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1. BACKGROUND

The project of upgrading Oil Palm Empty Fruit Bunches to Ruminant Feed by
Radiation Processing, started in December 1987, as a collaboration between the Malaysian
Institute of Nuclear Technology Research (MINT) and the Takasaki Radiation Chemistry
Research Establishment, Japan Atomic Energy Research Institute (JAERI). Originally
planned for five years, the collaboration was extended for another five year in December
1992. An experimental plant was established under the project and commissioned in 1996.
The project has been implemented in stages with the following milestones:

e Micro-organism identification and decontamination
¢ Fermentation

e Nutritionnel evaluation

e By-products

e Techno-economic evaluation

The MINT-JAERI project aims at commercially viable utilization of oil palm wastes
generated by the Malaysian palm oil industry through irradiation and fermentation, to produce
animal feed with a nutritive value higher than that of untreated cellulosic oil palm waste.
According to a study made in 1993, the oil palm waste generated by palm oil factories is
about four times the oil quantity produced. It is estimated that palm oil production will reach
7.75 million tons a year by the year 2000 corresponding to over 30 million tons of oil palm
waste. The utilization of this agro-based waste through upgrading is important also from an
environmental impact control point of view, as the incineration of oil palm waste has been
restricted to reduce air pollution in milling areas.

A similar process is expected to be applied for other similar wastes and by-products
from agro-based industries, particularly in countries with climatic conditions comparable to
those in Malaysia. The regional project “Radiation Processing Applications for Agro-waste”
RAS/8/087 has thus first been introduced in 1999 to demonstrate the technical feasibility of
using radiation processing technology to convert agrowastes into useful products.

Radiation processing has been demonstrated to induce useful changes in organic
materials while addressing environmental pollution. A large quantity of cellulosic agricultural
wastes or by-products (2 billion tonnes of cereal straw, 500 million tonnes of leguminous
crop residues, 200 million tonnes of sugar cane bagasse, 300 million cubic meters of forest
residues) are produced worldwide and those contribute to environmental pollution. These
wastes contain a high level of lignin which animals can not digest. using radiation the lignin
content can be reduced to improve their digestibility thereby upgrading them to useful animal
feed. Inoculating radiation decontaminated agro-wastes with useful micro-organisms and
subsequently increasing their nutritional values by fermentation further improves their quality
as animal feed.

Two Regional Training Courses were organised at the pilot-scale facility at MINT,
Malaysia and several expert missions were arranged to help project counterparts to initiate
implementation works in some of the Member States of the region. The major goal of this
meeting is to discuss all technical, ecconomic and environment related matters on upgrading of
cellulosic agro-wastes into animal feed by radiation processing.



2 PURPOSLE

The meeting was attended by National Project Counterparts of the region who reported
on the work carried out in respective countries. progress achieved and future plans. The
meeting would review and discuss the status of application of radiation processing of
cellulosic agro-waste in the RCA region and make appropriate recommendations for further
action.

3. PARTICIPANTS AND VENUE

The final Project Co-ordinators Meeting on the sub-project “Upgrading of Agricultural
By-products and Cellulosic Waste to Animal Feed by Radiation and Fermentation” was
organized in co-operation with the Malaysian Institute for Nuclear Technology Research
(MINT) at the headquarters of MINT, Malaysia from 5 to 7 November 2001. The meeting
was hosted by Drs. M.R. Awang and K.Z.H.M. Dahlan.

The meeting was attended by 12 scientists from Bangladesh, China, India, Indonesia,
Korea, Malaysia, Pakistan, Philippines (2), Sri Lanka, Thailand. Viet Nam, one expert from
Japan and three observers from host country. The list of participants is given in Annex [.

4. PROGRAMME

The final PCM on ~Upgrading of Agricultural By-products and Cellulosic Waste to
Animal Feed by Radiation and Fermentation”™. was held at MINT. Kajang, Malaysia from 5 to
7 November 2001 and chaired by Dr. M. R. Awang.

The meeting started with the opening speech of Deputy Director General of MINT and
followed by the welcoming remarks of Dr. Khairul Z.H.M. Dahlan. Dr. O. Giiven from the
IAEA gave short information on the objectives of the sub-project and described the activities
implemented under this regional projects and thanked the Malavsian Authorities for hosting
the final PCM on agro-wastes. The meeting was chaired by the Malaysian project co-
ordinator. Dr. M.R. Awang and after the adoption of the Agenda. the meeting continued with
the Country presentations. The Agenda of the meeting is given in Annex II.

The current activities and future plans on upgrading various agro-wastes of cellulosic
origin into value added products such as animal feed and mushrooms were presented and
discussed during the presentation of country reports.



5.

CURRENT ACTIVITIES AND FUTURE PLANS
VIETNAM

Summary

Determination of pasteurization dose of contaminants in fermentation media of
sugarcane bagasse by gamma and EB irradiator.

Inoculation and selection of useful micro-organisms.

Evaluating the quality of fermented sugarcane bagasse based on the cellulosic
material degradation and its proteins content, the in- vitro and in —vivo dry
matter digestibility of products.

Selection of high yield edible mushroom grown on sugarcane bagasse media.

Future plans

Improvement on the fermentation process of sugarcane bagasse by treatment of
useful micro-organisms and bio-activity substances.

Evaluation on the technological and economic feasibility-sugarcane bagasse on
a ptlot scale level.

The transfer of radiation and fermentation technology of agro-wastes to center
for agriculture technology.

SRI LANKA

Stummary

Rice straw could be considered as the major agro-waste in Sri Lanka. Sri Lanka
produces 2.4 mil/ metric tons of rice straw per annum. Rice straw is utilised for
multipurposes. Approximate 30% of rice straw is used as manure for rice- fields
while 40% is used as animal feed especially during the draught periods when
other feeds are scarce. Small amounts of rice straw is used for Bio-gas
generation (3%), mushroom production (2%) etc. Mushroom production is one
of the most promising activity in rural areas. 99% of the mushroom growers are
small scale farmers.

Under the IAEA /RCA project we attempted to upgrade the feeding value of rice
straw by various methods, eg. Irradiation and fermentation. Use of irradiation
was recommended by the project experts. However due to the lack of radiation
facility available in Sri- Lanka, we could not done many work as expected.

In our first study rice straw was treated with urea (1%. 4%,8%) with and without
steam treatment. Results showed that 8% urea & steam treated straw had the
highest crude protein and dry matter and organic matter digestibility. It was also
evident that 8% wurea & steam treatment decreased the ADF, NDF ADL,
cellulose and hemicellulose contents.

In our second experiment, it was evident that pasteurisation & fermentation,
autoclaving & fermentation, irradiation and fermentation could further improve
the nutritive value of rice straw. Irradiation and fermentation could be the best
way of increasing the nutritive value.



Future Plais

e Use other strains of fungus — eg. Pleurotus sajo-caju to improve the feeding
value of rice straw.
¢ Conduct animal feeding studies.
e Make pelleted supplementary feed for small ruminants/herbivours  (goats,
rabbit).
e Use of irradiation and fermentations and other chemical and physical methods to
improve the feeding value of sugarcane bagasse.
KOREA
Swmmary

Kinds of usefulness of agro-wastes (after mushroom cultivation)

antitumorigenisity

peastem elongation activity

glyceollin elicitation activity

include nutrients as animal feed ( total energy. vitamins and minerals in cultured
media)

Radiation mutation (to develop newly efficient mushroom fungi)

developed several mutants which have high activity of ligninase.

Future plan

I. Development of newly efficient mushroom fungi by radiation
mutation.(cellulolvtic. ligninolytic, xylonolyvtic. benefficial biactive material
producing mutants etc.)

2. Development of tailored mutants by genetic engineering,

CHINA
Summary.

l. Pleurotus Ostreatus, Agaricus bispolis and Volvarielle volvaacea were selected
to ferment rice straw substrate for their high level of degrading rice straw
capability.

2. The optimum media for P. ostreatus, A. bisporlis and V. volvaacea culture
respectively were determined through assaving different nitrogen and other
components

3. The dosage of 10 kGy gamma rays irradiation was considered to be the opttmum
dosage for sterilization of rice straw media.

4 The rice straw was considered to be useful for fungi culture conveniently to
harvest fruit- body.

5.

The animal feed was produced by fungi fermentation of rice straw since a great
deal of phytic acid existed in rice straw which obstacle the phosphor



assimilation. We are carrying out experiment by combining Aspergilus ficuum a
phytase production filamentous fungi with V. volvaacea to increase the
assimilation ratio of animal feed produced in rice straw fermentation.

6. Though the production of fruit- body of V. volacea sterilised by high
temperature plus high pressure was nearly twice than by irradiation. The
mycelial growth in this two treatment was not varieties (result not show),
therefore in conversion of rice straw fungus mass, the irradiation sterilization
processing could be considered to be a practicable sterilization method.

7. Production of Pleurotus ostreatus 97211 using rice straw instead of cotton seed
was similar with P. ostreatus.

Future Plan.

1. Selecting fungi straws from collecting straws continuously to obtain the best
strain which could degrade cellulose and lignin in rice straw effectively.

2. Carrying out expanded experiments effectively in Gaochun country, Jingsu
Province, China.

PHILLIPPINES
Summary

The project has generated considerable success in term of conversion of sugarcane
wastes (bagasse and mud press) into useful products like substrate for mushroom and as
supplemental feeds for ruminants. Initially, study on the determination of dose was conducted
and has shown that a dose of 15 kGy is sufficient for pasteurization of the microbial
contaminants. The crude fiber content in residual substrates after mushroom production was
5% as against 34% in the unfermented materials. An increase in the protein content in the
unfermented and fermented substrates from 2.6 to 6.6%, respectively was noted. It was
further noted that lignin contents of the unfermented samples is about 28% as compared to
17% in the irradiated and fermented lots.

Production of edible mushroom using P.sajur caju as seed material from the irradiated
and fermented sugarcane bagasse showed encouraging results. After one month inoculation of
mushroom spores a considerable yield of mushroom (109 g.per bag) in the irradiated lots as
against steamed lots (95 g/bag) was observed. Hence, the biological efficiency of the growth
of mushroom was higher (52%) in the trradiated samples compared to steamed bags which is
about 45%.

The in-vitro degradable analysis of the fermented samples have shown increase in
values (24%) compared to 19% in the unfermented bags. Metabolizable energy in the
irradiated and unfermented samples is considered high 27% compared to ground substrate
which 1s about 2%. The in-vivo test on six ruminants have shown acceptability of the
upgraded materials by the animals and increase in weight of the ruminants. Cost benefit study
for the production of mushroom coupled with the use of spent bags as supplemental feed
indicates viability of the irradiation and fermentation processes.



INDIA

Sununary

In India work was initiated on converting sugarcane bagasse a cellulosic agro-waste o
useful animal feed by radiation processing after the training course held at MINT (12-16
April 1999).

In the last two years extensive work has been carried in this direction. A gamma
radiation dose of 15 kGy was standardised for growing gray oyster mushroom using P.sajor
caju strain. The B.E of 55-60% was achieved in a period of 4 weeks. It was seen that B.E is
about 20% more where has required is 20 % less by radiation method in comparison to
conventional methods of growing.

The sugarcane base bagasse from which mushroom has been harvested is presently
being evaluated for its fitness for animal feed. The suitability is being checked in
collaboration with Mumbai, Veterinary College.

The economic analysis assuming that only additional input is in the form of irradiation
cost & output is presently mushroom it was seen that mushroom production by this method
should be economical also the EB treatment will be more efficient than gamma processing of
bagasse.

Future Plans

Future plan include demonstrating the growing of mushroom to rural population vis-vis
conventional way of growing mushroom. To include some economical chemical treatment
with usual lime treatment to handle the lignin content of locally generated sugarcane bagasse
to increase its digestibility. Once the leftover from mushroom harvest is established for
animal feed to monitor the weight profiles and milk capacity of the ruminants for at least 6
month.

INDONESIA

The use of agro-waste and agricultural by-product has been developed for animals
(ruminant, fish) and mushroom cultivation. The biological evaluation and nutrient content
using radioisotope technique (32p) and neutron activity analysis. The result indicated that
cow offered by feed supplement, the microbial protein svathesis in rumen was higher than
control. It was 26.15 and 25.4 mg/100ml/h compared to 18.95 mg/100ml/h (Sasangko, 2001).
The feed supplement consist of two formulas. there are sovbean meal and soy sauce waste as
protein sources. The study of feed supplement on pilot farm in central Java indicated the live
weight gain of cross breed of male cow Fresh Holtein increased 0.79 and 0.78 kg/head/day
compared 1o 0.5 kg/head/day to increase farmer income.

Crude palm oil residue (sludge) is contaminated by pathogenic bacteria. They were
irradiated with 6 kGy dose and will be used as feed supplement to make fish feed formula.
Protein. carbohvdrate, mineral. vitamin sources were mixed with the above teed supplement.
It is called irradiated palm oil residue (sludge) pellet. The pellet has been applied to several of
fishes and the result — irradiated sludge palm oil waste pellet and commercial pellet (2:1)
were more efficient as fish feeding compared to commercial pellets (Jenny, 2001).



Some agro-waste were useful for growing the fungi or mould. The sterilization of
pathogenic micro-organism and contaminant needs the doses of 20-30 kGy. It is important
role for getting the potential increased the digestibility of crude fiber. Fungi/mould growth
rate will be stimulated when they are further irradiated with dose 0.25-1.5 kGy.

Up-grading of cellulosic agriculture waste has been carried out in Indonesia for instance
sawdust, oil palm empty bunches and rice husk can be used as growth media for mushroom
cultivation. Other research found the possibility of using crude palm oil (residue) waste for
fish feed. High quality food supplement found BATAN, urea molasses, multinutrient block
used soybean sauce waste and soybean meal were proven to increase cow weight gain.

Future plan.

e Continue with the research of combining treatment with irradiation process and
fermentation activities process in agro-waste utilization as animal feed
(ruminant and fish).

e Conducting waste research from fishery or seafood by —product such as fish
meal, shrimp waste, fish waste and shell waste which also potential for animal
feed (ruminant and fish).

¢ Irradiation process of Agricultural waste techno-economic study.

THAILAND

Summary

The effect of radiation pasteurization of rice straw, water hyacinth, Paragrass and
trimmed Manila grass and fermentation using straw mushroom (Volvariella volvacea) were
studied for upgrading of agro-wastes. Total bacterial count and total fungal count in all
samples were reduced to 3-5 log cycles and 6 log cycles by 10 kGy irradiation, respectively.
At a dose of 10 kGy, coliforms were below the detectable level. To eliminate the pathogens,
the pasteurization dose was established at 10 kGy according to the absence of coliforms. The
doses used for inactivation of fecal coliforms were ranged from 5 to 9 kGy depended on type
of substrates. A dose of 5 kGy was sufficient to inactivate E. coli. Comparative productivity
of straw mushroom cultivation with various substrates decontaminated by heat and radiation
was found that there was no significance between each substrate for each treatment. For the
same substrate, there was no significance between radiation and heat. According to our
results, it was observed that radiation treatment enhanced faster fruiting bodies than heat
treatment for 1-2 days.

The substrate residue after straw mushroom harvesting was used as bio-fertilizer for
growing Kang Kong. More production was observed on soil with substrate residue than on

control. Substrate residue treated by radiation gave more production than those treated by
heat.

Future Plan

. Drradiation of Agro-wastes to Produce Pure Mother Spawn of Straw:

2. Mushroom Promotion of The Use of Substrate Residues as Biotertilizer



lrradiation of Agro-wastes to Produce Pure Mother Spawn of Straw Mushroom.

Objective:

I. To select the cheaper raw material such us soybean seed pod, ground nut seed
pod. cotton waste, kapok waste for production of pure mother spawn for straw
mushroom cultivation

To observe the comparative efficiency of spawn cultivation on irradiated and
heated substrates.

2.

Promotion of The Use of Substrate Residues as Biofertilizer
Objective:

To enhance more use of substrate residue from straw mushroom cultivation among
local farmers by way of a national seminar or field demonstration.

I. Fellowship as scientists exchange among RCA member countries.

2. Expert to give lectures in a national seminar and to consult with people in

related area.
BANGLADESH

Sununary

Huge quantities of rice straw and sugar cane bagasse are produced every year in the
world of which quite a large amount is produced in Bangladesh alone. It can be one of the
major animal feed sources in developing countries like Bangladesh if some fermentation
process is applied. Our survey indicated that 12.00. 26.25. 0.04, 0.34, 1.27 and 1.27 million
tons of sugar cane bagasse. rice straw, maize-barley straw. wheat straw. rice bran, jute stick
respectively are available per anum in Bangladesh.

A study was undertaken to develop a production system to produce cattle feeds from
sugar cane bagasse and rice straw by increasing the nutritional quality due to fermentation by
various kinds of mushroom fungi. Pre-treatment by lime seems to be a better option than
alkali because, with alkali treatment, added time and cost is needed for removal of the alkali.
The results indicated that rice straw is fermented faster than sugar cane bagasse. Complete
solid state fermentation was attained after 8 weeks of incubation. Upgraded animal feed thus
obtained was made into pellet. There was an increase in soluble and crude protein contents of
the upgraded animal feed. The aflatoxin level in fermented rice straw and sugar cane bagasse
after irradiation was well below the FAO recommended maximum acceptable limit of 30
ne/ke. A scale up fermentation using three different sizes of fermentation polythene bags ¢.g.
500 gm. | kg and 5 kg/bag at ambient temperature showed 500 em and I kg/bag were both
equallv good for complete fermentation which were achieved around 8 to 10 weeks of
incubation time. Bangladesh Livestock Research Institute 13 convinced with the programme
and is very cager to go for a scale up production system, where they can do the animal feeding
trials and can really check the nutritional improvement of the cattle.



Future programme

Further study will be needed to determine the long term effect on livestock, as long as
the technology for producing this feed is economically feasible (collection, processing etc).
After detailed techno-economic evaluation, if this turns out to be viable then there will be a
tremendous potential for the utilization of sugar cane bagasse and rice straw in the feeding
system of ruminants due to the large amount of these agro-waste available in the country. To
achieve this goal we have already made contacts with the Bangladesh Livestock Research
Institute. They are convinced with the programme and are very eager to go for a scale up
production system, where they can do the animal feeding trials and can really check the
nutritional improvement of the cattle.

PAKISTAN

The project work on the utilisation of begasse and animal feed by application of
radaiation was undertaken by PINSTECH, Pakistan in early 2000 since than fairly successful
results have been obtained on the work of bagasse. For instance, using a combination of
fermentation and radiation the level of lignin content in bagasse smalls were reduced to about
half the value of its original content. From 13.6% to about 6%. This amount is sufficiently
low to be easily digested by the ruminants. Furthermore, both chemical as well as photo
spectroscopic (UV) methods have been developed in order to determine the amount of lignin
present in the begasse samples. The absorption at 280 nm is used as the identify criteria for
the presence of lignin in the samples. The pure lignin absorption vs its concentration is used
as the standard against which the concentration of samples can be determined.

Future plans:

. To improve upon the method of characterisation of lignin in the bagasse
samples.
2. To find a fool-proof method of lignin analysis by spectrophotometry.

MALAYSIA
Project status

Established experimental procedure for processing of oil palm empty fruit bunch to
animal feed. Conducted preliminary economic evaluation. Currently, on trial run at the
experimental plant to produce 50,000 ton of feed for feeding trial. Actual operation data and
economic viability for production of feed can be established upon completion of this feed
production. The feeding trial in collaboration of Department of Veterinary Service (o be
completed by August 2002.

Future Plan

Currently, effort being made establish link  with the end used for feed
commercialisation. Upon agreement achieved. MINT plan to conduct studies on actual pilot
plant economic assessment, at the scale ol 30.000 ton / yeuar production capacity. These
include activities toward commercialisation of feed products: market development etc.






