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ABSTRACT

In vitro and in situ incubation studies were conducted to

determine effects of yeast culture supplements (Saccharomyces

cerevisiae) on cellulolytic bacterial function and fiber digestion in rice straw. In vitro dry matter digestibility of rice straw
gradually increased according to supplemental levels of yeast culture (0.0, 0.2, 0.4, 0.6, 0.8 and 1.0%). Digestibility of rice straw
started to increase apparently when yeast culture was added more than 0.6% level (p<0.05). Also, we reconfirmed that in vitro
dry matter digestibility was significantly increased by 0.6% of yeast culture addition in 4% NaOH treated and non-treated rice
straws (p<0.05). When in situ dry matter digestibility was tested in Korean native goats fed basal diet or experimental diet which
contained 1.0% of yeast culture, the yeast culture feeding improved in situ dry matter digestibility in both 4% NaOH treated and
non-treated rice straws (p<0.05). In case of real-time PCR monitoring cellulolytic bacterial function, the bacterial population
attached on rice straw showed the increasing trends with higher level of yeast culture spraying on rice straw. F. succinogenes
and R. flavefaciens were significantly increased in accordance to spraying levels of yeast culture (0.0, 0.1 and 0.3%) at both 12
and 24 hrs of in situ incubation (p<0.05). R. albus was significantly higher population in yeast culture spraying than non-soraying
at 12 hrs of in situ incubation (p<0.05). These bacterial populations were showed the increasing trends with digestibility
enhancement of rice straw according to the higher levels of yeast culture supplement. Overall, these results clearly suggest that
the presence of yeast culture result in noticeable increase of rice straw digestion, which is modulated via good effect on

cellulolytic bacterial attachment to fiber substrates.
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U 8] 2, vteleduA g H= 8 Sk e A
< ol FUHAE Begal ska gtk (Sung G, 2010). ©]

3t AR W) Goll ) B 2AEAY A SUE e
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o] o]gA3 AHEE wgsh=t dA7F 9tk (Jackson, 1977
Devendra, 1982). ol&|3t #AIHE sjdsly] Sfstol Atnset 3

A Bt Sold BrskE 0 WIS BF Feldel wEel B

il

875 S g84o2 x4ste]l ¢th(Jouany, 1994; Jouany %,
2000; Monsoni -5, 2007).

HEsE W9 OE g 9 A 28 98 AHeEE
HHARA ERE #7175t ARSEolR dlmd Aol
85, Saccharomyces cerevisine’™ &9} WYz Wl z}o]
7b oy, kA ow whld siak )3 wEp Y] hgo] =il
ZAvkelgFo] ol SCP (single cell protein)ZA] 2F34 Alak A
b @ A% Egen, W BN Al BMIZA AeS
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4 (Adams 5, 1981; Fallon¥} Earley, 2004)% #--9] A,
e g A S S A 9 2 Basa go
(Hoyos 5, 1987; Gunter, 1989; Dawson¥} Tricarico, 2002).
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o] S Ad & = Y £ 449 AA Mathieu 5, 1996)
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Algd AR AZRE aYgEY Saccharomyces
cerevisige ©]o™, AEE wjSE2 AS $5le] 1.5 L 3|A
2] 1§ % (Kobiotech, Korea)olAl 37|18 EFA17]3, S714E1E
A om wjkatitt 34 dEx WS Slstel ¥FE 50
mL yeast culture media (YM HJA], 0.3% yeast extract, 0.3%
malt extract, 0.5% peptone, 1% glucose, pH 6.0)7} £9] U=
Azt FetadolA] - W AN (30T, 24A3h38ka, Al
SmLe AZ FHE 50mL YM iAol HEsted 30CelA 64
b AS HEAoR ARESlth FHlE HEAS 15 L
zol A&kl 180 rpm®] impella 3]

YM HiA7F & A e
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Table 1. Formula of basal diets

Tngredient OConcentratioq
(%, as fed basis)
Yellow corn 37.0
Wheat 28.0
Soybean meal 6.5
Cotton seed meal 5.0
Linseed meal 3.0
Wheat bran 8.0
Molasses 3.0
Potassium chloride 0.5
Calcium carbonate 1.0
Salt 0.5
Calcium phosphate 6.0
Vit.-mineral supplements 1.5
Total 100.0

* Contains vitamin (2,000,000 1.U.), vitamin D; (400,000 1.U.),
vitamin E (1,000 LU.), Fe (6,000 mg), Mn (6,000 mg), Zn
(12,000 mg), Cu (12,000 mg), 1(120mg), Co(120mg), Mg
(6,000 mg) per kg, respectively.
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2ol 1.0% <35 g AlRE FHlste] wolatila, a7
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R flavefaciens, R. albus)®] AY £
Quantitative real-time PCRE ©]&3l] HAHTH(Sung 5,
2009). Real-time PCR< iCycler iQ real-time PCR system
(Bio-Rad Inc. USA)°l4 iQ Syber Green Supermix Supermix
(Bio-Rad Inc. USAYE 7HA|aL wlyrdell g} $=8=|9)Th Total
DNA:= in situ AFANA WEs)d o HdS We Axs 4=
Z 2H 05gS 38k Purdy 5 (1996)9] Wl e} 3
Aok el Al 9ol = F osuccinogenes, R.
flavefaciens® R. albuswereZ SE3}7] 913t species-specific
primer= ZtZ} Fs219f(5-GGT ATG GGA TGA GCT TGC-3’)
9} Fs654r (5°-GCC TGC CCC TGA ACT ATC-3’), Rf154f
(5-TCT GGA AAC GGA TGG TA-3)9} Rf425r(5°-CCT
TTA AGA CAG GAG TTT ACA A-3’), 8|3l Ral281f

succinogenes,

%9t

(5-CCC TAA AAG CAG TCT TAG TTC G-3°)9} Ral439r
(5-CCT CCT TGC GGT TAG AAC A-3)Z A3t
(Koike and Kobayashi, 2001). Real-time PCR®| 371 Tajima
50019 WHE ™S 94TAA 30x B WA
(denaturation), 60Tl 30% 59t A% (annealing), 72ColA]
30% &9 A% (extension) TOE 48 cycles AASIAI, Hx
cycledl A= 9% 59 denaturation, "FA9} cycledl A= 108 &
oF extension AZth ZF A4 dEEole] A 16S tDNAY]
copy No2l logdt(Log copy No)Z H7|sl8ler, o g
control plasmidE AME-3le] BHEAX RFEFHOZHH ALked
t}. Control plasmid= pGEM-T®} pGEM-T Easy Vector
System (Promega, USA)E ARgsto] dlwdel wel 247 ik
23 specific 16S rDNA
T3F4L control plasmid?]
V4

Heol

B ]oke] species-specific pnmeri
ABL ARSI mEQit)y el EE
314 wj5ro] W threshold cycle (Ct) #tohe] AaabAel] 1
.

7. A2
22t S B dolxl ATt Ade AdVEt 74 Ae
Ha, Ee Amo] oigk SAEAS SAS (Statistical Analysis

System, 1996)2] General Linear Model procedure ©]-8-31%.2.
o, A HAHEA 79 FoA 4L Duncan (1955)¢] Multiple
Range Testoll o]715te] 5% ol A AAE ST

1. &2 vj=E HI} in vitro £8t80| o|x|= Q&

HEEEe] S84 WS E 24 4
SHE A7HEA ERE oWl 73F B3 AR E ol taA A
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e} ZA4 ANE F7|% AR (Williams, 1991; Lee 5,
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Fig. 1. Effects of different levels of yeast culture
addition on the in vitro dry matter digestibility
of rice straw. Different letters in the graphs
indicate statistical significance at p <0.05.

(p<0.05). T3+ MER WA= 0.6% o HA/IHANE W) 23ke

o] 44.42% VO% Uebdon, 0.0, 02 2 04% H7HEOE &
gHo R =& AshES UERITH (p<0.05).

oo 97 A¥E EdE gW widE At A 4389
e AdTE] fs aRmdEe 0.6% H7He 4% NaOH
A 84 9 NaOH FA2| Wdel| A-gsle] 4ggS 1| s
2AAIEH A= Fig. 294 #th NaOH A ydo] & 2
0.6% 77}, 4% NaOH Az Hzlo TRWYE 0.6% M7t 2

&=
_‘?_

]

WFe Hluetds v tiET (NaOH A2 wizlel] amufek
FH7HE &23HE (39.60%)l Hlate] TRE AT Aisheo] B
PAEAT, 2 AT A3 AE A (Fig. 1) Zo] HF &
BHlE 0.6% H7HA WA sskgo] glxtuo foHes Ut
SFAT} (p<0.05). 123 ERHEGE 0.6% F71eE NaOH A ¥
2ol A& 4897%% ERMYE FAT NaOH A7 #z9
284 (45.35%) BUF foH o0 R =9 (p<0.05). wEbA B A
T-9] Fig. 13} 29 A3= Saccharomyces cerevisiae®] 422
W] 23keS Y AL F UeS FE0] AL

Harrison 5 (1988)2 &% 2 gRujdES HHo] HaEA
< W3k A713, Williams (1991)= WA} 2450 99
wEs Hj Atk Busldtl. 281 Dawson¥ Hopkins

2 A Ade 2ol in virro AFIA AER H7bR
welloll Fes Fol FHE Argkso] ST
BuEeh 3 Mpofu®t Ndlovu (1994)% FAE2] NDF in
viro 23F&o] ER Ao oJste] frejHon Frlsitia A
T Akt A AdE Hasht Qtk o]k 22 Saccharomyces
cerevisiae 7t FAIRO A%he S AR wjgEo] WSS
W & A 2 71kt A8k o] skl buffer 715 ] 9o wt
9 34 AHew wEs] degold 24 s}staL
(Mathieu &, 1996, Williams &, 1991; Weidmeier ‘&, 1987,

ZA 0o
o=

55.0
50.0 ;Tf
€ b Tb
E 45.0 I = -
b a
£ 40.0 T E—
= =k
=
/0 ..
30.0
Control 0.6% Yeastcuk, 4% NaOH  NaOH+Yeast cult.
Fig. 2. Effects of yeast culture addition on the in vitro
dry matter digestibility of Non- and NaOH-
treatment rice straw. Different letters in the

graphs indicate statistical significance at p <0.05.

Harrison %, 1988), At &af Helelote] 24& Fxlste] 4
o e AES FAAA AR ASES AN F Sde
Aoz ALS¥Y (Martin, 1989; Padel, 2007; Denev 5, 2007;
Paryad$} Rashid, 2009).
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ax wdEs %043?] e Eﬂi%’ﬂ A2 B3 4% NaOH

g HdS in si A¥}= Table 29} 2

2 FolF, 4% NaOH A7

é BujdE vlsEol, 123l 4% NaOH A2 Hae] anw)
= 204% TOR Aglgo] foHoR 77t FTeSith
(p<0.05). £ A&E E3lo] NaOH F#z] 94 2 4% NaOH

A2 Wd BFoA AER Hlgo] izt Hisle] MER wiYgE
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Table 2. Effects of yeast culture feeding on the in
situ DM digestibility (%) of Non- and NaOH-
treated rice straw in Korean native goat

Incubation time (hrs)

Item
24 48

0% NaOH treatment

Control 17.37+1.53° 28.74+1.08°

Yeast culture fed ~ 21.29.+41.24°  33.22+1.99"
4% NaOH treatment

Control 24.18+1.68° 38.66+0.88°

Yeast culture fed — 26.06+2.04°  40.40+1.33°

“Means in the same column were significantly different (p <
0.05).

AZ3te] gtk (Dawson, 1992; Newbold 5, 1996; Chevaux$}
Fabre, 2007). ©|E 7 748 2388 44 2 444 Hg
g QoA gAut Alg] H7le gRE AR 27 &4

A QFgFS FohaL sk ole e AaRugE WtR g &
/32 in vitro (Dawson¥} Hopkins, 1991) 2 in vivo (Smith %,

1993; Kumar 5, 1997)4ll4 AZF= ] gt} Plata 5 (1994)«
gl A& 7IZARE Fold AFeA AlRa AdtEY] S7HE B
31990, Mpofu¢t Ndlovu (1994) EA%9} ARE Zo] F9
'c'ﬂ- }\]6401]/\1 /\4 L )\ﬁ}g—J 17\] 7:]“’]___,_ E_Lo} ‘jr 13114'
Dawson¥} Hopkins (1991)2 500] F¢ & 011*1 7*94 EE’
u}o] H]—_I__Hq.] /\40/\ ukuﬂﬂo} %
i, ¥ ATe] NaOH A Woﬂ IR A } éﬂre
ERE o9 AREShE Aol EEARIAE HolFE

w
fol

52 Hjt=0| MFA e 2|of R0 o|xle FEk

F. succinogenes, R. albus® R. flavefaciens= WV5+$] A

o] FQ gq%% Dh:]—o}l_: EH_‘—JI-_ZJ, /go/\ H]’E]B]O},i Z ol
™ (Forsberg 5 1997), WUl 2AR ‘WH—L‘ ks
AAfras w8l whEEoke] FAe] o] FojA|a, 1 & FAE H)
ofSo] =23 A Mer Adl= 7}+§} Hrh (McAllister
5, 1994). wEbA &8 wjdE o]go] WU A4 #3l FX
7} A AR wEEol R Wl mAE dHds BEE
flsto] £ Algo] A=A
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==
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T 7 R ARMYES B 5 Aeste] A skl
& WA in siw 23 H1F BW RA A4 o]
R WgE SA% AF= Fig. 3 1EaL 49 2k BAo] 43}
&2 oA AN in vitro B in situd| M9} o] FR ARl
olate] FHHAIL (Fig. 3), o5 43k FHEIH= TRAdE

Al FE7b Skl wmet foAoR EA vERETH(p<0.05).
az|a 99 A &3l wrElglol &, F. succiongenes (A), R.
Sflavefaciens (B)% R. albus (C)9] ¥4 w¥ H2 #3& Hd
s F7he vR VR EReEe] A % St w
7} aSich (Fig. 4). &% Aol o Hizl FH F2 Afa 23
welelole] 271 %

albus ¥ o& EAS Ugdr F SucczongeneSJJr R
Sflavefaciens= WY 12 2 24 A7 BF Agwe] wel F2he
F7F F94oz F7I T (p<0.05). 2] R albus® W% 12
Azl Aesiel web wEtel b foHow FUkekla
(p<0.05), 24X Helsieol ek 27} A% Uehie)

o3 o (Williams 9} Newbold, 1990; Dawson, 1992; Fallon
3} Earley, 2004; Denev 5, 2007)01A &7} wk5=9] W s} n)
AE 0 g WgE dozivtal Buska rh o= wk
9 714 atelglol A Z7}H(Dawson 5, 1990; Newbold
S, 1995)9F AfAEs] welele] 4% £ (Girard, 1997,
Jouany, 2001)°] ujgle] RaE3 itk X3S Chaucheyras-
Durand®} Fonty(2001, 2002)% =%F0] ofdo ] FX Fojd
ofate] Afras utglobe] wb9] A B Afradd g7 5
2¥S Buslity. 2123 Mosoni %5 (2007)2 PCR W&

OKN 1->

9% F. succiongenes, R. flavefaciens, R.

B =1

o]
ko] WU R albus$t R. flavefaciensS A5-8199S
&

u B oAte] A9} o] S cerevisiae 71 Qshe] 94
2 37kt A3 Hasksin w}a}’ﬂ B dATE a8 AP vs
Al Afra mhelElel S8 AR AgkeS Sl A7l W

3] 71 HolFolrh 58], ot éﬁh«l 2shg P
#H R Afads deleore] de g4
7kl 710ge & A7k BefErh

ol rov BT o

25.0 -
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B80.1% Yeast culture
200 - 00.3% Yeast culture
=
£ 150 +
=
E’s 10.0
B
=
=
0.0 L ]

12 24
Incubation time (hrs)

Fig. 3. In situ dry matter disappearance of rice straw
as influenced by spraying treatment of yeast
culture. Different letters in the graphs indicate
statistical significance at p <0.05.
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[ OControl
| B0.1% Yeast culture
B0.3% Yeast culture

12 24
Incubation time (hrs)

r OControl
B80.1% Yeast culture
30.3% Yeast culture

12 24
Incubation time (hrs)

GControl
I B0.1% Yeast culture
30.3% Yeast culture

12 24
Incubation time (hrs)

Attachments of F. succinogenes (A), R. flave-
faciens (B). R. albus (C) on the rice straw as
influenced by yeast culture spraying treatment.
Different letters in the graphs indicate statistical
significance at p <0.05.
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