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211(d) Annual Report 

DATE: September 30, 1974 

Title: Grain Utilization in India 

Grantee: Kansas State University
 
Department of Grain.Science and Industry
 
Food and Feed Grain Institute
 

Director: Dr. David R, Lineback 

A. Statistical Sunary: 

FPericd of Grant: July 1968 to June 1973 (extended without additional funding 

through June 1974) 

Amount of Grant: $700,000
 

Accumulated: $200,000
 
ExKpenditures for Report Year: $46,104
 
Anticipated for Next Year: None
 

B. Narrative Summary 

One student completed his Ph.D. program involving research conducted at the 

Institute of Food Research and Product Development, Kasetsart University, 

Bangkok, Thailand. Two manuscripts concerning results obtained by two pre­

vious students at Central Food Technological Research Institute, Mysort, 

India, were published in a scientific journal. Contact has been maintained 

with directors of both research institutes with emphasis on cooperative in­

teractions between Kansas State University and the institutes, which can 

continue if funding can be obtained. 

The most significant accomplishments of the grant continue to be those cited 

in previous reports, namely relationships formed between personnel of Kansas 

State University and institutions in the two countries, Thailand and India, 

where students have conducted research under the provisions of the grant. 

This has increased the competence of Kansas State University to render as­

sistance to India and other developing countries in food grain utilization
 

and to train graduate students ii, food grain utilization in such nations. 

Relationships have been strengthened by visits of a limited number of faculty 

from Kansas State University to the institutions and areas where cooperative
 

work was being done. This has stimulated and encouraged faculty involvement 

in international service and agriculture, thus strengthening the capability 

of the University to work in the area of grain utilization. Sever ,l areas of 

endeavor have been involved including information exchange- consultation; 

stimulation, and initiation of research of mutual interest. These accom­

plishments have significant promise for encouraging and strengthening future
 

cooperation between Kansas State Univers-ity end institutions, in developing 

nations in areas involving grain utilizatioi. The three students receiving 

Ph.D., degrees under the 211(d) program at Kansas State University are cur­

rently employed in positions involving international service. 



C. Detailed Report
 

I. General Background and Purpose of the Grant
 

Kansas State University has a long history of international involvement.
 

The University was involved in India on a University-wide basis from
 

1956, when it finalized a contract with the international Cooperation 

Adinistration (now USAID) to staff and operate a program to aid in the 

development of Andhra Pradesh Agricultural University at Hyderabad, until 

1972. A large number of KSU faculty served abroad under the provisions 

of this program. In 1963, Kansas State University signed a contract with
 

AID for developing Ahmadu Belle University in Nigeria. This program in­

volves assistance in broad areas of agriculture and veterinary medicine. 

The agriculture portion of this program was phased out during 1974, but 

the veterinary medicine portion of the program continues in operation.
 

As soon as the 211(d) program was announced, the Council of U.S. Univer­

sities for Rural Development in India (CUSURDI), of which Kansas State 

University was a member, expressed a keen interest in involving its mem­

ber universities in the program. In view of the heavy demands being made
 

on university resources by their programs in India, CUSURDI and AID felt
 

that the prime need was to use 211(d) funds to build strength around se­

lected fields where there was interest, a potential for exceptional com­

petence, and a need for application in India. 

Kansas State University has the only Department of Grain Science and In­

dustry in the world. The University, therefore, finds itself in a unique 

position: that of being able to provide services, training, and research
 

competence of a highly specialized nature which other universities cannot
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provide. 
This Department has an excellent international reputation for
 

its research.and training functions in the field of grain science. 
The 

graduate stident body of this Department is currently about 50-60% inter­

national students. The staff and faculty of the Department of Grain
 

Science and Industry are in almost daily contact with foreign students
 

and visitors.
 

With the very heavy dependence of developing nations, such as 
India, on
 

cereal grains to provide the major portion of the per capita daily intake
 

of calories, Kansas State University with its Department of Grain Science
 

and Industry was a logical choice for the awarding of a grant involving
 

the area of grain utilization. The experience, knowledge, research, and
 

training functions of this organization could be focused on 
the important
 

problem of improving grain utilization in India and other developing na­

tions, particularly increasing the capability of Kansas State University
 

to effectively serve this area of vast need. 
During the period of the
 

grant, a broad approach tc several areas 
of grain utilization has been
 

involved. 
The need for such an approach not only continues but has in­

tensified durirg the period since the grant was made in 1968. 
 Continua­

tion of such efforts, sponsored by modest grants from AID for continuing
 

and expanding these programs, should be of first-order priority.
 

II. Objectives of the Grant 

A. Objectives Restated
 

The basic; objectives, as statea in tne contract, are a3 follows:
 

"The basic objectives are to train graduate students in food grain
 

utilization in India and other developing countries and to further
 



develop the competence of Kansas State University in these areas.
 

The University considers international activities of this nature a
 

Training and research activities in
legitimate concern and function. 


tl7is area are underway but assistance, as requested in this grant,
 

will enable the University to engage !n new endeavors and expand its
 

research and graduate instruction program so as:
 

1. 	 To increase the capability of Kansas State University to render 

assistance to India and other developing nations in food grain 

utilization. 

2. 	To enlarge the pool of scientists trained in grain handling, pro­

cessing, storage, and marketing interested in and capable of as­

sisting India and other developing nations.
 

3. 	To increase professional awareness of the increasing importance
 

of grain storage, handling, processing, and marketing in develop­

ing countries.
 

4. 	To encourage college students to seek careers in international
 

service in the broad area of grain utilization.
 

5. 	To provide an opportunity for graduate students to obtain research
 

experience on problems of particular relevance to India and other
 

developing countries by assisting with research activities carried
 

out 	fully or in part in India.
 

6. 	To stimulate and encourage faculty and other professional staff
 

to consider cAreers iii international service and to increase fac­

ulty interest in, and University commitment to, agricultural prob­

lems of India and other developing countries by drawing upon their 

special relevant competencies in training aad research." 
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B. Review of Objectives
 

The basic objectives "to train graduate students in food grain utili­

zation in India and other developing countries and to further develop
 

the competence of Kansas State University in these areas" have re­

ceived about equal emphasis during the period of the grant and have 

not been significantly modified. One major me.as for increasing the 

competence of a university is by trainitig graduate students in the 

designated area. A second is by Involvement of faculty members in 

programs, in an area such as grain utilization, in developing nations. 

Both approaches have Cormed the basic framework for administration of 

this grant. The six sub-objectives listed are interrelated and have
 

received about equal emphasis. It was decided at the initiation of
 

the grant that sub-objective 2 "to enlarge the pool of scientists..."
 

would be done on the basis of quality rather than quantity. For this
 

reason, the number of students selected was limited rather severely
 

.and those chosen were promised support to the completion oIE their
 

programs, if progress was satisfactory. This has subsequently turned
 

out to be one of the strong points of the program, since it was dis­

covered that maximum benefits can be obtained from having one or two 

students at a time wo king in developing nations. The objectives and 

sub-objectives are still very consistent with needs in the area of 

grain utilization in developing nations and do not require further 

modification.
 

[II. Accomplishments
 

A. The general criteria that have been used to determine satisfactory
 

accomplishment of grant objectives are listed below as they are
 



applicable .o the two basic objectives of the grant.
 

1. 	Training graduate students in food grain utilization in India and
 

other developing countries.
 

a,. Progress of students in the 211(d) program towards meetiag
 

the 1'a*nsas State University GCaduate School requirements for
 

the Ph.D. degree.
 

b. 	Formulation aud pfugrest of a reCsarch problem ii an area of 

qrain utilization with the research being accomplished in a 

developing country. 

c. 	Progress in the ability of the student to understand and ar­

ticulate problems of developing nations, particularly those
 

involving grain utilization.
 

2. Further developing the competence of Kansas State University to
 

render assistance to India and other nations in food grain utili­

zation.
 

a. 	An increased number of faculty with interests in problems of
 

international development.
 

b. 	An increased number ol faculty with knowledge of agricultural
 

problems in India and other developing countries, particularly
 

as evidenced by application to their special competencies in
 

training and research.
 

c. 	An increased effectiveness of faculty to work with interna­

tional students based on knqwledge, understanding, and inter­

est in the student's country and its problems, particularly
 

those related to grain utilization.
 

B. 	Accomplishments of the report year.
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The work plan outlined in annual Technical Report No. 5 was followed
 

and realized during this one-year extension, without additional
 

funding, to the grant.
 

Mr.. Alvin Siegel returned from Thailand, completed the requirements
 

for the Ph.D. degree, and was granted the degree. His dissertacioit,
 

entitled, "Development, Acceptability, and Nutritional Evaluation of
 

New.High-Protein Rice-Based Fonod for Thai Children" resulted from
 

research carried out at the Institute of Food Research and Product
 

Development (IFRPD), Kasetsart University, Bangkok, Thailand, in col­

laboration with Mr. Anara Bhumiratana, Director, IFRPD. An abstract 

of the thesis is enclosed as Item A in the Appendix. This abstract
 

summarizes the findings of the research and further details will not 

be given here, other than to say that the work was of mutual satis-­

faction to both institutions. Dr. Siegel will present a paper (ver­

bal presentation) concerning the development and evaluation of a soy­

supplemented dehydrated rice noodle for Thai children, resulting from
 

the research at IFRPD, at the annual meeting of the American Associa­

tion of Cereal Chemists in Montreal (October 20-24, 1974) in a sympo­

sium "Enrichment and Fortification of Cereal Products". An abstract
 

of the presentation is enclosed as Item B in the Appendix. A manu­

script covering the development and testing of the high-protein rice­

noodles has been prepared and submitted for publication in a scien­

tific journal. A second manuscript describing the development and 

testing of some high-protein snack foods is currently being prepared. 

This manuscript also will be submitted for publication in a scientific
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journal following its completion. Dr. Siegel is currently employed
 

as a project officer by the International Development Research
 

Center, Ottawa, Ontario, Canada.
 

Two manuscripts were published in a scientific journal describing 
re­

search accomplished at Central Food Technological Research Institute, 

Mysore, India, by two previous students in the 211(d) program. The 

results were published with the Indian scientists who acted as co­

directors of the research as co-authors. Copies of the two papers 

"Quality of Indian W-heats" by P. L. Finney, G. S. Bains, R. C. 

Hoseney, and D. R. Lineback and "Degradation of Organophosphate Pes­

ticides in Cereal Grains During Milling and Cooking in India" by L. 

M. Lockwood, S. K. Majumder, and D. R. Lineback are enclosed in the 

Appendix as Items C and D, respectively. 

During the year, msjo?: items of equipment were purchased for use at 

Kansas State University to continue and to initiate new research in 

areas related to grain utilization. The purchase of the equipment 

was made possible by the contribution of the 211(d) professor's sal­

ary by Kansas State University. This will directly increase the re­

search competence of Kansas State University in areas related to 

grain utilization in developing nations. 

The 211(d) professor and Dr. David Wetzel (Associate Professor, De­

partment of Grain Science and Industry) traveled to Thailand in May-

June, ].974, to consult with Mr. Aara Bhumratana, Director, Insti­

tute of Food Research and Product Development, concerning the results
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of Mr. Siegel's research, possible commercialization or use in child
 

feeding programs in Thailand of the products developed during the re­

search, potential need for further development research, and the 

possibility of future coilaboration between Kansas State University
 

and IFRPD. The itinerary for the trip included: 

May 13-14 - Food and Agricultural Organization, United Nations, Rome,
 

Italy (to consult with Mr. Harlan Shuyler, Crop Storage 

Pest Control Officer, Plant Production and Protection
 

Division, designated as correspondence liaison officer
 

for FAO with the Kansas State 211(d) project and to con­

sult with Dr. H. A. B. Parpia, Director, CFTRI, Mysore, 

India, concerning future means of collaboraticn between 

Kansas State University and CFTRI).
 

May 15-18 -
 Vienna, Austria (to attend Working and Discussion Meet­

ings of the International Association of Cereal Chemistry 

where international research relative to grain utiliza­

tion was discussed). 

May 20-27 - Institute of Food Research and Product Development, Bang­

kok, Thailand. 

May 29 - National Food Research Institute, Ministry of Agriculture 

and Forestry, Tokyo, Japan (to consult with Japanese col­

leagues and scientists on research related to grain util­

ization and cereal chemistry). 

May 31 - Kyoto University and the Research Institute for Food Sc.­

ence, Kyoto University, Kyoto, Japan (to consult with 



Japanese colleagues and scientists on research related to
 

cereal chemistry).
 

C. A suiuary of the accumulated accomplishments during the period of the 

grant can best be done zs follows:. 

1. 	 Relationships have been established with Central Food Technologi­

cal 	 Research Institute (CFTRI), Mysore, India, and with the In­

stitute of Food Research and Product Development (IFRPD), Bang­

kok, 	Thailand. Collaborative research of interest to the above
 

two 	institutions and to Kansas State University has been accom­

plished at CFTRI and IFRPD by three 2'1(d) students. Results of
 

this 	collaborative research have been published in a scientific 

journal with personnel at the two institutes and KSU as co­

authors. Research, resulting from these relationships, is cur­

rently being coiitinued at Kansas State University,. Personal re­

lationships have been established between personnel of CFTRI and
 

IFRPD and faculty of Kansas State University.
 

2. 	Three students have completed their Ph.D. degrees under the 

211(d) program with research problems in areas related to grain 

utilization in India or other developing nations. Two of the 

students completed research projects in India and one in Thailand. 

The three individuals are currently employed in positions involv­

ing international service; a very important direct result Gf the 

211(d) program and one of the objectives of the gran:.
 

3. 	 Increased faculty interest at Kansas State University in agricul­

tural problens of India and other developing nations has occurred 

due to direct involvement of faculty from the Department of Grain 



Science and Industry in the 211(d) program.
 

4. 	The basis and desire for collaborative research between Kansas
 

State University and institutions in developing nations in areas
 

related to grain utilization have been developed during the cur­

rent 211(d) program. These involve collaborative research on 

problems of mutual interest to scientists in both institutions
 

and have great potential for future development to the benefit of
 

both Kansas State University and institutions in developing coun­

tries.
 

D. 	 The proportion of each year's expenditures that was used for each ob­

jective or area of activity is estimated as follows: 

Proportion of
 
Activity 	 Expenditure;s 

Research and training
 
of graduate students 	 64%
 

Teaching 	 12% 

Consultat ion 	 24%
 

IV. Impact of Grant Supported Activities in Developing Institutional
 

The 	 capabilities of an acad,.mic institution may best be evaluated in 

terms of Its areas of responsibility. These include teaching, research, 

and consultation. 

A. 	 Development of Teaching Competence 

The 	 211(d) program has been used to enrich the teaching program of 

this 	department, and t he services of those involved in the 211(d) 

program nave been r'ade available to other departments of Kansas State 

University for use in their teaching programs, It is strongly 
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believed that this approach is of more value to this University and
 

its students than the creation of new courses specifically dealing
 

with international agriculture. This is due to the heavy interna­

tional conmitment that Kansas State University has had for many
 

years. As the experiences of students and staff involved in the
 

211(d) program are incorporated into their various teaching assign­

ments, many more students will benefit from Lhesu experiences than 

would the few enrolling in any o1e LCW course. 

The 211(d) professor has incorporated experiences from the 211(d)
 

program into th, two courses he teaches related to food science and
 

into his involvement in the food science interdepartmental program at 

Kansas State University. After his return from Thailand, Mr. Siegel
 

presented a sc.minar concerning his research and experiences in Thai­

land. The seminar was attended by interested students and faculty
 

from this and other departments within the University. Mt. Siegel
 

was also invited to present a lecture concerning current food prob­

lems in Thailand to approximately 150 undergraduate students enrolled
 

in a class "Food For Man". This enabled him to present some of his
 

experiences in Thailand and some of his research results.
 

The three staff members who have accompanied the 211(d) professor on 

trips to India or Thailand have increased their teaching effective­

ness and competence as a result of involvement in the 211(d) program. 

All three indicated they were aware of some of the problems faced by 

developing nations but lacked real understanding of them until ex­

posed to experiences encountered during the trip with the 211(d) 
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professor; a "realization aspect" which comes only with personal ex­

perience. Such understanding and realization have definitely in­

creased the interests of the three professors in international agri­

culture, have increased their ability to advise and work with inter­

national students, and have increased their teaching competence as a 

result of an increased understanding of international students and
 

agricultural problems.
 

Development and improvement of teaching competence occurs as the ex­

periences and competence of teaching faculty are increased. A8 noted 

above, this is certainly being accomplished via the 211(d) grant by 

exposing more personnel to problems of grain utilization, production,
 

storage, and distribution in developing nations.
 

B. 	 Development of Research Competence
 

Relationships between Kansas State University and both the Central
 

Food Technological Research Institute, Mysore, India, and the Insti­

tute of Food Research and Product Development, Bangkok, Thailand, 

have been developed and strengthened during the period of the 211(d) 

grant. Considerable exchange of technical Information and experience 

has 	occurred between individuals in the institutions via the 211(d) 

program. A former staff member at 
CFTRI who co-directed one 21.1(d)
 

student's researck is now Head of the Department of Food Science and 

Technology, Punjab Agricultural. University, Ludhiana, India. Infor­

mation exchange has continued with7 'his individual in areas t,;hich 

were first developed when he was at CFTRI. New areas of mut -K re­

search interests are becoming apparent w¢hich are increasing the 
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research competence cf scientists at Kansas State University by open-


Ing new or expanded areas of research. As noted in annual Technical 

Dr. R. Carl Hloseney initiated research concerning the
Report No, 5, 


use of sorghum in food products as a result of discussions held dur­

ing hhIf trip to lvidla ,,ith the 211(d) professor. This research has 

a Sudanse graduate student and has been supported by non­involved 

211(,) funds. This research is continuing and has been expanded to 

incide studies on millets. This activity is the direct result of 

the 211(d) program and the involvement of a faculty member; also of 

importance is its support with non-211(d) funds. 

li estigations in the 211(d) professor's laboratory concerning starch 

isolatedstructure an' fu:lctional$ity continue and 	 involve starches 

uvtder the 211(d) program.from some of the wheats studied in India 

This is being done to determine whethar there are structural differ-

U.S. wheats which can ences between starches from Indian wheats and 

be related to differences in baking quality. This interest is a re­

suit of the 211(d) program. 

During the visiL to Thailand in 1974, the 211(d) professor and per-

Food Research and Product Development (in­sonnel at the Tnrstitute of 

under the Colombo Plan)cluding an Australian scientist working 	 there 

discuss.ed the production of sung bean protein used in the Kaset pro­

trein prepared at lFRPD for child feeding Frograms in Thailand. The 

in obtaining larger quantities ofInstitute e¢urrently is' interested 

mung bean protein and has turned to sung bean.starch (noodle) vanu­

since the protein is discarded as anfacturers as a possible source 

http:discuss.ed
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effluent by these processors. During a visit to the processor's fa­

cilities, the 21l(di) professor was made.aware of low starch recovery
 

during the process. This is of considerable concern to the processor
 

and if it can be increased would give added economic incentive to the 

processor to also recover protein from the effluent. After discus­

sions with personnel in Thailand, thc 211(d) professor has initiated 

limited researcl. on mung bean processing in his laboratory. Initial 

studies have attv.:pted to explain the low starch recovery by investi­

gating possible sta-ch damage and subsequent loss under conditions 

similar to those used in Thailand to process mung beans. Research is
 

also being initiated on dry milling mung beans to yield a flour from 

which protein and starch could be isolated more readily without inter­

ference from hulls. This research will, continue on a limited scale 

and will be expanded if financial support can be obtained. This is a
 

direct result of the 211(d) program and illustrates the mutual stimu­

lation of research iitrerests between an institution in a developing
 

nation and Kansas State University. Personnel in Thailand are being
 

furnished the research results as they become available at KSU.
 

The research competence of a university is increased as the inter­

ests, knowledge, and experiences of faculty are increased. Such en­

richment enables new applications, new problems, and different views
 

to be formulated by research personnel of the University. Scientists 

from Kansas State University and the two institutions at which 211(d)
 

students have been situated have exchanged information and ideas on 

potential areas for collaborative research, for information exchange,
 



and for consultation. If the relationship between Kansas State Uni­

versity and these institutions and their staff is allowed to continue
 

to develop, significant areas of mutual cooperation will emerge.
 

During discussions in 1974 with the directors of both institutes, the
 

mutual benefits of associations initiated during the 211(d) grant
 

were mentioned many times and the need for such associations to con­

tinue was emphasized by both directors and the 211(d) professor. 

During the tcrrn of the present grant, these associations and rela­

tionships have just been initiated and now need time, encouragement, 

,,and direction to reach fruition. Many areas of mutual interest may
 

be 	 incorporated into existing research programs at Kansas State Uni­

versity, such as the development of protein-enriched cereal-based
 

foods and problems of grain storage, while others will require initi­

ation of new research programs, enriching the research efforts of
 

Kansas State University. All of these will increase the research 

competence of the scientists involved, particularly in areas of food 

grain production, storage, and utilization in developing nations.
 

C. 	Development of Competence for Consultation and Service 

As indicated in the last three annual technical reports and again re­

emphasized in this report, excperiences gained in Irdia and Thailand 

by studen:s and staff participating in the 211(d) program increase 

their coopetence for consultation and service in the following ways: 

1. 	 Inforamatioa and knowledge gained from these experiences consti­

tute a pool of !Ynowledge and information coacerning international 

agriculture, particularly grain utilization in developing nations, 

and food problems which can be made available to the University 
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community and other interested individuals.
 

Dug , ct....o vith 7r. Harlan Shuyler, Crop Storage Pebt 

Control Officer, Plant Production and Protection Division, FAO,
 

experience and research at Kansas State University in grain pro­

cessing, grain storage, and baking were considered. As a result, 

Mr. Shuyler spent two days at Kansas State University consulting 

with faculty members and acquiring data for use in an interna­

tional conference held in London, England, during September, 

1974. 

As a result of collaboration With the Institute of Food Research 

and Product Development, Bangkok, one of their staff members is 

currently studying for a Ph.D. degree in the Department of Grain 

Science and Industry. The project being formulated for her dis­

sertation research is in an area of mutual interest to the two 

institutions. Her graduate work at Kansas State University is 

supported by non-211(d) funds. 

2. The most unique concept of the 211(d) pzogram is the ability to
 

ormulate a research project in an area of mutual interests through
 

direct cooperation with colleagues in developing countries. This 

observation has been voiced on several occasions by personnel in­

volved in the program; including directors of both institutions 

involved with Kansas State University, and cannot be stressed 

enough. The experiences gained through such a venture are not 

available in the University other thaws through the 211(d) program. 

As adnrnistered by this University, t'his program has been based on 



personal contact by scientists, devoid of political overtones. 

It has been indicated that we can continue to place students in 

India under the provision6 of the program because of the mutual 

benefits derived from personal associations between scientists. 

It will be most regret'lul if those efforts and programs are lost 

through lack of foresight in arranginag the modest amount of fund­

ing required for their continuation and expansion. It is still
 

firmlily aliaved that the 211(d) concept will, in the long run, 

prove to be the most viable, least expensive vehicle to foster 

establishment of significant long-term relationships between in­

stitutions and scientists in developing nations and their coun­

terpartt; iv the U.S., without the political implications of tech­

nical assis tance teams. It has been shown that such programs can 

operate on the local economy without need for large support or­

ganizations, other than the sister institution in the developing
 

iiation.. The experiences gained by Kansas State University during 

the duration of the present 211(d) grant can be extended in much 

the same form to developing nations in Africa, Central and South 

America and can be expected to function effectively. 

Personnel at the Institute of Food Research and Product Develop­

ment, Bangkok, have suggested possible research projects, in 

areas of mutual interest, in which they would like to see further 

collaboration continued. These are areas, such as extrusion pro­

cessing of cereal-based foods, in which considerable interest and 

research are in progress at Kansas State University. This insti­

tute has suggested specific areas for futare collaboration if
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futids can be obtained to support such collaborative efforts.
 

.Personnel at CFTRI have designated broad areas of mutual interest
 

for consideration but have not yet atteiipted to develop specific 

projects until some hope for further continuation exists.
 

3. Experiences of those involved in the 211(d) program are daily
 

utilized through lectures, seminars, contact with international 

students, and discussions with other faculty members having in­

terests in India and other developing nations.
 

The 211(d) professor and Dr. Siegel presented an evening program
 

to the Kansas State Chapter of the tAerican Association of Uni­

versity Women concerning food problems in Thailand and the work 

that bad been done there under the 211(d) program. This presented 

an excellent opportunity to discuss agricultural problems in de­

veloping countries utilizing experiences derived from the 211(-J)
 

program. Considerable interest was evidenced by this group as
 

indicated by a number of excellent questions.
 

The 211(d) professor wns also intervi-wed fir a r:idio lr gran, 

Agriculture Today, pfoduced by ,he I;%atsas State University Exten­

sion Division and di.:tri.;utcd ':o radio stations throughout the 

State of Kansas. Tvvnaasis was placed on agricultural problems in 

deve.oping countri -s and soma of the experiences eticountered dur.­

ing the 211(d) program. Such information is of considerable in­

terest to Kansas -zajn producers as we illustrate how knowledge 

gained from grain production iN the U.S. can be brought to bear 

on probcE-ma in dcveloptng nation,3 and 4lco hou research programs 
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at Kansas State University are stimulated by probLems of develop­

ing nations.
 

As a result of the -isit by the 211(d) professor to the National 

Food Research Institute, Ministry of Agriculture and Forestry, 

Tokyo, and through previous personal friendship, Dr. Keiji Kainuma 

of that Institute visited Kansas State University in October,
 

1973, under non-211(d) sponsorship. He presented a seminar con­

cerning his reoearch on engymes active on cereal. starches, The 

seminar was attended by studcnts and staff with interests in this 

area of grain science. This Is an excellent example of the rela­

tionships that can be formed from activities occurring during the 

211(d) program which hold promise for mutual benefits to both in­

stitutions in years to come. 

Dr. David Vetzel accompanied the 211(d) profe.ior to Thailand in
 

May-Jui.c, 1974. Dr. Wetzel is an analytical chemist with inter­

eats in analytical methodology used in cereal chemistry and grain
 

processing. Dr. Wetzel had detailed discussions relative to ana­

lytical methodology with scientists at the International Associa­

tion of Cereal Chemistry meeting in Vienna, with scientists at 

the University of Kyoto and the Research Institute for Food Sci-­

euce, Univeroity Gf Kyoto, ard with personnel in Thailand. One 

visit of particular significance and importance was to a large 

feed milling company in Bangkok where Dr,. Wetzel spent time with 

personnel in the quality control laboratory. While there, he was 

not only able to familiarize himself with techniques used i-.that 
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laboratory, compared to techniques used in.similar laboratories
 

in 	 the U.S., but was also able to give information and advice in 

response to questions by laboratory personnel. This was his
 

first involvement in international agriculture, and he returned 

much better qualified to work in this area and with more Inter­

ests in doing so. The need foc analytical methodology yielding 

rapid, accurate, and precise results at minimal cost is great in 

the 	area of cereal processing and cereal. chemistry. This is
 

again one of the finest examples of the use of the 211(d) program 

to increase the teaching, research, and consulting competence of
 

Kansas State University by increasing the capabilities of individ­

ual 	faculty members, already i'ivolved in teachinv oid advising 

international students. "'r. Uatzel greatly : from the 

trip, his discussions ,ltL personnel ai vari.us locations visited 

during the trip, and the erperiences het haJ 4"th analytical 

methodology used Thailat,1 the are.a of grain processingin in and 

utilization. This ha3 inreased the comp..-tence of Kansas State 

Unlversity to asslst iw.th food gral.n 'it-ilization in developing 

nations by more effee,t.1x.vey equipping one cf its faculty members 

to %4orkin this .a This is one asp.ect of the 211(d) program 

which should hewncov.'nged a.rLd used, fur it truly achieves the 

object i 3 f tue grant and will have a lasting impact. 

V. 	 Utilizatik of Institutonal Resources in Development 

There is no way that all of the contributions in the area of grain utill­

nation n ade by Kansas State University to developmental. activities and 

programs in less developed countries can be adequately cited in the scope 
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of this report. The Department of Grain Science and Industry has a long
 

history of international involvement. This Department has an excellent
 

international reputation for its research and training functions in the
 

field of grain science. For many years, foreign students have selected
 

Kansas State University for training in grain science and utilization,
 

usually leading to advanced degrees in these areas. No figure is known 

to the 211(d) professor to reflect the actual numbers of international
 

students trained here in grain science. Currently, approximately 50-60%
 

of the graduate student enrollment in the Department of Grain Science and 

Industry is international, i.e. 35-40 international students. Interna­

tional wheat teams visit this Department regularly throughout the year to 

learn of grain utilization and research concerning cereal grains. During
 

the report period, individuals, milling groups, and wheat teams visited 

the Department of Grain Science and Industry for one-day briefings froo 

Peru, Japan, Brazil, Norway, South Africa, Korea, Indonesia, and Ecuador.
 

These briefings are sponsored by Great Plains Wheat Inc. and Foreign Ag­

ricultural Service of the U.S.A. Individuals from several countries, in­

cluding Japan, New Zealand, England, Iran, Saudi Arabia, Finland, Mexico,
 

Poland, and France have also visited the Department to consult with fac­

ulty concerning mutual interests in grain processing, cereal chemistry,
 

and grain utilization.
 

Kansas State University is committed to the. concept that international 

activities are a legitimate concern and function of the University. It
 

has a long history of involvement in international agriculture and con­

tinues its high degree of interest and involvement in international pro­

grams of this nature. These programs are diverse in nature, and it must 
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be realized that a commitment to teaching and training foreign graduate'
 

students represents a major commitment of the resources of a university.
 

Kansas State University has been a center for such activity, and it has
 

only recently become necessary to place limitations upon the number of
 

international students enrolled in the graduate programs of this Univer­

sity. This was necessitated by current economic conditions in the United
 

States as reflected by decreasing financial support for graduate educa­

tion and research,
 

The University was involved in India on a University-wide basis from 1956
 

until 1972. The University staffed and operated a program to aid in the
 

development of Andhra rradesh Agricultural University at Hyderabad. A
 

large number of KSU faculty served abroad under the provisions of this
 

program, representing approximately 61 man years of involvement.
 

Kansas State University has been involved in developing Ahmadu Bells Uni­

versity in Nigeria since 1963 under a contract with AID. The program in­

volves assistance in broad areas of agriculture and veterinary medicine.
 

The agricultural portion of the program was phased out during 1974, while
 

the veterinary medicine portion of the program currently continues. Nu­

merous KSU faculty members have served there on two-year or short-time
 

assignments.
 

Due to the international reputation that Kansas State University has in 

the area of grain processing, it has been asked to train fifteen Saudi 

Arabians in wheat milling an. six S;::ei Arabians for M.S. degrees in 

giain science. The latter six individuals will have positions as mill 

superintendents and qual.-ty assurance supervisor~s in new milling facilities
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being constructed in Saudi Arabia. This is being (lone under contract to
 

a conruercial firm in the U.S. The students plan to begin their studies
 

at Kansas State University in January, 1975. These students will be fi­

nancially supported by the Saudi Arabian government.
 

Trainiag and research programs in grain handling and processing have been 

continued on an international basis by the Department of Grain Science 

and Industry under contracts with AID. A short course in Grain Storage 

and Marketing vas again offered at Kansas State University during July-

August, 1974, under provisions of Contract AID/csd-1588. The short
 

course was attended by 23 individuals from Bolivia, El Salvador, Ethiopia, 

Honduras, indonesia, Nepal, Nigeria, Paraguay, Peru, South Viet Nam, and 

Sri Lanka. Under th-ls same contract, programs involving grain storage, 

transportation, and processing were coltinued and staff members from this 

Department and the Department of Economics traveled to Indonesia, Philli­

pines, Haiti, Tunisia, Korea, South Viet: Nai.-, and Venezuela to consult on 

problems pertinent to these areas. During this same period, the Depart­

ment of Grain Science and Industry continued its extensive research pro-­

gram concerning nut-ritional improvement of cereal'based foods under pro­

visions of Contract AID/csd-1586. Faculty members have traveled to Iran,
 

Turkey, El Salvador, Colombia, and Brazil in relation to potential use of 

protein-enriched cereal-based food products in these countries. 

Professor Arlin Ward, Department of Grain Science and Industry, and Dr. 

Floyd Smith, Director, Kansas Agricultural Experiment Station, made an 

extensive visit to Europe during September, 1974, sponsored by Great 

Plains Wheat Inc. During the trip, problems of cereal grain processing 
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were discussed with different mill organizations.
 

As a result of the work of the Department in grain storage, transporta­

tion, and processing, an invitation has been received to present a work­

ing paper on Fundamentals of Village-Level Grain Storage at a seminar on
 

Village-Level Grain Storage to be held at the Codiam Training Centre,
 

Cotonou, Dahomey, in December, 1974. One or two staff members will be
 

involved in this seminar.
 

VI. Other Resources for Grant-Related Activities
 

Many divisions of Kansas State University provide either direct or indi­

rect support to the 211(d) program. The University contributed the sal­

ary of the 211(d) professor. This enabled substantial amounts of equip­

ment to be purchased with grant funds during the report year. This 

equipment is to be used to continue and initiate research projects rk­

lated to grain utilization. Administrative services are provided by var­

ious offices within the University. Advice is provided by various inter-. 

national programs' offices that have extensive overseas projects. In ad­

dition, the over-all staff of the Department of Grain Science and Indus-.
 

try contributes in innumerable ways to support of the 211(d) project by 

providing office space and library facilities as well as giving advice
 

and encouragement to 211(d) students. Table I reflects the distribution 

of 211(d) grant funds. 

VII. Next Year's Plan of Work and Anticipated Fxcpenditures 

Since the current report year is the terminal year of the grant, no ex­

penditur,,; will be made in the coming year. Efforts will be made to ob­

tain a minimal level of funding to allou efforts initiated under the cur­

rent 211(d) grant to be continued and strengthened. 
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VIII. Other
 

Experiences gained by Karsas State University during the duration of the 

present grant indicate thai: programs of this type deserve very high pri­

ority for continuation and expansion. It has been found that these pro­

grams can be effectively administered w:'th a modest level of funding in
 

such 	 a way that the University is able to continually expand its capabil­

ity to serve developing nations in the area of grain utilization and to
 

increase the effectiveness and interests of faculty members in interna­

tional agriculture, particularly in the area cited which represents a 

vast 	problem on a world-wide basis. It is our opinion that a program 

such 	as the current 211(d) program at Kansas State University can be ef­

fectively continued at a level of funding of approximately $50,000-$60,000
 

per 	year and could be expanded to include developing nations other than 

India. This latter facet woild be most desirable to allow maximum bene­

fits to be realized from such involvement. The program should continue
 

to be centexed around the training of one to four graduate students at
 

any one time and the involvement of a limited number of faculty members 

from the University. Such a p:-ogram would allow maximum benefit to be 

derived from the grant. The desirability and benefits derived from such 

a program have been reflected and emphasized by the directors of the two 

institutes in developing nations with which Kansas State has been asso­

ciated during the current 211(d) program. AID is strongly urged to give
 

priority consideration to the continuation of this program so that the 

relationships now Initiated can be strengthened and enlarged. 

IX. 	 Report of Expenditures 

See Tables I and II. 



Table T 

Distribution of 211(d) Grant Funds and Contributions From Other Sources of Funding*
 

Review Period July 1, 1973, to J -rne 30, 1974
 

211(d) Expenditures 
_ _ _Non 211(d) Funding 

Amount 
Period Under Cumulative Projected ProJected to 

Re'view I Total New Year er.: of Grant 

1. Salary of 211(d) professor
Research $29,507 $128,000 None $128,000 

($22,095 including benefits)
 
by Kansas State University.
Teaching 5,532 24,000 None 24,000 


48,000 2. There is no way to estimate
Consultation 11,065 48000 None 
i: any reasonable accurateness 
the remaining contribution of 

TOTAL $46,104 I $200,000 None $200,000 non-211(d) funding. 

*These figures are best estimates
 



Table II 

Expenditure Report
 

(Actual and Projected)
 

Under Institutional Grant AID/csd-1931
 

to June 30, 1974
Review Period July in 1973, 


Expenditures 
to Date i ............... ProJec ted
... 

Period Under Cumulative Expenditures Total 

Review' Total 

$ 61,719
$ 4,626 $ 61,719 NoneSalaries 


34,856
10,0622 34,856 None
Travel 


54,687

4 , 9 4 0 3 54,68' None

Graduate stipends 


None 1,068
1,068
Exchange professor -0-


Equipment, supplies, 1l 
and other 26,476 47,670 ihue 47,670 

None $200,000

TOTAL 46,1.04 $200,000 


lone-year extons:ion of grant without additional funding. 

197 - "T ave includes expenses of:
 

Areiican Association
a) jr. Liu.acek's travel, to 58th Annual Meeting 


of Cereal Chemists (St. Louis, Missouri).
 

travel in Thailand on grant-related business.
b) Mr. Siga,' l 

) Mr. Simio1's travel to Laos on grant-related business. 

d) Mr. Sicgel's return 'o U.S. fromi Thailand. 
to Thailand.

e) Dr, Liebaeks and Dr. feib' air fare for 1973 trip 

to Thbailand.
) 1r. Litnback's arDr. Jetel's 1974 trip 

Graduate stipend to ' C. ilvin Siegel.
 
4The follo9wing Httnmo of ,uipment costing in ecess of $100 were purchased
 

use at Kaosas itate Univer.ity to continue and
 
from U.,. manufactrrs f'a 


grain utilization.Initiate research related to 



Table II -2-

Item 


pH meter 


Centrifuge 


Shaker 

Mixer with stainless-steel 
bowl 

Oven 

Rotary evaporator (2) 

Centrifuge and accesso.ies 

Analytical balances (2) 

Micro-mixograph 


Spectrophotometer 


Strip chart recorder (2) 


High-pressure liquid 
chromatograph 


Cost 


$ 375 


2,495 


285 


272 


435 


500 

1,592 


998 

393 


3,948 


1,073 


5,958 


Supplier
 

Beckman Instruments'
 

Sharples
 

Scier tific Products
 

Peerless Supply
 

Scientific Products
 

Scientific Products
 

Fisher Scientific 

Curtin-Matheson 

NaLional Mfg. Co.
 

Varian Instruments 

Adelphi, Inc.
 

Waters tissociates
 
5 Included in this value is $6,370 paid to WARF, Madison, Wisconsin, for
 
analytical evaluations of products developed during Mr. Siegel's research
 
in Thailand.
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Appendix
 

Item A
 

Abstract of a dissertation entitled, "Development, Acceptability, and Nutri­
tional Evaluatior of New High-proteln Rice-based Foods for Thai Children" submit­
ted by Alvin Siegel to the Graduate School, Kansas StaLe University, in partial 

fulfillment of requirements for the Ph.D. degree, 1974 (researh done at Insti­

tute of Food Research and Product Development, Bangkok, Thailand, under 21i(d) 

grant).
 

Soy-supplemented rice noodles and Oice-based snacks developed forwere use 

in supplementnry feeding programs at Child Nutrition Centers in Thailand. Ac­

ceptability 
studies were conducted with preschool and elementary school children 

in rural and urban localities. Nutritional evaluations of the products were de­

termined using chemical and biological testing procedures.
 

Dehydrated rice noodles, 
 protein-supplemented with 20 and 30% full-fat soy
 

flour, with and without 
methionine fortification at respective levels of 0.2 and
 

0.3%, were the same
prepared in manner as traditional rice noodles. Acceptabil­

ity studies were held 
with 197 preschool children for five and three months at
 

two rural Child Nutrition Centers and at a 
 Bangkok nursery school, respectively. 

Each sample wa2 given as the mid-day meal once a week a rota tingon schedule. 

Regular rice and who- noodles served as controls. Wnitial amounts eachof dish 

served and ,dd! tiz lons requested wcve , tl...2dle. I'roximate, vitamin, min­

era!, and amino acid analyses, in addition to rat growth studlies, determined nut­

rient contept and protein qualty. 

Soy-rice noodle consumption was not signif Icantly different (P < 0.01) from 
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that for regular rice noodles at all testing localities. No significant differ­

ences 
in preference for noodles at the two amounts of either soy supplementation
 

or methionine fortification were found. Other control dishes were eaten equally
 

in most feeding situations. 
 The 20 and 30% soy noodles contained 15.0 and 18.0%
 

protein (dry basis), respectively; the control contained 7.8% protein. Additions
 

of full-fat soy flour to rice increased the amount of vitamin E- and B-complex
 

vitamins found in soy-rice noodles compared to regular 
ones. Marked increases in
 

mineral content were found in soy-supplemented noodles as compared to regular
 

noodles as follows: 
 calcium, four times; iron, two times; magnesium, twelve
 

times; and phosphorus, throe times. 
 Chemical scoyes for regular, 20% and 30%
 

soy-rice noodles were 40, 60, and 76, respectively, Protein efficiency ratios
 

(PER) using laboratory animals were 2.16, 2,56, 2.58, 2.69, and 3.00 for regular,
 

20% soy, 30% soy, 20% soy plus methionine, and 30% soy plus methionine noodles, 

respectively, corrected to 2.50 for standard casein. 
Net protein utilization
 

(NPU) values for the 20% soy plus methionlne and 30% soy noodles, with and with­

out methionine, were significantly higher (P < 0.05) than the control sample,
 

ind not different: from the NPU for casei:,
 

Snacks were prepared containing additions of protein-supplements to a 70% 

rice base (dry basis) as follows: 30% soy, 25% soy plus 5% ground sesame, 25%
 

soy plus 5% fish protein concentrate (FPC), and 30% soy protein concentrate. The 

latter product was an extrusion-cooked puffed curl. The remaining products were 

debydrate pieces deep-fat fried into edible chips. Acceptability studies with 

,hildren at two schools employed a five-point hedonLc scale corresponding to
 

facial expressions (very happy to very sad). 
 Scores for extruded curls were 

3,44-4.8. on a 5.0 scaj e, while rice chips had 
scores ranging from 3.82-4.92.
 

New rice Snacks contained 17,2 to ,4.6% protein (dry basis). 
 New rice snacks had 

198 

http:3.82-4.92
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scores dignificantly higher (P < 0.01) than one regular commercial (control)
 

snack food and comparable with two others. 

Chemical and subjective studies on changes in products (noodles and snacks) 

during storage (five and si. months) showed no detrimental changes in quality 

fectors. Protein costs of the new foods were Eubstantially lower than those for 

regular products. A mixture, primarily of soy and rice flours, en bled the in­

troduction of acceptable animal-quality protein foods suitable for improving the 

protein status of Thai children. 
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Appendix
 

Item B 

A! Siegel, D. R. Lineback, and A. Bhumiratana "Development, Acceptability,
 

and Nurrilona! Evaluation of High-protein Soy-supplemented Rice Noodles for Thai
 

Children," 5th Annual Meeting of the American AssociatJon of Cereal Chemists,
 

Abstract 18, Montreal, Quebec, Canada (October 20-24, 1974).
 

Dehydrated rice nondaes, supplemented with 20 and 30% full-fat soy flour
 

(dry basis), were deviloped for potential use in feeding programs at Child Nutri­

tion Centers in ThailandW Methionine-fortified samples were also prepared. Ac­

ceptability studies were condacted with 197 preschool children at two rural
 

centeis and a Bangkok nursery school. Nutritional evaluation was based on chem­

ical and biological tests to determine nutrient content and protein quality. 

Soy-rice noodle consumption was not significantly different from that for regular 

(control) rice noodles. Additions of soy flour to rice more than doubled the 

protein content and increased the vitamin and mineral content in soy-rice noodles 

compared to regular noodles. PER and NPU values for soy-rice noodles, determined
 

fRom rat growth studies, were, in most casms, equal to or greater than those-for
 

casein. Regular rice noodles had substantially lower values. Protein costs for
 

,Aey-rice noodles were lower than those for unsupplemented rice noodles.
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ITDI C'
 

L7
 

P. L.Finney2, G.S. Bain2o R. C. Homey', 

and D. R.Li, eichl 

Cummary With more than 550 million people to feed, India's 
national commitments to food production remain 

Analytical, physica!, chemical, and baking studies were performed paramount. Thus production of wheat-second only to 
on 43 samples, representing 30 spring wheat varieties harvested in rice-is a primary commitment. Secondary wheat quality 
India. Some high-yielding wheats and wheats recently introduced 
from Mexico were excellent bread wheats compared with a typical commitments are concerned with producing wheats that: 
composite bread fkc..ur (RBS-70A) from wheats grown in the U.S. a) have higher protein content, b) satisfy traditional food 
Water absorptions of India's wheats averaged materially above those requirements (e.g., chapatties, punis, and paratas), c) satisfy 
of U.S.-grown varieties. Water absorptions of some of the semidwarf tlw.e industry, d)satisfy theexpanding broadmaking and 
Mexican varieties waro as hlqh as 75 to 78%, and many indigenouS 
Indian varietie3 had water cbaorptions ebove those of average U.S. expinding biscuit (cookie) industry. 
wheats. Dred-baking quality of both Mexican and Indian varieties 
varied from excellent to poor; however, the Mexican varieties 
generally were better bread whets. 24 

PRODUCTION! 
(10 T) 

TIlE INTRODUCTION IN 1966 of high-yielding spring 20 / 
wheats in India from the Centro Internacional do 
Mejuami-nto do Maiz Y Tfigo (CIMMYT) greatly changed 6 
the quantity and quality of Indian wheats. In 1971 one of AREA (IO HA) i. 
those varieties, Kalyan Sona (,ioown as Siete Ceros in 2O A 
Mexico) was planted on 75% of die Punjab, an important 1 12 ,'- •*j/
wheat-growing region of India. That variety has contributed z" ,/ "./ " 
most to India's increase in total wheat production, from 

about 12 to nearly 25 million metric tons between 1966 8 - , ** ­

and 1971 (Fig. 1). During the last three years Modem" 
Bakeries of ladia, Ltd., a government orgmnization 4 YIELD (O/HA) 
producing white pan bread, expanded at an estimated rate 
of 15% each year. The Indian milling industries are 
expanding and attempting to meet the quality needs of the 0 I 
breadinaking and biscuit (cookie) industries, while also. 
satisfying traditional food needs. 1955 1960 1965 !970 

CROP YEAR
 

Fig. 1. Production (million tons, o.o.), area sown (mlior, hectares, 
upper .o.c.), and yield (quintz!s per ikctaro, lowor -C-o-) of wheat 

India from 1D52 throu~h 1871.1 Contrlbutlon No. 817, Dept. of Grain Science ant Indastry, 

Krnsas Agricultura! Experiment Station, Manhattan 6G0506. 
Presented at the 57th Annual Meetlng, MI-mIl Beach, Ort.,Nov. 
1172. India's dependence on the quality characteristics 

2Rrspectively: itespaarch Associate, Associate Profeanor, end intioduced by those high-yielding, semidwarf, spring 
Associate Profeosor. Kinra. State University. 

tlad.Milling ,tnd Baking Dicrcpllne, CFTrIt, Mysore, India. wheats was studied, using sa;up'es from two crop years l(! 
7hcrent drers: "lead, Dpartrnent of Food Scl,ince anj three bnreeding stations, at the Central Food Technologh-kal 
Technolog~y. Puniab Agricultural Unlvtrsity, Ludhliana, India. Research histittite, Mysore, India. 

Copyright ( 1973 American Asocilion of Careol Chetnists, Inc., Ir the first detailed study of Indian wheat quality in 
32,10 Pilot Knob Road, St. Paul, Minn. 55121. All ri!ghts reseorved. 1940, Singh and Bailey (1)found higit bushel and 

PAGE 3,2 /DECEMBER 1973 VOLUME 18 NUMBER 12 



1,000-kernel weights, compared with spring and winter 
wheats grown in Minnesota. Average protein coent of 
flours milled from the 1940 Indian wheats was only 9.6% 
(13.5% m.b.); but water absorptions were high, average of 
31 samples, 72.6%. 

From 1942 to 1947 studies on the quality of Indian 
wheats were conducted at the Punjab Agricultural College, 
Lyallpur, now in Pakistan. Those studies mainly involved 
assesing milling and baking quality and surveying protein 
contents. Many of the ,;arieties had water absorptions of 
75.0 to 82.0%, although average flour protein was 
comparatively low (2). 

Bains and Irvine (3), more recently, repcrted that 
several Indian varieties yielded high percentages of 
straight-grde flour. However, their farinograph water 
absorptions were not exceptionally high. 

Tara and Bains (4), studying the relatioat of staich 
damage and protein content to water absoijtion, found 
that starch damage contributed to high water absorptions 
of commercial Indian samples. 

Sadisivan et al. (5), in taste panei tests, found no 
significant difference between chapattios made fro i wheats 
of Mexican (Sherbati Sonora and Svnalika) orindian (K65 
and C-306) parentage. 

Materials a;:t Meth!I-ls 
Fortylhrce samples, representing 30 wheat varieties, 

were harvested in InO;a at three breeding stations 
(Ludhiaria, Karnal, and Niphad). A composite flour used as 
a standard, RBS-70A, epresented several hard winter whet 

varieties harvested at many locations thrcughout the Great 
Plains of the U.S. in 1969. That stm.dard flour had a 
protein content of 12.3% (14% m.b.), a good. loaf volume 
potential, and a mediuim-long mixing time of 4.25 min. 
Wheats were tempered to 13.5 to 15% moisture, depending 
on pearling value (hardness) and protein content, for 48 hr. 
before milling on a Buhier mill. 

Hectoliter and 1,000-keniel weights were determined by 
standard methods (6). Protein, moisture, and ash contents 
were determined as described in AACC Methods (6). A 
siraighi-dough experimental baking procedure described by 
Finney and Barmore (7-10) was us-d. The method 
employed optimum mixing time and water absorption, and 
a formula that inchided: flour, 100 g.; sugar, 6 g.; salt, 1.5 
g.; shortening, 3 g.; fresh baker's yeast, 2.25 g.; dry buffalo 
milk (whole), 4 g.; 600 L. malt syrup (Fleichmann's, 
U.S.A.), 0.5 g.; and KBrO 3 , 4 mg. 

The response of Indian varieties to potassinun bromate 
was determined by a baking test using the AACC 
lean-baking formula (6) with and without 1 mag. potassium 
bromate. 

Sedimentation test, were determined by the standard 
procedure (6). Mixograi:s were determined on 35 g. flour 
using farinog'-aph watei absorptions. Farinogzms were 
obtained on 50 g. of flour and sufficient distilled water to 
be centered on tie 500 B.U. line. 

Iiectolittr and 1,00-Kernel Weights. The 43 samples 
were conveniently div(Ned into two groups, traditional 
Indian varieties or i'.wly developed Mexican varieCes. 

TABLE I. 
FOR INDIAN 

MILLING, PHYSICAL, CHEMICAL, AND RrlEOLOGICAL DATA 
WHEAT VAr-lIETIES HARVES TED AT ONE OF -THREE L,.CATIONS 

IN 1970 AND/OR 1971_ 

Whoat Flour 

1000- Hecto- Sedi- Forlno-

Loc- Kernel liter Pro- Pro- menta- graph 

VarWey tion WT 
. 

Wt. 
gO. 

tein A~h 
% 

Yilod 
% 

toin 
% 

A'i lon Absorp. 
% 

NI-917 
NI-917 
NI-5643 

N 
N 
N 

47.1 
44.3 
38.7 

(31.8 
81.3 
80.0 

11.9 
13.9 
12.1 

133 
1.44 
1.31 

60.7 
65.2 
65.4 

11. A 
12.7 
11.1 

0.51 
0.48 
0.41 

29.0 
29.0 
33.5 

66.4 
68.5 
64.1 

NI-5643 N 36.0 83.5 14.5 1.25 68.6 13.1 0.39 32.5 66.9 

NI-6644 
NI-6644 

N 
N 

28.0 
39.0 

78.0 
82.0 

12.8 
13.8 

1.98 
1.35 

63.7 
74.0 

12.4 
12.6 

0.57 
0.47 

30.0 
31.0 

66.1 
67.6 

NI-5439 N 38.8 7D.5 11.1 1.34 71.4 10.3 0.48 35.5 50.3 

NI-5439 N 39.3 81.8 12.9 1.26 73.9 12.8 0.45 34.5 60.9 

NI-747-19 N 37.8 79.3 11.3 1.36 69.0 10.4 0.61 36.5 62.0 

N-747-19 
NI-7010 
NI-7176 

N 
N 
N 

33.0 
41.5 
44.4 

70.3 
79.5 
84.0 

13.1 
13.4 
9.7 

1.37 
1.34 
1.21 

73.6 
71.7 
66.6 

12.1 
12.7 
9.2 

0.40 
... 
... 

36.5 
31.0 
29.0 

59.5 
67.6 
69.7 

NI-7008 
NI-5645 

N 
N 

32.3 
36.1 

81.7 
82.0 

12.6 
13.3 

1.32 
1. IG 

74.6 
70.7 

11.1 
12.1 

... 
0.59 

24.0 
31.0 

31.9 
67.6 

NI-642 N 38.0 93.7 13.4 1.24 66.4 12.6 31.0 68.5 

NI-5641 N 40.3 81.7 13,6 1.28 74.2 12.9 0.47 31.0 69.7 

C-273 L 42.9 82.1 12.5 1.68 65.7 11.3 0.47 24.0 60.3 

C,306 
C-30G 
HD-1734 

L 
L 
K 

42.2 
43.7 
44.2 

80.9 
78.7 
81.7 

10.9 
8.3 
9.0 

1.45 
1.47 
1.60 

66.4 
60.4 
71.3 

9.8 
8.0 
8.0 

0.45 
-

0.63 

26.0 
20.0 
20.0 

65.1 
61.1 
62.6 

NP-824 K 40.9 74.7 10.2 1.93 76.0 9.4 0.72 23.1 58.4 

NP-030 K 43.7 74.7 12.0 1.44 74.5 11.0 0.01 29.0 69.1 

NP-980 K 44.6 76.3 9.6 1.69 71.7 8.7 0.74 20.0 59.1 

NP-890 K 48.7 81.0 9.6 1.46 74.6 0.7 0.68 24.0 60.2 

RBS-70A 12.3 0.39 46.0 60.1 

"AII data eoprosecd on a 14% ri.b.
 
bLocatlons: N - Nlphad; L - Ludhiona; IC= Kernel.
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TABLE II. MILLING, PHYSICAL, CHEMICAL, AND RHEOLOGICAL DATA
 
FOR MEXICAN WHEAT VARIETIES HARVESTED AT ONE OF THREE LOCATIONS
 

IN 1970 AND/OR 19710
 

WhCat 

1000- Hocto-
Loca- Kernel liter Pro-

Variety ton 
b 

Wt. Wt. tc!n 
g. kg. % 

S-318 N 36.8 81.0 11.2 
S-308 K 40.6 71.7 12.4 
S-3011 L 44.5 78.7 11.3 
PV-Wt; L 36.6 80.1 10.4 

S-307 N 38.4 77.5 10.4 
S-307 N 38.1 80.0 12.1 
S-331 N 36.2 80.5 12.5 
S-331 N 33.4 82.0 12.8 

HD-1941 L 38.6 77.2 11.7 
HD-1941 K 31.9 71.0 11.8 
WL-212 L 33.3 74.7 12.2 

UP-301 L 40.8 76.6 11.7 
WG-377 L 35.6 77.7 11.2 
WG-357 L 40.5 79.1 12.2 

Pusa Lerma K 33.6 75.3 9.) 
Sharbatl Sonora' K 29.0 75.0 11.11 

Kalyan Sona L 29.5 73.6 12.3 
Kalyan Sona N 37.8 82.0 11.5 
Kalyan Sona K 30. 1 77.7 9.4 

RBS-70A 


OAII data oxpressed on a 14% m.b.
 
bLocations: N = Nlphod; L - Ludhiana; K Kernel.
 

Hectoliter weights of the Indian wheats were approximately 
the same as average hard winter and spring wheat varieties 
grown in the U.S. (Tables I and 11). The Indian wheats 
averaged 79.0 kg. per hectoliter (63.2 lb. per bu.) and 
ranged from 73.6 to 83.3 kg. per hectoliter (59.0 to 67.5 
lb. per bu.). Their 1,000-kernel weights ranged from 28.0 to 
52.3 g. and averaged 39.3 g., considerably higher than the 
average of hard winter and spring wheats grown in the U.S. 

Wheat and FlourProtein.Flour protein ranged from 8.0 
to 13.3%; average for the 43 samples was 10.7% ('rabies I 
and II). Average flour protein content was 1.03% less than 
the average of the corresponding wheats (Tables I and 11). 

Buhler-Milling Properties. Despite large differences in 
hardness and milling characteristics, reasonable flour yields 
were obtained front most of the wheats (Tables I and I1). 
Certain samples from Niphad were extremely hard and 
tended to stay in the form of "semolina" during milling. 
With the limited reduction capacity of the mill, the flow 
was altered to reduce those varieties to traditional flour size 
of 'OXX. That was accomplished by removing the 46SS and 
72SS fine bran and shoith sieves on the reduction side, 
thereby increasing the number of reductions to which the 
granular material was subjected. As flour yield increased, 
howevcr, so did flour ash content. 

Sedienttion Values. Sedimentation values for ihe 
Indian wheats varied fiomn 20.5 to 36.5 cc., and avera;ged a 
relatively low 27.5 cc. (Tables I and I1). Despite the 
good.to-excellent loaf-volume potential of certain Indian 
wheat flours, sedientaion values failed to reflect that 
potent(ial. Average bread wheat flours in U.S. would be 

Flour 

Sedi- Forino-
Pro- mento- graph 

Ash Yield oin Ash tlIon Absorp. 
% % %1. % 

1.45 70.6 9.8 26.5 54.3 
1.72 74.8 11.2 0.68 31.6 59.0 
1.66 71.6 q.4 0.40 21.0 59.6 
1.45 70.7 9.2 0.39 24.5 61.9 

1.27 70.0 9.3 0.39 20.5 49.0 
1.34 69.0 10.3 0.3G 24.0 53.6 
1.34 66.9 11.1 0.42 26.0 54.8 
1.45 68.2 11.1 0.34 24.0 55.1 

1.62 68.6 10.3 0.49 28.0 59.8 
".72 74.1 108 ... 28.5 56.9 
1.70 'i7.4 10.6 0.44 32.0 61.0 

1.52 68.2 10.2 0.50 25.0 57.9 
1.47 67.8 10.1 0.50 25.0 63.5 
1.52 69.2 11.0 0.46 26.5 61.0 

1.72 70.7 8.3 ... 23.0 48.0 
1.77 75.1 10.2 ... 27.5 54.2 

1.75 68.7 11.1 0.47 31.0 63.8 
1.23 68.1 10.4 0.35 30.0 68.6 
1.69 74.7 8.3 0.70 24.5 63.3 

12.3 0.39 46.0 60.1 

expected to have sedimentation values comparable to the 
46.0 cc. of lhe RBS-70A. The correlafion coefficients for 
sedimentation value versus loaf volume and for 
sedimentation value versus flour protein were r=0.568 and 
r=0.548 (p<O.001), respectively. 

Wheat and FlourAsh. Wheat ash content varied from 
1.16 to 1.93%, and averaged 1.46% for the 43 samples 
tested. Flour ash varied greatly, as might be expected, 
because the study included soft, medium, and hard wheat 
varieties (Tables I and I1). 

Rheological Properties. Selected mixograms from both 
the Indian and the Mexican varieties are reproduced in Figs. 
2 and 3, respectively (except that S-331 in Fig. 2 is 
Mexican). Kalyaai Soaa, the most important commerical 
variety in India, is pictured with the other varieties of 
Mexican background. Note the low mixing tolerance of all 
the Indian varieties, except for NP-830 (Fig. 2). Ilicontrast, 
most the Mexican varieties (Fig. 3) have mixing tolerances 
comparable to that of the standard flour RBS-70A. 

Particularly noteworthy are tho water absorption and 
flour protein data for all 43 samples (Fig. 4). The regression 
line for RBS-70A represents the breaumnaking absorption 
level of hard winter wheat varieties grown in the U.S. 
Seventy-four rercent of the Mexican varieties (0) and 96% 
of the Indian varieties (o) had absorptions above the 
RBS-70A regression line. Water absorptions of the Mexican 
Kalyan Sona samplcs (x) exceed water absorptions of most 
of the varieties tested, especially when considered on a 
constant protein basis. Mean water absorption vahles were 
in decreasing order: Kalyan Sona (73.2%), Indian varleies 
(70.3%, Table 111), Mexican vaieties (62.5%, Table IV). On 
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a c.0tant protein basis, howver, even the mean 
absorption of the Mexican varicties would appreciably 

exceed that of RBS-70A. Although- Kalyan Sona had the 

average wvater absorption, it also had thc lowvest 
average protein content, 9.9%". 

Thos high water absorptions of most varieties deserve 
investigation. It may be that the varieties are 

so constituted, or it may be that Indian growing 
ontribite to producing kernel endospernis that 

aremore susceptible to starch damage during milling. The 
reato ofsarch damage and protein content to wate 

ahmeption of those samples has bcen published elsewhere 

(11). Most of 1.1w varieties tested were exceptionally hard. 

Earlier wvor by Tara mnd Bains (4) indicated that starch 
damage conr bu.6d to high water absorptions of the Indian 
commercia sap..l.s tested. 
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TABLE III. OREADMAKING DATA FOR INDIAN WHEAT 
VARIETIES HARVESTED AT ONE OF THREE LOCATIONS 

IN 1970 AND/OR 1071 
a 

Breadnmaking 

Flour 
Loca- Pro- Mixing Loaf Rcgr. 


Variety tionb ten Absorption TIme Voume Cooff.c 


____m___,_cc. _% 

58.0 
NI-917 N 12.7 74.9 2.500 885 60.5 

NI-5643 N 11.1 67.6 

NI-917 N 11.1 73.4 4.376 770 

5.375 770 58.0 

NI-5643 N 13.1 73.1 3.375 900 59.5 

55.0NI-5644 N 12.4 70.6 4.000 820 
N1-5044 N 12.6 72.7 2.375 835 65.5 

6.000 760 63.0 

NI-5439 
NI-5439 N 10.3 63.7 

N 12.8 61.3 3.875 970 68.0 

NI-747-19 N 10.4 64.0 4.875 775 64.0 
NI-747-19 N 12.1 68.3 4.250 045 71.0 
NI-7010 N 12.7 75.7 3.875 960 68.0 
NI-7176 N 76.39.2 5.600 730 68.0 

11.1 64.7 1.500 825 65.0 

NI-5645 
NI-7008 N 

N 12.1 76.2 4.750 910 67.0 

Ni-5642 N 74.712.6 3.000 850 57.0 

NI-5641 N 12.9 74.1 2.125 855 56.0 

L 11.3 65.3 4.000 760 55.0C-273 
9.8 3.500 645 49.5 

C-306 L 8.0 70.1 5.875 55 53.0 
HD-1734 K 8.0 71.6 4.750 615 59.0 

C-306 L 67.3 

9.4 14.250 74.0 


NP-830 K 11.0 68.3 9.000 855 69.5
 
NP-880 K 8.7 67.1 7.000 C25 56.0 

NP-890 K 8.7 77.0 26.500 655 61.5 


NP-824 K 68.4 790 

61.3Mean 11.0 70.3 

(All Indian Samples) 


RBS-70A 12.3 63.2 4.250 925 67.5 

aData expressed on a 141, m.b. 
= 

bLocations: N = Niphd; L Ludhiana; K = Karnal. 

CLoaf volume vs. flour protein content 

Breadmaking Quality. Loaf volume potential (potein 
quality) of wheat varieties can be cvvuated after platting 
their protein contents znd bread loaf volumes. When using 
an optimized bake test, the relation between flour protein 
content and loaf volume is essentially linear within a 
variety. Because the slopes of their loaF volume-protein 
content regression lines represent differences in loaf volume 
per unit of protein, quality diff(;rences between wheat 
varieties can be assessed simply by referring to the 
regression coefficients. 

mean regression coefficientExperimental Baking. The 
for loaf volume and flour p,otein content of the Mexican 

varieties grown in India equal that of RBS-70A (Table IV). 

It is most significant that the samples of Kalyan Sona 
on more than 75% of an(r=73.0). presently grown 

important wheat.growing region, 	 significantly 
outperformed RIIS.70A (r=67.5). Kalyan Sona is equally 
desirable from the point of view of milling characteristics, 
dough-handling properties, and m aichiniability. 

flouriJS-70A regression line for loaf volhmie and 

(Fig. 5) divides the Mexican varieties into two 
The (Fig 5)In 

protein 
groups, with eight vaieties above the line and eight below. 

All three samples ol' IKalyaI Sona ( x) lie above lhe 
RBS-70A Ile; while 18 of 24 Indian vadeties lie below the 
RIIS-70A regression line. 
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TABLE IV. BREADMAKING DATA FOR MEXICAN
 
WHEAT VARIETIES HARVESTED AT OIE OF THREE
 

LOCATIONS IN 1970 AND/OR 1971 a
 

Breadmoklnjj 

Flour 
Loca- Pro- Absorp- Mixing Loaf R.gr. 

Varlty lion teln lion Time Volume Cooff.c 
% m. cc. 

59.4 3.500 790 71.0 
K 11.2 65.6 4.750 910 74.0 

S-308 

S-300 N 9.8 

L 9.4 61.4 2.000 715 63.0 
PV-18 L 9.2 66.7 4.250 730 60.0 

S-307 N 9.3 50.2 2.625 	 760 71.0 
845 74.0S-307 N 10.3 58,7 1.75 

S-331 N 11.1 57.4 2.125 820 64.0 
S-331 N 11.1 58.3 1.750 790 60.5 

HD-1941 L 10.3 66.4 4.875 725 58.0 
HD-1941 K 10.0 67.7 11.500 770 60.0 

L 10.6 69.0 5.875 759 65.0WL-212 

10.2 4.250 C,53.0UP-301 L 62.7 	 725 
10.1 4.87G 780 6B.0WG-377 L 70.5 

WG-357 L 11.0 65.2 4.500 005 63.0 

Pusa Lerma K 8.3 53.9 4.125 	 760 8',.0 

Sharbati 
Sonora K 66.2 81010.2 20.000 70.5 

Sona L 10.4 71.6 3.125 875 72.0KalyanKalyan tSona N 11.1 74.6 4.750 	 835 71.0 

K 8.3 73.3 7.000 725 7U.0Kalyan SGoia 

Melan .9 73.2 73.0 
(Kelyan Son. only) 

67.9Mean 10.1 62.5 

(All Mexican Samplei)
 

12.3 63.2 4.250 025 67.5RBS-70A 

aAII data expressed on a 14% rti.b. 
= 

bLocatlons: N - Niphad; L Ludhiana; K =Karnal. 

Cloaf volume vs. flour protein content. 

New High-Yielding "arieliesNot Yet Released. Among 
the new, unreleased, high-yielding, spring wheat varieties 
tested, WG-377, WL212, and WG-357 were the most 
promising bread varieties. Their loaf volume-protein 
content regression coefficients were 68.0, 65.0, and 63.0, 
respectively. Two of those varieties (WG-377 and WL-2. 2) 
had above-average water absorptions of 70.5 and 69.0'. All 
three varieties had excellent dough.handling properties and 
were easily machined. 

Those varieties have been released to Indian farmers for 
cultivaion. It is, of course, higlbiy iil)ortant that 

high-yielding varieties othcr than K:!ywn Sona be 

commercially planted. If the rust resistance of Kalyan Sona 
the future, bcfoic other desirableshould fail sometime in 

varieties were introduced, the annual production of wheat 

could be drastically reduced. 

lotassium Bromate Response. Earlier work in India 
inldicated that some Indian varieties did not rzspond to 

4 
. assium broluate reponses variedPot, broiatelotassium 

die 43 samt)les.from negligible to extrenjely high amon-
1971, varieties C-27S; ,,nd lyanI Sofna (S2271) from 

Idh197, a nd Kalyaon a (S 
Nilhad,Ludhiana, and Kaly;ln Sona (S.227) from 

respondedmoderately tO potassium bromae'aIlroxilately 
4 

pcrolie1 ommunicatiol froi 0. S. 8air,s, CITIII, Mysore, 
India. 



35 cc. per loaf. The same year NI-5644, -3O8, and NI-5642 and protein content of commercial flours in relation to water 
from Niphad, and Kalyan Sona (HID-1593) from Karnal, 
had, inediumi lsponses of 50, 60, 40, and 45 cc., 
respectively. Varieties NI-5645 and NI-5641 from Niphad, 
and WG-377 from Ludhiana, had high.bromate responses of 
90, 115, and ,0 cc., respectively. in all cases the response 
to potas,;ium broniate was measured by the AACC (6) 
lean-baking formula with nid without I mg. potassium 
broinate. 

Future of Bread Wheats in India. It appears that the 
primary commitment to produce more wheat and the 
secondary comnitment to produce wheats of desirable 
quality characteristics (functional properties) that satisfy 
traditional as well as more recent food requirements are 
being met by concerned Indians. Studies in New Delhi 
indicate that 'the recently introduced Mexican varieties are 
suitable for traditional food products such as chapatties, 
puffs, and paratas (5). Thus, with wheat production in India 
approaching self-sufficiency and with bread and cookie 
wheat flours more available, it appears that the 
conmitment to increase the percentage of protein in the 
major commercial wheat vrieties is now as important as 
continuing to meet total vwheat production needs. Even a 
modest increase of 0.5 to 1% in protein (raising the average 
from about .10 to 10.5 or 11%) woulN make available an 
additional 125 to 250 thousand metric tors of that 
body-building material so vital to physical and mental 
health. 
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Summary 
Samplesof paddy (rough rice), wheat, and sorghum were troated 

with different concentratioits of malathion, Gardona. and 
Sumithion for protection against insect infestation during storage. 
Subsequently, samples werea milled, cooked, and analyzed by gas­
liquid chromatographytodee;mine residues remaining in the final 
products. Malathion and Gardona treatments rangedfrom 10to8O 
p.p.m.; Sumithion treatments. from 2 to 16 p.p.m.During machine 
milling, residues in whem and sorghum ware decreased from 30to 
70%. Because residues were concentrated in the hull and bran of 
the paddy, relatively little remained on polished rice after milling. 
Even with treatments of 80 p.p.n. residues on polished rice wora 
never more than 4 pp.m. Milled products from each grain were 
cooked using traditional Indian methods. Preparations involving 
boiling or stearning (wet cooking)resultod incomploto degradation 
(loss) of residues of all iioo protectants so far as dtoctaolo with 

to loss than 0.1 ppm,Dry cooking methods,methods.sonsitiv 
used in lreparing chapatties from wheat anld sorghtii, rosu letd in 
average losso5 of 43 to 75% of residues. 

SConItbut Ion No. 1134. )epartmen of Gra i i 0t (1!ont 

Industry, R-rw-s Agnictttol t t'51)irinllt iltlOIl, Nintn'iK"Inlhl,,nlt,,l 

1t1110 t , M iamiid15701iA i t ,66lOG. l'rei cited at. the 

Oct.-Nov. 19'72. 
2G 'acjo ate ti-se;:i 

respectively, )epililelt 
State Ul0tit. 

ih Aot ;ta t n out 
Ill ( iIa ,Cliv'eC 

A lotulaf.I t'i 
and1 li1llA ry' Kttlv:aos 

311tead. 1Jj:;,I liieho Inf11stAtlvI j C o i 1(0 ladttlils, Ciden,ra! 
ll r~IyOl'. Inllell.Fowd 'l'evhnilo"ie alll.re:i lI , 
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F ie Indian Goveri iient's 'revt,'.tion of F-wod 
Adulteration rdfles (P.A.) Iow forbid nda;ixtitr- of ally 
ins'cticde with food iateri;lls. Cons,.< icv ,. gwiiti canot 

legally he treated wilt pesticidcs j'orpote lion during 
she, allhotlgh tse of fumigetils is peruilled ( I). That 
coItlrsts with regullions in nlill othihi coiiltlies, 
ilhCludilin thle ..S., wll .otreatllnent wit!l nta,11vhiioi up to 8 

on qtoex !ulinis allowed (2).. t.!r of te itionle 
!ind t'. iegtilitions tgain, I CtAitusP.F.A. <lie 

o;; stored proditls w;l; ll-'sufficient datai1 f!rloIlestHimcle; 
use hl we; Mea:tiliife. virioulsflldill nol a\,ail:,.!e. 
insecticides have beer lilistld i I<i aslthr ilg.ln 


I ll9 a teo ,Ii'tl lli 'te' 01gov"illll i ' ! l 
Ctvllb ildis.'l me ornillL! l ist pvr Iristeii teli orhit'
 
,esti:tide' ,)lnwi.ed granl. the ,e , illviliol aind
 

,
h he erticour'tged afi el sha;dI ,Inies!__rlltrin_. hollll I Itad 
hee.n c;,nivvd (3). FetVeldl suti c s' t'u I 
tillia tie 1g:11nIalltlhioi canlv1 % it 0) i 

1i 
, 'l 11 1 ..I, ' 

Ct4iiiv ., kep t .'.p.lhjy qll! for i i 6it;tt 'l 
te ' ,'t ile' Ii Itt'Iills ('otlllt " " e oda, lillt ii " 

.d 1 . aa 1 
'i 'ly (in hi.Jij) e Wh I0 ,i 


il-t.ch if lie ,sidlo'rriii sIU;ilra ;ithiII 
Ia.on, Ua't;i :t, i ', ith pIn s d.ln4!rVIe 

grai it L..%. pe11arul,! for ill ill Cupsutp 6 

and &l.,okinlj, 

it 1(fittdila 
w 

ltdion as. 
,oo (1 6). 

l ih
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while lI 

by IIin " 
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u, iicv latieide being assayed plus a constant amounl of ,)Iher grains, too. At lowest concentration, nialafhion and
internal standard. Malathion was used as an internal Cardona also began to iose effectiveness o*the nd of thestandard for samples containing Gardona. Gardona was lest. k general, treatments of paddy were 'ess effectiveused' as an internal standard for samples containing than equivalcnrtreatments of the other two grains. This
malathion or Sumithio. probably was due it, part to the method of application and 
-Results and Discussion mixing. Because rice hit!! is rougher than sorghuml or wheat,

Bioassay Tests. Tables I and II give mortality at O,1, more chenical presumably wore off (dusted off) as paddy
and 2 months for rice weevils and red flotr beetles exploed was tubled.trea ed Te 

the three pesticides. Table IIl gives similar information for residue- detected 


to p ,ddy . ...w,..at... ,it h,ze1ch of the three l fdu. IV and V siw 

in whole and milled grains (wheat andsorghum at 0 and I month. i-lighest concentrations of the sorghum). The average residue losses during grinding were: 
three pesticides killed 100% of the insects. Intermediate 
concentrations of all three pesticides were completely hat treated with allin 71
effective in sorghum and wheat, but Sumithion at 8 p.p.m. Galdona -,0:in paddy had begun to lose effectiveness after 2 months, Sumithio!1 62% 
perticularly to red flour beetles. A[ tie lowest
 
concentration, Su'lithion was relatively ineffeclive in 40%
Sor'IJt'm treated with Malad<Jio

controlling paddy infestation. By the end of the test 
 Gardona 39%
 
periods Sumithion at 2 p.I.m. lost effectiveness with the 
 Sun'ithion 2g% 

TABLE III. RiOSULTS 01,'PEMIODIC MIOASSAY TESTS Minor adjustments in the clearance of the grindill discsFoil Nr~ior)UU23 OF INDICATED INSECTICIDESUK;>A) TO CO ITF{OL nED FLO tUOOcJETLES; made a noticeable difference in heating of'the grain during 
-orc WEcvtLSFID FLR LEU iLES grIdi;n. Variation in re'sdue loss (breakdown) may have 

partilly resulted from that. Milling (iwheai) with a 
- ,eun'J~n "r MPIE I1 hand-operated grinding stone (chakki) restulted in a muchIt IIzctdoniit li.iflt 0 M10th 1Mori l';V,.'[lOSS Of malathion and Suniihion. 

p-rn,.-- ..--- Table VI shows the arouts of malathion, Gadona, 
10 ioo C)3 and Sumilhioll applied to paddy and residues remLaining in.I:0 


HVP 
 ICo 100 the polished rice, fron the protectant mi,-rating th rough
0 1 0 100 1 nw 10e 0 the hull and bran into the endosperm. Ilowever, even 80R F Er 100 1oo p.p.n. of malathion left less thant 4 ppm. residue in the

Ow .10 100 polished rice -- less than 50% of the 8 p.p.m., ailtlioiiZed Iby 
n I0rFG 100 97 ltmny countries (2).

RW 100 leo 
A,D AF U 100 100 Degradation of Rosidues during Cooking

NkPJ 100 1FFn OU 100 Chapatti-Making. Table VII610 I.t' shows losses of pesticide
l_4 100 oo residues during preparation of chapatties from wlheal flour. 

Average losses varied frem SIflumithlon, 2 ['IF F3 97 13 vrgloss,100 t 7451 sor humn to 75% (Table nVII), nod 43rl Wo GO for flour (da.ra1O ~to( twer 

S v=F4 100 00 breakdown of residues varied widely during preparation of 
w I~o
Iea char ,1.as shown by large standard deviations.100 lOtf lrepa .. of frollti chapatties varies collsidelahly 

risyll. irnv:oairol vie18. front one part of India tomO household to household and 

tailed flour blly4 cotrohnl cijnf.uiJ. 
 another, so the variation we noted may be typical.
Mico wmvils (SitwPhilu: oyzae,. Boiling and Sicaing.Within detectable units (less than 

0. I pp.n.) of' the illethods ve used, residues of aill three 
'ABLEVt. FIESiDuES OF MAIlATHION, GARDONA, AND protectalts were completely broken down during lhe9UMITHIOFJ DETECTED IN POLIOUMED HICE 0, 1, AND wet-cooking methods. Peaks due to protectlants wete not2 MONTHS AFTEIIAPPILICATION 1'CPADDY presont in "ias-liquid chronatorams of sampls 

'l
uii du extracted from boiled rice, iddli (steamed. fermnented 
i 

PeddyY le~tluo Votcmtcd In rice), and boilcd sorghum balls.
 
Tfia trmnt at f A t.
. ,/ I. 
 o...
,;c-iklclo Amout Mdanthm 0 Mobil, 1 CI.onu 2 l',on.h, coPlutions 

p.p.m. p.p.m. p.pi.f p.M.l,JI. The bioassay tests indicated {halt t p.p.i. of m:alathion 
Mtalatlon 10 3.o i.1 or Gardona, or 8 p.p.m. of Smuithion. when )pplitd and40 : 0 19 n.r). Ior a period of approximately 2 months atteiwar't,O 37.0 oaFl killed0.7 3.2400the stored products insects tested. Sumithion at 2 p.lp.m,Gardona 10 640} 20.i, 0,'U.., h .. b.d. killed rice weevils illwheat1 b.d and sorghlmlll at tie time ofbtis cietes t4110o . 1 o2s 3U ,, application, bu its0(l,f veiveiess began 

nls 
to decreasi, inless 

,l1 
thll 2 itionths, W\len lipplitd at 2 p.p.l. did not1,2 b.d. b.d. bc, elimilate all red flon beetles even at he lintle o"'0 3.4 ,27 b, A)21 For of protect ion,11or­

9; , , application, longer perid t' proecio
-, .. Suiithion probably should be applied.Residue losses during power grinding ranged front O to 

70%. That, combined with tosses of 40 to 75'% during the 
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.URING MACIIN GRINDING OF W.I.AT" .... . .. .-., ciid .R si ue .. .. ' . "Lo,,'of.ji
,:, 

. ,; ('.. ". . : , .
r d
Recovered from',, fj Residue -, 

, mratment- Mhiegun Std.' 

Insecticide Amount Wholo grain graIn. 	 AVG..' Day. 

Muiathion 	 10 5.8 2.2 3, 62 -' 

40 31.9 0.9.3 22.6 71 71 0.6[ 
80 77.1 .16.0 013 7 

31 •'13.6 5.610 18 
40 39 2 7.6 11.6 20 30 '.? 
go; 65 45, 20 31 

Oardona 

8u lthion 2 2 1 1 0 
8 8.3 3 5.26 64 62.: 11.0. 

16 "16,6 4.2 11.3 73 

TABLE V. LOSSES OF INDICAYED INSECTICIDE RESIDUES DURING 
MACHINE GRINDING OF SORGHUM 

Incecticido Rosiduo . .ois of 
Recovorod from Rosiduo 

Troatment Machino-ground 	 Std. 
p~pm. P.Dm. IP.P.m.. 1,p,m. % ..% Insecticide Amount Wholo Grain grain 	 AVo. Oov. 

Malathion 	 10 5.76 3.4 2.23 41 
40 22.4 13.6 0.9 40 40 1.5 
.30, 53.3 311 20.3 38B 
10 .6.5 2.75 3.70 58 
40 32.6 '25.53 7 22 39 17.5 

80 8515 	 32, 30 

'uumithlon 2 2.5 1.0 0.7 20 
8 9.25 6.5 2.75 30 28 2.016 16.5 11.5 4 20 

1,156..1..4.0analyzer 

TABLE VII. LOSS OF INDICATED INSECTICIDE RESIDUES DURING 
THE PREPARATION OF CHAPATrIES FROM WHEATFLOUR 

In1ecticido PC Iduo 
Monihf .. ny dJ_frsLL...._ 

Treatment 
aftar 

Treat-
Machino. 

ground 
Loss dinIng 
Cook M ...'_ Std. 

|nslcticIde Amount 
p.p.m. 

ment grain 
p.p.m. 

Chapattl 
p.p.m. p.p.m. % 

Avg, 
. % 

Oft. 
% 

MithloL 10 0 2.2 01.6'.7 32 
1 0.8 0.23 0,67 71 
2 0.63 0.23 0.3 67 

40 0 
1 

9,3 
3.5 

6.0 
1.3 

3.5 
2.2 

30 
63 51 24.0: 

2 1.80 0.95 0.9 49 
so 0. 16.5 16 0.6 3 

1 
2 

12 
7. 

3.1 
1.0 

0.0 
0.0 

71 
79 

GeWo 111
': '1 

-10 0 . 13.0155 
b.80 
2.02.09 

13.62.015.2,16. 
100436043. 

2 2.36 0.65 1.70 72 
40 0 27.5 1.7 2.0 94 

1 27.5 7.0 20 73 75' 18.3 
2 8 3 5 63 

80 0 45 3 42 93 
1 0 12.5 3?.5 76 
2 18 6.5 11.6 64 

,5U4Yltt, fl " 2 0 
"1 

1 
0.2 

0.63 
b.d. 

0.47 
.0.2 

41 
loc 

2 C.13 0.13 0 C 
a 0 

1 
3
1.o 

1.5 
.t. 

1.5
1.01 

BE
02 52 35.1 

2 0.50 p.30 0.2 34 
16 0 4.2 3.6 0.6 1A 

1 1.9 0.23 167 ,i 
2 1.01a 0.65 .0.43 40 

below detoctabIlity.*i%.d. 

(Cont on palle 346) 
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The Mettler/Heraeus nitrogen.
eliminates iwo common yet 

fundamental nitrogen analysis errors. 
Too low values from incomph-te 
decomposition. Too high values from 

formation of volatile cracked gasq. 
which do not oxidize completely:
Additionally, results are equal to, it 
not better than the Kieldahl method.
 

with a wide variety of materials and 
without special techniques. You also 
receiva these features­

e Full automation capability for samole 
feeding and data recording. 

•Complete combustion-no 
contaminants formed. 

* Results in less than 6 minutes-50 to 

analyses per day per operator. 
* Requires no pollution control 

* Low-cost operation 

And Mettler maintains an inventory 
of all required supplies and 
accessories. For more information on 

the Mettler/Heraeus nitrogen
analyzer contact Mettler Instrument 
Corporation,Box 100, Princeton, 
CNJroain
NJ 08540. 

S us at the AACC 59M Annual 

MeetlIng In Montreal, Oct. 21 and 22. 
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MIXOGRAM CHARACTERISTICS 
(Cont.from page 324) 

Discussion 
During mixing, the ingredients are thoroughly 

incorporated to forni a homogeneous inas, followed by 
development of the gluten structure. Mixing, however, also 
incorporates air into the dough. This air is introduced into 
the dough as a given volume and not as a given weight. The 
volume of air incorporated into a dough depends on the 
mixing pro(;6dure and on the mixing speed both of which 
are fixed in the operation of the mixograph. 

The volume of gas is inversely proportional to the 
pressure as stated by Boyle's law. As atmospheric pressure 
is reduced, the volume of the incorporated air becomes 
greater placing a greater stress on the dough system which 
shows up as a greater maximum curve height, a longer time 
to maximum height, and, consequently, as a larger area 
under the curve 

Conclusions 
The operation of the mixograph is affected by changes

in atmospheric pressure. Maximum curve height, the length 
of the curve to maximum height, the time to maximum 
height, and the area under the curve increase as "levation 
increases. The percent increase of the values for these 
characteristics varies slightly depending on the kind of 
flour. Weakening angle is not affected by changes in 
elevation. Treated and untreated flours behave similarly, 
Miny cereal laboratories and flour mills are located at 
elevations of up to 5,000 ft. and should take this into 
consideration when examining or reporting mixograph data. 
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PESTICIDES IN'CEREAL GRAINS 

(Cont. from page 333) 


preparation of chapatties from wheat and sorghum flour, 
made total residue losses range front 59 to 93% for whole 
grain (wheat and sorghum) processed to chapatties. With 
rice products, wet cooked, all three protectants were totally 
degraded, except that metabolites, undetected with tie 
equipment we used, may have formed. li India, steam 
cooking of rice has been reported to almost completely 
095%) destroy malathion (8). Large (75 to 78%) losses of 
malathion were observed during preparation of chapatles 
from wheat or wheat flour (5, 9). 

Recommendations now being advanced to amend the 
P.F.A. rules to allow at least 8 p.p.rm. of nlathot as a 
grain protectant in India seem to be justified - particularly 
when one considers the hazards presently posed by misuse 

sof such other pesticids as IDDT, IHC, endrin, lindane, and 
others to control insect infeslation int stored grain. 
Pesticides often are nisused because of hick of proper 
guidance in their use by the farner. 
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