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Evaluation of in vitro rumen fermentation
and methane emission using cashew nut
shell liquid as a mitigation agent
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Abstract

This study evaluated the effects of different inclusion levels of cashew nut shell liquid
(CNSL) on in vitro rumen fermentation and methane production to explore its potential
as a methane-mitigating feed additive. An experimental diet (70% commercial concentrate,
30% timothy hay) was incubated with rumen fluid mixed with buffer for 48 h in vitro, with
CNSL added at 0%, 0.02%, 0.2%, 1%, or 2% of substrate dry matter (DM). Total gas
production was measured throughout incubation, and gas samples were analyzed by gas
chromatography for methane content. In vifro dry matter digestibility (IVDMD) was
determined after fermentation, and fermentation end-products including volatile fatty acid
(VFA) profiles and ammonia nitrogen (NH3-N) concentration were analyzed. Increasing
CNSL levels led to a linear reduction in cumulative gas production (with significantly
lower gas volume at 2% CNSL, particularly after 3648 h; p < 0.05). Methane production
was dose-dependently suppressed: the proportion of methane in total gas decreased
linearly as CNSL inclusion increased, and methane yield per unit substrate was reduced
by 20% at the 2% CNSL level compared to the control. CNSL inclusion had no significant
effect on IVDMD, NH;-N, or total VFA production. However, higher CNSL shifted the VFA
profile by decreasing the acetate proportion while increasing the propionate proportion,
resulting in a lower acetate-propionate ratio (with no clear effect on butyrate). In
conclusion, CNSL supplementation reduced ruminal methane emissions without adverse
effects on nutrient digestibility or overall fermentation, indicating that CNSL is a promising
natural feed additive for methane mitigation in ruminant.

Keywords: Cashew nut shell liquid, Methane mitigation, In vitro rumen fermentation,
Volatile fatty acids, Greenhouse gas emissions
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AT stz QI 7| eHsks A A4 ALY EA= HiFEIL /leH, 2T 20112020
| Abo] AT Bt EH 25+ 1850-1900 thH] oF 1.09C A% AL E HIEQITH1]. 8
SATMA R oAEIEA(COy), HIRHCH,), oM A(N,0), Z327HA(CFCs), 2E(0s) &
o] 3itt. £3] CHsZ CO0f HI3| HlET2 AR A2 H3HA|<(global warming potential,
GWP)7} oF 2640 2¢fl, 7|5 sto] n|2]& FgFo] wl->- Arpal A=A UeH2]. A AlA 24
7kA W& 7He 59, 99 2 7]EF EA] o] Eof(Agriculture, Forestry and Other Land
Use, AFOLU)7} oF 21%E AHA|sts AC& A=A 9o, o] F oF 25%= WEa&2] AUl
Fa oA EAsk= g s 7]lsks Aoz EAHUH3]. ol mEh FAF Fofe
ZAZNS, 53] vg ARS A% et 28 A7 AAEA AL

HH9] Wi g4 vt (methanogen) 4x(H,)E ©18-3 CHeZ 743 o] IgolAf At
oA oF 2%-12%7F EAEE Aog BIHG5,6]. CHy A4 A Al v Y 35
H, 5%7} 45sto] 2124 (propionate) A/30] S2I=|H, AH/JH propionate> 7HoJA] L&
g A AFAlR E8FHol 7159 oluA] 3uS JeRItH7,8]. wetA CHy A4 oA
© 2A7IA WSS A SAlO] AR olUA] o]8 B&S FHAIE 5 T olHet B
A S W e B AAIE g TRt 28] AFEHL JloH, 53] A AEA FEE
o] FERrAl UeH9-11].

i+ ZAAH(cashew nut shell liquid, CNSL)2 1%, Hatd L4 5 & X
22 PUEE ARD A TARRA, £ 3T WSS A RS0 I
Q2 BEEH12) ONSLo: Tt A28 SHEo] Faslel Yov), 58] 72 42
el Hanacardic acid) ¥29] W) TgbETe) 44 oG], CH, A4S A2
™ propionate JAS A= Ayt RUEHATH14] A in virre AFol|4 CNSL F7H=
CH, S A 2F 70.1% A A]7] 1L propionates 44.4% S7FA1Z1 v UTH15]. T3, in vive
AANAE HBE 49 Hstet H, B4+ AAIE &5 CHy A7 ad7t g1l 16,17].
ol= CNSLo] ®t5=9] ¥ta 24 9 CH, A3o] a3p2Ql Au7H7t 2 7FeAe Hojet

T2y oA CNSL &-8of gt vh59] Tagd4 ¥t 9 CHy A7 adtof 89t A+
otd] HiHA] ¢Fokor, % S FAE AloA CNSLE He A& Aad A= &8st
7] Heide U ASATE S a3 45 9 I35l Zasith wEh 2 A9 532
CNSL H7Ipoll e in virro ¥H59] FE 44 & HE A 58S B7HREC2H, SUiofA
o] wgt A% AmA7HAIRA CNSLY &8 742 gA4ske b o

ME Y Y

= A5 A T AR R AY AR FAHS S8 w7 A7 AdYelM HE 3
5915 ATHPNU-2022-3168).

SAis o SASE

2 AFolA AMgE i AY ARIAeIA FulE B 2A|(Miryang nonghyup, Miryang,
Korea)9} A8 wigtALE (Farmsco, Ansung, Korea)o|H, 0]& 1 mm |7} F&H E47|(CT 293
Cyclotec™ laboratory mill, FOSS, Hillered, Denmark)2 £4] &, -80C 242 ¥5 1 (Innova®
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U725 Upright Freezer, Eppendorf AG, Hamburg, Germany)olA] A% A7tA] BHE it g3
A ZfFoll AHH SAITES B9 AmTrt AR SAE] AMS 257553 £ 240 kg)=,
ARt BIARE 6:4 H]GE FooAt RAEYO L AW =FAR YO F AR Higt
A= (12% 2D A crude protein, CP], 3.5% R X% {ether extract, EE], 26% F/dAA &8 A
f+4[neutral detergent fiber, NDF], 14.7% AHJAA] E8 Ad-F4[acid detergent fiber, ADF],
10% Z3|Z[Ash])E 19 23] Fofolgich. &3, =3 njvlE £92 4 54 43 &
U=F AFsHch

M
(<]

A

|
R

L

o OF
co

5
HI
HI

Aol AREE TA AR F¥4A: A AF= Table 1] UER Ut E(dry matter, DM,
#934.01)2 National Forage Testing Association 2.2.2.50] A|A|E ®WHof wal B4 18]
CP(#990.03), EE(#920.39), AtAA A EEA A4 (ADF, #973.18), Ash(#942.05)2 AOACY]
AAE o] wat EAEQH19]. NDFQF 2] 1 (acid detergent lignin, ADL)2 Van Soest
et al9] WO BAEI5 0 w20], NDF 24 4] Qo] et & 234l g-obalolis A%
SIS, Mol whE EElCl AsE EaKAh ATol ASE CNSLE AR B4}
(Gene Biotech, Gongju, Korea)ollA AlFdtetom, g f of}zteAH(anacardic acid)< 60%

THE A

o

In vitro &g M7}

FA AEEE 1 mm ofolE B3 EEAIS} HigAtRE 3:79) Hl&RE Tt ARSI L
), 0]& 0.5 g(AE 7|2)4 125 mL serum bottleo]] 3519t 2t Mg 7] whE 4L 4 upE O
2, in vitro AF0| blankE EFlo] Z 24 719 serum bottleo] AMEE Tt At CNSL
A7} 4222 714 thH] 0%, 0.02%, 0.2%, 1%, 2%= A5t BrEQHo Alg Fo] A oA
o 7heetes G2 SAE] AMS 25553 £ 24.0 kg) ZHEH AFHoIGom, AHFH A 2 L
B.21o]| ghof 305 ool AFAE uFotoirt. 25HE §H9H-2 250 pm mesh filters 5-0f

Table 1. The formulation of experimental diet and their chemical composition

ltems” Value (%)

Ingredients (% DM)
Commercial concentrate mix 70
Timothy 30

Chemical composition (% DM or as stated)

DM (% as fed) 89.6
Cp 145
aNDF 46.2
ADF 254
Lignin 4.62
EE 3.29
Ash 8.03

UCommercial concentration mix was purchased from Farmsco (Ansung, Korea).
DM, dry matter; CP, crude protein; aNDF, neutral detergent fiber assayed with heat stable alpha—amylase; ADF, acid
detergent fiber; EE, ether extract.

http://www.e-ait.org | 135



CNSL for methane mitigation

136 | http://www.e-ait.org

St B, in vitro buffer(Goering and Van Soest, 1970)2} 1:2 H]&Z 345} tH21]. ¥FH9Y
Holle Opfree COE 3027+ FUsto] &g |71 JHiE FASHIT
H]9 buffers TAIAEZE ©Z] serum bottle®] 50 mLA] E33F & butyl rubber stopper2}
aluminum cap 2.2 U-Z5}9IT}. 0]F DFH serum bottled 39C 2 AH rotary shaker(JSSI-300T,
JS Research, Gongju, Korea)o|4] 80 rpmO.2 48A|7F 52t viFotitt. i IgoflA 7kA HhAl=k
2 3, 6,9, 12, 24, 36, 48A|710 ¥4 ENAFA|(pressure transducer, Sun Bee Instrument, Seoul,
Korea)& ol-&sto] Z45111[22], WAL 7tAE S ule 7hA Z3uo] mof migt dhgs 24
of AF&SFAE. 7kA AR Y| WEh 5k thermal conductivity detector®} Carboxen-1000 Z#(3.05
m x 2 mm; Agilent Technology, Santa Clara, CA, USA)o] A2tH 7kA AZulE 5 (gas
chromatography, YL6500 GC system, Young In Chromass, Anyang, Korea)& ©|-83] 245}t
7k AZE Gas-tight syringeZ 2 mLA FUSFAL, 30%, 15%, 7.5% CHi(Hankook SEM,,
Yangsan, Korea)& standard gas2 ARESIITE 24 A] injector, detector®] === 22 60C-180T,
60T, 130C 2 A73t3om, o4 7FARE Hed ARSI 42 20 mL/min 02 34|31k

48AI7E Wi ' Al AT AR 35 7] 25 pmo] UAE H(F57 filter bag,
Ankom Technology, Macedon, NY, USA)& AR&sto] ofi}stct. Eeof g2 22 65C0
A 72X AR T BAE S5 in vitro B9 AE A8FE(in vitro dry matter degradability,
IVDMD)& AAtslglth. ofabgl whEQHe 3000 g x 15 minQ & FAEZ T T AFSHS ]
st} g AAHvolatile fatty acids, VFA)TF YoM AA(NH:-N) Z40] AREsHAT
VFA E48 A5 Hol= 25% metaphosphoric acid(w/v) 200 pLE, NH;-N £48 A5
0.2 M H,SO, 200 pLE H7I3t & vortexingot®] -80C A2 Pd&alo] H¥strt.

NH;-N £ Chaney®t Marbach®] W1 A5 HEgsto] $3s1AtH23]. P& HEslw
AEL 4TA 53 5, 20,000 g x 15 min G4 &
NH;-N standardE 96-well plateo]] 24zt 2 pLA B35}, alkali-hypochlorite(sodium hydroxide
25 g, sodium hypochlorite 16.8 mL, distilled water 1 L)2} phenol color reagent(phenol 50 g,
sodium nitroferricyanide 0.25 g, distilled water 1 L)E ZtZ} 100 pL& B35 37CAA
1587 dh-S-A|#A, tto] 22 EH o] E 2|t 7](microplate reader, iMARK, Bio-Rad, Hercules, CA,
USA)YE °]8&3t9 630 nm IO FF=E St

VFA 5742 Erwin et al.9] WHol whe} ZgPstArH24]. W5 Edsie &S 4C0lA s
520,000 g x 15 min YHEI S, A5H 200 £LE 99.9% ethanol 800 pL.o} E&olo] 54
sttt 34 H AME2 flame ionization detector?t Nukol Fused silica capillary A (30 m x 250
um x 025 pm, Supelco, PA, USA)o] A2td 7kA I Z2utE T m](Agilent 7890A, Agilent
Technology)E °©]-&ot] E4stqct &4 272 90ToA A&t 90T-200T (15C/min,
hold 2 min), % 230C(20C/min, hold 8 min)&2 AAs}0oH, AAE o]FA 7/[AZ AT

I 8429 30 mL/min® & SRR}

Q
)

A

i b

)
o,
f
ox
o[
1L
o
S~
%
o,
30
o
o
‘lO
il

Gas X|H

In vitro gas AT Schofield et al.o] AA|SE T<e A4 L (simple exponential model)S
o]-5FATH25]. T= AlZHh), L2 AAAZH), ew AAZTL, K= 7 AT ek Eaid=e
(h"), Vi 0124 Hf 7k2A WK (mL) 183, Vee T AZE g 7k BAYRHmL)YS oJn]gieh,

Vp=00<T<1I) 1)
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%—Zﬂ E4L8 GLIMMIX AXZHSAS version 9.4; SAS Institute, Cary, NC, USA)E AR&5}]

e B B2, T 0 A2 3

y1j=/1+Ti+eij

Gow, A8E A BES thest Pk v A iR jHA WEl4 248 g,
T4 83 = 1-5; R, 0.02%, 0.2%, 1%, 2% CNSL),

©)

A2 &= Linear ¥ Quadratic 158 H71517] 98 Orthogonal polynomial contrastsS

Agstol LAtk AT 1t B
ok BAH fOHE p < 005 45
9l Aoz weslgr

FoIA ASHUL, Fo+=

=k

a
4 A JIF

g3 B2 & Tukey's multiple comparison testS

58 S5t

2005 < p < 0.109] A= Aol

CNSLO| H7t} 5ol WE in vitro 8159 W 7kA BT gas parameter, CH, A5 0]

gt A3} Table 29 AAISFACE. in vitro B

o oleh. BE A oA L Azke] Akate] whet

Ta A4 7]do] F714 WEE F5f VFAR
A= FAHoA CO7F A E[26], 7FA AL whE9) ) AlR Eof&
7k BT STKSIA vl

v 2 A

o
T

24A]7H7E CNSL 7} 0] Hopdas 7ha ATl dges Aoyt 53], Wi

Table 2. Gas production and parameters after /n vitro incubation of treatments using mixed rumen fluid

o CNSL (%) SEM p-value
0 0.02 0.2 1 2 Linear Quadratic

Gas production (mL/g DM)

3h 62.7° 59.8° 62.2% 63.4% 65.1° 0.82 < 0.05 0.6132

6 h 102 96.9 101 104 104 2.10 0.0815 0.4180

9h 143 136 143 146 145 3.39 0.1790 0.3559

12 h 176 169 176 180 177 3.96 0.2915 0.2644

24 h 263 256 261 260 245 4.16 0.0213 0.0980

36 h 3128 303° 306° 299° 277° 4.63 < 0.001 0.109

48 h 333° 325° 326° 318° 204° 4.55 < 0.001 0.0945
Fitted parameters of gas

Vina!! 356° 350 347* 333 300° 5.08 < 0.001 0.1230

Ke? 0.06° 0.06° 0.06> 0.06° 0.07° 0.001 < 0.001 0.5022
Methane production

% 11.6® 11.8° 11.8 11.4° 10.6° 0.06 < 0.001 0.0677

mlL/g DM 38.8° 38.2% 38.4% 36.2° 31.2° 0.55 < 0.001 < 0.05

mL/g DDM 66.7° 65.8% 60.3% 62.4% 51.0° 3.30 < 0.05 0.1559

"Theoretical maximum gas production (mL/g DM).
YFractional rate of gas production (™).

““Means within a row with different superscript letters indicate significant differences among the treatments (p < 0.05).

CNSL, cashew nut shell liquid; DM, dry matter; DDM, Digestible dry matter.
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36417k} 48A17F AJFlof A= CNSL 2% 79 7hA ¥AEo] foldos 7Hg Wokthp <
0.05). CNSL 7} #=3o] @& 7ta W;FY Fas, AFPATY Axelr dXsiitt
[15,27,28]. o] 22 o 7kA HATH(V,0)> CNSL M7} 3] whet APH 0= H4slon
(p < 0.001), 2% 7} oA 7H AT < 0.05). EZE 7kA TA0 ThE £ e (K)e=
CNSL 7} o] we} S7FsH 2 H(p < 0.001), 2% H7F 2olA 7H &3t < 0.05).
ek YFY] B, CNSL 5=t S715to] whet wgh vj&e A2 o= FAstiom(p
< 0.001), 2% CNSL 37} =50l A 7 Rk th(p < 0.05). DM Hgh 8= T3k 2% CNSL
A2l At 2 thH] oF 20%7F A4S < 0.05), woiE DM Hgt AT A 2%
CNSL M2l 7014 7 Wokosl(p < 0.05), 2T efe] oF 24967k 24391 Shinka et o)
Aol A CNSL H7te] whet wigr Adwo] Aastalom[17], Wakai et al.2] AFo)A =
CNSL9] Z7tof| whet et B A5 Ao 432 A og oAsto] mgt 44 a4
£ HI5IGITH29). & AtollA] ERE wigt WA o] ZAsla, Hie HA ] ATt vdE
9] Hstol] 93t AR thE 8Qlo] ot AQIA] F7HEQl A7 o 0 E AlmHrh
CNSL 37t 5ol WE in vitro W& 34 Afo]& H|wst7| s IVDMD ¥ NH;-N, &
VFA 91, VFA A& ZASH 3= Table 39 YEMN It IVDMDof| A= CNSL &7}
o] 2 F94 Zpol= At ¥ Ul NHi-N 5= AR 5 ©ido] njgEo] og)
HolElo] FAEE F8 YHAER, ol &Y Tld o]& a& 9 dE Yot HBEA
o A% g&3 ddo] AWHATH30]. & A9 ¥ W NH:-N 5= A 7 79
29l Apo] 5 YEA] AUt VFAE §HE=9] njEo] Al W f7]&ES EdistAl A==
2F At ARER, W) U8 AHE B7iste 8% A#olth £ A4 F VFA &=
272 CNSL A2t 7ho] f-9]gt 20| & HolA] ottt 12y oA EARY] k= CNSL
lr_E_7]. __7].—1-/\§ /H—&];H o=z 7L/\3}oq’ 296 CNSL ;‘qﬂq.oﬂ/q 7].11- 14—01—_]_(], < 0. 05) ETJ]
24F H] &2 CNSL 37t =50] J71st] met Agzoz JFrkstoi(p < 0.001), 2% CNSL
Aol A 7 #=UTHp < 0.05). ofofl W} AP ratio T3F APH O Z4sto], 2% H7t
FEOIA 7P EUTHp < 0.05). FEI2AF 24 Ao w2 £33 #5F FFo] Atk
£ AtollA= CNSL 7} =5 F7tol whet gt Bdo] JA= 1 T2 524k Bl&o] F7t
Sk A4S dRlstylor, o= A3 A&7 X8ttt Watanabe et al2 in vitro §H5-9)

29

Table 3. Analysis of fermentation characteristics using mixed rumen fluid

o CNSL (%) SEW p-value
0 0.02 0.2 1 2 Linear Quadratic

IVDMD (%) 58.4 58 64.7 58.2 61.2 3.22 0.9862 0.3784
NHz-N (mg/dL) 429 43.1 44.3 454 44.1 1.15 0.4495 0.3590
Total VFA (mM) 84.5 93.1 91.6 88.2 87.4 5.65 0.6516 0.7020
Fitted parameters of gas

Acetate 619 622° 622° 603" 578° 3.70 < 0.001 0.5353

Propionate 159° 160° 161° 176° 195 0.87 < 0.001 0.0568

Butyrate 112 113 112 110 113 0.85 0.8328 < 0.05
AP ratio 3.89° 3.88° 3.86° 3.42° 2.96° 0.02 < 0.001 0.5732

“*Means within a row with different superscript letters indicate sianificant differences among the treatments (o < 0.05).
CNSL, cashew nut shell liquid: IVDMD, /n vitro dry matter digestibility; NH3-N, ammonia-nitrogen; A:P ratio, acetate to propionate ratio; VFA, volatile fatty acid.
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A Ago)A CNSLo| wgh WA Xt 70%71A] FH 02 TFAA7|= Ao ZEu24t
3 OF 44%7HA] S7FAZItkal B 115FTH15]. Shinkai et al.9] in vive AFF A3 Ax}o A
%, CNSL& 453:7F gofgh AgjFolA AEAHFHDMI) T et viEgol oF 19%-38% 745t
Ao, oPA|EAL Bl &2 A4St DRI 2A4F Hle2 Fo4 02 F7ISkITH17]. 3 CNSL
9 Al A4 Edfiatt ZH0|E AGH Fa 9 R4 YA S vdE A
WS} vlek A AdES AASFRITH17]. Wakai et al& CNSLO| 8 A& ofuzg4t
o] Wgtgdtol AeA AA| aytE Ho|nf, TR 4 AYdE 50 pg/mL 0|49 5o
Mt Zg7o] A AsEA] oFa2 SRISHAITH30]. ol= CNSLo] wgt A4 ujd=2 Az o
= ARtoEMN HHES] W 4 A4S WA6, AR I € We ZRr4 44
w2 ol o] AT ZEE2A Y FAEE {FUE 4 U= 713 AAIR. Mitsumori
et al-> CNSL H7}& QIgh wjgt ¥y A7h aap7} §h59] W ot EAN 4 4 3 Z232
A4 S7te BASH HE e, 1o wet 4 ThA WEe] RO 08 FUNste thAL
A W37t SRIEITH31]. ol= gk Bo] JAIE wf o & A gl F2 f4 PRI} RA
FHE FEHAY T2 M) AEE AgES ou|git

A 2 Ae] Auol A vehd vgt A4 A TR a4t 57 @442 CNSL 712
s wigt /ol AH|EHA] R 2 $AavF TeuA B4 ArE QREE 202 sAE
4 Sl ﬁor CNSLo] oJgt wigt Azt a7t FA|F o s of| v]dE 449 sy A
AR 2do 7IRlste AAAE k7] gt F7HAQ A7 oY Ao = wekHoh

=

2 AT A= FHIA Y Hgt A ARH7HEA CNSLY &8 7Hs/d<S B42 sl
CNSL 5= in vitro HE A4 4 2 gt HAFS B4t CNSL H7t 20 &
IVDMD, NH; N,  VEA #435k] §9iet Aol= LjekLiA] glef. 9 CNSL 27} 2:20]
OS5 s U ol B MY FAIAT, Teaenel v MY
F715H%e). ONSL A/he Mgl ot BAIE Z2A/IEAE 94 ATl 2 338 3
A ong AAHoR AR oUA 2L ZolE 1 Ae] Utk A1) ATE viEo.
CNSLE w5t 428 ARA/MZAS 7Fs4S HolZe). s, CNSL A7jo] 2 e
A4 712k B3] 7+85] AsiAls W W nldE 2 Halof] digh 71 E40] Z.
Slt}. 3F5 16S rRNA gene sequencing®]l} metagenome £4& -5 CNSLo| WY 1A
el ofUjel mEn oA A4S BRI TR ME Wk ol Jae vl A ot
S B} Yok B R AT in vine AT WA BT 54 DAL B Wl

| Z3HE =, CNSL 717} vha=9] v v, oluA] as 9 4% 44 njAs 3714
Foe A7, AR W7k BES AR A in oo AF ABE T BRI Uk

O

5

N

Of
£ AT E in vitro W] WE A3} vgk BP0 gt iR AAH(CNSL) A7t

AE FGrlshe, Wgk A ARH7IAEA CNSLY &8 7H5ALS 251t g2
A9} AL HigAIEE] mm oJ5FE B3 5 3.7 B]&E 0.5 g4 125 mL serum bottleo] £

http://www.e-ait.org | 139



CNSL for methane mitigation

140 | http://www.e-ait.org

otglt}. A2l CNSL A7l 422 714 thH] 0%, 0.02%, 0.2%, 1%, 2%= 453t A
ERQl AN ZHE AFH 3t ¥ N2 in vitro buffer®} 1:2 B]&E oI O,-free COE 30
B2 FA510] @7] AEE SA% H, ZF bottleo]] 50 mLA HZE3}4ch AR 39T, 80 rpmo]|
A 48A17F sl oH, vk & 3, 6, 9, 12, 24, 36, 48A]7H0] ZRA HPAYERS ZASt Hg
BLE 243 8l $8 & ARER in vitro AEAIE(IVDMD)S A3y, YA
gk ozl o 2 Spdhd AAHVEA)T SEUoHd FANH-N)E #A45k3ith CNSL 7} &
& 3710l wet F 7kA BAYFS AFH R Akl on, 9] vk 36-48A17F AlROA 2%
CNSL AHz|t9] 7tA dAjefo] fol& o0z 7ha; Wolth(p < 0.05). wet A E3t M7t 5
70 wet A Eo] F 7tA 5 e ngOI AFHoE FAsHL, 2% APFofA= &9
7149 vg o] & tin] oF 20% #A4sHlth gHH CNSL 37H= IVDMD, NH:-N
= 9 & VFA BAole o3t FFS vIXA Yokt §HH VFA 2404« otNEAL Hl&
o] ZAastil ZE 24t H[E0| F7I6te] AP Hlgo] RolA= AP ¥slyt Uerton, RE
EAF HlEo= TR Il Yt 2EH 08, CNSL H7H= in virro Z710|A] HH5=9 W&t
HiE & 71 BARE AAAIIAAE G4 20kt ARHAQl Haoe A% J3S HA
A ekoket. o]2|dt Zit= CNSLo| RtE5&E9] et A7 S f4et AA AARH7HAI7}

g % U4ge At
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