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ABSTRACT

The purpose of this study was to isolate cellulolytic and hemicellulolytic anaerobic bacteria inhabiting
from gut of ruminants and investigate their hydrolytic enzyme activities. Extracellular CMCase activities of
H-strains isolated from the rumen of a Holstein dairy cow were higher than those of D- and DC- strains
from the rumen and large intestine of Korean spotted deer. Most isolated bacteria utilized more efficiently
Dehority's artificial medium containing starch, glucose and cellobiose (DAS) than those in Dehority's
artificial medium containing cellulose only (DAC). The results of biochemical reactions and sugar
fermentation indicated that the isolated bacteria belong to one of bacterial strains of Peptostreptococcus spp.,
Bifidobacterium spp., Prevotela ruminicola/buccae, Clostridium beijer/butyricum and Streptococcus intermedis
which are not highly cellulolytic. Activities of Avicelase, xylanase, B-D-glucosidase, a-L-arabinofuranosidase
and B-xylosidase of the isolated anaerobic bacteria in DAS were higher than those in DAC. In conclusion,
the results indicated the higher enzyme activities of the isolated strains cultured in DAS medium were
mainly caused by their specific carbohydrate utilization for enzyme production and growth rate. The highly
cellulolytic bacteria were not isolated in the present experiment. Thus further research is required to
investigate characteristics of gut bacteria from Korean spotted deer.

(Key words : Anaerobic bacteria, Enzyme, Korean spotted deer, Holstein cow)

I. A £ StreptococcusE F oAl FolA] WA oidte]

] Azks Adlsleler (Duval-Iflah 5, 1998),
O AREH AL Q= FAEA] Y-S PAEHTHAHIE ARSE AL 9= Aspergillus
DgFEEY g% viYEo] 4 oryzae, Saccharomyces cerevisiaeE Zlo Al F
FolEo] AJFEHAY HAAS AREslal ok oAl AE, V18, a5 4gkEo]
ol UAEAAE F Lactobacillus bulgaricus®t  FA dd A= et (Gomez-Alarcon,

A7 FR-E
k-

A2 Bl

Corresponding author : Chang-Hyun Kim, Department of Animal Life and Resources, College of Agricultural and
Life Science, Hankyong National University, Anseung, 456-749, Korea.
Tel : 82-31-670-5095, Fax : 82-31-671-5091, E-mail : kimch@hknu.ac.kr

- 77 —



Park et al. ; Anaerobic Bacteria from Gut of Cows and Deer

1991; Newbold 5, 1995). o]Qjof] AlZH A=
Al HEEEIEEE 2Ee wgelE elA v
shols o BRI RAESTE SUbsk o,
W] pHO| b3l UL askEo] 7t
sk A FAEo] Folxl B ow YERTH (Lee
5, 2000). 1Ely stHo = wAEA A H
7W7b '] AskE el dFS A Fe
th= A A3 E Bu%al 9t} (Martind} Nisbet,

] WSS A7 sFAEE FE AL
S0} WkE9) whgo) BEolyogRE o W
2 g AWEA 55 7ML vk aeER
oy gt AMFERSIME A AR &
|55 F7M7I0] el ARES a9
o= Fasta w59 HaE oHgsialz|EA,
W59 mAEe] v FARRS ST 5
A= HAEA AL o] Hasitt ole}
& AL WEEY] YEME TRuQYES o

sto] 71 o] 87 EAS dolrE A
AAZAY 282 =Y = IS A
Ak a8 2 49 EHe A
HEESYo] EAEe ¢4

shal AA o= o]87bs
th mEgk HAEA AR digh Ak et
HHE AFES o] Ho AR (F 5
2002; 7 &, 2002) ZARFS] w9 9 A
nAES i3t Ate A fle Aol
el HulelA] olw] ATt Ho] Qe g
L abeEe] mEESloA mAES EEske A
HUb= HE 225 Eo|X|q 2 Aol A Z}o]7
A= FAREY AdlelA] gk A w8l
nAES BT = e 7ol IS AL
2 A4E 2 ATE i) s
oA &7 wtdgotE: FElskal &
3 e, Asiet 9 gt &

sholch 1Elar ddie] Ui AMSEE NE
52 AAAA AAse ARdde g,

o N mE ol lo & orr

o
=

Y HE B o2 oz off i o

o

o)

S Fish 2ol AR Wol Fidh:
ARE AATORM, G pHIE Askslel

W cellulase #¥] H5E52 ASo] JA =,
2370 Be Fels dog|e Hor I
ZTHMould %5, 1983; Slyter, 1976). L&A o©]
23k Atz EAoA 1 aheEels A
Wtz AR Afae g e &
E4& Akl

o.Mz % Y

1 gESEel HEelet ESRRE Y|
A wezlote 2|

>,
ST

%9, dly o?
-
4
il
of{
>~

IANEER W9 A7t &
580 kg©] Holstein 7179~ 252}
R, FAEES] AFSH

. =
x

M
ol

I R L G - R
By 2 2> ot e
il
w
<l
R

RS
u
= ii: AL b
i
rlo
off
o
>
aul
to
fo
%

2
i)
ol
i)
ol
e
ol
2
32

o
S}E-2 Leedle =} Hespell (1980)2] Wi o2
g T COE FxIsh 4339] gauze® o3}
skl FAIAEE ARSI

AHEF TAAMEE ARd 23l e okE
28317 918k Enrichment 71'H< S=al&}gic).
Dehority's artificial(DA) medium (Dehority, 1963)<]
a2 ball-milled filter paper(sigmacell)
2 giAlste] dEuiAE FHlste] FAAEE
HEsto] v HollA Afadalant A%

sHe 2~39 ot AUIdE AAE & vl
&S Bryanto} Burkey(1953)°] el o] &}o]

7] 3]4Jul|X](anaerobic dilution solution)E
Hlsolal, AIsMRow slAste] FFoo

2 o) &sth AFN 1mlS 2.0%2] agar’}



Park et al. ;

¥ DA medium(DAS)©.Z roll tubeol] = A
70 5o 39T o] wig7IelA 2~7L3E Hlgato]
colonyE w25k, roll tube ol FHAH
colonyZ  anaerobic gassing system= ©]-&3}o]
Hungate(1966)2} Holdman(1977)2] HHol 2]}
of drFew &g e eelnh &Eed 7
strain®] S D= AR HP—rH‘ﬂW el e
714 dHeElolE SEabe, DC= AEe] WA
old gk @714 wEEeolE *“OPL’ =
Holstein 2149 wkE9Qlo| A Eajst 7|4 1t
gElotz yepillth 2 AFoA s WEEEo
w9 ok Aol A @718 dtelRlolE elst
of el @714 dElEobe] agar WiA| Al
2] colony2] form, margin, elevation, color®} size

2AbsST,

l[‘or

d

N
I
]
i
e
N

%

screening=

#7143 utrelg]olES DA mediumel A
= FAskd Ad HH‘*@W‘:} Aras
A3 HE}O% DAS Hj#]2} cellulose
= % 3= DAC HiA| ol A
AlZE st vl el A

3 = THEANOT ARSI &
25 vregolE A el wef Adst]
e Hia B3l a2 (C arboxymethylcelulase,
CMCase) =& SAsto] Afd s =
AFeRSiTt. CMCase®] €22 Miller “5(1960)°]
Wil o8l =it

3. MekE UlY dEE|ofel detsty 3
ges 54

Autgl &7)4 ukgglole] sl W whalg
548 ZAFs7] 918kl API 20A(Biomerieux,
REF 20 300)2 o]&-3}ir}.

Anaerobic Bacteria from Gut of Cows and Deer

E A8 Ad widS skl kRl
a0 29 543k 9iske]l DASS DACY
T 7pxe] wHol A Zh Re] 2 AUk ute e
oFE 48A7 Bt MR T el
oMoz AL

U Wall @42 Avicelase, xylanaset= Miller
5(1960)2] W ow &S =AE Tl Alpha-
L-arabinofuranosidase, [-D-glucosidase % [-D-
xylosidase®} 22 ©dF Haf 549 4 =
A& Kohchi®} Tohe(1986)2] "ol ule} 4233
HAth 524 24 d9uni)e 17 FF 1
mol®] pNPe] A/deko s ghitate] FA|akgith

Fot Zak

w248 FAS 8 A4 o 7 3o R
HjFslolar 7h vk o oukE o g 7k whE kel
aageEs Bt B Age) Axg
ozl ztFe thE FAAElE= SAS(Statistical

Analysis System, 1996) package2] GLM(General
Linear Model)= ©]-&3dte] {4k 415 A &
G A HZE Aol Duncan?] multiple
range test= 25~ 95% A1 AT
- il =N S
1. Holstein A2} BALS9| Hi
EEH 22 #@7|d dig
ey 3 £

PEeiet iz
H2{ote| colony

Holstein 2149 W92 5 40¢F, 24
W91 REE 66w 2 O RFH 137
= E313aL Table 13} Table 29 Z+ colony
A4 545 WeEhNATh Holstein 240l
a5 €714 delglole] colonys XE(size)
1~20 mme] Alo]iar tiF-io] 2~3mme]
74< YeRAtk 22 colony2] 3 Ei(form)
it Ao FEgith H-10, 17, 19, 20,
22, 24, 28, 29, 32, 35, B H-38 F¢ #E5E2
Aol oflal BHE 5o EqrET FEHE
#EHAY 53] H-34 5= colony7} Ho
2 WA= spreading?] S WAt -
o] colonys HH3I mfom AAsA oL}
H-22, 23 % H—24£f-8— EE3HA agar wiA

AR <K elevation) =

rlrmg_*_ﬁ-bug

- 79 —



Park et al. ; Anaerobic Bacteria from Gut of Cows and Deer

Table 1. Growth characteristics of strains isolated from the rumen of Holstein cows on Dehority's
artificial agar medium

Colony appearance

Strains - - -
Form Elevation Margin Color Size(mm)

HY-1 Circular Flat Entire White 2
H- 2 Circular Flat Undulate White 1
H- 3 Circular Flat Entire White 3
H- 4 Circular Flat Entire Variable 25~3
H-5 Circular Flat Entire White 2
H- 6 Circular Flat Entire Variable 2
H- 7 Circular Flat Entire White 2.2
H- 8 Circular Flat Entire Variable 25
H- 9 Circular Flat Entire White 5
H-10 Irregular Flat Entire White 2
H-11 Circular Flat Entire Variable 3
H-12 Circular Flat Entire White 5
H-13 Circular Flat Undulate White 15
H-14 Circular Flat Undulate White 5
H-15 Circular Flat Entire White 2
H-16 Circular Flat Entire White 1
H-17 Irregular Flat Entire Yellow 25
H-18 Circular Flat Entire White 1
H-19 Irregular Flat Undulate White 2
H-20 Irregular Flat Undulate Yellow 25
H-21 Circular Flat Entire White 15
H-22 Irregular Convex Undulate White 5
H-23 Circular Convex Entire White 3
H-24 Irregular Convex Undulate White 6
H-25 Circular Flat Entire White 3
H-26 Circular Flat Entire Yellow in white 3
H-27 Circular Flat Filamentous White 6
H-28 Irregular Flat Filamentous White 10
H-29 Irregular Flat Undulate White 20
H-30 Circular Flat Entire White 3
H-31 Circular Flat Entire White 1
H-32 Irregular Flat Undulate White 5
H-33 Circular Flat Entire White 1
H-34 Spreading Flat Undulate White 3
H-35 Irregular Flat Undulate White 5
H-36 Circular Flat Entire White 2
H-37 Circular Flat Entire White 3
H-38 Circular Flat Entire White 2
H-39 Irregular Flat Undulate White 10
H-40 Circular Flat Entire White 2

Y H : Bacteria from the rumen of Holstein cows.
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Table 2. Growth characteristics of strains isolated from the rumen of a Korean spotted deer

on Dehority's artificial agar medium

Colony appearance

Strains - - -
Form Elevation Margin Color Size(mm)

DY -1 Circular Flat Entire White 1
D- 2 Circular Flat Entire White 1
D- 3 Circular Flat Entire White 1
D- 4 Circular Flat Entire White 1
D- 5 Circular Flat Entire White 1
D- 6 Circular Flat Entire White 1
D-7 Circular Flat Entire White 1
D- 8 Circular Flat Entire White 1
D- 9 Circular Flat Entire White 1
D-10 Circular Flat Entire White 1
D-11 Circular Flat Entire White 2
D-12 Circular Flat Entire White 1
D-13 Circular Flat Entire White 1
D-14 Circular Flat Entire White 1
D-15 Circular Flat Entire White 1
D-16 Circular Flat Entire White 1
D-17 Circular Flat Entire White 1
D-18 Circular Flat Entire White 1
D-20 Circular Flat Entire White 1
D-21 Circular Flat Entire White 2
D-22 Irregular Flat Undulate White 1
D-24 Circular Flat Entire White 1
D-25 Circular Flat Entire White 1
D-26 Circular Flat Entire White 1
D-27 Circular Flat Entire White 1
D-28 Circular Flat Entire White 1
D-30 Circular Flat Entire White 1
D-31 Circular Flat Entire Variable 2
D-32 Circular Flat Entire White 1
D-33 Circular Flat Entire White 1
D-34 Circular Flat Entire White 1

Y D : Bacteria from the rumen of the Deer.
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Table 3. Extracellular CMCase activity(glucose
umole/ml/min) of H-strains isolated
from the rumen of Holstein cows and
cultured on Dehority's artificial me-
dium containing starch, glucose and
cellobiose, or cellulose only as carbo-
hydrate sources

No. of CMCase activity

Strains DAS" DAC?
HY -1 32.55% 9.00°
H- 4 94.13" 67.88™
H- 5 74.17% 67.36™
H- 6 18.55° 53.21™
H- 7 98.54° 51.49°
H- 9 90.84™ 64.59™
H-10 84.06™ 51.80™
H-11 38.08" 58.04™
H-12 64.33° 56.68™
H-14 100.17° 65.82™
H-15 79.02°* 99.19°
H-17 31.08 59.73"
H-18 123.18° 75.29
H-21 4341 60.63™
SEM 6.0018 3.7754

Y DAS Dehority's artificial medium containing

starch, glucose and cellobiose.
2 DAC : Dehority's artificial
cellulose.
9 H : Bacteria from the rumen of Holstein cows.
SEM : Standard error of mean.
abed Means in the same column with different
superscripts differ(p<0.05).

medium  containing
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Table 4. Extracellular CMCase activity(glucose
umole/ml/min) of D- and DC-strains
isolated from the rumen and cecum
of Korean spotted deer and cultured
on Dehority's artificial medium con-
taining starch, glucose and cello-
biose, or cellulose only as carbohy-
drate sources

No. of CMCase activity
Strain DASY DAC?
DY- 1 1.18° 7.13™
D- 4 2.42%1 8.22%°
D -13 3,497 7.82%"
D -18 4.67% 6.84°
D -24 2,197 0.09°
D -30 4.31°° 9.29°
D -34 3.67° 8.85%
D -56 1.34" 8.61™
D -58 8.86° 8.39™"
D -60 5.03° 7.68%°
D -65 12.68° 7.02%
DCY -1 3.61° 8.39™"
DC- 3 3.70% 7.91%¢
DC- 7 3.04%f0 7.31%
SEM 0.5828 0.4260

Y DAS : Dehority's artificial medium with starch,
glucose and cellobiose.

2 DAC : Dehority's artificial medium containing
cellulose.

% D : Bacterium from the rumen of the Deer.

9 DC : Bacterium from the cecum of the Deer.

SEM : Standard error of mean.

abedefd Means in the same column with different
superscripts differ(p<0.05).
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Table 5. Biochemical reactions and sugar fermentation by the selected strains isolated from
the gut of Holstein cows and Korean spotted deer

No. of Strains

fems D’-% D-58 D6 DC?-3 H'-1 H-4 H-5 H-6 H-7 H-9 H-10 H-11 H-12 H-14 H-15 H-17 H-18 H-2.
Indol -
Urea - - - - - - - = - - - = - - - = = =
Glucose 2+ o+ -+ o+ - -+ o+ = = = =4
Mannitol + - + o+ - - — — + - - - + = - - — %
Lactose + + + + 4+ - 4+ + + - - + + - - = — 4+
Saccharose + 0+ o+ o+ o+ = o+ o+ o+ = = = = = = = =+
Maltose + + + + + - + + + - - = + = = = — %
Salicin + + + + + — 4+ + + - — — 4+ - — — — %
Xylose + - + + 4+ - — + + - - - + - - — — 4
Arabinose + - + + 4+ - — + + - - - + - - — — %
Gelatin - - - - — 4+ 4+ — + + + + + + + - + -
Esculin + + + 4+ o+ + 4+ 4+ + - - + o+ o+ o+ - o+ -
Glycerol + - + + - - - — 4+ - — 4+ 4+ - - - — 4+
Cellobiose + + + + + — — + 4+ — — + + - — — — %
Mannose + + o+ + T
Melezitose + - + - - - - -+ - - - % = - - - 4
Raffinose + O+ + o+ o+ = - - 4+ = = - 4+ = = = =
Sorbitol + - o+ - - - - -y - = - == = =
Rhamnose + - -+ - - -+ - = - - = = = =
Trehalose + O+ o+ o+ = = = =+ = = = = = = = =¥
Catalase - - - - - - - - - - = -y == ===
Gram reaction — + — — — + ND — — + + ND ND + + o+ =
Cocci - + - - - + 4+ - - 4+ + + + + + + + -
Y D : Bacterium from the rumen of the Deer. 2 DC : Bacterium from the cecum of the Deer.

® H : Bacterium from the rumen of Holstein cows. 9 — ¢ negative.

% + : positive. % ND : not detected.
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FoAM = A %2 Peptococcus niger
7FsAdo] ko, H-17-2 Peptostreptococcus
indolicus® 7}s/do] =ttt D-56, D—65, H-
7 2 H-212 Bifidobacterium spp. & 7FsAl
JE HowE BAth H-1 2 H-62 Prevotela.
ruminicola®} P. ruminocolar/buccae® 57g0] <A
i, 54% Prevotelaz 52 gelating 35kl
AN e FES g A3z Ho}
7122] P. ruminicola®t= the 5418 vehlo] 1
< Prevotela <ol &34 R T2 £2] 7Y Ao
2} Azt ). DC -3 Clostridium beijer/butyricum
o2 FATE S, D-582 Streptococcus intermedis
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I
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Mool M2 1% o o

2 4%k & sHAY e 714 v
golE tiiito] HF AFAE Ealehe oY
of AR Afra EalHo]l =4 & Wl
It} Fiberobacter succinogen, R. flavefaciens <}
R. albus¢} #22 Feg Afia 8 a4 &
=2 eFkem, gk FAIE 189 TE T T
Tr(cocci)©] 113F5= Hungate (1966)7} =3 st
HE9dle] s 8l HElEolES 1ol
o EAgTaL g Ak Aoz Ak &

2

AN B3] Wo] 2% Peptostreptococci 5
o] whegjol= T2 o]l HE5ES] REE9]oA
WA o H(Bryant 5, 1958; Jayne-Williams,
1979), SEUolE sk e olR e
ST §lo] ofu|i=Abol A C-sources &
kol tiabel = ol vbE|E|o} o|tHPaster 5,
1993). 1HEE o] 50| $HAoRE Wo] &
g olf= E AFAA RS A Eal
weglol el B YAl o]-8%¥ Dehority's
artificial medium(Dehority, 1963)2] ZHAFH
© =2 acid-hydrolyzed caseing ©]&3le] A-f
welrrEe e st 3 skl
o2 A7tHE

=R

atef2fotel JieEal gL

A= s 5420 Avicelase, xylanase, B-D-
glucosidase, a-L-arabinofuranosidase %! [3-xylosidase
o] 489S Table 69F 79 YERATE DAC
Hizloll thal] ZEARGelA EelE v eolE e
e aae] €9 wwsto] Table 7ol
AABHA] ekt Avicelase®] 4] A3} DAS
Hj Aol A Avicelaseo] &2 FH | 2.28014
3l 42.28 pmole/ml/min7}A] EXE3}¢1a I
H-147} f94(p<0.05)o2 a4 o] 713
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Xylanase 2] Z3} DAS HjAolA wjdd &
% H-18°] 398 pmole/ml/min ©.& -2]4](p<0.05)
o= 7P &eo] Eoth we H-18E U=
gxak H-12, H-14 2 H-15% 300 pmole
Iml/min ©]’Fo 2 FA FAHHJAo F27
ol B fro Al Apol= gl th(p>0.05).
DAC Hx|o| A nlde #E5 & H-57} 328.16
pmole/ml/min®. 2 xylanase &4 o] H-49}
H-11& Alelstal Fojd oz 7P A4 54
¥ ATHp<0.05). Beta-D-glucosidase2] &= o] =
AME L DAS B Aol A Bl FE T H-19]
127 pNP pmole/mi/mino.2 fo]doz g4 &

go] 7P %% (p<0.05), H-1 Hrje= 2
Ao IAuKp<0.05) H-6% U2 w53} H
WSS wl ma o] E:9th DAC HiA el
A e S T Heol frelHes g4 gy
o] 7F¢ A 4ol = UtHp<0.05). Alpha-L-
arabinofuranosidase2] &3 ZA3} DAS HjX] ol A
HiFE 5 F H-1°] 122.92 pNP pmole/ml/
mine. 2 9% (p<0.05) .2 &4 o] 713
=34t DAC wiAlol A wigE #E T H-69]
7354 pNP pmole/ml/minz  -f2] 2 (p<0.05) O
7Hg =& 288 BSlth B-D-xylosidaseo] &
2 ZA3} DAS iAo A vSE HFE T H-19]

Table 6. Extracellular Avicelase(glucose umole/ml/min), xylanase(xylose pmole/ml/min),
B-D- glucosidase(pNP" pmole/ml/min), a-L-arabinofuranosidase (pNP upmole/
ml/min) and B-D- xylosidase (pNP pmole/ml/min) enzyme activities of identified
strains cultured on Dehority's artificial medium containing starch, cellobiose
and glucose as carbohydrate sources

No. of Extracellular enzyme (DASZ) medium)

Strains Avicelase Xylanase B-D-glucosidase  a-L-arabinofuranosidase  [3-D-xylosidase
DY - 56 4.16" 20.41f 17.74% 23,220 21.15%f0
D -58 5.389" 19.34' 17.00" 21,090 24.97%
D - 65 5.40%" 18.92' 20.33% 26.32" 28.61™
DcY-3 2.82" 33.97' 16.81" 24.77% 26.01°
HY -1 3.97" 40.44' 127.88° 122.92° 388.51°
H- 4 23.87% 333.13° 65.03% 22 571 9.89'
H-5 24.64% 274.22%f 60.52° 20.83°0¢fon 13.15™
H-6 7.31%" 96.92" 118.33° 30.73° 30.36"
H-7 20.98¢ 246.58" 70.42% 19.27¢fon 11.88“__
H-9 9.29™ 282.13% 66.08% 23.61°% 16.239"k
H - 10 12.13 261.24% 65.56% 20.49°%fo" 22.03%
H-11 5.20%" 230.23° 39.349 17.19°7N 15.51"k
H- 12 16.09° 346.16™ 31.53" 23.26°de_f_ 19.31“9_h
H-14 42.28° 366.66" 53.75' 16.84"" 18.04""
H- 15 3.49" 339.26™ 23.89" 15.45" 12.43"
H-17 31.06° 219.38° 24.24" 13.02" 17.321"
H - 18 27.74" 398.29° 75.63° 16.15?“” 24.02°%
H-21 12.50°" 295.89° 28.06" 11.28 24.02°%
SEM 1.9152 22.3363 5.5066 4.0624 14.3155

Y pNP : paranitrophenyl.

2 DAS : Dehority's artificial medium with starch, glucose and cellobiose.

% D : Bacterium from the rumen of the Deer.
% DC : Bacterium from the cecum of the Deer.

% H : Bacterium from the rumen of Holstein cows. SEM : Standard error of mean.

abcdefghijkl

Means in the same column with different superscripts differ(p<0.05).
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Table 7. Extracellular Avicelase(glucose pmole/ml/min), xylanase(xylose pmole/ml/min), [B-D-
qucosidase(pNPl) umole/ml/min), a-L-arabinofuranosidase(pNP umole/ml/min) and 8
-D-xylosidase (pNP umole/ml/min) enzyme activities of identified strains cultured on
Dehority's artificial medium containing cellulose as a carbohydrate source

No. of Extracellular enzyme (DACZ) medium)

Strains Avicelase Xylanase B-D-glucosidase a-L-arabinofuranosidase [3-D-xylosidase
HY -1 5.29% 7.75 13.83%" 14.69" 17.57%
H- 4 8.12° 301.91%* 82.98° 25.10° 18.61™
H- 5 7.31%® 328.16° 76.24% 18.68% 25.03"
H- 6 6.65"° 296.58" 498.58° 73.54% 49.34°
H- 7 7.42% 255.73° 94.33° 20.07° 20.17™
H- 9 6.19" 297.05" 80.32% 19.20% 31.11°
H-10 7.69% 285.87" 54.79° 19.38% 18.26™
H-11 6.60%° 308.50® 63.83" 18.16%%f 47.78°
H-12 5.29% 240.00% 69.15% 17.99% 19.31%
H-14 5.64% 252.98° 74,297 15.56%" 20.00™
H-15 4.41° 235.18% 20.92¢ 10.87" 12.53°
H-17 5.17% 156.90° 4.08" 11.04" 10.63°
H-18 4.11° 249.29° 72.16%¢ 15.03°" 17.57%
H-21 5.45% 217.13¢ 17.73° 12.43%" 14.27"™
SEM 0.2468 15.2230 22.6244 2.9118 2.4049

Y pNP : paranitrophenyl.

2 DAC : Dehority's artificial medium with cellulose.

® H : Bacterium from the rumen of Holstein cows.

SEM : Standard error of mean.

abedefah Neans in the same column with different superscripts
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ol
Ny
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