutritional statue of developing nations, most of which 

produce insufficient protein for the national need, is currently of much 

interest. Often a cereal food constitutes the major portion of the diet 

of most of the people and may even be essentlally their sole source of 

Nutrition. In V**t 1chiota "d a large portion of India, unleavened
 

bred, knro as 4chapatls, holds 
 that position. Improvement of the nutri­

ticual status of the people in those areas will be most easily and accept­

ably accomplished by improrement of the nutritional value of chapatis. 

fllowu earicknt progras in the United State*, Newfoundland, the
 

ftilippinee and el 
 re have established the bpneficial nutritional ef­
feto of vitmain an mineral suppl,&zentation of baoic cereal foods. There 

have been very few studies mado of the nutritional value of chapatis. The 

Protein 1fficiency Ratio (M) of chapatis was reported by Shaymala and
 

Kewmwy (196:) to be about 20% higher than that of unbasted flour, and re­

placest of 10% flour with soy flour or dry milk solids was found to fur­

ther incre"ae the PER. Itia (1962) reported that chapatis prepared from 

wbola-vbeat pastry flour with the addition of 15% madl t fat oy flour and 

M1 ty shkimi milk supported ccellan growth of rats. 

In areas where chapatis form the staple food, it has been felt that
 

the limiting amino acid in the diet is lysina, since the lysina content
 

of wbeat protein t known to be the limiting factor in that protein for
 

umanie. It t likely that vitamins and minerals 
 are not at optimal lev­

els in diets based laxely on chapatis. The losses of thiamin that occur
 

during milling of wheat 
 to the coarse flour, called "atta", from vhich
 

ohapatis are made, was 
 studied by Singh pt p1. accordin8 to Asia and Mhatti
 

(1%2). Losses of 20% to 
over 3 of thimine were reported, the 

bas being dependent upom the 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 vitamins 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 !l. (1968).
 

Chapatis were prepared in batches, each from 1000 grams of att• (d.b.),
 

to which 70-75% distilled water was added to produce a dough of the proper
 

consistency. The dough was kneaded by hand, dividitd into balls weighing
 

50 grams each, and each ball shaped with a rolling pin into a chapati of 6­

to 7-isch diameter. Each chapati was cooked on an ungreased hot plate
 

(290 - 300 C.) for approximately two minutes.
 

°
 Cooked chapatis were air-dried in the laboratory (65 - 75 F.) for 

4W-72 hours, then ground in a Wiley Hamer Mill No. I to pass through a 1-,n. 

sieve. 

Diets containing the two attas and whole ground wheat, as well as the
 

cooked, dried and ground chapatis, were prepared and fed to veanling male
 

rats, as shown in Table I. Each prepared diet was analyzed for moisture
 

content, and 27 sodium chloride and 5% refined cottonseed oil (d.b.) were
 

added to each. The moisture content of each diet tias then adjusted to 15%
 

by the addition of distilled water. Vitamin and 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
 

animals.
 

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

They were fed a stock diet for one day before being housed individually.
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Five randomly selected rats were maintained on each diet. 
Initial weight
 
was taken after the animals had been on the diets 
for 5 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 analysis 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
 
Diatarm WRRL 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 appropriate amounts weighed for analysis. 
Moisture
 
was determined by the vacuum oven method (1000C., 
5 hre.), 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 gain and on protein efficiency were analyzed by 
two way

classification analysis of variance, Fryer (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 gain tn weight and protein
 

efficiency ratio.
 

Results and 
 iscussion
 

Chemical onalyses of the wheat, attas and chapatis are shown in
 
Table II, where each value is 
an average of 4 to 6 replications. 
No
 
.ignificant difference in vitamin contents was found between the attas of
 
80% and 95% extraction. 
The three vitamins that were determined decreased
 



.5­

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 chapatis prepared from it showed higher contents of nutrients than
 

etta of 95% extraction and chapatis prepared from it.
 

Average cumulative weight gair. curves are shown in Figs. 1, 2, and 3.
 

Atta of 95% extraction (Diet III) promoted significantly better growth
 

than that of 80% extraction (Diet II) and than whole wheat (Diet I)
 

during the first week, otherwire the three diets yielded no significant
 

differenceo, (Figs. I and 2).
 

reeding studies to determine the nutritive value of vitamins and
 

minerals added in making chapatis from atta of 80% extraction showed
 

that supplementation at levels of 50% (Diet VIII) or 100% (Diet IX)
 

above the level in the original wheat (Diet I) gave a significant
 

improvement (Fig. 2). Similar results were obtained with chapatis made
 

from atta of 95% extraction in which the vitamins and minerals were
 

added to make them equal in the atta to the amounts present in the
 

original whole wheat (Diet VII). Couparison of the data suggested
 

that rats fed diets based on atta of 80 extraction (Diet IV) and
 

chapatis made from it performed better than those fed diets based on
 

atta of 95% extraction (Diet III) knd chapatis made from it. The
 

differences were, however, not statistically significant. Hepburn
 

e1a.. (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
 

15% lysine-poor moterial*, with the result that the amino acid balance
 

of the atta would be iproved. The chapatis made from atta of 807.
 

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 significantly improved the performance of the test animalb
 

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 supplementations 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 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 vitamins and minerals of the diets to
 

which lysine 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 is a
 

promising procedure when the diet of the people contains other 
sources
 

of vitamins, minerals and even small amounts of methionine. In
 

aconomically poor areas of Pakistan and India, chapatis often form the
 

sc0Ie 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. In view of the results of the present study, it appears
 

that atta supplementation with lyuine is of questionable value unless
 

adequate enrichment with vitamins, minerals 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 analysis of variance are
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shown inTable IV. Differences in PER smong the diets in both four week
 

periods were tested for significance by'Duncan's NKRT. 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 PF1. vlues 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 destructton of Trypsin inhibitor during baking.
 

Two other possible factors may be involved. Frat, Parthar 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 information is available on the fate of phytin during the
 

baking of chapatis, Kent (1966) states that phytin is hydrolyzed during
 

the bakiug 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 weeks, supplementation with vitamins,
 

minerals and lysine resulted in an increase of the PER and the increased
 

value continued during the second four weeks, except in the cases of
 

supplementation with lysine.
 

Data obtained on the livers at the and of the fe.dtng experiment
 

indicated that the supplementation of the diet with lysine increased
 

protein content and decreased moisture content 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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02% sodium chloride and 5% fat 
not 


TABLE I
 

Composition of diets
 
shown in 
this table, were added to dLecs before feeding to rats)
 

The amount of various nutrients added (expressed as Mg./00 g.
 

Thiamine 
1 

Niacin Riboflavin Calcium 

Carbonate 

Fe S04 7H20 Lysine
L sin 

HCI 
-

-

-

0.008 
 1.25 
 0.031 
 6,71
 

0.188 
 1.41 
 0.046
 

0.368 
 2.35 
 0.056 
 93.64 
 11.67
 

0.735 
 4.70 
 0.112 
 187.28 
 23.34
 

200
 

400
 

Diet 


No.
 

I 


II 


III 


IV 


V 


VI 


VII 


VIII 


IX 


X 


zI 


Code 


"--~~HC 


W 


AT-80 


AT-95 


CH-80 


CH-95 


QI-80 IX 


C1-95 IX 


CH-80 1.5X 


CH-80 2X 


CH-80 2L 


CH-80 4L 


Description 


Whole ground wheat 


Atta, 80% extraction 


Atra, 95% extraction 


Chapati from atta of
 
80% extraction
 
Chapati from atte of
 
95% extraction
 
Chapati from atta of
80% extraction 


Chapati from atta of
 
95% extraction 

Chapati from atta of
807. extraction 


Chapati from atta of

807. extraction 


Chapati from atta of
80% extract ion 


Chapati from arta of
80% extraction 




TAP!. 1I 

Analy.%.s of .'. atzj% a . 

(moistur. free bas.si 
ci.a.a! 

Sample 

Whole wheat 

Moisture 

%7. 

9.97 

Crude 

protein 

12.22 

Crude 

fat 

7. 

1.70 

Crude 

fiber 

7. 

2.62 

Ash 

1.713 

1: -

m 

4.89 

Calcium 

58.4 

Niacin 

mg7. 

4.70 

Thiarnin 

_Mg7_ 

0.733 

Ribo­

flavin 

0.112 

Atta of 80 
extraction 12.39 12.16 2.04 1.95 1.611 4.9t 56.3 4.28 0.728 0.0,6 

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 atta 
of 80 extraction 7.28 12.15 1.21 2.02 1.643 5.77 56.5 3.58 0.728 0.081 

Chapatis frorr, atta 
of 957. extractLon 6.54 12.09 i.O0 1.7 1.4,i 7.52 65.1 3.42 0.548 0.066 

LSD 0.01 level ..- 0.3"O.Q3t 0.177 3.89 i.,) 7 0.203 0.0199 



TAPKA
 

Average.amount of feed consumed, protein ,irb.-t 
 gain i. a..r!,. r'r -'t -'ficiency ratio (P.E.R. 

of different diets .r t- perod s o ."four weeks ed.-'c1. 

Diet No. 
Feed 

First four wec 
Protein 

.period 
Gain in P.E.R. Feed 

Second 
Protein 

four wteek period 
Gain in P.E.R. 

consumed consumed weight consumed cotisumed weight 
(R.) (g.) (g.) -(g-) -(.) 

I 225.4 21.66 22.20 1.031 201.2 19.3-, 13.20 0.680 

II 205.0 20.40 22.60 1.107 200.2 19.92 18.80 0.797 

I1 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 
 19.60 22.60 1.156
 

VII 185.0 17.95 23.80 
 l.,ln 193.P 18.18 17.80 
 0.968
 

VIII 216.2 21.31 32.00 I.... 201.2 19.84 22.20 1.105
 

IX 261.2 25.62 39._0 l.5. 
 272.8 26.76 35.00 1.317
 

x 200.2 20.00 36.40 
 1.7e. 190.0 18.98 11.00 
 0.544
 

XI 191.6 19.35 35.20 1.821 
 225.2 22.74 
 8.8 0..10
 



fIgure 10. Extnsiotraph curves of attas from IHR, SRW, 
and C 273 Wheats 
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Studies on Attas and Chapatis II
 

Nutritional Value of Chapatis
 
With and Without Added Lysine
 

M. Sbafiq Chaudhryl/, K. K. Macmasters, 
and W. J. Hoover 

Sumary
 

Rats were fed ground whole wheat, attas of 80% and 
 95% extraction and 
chapatis made from them with ad without supplementation with vitamins and 

minerals and with lysine at two levels of supplementation but without
 

supplementary 
 vitamins and minerals. Growth rates and protein efficiency 

ratios (P1R) were evaluated weekly over an eight week period. The PER
 
values were higher for chapatis than for attas from which were
they prepared. 

Supplementation with vitamins and minerals resulted in an increase in PER
 
during 
the 8 week feeding trial. . similar improved PER resulted during the 

first four weeks on diets with added lysine but without added vitamins and
 

minrals, but an adverse effect on during second
PER the four week period
 
was found using 
 this diet. Livers of rats fed lysine-supplmented diets had 
lower moisture content and higher protein content than those of the rats 
on 

other diets. Fortification of cereal products with lysine in the absence
 

of adequate concurrent fortification with vitamins and minerals may not be 
of value when the products form essentially the only article of diet as 

is often true in developing countries.
 

1/ Contribution No. -. Department of Grain Science and Industry,Kansas Agricultural Experiment Station, Kansas State University,

Manhattan, lanses 
 66502.
 

This paper is taken from a portion of the dissertation presented by K.Shafiq Chaudhry in partial fulfillment of the requirements for the Ph.D.degree at Kansas State University. Or. haudhryes present address is De­partment of Food Science, West 1ak1 tan Agricultural University, Lyallpur.
 



Introduction 

Improving the nutritional status of developing nations, most of which 

produce insufficient protein for the national need, is currently of much 

interest. Often a cereal food constitutes the major portion of the diet 

of most of the people and may even be essentially their sole source of 

nutrition. In West Pakistan and a large portion of India, unleavened 

bread, known as 'chapatis", holds that position. Improvement of the nutri­

tional status of the people in those areas will be most easily and accept­

ably accomplished by improvement of the nutritional value of chapatis.
 

Flour enrichment program in the United States, Newfoundland, the
 

Philippines and elsewhere have established the beneficial nutritional ef­

fects of vitamin and mineral supplementation of basic cereal foods. There
 

have been very few studies m"de of the nutritional value of chapatis. The 

Protein 1fficiency Ratio (lRE) of chapatis was reported by Shayaosla and 

Keaewdy (1962) to bo about 20% higher than that of unheated flour, and re­

placeet of 10% flour with soy flour or dry milk solids was found to fur­

ther increase the PE. Intiax (1962) rer rted that chapatio prepared from 

whole-wheat pastry flour with the addition of 15% medium tat soy flour and
 

101 dry skimmed milk supported excellent growth of rats.
 

In areas wvare chapatis form ti staple food, it has ben felt that
 

4
the limiting amino acid in the diet is lysine, knce the lysine content 

of wheat protein Is known to be the limiting factor in that protein for
 

humans. It is likely that vitamins and minerals are not at optimal lev­

els in diets based largely on chapetis. The losses of thiamin .t occur 

during milling of wheat to the coarse flour, callc "atte", from which
 

chapatis are made, was studied by Singh gt... according to Asia and M.ztti 

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

loss being dependent upon the tipe 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 mineral;.
 

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 ett al. 
(1968).
 

Chapatis were prepared in batches, each from 1000 grams of atta (d.b.),
 

to which 70-75% distilled water was added to produce a dough of the proper
 

consistency. 
The dough was kneaded by hand, divided into balls weighing
 

50 grams each, and each ball shaped with a rolling pin into a chapati of 6­

to 7-inch diameter. 
 Each chapati was cooked on an ungreased hot plate
 

° 
(290 - 300 C.) for approximately two minutes. 

Cooked chapatis were air-dried in the laboratory (65 - 750F.) for 

48-72 hours, then ground in a Wiley Hammer Mill No. 1 to pass through a 1-mm. 

sieve. 

Diets containing the two attas and whole ground wheat, as well as the
 

cooked, 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 and 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
 

anizals.
 

Male weanling rats (nprague=Dawley strain) were used tn the studies.
 

They were fed a stock diet for one day before being housed individually.
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Five randomly salected rats were maintained on each diet. Initial weight
 

was taken after the animals had been on the diets for 5 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 analysis 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 appropriate amounts weighed for analysis. 
Moisture
 

was determined by the vacuum oven method (1000 C., 
5 hr..); 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 gain and on protein efficiency were atialyed by two way
 

classification analysis of variance, Fryer (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 gain tn weight ant 
protein
 

efficiency ratio.
 

Results and Discussion
 

Chemical pnalyses of the wheat, attas and chapatis are shown in
 

Table II, where each value is 
an average of 4 to 6 replications. No
 

significant difference in vitamin contents was found between the attas of
 

80% and 95Z extraction. 
The three vitamins that were determined decreased
 



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 chapatis prepared from it showed higher contents of nutrients than
 

aft& of 95% extraction and chapatis prepared from it.
 

Average cumulative weight gain curves are shown in Figs. 1, 2, and 3.
 
Atta of 95% 
extraction (Diet III) promoted significantly better growth
 

than that of 80% extraction (Diet I) 
and than whole wheat (Diet I)
 
during the first week, otherwise the three diets yielded no 
significant
 

differences, (Figs. I and 2).
 

Feeding studies to determine the nutritive value of vitamins and
 

minerals added in making chapatis from atta of 80% extraction showed
 

that suppiementation at levels of 50% (Diet VIII) or 
100% (Diet IX)
 
above the level in the original wheat (Diet I) gave a significant
 

improvement (Fig. 2). 
 Similar results were obtained with chapatis made
 
from art& of 95% extraction in which the vitamins and minerals were
 

added to make then equal in 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% extractlon (Diet IV) 
and
 

chapatis made from it performed better than those fed diets based 
on
 

atta of 95% extraction (Diet 111) 7nd chapatis made 
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
 

15%,lysine-poor material, with the result that the a'iino 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 significantly 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 supplementations oc 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 vitamins and minerals of the diets to
 

which lysine 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 is 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, chapatls 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. In view of the results of the present study, it appears
 

that atta supplementation with lysine is of questionable value unless
 

adequate enrichment with vitamins, minerals 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 111, and data on analysis of variance are
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shown in Table IV. Differences in PER aong the diets in both four week
 

periods were tested for significance by'Duncan's NRT. 
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.
 

Shayemala and Kennedy (1962) attributed a similar difference found in
 

their studies to he 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 chapatim. 
The starch would there­

fore be more susceptible to the action of digestive enzymes. 
 Second,
 

although no Information is available on the fate of phytin during the
 

baking of chapatis, Kent (1966) states that phytin is hydrolyzed during
 

the baking of bread. If hydrolysis occurs as chapatis are baked,
 

phosphorus would be 
freed, and there would be less probable formtion
 

of complexes of calcium and iron with phytin.
 

During the 
first four weehs, supplemnteition with vitamins,
 

minerals and lysine resulted in an increase of the PER and the increased
 

value continued during the second four weeks, 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 content of the liver. 
 No con­

sistent effects were obtained as 
the result of rate of extraction of
 

atta, baking or supplementation with vitamins and minerals.
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TABLE I 

Composition of diets 

(2% sodium chloride and 5% fat not shown in this table, were added to dLets before feeding to rats) 

Diet Code 

No. 

I W 

I1 AT-80 

IlI AT-95 

IV CH-80 

V CH-95 

vi 01-80 IX 

VII 01-95 IX 

VIII CH-80 1.5X 

IX CH-4O 2X 

X CH-80 2L 

XI CH-80 "'L 

Description 


Whole ground wheat 


Atta, 80% extraction 


Atra, 95% extraction 


Chapati from atra of
 
80. extraction 

Chapati from atta of 
95% extraction 

Chapati from atta of 
80% extraction 
Chapati from atta of 
95% extraction 
Chapati from atta of
 
37% extraction 


Chapati from arta of 
8O% extraction 

qhapati from art- of 
80% extraction 

Chapati from atta of
 
807. extraction 

The amount of various nutrients added (expressed as mg./lO0 g.)
 

Thiamine Niacin Riboflavin Calcium Fe S04 "7H20 Lysine
HCl Carbonate HC1 

-

- - -

- - -

- -

- - - -

0.008 1.25 0.031 6.71 

0.188 1.41 0.046 - -

0.368 2.35 0.056 93.64 11.67 

0.735 4.70 0.112 187.28 23.34 

- - - 200 

400
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TA ,.F
 

Average amou.t of fepd consumed, protein co .4L-, gain '." a"'- "icinc. dto (P.E.R. 

of diflernt diets i " eriilds 0' :'u1 weepl - dd..-

Diet No. First four wet.- perod Second four w.eek period 
Feed Protein Gain in P.E.R. Feed Protein Gain in P.E.R. 
consumed consum'ed weight consumed cnnsu.ed weight 

(g.) (g") _ aL _ __.)(9 A'L_ _(g') 


1 225.4 21.66 22.20 1.031 201.2 19.3L 13.20 0.680
 

1I 205.0 20.40 22.60 1.107 200.2 19.92 18.80 0.797
 

II 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 1881 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 1.266 197.8 19.(0 22.60 1.156
 

VII 185.0 17.95 23.ej 1.a2: l#3.P 18.18 17.80 0.968
 

VIII 216.2 21.31 32.DI• 201.2 19.8- 22.20 1.105
 

IX 261.2 25.62 39.2V 1.9t 272.8 26.76 35.00 1.317
 

x 200.2 20.0,O 36.-.. i.7zi. 190.0 18.98 11.00 0.544
 

XI 191.6 19.35 35.:-- 1.82, 225.2 22.74 8.8 0.410
 

http:cnnsu.ed


TABLE IV 

Ara,ys1t ot farimice for prot,.n efficiency ratio of various diets during 

two growth period.4 of four weeks ea(h. 

So Irce 1 ) Sum of. uf 
var'iatoi,, free-eom squares Mean square F value
 

Periods i 5.54268 5.5427 109.76** 

1)I ( , 2.6688 O.2b66. 5.285** 

Pert,is X 
Diet i 1,) 4.78756 0.4788 9.481**
 

Error 88 4.44127 0.0505
 

Total 109 17.44031
 

** significant at 0.01 level. 
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1b ewnet ef atta Of enres1tim) mllble ws. eat noted to be suf­

flietet to mke emghb edpatis to feed amn rate or six wake. 2broN 

venalftg mle ret. (SpS14Ps-Owley Strata), ften at rendi. "ore there­

fore pileed el eGsh Of thu. dicta after an aye so a Coearcial food 

O im.No~cbw mO Ma id MAMAd-l,-l
A. Ocad AM." 0.4% "-Aim 

B. OowmJ4!" 4 iontO sad aimarels 

C. cmrmd opghrtb 0.441 lm .+0. mbthmiLa + vitamins cad 

So eOeltcit of dw vtmim-MGM!n wupplemaet to ohm ta le 1. 

In the oedy wafe by Cbeebw jj IL. (i-b) vtanm sad slesol wee 
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10 

0 

0 

-

-

VitoI Ki.1 0.5 C. 0.01 

'!hitn 

1 1tnm 

sncl, 64 

4%.a 

OJ 

0.4 

0." 

0 

0.126 0.25 

0.12 

Iaa is. s 4,0 3.M 2.0 1.5 
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COl-us cblertd. 
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c 200 
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Nutritional Evaluation of Wheat Based Foods:
 

Rat Study 1. Studies ou minimum
 
supplementation of high extraction flour.
 

Object ives To study the effect of suppiliting 97% extraction wheat 

flour with limiting amino acids, ninerala, and v~tanins, each of the 

rations shown in Table I were fed to eight weanling (21-day old) 

female albino rats of the Sprague-Dawley strain. The duration of the 

study was 20 dayau following an adjustaent period of three days. 

Procedure: Diet 1, the control diet, was designed to most all *C 

minimal requiremets for the rat. Diet I was suppleamnted vith four 

amino acid* (lydine, threonine, valine, and methionin.), st s minetrls 

(mw "'.,iodine, calcium, phosphorus, sodium, and chlorine). sod 

four vitamis (vitamins A, D, and 12 , and riboflavin). Seplemta­

tiou of thee* nutrients was based on analytical values oe the weat 

procts and a comparison with requirawnt values. Diets II throuh 

II had one or more of those suppleoi& ts omitted as follem: Diet 11-­

threomise, valise, id mthiontme; Diet IH--calctum; Diet [V--one­

half the level of calcium supplied to the control; Diet V--phosphorus; 

Diet Vl--iodiue; Diet VII--vitamin 12. Diet VIII was supplemented 

with lystn sad wtth vitemi s and aimerals greater than the miniml 

requirements. Diet VIII was included to ceqare results of the presset 

OeperMt Wich tkOGe of previous oMWILUMets of Chung ( ) and 
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The nitrogen content of the diet ms determined by the KJeldahl 

method (A.OA.C. 2,036). The diets coatslmed the following amounts ef 

protein (U x 6.25):
 

Diet I 10.8 
Diet It 10.297 
Diet In 10.75% 
Diat IV 10.75% 
Diet V 10.75% 
Diet V! 10.66% 
Diet VII 10. 86% 
Diet VIII 10.427 

Animls were weighed meekly. Protein efffciency ratios (PM) 

mere calculatod at the ftd of the 28-day study. The cmulasttiv 

meftt gains acd Me are ohown in Table 2. 

Table 2. Cumlatlve weight gatis ad protein ,fficieucy 
,atina of r&S ed mx rn l dirts. 

Diet ltfAve Vo1 an a, Pa 
days 14 &my* 21 days 'dave 

I 14.4 39.6 64.4 $4.2 1.99 

16.6. .5 69.0 91.9 2 10 

III 17.0 38.0 61.6 73.9 1.60 

KV 1.4 42.5 69.4 69.0 2.13 

V 13.1 34.9 55.6 75.5 1.95 

VI 15.4 0.1 "6.9 $6.2 2.03 

WII 12.9 M.6 6.0 77.0 1.97 

VIII 16.2 4.5 71.4 92.6 2.11 
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The analysis of variance (Table 3) sbowd that diffe'ences among 

PER's wer significant at the 1% level. 

Table 3. Analysis of variance of PER data.
 

Source d;f. 
 S.S. 
 M.S. 
 F
 

Diets 
 7 0.824 
 0.118 4.701**
 

Error 
 56 
 1.405 
 0.025
 

F - 2.18 
 LSD - 0.1584
 

.05 
 .05
 

F.0 - 2.981 

Differences amng diets at the 5% level are summarized belcm
 

11 ) I, VII, V. III
 
IV > VII, V,II
VillI) V, III
 

YI } III
 
I ) III
 
VII ) III
 

In this experinent it 
was observed that olsiion of imthionlne. 

valine, and threocine improved the lystne-supplawwnted &#ions as
 

matured by PER's. The supplementation of calcium was -eeeusary, but 

adding half of the difference beoteen the calcium supplied by the *%*ac
 

flour and the HIC requireaftnt produced results as favorable as 
 adding 
am aunmt equivalent to the entiro differeoce. The inclusion of an
 

excess of vitamins and mierals above *&C minimal requrements did sot 

Iipxove the growth of rats. The addition of phosphorus aid vitamin 

a12 appea'red to improve the quality of the rations. The addition of
 
UdW&m tid not alter the quality of the diets significantly. 
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Data presented in figure I indicate that the effect of limited 

calcium was more apparent near the and of the study. These results 

indicate the need to carry similar experiments for longer periods to 

determine longer teru effects. 



*. .. .. .. . . ..
 

Iil 

60 

-IlI ... . .. .. . . . 

141 4 'T', t14ft 

SV IT : "' 
70 It-T,.: 

4... 

60 ff,. . 
-4,14: :42 

#4 .. . 14 

".4 

4f. ....... 

•~~~ t4....4;.. . . .. idI-i.' I 



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

Preliminary studies of sorghum grain have indicated that the 

nutritional quality of the protein in sorghum grain varies. The hiqhest 

nutritional values is observed in the sorghum grain fraction derived from 

the floury endosperm. 

Horny endosperm has a poor iutritional balance being deficient in 

lysin* and other basic essential amino acids. The following experiment 

was designed to evaluate the nutrilttonal value of the protein )f various 

endosperm fractions. 

Two varieties were selected having equal protein content The -irains 

were milled and various endosperm fractions were supplenented with awir­

acids for biological study. The additional amino acid supplmentation 

studies were planned to offset the nrnteln parameters. 
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EXPERIMENT OBJECTIVES
 

The .objectives of the stutoy were as follows:
 

(1) To compare the protein quality of milled endosper fract'c,,:,
 

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 ane, low
 

protein milled products with lysine and methionine.
 

(4) To compare the growth of rats fed milled endosper .,,rLT% 

with that of ussein.
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MATERIALS AND METHODS
 

Two hybrids having equal protein content (9.50% protein, 12% moisture
 

described
basis) were dry milled using conventional dry milling equipment as 

by the .rillingflow-in Figure 1. Amino acid composition of all endosperm 

fractions are given in Table Ia. The yield and approximate analysis of 

the milled products are given inTable 1. 

divided and half was supplementedFractions 3 and 7 from each hybrid were 

with methionine and lysine and the remainder was fed without supplementation.
 

Diets containing fraction 3 (floury ehdesperm) 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 Ot both dietary protein levels. Approximate &nalyss,," the 

diets are shown in Table II. 

Table III and IV show the composition of the diets end the levels of 

lysine and mthionine addition. The amino acids were i0'Coroorated to 

provide thoso diets with 100 of the NRC requiremeft. 

The ten diets were fed to 22-day old weanling female w'te rats in 

Ilndvidual cages. There were six replications per diet with one ret per 

Yqllction. The sixty rats, weights ranging from 43 to 50 gram. wert 

rmnao*zed to the various diets. 
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RESULTS AND CONCLUSIONS
 

Average weight gain, feed consumption, and protein qfficiency ratios
 

(PER) for rats fed the floury endosperm products in the low protein (5.6%) 

diets are shon.tn Table V. The supplementation of lysine and methionine 

to diets 2 and 6 resulted in a marked increase in weight gain and PER above 

the non-supplemented diets. The supplemented diets were similar to the 

casein diet which was fed at the saw protein level. 

The same information Is provided in Table VI for rats fed the horny 

endosperm products. These diets were isonitrogencus at approximately 10.2% 

protein. Again the amino acid suppleentation caused a marked increase in 

gain and PER's. The weight gain of the supplemented diets was superior to 

the caseli diet. The PER's, however, were similar. Horny endo$peom from 

Frontier 400 produced greater gain and had a higher PER the Payuamter Kiowa 

*oe supplmented with the amino acids. Howver, when the KOA' wre adjusteds 

for the control diets (as shown in Table VII) differences were not significant. 

Table VII provides a mans of compariso of flour snd horny endosperm. 

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

CORRECTED 2.5 PfR OF EXPERI-
PER deteMned MR of the control casein det RENTAL DIETS 

The 2.5 is the assumed PER fer a reftronce standard casein diet. The 

various experimental diets were correcte by the fraction obtained fro. 

their respective control diets having similar protein content, i.e. diets 1, 

2, 6 afid 6 were corrected by the use of control diet 9; diets 3. 4, 1 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 

fractions 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 tio hybrids irrespective of amino acid supplementation. 
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The data from this study substantiates differences between floury and 
horny endosperm. The protein quality of flouyry endosperm appears to be 

superior to 
that of horny endosperm when fed on an isonitrogenous basis. 
Differences 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 incorporated 

into the diets containing floury and horny endosperm, gain and PER's are 
high and comparable to those obtained with casein. Significant differences
 

were rot observed between fractions obtained from the two hybrids used in 

this study. 
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TAiE I MAL5.IS OF FRACTIONS OBTAINED FROM DRY MILLING SORGHM GRAIN 1 

Yield3 
Crde 

Protein 
Crue 

Fat 
Crude 
riber Ash 

H"brid2 A B A A 6 A B A B 

Fraction 

1 27.33 25.32 --­ ' 

2 18.88 19.62 

3 12.54 12.23 7.40 6.82 0.91 1.02 0.91 0.80 0.48 0.47 
4 5.06 5.06 9.49 10.62 0.98 0.94 1.13 1.36 0.50 0.51 
5 9.95 10.31 9.88 8.78 0.96 1.09 0.70 1.13 0.50 0.47 

6 8.38 8.19 13.98 12.58 0.87 1.12 0.72 1.12 0.47 0.46 
7 14.29 16.61 15.96 15.47 1.12 1.23 1.12 1.34 0.59 0.55 

'Moisture free basis. 

2 Hybrid A is Paymaster Kiowa. 
Hybrid B is Frontier 400C. 

3 Percent of whole sorghum grain 

*Blank spaces indicate no determinations made. 



T*61l Ig 'Aino Acid Distribution in Protein of Srogum Grain'M|il]ed Fractions and Casein 

Frectim 3 4 5 7 

"irbidI A I A A B A 8 A B Casein 

Protein 2 7.40 6.82 9.49 10.62 9.U 8.78 13.98 12.58 15.96 15.47 94.31 

LysitM 3 1.72 1.80 - 1.33 1.35 1 30 1.54 0.99 1.15 1.05 1.16 8.98Histidlne 1.98 2.03
2.10 2.16 
 1.96 2.25 1.81 2.18 1.93 2.05 3.21
AMona 2.95 2.75 3.08 3.39 1.76 3.23 2.94 3.16 3.15 2.90 1.86
Argintne 
 2.85 3.01 2.61 2.71 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
 

Thieonine 3.09 3.16 3.14 
 3.26 3.16 3.38 3.00 3.22 3.03 3.34 4.72
Serine 4.45 4.31 4.54 4.92 4.66 4.78 4.61 4.70 4.63 4.91 6.36Gluta&Mc acid 21.73 20.67 23.67 24.85 24.93 25.11 25.24 25.68 25.59 27.05 27.15
Proltne 8.06 8.17 8.93 
 9.20 9.03 9.28 9.47 9.42 8.86 10.87 12.63
Glyclne 2.61 2.79 2.50 2.56 2.36 2.75 2.15 2.40 2.18 2.56 2.02 

Alanine 9.34 8.92 10.41 10.81 10.66 10.82 1i.21 11.53 10.95 11.42 3.31Cysttne 1.77 2.13 1.47 1.77 0.53Valine 4.28 4.66 4.38 4.67 4.81 4.87 5.05 5.39 7.00Methtontne 1.62 1.72 1.38 1.56 2.19Isoleucine 3.98 3.83 3.99 4.12 4.27 4.18 4.22 4.26 4.30 4.45 5.80 
Leucine 13.63 12.95 15.53 14.53 16.02 16.47 16.29 16.32 16.40 16.83 10.48Tyrosine 4.08 4.02 4.15 4.41 4.43 4.45 4.58 4.44 4.50 4.53 6.33
Phenylalanine 5.13 5.08 5.30 5.46 
 5.79 5.40 5.82 5.94 6.01 6.12 5.64
 

N-Recovery 86.26 85.31 92.28 97.51 92 46 95.94 91.68 97.04 94.42 99.76 103.44 

1Hybrid A Is Raymaste- Kiowa; Hybrd G is Frontier 400 C 
2 Protein, % (N x 6.25) moisture free basis. 

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

C' 
C.' 
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TABLE I APPROXIMATE AN4 VSIS OF FXPERi4ENTAL DIES 

Milling Amino Acid Diet 
Hybrid Fraction Suppl1ment No. '4cisture Protein Fat Ash
 

1 11.2 5.6 4.2 3.5
 
3
 

+ 2 11.3 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
 

Frontier 4 6 10.8 5.8 4.4 3.4
 

7 10.5 16.0 4.2 3.47 
+ 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
 



TABLE III C0MSITION OF EXPERIMENTAL DIETS 

DIets 1 2 3 4 5 6 7 8 9 10 

Ingredients:S 

Milled 
Fraction 85.08 

Starch 7.18 

Corn Oil 3.40 

Water1 

S 

86.08 

7.18 

3.40 

% 

67.98 

23.03 

3.40 

1.22 

% 

67.96 

23.03 

3.40 

1.22 

92.26 

3.40 

91.96 

3.40 

% 

70.49 

20.80 

3.40 

0.97 

% 

70.49 

20.80 

3.40 

0.97 

84.75 

3.86 

0.97 

80.26 

3.86 

0.87 

Vi tai n
Premix2 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 

Mineral 2 
Premix 2 3.71 3.71 3.71 3.71 3.71 3.71 3.71 3.71 3.71 3.71 

Lysine 

Nethionine 

0.33 

0.12 

0.64 

0.25 

0.33 

0.12 

0.64 

0.25 

Casein 6.08 10.66 

lWater was added to P4just motiturv content of diet. 

2Prmix comPosition given in Table Iv. 

Co 
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TABLE IV COMPOSITION OF PREMIXES FOR EXPERIMENTAL DIETS
 

INGREDIENT 
 1000 g. Diet
 

(ppm) Mn, 10; Fe, 10; Ca, 14, Cu, 1; 

Mineral Premix: g. 

Di calcium phosphate1 
30.00 

Salt 3.00 

Trace minerals 2 
0.50 

Potassium chloride 3.05 

Maqnestum sulfate 1.77 

Vitapi n Premix Mg. 
Vitamin A 0.0. IU per mg.) 66.70 

Vitamin D '15.0 IU per mg.) 133.00 
Alpha tocopherol (110.1 U per g.) 544 90 
fnat on 1 10 

Thiaine HU1 ?s 

Riboflavin 25fW 

Pyridoxine HCI 1 20 

Niacin i 00 

Calcium pantothenate 8.00 

Vitamin 12 5.00 

Choline chleide 750.00 

Carrier (starch) 5000.00 

1Sargents Calcium Company, Des Moines, low: P, 18.51; Ca, 19.0-22.5%. 

2CCC trace mineral mix contained: 
Zn. 5; I, 0.3; and Co, 0.1; Calcium Carbonate Company, Quincy, Illlnois.
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TABLE V AVERAGE WEIGHT GAIN, FEED CONSIMPTION, AND
 
PER'S FOR RATS FED FLOURY ENDOSPEIM
 

Amino Acid Feed 

Hybrid I Supplement Iet2 Gain 3 Consumed4 PER5 

50a 193 .5a 0.49a
I 5.A 


0.76a
 8 5 8 .83a 210 .3ab 


A + .2 35.50b 242.0 cb 2 .54b
 

6 67b 257.0
c 2.44b
36.
B + 

c 


- 9 37.00b 259. 3 2.46b 
Casein 


1Hybrid A is Paymaster Kiowa.
 
Hybrid B is Frontier 400C.
 

201et cootains approximately 5.6% protein.
 

3Average weight gain per rat 0-4 weeks, LSD.o1 
- 8.22 q. 

4Gm feed consumed 0-4 weeks, LSD.o 1 - 46.12 g.
 

56m of gain/go of protein consumed, LSO 0.38.

.01 
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TABLE VI AVERAGE WEIGHT GAIN, FEED CONSUMPTION, AND
 
PER'S FOR RATS FED HORNY ENDOSPERM
 

Hybrid1 	 Amino Acid Feed 4 5 

Supplement Diet2 Gain 3 Consumed PER 

A 	 3 2.508 168.7a 0.15 a
 

8 	 - 7 4.5oa 176 . 7a .0 25a
 

cA + 4 75.70c 342.5 2.13 b 

8 + 8 9 1 . 6 7d 366.0 2.34 

Casein 	 10 62.17 b 
272.0b 2.29bc
 

'ybrid A is Paymaster Kiowa.
 
mybrid B is rontier 400C.
 

'Diets Lontain approximately 10.2% protein.
 

3Average weight gain per rat 0-4 weeks, LSD 
 11.5. 
.01
 

4Go of feed consumed 0-4 weeks, LSDo I 42.08 q.
 

5Gm of gain/gin 	of protein consumed, LSD. 0 1 " 0.20 
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TABLE VII PER'S OF EXPERIMENTAL DIETS ADJUSTED BY THE
 
CASEIN CONTROL DIETS'
 

Milled Amino Acl 2
 
Fraction Supplmmnt Hybrid2 Diet PER 3
 

0 .50abA 1 
Floury 

- 5 a5.78 
* ------------------

A 3 0.16 c 

- B 7 0.27cb 

+ A 2 2 .58 d 
+ B 6 
 2 . 4 9 d 

----------- m------------------- ----------- ------------­

+ A 4 2.3? d 

+ B a 2 %5d 

1Correction factor for the low protein, floury endospern diets 1. 2, 5 

and 6 Is equal to: 
(25constant PER for Casein
 

(2.458 PPof -efenne s. asin, diet 9) 

Correctio, factor for the high protein, horny endospenn diets 3, 4, 7 and 8 
is equal to: 

(2.5 constant PER for casein)

(2.291 TER of reference std. casetn, Diet 10) 

2 Hybrid A Is Paymaster Kiowa.
 
Hybrid B is Frontier 400C.
 

3Gm of gain/gm of protein conswmed, corrected by the control diets; 
numbenhaving different letto.,rs are significantly different. LSD. 0 1 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 studies on effect of heat on
 

nutritive value of food products.
 

Studies will be made to extend the knowledge of effects of normal
 

cooking of chapatis, cous-coup, 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 
some
 

evidence that 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 factor4 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. In 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 cluer to nutrient
 

availability to animals.
 

3. The nutition group has a major responsibility to evaluate and 

decide -some questions relative to the project, which are not primarily 

based on our laboratory t-mrk directly. We are at work on these 

problems and will continue discussing them until conclusions or at 

least working assumptions can be made.
 

Some of these are:
 

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

B. 	To what extent will the nutritional plans need to take 
into account parasitism, other disease, anud pre-existing
 
nutritional status 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.
 




