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Effects of Additional Levels of Phyllostachys bambusoides on
Ruminal Fermentation Characteristics and
Methane Emission in in vitro

Jo, Seong-UkK - Lee, Shin-Ja - Lee, Ye-Jun - Kim, Hyun-Sang -
Eom, Jun-Sik - Choi, You-Young - Bae, Eun-Ji - Lee, Sung-Sill

The current study was to evaluate the antioxidant activity of Phyllostachys bambu-
soides (PHB) as a feed additives and investigate whether its antioxidant activity
could be helpful for increasing rumen fermentation characteristics and methane
reduction. The antioxidant activity results showed that total polyphenols and flavo-
noids contents were 43.54 + 8.68 mg CE/g and 17.13 + 0.45 mg QE/g, respectively,
and the ICsy values for 1,1-diphenyl-2-prcrylhydrazyl (DPPH) and 2,2'-azino-bis
(3- ethylbenzthiazoline-6- sulphonic acid) (ABTS) radical scavenging activity were
163.13 £19.25 pg/mL and 97.07 £ 4.46 png/mL, respectively. Two heads of cannulated
Hanwoo (450 +30 kg), consuming timothy hay and a commercial concentrate
(60:40, w/w) twice daily (at 09:00 and 17:30) at 2% of body weight, with free
access to water and a mineral block, were used as rumen fluid donors. An in vitro
incubation experiment was performed after 6, 12, 24, 48, and 72 hr with PHB
added at concentration of 2, 4, and 6% of timothy hay basis. Total gas emission
decreased as the amount of PHB addition increased at 6 and 24 hr of incubation.
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However, PHB addition did not affect total volatile fatty acid production, and
methane and carbon dioxide emission also decreased as the amount of addition
increased at 48 hr of incubation. Therefore, PHB was expected to be used as
methane reducing additives in the ruminants.

Key words : antioxidant activity, bamboo leaf, ruminant, methane emission,
volatile fatty acid

I. M =

Ao A s E L4729 10~12%7F FholA Felsts, 1 F oF 32%7} HEE B
o] MLl FEshs WETEAd AR OLE‘M 1THSmith et al., 2007). =43 W &
A7k AZE 23 WEslEo) me A7 ATe BQd Aot} HEEYo A WA E =
Hehe B E o] )4 HE o —.—/d-golft](Flachowsky, 2011; Meale et al., 2012), 4333+
AFR U R 9] 2~12%7} <=4 Ft(Johnson and Johnson, 1995). & HiFEEo] HAYA| 7| =
e A F2dstel] A Faks v B9 ofye} WEEEo] Aol R A JeF
o] lof Wigk A7h& A% AF7E AEH o E 218 Foltt olof we} w9 f gk Ay
S AgAsH7] Y38l 4F A EY(Bodas et al., 2008), essential oil (Joch et al., 2016), 2]& 7}
5% 313HE(Goel and Makkar, 2012) 5= AFS H7HAE o] &3 A7} T35 Jom,

AMZE HSGATRAE e A7 =3 A&EH o2 38 Folt),

U e a3k AE, FF, 18 T WMo ALEHAL, HE AFNAME
g FE2E9] gitsl B4, gEde] a9 154 oA a3 @ g7 &4 5o g
3 AelZAdo] R EATHKim et al., 1996). Lee2} Moon (2003)e] <70 wham o

A= oAl Fol A EdA E719F oo kst aFE SASIAS W YHe Trolox
Equivalent Antioxidant Capacity”} 7}8 =4t 3F3 T

e = A I AAdsE diuro tiE So= vy £329 262%E X
A gFtH(Korea Forest Research Institute, 2016). 3}A|5F sy gl me} 7| 3E i &
x 9 gshA A Aol zo|r} LAYITHLI et al., 2007). Wu 5(2002)° W= oL
o= FTHHolE AFY 3g=Eo] wWol rEo] Ao, Fhe] polyphenols catechin,
chlorogenic acid, caffeic acid, 3-hydroxy benzoic acid, ferulic acid 5 5%&°¢] &= oen 1
% catechin®} 3-hydroxy bezoic acid®] o] tiF-iEo] HlF& AA ot A+ 2747t
ATHTu et al,, 2005).

ZetR ol o] B2 R AE FEEL U TS A7 S HAAE
WALE A=35te] 2Tl A3} neutral detergent fiber (NDF)2] &3 &3 W59 v E H}o]
Q2 Aakat 88 HogE AT A7 A AtHBroudiscou et al., 2002, 2000). 122
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2 g NFEEY vg Zid a3t e et

JBR “gis HEEE] WE i A3t doeke M S FHsta MaAS
< 98 ATE FHAT ol AFoldE T A LTh <o Fibsl eH S Hrhst
i, WAz AARHTIARA o] 87Fs S Elsty] s Gl F7EEel wE in viro WY
F9 dmel Mg Azl v FFe AT

I, Mz 9wy

L A5 B R A3

FAIF AP B ATEAs st sEddE s doE AA A
A& FEFATHEUMS: GNU-180130-A0007). 24t FEF5EASH(AE JFA)
ol A REE9]oll cannulaZ} FZE &9 G 2F(HF 450430 kg)ZHE in viro WS W
ANEE A NS B S AT SAF2 AR Fol= timothy 9} 5 FARS(

S 12%, ZAW 1.5%, 28T 15%, 3% 12%, 25 0.75%, 21 0.90%, 743t F&F
T 69% UE71F) HIEE 60:40 (ww)E 3t AF2 2%E 1Y 23](09:00 F 17:30) &
TR, 4 vUR EE2 AFAHAES ST AEE HFHLe 24 As F
ol 2jF3FA L, 4339 cheese clotholl 2 A B2 &7]o o} AdPL=2 ulstnt. %t
o AAE YA AAE 3N cheese cloth= ThAl A W91 47 McDougall’s buffers 1

o] HIEE T vl FH S 39C A P71 E(Ox-free N)E FAAA AEF S A% vl %“’%*
o8 AMgEAH.

2 AT BN Fol'

¢

2. ZAAME 9 in vitro A3

1) 3=

In vitro A S 23 71H L timothyE AH8-3199 3, ol AtEule] LA AT 4 71EHA
ARG AFA 7HE)olA AE e Sois AFH F s241x 5o
A= o] 83 timothye} ¥t 22 1 mm screen®] 2 wiley mill2 £3435k

2) AEMA
In vitro A2 nylon bag®ll 712 timothy 0.3 g2 <o} & H7FrEE(714 9 2, 4 E 6%)
2 ol FrlstAnh Mg 50 mL serum bottleo]] FHIE EduigFdS Eatal

k=]
FAE Y& Oxfree N, 7FAE o] 8313 wlFS 39C shaking incubatorol] A & A 7HS
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6, 12, 24, 51 48AIZt o2 AAsto] wj ARteint AER st A4S WAt I 4
AYF 4o 7 F 64709 serum bottle©] AHR-EH AT

oo S5
Timothy 2} <th o] YukgE B8 AQAC (2012) ol wah 2 A5+ 3, NDF 2
acid detergent fiber (ADF)+= Van soest 5(1991)2] ol whe} 29319t} Timothy2] dyk
AEEAL Table 19 2ok Fo o] FTAAAELEZT A (Neutral detergent insoluble
crude protein; NDICP)¥} 4Hd M A &89 Z(Acid detergent fiber insoluble crude protein;
ADICP) Licitra 5(1996)2] ®Wol w} #2313t

Table 1. Chemical composition of timothy hay (Dry matter basis, %)

Items Timothy hay SE'

Dry matter 94.11 0.14
Crude protein 10.46 0.68
Ether extract 5.48 0.12
Crude ash 5.93 0.06
Crude fiber 30.11 0.23
Neutral detergent fiber 62.27 0.22
Acid detergent fiber 38.14 0.75

"'SE: Standard error of 3 replicates.

DPPH &t 4752 1,l-diphenyl-2-prerylhydrazyl (DPPH)= ©]-8-3}o] Benzie®} Strain
(1996)2] AW H-E APt SH3IATE AlE 100 pLoll methanolic DPPH radical 0.1 mM
|4 100 pL H7F E¥sted 141X 5 spectrophotometerE ©]-8-3+] 525 nmol| 4] optical density
(0.D) %< =43}

2,2'-azino-bis (3- ethylbenzthiazoline-6- sulphonic acid; ABTS) &2 4752 Re 5(1999)
o] AEH-E Hyste] ZA3ATE 7 mMY ABTS §4-& 2.45 mM9] potassium persulfate
9} 95%2] o &r-&-S 410] 734 nmollA 0.DFEC] 0.70+£0.027F HA THE F 100 pLe] Al &0l
100 pL2] ABTS 848 4131 30% F spectrophotometerS ©]-8-3}4 734 nmo A O.DFS =
Aoto] EAskTh
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2) Bz ¥ E2fE0|E &2 2N

F ZY9= g2 Singleton¥} Rossi (1965)2] WS dH WHyste] A3
Folin-Cioalteu A|¢F& o] &3l EA31 1L, catechine ©]-&3 FTF Aol w2 ZHFA
23t F s FFS AT F EFetRsolE 3R Park 5(1997)9] WY
A7 HFs] EA38HA L, querceting ©]-83 FF FAlo| WE HFA S Ao T

gt ol =g Atk

o
b

e o to ok

3) pH & = A5t
pH &AL 7+ & A7HE djFH-S pH meter (S210 SevenCompact, Mettler-Toledo,

Greifensee, Switzerlant)E ©]-&3}o] A3}

AE 431842 nylon bags TA3I =& A& 3 Y1 Heidolphs Rotamax 120 (Hei-
dolph Instrument, Germany)S ©]-8-3}%4 100 rpmoll A 203t 33] A& 3, 65C 2 dry oven®ll
A 2447 Az 3 AE S SAEANY 712 dx A9 dx 39 AE Fetal Wi
2 kst AL AT

0) D Ma

oSO o

N

A E AAEFE Lee 5(2011)2] WPz vl | mLE AFT oh2, YAEE7I(VS-
15000 N, Vision, Korea)E ©]-83}4] 3,000 rpmoll A 3&E3F Y4l E2lste] AR JAE AA
ST I % A5 dE 14,000 rpmoll A 383 A A EElste] HAE pellete I AAIZ
T ATHS A A3, pelletol]l sodium phosphate buffer (pH 6.5)5 1 mL 7} & vortex®
WRIA7| = AlH B34S 33] §HE R8¢ & spectrophotometer (BIO-RAD Model 680)Z 550

nmol| Al 0.D#<S SH3HATH

5) & 7t et & OAtstEhA Ehlat

ZF 72~ LAY L Theodorou 5(1994)2] W S F serum bottle2] head spacedl U= 7}
HFAY 258 detachable pressure transducer 3 digital read-out voltmeter (Laurel Electronics, Inc.,
CA, USA)E AE3le] =H3al, 71 3 6 mL vacutainer®l] 71225 EF 3} gas chromatography
(GC; HP 5890 Gas Chromatography, USA)E Ah-&3ato] Wg g o] 4ks}eba WAl g S5}
ATt

6) 3|ErAIX|HFAL
Hj oFo-8- 1.5 mL eppendorf tubeoll 1 mL X3 dke] A1 E2]7](VS-15000 N, Vision, Korea)
£ o]g3ke 12,000 rpmoll A 3EZE G4 Bt AR JAE AAS, FSHE 0.20 uM

H
syringe filterS ©]-83}4] 2 mL serum bottled] &3} ¥ £ high performance liquid chro-
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matography (Agilent-1200, Germany)E ©]-&3t3ith A59 FYFS 20 pLAA, o5 &
-2 (0.0085N H,SO, & AFE3H oM, 452 0.6 mL/min®] At} Columne 300 mmx7.8 mm
I.d MetaCarb 87H (Varian, USA)E AHS-3IA oW, 25+ 35T ol|A] ARS-3FA T

4. EAIA

B A X 2]:= SAS package program (Statistical Analysis System software version 9.2, 2011)2]
YUk 3 2 ¥ (General linear model)e] HAFE o] 83t EAHEA S sH9 AL, ZF A7 e
frold ASES A8t Tukeyol ths AR MHOE HAISHATE E3F Polynomial contrastsS
o] g3te] Y7t HiE9| a4 9 7k @AY ol v X]= E 7 (Linear, Quadratic and Cubic)
E 4T 3L Pakol <0.05= oAt Sl A o® HFslon, 0.05<P<0.1= B
Ae Ao=w sty Wigad o|isteks w29 JTHA= Pearson product moment
o] g3t AT

tlo

correlation

f&%k 62%, ZHMA 16.64%, ZAT 3.69%, Z3]5 7.28%, A+ 25.38%, NDF 72.62% 2
ADF 35.57%°]1t}. & Z8|9E 32 43.54 mg CE/golH, & S wol= 38 17.13
mg QE/gel At Kim 5(2018)2 =0l A= Phyllostachys 352 F=&vlo] ©H& &
Z s gEFe =45 o, 22.80~40.34 mg/gE A o AT SAHE Yoo Z2y
= el B E3UTH Hu 5(2012)9] Aol W=9 % 9o DPPH, ABTS fr&]7] 474

FA43L 1Cs atol 2+ 848 ! 443 pg/mLO 2 B3t =d o] Aol e DPPH 8
7] &7 AL 163.13 pgmLO 2 @A S E 00w, ABTSE 97.07 ug/mLLZ A4 =4

=3

%1
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Table 2. Chemical composition and antioxidant activity of Phyilostachys bambusoides (DM
basis, %)

Items Phyllostachys bambusoides SE!

Chemical composition

Dry matter 62.00 0.01
Crude protein 16.64 0.77
Ether extract 3.69 1.30
Crude ash 7.28 0.01
Crude fiber 25.38 0.17
Neutral detergent fiber insoluble protein 15.86 0.34
Acid detergent fiber insoluble protein 4.57 0.24
Neutral detergent Fiber 72.62 0.65
Acid detergent Fiber 35.57 0.32

Antioxidant activity

Total Polyphenol (mg CE%g extract) 43.54 8.68
Total Flavonoid (mg QE/g extract) 17.13 0.45
ICs* for DPPH (pg/mL) 163.13 19.25
ICsy for ABTS (pg/mL) 97.07 4.46

'SE: Standard error of 3 replicates.

2CE: Catechin equivalent.

> QE: Quercetin equivalent.

*1Cso : Half maximal inhibitory concentration.

g A4 A7t wWE pHet e A 34 A3 Table 33 2T} Wh9o] &
Aets P AE T Yl AARVE Ball 2 HAEHI o]l sFsEdA e Fasith
1 F Afra 28 wEEoks pHOl i RZHet] wie] w9 Fed 2 4o|th(Hiltner
and Dehority, 1983). 4TE H7Isk 28] 79| pHE 6.18~7.37 B AL, vlF Algte] 2 7g
of W} pHE A&H o2 stttk T a6 2 12417k Y] H7ieFo] Z71ghel)
w2} pHe= 5718 TH(Linear effects, P=0.0335; P=0.0002). Hoover (1986)°] w2 WF5=9
HAE E5 5.0~5501301 FAZR] YIS wA F7] wEol] o] Aol Lol

717F M E ol FAEAR] FFE MAA F3kE Aotk =3 vk pHE A A

i

e}
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Table 3. Effects of Phyllostachys bambusoides on pH and microbial growth rate in in vitro

incubation
lqcubation CON' Treatment” SEM® | P value Contrast
time (h) PBL PBM PBH Linear |Quadratic| Cubic
pH
6 7.27 7.32 7.34 7.37 0.03 0.1689 | 0.0335 | 0.8309 | 0.6891
12 6.93° 6.94° 7.03* 7.05° 0.02 0.0010 | 0.0002 | 0.7496 | 0.0668
24 6.60 6.66 6.64 6.60 0.03 0.4971 | 0.7951 | 0.1486 | 0.7951
48 6.18 6.24 6.21 6.22 0.02 0.3942 | 0.4855 | 0.3434 | 0.2104

Microbial growth rate (O.D* at 550 nm)

6 0.33 0.33 0.32 0.32 0.02 0.9418 | 0.6802 | 0.7759 | 0.7352
12 0.45 0.40 0.40 0.40 0.02 0.2594 | 0.1283 | 0.2154 | 0.6753
24 0.50 0.41 0.42 0.43 0.03 0.1896 | 0.1853 | 0.1071 | 0.4603
48 0.47 0.44 0.45 0.41 0.02 0.2440 | 0.0912 | 0.5662 | 0.3275

® Means with different superscripts in the same column differ significantly (P<0.05).

"CON: Basal (substrate without additive).

% Treatments: PBL; Phyllostachys bambusoides 2% of substrate, PBM; 4% of substrate, PBH; 6% of substrate.
3 SEM: standard error of the mean, n=4.

*0.D: optical density.

B0

mCON
EPBL
70 -
SPBM . T
_ OPBH
E 60
z e
a 50
]
4 1
T 40 4 €L
ht
£
E ap
[l
(=]
20 4
10
0
6h i2h 24 h 48 h 72h

Incubation time (h)

Fig. 1. Effect of Phyllostachys bambusoides on dry matter digestibility in in vitro incubation.

CON, Basal (substrate without additive); PBL, Phyllostachys bambusoides 2% of substrate; PBM, 4% of
substrate; PBH, 6% of substrate.
Error bars are standard error of the mean (n=4).
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At AR A Bl & dHA e, waA BaEE gedted Ao Fofstd W

pHE F2 34 Ao F7kek Beo] Utk(Patra et al,, 1996). Makkar (2003)°]l
21 polypehnol> TS HEste] die|g]obe] Fa& Waldrta stk o Al

= 2aE 2719 6 % 1227000l FThe] polyphenolo] @S HE st HrgFo] F7}
&5 pH7E 7T A2t Busquet 5(2006)0l W2 WA E e A& 2
AF thApibzel] ola FFe AR, o AellAs o] Mt mAdE ARl 9
< UAA ST e 23S 7&4— Fig. 13 Zom, vz} g d7H5 Blasks)
< W FHP>0.05)% 2olE HolA| U

Z 7hs, ol Astea o g Y

2 o Hrbrsol W vk BT E4 2= Table 49+ AT & 7Fs BAFS
F 6 D 24A7tl 4% D 6% H7FTol A Tzl Hls] ol F(P<0.05)0. 2 wyton H7}
o] Z71ghel wel Ay (Linear effects, 6 hr, P=0.0004; 24 hr, P=0.0055)3}th % 7k~
A dra, WA AL s EF 9 A WS Aol UTHGetachew et

. 2004). BE 6AIZH H7FEFe] U1 whet F b A e AE =8 pHE S 2
Ao YL HH AR Btk Ty T ks AR AR Qs dE 438,
AL A B mAE el FHAY Aolgta AZEAAT, frong dgE
XA ootk wigh BT 9 wlel/F 7t HE 484710 xh}ako] Z7}8ko 7
Z~(Linear effects, P=0.022; P=0.0293)3}Ht}h. ZetRol=+= &9 23 OIAIERZ W&
WS A W5 A7 A S A7) (Bodas et al., 2012), AlEA 9t 7]
s, dtElg ol Ay A e 4 A4 AAlE &l mlAdEel 283K Cushnie an
Lamb, 2005). o] A7 & 48417t W&k dA o] THas g SR o] =r) wg
4 AAE FAES ol AoE AZAHET =3 Kim 5(2015)9] A7l wEH
g R ol B} @ol 3tH AE FEEC] vEY WE DTS FFAT o|ikstek A A
& Bl o|AkE e A/E Thae A 48AIREO o] SUhekel whebA Zhax(Linear effects,
P=0.0188; P=0.0260)3}31T}. Correlation coeffcientsol] 7]Z3}e] W& 48A]7kol ]E} g o)Ak
3tk AA Abole] eko] AATAIZS H Y THR>=0.9827, P<0.001). ©] A3}= W50 &
W we A oF 80%0) 3 olitetehAagt FAE VAR AT AT ARE
oK (Whitman et el., 1992).

mlh\ o= A

S
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Table 4. Effects of Phyllostachys bambusoides on rumen gas profiles in in vitro incubation

In.cubation CON' Treatment” SEM | P value Contrast
time (h) PBL | PBM | PBH Linear |Quadratic| Cubic
Total gas (mL-g' DM
6 54.94* | 53.69®| 51.79° | 51.18" | 0.61 | 0.0033 | 0.0004 | 0.6154 | 0.4924
12 86.95 85.01 85.28 83.24 1.33 0.3053 | 0.0939 | 0.9704 | 0.4786
24 120.18* | 117.33™ | 116.00° | 115.64° 0.95 0.0219 | 0.0055 | 0.2212 | 0.8995
48 154.44 | 151.14 | 152.35 | 149.82 1.58 0.2489 | 0.1037 | 0.8119 | 0.2712
Methane (mL-g"' DM)
6 2.93 3.25 3.27 3.21 0.22 0.6894 | 0.4105 | 0.4126 | 0.8237
12 6.73 6.00 6.97 6.26 0.52 0.5871 | 0.8550 | 0.9835 | 0.1942
24 12.79 11.84 12.51 13.09 0.71 0.6682 | 0.6261 | 0.3092 | 0.6157
48 22.02 21.96 19.79 18.97 0.93 0.1013 | 0.0220 | 0.6954 | 0.4259
Methane / Total gas (%)
6 5.34 6.06 6.31 6.27 0.45 0.4279 | 0.1582 | 0.4149 | 0.9224
12 7.73 7.05 8.17 7.53 0.58 0.6335 | 0.8475 | 0.9795 | 0.2169
24 10.64 10.09 10.78 11.32 0.57 0.5525 | 0.2974 | 03619 | 0.6093
48 14.25 14.51 12.98 12.67 0.55 0.0990 | 0.0293 | 0.6139 | 0.2496
Carbon dioxide (mL-g"' DM)
6 13.79 14.82 15.29 15.98 0.99 0.4850 | 0.1370 | 0.8645 | 0.8638
12 32.35 28.30 32.12 29.38 2.47 0.5915 | 0.6492 | 0.7976 | 0.2357
24 46.56 44.03 44.86 4731 2.99 0.8613 | 0.8185 | 0.4259 | 0.9022
48 74.34 74.46 66.79 63.30 3.25 0.0868 | 0.0188 | 0.5904 | 0.4299
Carbon dioxide / Total gas (%)
6 25.14 27.64 29.53 31.24 1.98 0.2115 | 0.0419 | 0.8448 | 0.9623
12 37.15 33.26 37.66 35.31 2.72 0.6762 | 0.9260 | 0.7840 | 0.2604
24 38.71 37.52 38.64 40.91 2.38 0.8025 | 0.4765 | 0.4870 | 0.9163
48 48.12 49.22 43.83 42.29 1.95 0.0890 | 0.0260 | 0.5148 | 0.2651

® Means with different superscripts in the same column differ significantly (P<0.05).

"CON: Basal (substrate without additive).

2 Treatments: PBL; Phyllostachys bambusoides 2% of substrate, PBM; 4% of substrate, PBH; 6% of substrate.
3SEM: Standard error of the mean, n=4.

‘DM Dry matter.
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4 o HArbeFEel wE A A A B4 Ak Fig 29 2ok A Ak bk
=Y T8 AR FFdolH, oA ¢F 70%2] HlFS XA gi(Bergman, 1990). ©]
A AT A EE 2A F A A e Juje] HrEo] S7184E quadratic
(Quadratic effects, P=0.0439) &35 HYTE TF 2447k o] Hrte FdAgd 2 d4tol
FEFE v XA Fdar, TE 484170 butyrate THF-S 4%} 6% H7FTolA thETol B
9] & © Z(P<0.05) E3koH, HrleFo] F7ghol wel Z7KLinear effects, P=0.0001)3} 4 T}
=]

4
1EFE] AP FFol E AR HAF] F75HA propionate, HFHo] B AR

1Zh 24h
60 -
— s ——=—— % 39 80 1 r/,{-———f——-——-{ - 3.0
50 - |
— 3 ¥ —E i " 2
40 L2s E 60 - 25 £
g3 L0 £ B4 L 20 £
=1 =
20 - § 30 - E
L 1.8 g 20 4 - 1.5 g
10 < -
10 -
0 - L 10 0 - L 1.0
CON PBL PBM PBH CON PBL PBM PBH
N acefate C_propionate BB butylate —— Total VFA —e—a/p ratio
48 h
}__{_{‘\i_‘} L 3.5
80 4
70 4 L0 =
60 H—"{__—I E
50 2.5 E
§ 40 5
20 5
30 =
£
20 L5 g
10 i b b a a
L 1.0
COoN PBL PBM PBH
Fig. 2. Effects of Phyllostachys bambusoides on volatile fatty acid production in in vitro
incubation.

CON, Basal (substrate without additive); PBL, Phyllostachys bambusoides 2% of substrate; PBM, 4% of
substrate; PBH, 6% of substrate.
Error bars are standard error of the mean (n=4).

*® Means with different superscript letters in the same row indicate significant differences (P<0.05).
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Aol 718 acetate®] FE7F FHEH 0 &2 FolA| Al H=H|(McDonald, 2002), 4847t
9] butyrate™ FEHAGNA acetateS A TAZ AHE7] wEoll(Pryde et el., 2002) S7Fe A
olgtx AZdth Li 5(2016)°] W= butyratet= =3 Azte] A AR fA 5= T
23t} E=SF 9] A M E = butyrate S T8 AR PO E ALESta S A5t A}
5 8855 3 Al7]3(Scheppach, 1994), Kato 5(2011)] Aol =™ sodium butyrate 2]
HA7be Sl Y AR Y& 3 A7IE ZoE IR JOoBE FolA o HIMAE 7]
Aol 4 2 6% FHE H7Fske= Zo] & Zlolgtar AZ3t) o dAolA AHEH %
the= Ao Bo] grEo] o] thxT ol M8l acetate gl FoF A A= o33k
AW Fol 2 RA(P>0.05)2F0)7E T WS % oF4 WEHEols ME AHER] acetate,
butyrate, formate, lactate 2 hydrogen AJ4Fol| 5 Q2 3}th(Stewart, 1991). Cushnie2} Lamb (2005)
of MEw AR FTpHrol== O A HHH gotel] HEA gt art Q7] wizel] &
o] A7t A acetate FHEFoll A< zfol7F fidtkal Azheitt

wEbA U A S de wE A AR HATMAEA o] 87540 e AeE 9l
Hoh

ol ARVt e A ARHVMAE A LA

2+7} 43.54 mg CE/g 2 17.13 mg QE/g°]
ICsp @l ZH2F 163.13 & 97.07 pgmLO-Z 3
< 2Elste] TE A6, 12, 24 F 48 hr)
2N ST pHE TEAIHEE ARem, A& 42348 9 AYE AAFS BE
g A A2 el A o279t 2] 2 (P>0.05)%] 2FolE Holz] Ayt F shs WA
Fe 0F 6 P 24417 o HbFo] Z7kshol whel ZhAx(Linear effects, 6 hr, P=0.0004; 12 hr,
P=0.0055)3tAch. Wik 2 o)qbsiebA A S WE 484 7H] HUbEFo] Feke) whEt 7+
23} TH(Linear effects, P=0.022; P=0.0188). =3t Ytl2] H7l= F 34 A4t A4 Foll
FAAR] FaFS mAA hkar, TA 4847t butyrate FHF-S HIFRFo] Sl wet F
7HLinear effects, P=0.0001)3} AT}, whebA] FEtR ol =8 3HA3tal e L] HI7bes in
vitro §t9] wleh-E& A 4 ol BaA o] FAARJ] FFE HAA Gtk 1HEE

HEE WEgAd A7EA Y 28 JHeAel e AeE tEn.

I
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