PERPUSTALAAN U IT1 MAI ACL‘3/7)6/
,,,,, ~ g////&op/

DIGESTION OF CELLULOSIC MATERIALS FROM
LOCAL FORAGE (PENNISETUM PURPUREUM)
AND PALM OIL MILL EFFLUENT (POME) BY THE
RUMEN BACTERIAL POPULATION FROM GOAT

BY
MOHD FUAT BIN ABD RAZAK

JABATAN GENETIK DAN BIOLOGI SEL
INSTITUT SAINS BIOLOGI
FAKULTI SAINS
UNIVERSITI MALAYA

Perpustakaan Universiti Malaya
IR
DISSERTATION PRESENTED FOR THE
DEGREE OF MASTER OF SCIENCE
UNIVERSITY MALAYA
= KUALA LUNIPUR L 0%-0%- 2002
(1999) No. Mikrefi \Sﬁh‘

Jumlah Mikrofis.

% ZAHARI
AF|

FEH N UTA
umv SITI\ MAL AYA MA




TO

NUR HANISAH & NUR HAZIRAH



ACKNOWLEDGEMENTS

I would like to express my sincere and utmost

gretitude and thanks to my supervisor, Associate. Prof.

criticisms and encouragement that have enabled the

completion of this research.

I am also indebted to the Dean of Institute for

Fost-graduate Studies and Research, University of Malaya

for allowing me to use the various facilities

the laboratory. I would like to extend my

appreciation to the Manager of Bukit Raijah

tion, Sime Darby Malaysia, for his kindness in

the POME throughout the course of my research and

- -he members of Genetic & Cellular Biology Department,

all their help.

Lest but not least, I also wished to thank my
beloved wife for her help, peatience and encouragement

throughout my research.

This research has been sponsored by IRPA, R&D Vote

4/07/04/50, "Rumen Microbiology" (Ministry of Science,

Technology and Environment, Malaysia) .

m



ABSTRACT

Rumen samples were obtained from goats fed on
Pennisetum purpureum (Rumen Aj, P, purpureum supplemented

bean sprout waste (Rumen B) and P. purpureum

supplemented with palm 0il mill effluent [POME] (Rumen C).
The average total viable bacterie per gram of rumen content
were 1.96 x 108, 1.24 x 10% and 1.10 x 108 for rumen A, B
and C respectively. Bacterial number was lowest in the

veticulum of &ll types of rumen, but was highest in the

rumen A and rumen B and in the

rumer. (o The occurrence of

Tetzl scluble sugar and totel volatile fatty acids

concentrations were highest in rumen B followed by rumen A
and rumen C. However, the concentration of total sol\;\ble
sugar decreased from reticulum to the ventral part of rumen
c. In rumen A and B, although the soluble sugar
concentration was lowest in the ventral part of the rumen,
the highest sugar concentration was in the dorsal-anterior
part of the rumen A and in the ventral part of the rumen B.

However, the distribution of VFA in the different part of
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% znd C was the reverse of the pattern for soluble

suger. In rumen B, VFR concentration decreased from
yeticulum to the dorsel-anterior part of rumen and then
increased tc the ventral part of rumen.

Between the three rumens samples, rumen A showed

cellulolytic activity against grass fibre, POME

re, microcrystalline cellulose and acid-swollen cellulcse
rumen B, and rumen C. In rumen 2 &and rumen C

grass fibre and microcrystalline cellulose was

in the ventral part of rumen whereas the
digestion of acid-swollen cellulose and POME fibre was more

+he dorsal part of rumen. On the contrary, the

grass fibre, microcrystalline cellulose and

POME  fibre wes more active in the dorsal pert c¢f rumen

cf acid-swollen cellulcse was more active

Eleven percent of the cellulolytic Dacteris
isclated from the rumen of goat fed with P. purpureum showed
positive cellulolytic activity against acid-swollen

llulose and microcrystalline cellulose. Ruminococcus
flavefaciens was the most dominant (34.62%) cellulolytic
bacteria isolated followed by Fibrobacter succinogenes
(30.77%), Ruminococcus albus (11.54%), Butyrivibrio
fibrisolvens (11.52%), Eubacterium cellulosolvens (7.69%)
and Clostridium cellobioparum (3.85%). This was in agreement
with general trend for rumen cellulolytic Dbacterial

population. However, the presence of only 6.8t of
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rumen fed with POME as compared to

grass could pe attributed to the different in the nutrient

-wo substrates. Elthough the concentration of
nitrogen-free extract was approximately equal in both
rumens, P. purpureum was characterised by highex fibre
concent (29.40%) compared to POME (16.80%) but POME

cor-zined higher fat, protein and soluble sugar.

POME as medium for growth and

pure cultures of ruminal
bacteria was studied using whole POME, POME

POME extracts added with acid-swollen and

e cellulocse. R. albus, F. succinogenes, R.

cellobioparum &nd B fibrisclvens grew in

POME-bzsed media. However, E. fibrisclvens

in POME extract in the absence of cellulose

the presence of cellulose for

hicher production of extracellular cellulase. . F.
succinogenes showed poor growth and low extracellular

cellulase production in POME or POME-based media.

Fermentation of POME and P. purpureum by rumen
bacterial population from grass-fed goats was studied in a

semi-batch fermentation system simulating the rumen system.

both substrates was rapidly utilised



fcllowed by rapid increase in total rumen becteria, total

acteria and volatile fatty acid concentration.

However, molar ratio of fatty acids and fatty acid
utilisation pattern were different in both systems. The
acetic acid to propionic acid ratio indicated the presence
o active cellulolytic bdcterial population in both systems.
However, the population adapted to grow on P. purpureum were

better in cellulolytic activity against grass fibre, POME

fipre and microcrystalline cellulose, whereas the population




ABSTRAK

Sampel-sampel rumen telah diperolehi dari kambin
¥ g

setum pupureum (Rumen A), P. pupureum yang

kaceng Vigna bertunas (Rumen B),. dan P.

purpureum yang ditambah dengan efluen kilang kelapa sawit
[POME] (Rumen C). Purate Jjumlah bakteria hidup setiap gram
kandungan rumen izlah 1.98 x 10° bagi rumen A, 1.24 x 10
bagi rumen B, dan 1.10 x 10° bagi rumen C. Retikulum kesemua
jenis rumen mengandungi bilangan bakteria terendan, tetapi
anterior dorsal rumen E dan rumen B

dorsal rumen C. Rumen B mengandungi

pakterie selulolitik tertinggi dan rumen C

Jumlar cula larut dan kepekatan asid lemak meruwap
aaz.zh tertinggi dalam kandungan rumen B, diikuti oleh rumen
% dan rumen C. Kepekatan gula larut menurun dari retikulum
ke bahagian ventral rumen C. Walaupun kepekatan gula juga

terendah di bahagian ventral rumen A dan rumen B tetapi

atan gula paling tinggi di bahagian anterior dorsal
vumen R dan di bahagian ventral rumen B. Walau bagaimanapun,

taburan VFZ dalam berbagai bahagian rumen A dan rumen
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perlawanan dari corak taburan kepekatan gula larut

di dalam rumen-rumen tersebut. Dalam rumen B, kepekatan VFA
berkurangan dari retikulum ke bahagian anterior dorsal dan
kemudiannya meningkat c¢i bahagilan ventral rumen.

Diantarz ketigé-tiga rumen, rumen A menunjukkan

selulolitik tertinggi terhadap serabut rumput P.

purpureum, serabut POME, selulosa mikrokristal dan selulosa
kembang-asid. ARktiviti selulotik kandungan rumen B lebih
tinggi dari rumen C. Dalam rumen A dan rumen C, penghazaman
serzbut rumput dan selulosa mikrokristal adalah lebih aktif
di bahagian ventral rumen manakala penghazaman serabut POME

selulosa kembang-zsid lebih aktif di bahagian dorssal

Sebal penghazaman serabut rumput, selulosa

di bahacian

kembang-asid di

dalam rumen B pali cti e vertral.

Hanye sebelas peratus dari bakterie yang
diazsingkan dari rumen kambing yang makan FP.purpureum szhaja
menunjukkan aktiviti selulolitik terhadap selulosa
mixrokristal atau selulosa kembang-asid. Ruminococcus
flavefaciens adalah bakteria selulolitik paling banyak
diasingkan dari rumen ini (34.62%) diikuti oleh Fibrobactel
succinogenes (30.77%), Ruminococcus albus (11.54%),
Butyrivibrio fibrisolvens (11.52¢%), Eubacteriur

cellulosolvens (7.69%) dan Clostridium cellobioparur



Keputusan ini Dbersamaan dengan corak normel

bakteria selulolitik delam = rumern. Walau
bzgaimanapun, peratusan bakteria selulolitik di dalam rumen

kembing yang makan POME lebih réndah iaitu sebanyak €.8% dan

in: adalah disebabkan perbeza

a:

, status nutrien diantara 7.
purpureum dengan POME. ~Wzlaupun kepekatan ektrak bebas-
nitrogen hampir same dalam kedua-dua P. purpureum dan POME,
P. purpureum mengandungai selulosa lebih tinggi kepekatannya
(29.40%) berbanding dengan POME (16.80%). POME pule lebih
tinggi kandungan lemak, protein, dan gula larut berbanding

dengan P. purpureum.

Kesesuazian POME sebagai medium pertumbuhan dan

aktiviti selulolitik

POME atau medium berasaskan POME. Walaupun 3.

dan C. cellobioparum menurjukkan pertunbuhan

lebih baik di dalam kesemua media pertumbuhan berbanding
dengan Dbakteria selulolitik vyang lain tetapi aktiviti
selulolitik kedua-duanya adalah Jjauh lebih rendah dari R.
zlbus dan R. flavefaciens. R. flavefaciens menghasilkan
selulase luar-sel di dalam ektrak POME walaupun dalanm

vetiadaan selulosa manakala R. albus memerlukan kehadirar

bagi menghasilkan selulase luar-sel vyang lebil



panyak. F. succinogenes menunjukkan kadar pertumbuhan dan

selulase luar-sel paling rendah dalam kesemua

penghasi

mediz pertumbuhan.

Fermentasi POME dan P. purpureum oleh populasi
pakteria rumen dari rumen kambing yang makan P. purpureum
telah dikaji dalam sistem fermentasi separa-kelompok yang

menl

U sistem rumen asli. Didapati bahawe gula larut dalam
kedua-duz substrat digunakan secara pantas dan diikuti
dengan pertambahan pantas Silangan jumlah bakteria, bilangan
pakteria selulolitik, dan kepekatan asid lemak meruwap.
Walau bagaimanapun, nisbeh molar asid-asid lemak dan corak
penggunaan semula asid-asid lemak berbeza di dalam sistem
fermentasi POME dengan sistem fermentasi P. purpureum.
Nisbah &asid asetik dengan asid propionik menunjukken
terdapetnys populasi bakterisa selulolitik yang aktif di
dzlam kedua-dus sistem fermentasi. Walau bagaimanapun,
populasi bekteria vang telah menyesuaikan diri hidup
purpureum menunjukkan aktiviti

terhadap serabut P.purpureum,

serabut POME berbanding dengan
populasi Dbakteria yang telah menyesuaikan diri hidup
mengunakan POME. Walau bagaimanapun, populasi bakteria 'yang
teiah menyesuaikan diri hidup menggunakan POME menunjukkan
aktiviti selulolitik yang baik terhadap selulosa kembang-
asid berbanding dengan populasi bakteria yang telah
menyesuaikan diri hidup menggunakan substrat P. purpureum.
Kajian ini menunjukkan terdapatnya perubahan populasi

bakteria setelah tumbuh menggunakan substrat POME.
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