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ABSTRACT

This study was to evaluate the feed value of whole crop rice silage (WCRS) and to investigate a suitable ratio of the WCRS and
concentrate by an analysis of rumen fermentation. A total of 6 treatments were used according to WCRS: concentrate ratio on in vitro
rumen fermentation: T1 (100:0), T2 (60:40), T3 (40:60), T4 (20:80), T5 (10:90), and T6 (0:100). The ruminal pH, total gas emission,
ammonia nitrogen, and volatile fatty acid (VFA) were determined as fermentation parameters. Total nutrients digestibility trial was conducted
by 4 treatments according to WCRS: concentrate ratio at 40:60 (W40), 20:80 (W20), and 10:90 (W10), respectively. Feed value was
analyzed according to AOAC (2019) and nutrient digestibility was calculated based on NRC (2001). The levels of crude protein (CP),
crude fat, and neutral detergent fiber of the WCRS were 12.29%, 1.67%, and 59.79%, respectively. It was found to be 51.49% as a
result of predicting the total digestible nutrient of WCRS using the NRC (2001) model. In vitro rumen fermentation, T4, TS, and T6
treatments showed a greater gas emission and total VFA concentration compared with other treatments (p<0.05). Acetate and acetate to
propionate ratio of T4, TS, and T6 were significantly higher than other treatments (p<0.05). There was a significant difference in the level of
propionate and butyrate according to the WCRS: concentrate ratio (p<0.05). The digestibility of dry matter and CP was significantly lower
in W40 than in other treatments (p<0.05); however, there was no difference in W20 and W10. In conclusion, the 20:80 (WCRS: concentrate)
is beneficial for stabilizing the rumen that does not inhibit rumen fermentation and nutrient digestion. This ratio might have a positive
effect on the economics of farms as a valuable feed.
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Table 1. Formula and chemical composition of experimental diets

Items Whole crop rice silage Concentrate

Ingredients(%)
ground corn - 40.66
corn gluten feed - 20.75
wheat bran - 13.34
soybean meal - 9.82
coconut meal - 4.14
rapeseed meal - 4.14
palm meal - 4.14
limestone - 1.77
NaCl - 0.48
baking soda - 0.48
vitamin-mineral premix - 0.28
Total - 100.00

Chemical composition
Dry matter (DM), % 37.51 91.53
Crude protein (CP), %DM 12.29 18.99
Ether extract, %DM 1.67 3.35
Neutral detergent fiber, %DM 59.79 25.90
Acid detergent fiber, %DM 36.88 9.13
Non-fiber carbohydrate, %DM 20.62 47.41
Acid detergent lignin, %DM 7.24 0.79
Crude ash, %DM 9.93 7.96
Neutral detergent insoluble CP, %DM 4.27 3.61
Acid detergent insoluble CP, %DM 2.22 0.69
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H(acid detergent lignin, ADL; #973.19) £4& AAJ5l3 o
ZEO(crude protein, CPy= Dumas RO & 835190, 7]
AR= vario MAX CN AH] (Elementar Analysensysteme GmbH,
Germany; ,#990.03)E o]-83dlo] 4519t

S AAEE - H(neutral detergent fiber, NDF)2} AFJA|
AE-84348(acid detergent fiber, ADF)= ANKOM™ fiber
analyzer(ANKOM Technology Corporation, Macedon NY, U.S.A.)
£ 0|83} X519, SAAAIE-8Z M Z(neutral detergent
insoluble crude protein, NDICP)Z} AMA|AE- &2 T2 (acid
detergent insoluble crude protein, ADICP)< Licitra et al.(1996)
o] uiHo g =Xt AAL7R= bomb calorimeter(Model 6400
calorimeter, Parr instrument, Molinem IL, U.S.A.)2 &35} 0
™, H]A-{5AESHE(nonfiber carbohydrate, NFC)+= 100 - (CP%
+ EE% - Ash% - NDFn%)9] $=4]0& ARE35}9ict
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Truly digestible NFC(tdNFC)

= 0.98x{100-[(NDF-NDICP)+CP+EE+Ash]} xPAF

Truly digestible CP for forages(tdCPf)

= CPxexp[-1.2X(ADICP/CP)]

Truly digestible FA(tdFA) = EE-1

Truly digestible NDF(tdNDF)

= 0.75x[(NDF-NDICP)-ADL]x{1-[ ADL/(NDE-NDICP)]*"}
TDN1x(%) = tdNFC + tdCP + (tdFAx2.25) + tdNDF - 7
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tdNFC)S F151= 718 A A (processing adjustment factor, PAF)
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T3(40:60), T4(20:80), T5(10:90) & T6(0:100). A3F ML 4
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(39C)°l head space”}t RIS SHaL AbA0] U2 Apdsto] 97|
205 AT A9 HiTIA] 302 A HEERIHE O,-free
CO,Z bubbling 5}9] pHE 6.5% H75}31 NaHCO; 9.8 g, Na,
HPO2H,0 4.62 g, KCL 0.57 g, NaCl 0.47 g, MgSO,7H,0 0.12
g, CaCly(CaCl,2H,0)/100 mL 4(5.3) g& T9% McDougall’s
buffer solution(Troelsen and Hanel, 1966)3} HF=QJBE: 4:1 52
&391510] rumen inoculum O E ARSI ERL Y2 514 Yl
ofat Iy B2 Ox-fiee COE EAISH o] Abiof LEE]
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Seven Easy", Mettler-Toledo)S ©]-&3}o] 24519ich Y=o}
B A4 SRS Chaney and Marbach(1962)9] Hio] w2} 2154
oM, 16,000 pmO 2 1587 914 Bajslo] AL} A
A= ¥k5=9QloHo] A=l 20 yLof| phenol color reagent 1 mL I
alkali hypochlorite reagent 1 mLE €213] &sto] 37Tl A
20871 YRS & spectrophotometer (Optizen UV2120, Mecasis,
Korea)E 0]-8510] S-8% 630 nmojlA] S5t g A
4k Erwin et al.(1961)2] JFRiof| we} AAEQIe AFRIA7E
AAE TN S] AF50] 1 mLoY| metaphosphoric acid 200 uL
£ F7lelo] 308 59 A . 13,000 pmolA] Yae] she
A IHE #1Z AlZE Nukol”, fused silica capillary column
(0.25 mm Ld. x 30 m length, SUPELCO, USA)°| A2 gas
chromatography (HP4890, Agilant, CA. USA)Z E451%1
= 180T, injector = 220C ¥ detector = 2007).
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A0] A BA2 SPSS T2 T3(Version 26, IBM, NewYork,
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NDF2 217+ 12.29%, 1.67% 2 59.79%%Z S EAcK Table 1).
A8 ATATNAE ARG ] ARIZIA|S] 2T 7.0 ~ 10.9%
9 NDF 64.6 ~ 70.8%% WEPE O ™(Kim et al., 2008a), Sung et
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o] 7I= Ay o|88i}= tha *}o]7} Qi Fonnesbeck et al.,
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T F= SR ARRS| ZEasle} ADF oie 013011 9
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0= AkEEo] ALEEAQ] 7HXE diEs & 4 Stk
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oA So]F o ko pHE H Y 1(p<0.05, Table 3~5), o]= A}
=8 1 AR o] WtE Aol Askgrt et
Al FAlo] ¥ pH7F RobXl Z0& Kl TIu A Al
9] pH7F AR 5.8 ~ 7.20] ol §E9] W F(-)
o] o] AUk AZFE K Hiltner and Dehority, 1983). &
7}A Aol A= T1o] Sold o= A Ul al(p<0.05), T4,
T5 2 T6oA Q0= =9kKp<0.05). TIS ALES B AFY
YAE 100% ARESH TR A|EET NDF §jo] o} Hk=9]
g7 YA yehdtia Az David et al. (2012)01] a2
RALR HEO| =2 AR sie =T =2 AIEolA &
7k SRR R 52 %Tﬂ*%b] =A Ut

olo 034_. mlru

Table 2. Amount of digestible nutrients and estimated true
nutrients digestibility and energy value of Whole crop
rice silage based on NRC(2001) equations

Items Whole crop rice silage

Estimated true digestibility of nutrients, %DM

Crude protein(tdCP) 80.51
Fatty acid(FA) 40.12
NDF(tdNDF) 48.46
Non-fiber carbohydrate(tdNFC) 98.00
Digestible nutrients, %DM
Crude protein(tdCP) 9.89
Fatty acid(FA) 0.67
NDF(tdNDF) 33.15
Non-fiber carbohydrate(tdNFC) 20.18
Energy value
Digestible energy(DE'), Mcal/kg 2.29
Total digestible nutrient, % 51.49

'DE x(Mcal/kg)=(tdNDF/100)x4.2-+(tdNDF/100)x4.2-+(tdCP/100)x5.6
+FA/100)x9.4

- 239 -



Evaluation the Feed Value of whole Crop Rice Silage(WCRS) Using Rumen Fermentation

Table 3. Effect of WCRS:concentrate ratio on /n vitro rumen fermentation at 6 hour

Items T1 T2 T3 T4 T5 T6 SEM P-value
pH 6.87 6.92¢ 6.79° 6.66" 6.58" 6.69° 0.030 <0.05
Total gas, mL 41.67° 55.33° 56.67° 60.00° 63.33° 60.00° 1.919 <0.05
NH;-N, mg/dL 4.85 3.61 4.44 4.51 491 4.70 0.177 0.322
TVFA, mM 22.80° 27.04° 28.76" 29.83% 30.89° 30.21° 0.733 <0.05
Acetate, % 66.74° 65.67% 66.69° 64.76* 64.69" 64.05" 0.310 <0.05
Propionate, % 18.25° 19.51° 19.56° 20.79° 21.18% 21.67¢ 0.290 <0.05
Butyrate, % 12.28 12.16 11.36 11.83 11.56 11.64 0.124 0.221

Valerate, % 2.74 2.66 2.40 2.63 2.57 2.63 0.040 0.229
AP ratio 3.66° 3.37° 3.41° 3.12° 3.06" 2.95° 0.061 <0.05
T1, 100:0; T2, 60:40; T3, 40:60; T4, 20:80; T5, 10:90; T6, 0:100.

NH;-N, ammonia nitrogen; TVFA, total volatile fatty acid; AP ratio, acetate to propionate ratio.

Table 4. Effect of WCRS:concentrate ratio on /n vitro rumen fermentation at 12 hour

Items T1 T2 T3 T4 T5 T6 SEM P-value
pH 6.86% 6.94° 6.83° 6.64% 6.54° 6.71° 0.035 <0.05

Total gas, mL 55.67" 76.67° 84.00° 95.00 95.00* 97.33¢ 3.555 <0.05

NH;-N, mg/dL 5.17 4.93 3.47 4.15 4.20 4.58 0.246 0.437

TVFA, mM 31.65° 42.89° 45.01% 49.66° 50.16 48.26™ 1.613 <0.05

Acetate, % 67.02¢ 64.98° 64.29° 62.82° 62.45% 61.33° 0.473 <0.05

Propionate, % 17.73* 19.41° 20.23° 21.31¢ 21.84¢ 22.71° 0.405 <0.05

Butyrate, % 12.68 13.03 12.96 13.26 13.07 13.26 0.083 0.382

Valerate, % 2.57 2.58 2.52 2.63 2.65 2.70 0.022 0.257

AP ratio 3.78° 3.35¢ 3.18¢ 2.95° 2.86° 2.70° 0.088 <0.05

T1, 100:0; T2, 60:40; T3, 40:60; T4, 20:80; TS5, 10:90; T6, 0:100.

NH;-N, ammonia nitrogen; TVFA, total volatile fatty acid; AP ratio, acetate to propionate ratio.

Table 5. Effect of WCRS:concentrate ratio on /n vitro rumen fermentation at 24 hour

Items Tl T2 T3 T4 T5 T6 SEM P-value
pH 6.86° 6.84¢ 6.78° 6.80° 6.52° 6.70° 0.028 <0.05
Total gas, mL 71.67° 103.33 120.00° 131.67 136.67 135.00° 5.671 <0.05
NH;-N, mg/dL 11.44° 11.53° 8.13° 8.98° 8.91° 8.52° 0.420 <0.05
TVFA, mM 43.72° 51.12% 59.49" 63.20° 67.43° 66.52° 2.940 <0.05
Acetate, % 63.74° 55.78" 56.11° 55.78" 54.84° 54.81° 0.912 <0.05
Propionate, % 19.78* 23.28" 23.64° 23.95" 24,55 25.61° 0.531 <0.05
Butyrate, % 12.99* 16.66° 16.28™ 16.34™ 16.50™ 15.80° 0.349 <0.05
Valerate, % 3.50° 4.28¢ 3.97" 3.95" 4,12 3.78° 0.081 <0.05
AP ratio 3.02® 2.40 237" 2.83% 2.23% 2.14° 0.113 0.145

T1, 100:0; T2, 60:40; T3, 40:60; T4, 20:80; T5, 10:90; T6, 0:100.
NH;-N, ammonia nitrogen; TVFA, total volatile fatty acid; AP ratio, acetate to propionate ratio.
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Table 6. Effect of WCRS:concentrate ratio on apparent total

tract digestibility of nutrients in Hanwoo steers

Items W40 W20 W10 SEM P-value
Dry matter, % 62.77* 68.46° 69.72° 0.886 <0.05
........................................................... % dry matter basis:«««-«««rrerrresr

Crude protein (CP) 68.86° 72.13° 73.22° 0.655 <0.05
Ether extract 72.38 79.49 80.29 1.571 0.069
Neutral detergent fiber 45.37 48.36 48.01 1.001 0.440
Non-fiber carbohydrate 89.06 88.80 87.66 0.698 0.711
Energy 66.42° 70.69° 71.29° 0.758 <0.05
Total digestible nutrient 66.17* 71.26° 7243 0.836 <0.05

'Whole crop rice silage:concentrate ratio; W40, 40:60; W20, 20:80; W10, 10:90.

o), B ee] Fut E3 AEg H AdelA|e] ulgo] ot
W% 5 72APIRo] S Uehdeh wie] ol gy

7
ofef] AT =] 48t Ed F57t HEs| o]FoF=
A A&l AFolv}. YHYole] AAagHES QPgalE w9
oA HA 5~8 mg/dLoA |t 29 mg/dLo] AFAE Tt B s
v} QIck(Stile et al., 1970). & AFoAE HE AJFLoA] 3.61
~ 11.53 mg/dLE 27 H9] Qtof] & o, A+ 7F F23Ql
21o|7F flSItH(p<0.05). & SL/GA AL Aol A= T52F T6
oA FoH o= =AU TIoK FelFom W2 Ans el
tH(p<0.05). oli= & 7IA/3=a AR kS Halow, 7kA
A R R ARS8 AR R|9] Hlgo] ks Bh
Zow A7yt

Al B AFdE ROl Tha =2 $°2]9] ADICP7} UE

=T(Table 1), -7t 29 TRl ADICP7} 22 A=
E AT A 715 AU o83 AT Harg HE 9l
THBoucher et al,, 2009). & AFAFNME AZE B AL
219] Hlg0] F255 WA BAdEo] WA UEh, vk
9] gof| F(-)9] FFo] Aotk Tk Ao s EE
Az Zol7t Aot TIoA FeldoR =2 HleS e
3(p<0.05), T6Z Z4E F2 HlEE ot Z2u24h 9 o
AolA= TIoA fojAo g wetom T5 9 TeoA F-2l42
2 =2 Z3E HYPtH(p<0.05). 2AR} T2 ]2} H]-E{(acetate
to propionate ratio, AP ratio)o]|Al= T10] =il T4, T5 & T69]|
A foF o W2 A3 UERH B9 HE= David et
al.(2012)9] AT} "RV R ZAER FojA] A AGT0] =
ko, Higits oAl A AdFe] A4 e
webA HiRRALE Y] SEfo] EoldeE TR w24k Higo| =
OFA], AP ratioo] FFE 1|zl AR AlmHTh

TIAES} AFEE B AMGER] Y Hlgo e I et
2 2883} oL A| = Table 63 2t} AE 9 XHH ASHE2
WA40olA fejdog WA Uehtal(p<0.05), W20 2 W10

i

P

9 o7t k. Yukzog AE 4982 ADFL} H4-)
O] JEEAIE 7T A A Ao (Kim et al., 1989), 45
49} A9k Thll -9l ADICP7} 252 i 4sl8o0] A5t
H 4 Itk Boucher et al., 2009). £ A7 = AlE-g B AL
A| Fofu o] EoH4E A& W ADF2} ADICP 420 =
oA & P XY Avlgo] Wolx] Zog AlmHrh £
1, NDF % NFC A8h&2 A5 7-212Q1 Zfol7} ISl ofl
YA 9 TDNOJA = W400|4 FoA 02 WA LER(p<0.05),
AEiskeT AR A4S et

dHo] A+AH, AlE-g ¥ AR Y RARER] BHE
A9t fAKRE ] el SRS UERHL TDN dfl&oA %
51.49%= UE} RIE5E AREEAQ] 77} SEsitar wd
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Hl&o A= 2lo]7F QIith A8 B AFLE] || BlEo] 20%2}
10% WR9] B 9 o 45180l AoVt Rlo] FAOLE
FIo] HIRA] 2 A= 7=, ARHH o= AlEg B Al
YA vieifze] 7ol =A BAdE]o] o] Al H Al
A 20% FA] 10% FoiHTt 57H] AlEHIE At 4= Qlth
webA] AL B AP A= AlREAS] 7HX]= SEsht 278t
HIE=E Folok= Zo] Saskth 2484 0= Alag ¥ AldEX|et
HIGRAER O] HleZ 20:80°0= Fofoh= A2 W9 | 9 |
& A3KE AdfoA] gk SeollA] WE=9] FYole Rkl A
Al 5718 BAVel= 37420 FFe vA A o= o=k

o

S

OF
21

Iv.

A ARG 1] AldEiR|e] AR IAE Bt WS
ARG olgatel ALg ¥ AldEixo} HigiAlee] 2 u)
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BASIAT, P 23K S NRCQ00DS] 418 7]3Ee.

ARESIYITE. In vitro BER9] HREAIEL F 6719 AIEE
=31, B9 pH, 7SR Yot A 9 3 A
IRARS ZA5FITHT1(100:0), T2(60:40), T3(40:60), T4(20:80),
T5(10:90), T6(0:100). FUYA 45+ AIFofA = AR B AKY
2]%] v} w} 40:60(W40), 20:80(W20) = 10:90(W10)& Lt
rol sigiTt Alg B AR R]9] Zekld, 2AHF 9l NDF
e 7H2E 12.29%, 1.67%, 59.79%2 ZAE|QIc}. T3t NRC
(2001 o83t Al=-8 B AlJE]A]9] TDN & AIH= 51.49%
2 Yepgeh B9 2F in vitro A3, 7EA88% & A
APAPY L T4, TS 2 TeoA thE A|@LETE fojo=
=9FH(p<0.05). ZAH} AP ratio. T4, TS 2 T6olA] S-o180.
2 A YeRth(p<0.05). ZRu]24E 9 il A= Al H
A ez} vigiAbRS] Bl&2] sl ulEt ROl Ajolg K
AcHP<0.05). 71& E 2T ASHE-2 W40oA] fojH o
< ATE HO0(p<0.05), W20 H W10 1214 2o]7} ¢l
Uk webA AEE W ARERE AEEA 77 ik g
o} E3h ALE-E ¥ AR A9} HigAbE ] FofHlES 20:80
Sh= Zo] HhR9] g W JU4 ASFE AFfEIA] L= S0
A &7 AAVE FEAY Ao AYZhHr

ox hu

iy
=

V. AL At

B ADRO(eR) 5E2UEH ATAYERIAY : Amd
wlo} 57 AlalEo] A o84 W7k, AR POl
382303)2] Aof o8 olotal A9,
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