
CrONSULTANCY REFOR 

ON 

WORK COMPLETED DURING PERIOD JUNE 5 TO 28, 1989
 

CONCERNING FRJECT SPONSORED BY UNITED STAiES
 

AGENCY FCR INTERNATIONAL DEVELOPIENT AND INDIAN O0ONCIL
 

OF AGRICULTURAL RESEARCH
 

PROJECT NO.386-0470 

Agricultural Research Umbrelia
 

Sub-project 5
 

CONVERSION OF BIOf:EGRADABLE ANIMAL WASTES FOR LIVESTO(K FEED
 

SLbmitted by 

J.P. Fontenot, Ph.D.
 

John W. Hancock, Jr. Professor
 

Department of Animal Science 

Virginia Polytechnic Institute and State University
 

Blacksburg, Virginia 24061
 

Phone: 703/231-5136
 

New Delhi Tixiia 

June 28, 1939
 



:2:
 

. INTRODUCTION
 

The purposes of the assignment were to participate in the All 

India Workshop on "Agricultural By-Products for Animal Feed", 

at which the subproject 5 - "Conversion of Bio-degradable
 

Animal Wastes for Livestock Feed" was reviewed, and to visit
 

all centers collaborating in the subproject. The consultant 

arrived in Delhi June 5, 1989 and his itenerar.- during his 

stay in India is given in Annexe A.
 

The workshop t as held at the Haryana Agricultural University 

(HAU), Hisar. During the workshop, research progress and
 

plans were discussed by scientists from HAU and Punjab
 

Agricultural University (PAU). Following the workshop, the
 

consultant and Dr. A. Colin McClung, Winrock International,
 

New Delhi, met with scientists from RAU, PAU and the Central
 

Toxicological Laboratory (CTL), Hisar. The agenda consisted
 

of equipnent purchase, training of scientists, and other
 

management and fiscal matters.
 

The consultant visited with scientists involved with the
 

subproject at the following institutions:
 

- Bombay Veterinary College (BVC), Bombay 

- Haryana Agricultural University, Hisar 

- Kerala Agricultural University, Trichur 

- Punjab Agricultural University, Ludhiana. 
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At HAU he visited with the coordinator of the subproject and 

of the Central Toxicological Laboratory, now located at 

Hisar. The consultant visited also with Dr. N.M. Rao, Central 

Leather Research Institute, Madras and Mr. Sharish Magar, 

Magar Farm Pvt. Ltd., Pune. Dr. Rao has conducted research 

with the consultant on slaughterhouse waste, and has an 

interest in the subproject. Mr. Magar, a former graduate 

student of the consultant, has fed poultry waste to sheep on 

the .agar Farm. 

The consultant presented seminars at HAU during the Workshop,
 

PAU, HA" and the Central Leather Research Institute.
 

The report is divided into the following sections:
 

I. Introduction
 

II. Summary
 

III. The Workshop
 

IV. Visits to participating institutions and other locations
 

V. Recommendations 

Utilization of these bio-dagradable wastes would increase the feed 

supply significantly, which would subsequently increase the supply 

of animal products. Appropriate use of these by-product wastes
 

would lower feed cost, thereby increasing profit for livestock 

producers and lowering food cost for consu=ers. Use of the wastes
 

as livestock feed would also solve some environmental problems. 
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It is hoped that this report will be useful to the Indian Council of
 

Agricultural Research (ICAR) and Indian scientists working on the
 

research covered by the subproject.
 

II. SLMRY OF THE CONSULTANCY REPORT 

The scientists at each participating institution reported on the 

progress of the research at the workshop and/or during the visit by 

the consultant. Technical programs were outlined for the next 

year. Generally, progress of the work was satisfactory. There has 

been a delay in developing the Central Toxicological Laboratory.
 

With relocating the Laboratory at HAU, it appears that the 

Laboratory will be developed in the immediate future. The technical 

programs for the research at the centers are directed toward the
 

subproject objectives. 

General and specific recommendations are made. 

A. General Recommendations 

1. At each location the research should continue to be
 

directed toward the objectives of the sub-project. 

2. Efforts shculd be initiated toward technology transfer, 

especially demonstrations of processing and feeding 

wastes.
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3. 	Sound experimental designs and sufficient replications
 

should be employed.
 

4. 	Use of computer equipment should be increased for
 

computing, storing, retrieving and statistical treatment
 

of data.
 

5. 	The workshop, in connection with the workshop on the All
 

India Project on by-products, should be continued, with
 

careful advance planning.
 

6. 	Research progress at all locations should be closely
 

monitored.
 

7. 	Interactions with scientists from the U.S. and other
 

countries should be strengthened, including use of 

special consultants.
 

B. Specific Recommendations 

1. 	The Central Toxicological Laboratory should be developed 

immediately and become fully operational by March, 1990. 

2. 	The training programs should proceed without delay.
 

3. 	 The equipment to be obtained under the subproject should 

be installed and be operational soon after items are 

received.
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4. 	A U.S. extension specialist should be invited as
 

consultant to assist in initiation of technology transfer
 

programs.
 

5. 	The scientists should submit completed research for 

publication in peer-reviewed journals when sufficient 

data have been obtained. 

III. THE WORKSHOP
 

On June 6 and 7 a workshop was held on the All India Coordinated 

Research Project on Agro-Industrial By-Products for Evolving 

Economic Rations for Livestock and Poultry. A copy of the program 

for the workshop is given in Annexe B, Section A. The ICAR 

considers the research conducted under the subpro.ject as part of the 

Research was reported from various institutionsAll India Project. 


throughout India on crop residues, industrial, forest, aquatic and
 

slaughter house by-products, and animal organic waste. 

Included in the program of the Workshop were reports from HAU and 

PAU on research conducted under the subproject. These reports 

included progress and plans of the research. Reports of the 

research progress from these two institutions are in Annexe B 

Section B. Unfortunately, scientists from BVC and KAU were not able 

to participate in the workshop. Progress of the research at these 

institution.7 is given in Section IV. 
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IV. VISITS TO PARTICIPATING INSTITUTIONS AND OTHER LOCATIONS 

Visits were made to the five participating centers to review the
 

status of the research under the sub-project, discuss the training
 

program and equipment acquisitions, and discuss plans for future
 

research. The central Toxicological Laboratory has been moved to
 

the campus of KAU, Hisar.
 

A. General:
 

Dr. A.C. Mc Clung and the consultant met with representatives from
 

all units except BVC and KAU, at the HAU Campus, following the
 

workshop.
 

The agenda items consisted of management and fiscal matters. Dr.
 

McClung indicated that there was opportunity for real progress, but
 

stated the need for speeding up the training program. He reviewed 

the status of the training program and of the equipment purchase. 

Scientists were asked to start working on the Life-of-Project work 

plan of the sub-project. Plans for training schedules and use of 

consultants should be finalized. A tentative schedule for the 

training program is given in Annexe C, Section A and for consultants 

in Annexe C, Section B.
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B. Haryana Agricultural University:
 

Excellent progress was made in the research on large animal waste
 

(Annexe B, Section B). The completed and planned experiments were
 

discussed in detail with the scientists.
 

1. 	 Completed Experiments 

a. 	 Studies on chemical composition and IVDMD of bedding
 

materials. The research results showed that the
 

nutritional value of straw can be enhanced by use as
 

bedding for a few days. For example, crude protein was
 

increased from 2.52 to 12.33 % after use as bedding 

for 7 days. Neutral detergent fiber was reduced 

from 81.5 to 68.1 %. 

b. 	 Ensiling of wheat and paddy straw based beddings.
 

Ensiling was not satisfactory when bedding was ensiled
 

alone or with up to 10% molasses. The reason is probably
 

too high a level of waste in the bedding. It is
 

estimated that the proportions were 85% waste and 15%
 

straw. Addition of green forage improved ensiing, 

especially with 10% molasses. The improvement was
 

probably due, at least partly, to decreased proportions
 

of waste to straw in the si.ages. 
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c. 	 Ensiling of wheat straw based bedding in mixtures with 

green maize and molasses. Addition of molasses improved 

firmentation. As level of waste in bedding decreased 

from about 75% to 70% and 65%, ensiling was improved, 

especially with addition of molasses. Adding green 

fodder did not consistently improve fermentation. In 

previous work it has been shown that the waste should not 

exceed 40%, wet basis, when mixed with dry forage. 

d. 	 Studies on conservation of animal wastes by sun drying 

and through urea - ammonia treatment. Feed intake was 

much lower in buffaloes in which straw bedding replaced
 

66 % of oat hay. The intakes may have increased with
 

adaptation to the rations.
 

2. 	Planned Experiments
 

a. Laboratory ensiling of cattle waste with wheat
 

straw, green fodder and molasses. Preliminary 

results indicate some of these mixtures ensiued 

satisfactorily. The levels of waste were probably
 

too high at the higher levels (75:25, 70:30)
 

Another experiment was tentatively planned in which 

the ratios of waste to straw would be 70:30, 60:40, 

50:50 	and 40:60 with 0, 5, 10 and 15 %molasses. 
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b. 	 Urea-ammonia treatment of the mixture of fresh
 

cattle waste and wheat straw. It was suggested, if
 

it is possible to use six treatments, that an
 

additional treatment of cattle waste: straw of 3:1
 

be used.
 

C. Punjab Agricultural University
 

The scientists at this institution continue to make excellent
 

progress on the research on poultry wastes (Annexe B, Section B).
 

Detailed discussions were held with three of the participating
 

scientists. One scientist has gone to the U.S. for training, and
 

another was participating in a conference in Canada. 

1. 	 Completed Experiments: 

a. 	 Evaluations of poultry litter/poultry drouoings as
 

ruminant feed. This experiment is the first to measure
 

changes in chemical composition of poultry litter with
 

time. The lower crude protein in the final litter than
 

usually measured in the U.S. appears to be due to deeper
 

bedding than used in U.S. Tl7he data on pathogenic 

organisms show some destruction of pathogens in the 

litter.
 



It appears that poultry droppings are not effective in 

supplying ammonia to improve fiber digestion when deep 

stacked with straw. Perhaps, the lack of response, 

compared to urea treatment, is due to a smaller rise in 

temperature. 

b. Isolation and characterization of fungal species isolated 

from dried poultry droppings: Three non-toxic fungi 

isolates have potential to synthesize protein and digest 

fiber from poultry droppings. 

c. Comparison of promising fungal isolates with new fungal 

cultures: A few isolates show promise for protein 

synthesis from poultry droppings. Sufficient quantities 

of the fungi will need to be produced for evaluation in 

chicks. 

d. Standardization of fungal bio-mass production on poultry 

droppings through solid state fermentation. The 

decreases in uric acid and crude fiber, the increase in 

true protein, and high in vitro pepsin/trypsin digestion 

indicate that Caprina sp. may be valuable in protein 

synthesis from poultry droppings. 



2. 	 Planned experiments:
 

a. 	Use of Caprin sp for protein synthesis from poultry
 

droppings: The plan is to produce a sufficient amount to
 

conduct chemical and biological evaluations. The plans
 

to determine amino acid content and bioiogicl evaluations
 

will yield results which will be valuable in determining
 

the nutritional value of the synthesized protein. Future
 

experiments will include growth trials and studies of
 

digestion in different parts of the digestive tract.
 

b. Deeo stacking poultry litter and straw. Litter and straw
 

(1:1) will be deepstocked at 35, 50 and 70% moisture for
 

6 and 9 days.
 

c. 	Nutrient utilization of poultry litter by buffaloes.
 

Broiler litter will be deep stacked for 4 to 6 weeks.
 

The litter will replace 25, 50, and 100% of the
 

concentrate in buffaloes. A metabolism trial will be
 

conducted.
 

d. 	Time of deep stacking poultry litter. An experiment will
 

be conducted to study changes in litter deep stacked for
 

6 days, 9 days, 4 weeks and 6 weeks. Changes in
 

composition, temperature, pathogens, in vitro and perhaps
 

in vivo digestibility will be determined. Deep stacking
 

will be compared to ensiling poultry litter. This
 

experiment may be conducted by a trainee while in the U.S.
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C. Toxicological Laboratory
 

This laboratory has been relocated at HAU, Hisar. Ample 

space and some faculty and support staff are being 

provided by HAUI. Some equipment has been purchased by 

ICAR and major items of equipment will be supplied by
 

USAID.
 

In addition to the coordinator, the staff will include a 

Biochemist/Toxicologist, Microbiologist and Pathologist. 

It is planned that the laboratory will be fully operative 

by March, 1990. It is recommeihded that a 

Biochemist/Toxicologist Consultant go to Hisar in 

February - March, 1990 to assist in getting this 

laboratory fully operational. 

D. Bombay Vetenirary College
 

Considerable progress was made on the research on slaughterhouse
 

by-products. Since they were not able to participate in the
 

workshop at Hisar, no report was available. However, detailed
 

discussions were held with the scientists involved with the research
 

under the sub-project. Some data are given in Annexe B, Section B.
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Experiments completed or in progress:
 

a. 	Chemical analysis of rumen digesta. Cherical analyses
 

were 	copleted for digesta collected at the slaughter 

plant from cattle/buffaloes and sheep slaughtered at
 

different times of the year. Results of analysis of
 

rumen digesta from cattles/buffaloes digesta are given in
 

Annexe B - Section B. Composition of digesta from sheep
 

was similar to that of cattle/buffalo digesta. Also,
 

composition was similar for digesta collected during
 

different seasons. The residue was obtained by manual
 

squeezing. The dry matter concentration was
 

approximately doubled by squeezing. Crude protein was
 

higher for the residue for digesta obtained directly from
 

the rumen at slaughter or from the collection pit. There
 

is no 	easy explanation for this change, especially since 

the filtrate was highest in crude protein. The low
 

digestibility (17.4%) of digesta indicates the material
 

has low energy value. Perhaps, treatment with urea would
 

enhance the energy value.
 

b. 	 Ensiling of rumen digesta and blood. Ensiling was
 

attempted at 40 - 45% moisture, including mixtures of
 

rurmen contents, blood, straw and molasses but ensiling
 

was not satisfactory. They found that satisfactory
 

ensiling was achieved at 65 % moisture. The results of
 

ensiling rumen digesta with 40, 50 and 30 % paddy straw
 

with 5 and 10% malasses are given in Annexe B, Section
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B. The pH values of 5.4 to 5.8 indicate that good 

formientation was achieved. The low crude protein and 

high crude fiber are ex-pected, since the animals are fed 

mainly paddy straw prior to slaughter. 

c. 	 M-coprotein production from rumen ingests. This study, 

although riot part of the sub-project, was conducted by a 

Ph.D. student from Bombay University, in cooperation with
 

BVC scientists. A non-pathogenic and non-toxic fugal
 

isolate was used for converting protein by submerged or
 

solid substrate fermentation. It was concluded that
 

rumen ingesta can be effectively converted to protein
 

with 	a suitable fungal culture, but protein conversion
 

was more efficient for the solid substrate fermentation.
 

The 	fungal protein was fed to chicks. Normal feed
 

efficiency was obtained, and no toxicological or
 

pathological effects were observed.
 

2. 	 Planned Experiments:
 

a. 	Pathogen studies. Microorganisms will be identified from
 

rumen digesta and it will be determined which are
 

pathogenic. Methods will be developed to destroy the
 

pathogens.
 

o. 	Ensiling of rumen contents and blood. Different
 

proportions of rumen contents and blood (1:0, 1:1 and 

2:1) will be ensiled with different levels of paddy straw 

(40,50 and 60%) with 5 and 10 % molasses. Chemical 

composition and ensiling characteristics will be measured.
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c. Feeding ensiled mixtures of slaughterhouse waste and 

straw. The three best ensiled mixtures obtained in the 

small silo experiment will be ensiled in large silos, and 

will be fed to calves, sheep or goats. Growth rate and 

digestibility will be measured. 

d. Solar dr-ying of rumen diqesta. The effect of sun drying 

and drying under solar panels on chemical composition and 

pathogen destruction wiil be studied. Pressed digesta 

will be used. 

e. Urea treatment of turen digesta. Pressed digesta will be 

treated with 4 and 5.3% urea (dry basis), and sun dried. 

Chemical composition and digestibility of the treated and 

untreated digesta will be determined. Growth and 

digestion trials may be conducted, as time permits. 

E. Kerala Agricultural University:
 

Due to the uncertainity of the status of the subproject at KAU,
 

including the delay in sending scientists for training, progress
 

during the past year was limited. Some contacts were made with
 

seafood processors. An experiment not directly related to the
 

subproject was conducted on the feeding value of prawn waste to
 

swine. The waste appeared to have only limited value for swine.
 

Due to the high chitin content, undoubtedly, the waste would have
 

more value for ruminants.
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Planned experiments:
 

Large amounts of fish and prawn waste are available along the
 

The prawn waste consists of the waste from processing
coast. 

the prawns, and fish waste includes waste from processig the 

fish, and fish caught in excess of processing capacity. In 

one village near Kakkaam Beach it is estimated there are 200 

prawn processing plants, and each of these may process up .to 

500 kg per day. Assuming 50% waste, as much in 50 tons of 

waste may be available per day. Presently, the wastes are 

used mainly as fertilizer, after sun drying. 

a. Pathogens in waste. Prawn and fish waste will be 

collected from processors and screened for pathogenic 

microbial load, including clostridia and salmonella. 

b. Chemical composition of wastes. Prawn and fish wastes 

will be chemically analyzed to begin assessing 

nutritioned value. 

c. Microbial degradation of prawn waste. Suitable microbial 

agents, capable of degradation of prawn waste will be 

identified, and inoculations will be prepared. 

d. Ensiling of prawn waste. Different proportions of prawn 

waste and straw will be ensiled. Indoubtedly, 

substantial levels of molasses will be required for 

satisfactory ensiling. The following measurements will 

be made on the ensiled mixtures: pH, lactic acid, acetic 

acid, trimethylamine, ammonia, proximate composition, 

microbial population, especially pathogens, and in vitro 

digestibility. 
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F. Other Visits
 

1. 	Mr. Sharish Magar, Magar Farms Pvt. Ltd. Pune. The 

Mr. Magarconsultant visited with Mr. Magar in Bombay. 


completed his M.S. degree under the direction of the
 

His M.S. thesis research was
consultant over a year ago. 

concerning processing and feeding poultry waste. His 

interest has continued in this subject, and he has 

started applying the technology on the Magar Farm. He 

has ensiled layer waste with sugarcane leaves. A 100,000 

hen layer unit will be constructed in the near future, 

and Mr. Magar plans to process the waste by ensiling with 

sugarcane by-products and feed the ensiled material to 

sheep. 

Central Leather Research Institute, Madras. The
2. 

consultant visited with Dr. N.M. Rao and other scientists 

working on animal by-products. Dr. Rao had done research 

on slaughter house by-products in Virginia with the 

consultant, while on a FAO fellowship. He and others
 

have a research program in rumen digesta, blood and 

tissue from dead animals. They are processing the waste 

by ensiling and other processes to destroy the pathogens
 

and produce acceptable feeds. They have adapted
 

processing methods for the small livestock producers. 



V. RECONMEICATIONS 

A. General
 

1. The research at each location should continue to be
 

directed toward the objectives of the sub-project. The
 

research program at each center should be planned so that
 

by the termination of the sub-project the technology can
 

be used profitably by livestock producers. 

2. Efforts should be initiated towardis technolegy transfer. 

Efforts should be made to initiate demonstrations of
 

processing and feeding of the biodgradable wastes on 

private farms. P!rhaps some of the farms participating
 

in the survey for the All India Project on By-product 

Feeds 	would be interested in such demonstrations.
 

3. 	 Sound experimental designs should be employed for all 

e-periments, so valid statistical treatment of the data 

will 	be possible. Wherever possible, negative and
 

positive control treatments should be used. Sufficient
 

numbers of replications should be used, so valid results
 

will 	be obtained. Statisfical treatment and summarizing 

of the data should be done immediately after completing
 

an experiment. 



:20 :
 

4. 	More use of computer equipment should be made for
 

computation, storage, retrieval and statisfical treatment
 

of data. This could include mainframe and/or personal
 

computers. Use of computer should be included in the
 

program of all trainees.
 

5. 	Workshops should continue to be held annually. The
 

practice of holding these in connection with the workshop
 

on the All India Project on By'-Products seems
 

reasonable. However, a significant and identifiable
 

portion should be devoted to the sub-project. The
 

program for the workshop should be planned in detail in
 

advance (minimum of 2 months) and a firm agenda 

developed. This should be done by the sub-project
 

coordinating committee, perhaps, with input from the lead 

consultant. 

6. 	Research progress at all locations should be monitored
 

periodically by ICAR aid USAID/Winrock. Reports should
 

be submitted and reviewed promptly at 3 month intervals.
 

Each location should be visited two or three times during
 

the year.
 



7. 	 Interaction with scientists from the United States and
 

other countries should be strengthened. Most scientists
 

involved in the training program and technology
 

components of the sub-project should be invited as
 

consultants to participate in the workshops and to visit 

prarticipating centers. A suggested consultant schedule 

is given in Annexe C - Section A. Usually, the persons 

involved with the training program should be invited
 

after the training of Indian scientists in that
 

laboratory has been completed.
 

B. Specific Recommendations
 

1. 	 Central Toxicological Laboratory. The establishment of
 

this laboratory, essential for the program at all other
 

centers, should be done immediately. Perhaps, the
 

relocation at HLAU will enable the laboratury to be 

established and be fully operational within the next few 

months. It is recommended that in order to speed up the 

starting up the laboratory, a biochemist/toxicologist be 

invited to HAU after the equipment items have been 

purchased to assist in the start up of the laboratory. 

This could be done either before or after the 1990 

workshop. 
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2. 	 Training Program. The first two scientists began their 

training programmes in early June. The proposed schedule 

for the trainees is given in Annexe C - Section B. Terms 

of reference are in Annexe C-Section C. It is imperitive 

that the schedule be adhered to for satisfactory progress 

of the work under the subproject, and to complete the 

training before the program lapses. 

3. 	 Equipment Installation: The equipment is scheduled to be
 

delivered by October, 1989. The consultant has reviewed
 

space, electrical connections and locations of each
 

equipment item with scientists at each center. It is
 

critical that the equipment be installed and operative
 

soon after delivery. The delivery, installation and
 

standardization of the equipment must be coordinated
 

among ICAR, USAID/Winrock and the participating 

institutions.
 

4. Technology Transfer: Use of a U.S. consultant 

specializing in technology transfer should be initiated 

within the next 8 - 10 months. Persons were identified 

by the sub-project management team in their report in 

1987 who have been successful in stimulating adoption of 

technology of feeding waste materials by livestork 

feeders. It is recommended that one of these Extension 

Specialists be invited to participate in the 1990 

workshop, and another be invited to the 1991 workshop, 

and to visit the participating institutions to assist in 

planning technology transfer programs at each center. 
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5. Publication of Research. Some of the research has
 

progressed to the point that the results should be
 

published. It is recommended that the scientists at each
 

participating institution sunimarize the data promptly,
 

and when it appears sufficient data have been collected
 

in a given area, that they proceed to prepare a
 

manuscript to submit to a recognized peer-reviewed
 

journal.
 

ADDENDUIM 

The consultant was informed that funding for the subproject had been
 

reduced by S200,000. A suggested revised budget was developed by
 

In the revised budget funds for equipment purchases
the consultant. 

were nct changed. The revised budget includes funds for the 

training program and consultants as outlined in Annexe C, Sections A 

and B. Values used to estimate training costs are given in Annexe
 

D- Section A, and a summary of the revised budget is given in Annexe
 

D- Section B.
 



ANNEXE A 

PROGRAM AND ITINERARY 

Dr. Joseph P. Fontenot 

JUNE 5 MON Arrive Delhi 

Stay at Taj Palace Hotel 

6 TUE Depart Delhi 0600 hrs. by car 
Arrive Hisar 0900 hrs. 

Stay at Faculty Club 

Participate in the workshop and 
visit collaborating center 

10 SAT Depart lHisar 1600 hrs. by car 
Arrive Ludhiana 1930 hrs. 

Stay at Sutton House 

Visit PAU Center 

14 WED Depart Ludhiana 0600 hrs. by car 
Arrive Delhi 1100 hrs. 

Stay at Taj Palace Hotel 

15 THU Depart Delhi 1035 hrs. IC-182 
Arrive Bombay 1225 hrs. 

Stay at Taj Mahal HOtel 
Visit Bombay Vet. College 

17 SAT Depart Bombay 0700 hrs. by car 
Arrive Pune 1000 lirs. 

18 SUN Depart Bombay 1030 hrs. IC-191 
Arrive Cochin 1215 hrs. 

Depart Cochin 1400 hrs. by car 
Arrive Trichur 1630 hrs. 

Stay at Elite Hotel 
Visit Kerala Agr. University 

21 WED Depart Trichur Id30 hrs. by car 
Arrive Cochin 1330 hrs. 

Depart Cochin 1300 hrs. IC-536 
Arrive Madras 1500 hrs. 
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JUNE 21 WED (cont.) Stay at Connemara Hotel 

22 THU Depart Madras 1830 hrs. IC-458 
Arrive Delhi 2100 hrs. 

Stay at Taj Palace Hotel 

23-26 FRI-MON Final discussions with ICAR/USAID/Winrock 
and preparation of report 

27 TUE Depart for U.S. 

7, 
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ANEK, B - SECTION B 

Progress Reports and Tables 1ro: 

Bombay Veterinary College
 

Haryana Agricultural University
 

Pw-jah Agricultural University 

Note: Progress Rejorts and Tables are after Annexe D.
 



ANNEXE C - SECTION A 
Suggested Schedule for Consultants 

Year Name Location Specialty No. 
Weeks 

Consulting activity 

1 Dr. A.D. Tillman Okla State 
Univ'. 
(Retired) 

Animal Nutritiori 5 \dv.:i.sing concerning 
equipment. 

training & 

Dr. J.P. Fontenot V.P.I. & S.1. Animal Nutrition 
& Wat.e Feed ing 

3 Review of technical program at 
each location, suggested train­
ing sites & equipment needs. 

2 Dr. J.P. Fontenot V.P.I. & S.U. - do - Review of research & technical 
program; advised on training 
schedule, .peci Fi(ations for 
equtpment; participate in tork­
shop. 

3 Dr. J.P. Fontenot V.P.I. & S.U. - do - 4 Participated in All India Work­
shop; review research progress 
arid technical programs, arn d 
advised concerning training. 

3 Dr. J.P. Fontenot 
(Lead Consultant) 

V.P.I. & S.U. Animal Nutrition 
& Feeding Animal 
Was t e 

2 Assist 
U.S. 

in training 
&. equipment 

program 
purchases. 

in 

4 Dr.H.J.Gerken,Jr. V.P.I. & S.U. Extension animal 
Scientist 

4 Participate in workshop, visit 
each participating center and 
advise on technology transfer 
concerning feeding proce.sed 
animal wasles. 



ANNEXE C - SECTION A (ont iriiied) 

Year Name Location Specialty No. 

Weeks 

Consulting activity 

4 Dr. J. Minyand Miss. State 
Univ. 

Biochemistry/ 
Toxicology 

I Participate in workshop. Visit 
Central Toxicology Iaborator5 & 
adIise on operation of Labora­
tory. 

4 Dr. J.P. Fontenot V.P.I. & S.U. Arlimal/Nulrition 
& Feeding Animal 
Wasl , 

Reviewi research pr--gress & 
technical programs at eaelh 
center, participate in workshop 
& assi st concernin g processing 
sea food arid slaughtter-house 
wa tLe. 

4 Dr. B. White Univ. of Ill. icrobiologist 4 Participatf- in w-orkshop and 
assist in research on microbial 
protein synthesis from poultry 
and cattle waste. 

4 Dr. J.P. Fontenot 
(Lead Consultant) 

V.P.I. & S.U. Animal Nutrition 
& animal waste 

4 Assist in and monitor 
program in U.S. 

training 

5 Dr. T.A. McCaskey Auburn Univ. Microbiology 
(pathogenic) 

4 Participate in workshop and 
assist in research on quantify­
ing and dest rue tion of patho­

genic microorgarisms. 

5 Dr. J.P. Fontenot V.P.I. S.U. Animal NuLrii I ion 
and Feeding Animal 
Wastp 

Participate in workshop and 
ass ist in research on process­
irig and feeding potiltiry arid 
cai tie waste. 



ANNEXE C - SECTION A (,nn , irnc'd 

Year Namoe Location Specialty No. 

Weeks 

Consulting activity 

Dr. B.G.. Ruffin Auburn Univ. Exten.ion Animal 
Srienc, e 

I Participate in worskhop and 
a.1st in developing technology 
tranmfei programs on feeding 
animal wast e. 

5 Dr. J.P. Fontenot 
(Lead Consultant) 

V.P.I. & S.1. Animal 'uti-ili,rt 
Feeding Animal 

A I A. i.ist in 
program in 

and moni to r 
1.8. 

training 



a! 
- SECTION B
 ANNEXE C 


TRAINING PROGRAM FOR 1989-90
 

Partici- Speciality 	 Institution Field of 
 Starting Suggested Institution/

pant no. 
 in India Training 
 date Scientist
 

1.. 	 Microbiology Haryana Ar. Protein s nthes is 1-6-1989 Univ. of" ILL, Ilrbana 
Univ. by pure cuki till.', (Dr. B. White) 

of mir'ror~af, i sms 

2. 	 Microbiology Punjab Agr. 
 Gro'ing pure. 1-6-1989 Univ. of ILL, Urbana 
Univ. cLultiur',!; off (Dr. B. White)


(- EE Am i. r o()Y.gt~ I,;rl s 

3. 	 Animal Haryana Agr ElsilIir*g and niil- fi-7-1989 V.P.T. & S.U., Blacks-

Nutrition Univ. 
 ritiona 	 valIte ' burg (Dr. J.P. Fontenot) 

.,'a.t I e a;-s e 

4. 	 Animal Punjab Agr. Prcesjjg and 6-7-1989 V.P.I, & S.U., 	Blacksburg
Nutrition Univ. feediiwi poultryv 
 (Dr. J.P. Fontenot)
 

wa Si (­

5. 	 Animal Bombay Vet. Processing and 10-8-1989 Wash. State 1Univ.,
Nutrition 
 Coll. feeding sLaughtcer-	 Pullman (Dr. J.R. Males)
 

6. 	 Microbiology Bombay Vet. Pathogenic micro- 10-8-1989 
 Auburn Univ., Auburn
 
Coll. bial as:pects f' 
 (Dr. T.A. McCaskey) 

feeding slaugh tlor­
house t;n ste 

7. 	 Microbiology Kerala Agr. Pathogenic, micro- 10-8-1989 Auburn Univ. Auburn 
Univ. bia l aspects (0' (Dr. T.A. McCaskey) 

feed i ng aquat ic 
t'a.s t e 

a/ Terms of reference for participants 5-I7 a'e in Ainoie
, - Sectior C. Participants 1-4 have 
been approved.
 



ANNEXE C - SECTION B (-ontinued) 

Partici- Speciality Institution Fiel.d of Starting 
 Suggested Institution/
 
pant no. in India 
 Training date Scientist
 

8. 	 Biochemistry/ Central Tox. Toxie-oc¢,_i,-;iI 1-9-1989 N1iss. State U1niv. 
Toxicology Lab, His ar asp-ct. (If FI'ed ilg (Dr. J. Minyand) 

1 ) odd( r;Ao l, I o 
L.ima ] was.t t, 

9. 	 Animal Kerala Agr Proceo-A.ig anld 1-11-1989 V.P.1. & S.U.. B1acksburg
Nutrition 	 Univ. f',.driig '-bl I 	 (Dr. .J.P. Fontenot)

1 il" whas t.e 

10. 	 Animal Kerala Agr Tfe:hrI og 	 1-11-1989 V.P.I, .. U. , Blacksburg
Nutrition Univ. transfor (,(),r, -rn-	 (Dr. HJ. Gemke, ,Jr. 

ing f,-uding soa & Dr. ,J.P. Fontenot) 
F'oe(d wa ., t ( 

11. 	 Animal Haryana Agr Processing anrid 1-12-1989 Purdue Univ., Lafayette
Nutrition Univ. feeding la rge (Dr. A. Suitor) 

animal waste 

12. 	 Microbiology Punjab Agr. Pathogenic 15-3-1990 Auburn Univ. Auburn 
Univ. 	 m(icrobiaL aspec ts (Dr. J.A. McCaskey) 

of feeding pQ(u1.t ry 
waS t e 

13. 	 Microbiology Central Tox. Pat.hogenic micr(- 15-:3-1990 Auburn Univ. Auburn 
Lab. hial deter iniratiot (Dr. T.A. McCaskey) 

& destl ruotion in 
hi odg radab I 
arima l t es 

a/ Terms of reference for participants 5-17 are in \ rxe,, - Sect ion C. Participants 1-4 have 
been approved.
 

http:Proceo-A.ig


ANNEXE C - SECTION B (rontinied) 

Partici- Speciality Institution Field of Starting Suggested Institution/ 
pant no. in India Training_ -date Scientist 

14. Animal 
Nutrition 

Bombay Vet.. 
Coll. 

Ensil in & nutri-
tinal valut, of 
.- l a uizh t e r'- lieus , 

1-4-1990 V.P.T. & S.U., Blacksburg 
(Dr. J.P. Fontenot) 

15. Animal 
Nutrition 

1(erutIa Agr. 
Univ. 

Ensilinjg - tiult-i-
tiorial valu,' of 

[-1-1990 V.P.T. & S.U., Blac-kshurg 
(Dr. a.P. Fontenot) 

sealo ';aste 

16. Animal Punjab Agr. Proteir, qo !ity 1-4-1990 Univ. of TLL, 1*rbana 
Nutrition Univ. ,valua.ion as (Dr. D. Baker) 

rel, ted to fi grgo l 
prot.e i n 

17. Animal 
Pathology 

Central Tox. 
Lab. 

Pathogicral aspe,-ts 
of f'eediing biode-

1-1-1990 Univ. of Calif, Davis 
(Dr. Ben Norman) 

gradabLe animal wastes 

a/ Terms of reference for participants 5-17 arr- in Arinexe C - Section C. Partic-iparnt. I-: haveo 
been approved.
 



ANNEE (c - sECTriO:N c 

Terms of Reference for Trainees 



Terms of Reference for Participant No. 5
 

1. 	Objectives:
 

training concerning
to 

waste as livestock feed.
The 	 overall objective is obtain 


of 	 slaughter-house
utilization 

include training in processing the 

Specifically, this should 
wastes arid measur'ing the nutritioiual value of the wastes. 

i1. 	Training: 

The trai- jirng i.s t-, intclude: 

1. 	 R,-* 1 w.i.ing pr. i ous research in this area, ard preparing 
a l.es.%-arch j.rl~ip(isal . 

V. I. aI'ii iig pr cc)ed-d (e forI dI. rmi 	 i ni .L cheRica I 

comp-	 it ion of th.en wastes arid processed products. This 

prox iima t -o ponent s, c, 1 
may ci wi an 1y'.es for 

and 	 mi nor nii e.. a I , iind fericnltat i (a)
;1ails, major 

as 	 aci(l aid -olatile fattv'
puranletl rs suCm pl, act'ic 
ac i d.. 

-

3. 	 Deve opmerl of procedures for' process i 1L sla ght.er-hou ;se 

waste to be included in praclical ratioL-h, for livestock. 

Th ismeasuring utilization of nut ierit s. 
4. 	 Procedures for 

may include in. vitro digest ibi l ity, in vivo 

digestibility and nutrient balance. 

to store,
5. 	 Use of computer with appropriate software 


retrieve and statistically analyze data.
 

linear programming,
6. 	 Formulation of rations by least cost 

as feed ingredients.
incorporating the processed wastes 


This will be done by using mainframe or personal
 

computer.
 

and prepare a manuscript
7. 	 Summarize the research data 


according to the format for a peer reviewed journal.
 

or sectional
 
8. 	 Participate in seminars, attend national 


one 	 or more other
 
scientific meetings and visit 


area.
locations working in this 




Terms of Reference for Participant No. 6
 

I. Objectives:
 

The primary objective is to learn procedures for quantifying 
pathogenic microorganisms in processed slaughter-house waste 
and to determine processing methods to destroy the 
pathogens. Included will be procedures for quantifying 
different types of pathogens and conditions necessary to 
destroy these.
 

IT. Training:
 

The training is to ineludo: 

1. 	 Reviewing previous worh or this subject and preparing a 
research protocol. 

2. 	 Learning procedures for quantifying different pathogens 
wliich may be present in the waste, including, coliforms, 
fecal col i forms, sal monel Ia, shigela, proteus, F-
co]Li., and spore formers such as Ciostridi , hotu.inum. 

3. 	 Develop processing methods, for destroying the pathogens 
and determining the effectiveness of the processes. 

4. 	 Conduct experiments in which the pathogens will be 
inoculated in the wastes and evaluate the effecti eness 
of the processing methods in destroying these. 

5. 	 Use of computer equipment with appropriate software to 
store, retrieve and statisticall, analyze the data. 

6. 	 Summarize the data and prepare a manuscript according to
 
the format for a peer-reviewed journal.
 

7. 	 Participate in seminars and national or regional
 
scientific meetings, and visit one or more other
 
locations working on this subject.
 



Terms of Reference for Participant No. 7
 

I. Objectives:
 

The overa.l1 objective is to learn procedures for quantifying 
pathogenic microbes in processed aquaLic, waste and to 
determine procedures for processing the w;astes to destroy the 
pathogers . Included will be procedures for quantifying: 
differ'ent types of pathogens and co1ditions necessary for 
destrui-tion of these. 

II. Training:
 

The t.ra iniring shoulId in'lo1ude: 

. -v i wi-ng p-'-\i-u. r,es ,i rch o this subject and 
preparing a resea rch protocol. 

r 	 metho 
wh i (i may Ie present i n aquatic vas tes , i n Iud ing 
coI ifo r , sal on i I a , F. .o I i , and spzore farm,.-,s such as 
Cl ost i di u bot ulI i nun. 

2, 	 Learni ni s for quant ifying different pat liogeris 

3. 	 Develop practical processin g methndy- for destro.ing the 
pathogens, and evaluate the effect i veness of the 
methods. 

4. 	 Conduct experiments in which the pathogens will be 
inoculat.d -in the wastes, and evaluate the effectiveness 
of the processing methods in destroying these.
 

5. 	 Use of computer technology, with appropriate software to 
store, retrieve, summarize, and statistically analyze 
the cata.
 

6. 	 Summarize the data and prepare a manuscript according to
 
the format for a peer-reviewed journal.
 

7. 	 Participate in seminars and national and regional
 
scientific meetings, and visit one or more other centers
 
working in this area.
 

http:overa.l1


Terms of Reference for Participant No. 8
 

I. Objectives:
 

The primary objective is to become familiar with potential
 
toxins in processed biodegradable animal wastes and to learn
 
the development of procedures to detect and quantify the 
toxins. Inel]uded will be learning the operation of 
sophist i cated laboratory equipment used to quantify the 
to xi n s. 

II. Training: 

Th(, trainint- will include: 

I 	 Pro-i-iewing prov ious work or this sub.ject, and preparing 
a plan of work. 

2. Learni rig the adaptabi I i t of d(i fferelt sophisticated 
]al crat ciry equipmri to del ermine levels of toxins in 
the, wtiste product.s. 

3. 	 Learning the operation and s=taridardizinig these equipment 
i tem.s. includ ing : high pressure liquid c'hronalograph 
(HPLC), high performance thin layer' choria I ography 
(HPTLc' ) , atomic absorption spectrophometer (AA) and gas­
liquid chromatography (GLC . 

4. 	 Conduct experiments jn wh icIi known quanitities of the 
toxins are present, and use appropriate procedures to 
quantify these. 

5. May conduct experiments in which laboratory animals 
are
 
fed certain toxins and monitor physiological effects.
 

6. 	 Use computer equipment with appropriate software to 
store, summarize, retrieve, and statistically analyze 
the data. 

7. 	 Summarize the data collected and prepare a manuscript
 
according to the format of a peer-reviewed journal.
 

8. 	 Participate in seminars and national 
 and sectional
 
meetings, and visit one or more 
other centers working in
 
this area.
 



Terms of Reference for Participant No. 9
 

I. Objectives:
 

The overall objective is to obtain training in methods of 
processing shellfish waste t r produc-e a pr'odue t to be 
incorporated i.n rations for livestock. Irncluded ill be 
ensiling and perhaps other processes, analyses for var.iols 
components and measuring nutrient utilization. 

II. Training:
 

T-,e training will in,-lude: 

1. 	 Reviei, of prey ious resear-ch oii the subjet of processring 
aItl feeding .s;afood w iste and evel op on acc-eptahl. e 
rer-,: pI o 1OS: i 

*. 	 Tu de\f] op skills in processiri sh:l,.I fish l;ates by 
e ri ii i E ai d other m(thods,. 

3. 	 Lei r n I a r pa eeved1.-rc re.s to eva I uat r, ut ii t i ai 
value aind ensi1irg pan 'ieters, jol.'ud forJng analyses 
prox ima t e! componeli t s cell a .l.,ls , chitin, ma j or and 
manoi. minerals, arid fermentation paramet.el-s such as pH, 
lactic acid and volatile fatty acids. 

4. 	 Procedures. for measuri rig ut il Izi lig Cl nut -i ent s, such as 
in vi tro and in vivo di ges L i i .1ity and nt,i-i i,1 balance. 

5. 	 Use of computer with appropriate software to store, 
retreive, summarize and statistically anal yze data. 

6. 	 Formulation of rations by level cost linear programming.
 
This will be done by using mainframe or personal
 
computer.
 

7. 	 Summarize the research data and prepare a manuscript
 
according to the format. of a peer-reviewed journal.
 

8. 	 Participate in seminars, attend national or sectional
 
scientific me!tings and visit one or more other
 
locations working in this area.
 

~~D
 



Terms of Reference for Participant No. 10
 

I. Objectives:
 

To obtain training in transfer of techrology concerning
 
processing of degradable animal wastes, especially as related
 
to seafood waste.
 

II. 	Training: 

The training wil] inrludc the fol oiwiv: 

1. 	 Re vi ei. previou s reseatrc.h done it, proc es s ir.,and feeding 
of' seal ood ¢tst(,s. 

Beuo. fam i Iar' i th t eho o y t ran.fL'e i I animal 
agri cult ur,:- i n U. S 

0 * 	 Deve lop r program of study iinvolving techn,-)logy tran s fer 
onernirig !,r,"es .Lrig and feedirig sea food %asPe-.. 

4. 	 Learn method. h i ch have be n ,ff( c t i ve i n U.S. ir 
technol og tratisfer coniecrni ng other by-products. 

5. 	 To par i c i pat e i ri research program on processing and 
feedin,* se'a f'od waste. 

6. 	 Participate in demonstration on a private farm of' 
proc.ess;ing and feeding seafood waste. 

7. 	 Use computer for storage, retrieval and statistical 
analysis of data. 

8. 	 Learn to compute least cost rations by linear
 
programming on computer, using processed seafood wastes
 
as feed ingredients.
 

9. 	 Prepare report using format of peer reviewed scientific
 
journal.
 

10, 	 Participate in seminars, attend a national or sectional
 
scientific meetings and visit one or more other
 
locations working in waste processing and feeding.
 



Terms of Reference for Participant No. 11
 

I. Objectives:
 

The 	 overall objective is to obtain training concerning
 
uti I ization of large animal waste as livestock feed. 
Specific-ally, this should include training in processing the
 
wastes and measuring the nutritional value of the wastes. 

II. Training:
 

The training is to include: 

1. 	 Review-i g previous research in this area, and preparing 
a research proposal. 

2. 	 Learni rig procedures for dete mi nir,g chemical 
composition of the wastes and proe.e.-,_ ed products. This 
may includ- aria yse s for pr ox ima te components, cel 
Wall s, maj (o anfd mi no mi ine ra ls , and fe rment a tion 
parameters such as pf1, lactic acid and volat-.ile fatty 
a c i di s­

3. 	 Development of procedures for process ingr large animal 
waste to be included in pra(,tical rations for livestock. 

4. 	 Procedures for measuring utilization of nutrients. This 
may include i ri vit ro di gest.ibi l it y, in vivo 
digestibi lity, nutrient balance or* growth trials. 

5. 	 Use of computer with appropriate soft.ware to store,
 
retrieve and statistically analyze data.
 

6. 	 Formulation of rations by least cost linear programming,
 
incorporating the processed wastes as feed ingredients.
 
This will be done by using mainframe or personal
 
computer.
 

7. 	 Summarize the research data and prepare a manuscript
 
according to the format for a peer reviewed journal.
 

8. 	 Participate in seminars, attend national or sectional
 
scientific meetings and visit one or more other
 
locations working in this area.
 

I/
 



Terms of Reference for Participant No. 12
 

I. Objectives: 

The primary objective is to learn procedures for quantifying 
pathogenic microorganisms in procressed poultry waste and to. 
determine proce:ssing methods to destroy the pathogens. 
Included iill he procedures for quanti fyirg different typ­
of pat hogens and conditions- necessary to destroy these. 

TI. Training:
 

The trai i iu is to inrclud,.: 

PCv i 	 L i pryv i ous t oii t his s1,j ec t pr', pn iin g a 
r ese; i r, prxot o(-(,l . 

h IIE 	 o1 and 

2. 	 Learn ini pr c,,-edu r, o fC,r quatni fyirg di fierejt athogen.s 

1 i ch ma b e pIe 1,t ir th: 1ao tr y L.aa ., including, 
ccii for , , fr al col iform,, salm., I' a, shi.g. Ila , 
pr-ct . , E-coli ., arnd Spore forflie]-Ew such as Cl I.r idium 
botuL irl nm. 

3. Develop processing methods for destroying the pathogens 
and det:,rmining the effectiveriess of the processes. 

4. Coridu,- t expe ri men ts in wh i ch the pathogens Irill be 
inoculated in the poultr wastes arid evaluate the 
effect iven-ss of the processing methods in destroying 
these.
 

5. Use of computer equipment with appropriate software to 
store, retrieve and statistically analyze the data.
 

6. 	 Summarize the data and prepare a manuscript according to
 
the format for a peer-reviewed journal.
 

7. 	 Participate in seminars and national or 
 regional
 
scientific meetings, and visit one or more other
 
locations working on this subject.
 



Terms of Reference for Participant No. 13
 

I. Objectives:
 

The primary objective is to learn procedures for quantifying
 
pathogenic microorganisms in processed slaughter-house waste­
and to determine processing methods to destroy the pathogens. 
Included will be procedures for quantifying different type.s 
of pathogens arid conditions necessary to destroy these. 

II. Training:
 

The training is to include: 

1. 	 Re,\ i ewing previous worli or this subject1 and preparing a 
research protocol . 

2. 	 Learning procedures for quantifying different pathogens 
which may be present in the poultry wastt-, including, 
coliforms, fecal coliforms, salmonella, shigella, 
proteus, E-coli., and spore formers such as Clostridium 
botul inum. 

3. 	 Develop processing methods for destroying the pathogens
 
and determining the effectiveness of the processes.
 

4. 	 Conduct experiments in which the pathogens will be
 
inoculated in the wastes and evaluate the effectiveness
 
of the processing methods in destroying these.
 

5. 	 Use of computer equipment with appropriate software to
 
store, retrieve and statistically analyze the data.
 

6. 	 Summarize the data and prepare a manuscript according to
 
the format for a peer-reviewed journal.
 

7. 	 Participate in seminars and national or regional
 
scientific meetings, and visit one or more other
 
locations working on this subject.
 



Terms of Reference for Participant No. 14
 

1. Objectives:
 

The overall objective is to obtain training concerning 
process i rig arid utilization of slaughter-house waste as 
livestocli feed. Specifically, this should include training 
in processing the wastes arid measuring the nutritional value 
of the wastes. 

II. 	Training:
 

The t raining is to include" 

.	 Revi ,-ing previous research in this area, and preparintf 
a researeh proposal. 

2. 	 Lea rn itig procedures for determini n chm i.a 1 

composition of the wastes and processed pl'odiu-ts. 'rhiF 
may inc-lude analyses for prox i mate tOmporents , cell 
wa I s , ma j or and m i no]' m i ne ra I s , anid fermentation 
paraiiet ers su c h as pH, 1at i acid and volatile fatty 
acids. 

3. 	 Development of procedures for processing s.ltiugh ter-house 
iaste to be included in practical ratioris, for livestock. 

4. 	 Procedures for measuring utilization oAf' nutrients. This 
may include in vi tro digesLibil it , in vivo 
digestibi Iyi and nutrient balance. 

5. 	 Use of computer with appropriate software to store,
 
retrieve and statistically analyze data.
 

6. 	 Formulation of rations by least cost linear programming,
 
incorporating the processed wastes as feed ingredients.
 
This will be done by using mainframe or personal
 
computer.
 

7. 	 Summarize the research data and prepare a manuscript.
 
according to the format for a peer reviewed journal.
 

8. 	 Participate in seminars, attend national or sectional
 
scientific meetings and visit one or more other
 
locations working in this area.
 



Terms of Reference for Participant No. 15
 

I. Objectives:
 

The overall objective is to obta in training concer:ring
 
utilization of seafood wastes as livestock 
 feeds.
 
Specifically, this should include training in processing the
 
wastes and measuring the nutritional value of the wastes. 

I1. Training:
 

The trnining is 1o include: 

1. 	 Rev ipming previous researvch in this area, and prepariig 
a research pro)posa[. 

2. 	 Lear'ni ng procedures 'or determining chemical 
composition of the wastes arid piocessed products . Th i s 
may includ( ana.Iyses 'or proximate components, cel.l 
wal l s,, maj r arid mi nor minerals, an(o f'(rment at ion 
parameters such as p-, .acti :,ac.i.d 1-uld volatile faLt.y 
acids.
 

3. 	 Development of procedures for process ing seafood wzste.es 
to he iniclud-cd ir practical rationis for livestocli, 

4. 	 Procedures for measuring utiliza ,ion of nutrients. Thiis 
may i riclude in vi ro di gest ibi 1 it.y, in vivo 
digestibility and nutrient balance. 

5. 	 Use of computer with appropri ate software to store,
 
retrieve and statistically analyze data. 

6. 	 Formulation of rations by least cost linear programming,
 
incorporating the processed seafood wastes as feed
 
ingredients. This will be done by using mainframe or
 
personal computer.
 

7. 	 Summarize the research data and prepare a manuscript
 
according to the format for a peer reviewed journal.
 

8. 	 Participate in seminars, attend national or sectional
 
scientific meetings and visit one or more other
 
locations working in this area.
 

http:wzste.es


Terms of Reference for Participant No. 16
 

]. Objective:
 

The main objectives are to obtain training in evaluating 
protein quality of microbial protein, especially. as related 
to fungal protein synthesized from poultry wastes. 

II. Training:
 

The training is to include:
 

I . Rev iew of prey i ou.s research on th i s subj ect and 
p erp.a rat ior, of' an ,-c ptaTie research proposal. 

2. 	 Learnirig prcecdire. for processi ng funga . protein for 
amrlci aiC dfo, er ii i ol. 

Ot on ex 	 er i I w itI ch ick , p i gs or 
, 

3. 	 Condic' pI men s I aborat ory 
,I s (IetenirQ( ei quality 

single cell prot 01j1i, preferably fungal protein. 

an mal to 	 t-)rOt i on aniima.s fed 

4. 	 Use of eomp t (or i it h ap-rc)pr i a software to store, 
retre i ve arid stat i -t i ca I I anal y2e iat a. 

5. 	 Formulat(i on of rations by least cost linear programmirig, 
incorporating fuga I protei i as feed ingredient. This 
will 	 be done by usinig mainframe oi personal computer. 

6. 	 Summarize the research data and prepare a manuscript 
according to the format for a peer reviewed journal. 

7. 	 Participate 
 in seminars, attend national or sectional.
 
scientific meetings and visit one 
 or more other 
locations working in this area. 



Terms of Reference for Participant No. 17
 

I. Objectives:
 

The main objective is to obtain training in pathological
 
procedures to be used in diagnosing possible harmful effects
 
of feeding processed biodegradable animal wastes.
 

IT. Training:
 

The training is to include: 

1. 	 P7o-ediires used in diagnosing health problems in animals
 
consuming toxic- substances, 

2. 	 To learn necropsy procedures in assessing cause of ill 
health on death of animals. 

3. 	 Histological and histochemical methods in diagnosing
 
harmful effects of toxic substances. 

4. 	 Conduct. on experiment, if feasible, in which laboratory 
animalis will be fed different levels of a toxin known to 
produce pathological effects. 

5. 	 Necropsy and histological and histochemical examinations
 
on animals fed different levels of toxin.
 

6. 	 Summarize the data from the experiment, using computer 
where applicable. 

7. 	 Prepare a manuscript. summarizing the experiment
 
according to the format for a peer-reviewed journal.
 

8. 	 To participate in seminars and attend national or
 
sectional scientific meetings and visit one or more
 
locations working in the area.
 

A
 



ANNEXE D-SECTION A
 

TRAINING BUDGET DETAILS
 

Amount ($) 

Long term Short term 

Travel to U.S. 2,500 2,500 

Per diem 6,000 1,500 

Miscellaneous 700 400 

Travel in U.S. 500 

Training fee 12,00 

TOTAL 21,700 4,400 

Per week 1,000 1,500 



ANNEXE D-SECTION B 

SUGGESTED REVISED BUDGET 

Project Revised 

Item budget budget Change 

Equipment 484,000 484,000 0 

Training 590,000 415,000 -175,000 

Technical assistance 215,000 215,000 0 

Maintenance 50,000 25,000 -25,000 

TOTAL 1,339,000 1,139,000 -200,000 



ANNEXE B
 

For Offici l use only
 

Proforma for monitoring of INDO.US Apriculturil Research Project 

-IgUAL PROGRESS RtiFORT
 

Ending December, 1988
 

I. Name of the Sub 	 Conv-rsion of Biolearadable Animal
 
Project: 	 Wastes for livestock feed.
 

386-0470 Sub project-7.
 

2. N;mF(,-) with ]oc-tion(s) DepFrtment of Anim;l rcience 
of t-e implementing Punjab Acoriculturdl University 
centre. Ludhi'n .- 14104 

3. 5tzff position (cummulative 
position since st:rt of 
project till end of period. 
under report). 

Sr. Nme of the imple- C.tegory NHme cf the Number 
Ho . menting centre of post post $.-nc-Fill-\rc., 

ion ed 

1. 1 , i ECI :.,I TI TS 

,41a F on 'Deteri- Jr PiNLangar i I -

min.tion...evolvinn 
. .=conoriTic. .r: ti,7ns .Sc-ientific 

Animal Nutri­
tionist 

for livestock end Dr FFS BAKS-1I 1 1 -
Poultry (ICRP + STATEE) AssistEnt 

Nutritionist 

Tec' nic al L,:b. Techn. 1 1 -
Sunportini L .P ttend;nt 1 1 -

Anim.Attendcnt I I -

1.ive t,ck 3 2 
psir t;nt 

Mech nic I I -

J-e Driver I -

Typist I I 
Co.1.-bor-t iq_ .ient ists 

i. Intent ification of Research Lz .I.S. Ch:-,,la 
on evolvinO economic ri-tions F..,ultry Nutritionist 
for Poultry (Stata Govt.) 

ii. U;ilizatbn of Aqricultur l D! V.K. G.pta 
Residues and f,,icrobiEl con-
version to food Pnd feed 

Assist,.nt Microbiologist 

(Str-te Govt.) 

iii. Isol.ti.;n and estimation of Ur ,.S. .ancdhu, Asstt. Prof. 
P thogens in Poultry *.sces Vety. Bbct. -nd Virology 

iv. Trf-nsf r of T-chnoiogy Dr S.S. Gill, Addition;: 
Dir-ctor of Research 
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4. Financial Progress: Statement to be supplied centre wise 

as per ,-nrexure enclosed. 
5. Training of pe-rson.l 	 commul;tive P) Provided (Man months) 36position since sfart of 	project


till end of quarter under report):b) Utilized 	 None(Man months) 


7rFN &-m-e 0

No. mending centre

impe-	 Name en Period *Arg of NmeoCI~designa_ Fr'om trainingto training centre 
tion _- ith location

Department of Animal Science Th2 names of the ScientistsPunjab Agricultural Univ. sponsored for tr&ining have beenLudhiana 
 sent to the ICAR New Delhi for
finalis;;tion. 

6. Visit for consultants a) Provided (Men months) 10
(cummul;tive position

since Start of project till (b)Utilized (Man months) 'one
end of quarter under report:
 

Sr. Na, 0- - --- N or th" " i E"C 5FTTo --- tT6,'br4o. mentina centre consultant consul- date of re2port is 
tpncy visit -v; il able
 

-part nt of " nimal --- Prof _; 
 U 'F.< '33Scienc, Pb. Aoril. 	 Fentnot Roulty to
Liv2rsi t Ludliana ",!astets Feb. 19 8 No 

7. Seminars/Yorkshops held (cummul; tive position sincestart of th project till en:! of quarter under ronort):
 
Sr. Name :f tE,, imlple- i~fu~ of Dur;7tion
No. menting centre seminars/ d;t.bs 

wjith M-b~eth~r proceadings
workshoo/seminars- -,, e-n--	 .. .. ...r 	 F-vo ....Sci~nc,,, {"orl.31 	 °rk" ilpbl e .b mal -q':'ior ks ho 	 Yes/;!wrsoso~r~t 'of "Proj-, c t " lbhYs 

Lhivnrsipb. Aaril. F-h.2?,23'88 oCLhiv.rsit.Lud.i.na 	 at 'r0 yet.
-IC.. 
 R New Delhi 

8. Procurement of equipme-nt (cmpumul tiv, position
since start of project till dat): 

Sr. Name of th: imple-	 N me of th:, Date of WhetherNo. menting centre 	 equipment pr-.cure- ind .genious/
r)rocur,-.d m :nt 

D-pertment of Animal i ,iodific:tion in thSci,'nce Punj- b 	 list of equinmt.ntAgri- required :s c.ar th. t -chnical programmeculturel University 	 ofwork w.s finalised with Prof. J.P.Ludhiana Font-not in 1'brkshop h'-ld on 22-23 
Feb. 1988)
 

http:equinmt.nt
http:Lhiv.rsit.Lud.i.na


3
 

9. 	 Accomplishment in terms of
 
construction facilities etc:
 

The univorsity has provided space for the routine 
lab. work and for animal experimental work. However
in view bf the specialised job for isolation and 
purg culture technology work, assigned to this 
centre, the modific tions, ad-litions, alteration
 
and renovations of the laboratory spaces are 
essentially required. The required acetylene

cylinders naeded for atomic Absorption spectro­
photo meter and carbon deoxide cylinders for C2 
incubator and in vitro rumen digestibility 
determination F vTe-Tn equired out of ICAR funds. 

10. 	 Technical _rooress: Highlic.1 ts of achievem' nts made so far 
keepino in view the objectivos of the 
project: 

,A) Eveluetion of poultry litter/Poultry dropings s rLnin:nt fe:d: 

i. Chemicl and pthoqnic microbiologic;.l chnnes taking 

pl;ce during litter f-rmation: Saw dust (SD) or rice husk (RH) 

w's spread in 7.5 to If cm thickness in 8 pens each as bedding 

met rial. Four month old 120 pullets were housed in each pen. 

The sampling of SD or Pdi litter was started from 0 month (August, 

1987) at 30 dty intervrl tillJ,,,,July, 1988 after which the birds 

were culled. A repr.sentativ- sc-npl. from e;ch pen ,;. collected 

from different spots. Fresh sirnple was used for differential 

patho.:enic end tot .l viable microbial counts rni oven dried 

(800C, 24 h) sampl. used for th-! chemic.rl asspy. 

The complete dat; on th-. chemical ch-ng-,s durincg 12 month 

(Table 1) show ";ery little diff-rences in the chemical composition 

of the 9D or RHi b;sed litter available in July, 198tl. It Fuge st-d 

th-t tt-e initial v,-rir-tions (Auaust '87) in th? chemic;l composition 

,observed in M and Ri! were lev.nll, off durin- 'J': 12 months of 

litter formFtion. T, t major decline in th, constituents f'tom those 

in the r month vjir in the organic m tc t,neutral d;t,..Ej.-t fibre and 

cellulose Es.ociat:d with a substantial incre;s.,i in th.' crude protein 

http:d;t,..Ej
http:chemic.rl
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Table 1: Chemicrl changes *(% DM b:sis) in cI.- m liter from poultry

shed using saw dust (SD) :nd rice husk (RH) Ps bedding
m rteri al. 

Nionth Litter Total 
,As h 

G'v CP NEC Cellu-
lose 

Cell 
soluble 

August SD 
RH 

3.60 
19.7 

96.4 
80.3 

1.68 
3.12 

88.8 
84.6 

46.3 
37.6 

11.2 
15.4 

September SD 

RH 
17.1. 

21.5 
82.9 

'75.5 
9.60 

8.44 
71.7 

71.4 
30.8 

30.1 
28.3 

28.7 
October S) 

RH 
19.7 
23.8 

80.3 
76.2 

11.5 
11.0 

67.0 
67.5 

25.8 
25.5 

33.0 
32.5 

November SD 
RH 

21.0 
23.0 

79.0 
77.o 

13.0 
12.0 

66.5 
65.0 

27.4 
24.1 

33.5 
35.0 

December SD 
RH 

23.3 
24.0 

76.7 
76.0 

11.8 
12.4 

62.6 
61.9 

24.4 
23.1 

37.4 
38.1 

198A -

J;nuary SD 

RH 
25.5 

26.3 
74.5 

73.7 
12.0 

12.0 
60.6 

60.6 
24.4 

22.2 
39.4 

40.0 
February SD 

RH 
26.4 
26.7 

73.6 
73.4 

12.3 
12.4 

61.5 
61.6 

23.5 
22.4 

38.5 
38.4 

March 

,April 

!T. 

RH 

SD 
RE 

25.5 
25.8 

25.9 
26.1 

74.5 

74.2 

74.1 
73.9 

19.6 

13.7 

14.0 
14.4 

59.3 
:6.0 

57. 7 
56.4 

21.3 
22.2 

20.4 
19.8 

40.7 
44.0 

42.3 
43.6 

May 
RH 

2.o 
25.2 

t5.O 
74.8 

15.9 
16.1 

tA 
NA 

18.8 
18.0 

NA 
NA 

June SD 
RH 

25.4 
25.4 

74.6 
74.6 

16.6 
16.7 

54.2 
54.5 

-

-
45.8 

45.50 
July SD 

RH 
29.2 
29.8 

70.8 
70.2 

16.6 
16.8 

IRA 
59.2 

-

-
NA 
40.8 



and cellsolublis. Compzrzd to th_ initial total -sh -in RH (20%)
and in MD (3.6%) ther,-"as ,, consid rable: incr* se in tho total 
ash of finEl SD littvr (29.8%3) th;n in th, RH littLr (29.2%)..

These cheimic L ch-ngas ;er4Ltribut:.d to the pr-senco? of
microbial action. Changes in th? tot-I viable microbial counts were 
observed durinc these 12 months (Tebl 2). In October and December
1987 end P.,rch anrid May, 1988 mcnths the totEl viebl, microbi;l count 
was not possible even aft.:.r 12 scrial. dilut ons d-;ue to heFVy lo-d of
activity. The presenc, of th., pathogenic microoro;nimc c.g.

E.Coli, Kebse~la 
 and Sslmon.ll a Pppeared to be mor.- during
August-September 1987 as well in th. s;.mples collectd in D-.c mber 
1937, Jenu;ry nd Februery, 1988. ThesC months cenincii_2 with the,
hot-humid and cold months when the ipaint)nartc. of dry litter is 
problem. 
 Possibly themoisture in litter o--q rosponsible for the
 
eppearanc.e 
 of pathogens. The typ.?s of J. col ,,er:? identi.fied as
 
0.7, 0.29, 0.38, rough types and 
 a f-'-.v could not be typiJ. The 
presenc: of Spimonell; typhirri- s confirpnd in th, S.i-monella 
positive samples by tha Netionpl Selmonull-i and Escherichia centre,

Kasuli (Himachal Pradesh). 
 Hor.ever, during th% hot-dry months of 
March, April, Nl.Ey onwprds thr microbi4 lo.-d was low End the plate
counts of ell the above mentioned pathogens were negative. 

These results suggected that the dry litter available

from the sheds during th,, hot summer months 
 could be sefel fed 
to the anim;ls directly withou' ,-ny further treatment(z). 4iwove,
the litter avEilabl-, in hot-humid wintr pc-riods mwvor not b. smfe 
for direct feeding Rn.l a pretritnnt like deep st:ckina or dry
heat to elimin;te p;thogenic microbes w;s .nall' ne,,ud. 

http:Sslmon.ll
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Table 2: Totll differ-ntiEl vi-bl F:thoq nic microbi. counts 

during litt.:r formation. 

Pionth Litter Totel
 
Count Pathooan locdxlO5 Funai
Ecoli Klib-b-Slmo_ Others 

sellE nelle 

1987
 
August SD 26 .Sxl 5 1.5 0.5 -rE -ve
-	 .s2eiuSRH 2t0 xlc J 2150 20 - Anthr ecoid fl*i1us 

Sept. O 16000x 10 30 20 -ve 	 -ve Peni cil lium
10 5RH 2 x I -ve +vG -ve 	 sp. 

Oct. 9D - 1 -ve -ve St;ph
RH - 0.5 -V: e-7-77a7-ve rmides P.1uc or 

A/n t hrc id 
Nov. SD _ -ye -v) -ye 	 --- d --- oedon ium

RH _ -ve -ve -ve 

Dec. SD 	 -ve +re- -Ve .. do--- & 
RH 12.7xO 160 -1 - Dio thiroild 

1988 

Jan. SD 5.0x10 1 
3 0.45 -v *f-,v: -yeRH 2. t5xlo'3 0.25 -va ',': -qV 

Fob. SD 5.0x1O1 3  ).40 -v.a +vO Stap_ ;rid n ds rAsroillus 
013 	 1,I t 2 n . i 

RH 5.0x10 0. 	5n -ve -t --- do--- - ve 
M arc h SL -	 _v. -wU -ye' -v -ve

RH - -ye -v -'I Q -vW 	 -ve 

,Ap ri! SD 2.5x10 -ve -v e -ye St;,o h PAucor9 	 epdernides

RH 4.55xi0 -ve -ve -ye 	 Micrococcus --- do-­

& s_domon as 
M3y SD _ -ve -ye -ve 	 Fus-ve 	 riumSp. 

N _ -vu -v. -vo -ye --- do---
June SD 8.5x10 7 -ve -ye -ye StFpoh eoidernides -ye 

-v -v D *t 	 rol-i - - v
RH 4.ix1O 12 -v 

MAicrococcus -ve, 
July SD 2.5x1' -v e -Ve -ve ---do--- Asou-rail Lus 

!1- !xlO4 -_e -ye -ve --- do--- sp. 

(.)During th&es:, months th: tot.-l microbi;l lo;d ,--.-s hcecvy nd th­
to'el vi;-bl, count w;s not possibl.- even ;t 12 seripl dilution1. 

"re Nl cjtiv ; +vQ; Positive; MD= Sevw dust; RI!: Ric. husk 
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The rerpe-t exporim,:nt orn th, qucntitative litter formation 
started from March, 1998 could not b, completed as rJu- to the incessant 

rains the litt: r w~s di'm;g-d and was compltely replaced aft-r August, 

1988. 

ii. In vitro digestibility of whept strew ­ poultry dropping
 
(PD) mixtures: 
 In vitro dry matt ,r and org; nic matter digestibilities 

(IVfDv D or IVMAD) of wheat strw - poul try -'copuing mixtures after 

deep stacking process was also completed during thi period under 
report. From the chemical composition of the different combinations 

of ceged broiljr FD ­ whwt strew - urea (r-ported in 1''87) it 
was evident th&L the FD could rcpl&c;, 100% ur_,e on nitrogen basis. 
Furthzr, th chemical changes aft r deep st-cking of such combina­
tion suggested tht such processing beyond 4 to 5 days resulted in 
heavy nutrient loss:s. The comp;rativ, IVAI.'D and I',U-O of these 
combinations (Table 3) was higth:r before st;,cking than after 9 

dayP stzcking in the laboratory. 

Table 3: In vitro dry matt"r -nd orn-nic mrtt~r dige-tibilities

of s'mpl?s or wheat stravi stacked with rr'qier poultr4-.;.? 

droppings tor 9 dy's in the laboracor. 
Perameter Level ot rel-c-m-nt of ur::,_!! by noultry 

drop. -inas -

0 25 50 75 100 
Dry matter B 41.8. d2.3" 41. 42.B 43.4. 

A 38.2 34.6 32.4 30.2 30.5 
Org.matter B 45.1 45.4 43.6 4-.5 47.1
 

A 40.1 35.9 33.8 32.5 33.8
 

B - Sampl.s befor.: de.!p stcking.
 
A- Samplt2s rft r 9 d.'ys deoe st;ckina 
at room t-mperature
 

in perforated polyethylene bags.
 
Each figure, r,ur.- s.,nts the re,n of 9 obs rv-tions. 
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rhos- s tudij s showJ.d th ;t on!, 3-4 di V s ,.cking ( rblo 4) 

was sufficient to trr t th, FD )t 70% moistur, ps the rise in 

tempiraturo wps above 700C. "Di 4 c.ys of dee-p st.cking resulted 

in less loss in CM pnd NF7 (4-5 units) than cerrying the process
 

upto 9 days.
 

lt.% digertibility in PD_
 
wheat str;:w mixture.•7T-- Tfor 9 d.-y.
 

Table 4: Drily ch;ng', in th- in vitro C0M 


Days Diq st ibili ty
 

0 45.1 47.3
 

1 42.8 ,16.4 

2 39.5 43.2 

3 37.9 41.8
 

4 37.6 41.1 

5 36 j') 39.2 

6 20.0 3H .8
 

7 34.9 37.4 

8 l. L 31.5 

9 30.2 33.6 

In ordor to study t'- ?ff':ct of d-?eo st;'cking :t low moisture
 

on th2 tonmn.-'r-tur.-, ris , ch,:mic,-l ch. nr-s etc. tha whea;t str,.w­

PEI/littar w;.-s steck-,d -t 3),55 anJ 70% moisture. Th- processing 

pert hps b. n comrr.' -: th :n:]1ytic:1 work on th:. smplbs is 

in progr. r. Th.- compar.-tiv. t,r,..r Lur; ch;ngos (I'able. 5) Cr0 

presented., here. 



,Table 5! Effect of moistu. 1,:vel on the drily txrp..,r~tura chang-s 
(OC) during deep stackinq in th, 1l.aborZtory, 

Day Poultry litt-er i wheat 
- mistre ~)evl 

35 50 

1 43.75 48.00 

2 36.75 47.25 

3 36.25 49.75 

4 37.00 43.25 

5 37.75 41.25 


6 38.25 40.00 

7 37.O0 37.00 


8 35.50 36.00 


9 35.50 36.50 

Temper;tur: v.-s r:corded morning nd 
*Reported in det,-il 1987-83 report. 

straw 
- -+ 

70 

46.25 

47.(0o 

46.75 

46.5-

45.50 


45.o 

42.50 


40..50 


40.50 

evening. 

Poultry droopina* 
whe at strew 

70 

61.33 

61.33 

50.83 

47.00 

42.83
 

42.33 

40.69
 

39.67
 

39.83 

Compared to the temperpture chang-s observed whil.e deep st:cthina 

poultry dropoing - str-w at 70/ moisture (Table 5), the stacking of 

poultry litter - strew-' at different moisture levls showed th-t pt 

the above moisture leve!. the temperptur- r;nae'] betwe.,n 45 to 47 0C. 

With 5D% moisture the temperature r;nqe ,:,as comparable to the above 

upto 6 d-ys aft-.r wards the decline in t-.mperature had reached to 

the temperpture r~nae of 35 to 380C observed throughout 9 days in 

poultry litter - str~w with 305 moisture. As poultry litter hos been 

found to have e p-thogenic microbial load during some seasons, it 

seems necessary that deep stacking be Jone c t O-70,/,,, moisture lve*. 



B .. • ." 

A few promising fung.j 
soecies c:6able to 
r~ise the nutritive
vlue of poultry drop)inq (PD) was r'oorted in 1987. Experiments

conducte for r:isina the nutritive v:lue of PD as feed! for 
poultry Fnd sw,,ine wer:? )Iso conducted this year. 

i. Isolation And chpractriz,;tion of fung;l speci-:iSol .ted from Caed FU:
 
Serially diluted 
aliquot., of w;.ter susoended PD w sinocul.teai in to synthetic uric ecid - AgEr medium hving glucose

at pH 6.0 or 7.5. After 3-4 days incubition (300 )r 370 C) the
inoculated mioia developed fung;l colonies (T6ble 6) which were
Counted and further characterised by rorpholocical end microscopic
examin;tion. A fe,,, of these isol . t were also able to orow on the
synthetic med:um heving cellulose in plac- of glucose.
Tahle 6: StEndard pl-te count of fun.7,l flora isol t.?d frcm 1 gof broiler poultry drop-ping. 
Synthetic Hedium pH Tncub tin rome. OC 

3) 
37
 

Cell ulo e_eLzic acid 6.0 
 3.5xlo 3 
 2.Oxlo'
Ag~r 
 7.5 1.0xlO3 3.0x 2 

Ag arGlucose-Uric acid 6.o
7. 3.0xlO3 2.0x104-XO4
7.5 I.Ox.. 4 2. Ox 10 432.0xl. 3 

The d:t;- is 2n Ev*r.-ge of 3 isol tions c;cried out on 3 poultry 
drop-.,ing samples. 

tIt
 



Further, charcteriz,-tion of these isoi~tes on the cellu­

lose - Uric acic - Ac'r medium shoiu'd tht while non toxic funqi 

(Table 7) A2perqillus nijer (FSj.), ,-ucor so. (FS2 ); and 

(FS3 Pid FS4 ) coul- grow %t an incub-tion tempere-
Alterneria sp. 


initil oki of 7.5 th? other Alterneria sp.
ture of 300C with 

(F%), Rhizorus sp.(FS7 ) and Pencicellium sp. (FS1o) could grow 

The other 3 fungalat 370C temperrture with an initizl pH of 6.0. 

isolites i.e._srilus flavus (F 5 and ES6 ) and Asrg us 

toxic fungi.fxmicatus (F%) were 


Table 7, Fungal species (FS) isolated from poultry drpoing 
with 

good growth on the cellulos:--uric acid Agar medium. 

Incubation pH Nature
Isol;te No. Identification 
Temn. 0C
 

r 3r) 7.5 Non toxic

FS I Aso.rQillus E 

1fl ._ucersp.
FS 2 

1t.
 

FS 3 Alt.rntrip sp. 


"-

FS 4 Altcrnaria sp. 


' Toxic

FS 5 ASn:roi1lus flavus-I 


Toxic
FS 6 As raillu. f1 -2 	 i 

37 6.0 O'on toYiC
 
FS 7 Rhizoop.us sp.-


FS 8 Altern,-ria sp, 	 II
 

' " Toxic
FS 9 Aso3elus fumioetus 

30 6.0 lon toxic

FS 10 Penicillmin sp. 

rdportod chersctir of the
 Toxic nature was obs-rved from th: 


particular funri.i oro-nism from lit:returo.
 

http:Rhizoop.us
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.Subsequently the pO (l g) suspended in 50 ml tap water in
 

a 250 ml 	conic-l flask aftcr autoclaving (15 psi for 20 min) was
 

inovulated in duplic:te with a loopful of the abo'e isolated non
 

toxic fungal isolates. These flasks were incubated at 30°C_+2 ­

on a rotary shaker and the mycelil grQvth, pellett formation as
 

well as final pH changes were observed up-to 72 to 96 h. Although
 

all th test fuiqi could utilize PD as substrat but maximum
 

mycelial 	growth and pellett formation after 72 h incubation (Table
 

8) was observed in Altern ria sp. (FS3 and FS4 ) and Rhizopus sp.
 

(FS7 ). In these species r.-%ntiAuati-m of incubation upto '6 h. 

possibly 	as a result of ammonia accumulation resulted in high pH
 

(7.75-7.80) with auto termination of the fungal growth. 

Table 8: 	Relative growth, pellet formation and finzl pH in the­
culture medium on broiler dropoing as substrate.
 

Isolate No. Relative growth Pellet formation Final pH
 
(72 h) (72 h) (06 h)
 

FS I + 	 - 7.05 

FS-2 ++ 	 -7.70
 

FS 3 4++ 	 +,+ 7.80 

FS..4 .-+-+i,.q 	 7.75 

FS 7' +.'001.0 

FS B .+ 7.60.
 

.FS 1O +-


Mean of 	duplicate .culture of each. isolate.
 

Initial pH of the medium for respective isolate is
 

mentioned in Table 2.
 

k•Io
 

http:7.75-7.80
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ii, Compprison of promising fungal isol.:tos with
Sknew f n a uZt r_ : _.. .
 

Thes-. above 
3 isolates w3re further investigatd elong
 

with6 other known cellulolytic fungjl speciies on 
a PD media
 

buffered with 0.05 M citerate buffer solution at pH 5 under
 

li.qurid shake condition.- In. this mediuTn 2 g!of dri.d PD was
 

suspended in 100 ml ofO.05 N citerta buffer in e 500 ml conicrl
 
flask end autoclpved .(15 psi, 20 min). 
 Duplic-ta flPsks were
 

incubeted with 2 ml of tho 
r.spectiv. myccili.-l suspension (Table 9) 
prepared in 6.01% Tw..n 90. The El :sks wor', incubat.-d at 30+2 0 C
 
on P rotary shaker (120 rpm). 
 In these flasks -ft r 7 dAys incu_ 
bptlon the r.letivc grow"th 6long vith re.idual substr-te biomass 

(RM)was 
determined. For the RS3 det)rmintion contents of an
 
individual flask wer.: 
 filt-r.d through what man-I filteDr oaper.
 
Th.: residue aFt--.r several ,.Fshin-s with hot distill vater was
 
oven dried (6000) to giv" R; in 4iich the crude protein (Nx6.25)
 

',es estim;ted and expres.Ed as CC E; -s totel
and CP/100 g PP
 

initially used ?s substrc...
 

-
 Out of the 9 fungal sp-ecies (Tabld 9) only, i) mrothecium 
verrucariE, ii) TrichodrmE viride; iii) Trichodermp h.rziAnjM. 

iv) Cheatomium cullulyticum an. v) Altern~ri sr. c(FS4 ) had the 
relative growth sco-e above 3+ vith s'ibstr,-te utilization score 

of 4 , How-var, the fin,-] 
medium pH excert in 1'.h.rzianum remained 
below 7. Bec~us- of th;- -cidic re.ction the CP in RSB wzs 
ebove
 

20% with final protein coefficient rpno.? of 14 to 
19%.in the ebove
 

4 fung.1 so.cius (i, ii, iv and v). 
 Their, substr;-te utilization
 
the close
cappcity~vs indict-,d b/r;nn 
of final biomr.s coefficient.
 

(67 to 73%). 
 . Furth-er v.vr!< is in progress.
 

http:expres.Ed


----- 

Table 9: Relative 

growth, 
.substrate 
on 
a media Containing Poultry droppings (PD
utilization 

Fungcj species i production during the fungal growthspeisv-e (D 
t 
 Fininocu
i
rlthv Residual
S Fin&14
growth te Final
Utilization pH in Substrate Final .
medium biomass protein protein
(R & B) 
 coeffi- content coefficient
1. ser us g/2 gr cient2 + + (% DMI) (u)

2. Mrotheci 6.95 1.764vegruc~ri 81.
3 +
-- ... 4 +
+- 6.45
3. _lerntium rolfsjj_12 + 1.434 71.7 
 o.3.
2 20.3 14 .64 14.64. Trichodea 5 .74 
 1.430 
 71.5 
 17.4
Q'L- 12.4
5. 5.--.hh T rzia u. .. 9 414 4 + 4 +i..
...

3 + 2 + 6.47 7 73.6 25.6 1B
7.81 .9
 .....
6 -- 1.636
Cem 81.8 
 16.0
4 + 13.o
4 +
7. Altern-ri 5.94 
 1.347
so. FS-3 67.4
2 + 24.4
3 + 16.4
8..AUtern ri= sp. 6.33 
 1.437FS.4 71.94 + 16.14 + 11.66.52 
 1.359
9. 68.0
sp. 25.0
F._7 17.0
Ihizopus 
2 + 


Jul (5SObS- r-e -s 
5.83 

76.8 12.8

";bo--sPo 

1 + 
1 .535

Upp iied'71tfa-, 9.9 
**g 

g protein ""itial y present 
protein- producd/lo0 


in PD
Initi.l pH: 5.0, Incubation 
temperature 30+20c for 7 days in mtery shaker (120 rpm).Figures are mean/duplicate incubation. 
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iii. 	 St,-nd:rdis,-tion of fun. 1 biom~ss production on 
ooultry drop inas thro' ah soli 4 stpt,2 formulation: 

In the ,rlv report (1987) Coprinus sp. or Pleurotus
 

Ostre.-tus inoculation r :sultod in th., maximu= 
 uric acid degredation. 

Hoev'r, th,- i-i due to mmcni&riso pH role-se r:-sulted in auto­

degred tion of Coorinus sp. Ther-for. quantity of sulphuric
 

acid riquired to meintin pH 6 for optimum Coorinus growth w.s
 

standardiscd before finding th- in vitro 
oepsin or pepsin - trypsin 

digestibility. 

a) Determinption of sulphuric cid rquir ment: The 

initirl pH of c-ged broil"r PD v~riecd around pH 7.25. PD (100 g) 

suspended in ml distilled with11O0 of wrtter 100 ppm mecuric 

chloride, to inhibit the microbial --ctivity, 'yes used. The 0.2 

ml of concentrated sulphuric acid .was serilly adeed in graded 

levels in the ,bove o-eparation. Thesz? containers were then 

placd for 4 hr. on j rotary shcker (120 rpm) enJ pH determined 

after shcking p..,riod ,A,-s ov :r. From the slope of the curve 

.Obtained by plotting chnge in pH .. ith tie concentrEtion of H2.934 

used in a PD suspension 1.36 ml conc:ntr~td H2SD4 per 100 g iD 

was needed to adjust the initizl pH Ft 6. Thoroforu, in the 

subsequent experiments for substrite prep,-r.tions PD was moistened 

with 2 volumes o f 0.68% H2SO4 solution (..quivalent to 1.36 ml 

H2so 4 100 g- 1 PD) ,vhich provided 66% moisture end pH 6. 

b) Ch~micJ! chpnqes ;n1 in vitro proteii digestibility 

of PD treated Coorinus sp.: PD (5D g) aft.:r moistening with 

100 ml of 0.68%H2 SO4 solution in e conic.-1 flask ;nr; after 

'9. 
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autoclzving (15 psi, 20 min) were surface inoculated with 2.5 g 
of wheat spawn grain of Coapinus sp. These flFsks wre incubated 
for 13 dys in BOD incubrtor (300+1C) and triplicate flcsks with 

drawn on O,L,7 to 13 deys for individual det rmin-tion of crude 
protein (CP, Nx 6.25), true protein (T), uric acid (UA) and 
in vitro pepsin and pepsin-trypsin dig.:stibility of th,= trated 
contents. Cmp.-risons were made within the samples collct2d on
 

different days and also with the PD samples not subjected to 

sp. with a substpntial 

eutocl;ving or fungzl tre-tmunt (control). 
Visul mycalio71 peneteretion A;s obs:-rveJ on ? a.id 5 

day of incub,'tion. Upto 5 day sufficint time wcs ;llowod for 
peneterption whan mprginpi fl in the UA without ch-n'. in tha 
TP or CP cont.nts was obs.rvsd (Table 9). By 10 dEy full 
colonis tion of Coorinus ws Fs~ociatid 

fall in the UA with e simultcnaous rise in both th- CP -nd TP 
contont, but th- in vitro protein dig-stibility did not improve. 
Hot-vrr, incub-tion for furth r 3 dEys rave-led that th s,-mplc 
of 12 day incub-tion h'd 82.1, reduction in UA with 4.80, rise 
in TP end 78.2/ in vitro pepsin-trypsin digestibility. After tho 
13 day incubetion period the pepsin end pipsin-trypsin digesti­
bilities hjv. declin- in the treated PD. 

Further, experiments for stnd rdising procidur= for 
the mzss funnil tro;tment of PD with Coprinus sp. within 12 

d-ysae in progress. 



T-ble 10: 	Periodic ch!-EMic;l ch nges (/%rM) en 
the growth of Coorinus sp. 

Incub_-tion CP TP . T 
period (dpys) es .o of CP 

0 	 23.06 11.65 50.52 5.. 


5 	 23.38 11.75 50.26 4.73 

7 	 24.29 12.05 49,.61 4.02 

24.35 12.23 5023 3.51 

9 ?4.13 12.28 50.89 2.18 

10 24.76- 12.91 52.14 1.87 

11 25.48 13. 9 53.33 1.12 

12 24.75 13.71 55.39 0.91 

13 2A.5 9 13.81 56.16 0.87 

Control 2,.33 11.73 48.21 5.13 
(unautocl iv-d) 

N.A.: Nct 	 available. 

in vitro proteir, digestibility of PD during
 

acid Ast CF in vitro dioectihiiitv 9 
• Peps inon y Pepsin-trypsir 

27.9 13.9 67.03 72.31 

26.1 In.4 66.23 71.10 

27.2 11.8 66.00 69.35 

24.9 10.4 65.95 68.00 

27.8 10.0 64.82 67.73 

28.6 N.A. 64.72 67.34 

27.1 N.A. 65.67 71.19 

29.2 N.A. 70.11 78.25 

24.9 N.A. 69.52 73.42 

66.33 70.83
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ii. Indic-t the constr.-ints and 
bottlenecks experience in 
the implementation of the 
project: 

No difficulty has beren experienced 
so far, exceot for the identifica­
tion and typing of other micro­
orgi'nisms and funai isolated 
during litter formation. 

12. Any other comments based on
 
your experience for effective
 
implementation of the project:
 

1. 	 Additions alterations requested for improving 
labor-tory facilities appropriate to the technical 
progremmP are needed. Facilities for. a covered 
shed nd storage of tre:ted meteri&ls for animal
 
experiments are required. 

2. 	 Equipments to be provided under the project if 
m.,de available on time will improve the execution 
of technical progrmme.
 

3. Tr-ininc proqramme for the scientists involved 
under this project need to be expedited at the 
earliest for maintaining continuity the enthusiasm 
and smooth working of the project. 

(P.N. L-GNC , (NIERAR SINCH) (K.S. NANDFhLI) 
Animal Nutritionist Profeszor-cum-He .d Director of Research 
Scientist Incharge Dept of. Animal Sci. .P.A.U. Ludhiana 

p.A.Ui Ludhi-na
 



Expenditure st-temant thefor sub project entitled 13iodegradable
.Animel Wistes -s livestock fred" in respect of Ludhiana Centre 
tor January, 1983 Decemberto 1988. 

------------------------------------.------------
Sr. Contribution ofNo. Budget Sub Head Exenditre USAID I.C.A.R. 

i. IEy and llowances Ps 275330/- Nil Rs 275330/­

2. T.A. 
 Rs 11544/- Nil Rs 11544/.­

3. Maintenance Contingency Rs 71950/- Nil Ps 71950/-. 
(OperE'tionai Rese,;rch) 

4. Non recurring/contingency 

1. Equipment Rs 8500/- Nil s 8500/­

2. Building Nil Nil Nil 

3. Vehicle Nil Nil Nil
 

5. Sem inar/'orkshop Nil Nil Nil 
Conference etc.
 

Total Rs 367324/- Rs 367324/-

NOTE: 1. The expenditure pertiins mainto the project of 
.AICRP involved with the implementation of programme. 

2. The expenc-iture involved by the collaborating 
Scientist is not included above.
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.at.-in t'b]o I -ndi-cited th i)t
The pru- ,*?). C 

bedding incrcesed 
higher quantities of stre,,, used as 

the dry matter, t.!DF, -.DF, c.]Ilulose Fnd lionin nd 

the crude orctein content in the resultfntreduced 

7nd urine with the 
beddings. The mixing of feces 

straw for 7 days increased the crude 
orotein content 

constituents
and reduced the dry mntter end c2]. wa!l 

3 d;vs.as comprred to 


ry cnci I i iiq of be-lding
-.2. 	 Studi,:s on th,. oti-t 

materii I
 

conducted under
Two separate experiments vwcrc 


this study.
 

Expt.l: 	 Ensilini of ,.hc t ;.nd paddy striw based
 

beddins.
 

Fs bcddinand pa-ddy .cr, uscdheet -- tr w 


o-nc 19ct--f=n- cro:sbred cows. 
mapterial.s in the cf 


,n, frequ cn Ilv turned to .nEure proper

The m.,tcriE1! 


cnduilr.e. The h,.tddings -:ere removed

mixing r-f fzccs 


two weeks -nd were ensiloc' in mixture with green

after 

.
rnd mo]-'s,' soats .-	 f.19 r.w 

- I'hept str-w beddin. r].)neT1 


- 'hcat straw bedding + '' mc.lisse-.T2 


r s--- 'W!he,-t strw bedding J-10 1 s
T3 


o,-t (A "). 
!4-" -ihe't str.:v' bddino (6(-?) green 

oren t ....mo).ass.
'.,heat strew bedding(60b)+T -


A"q 



-I!DC-.JS,','TD FR"ECT ON 

CONVEpSION OF E.ODEGR,,_dL: i.., .L WTE 
FOR !VESTCGK FEED -M j eroect 1']3. 36C-O47C'-
SUB-PROTECT-7 

;BICDEGR,'D, TTMi OF L,,RGE ,.]:Th 1 ,. W.'TE" 

,.,NUL'.L 	 TECI-_ IC, L PROC"-;PESS REP(eRT_(i9,.S 

Technical Proctremma c hryc (98 

1. 	 Studies on th:" chcmica) co:positicn end IVDMPD 
of bedding int't'rials. 

2. tudi,."' on thle b.oil-:2tes -.-,:ns. .ng of bedding 

3. 	 Studies on the ,on:r-otin of onheel wvstes 
th ':o gh ure...-mmoni,­by sundryin and 


trz .-tment.
 

Prooress of work
 
Studies on chemic:-! corn'rtition ,nd rVD.D of
 

beddina miterieas. 
1V--rying qju,?n~tities of .;-r a straw J. e 40 ( 

80 ,nd 120(B3)kC ,re used - bedding in the pens 

of lact.'ting cross brcd co s. In c ch nen two 

Iactatini crosbred cows vw re kpt .-nd thc feces 

and urine void'eA by thcm w-ce , 1'<,-1 to b mixed kor 

per.iod 	 of 3 end 7 rivs. The be'in as were tuzned 

each day in order . ensure +hiourh mixing o feces and 

urine with '..he-t str-. Rc rsent-ti.e s.moles from 

each pen were teken .-+ ar.J- 7 d ,s -nd ',,cre subjected 

to chcmic.=! -- .:m!ycis. The results, thus, obtained are 

presented in t,-b.e 1. 

-Ale 
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T6 - 1heat straw bcdding 6 -- green oet(40%)+
 
10% molasses. 

T7 - "ibeat straw bedding(40)-*. grocn oat(60 / ).. 

T8 - !',het straw bedding(40?o/)+Grecn o%(60/O)+51o molasses. 
T ',heat straw beddin.(40./)+areen oat(60%)+10o% molasses. 

T10 - Paddy straw bedding alone.
 

T1 l- Paddy straw bedding + :,,molases
 

T12 - P;ddy straw bedding + 10 '"mrlpsses. 

T1 3 -Paddy r br:.ding (60,,)+ green oat(40%.).

T1 4 -.PacIdy straw bodding(6C') grcen ot(40,)5
',)+5"o olsmolasses. 

T1 5 -Paddy straw bedding(6c2,'} .-green opt(40%)+l0'C molasses 

TI6 -Paddy straw bc-dding(41,',)+ orcer. oat(60%).
 

T17 --Paddy straw bedding(C )-,-qrc:en cat(6O%)+5? molasses.
 

T18 -Paddy straw bed,ng(40,)-:-gr-.on oat 6")-:-lo
(. ' a mo].asses. 

These mixtures were ..?nsiled in duolicate in L.tkc
 

capacity glass jars. Thc 
 m'-teri;l was unloaded rfter
 
42 days of ensiling and were subjected to chemical -and
 

biochemicarl e,,luptions.
 

The data wvith r,:gard to the chemical composition 
aland IVDMD of erigir/mixtures Fr r2s:nt1ed in Table 2.
 

The addition of molasscs 
,nd o,-t fodder in the mixtures 

reduced the dry m.tter content,:: t,; : very low level. 
However, col . contcnts vP,re incre;sed. The crude orotein 

contents were a&me:t simi]- in ;-)I the tce.-tment mixtures.
 

; ddition of molasses and ort fodder in verious mixtures
 

http:bed,ng(40,)-:-gr-.on


decreased the NDF, I1DF, cellulose, lignin and silica 

also increase withcontents. The IVDtV) values were 

opt. The IVDMDthe addition of molasses end green 

i.n case of treatments with paddy straw beddings were
 

somewhat superior to those mixtures prepared with
 

wheat straw beddings. 

Per cent dry matter losses and biochemical
 

been presented
parameters in the resultant silages have 


The Fddition of molasses increased the
in Table 3. 


losses when compared to ensiling of bedding alone.
 

However, addition of opt fodder alongwith molasses was
 

in general helpful in reducing the losses of dry matter. 

The date with regard to oH indicated that bedding alone 

cpnnot be ensiled s-tisfactOrily. How.'ever, addition 

of 40% oat fodder with 5 and 10% melasses was helpful 

of 4.2 was obtainedin lowering the pH. The pH value 

in mixtures h.ving 40/ whe;t straw bedding "!-60,: green 

oats and 1010 molasses (T9). The other biochemical 

parameters were also in permissible limits, indicating 

thereby that reasonably good silage can be prepared 

SJ.mielr trend was oxhibited by theby this mixture. 


paddy straw bedding bFsed silrges (T1 7 9 T1 8 ). 

The chemic,- composition of silpges is presented 

other cel.l wall constituectSin Table 4. The DM, CP -nd 

showed mixed trend end the values ,oern more or less 
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corareable with those of the original mixtures. In
 

most of the treatments IVDM valucs were reduced to
 

some extent after ensilina in both types of sil.-ges
 

made with wheat and,paddy straw bedding. The IVDT-.
 

volues were slightly higher in Daddy straw bedding
 

based silages in comparison to wheat straw bedding
 

b.sed silages.
 

Exneriment 2: EnsilingIo v.h,-,t tr- based bedding in
 
mixture with green mr-ize and molassos.
 

The whe,-t £traw v.,ws uscd Fs budding material
 

in the sheds of lpctati.ng crossbred coi-s. Throe
 

different levels of whe:t strew (40, 60 and 12r-o) were
 

used to prepare the three difforent beddings (Bj, B2 and
 

(B3 ) by keeping similar number of cows in the oons for , 

period of one week. The rrterial was frequently turned
 

in order to ensure proper mixina of feces Pncl urine with
 

the straw. The boddings were wilted for two dyes and
 

then were -nsil'd either clone or in mixture with 

wilted maize fodder ,-nd molasses 4n vwrous cmbinations. 

There were 18 treatment combin.'ti-ns having four ­

replications etch. in ,1. 72 laboratory silrgns were
 

prepared in 3kc' capacity po!ythone bags. Details of
 

vprious treatment combin 'tions wcro as follows.
 

http:lpctati.ng


6  

Tretment 

combination
 

T1 

T3 

T3 


T5' 


T 


T8 


T 


T12 


T13 


TB1Fo4o 


T1 5 

T1 6 

T17 


T18
 

tmrertmnt 


BMFOt1OBIFONi 

BIFiMO 

BTFiAI 


BIF2.o 

BIF2Ml 


B2Foto 


B2FoIAI 

B2F 


B2FIMI 


B2F2ro 


2F2I, 


2Fo.Io 


B3Fo*1.I 


B3F1 I 


B3F2MIo 


B3F21:U 


material used
Dot.-is of 


maize end molasses
withoutB3ed.difn 

Bedding i, no maize, with 2% molasses 

Bedding 1, 40 parts m.izc, 
no melesses
 

Bedding 1, 40 pCrts tn ize,
 

2!' molz.sss
 

Bedding 1, 50 prts MPizO,
 

no molrSSeS.
 

Bedding 1, 50 parts maize,
 

2 , mo I'SS S
 

eedding 2, jithout maize mnd
 
me 1-­sses
 

Bedding 2, no m;ize, 
2% molsses 

.oBedding 2, 40' mnize, no mol.ssas
 

mi~izeo2% 
melasses 

Bedding 2, 40%' mwize, 2-,'.S
 

mo .sses
50.° maize, no 
Bedding 2, 

maize, 2 molasses
 

mlSSS
Bedding 3, no maize/. 


maize 2 molassBdding 3, no 

maize, no molasSS'sno
Bedding 3, 

molsses
maize, 2%
Bedding 3, 40,% 

mrlassesmaize, .o 
Bedding 3, 50%: 


Bedding 3, 50% maize, 
2% recl.nsses
 



daysThe silos were unloaded -ftar a period of 42 

and were 	subjected to chemical and biochemicrl evaluptions.
 

D of

The data 	regarding chemical composition and TVDM1 


original mixture have been presented in Table 5. The 

based siloges asDIM content was lower in bedding B1 

compared to B2 & B3 beddings. The Pddition of maize 

the DA in the mixtures. The DMfodder furthrr reduced 

content in v,-rious combinations rangod from 33.,40 to 

as48.00,. The CP content wps higher in bedding B1 

compared to B2 8 B3 bedding-. Thie mixtures prepzred 

by using vprious beddings Piso showed the same trend 

with rec-rd to crude protein v7lucs. However, in 

hiqher in 	 beddinggeners.jthe cell well. constituents wore
descending 

in ihL - order. ThusB3 followed by B2 ;,nd lower B1 

w.Aas used inreflected 	 that the higher 3mount of straw 

"beddings 	B3 8 B2 as comparcd to B2 . The I VD values of 

B1 , & B3 rlone was 23.80, 23,65 and 32.00%,,beddings B2 


respectively. .Addition of gr-en maize -nd molsscs in
 

various mixtures incrc;sed the IVDNID v;lues.
 

mitter losses. -nd biochemicl ppr;meters of
Dry 

various lpborrtory si!.egrs ore orosonted in Trble 6. 

The dry m,-tter loss roned from 4.25 to 12.67%, in B,.
 

besCd si).,-ges it ranged
silages, while in B2 and B3 


10.72?,, respectively.
from 5..!2 	to 17.98 and 4.42 to 



The dry mpttzr loss w-s lower in B3 bAsed silzgcs. 

High dry mpttcr content of thesce siloges was 

"helpful in reducing the losszas. These silages else
 

had lower oH ;nd compar-tively highor- lactic Pcid 

v,.lues as cempered to B1 Pnd 32 b'scd s- lages. The 

*ammonia-N Ps per cent of total-N ranged from 13.98
 

to 2 2.1,'. This vwi1ue is quite high .'.nicetino thi't 

thc quality of si-.Lges w's not gcod. 

The chemical composition -"nd IVDPAD of 

different sillgos is oresented in Tible 7. There 

were considcr.b1e losses of crude orotein due to 

proteoltiz activit\ in th: s. leges is evidencod by 

higher -mmonie?-P ,s per cent of ttrl.-. Th- cell 

wall constituents goneral Tr loss thein were more same. 

Some r:duction in tho TVDD v rlues of silpges wis 

notic-d, probably duc to over drying of the samples 

in "which some of the vob-ti].e substances vwere lonst. 

Results of this :xpLriwcnt were not encour,.ging and the 

effect of some other c-mbinnti-rs incorpor-ting­

various levcls of ccre.l fodder *nd m;l,.sses needs 

further invostigEtion. 

3: Studies on conservetion of animal 
wrstes by sur: dr/2ing :nd through 
urcP-mmmon i, trertmcnt. 

For this experiment, e whei't striw bedding was 

prep,-red by putting 4L--Cof ,ho,-t strrw per la-ctating. 
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for a period of 7 dcow 'ys. In all 40 cows were
 

there in the shed and their urine end feces were a'owed 
to be mixed with the whe;-t str:-vw by turning it frequently. 
The bedding so prepared halved into two porticns. 
 one
 
portion was completely dried under the sun 
light, the 
second portion was -lilted to a dry metter level of
 
Pround 50/ Znd was trcetod with 5,,% 
 urea. 
 This trea-ted
 
materin] was st-cked under a oolythene shc.,et 
for a
 

period of 
4 weeks.
 

A feeding 
 trial ,,s conduct,:d on .12 adult mle 
buffaloes divided into 3 groups of 4 =nim.nls each. 
The
 
control group of Pnim, !is s offered cats hay (TI) ,d-lib, 
whilc in tre-tment 2 .'nd 3 66 , Of oat hay wcs reo.ced by 
tre,tod -nd dried beddings on 'i/.r b-sis, respcctively.
 

The feeding was continucd for e puriocd of 20 days
 
followed by 5 days collectio-.n period. 
The animpls were 
weighed before 
end -zftcr the exoeriment. 
The samoles
 
of foods Pnd their residues ond i._-c.-.! iw;ere collectcd 
during the trial wcnc subjected tn chcnice! anelysis.
 
(Table 8). 
 The nutritive,vrlue 
-nd digestibility
 
coefficients of opt hay, tre-tc.d and dried beddings
 
were ev.lupted by difference.method.
 

i.vorage body weights 
-nd dry ma-ttcr intakes of
 
the cxperimentpl ,anim.ls are presented in Tebje 9.
 
The tot.-l dry m.-tter int;,k,-. in T
1 , T2 and T3 was
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7.98, .39 end 5.8-k:jday, resocctively. The dry
 

mitter int-ke/1OOk body iaight in the same order
 

was 2.35, 1.96 and 1.84L-. The statistical anFiysis 

of the data revealed thp-t incorpor ,tion of treated 

rnd dried beddings .,longwith o'ts hay dcpressed the 

dry mptter intake significantly Ps compared to 

control group. 

The averpgc digestibility coefficients of 

various nutrients were significantly higher in control 

groups as cornp.red to T2 Pnd T3 (Tpble 10) feeding of 

treated 1nd dried bedding significantly reduced the 

digestibility coefficients of various nutrients except 

the ether extrpct. 

The digestibility coefficients of nutrients 

in treted Pnd dried beddings were calculated by 

difforcn'ne method -nd presented in Teble 11. The 

treatent of beddinc: with 5', ure incrcsed the 

digestibilitics of DM, OP, EE, NFE .'nd organic matter 

but the vplu s werc not signific.-ntly diffeIrent when 

compared to dried bedding. The use of 5% ur,:-: did 

notlring out dosirrble results. The rmmonia produced 

during the process did nct rc,'ct erfectively with the 

bedding Pnd most of it escppcd when the wcststrck 

opened. This wps evidcnced by pungent smell of 

ammonia Fround the st;ck ivhen it was opened. 



the chemic l composition and
 
On the basis of 


digestibility coefficients the nutritive 
v:!ue of
 

oats hey, trepted Fnd dried beddings 
wore calculbted
 

The DCP contents.
 
and have been presentcd in table 12. 


of opt hly, treated and dried beddings were 
3.67,
 

the TDN values
3.36 nd 1.55,, reaspctiVely, while 

werc G3.35, 28.19 and 2,1.f8, respectively. The 

treatment of beddirig incrn;-scd the DCP content 

to dried bedding but
signi-ic-ntly Ps compared the 

TDN values were not signific,-ntly diffcrent. Treatment 

did not oroduced desirableof bedding with 5% ure. 


it will bc worthwhile
results during this exorriment. 

to repeat this experiment by tre,-ting larger 
quentities
 

of material cnd conducting a feeding trial. 
for longer
 

confirm the findings.
period to 
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Labor toir-n-.n,nS ".ino - of -cattle-- wa'ste with 
laort 


of wste *,ndThree differc.nt mixtures crttle 

(;.), 7r:3C(B) andwh-at straw, i.0. 75:25 

"1/W ,wil] be prepared. These mixtures will be ensiled 

parts

with three levels of fodder, i.e. -, 1- end 2C 


and without and with 5,") nolpsseE. Thus, there will 

o ns ,,.th * reolications each
be 18 tre;tmont conibin Pti 

http:differc.nt


12 ­

ind in all 72 siltges will be medc in 31:r 
 caacity
 
double w,.1o.ld polyth-nc silos. The silos wil be
 

unloeded a-ftcr 'r2 d.'ys of ensiling and will be
 

subjected to aoetaijc,,d chermiL i ,n ':u '
 

cvIluaticn. 

2. Ur*--ijnmoni,- treatment of the mixture of 

cattlr w:ste -nd wheat str;w will be mixed 

.n 1:]1 r.tic on dry meattcr basis. The mixture will 

be mixed thoroughly ,,ith 5 Dc.r cent urea and stored 
in , cimppct st,,ck covered withi pdlythone shcr.t to 

2void agny loss of -mmoniF.. The st:ck wi]! be opene-d 

rftor the expiry of -: weeks. I, long term feed.ng 

tril wi.ll bc conducted in mle c -nim.-)s by roplacing 

25 7nd5oof oats i;vy vith urc'--mrgoni. treated 

m.teri.' 1. Towards the end, a c igetibility trial 

will be conducti:d to know the nutritive value of 

various feeds.
 

http:w,.1o.ld


Teble 1. Chcrmicl com-Dsiti.n of b:ddings 

Prti- Day Dry Per cent chemic,-1 comp sition onDM basis !VDIculars of rn7ttcr . .of r m~v-izp 
 0 ,NDF .DF CF:.1u. H.ccl].u. Lignin Silica" 
bedding
 

3B1 2 .09 10.15 27.58 72.42 50.05 27.70 22.37 10.40 11.95
7 22.00 12.33 31.87 68.13 
 50.40 27.95 17.73 10.55 
11.90
 
B2 3 35.15 7.S5 30.00 70.00 51.20 30.15 IP.80 0.85 
11.20
 

7 26.00 10.15 38.62 
 61.38 42.80 23.70 18.58 
 9.25 "i.2.20
 

B3 3. 
 3C.OCI 5.73 
 2 .A5 73.55 52.05 33.10 
21.50 9.25 9.60
 
7. 27.90 9.43 30.50 69.50 
4 .65 2 19.85
1., .9.50 10.55
 

'Theat - 91 5 2.52 18.50 81.50 5,.80 38.00 
 6.0?0.706.50
 
straw
 



Tble 2. Chemicrl cornpsotici of origino1l mixtures nd IVDAD() on DMI bsis 

Tre't- DNI 
ments 

CP CC NDF - .'DF Cellu-
lose 

Hcmi-
cellulose 

Lignin Silica IVDMD 

T 
12 

34.75 
34.00 

9.41 
10.19 

40.85 
39.25 

b9.15 
60.75 

47.51 25.69 
47.57 2o.39 

11.64 
22.51 

10.09 
9.34 

11.74 
11.83 

30.j0 
31.10 

T3 33.75 10.59 42.85 57.15 -4.81 23.69 12.34 9.51 11.61 34.60 
T, 27.25 9.72 40.62 59.38 4-7.77 27.26 11.62 9.29 11.22 32. 40 
T5 26.25 10.32 3".55 6b.45 '15.59 26.60 19.86 8.53 10.47. 34.20 
T6 26.80 9,59 38.63 61.37 4,8.21 28.35 13.14 8.92 10.98 32.90 
T7 21.50 10.06 41..90 58.10 <3.8F3 27.09 14.27 805 8.69 35410 
T8 22.50 10.50 36.15 6-.e5e5 2. 23.80 -. 36 9.00 9.68 31.40 
T9 21.50 10".37 36.02 62.93 -41.68 2.1.80 22.30 7.30 9.58 33.50 
T, 3<.50 5.36 32.02 67.-8 -46.56 25.62 2.2 8.86 12.08 35.90 
T 31.75 9.76 36;93 uZ.07 47.3? 26.14 15.69 c.82 11. 44 35.90 
T 32.90 9.54 37,80 62.20 -;6.65 25.16 15.55 v.27 12.22 34.90 

Contd.... 



-I 

Table 2 contd... 

Treat-
ments 

DM CP CC N-.D .F .cl)uloso Hcmi- Lignin
cellulose 

Silica IVDM'f 

T 

T14 

116 

T17 

1T18 

27.50 9.-*-

2 .25. 9... 

25.80 10.15 

23.C0 I10.50. 

22.75 10.16 

22 50 10.28 

-'1.48 

37.65 

35.75 

35.22 

3,1.10 

5e.52 

59.80 

62.35 

61C.25 

64.78 

63.90 

"2.3: 

42.27 

30.85 

47.72 

,79 

';1 88. 

?_.87 

25.6. 

23.2.5 

27.,.1 

26..1 

23.95 

16.18 

17.53 

22.50 

16'.5-

1. 

22.02 

3.20 9.27 

7.50 913 
7..55 9o,1 

8.50 8.20 

8.7'; 11.67 

7. Z7 10.90 

7.90 10.031...0... 

36.30 

36.20 
362.4927 

36.20 

37.60 

32.90 

337.70 

Each vluc is .­n -verogc.cf tv,o observotions. 



Table 3. Pcrcent D' osses .7nd biochemical p;rmcters in various si ]'ges 

Tret- DM- pH ,'.mrnmoni--P" Ixvcr-e cntont(%) of -vriouscids (on DM 	 basisj
merit loss as%{ of ITCT~h AcotIJ~iW~hnT~IGI~rC so- ic -. r c 

ac id acid
W- tot, I-N ,cid .Ocid -cid .cid 

-- - 0.01T1 5.30 6.10 9.78 0.78 -

T 2 8.77 5.80 11.16 0.95 0.37 -. .. '04 - 0.04 

... ­
0.76 0.60
T, 13.14 5.60 9.65 

-0.9C 0.1-r 0.07 0.09 -
T1 1.4..60 6.00 18.09 

1.72 1..16 1.82 0.14 0.60 
.T5 -7.88 5.;:1 21.27 0.70 

0.59 0.63

T- 13.54 ".72 17.21 0.75 2.15 1.53 	 0.15 

18. .0" 5.39 36.24 0.,9 I.S% 1.26 2.27 0.95 0.21 

-	 0.052.01 0.00 
Tr. 13.01 5.27 13.29 *.66 3.;2 1.' 	 0.07- O9c3 0.01 - .20 12.0. 0.70 2.,31.32 


.10. . 6.4 r 0.93 I.C,, 0.02 0.05 ­1.2.63 6.36 	 ­

.- 0.08 0.01 ­8.-':2 5.7--, 10.53 -. 96 @ 

T1 2 12. 5, 5.54 9.52 0.92 J.7 .. - -

T13 2.03 5.88 16.78 0.72 0.S,6 0.12 0.07 0.08 	 ­

-
0.22 0.01 0.03T.':3 5.4, 1-:.04 0.7 D.91 

0.69 1.5-: 0.07 0.07 
12.68 5..04 7.62 0.74* 2.16T15 
 ---

T1 6 ].7.•,4 5.37 14.57 0.66 1.7,, 0.32 


- 0.05 -
T17 18.9,8 5.32 10.25 0..7 0.91 0.58 

0.62 0.37

T16 18.80 --.56 15.89 c.72 3.3j 1.71 
 0.27 



T"blc ,, Ohemic.-l composition of si! ges( ) on DA brsis
 

Trcrt- DA 
iaonts 

T 33.50 

CF 

11, 3 

CC 

38.75 

HDF 

61.25 

,'J)F 

.0.65 

Collu-
losc 

2;.70 

Hmtmi.-
col]u­
loso 
11.60 

Lignin 

11.37 

Silica 

13.58 

_IDD 

31.60 

T2 
T3 

34,00 

32,75. 

11.71 

10.89 

.;.O50 

39.05 

59.O 

60.05 

42.78 

4..09 

20.98 

22.59 

16.73 

"15.96 

.20 

9.12 

12.60 
12.3F 

30.30 
30.20 

T. 

.5 
T6 

2I,90 ­

25.40" 

25.75 

12.65 
12.36 

13.37 

33.05 
1.30 

1.20 

66.95 
58.70 

58.8u 

,:.5.82 

5.52 

25.22 
1.7622.]0 

25.13 

.21.13 
1C.91 

J3.2P 

10.00 
.11.37 

9.78 

10.60 
10.85 

9.63 

28.30 
29.00 

30.20 

T7 180 10.61 *-2.50 57.5u .66 27.26 .1,.8,; 8. 5 6.95 35.30 

T8 

T 

21.80 
19.35 

15.30-
I. r 

--2.-.5 
-.00 

57.55 
53.0( 

39.18 
32.26 

21.93 
2] .81 

]8.37 
20.75 

7.55 
50.06 

9.7n 
6.39 

29.30 
28.80 

Ti 32.10 11.82 1.85 58.1 -.39 21.8" 13.76 0.85 12.70 32.00 

TI 1 31.20 
" .75 

12.95 
11.65 

".3.00 
3.30 

57.00 
56.7C 

-113 .76 
5. o 

24.36 
26.02 

J3.2. 
10.91 

.. 37 
9.08 

11.27 
10.70 

30.70. 
3 io 

T1 3 25.00 

T ., 26.10 

1.73 

13.80 

<1.90 

-;6.60 

58.10 

53. ,'C 

-,8.23 .26.46 

-13.61 26.6, 

9.88 

9.79 

9.72 

7.61 

12.05 

.37 

2P.30 

32.80 

T1 5 

T1 6. 

25.75 

21.70 

13.38 

14.63 

3c.15 

38.90 

6O.F5 

61.1C 

39.43 

15.6 

22.50 

27.7. 

21..:3 

15.,,6 

6.10 

7.50 

10.50 

10.-'0 

42.10 

3P.0 

22.20 14.59 <.15 55.P5 "1.75 21.F8 i:.i0 10.78 9.10 3F.80 

T18 22.30 12.58 :5.38 5. 62 38.9. 23.83 15.68 6.82 8.29 33.90 

R-vch v 1u is -n 'vcrge.of two replic-- tI-ons. 



TLble 5. Chemic.7l composition and IVDIAD of origin.-l mixtures (on DA.I bosis)
Treat- Chem ical o "'' n oL ...mc nt D,__ ... 

.. 

NDF /c'DF C] luL.os Homi. . 

VM
Lignin Si]ic. 

T -0.',O 11.63 69.10 c1l u los c30.90 51.25 23.31 17.8V--.. ,7 +0.38 +0.15 lI.8 16.10 23,80+0.15 +O. 28 +0.43 
 0.:I .0.19 -1+0.61 _-0.6

T2 4390 10.61 68.65- 31.35
+0.65 +0.12 - 51.00 23.650.79 +0.79 +n.33 -0.36 17.65 Y!1.65 15.70+0.-;9 ,0.08 23.20+0.33 +0,95 
T3 37.20 10.53 69.16 20.8-, 50.13 25.88+1.10 19.0: I.."8+0.37 +0.29 +0 29 13.78 2,..35-0.67 _019 - .71. +c.19 +0.61 +0.66
T 35.70 1Q.9! 7C.51 
 29. *o.8c 25.98T.: -0.17 +0.35 +9.3- 20.71 .10.IO 13.73 25.20+9.3,. :0.31 +0.26, 0.'6 +0.14 +0.32 *:-0.73T 3..10 11.8C 70.01 29.C9 50.51 26.94 20.40 0.95+0.36 13.63 2+0.,8 +6.6, +0.65 +0.26 +0.-15 +o.87 0:O.23 -118 +1. ,2
T 6 2.0 +n'.•6 40. .. 10.5,, 68.39 31.61 0.395.8050.2, 27.3n 18. 19 9.;0.3412.98 

+ ± 9.93 12.98 25.800 . :6 ; c'.•5 .1 '0. 5 .* - 1-0.3 9 " "4 3 ". 53 --0 .2 1 '0. 34; + 0 .7 6 
T :8.0" il.33 69.1. 30.'P6 ti.58 25.80 17.56 "13.3+0.37 -. +C.56 +7.56 ::.18 -.. 23 +-.71 -. C2 1-0.19 0.86 
T8 7.10 1f...91 68.13 31.8e ..

+0.22 9 0 25.C3 18.22 10.98-".:15 +C.68 +f).68 13.90 25.75+" ,;2 -_O. O +-.06 r:.13 +r.98".-C.41 

Contdd... 

http:9.;0.3412.98
http:0.395.80
http:Chemic.7l


Tcble 
_____, 

5 contd.. 
Chemical Cemposition(%) IVDML 

Treat- ''EMCP 
m6n t-. - _ _. 

NDF CC ,;TF Cellulose Hcmi- lignin 
Cellulose 

Silica 

T 39..Co 11.56 C9.83 30.18 50.36 26.28 19..46­ .0.18 3-.91 26.9, 
+0.36 +0.52 +0.69 +0.71 +0.36 +0.26 iLDO +o.18 +.5 +.'4( 

40.00 
+0.32 

11.34 
+0.36 

70.60 
+. 69 

2. 0 
-.­C,6 9 

9.9 
+0.20 

25.93 
-C.30 

20.70 
+.85 

.10.23 
1 

13.75 
±-+30 

27.9.' 
.8: 

T 1 - 38.80-
+r.'40 

.93 
- :-0.59 

71.-5 
+,.39 

28.55 
+0.39 

32.25 
+0.35 

25°53 
+0.75 

19.20 
-(.25 

9.55 
-:-0.34 

17.18 
+1.37 

33.2! 
BE 

T2 38.800,45. 9.7].+C.30 71.19+n. 26 28.82+0.26 50.64+0.26 27.73i0.43 20.55+0.,46 9.53-0. 0 13.39.-O30. 36.5!0*.9c 

T 3 -5.70 
+0.17 

8.62 
+r .3r 

69.53 
+P.56 

30.38 
+r. 56 

52.8C 
+0.37 

27.93 
+0.56 

16.75 
+-0.30 

11.13 
+.11 

13.83 
+r%.46 

32.2(
+0.7 

T14 6.c0
+55 

8.77
+,.23 

68.66 
+0. 52 

31.3.
+C%62 

52.4E
_.17 

26.95
-+0.63 

16.19
+r'.6, 

]0.98 
. 

12.55 
*-'.8 

34.. c 
+r.3] 

T 15 ,X. 20 
+0.70. 

7.65 
+.36 

7.26 
+0.21 

29.74 
-r.21 

1.6E 
'2E 

29.98 
-0.21 

.18.59 
4-.23 

9.70 
0.08 

1'2.00 
2a 

3-.2( 

T1 6 

7 

39.,, 
C+0.3C. 

38.2C. 
+0.6L 

8.81 
+C.32 
8.83 
+0.36 

70.98 
.+C.-
71.59 
+0.29 

29.C3 
+Z 1 
28.-:1 
+0.51 

50.78 
+J. 4 
1.3C 

-).34 

22.30 
+.54 
2C.G8 
:53 

.2, .2C 
+1.73 
2('. 2 
+0.38 

... 5 
0P.3 

. C.28 
+0.11i 

.c2.83 
.0 

13.35 
:;71 

37.5C 

3.6.5.E 
+1.08 

T18 37.6C 
+0.24 

1.72
+'.29 

68.94 
+#.64 

31.06 
-0.64 

50.11 
+l'20 

28.83 
-1-09 

.8.83 
79 

8.c,8 
-.C.06 

12.31 
.1 

,' 9C 
z. 28-

f -Ch T--2Rf--=-i zver:-ge oIfour o serv tion s. 



Table 6, Dry Metter losses Fnd Biochemic,-l Parameters
 
of Different Labor,-tory Silcges,,
 

. e., ,2, s;.:. ".," ").cid' of".total-IN 

. ."'- -"tiH - ' (.- . 2.2bmcn i'T f'-P-M , La.cti"ck -.. ­

. -,
3 9' fu... -4 

-.. , ,. <;.- '.. 27,n ".) ,v",.+, ."*-' . ..,--6 . .. .'L % +,.>.,.- * 

•_r 1.:" . . 2n . . 

'"'" . < " 2r 97I .T " +f) '' ."8' -' .,. d-+ ' 2 9 5 -;,'.t "Jb.°58 -" 

51. 
 .+-013 +r.12. 
 :1.85
 

7 5,355 I7 21"63 
,- +e . ' +t 12; 'r8 +1.25 "<' 

. 7 ,5.12. . 6.78 1.15 17.96 4. 

". 51 .: ­+' -2.52 
:
-8i T -577W+r.22.. .677 --1.25 .: %85 :" V" '- ~ ' "'1q .. .15-i 38 '.
 

C59 .7 1.',. 38 

.. -,..63 3-: ,,.21 i-' .35 ' "' 

* 1. " "' 3 *** " 5. ' *5" :O. " " 7
::c . e*. ) ±',C-".2. +i.:,":.. 'T"." .1,2-1 426f .. 05 1 6.73 
5.. 54C. + . 

,.- ... 3", . 1 5 , :.- ' 1 5 58._ 
" 'Z -* -,"'., 2'
 

T 4.-42 G.62 I .r5. 

*" ...- '',? '. "" "5 s o-:-Jn.35' * Bi'ah 

3 6f "5 . 227.. •1I.Q


182"..4 7244*G-3'2, r3".3.. 1..~;•-3H"12"-2.' .5 5 . 
+."4 -.
. ". "..." ,': .


.1 5
18 0%:, 5.22 1 .3 *"--. 
25, ..

" 
;5 •15" ' t ." " 


G.3 • 5.5 1c 

' .20 .. - , ..,, " '-. 627 :"m
. ... .-03' .,8 .. " 


•,c +,Iu -is m"+ f,.r.OhS ,..'.or, .. .. n,
 

http:o-:-Jn.35


Table 	7. 'Chemical composition End IVDMD of different silagos (DM basis)
 

Chemica1 Corposition_ 
Treat- .DM CP. NDF CC ADF ie llulose Hemi- lignin Silica IVDI f 
ment 
 cellulose
 

T1. 	 ,40,88 6.50 68.53 31 .47 53.CO 24.68 15.53 12.38 15.95 27.2C
 
+c.32 .+0.41 +C.87 +( .87 +0.33 -,.-1.27 -,-1. 19 +.19 +1. 52 -,2.25
 

42.63 9.28
T2 68.5 3.1,05 53.18 2.4.43 15.78 12.23 16.53 21.00
+027 +0.87 +0.80 +C.8) +'.27 +0.83. +1.r7 +C.10 +.89 +0.35 

35,50 I,.08 68.87 31.13 52.96 25.18 15. 1 11.68 16.11 2'.10 
+r.18 +.19 +C.65 .C.65 -:.5-: .51 -:0.81 :'.1I +r.98 --.oe 

,T4 	 36.0C. n.80 68.36 31.65 52.18 2"1.80 1618 11.38 16.00 26.15 
_12542 •!..5 +r.75 +".73 _.2C +. +2.22
 

- ~ .2 -. 5 .7C +2.22 

T5 3 .25 9.82 C9.64 3-.36 53.85 25.89 15.79 11.7; 16.23 2..8r
-V +-.42 ""t3855 +C.55 4.3a ,r.87 -".42 +0.12 + .7C +1.52 

TG 33.63 1n.52 G3.9,5 3-.nG 5-4 .I 2P.,!I 15.81 11 i 14. 33 2B. 6r 
+,.20 +-.52 +.c.2 .2'. 2 .4 9 -i-1.23 +.9; + .C9 +..0 +I 

T 4 .16 27.16 52.6c 25.03 2r.. 15 11.96 15.70 24.447.75 	 72.84 

+--".41 0.1.3 -. --.44 	 +rf.36 +"'18 +0.50 +1.50
-. 79 A 13 +L%.62 


T8 46.13 10.32 .73.28 26.73 51.55 25.410 21.73 11.98 14.18 24.00

( It 	 +r'33+0.11 n.6 +C." G+' : .5 -41 	 0.O 1' i7. ,,.52 "..42 

T 	 38.25 12.56 73.60 26.40 51.78 2c.'5 21.83 11.83 13.5C 23.70
 
+1.40 	 +0.62 
* "0.13 +..3. Q.97 +:.97 +r.52 	 -. +1.18'- +Cr.38 

Table 	7 contd.. 



Table 	7 contd...
 

TreFat-	 1composition_(?gJ IVDMAD
_____Chemica 

ment 
DM CP NDF CC ADF Cellulose Hcmi- Lignin Silica 

; cellulose 

2-1.68+ 	 .31 1 7n.14 +r,.26 1. 

lz .2z- 27.6P 

T1 0  T0 5r'- . 8.99 +C.2G. 29.86 +0.49);52?,, +r'.24.9972 17.2C±+C.3r . 11.69.8-.. 1. 12c.7-.1 +r. 51 

T 	 36.63. 1-.87 c9.64 3. 6 52.7 4.58 1..94 11.89 
+"-. 27. -r.12 +'.45 +"."5 "+r.37 -'. 61 4f. 45 +'.2C +r.84 -+n.83 

.81 +',3211 +". "8 :-.2.k -. 10. [ 26.351.1 	 C .53 .53.00 17.73 11.69 

-- 4 , '5 + 6 

T2 38.63.. +C.9.78 7'.75-3, 2.28 i+' 25.35 	 15.9.3 

..7 -:!.73 +18.394; 12.63 15.18 28.4C48.38. +:9.15.18 72.71C.72 +2r72,'.7 55.33 20.53+,.+'.37 

9.53 72.2- 27.71 54.21 25.. c 18.C'8 12.28 .16.30 26.9C45.13 

-- c.71 1".1 4-1.03 +V,.53 :-r'.3. -+1. 5 +r.38+n..21 +r.7X 

12. r-4 .15.03 3-. 55
T 	 37.38. 5.2c 72..<'3 27.98 54.08 27.01 17.55 

1--.C --	 1.13 .*-l1.2(+_.21 +..15 +.r.1. +c. 84 +.33 -i..19 11.n3 

lr'..'C 15.0r 28.65
38.63 8.83 71.1.," 21.86 51.83 26.23 1(.31

--6 +r .37, +-. -3 .r +(-.5 +r.42 +r..75 	 +o.22;.49 .+1.12 +.36 

72.40 27. CC 52.75 27.r8 I5.65 17.91 1-1.76 27.T1-7 	 36.50 8.82 

+C.G2 +9.7) C.5" +C.5. +C.17 -:1.12 +-.3C +(.C7 	 +1.06 .. 17 

.5.74 8'.832§8"52.41 25.85 17.3635.50 8.c9 69.78 3C.23 
+C .+.37+r.16 +0.6' • +(.6 .67 +1.02 +(0.34 +n.2C• +1.18 +..7 

Ei'ch value is an aver-ge of four observations 



T,-ble 8. % Chemical composition of oats hay, treatedand dried beddings on DM basis 

Item Oats hay Treated Dried 
bedding bedding 

DM 76 IrO 65.50 87.5n 
CP 6.48 i.63 8.55 
CF 31,06 26.91 3(. 73 
EE 0.7c. ".38 .63 
NFE 50.75 37.5G 37.44 
Ash 1n.r5 23.57 22.65 
Orgonic 
Matter 

8:., 5 76 .48 77.35 



Table c;. 	 AverEge body weights 1nd dry mtter 
intr-ke of experimental inimls*. 

Item TI 	 T3T2 

No. of animels 4 4 4 

iAv.Body !,eight 343..- 332.75 331.5­(kg) 	 +21.4." .27. ,3,r 437. Q 

Dry metter intpke (kg) 

Opt hTy' 7.53 2.88 2. .n 

Bedding' 3.51 3.45 

Tote l 7. 5,8 0.3 c , b 
5 . 8 5 bc 

+ .15 

DMI/IC h- BB.W. 2.35' 1 b..8 
* -V".17 -:". 1 . 22 

Each vlue is -n overage of four 



Average digestibility 
coefficients of
 

Table 10. 


T various nutrients in experimentpI diets.
 

Item T1 T2 T3 

Dry matter. 67.59 .1+3.29. 4 5 .5 8b±.2.63 

crude protein 56.58a 
+1.c,5 

30
.2.5 

3 9. b3.
+3.41.. 

5 5 7 3 b 5 5 • 4 b 
+1.76 

crude fibre +2.4-- "-F .9 1 7 

Ether extract 

NFE 

. 
+2.81 

71.8± 

74.1 
+2. ,445 
5-5.6 2b 

+3.77 

62.57 

+3.15 

Orgifnic MAtter 7 ..' 
+1.77 

5 -3+3 b . 33+1.76 



Tlblo 11. .,verI'. diqestibility coeffficients 
of test mtrilV 

Oeat Tr ated Dr iedItem 
hay boddfng bcdding 

Dry matter 	 G7.5'7 3:.33* + .3+i .5,. -:-5.78, 

2 .-2b 18"i'b
 
Crude prot+3inl 	 5 .58' 

-- .82 6. 

5 2 bI .71b7 ..3 .Crudre' fibre 

A2.- +5.1-L 35r 

.5 ," b. 
 1.
Ether extract 	 G" 81.

•2.8K' - :-6 5.
U 

NFE 	 71.85' ?5,18b 23 .8 7 b
 

-:1.41 r7.65
 

" 
Organic UV-tter 	 7-. 3G. .-9bb -3:63 

+1.77 +5.58 +3. 

E,'ch viuu is -nvernge of four. 



Tpble 12. 	 Nutrition v.,lue of individupl feed 
constituents * 

Feeds o n DM b,-, sbsis 
DCP TDN 

Ort hay 3.67' G33 5 j
+n.13 i]. Gl 

28.1rrontcd bedding 3.38" 	 b 

+C. 5(" 	 '.,. ] 

Dried bedding 1.55b 24t.ab 

...8 .3.11 

E.ch: ;-lue 	is rn -'verage of four. 



&INIdLrAr 
- D 

BOMBAY VETERINARY COLLEGE 

Proximate Analysis of Xilage (on % DM -basis) 

Proportion Dm Cr.Protiex CrePibve Em Total ash NFB A DR 

40,1:0,5 34.00 5.21 29.00 2.0c 17.50 

40,190,10 32.20 -5.30 25.70 2.4c 17.30 

50,1105 32.20 5.40 28.20 2.15 18.20 

50010,00 -36.50 5.48 25.00 2.40 18.,50 

60,10 ,0 34.00 5.45 28.50 2.16 18.90 

60,1$0,10 35.80 5.50 28.00 2,30 19.00 

31.30 

35.50 

30.95 

34.22 

29.60 

30.11 

14*9 

13.'8 

15.1 

14.4 

15.40 

15.09 

5. 

5.4 

5.5 

5.8 

5.4 

5.4 

F':s JAppP~hr&L 
-X~ &-10~~v ~--.k_4I'.J 



ANNEXE B
 

BOMBAY VETERINARY COLLEGE
 
Pro:xi-te AnJlviF of "ium-n ( . bri9t-

Pit 
 As such ReF, i.ur Filtr-te 

Dry 17"at er TI.78 2 . 2.94
 
Ciude Prott n 7.16 
 I(. i 15.30 

Crude Fibre 30.94 30.52 1.85
 

Ether Extract 
 1.45 
 1.56 
 0.79
 

Total ash 
 15.23 
 13.73 -

A.I.A. 
 10.09 
 10.07
 

1-.F.E. 45.22 4.1 -jI
 

Ca. 
 0.41 
 0.45
 

F. 
 0.95 
 O.L12
 

Rumen 

Dry Matter 12.01' 
 27.57 
 3.3
 

Crude Protien 
 7.Th1..14 
 17.44
 

Crude Fibre 
 25.58 
 30.20 1.31
 
EthEr Extract 1.40 
 1.40. 

P'otal ash 
 20.13 
 I5.71
 
A.I.A. 15.0o;3I7.2V 

N.F. E. 45.63 
 39.35
 

Ca. 
 0.33 
 0.30 

P. 0.84 o. 80 

Rumen Digeeta Digestibility (rylon P-r '"echnique). 

Di-estibility Coefficient= 17.40 
 .
 

'I, .~ ("iv*.'<i',, - Jr7"f' *" 

,',,i)..) -- O vi" 

, - .-­
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