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Nutritional Evaluation of Rice with Different Processing
Treatments on in vitro Rumen Fermentation Characteristics and
in situ Degradation

Yang, Sung-Jae - Jung, Eun-Sang - Kim, Han-Been - Shin, Taek-Soon -
Cho, Byung-Wook - Cho, Seong-Keun - Kim, Byeong-Woo + Seo, Ja-Kyeom

This study was conducted to evaluate the effect of different processing of rice on
rumen fermentation in in vitro and in situ experiments. Different processing
treatments (extruding, roasting, and steaming) were used in this study and all
treatments were ground through a cyclone mill (Foss, Hillered, Denmark) fitted
with a 1 mm screen. Non-treated rice was considered to a control substrate. Then,
all treatments were used in in vitro and in situ experiments. Total gas production
and dry matter digestibility in control were lower than any other treatment at all
incubation times (P<0.01). The lowest ammonia nitrogen (NH;-N) concentration
was observed in control among treatments at 6, 12, and 24 h incubation (P<0.01).
Extruding had a highest total volatile fatty acids (VFA) concentration at 6, 12 h
incubation (P<0.01) and Steaming exhibited a highest total VFA at 24 h (P<0.01).
The lowest total VFA concentration was observed in control at 6, 12, and 24 h
(P<0.01). In an in situ, The highest value of soluble fraction, degradation rates,
effective degradability was observed in extruding (P<0.01). It was considered that
feed processing increased dry matter digestibility, total VFA concentration, and
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decreased pH as well as NH;-N concentration indicating that processing may
increase nutrient degradation of rice in the rumen.

Key words : feed processing, in situ, in vitro, rice, rumen fermentation
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SAHE 789 et A SULE AR AR A&H o g FUkste HiAlE A
22 20033 1,500%F EolA 201313 7]F 1,900% Eo.2 ZUSIItHEAA, 2018). 715
ArFAl JAA ALEHIE 3] B FES AXEa e, 20159 7| S HlSS,
&%, Ao Ao A ALEHI T2 212 41.9%, 59.3%, 55.9%S AA|EHE AoE2 FAE Y
SHEAA, 2016).

vt 49 AR 98 L gREES Yo st I, Y AARFE
g AE gEEE 95% oS AAEAL Tt ol tidl] A= AFEY] A7 98
) Fut A F4kEo] H7FE Total mixed ration (TMR) H¢ & 3(Bae ef al., 2014), 2l
TMR H &3 (Moon ef al., 2011) & W Au7Fs ALR H4E5E AEstr] g A& A
&3 Ao A= VT2 A@n)Y FFEEL =M A (crude protein, CP), AW
(ether extract, EE), 7H8-5%& &E(nitrogen free extract, NFE)©] ZZ} 8.46%, 4.00%, 83.86%%
S0l JUAE(CP 8.81%, EE 3.32%, NFE 84.95%, %] -(crude fiber, CF) 1.30%)3} -
AP REFALR A 3, 2009), A AR} ofel® Betal S, BE T o
2 FEF A oA vAES] ould A A #¥E IA A ]
H H ARARTH(Nikkhah, 2015), AFBAL O E o] 83114 3= A %7} F
A dth o= AL 715 UEE AMESE Aol Uld ALSH ARt
2tz Atsdged vs 714 BAEe] Bytr] wZelth 1y 1
2 2007'd 76.9 kgollAl 20161 61.9 kg2 A &Aoo R AL v Aol H(FA A,
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BT AFoltHEA%, 2017b). & AL haFo] & Au|EF Ao Hls
A o] ke A&z o g Frlsta gon, Aau)e] ByuE e n§ 5o Friulg
AL 4] A8 AT 2nAEe) gajo] Bad Aolth old] e AR (537

2| AER, 2015)S AAISE] FAREoR A 4802 AR gl
= 3 ol AarE ARE HUEE ART F AESE S AT A5 AH
of w2015 ARE AR B TMR RS FHUSE AE AL Lo} WS
AR AREA B JFE 7IAE BURE A B3 AAon oA E E°] Lee &
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(2006) o] Wi Y 43 H7F ATE FIsEoY = 9nE AMSFo A
A AEE BE AMRE = dr Y FH b= AFol7t Atk ESE Oh 5(2006) in vivo 423}
A in sin B3N E H7HE T Aol Uitk AR 71X B AFE FAEI oY, ofn
10d Holl =3 Aol AHEH 87 FUj4be] ofd F=4F & o] &3tk 3
A7t Atk

webr] AF7HA] AYEHAE ATES B ASYUEZ AEE F A
IHNEYS W, Ao AASTIRE Ui B 8] Jrial AHEtA A,
L) GUHAEAEEAD jn vitro TE AD, in situ 3 T3yt A T
ol Z7] Tdola A7t FAEEt AE 43189 =10, extrusion *E]7F &2 Hb
do] A= HE Sl (Yu et al., 1998; Shabi er al., 1999) Extruding,
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B AFoA AREE Ao s U siFALR S AL S 3 3HAT Immune Inc., Ochang, Korea)
O ZRE AFHdth Av|= EdetA S d AR 9} Extruding® FEE A%k,
Roasting #]2]9} Steaming #1283t FAIANSE vlAstr] Q3] I3 dAv] = IFE €4
sholl A 3023t FAY, A7INEC R 3583 A F 55T 4841 =xste] & U 7HA A
T2 FHE A

2 Aol AR AHE e AFRY The el whet e 2ol FES Tk FA g
A LH](Control), Extruding, Roasting, Steaming.

2E AT Agel AHE] A, 242 1 mmA|7F 2 cyclone mill (Foss, Hiller@d,
Demark)Z #3E A3, ©]% 0.3 mme AE Fall YAZ717F 03~1 mm AT FAANEE
ol gstntt. Aol AHEH FAE =S WEY Al ARE ARV E2ER] das
(450 £30 kg), 6:49] ZFHIEZ AIRE Fo] Uton, ZAIRAC 2= E|EAE FFAE
Qo7 g v gtALE (Hafeed, Co. Ltd., Pusan, Korea; 12% CP, 3.5% EE, 26% <A AA&&
df-A[neutral detergent fiber, NDF], 10% Ash)E 1¥ 23] FoJ3l R
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TN ALR 4% 9] 74 E(dry matter, DM, #934.01), CP (#976.05), EE (#920.39), A4 Al Al &-&
f2x(acid detergent insoluble fiber, ADF, #973.18), 3] (ash, #942.05), Z%(Ca, #927.02),
QI(P, 3964.06)> AOAC (2005)° AAlE ol we} FAHAT CPe T i T
6.25W1 2 ALkE e SHsIAN, AR F A4 dFS Nitrogen Combustion Analyzer
(Leco FP-528 Leco, MI, USA)E ©|-&3l SAHAUT A4 & H7HE 93 NDF9} &
IJ(ADL) Van Soest 5(1991)°ll &3] £ =S, NDF 45 93l doll kg &
HE A obdetolAl( @ -amylase)E AF&dte] EA5taL, te] A E E3bete] FHSAT B
3= £8 $ Starcch= Hall (2009)°] AAIZE WRol os E4 =AUt W ga a2
(soluble protein, SolP)& #433}7] 9] Krishnamoorthy 5(1982)°] A|A|gF W& AL8-3}%
3, SAAA B8 T (netural detergent insoluble crude protein, NDICP)3} A M A &-&
1 Z(acid detergent insoluble crude protein, ADICP)2] #2418 Licitra 5(1996)°] A Al ¥+
HE A3

A719] AT o] 83t A9 AUAIZIE 7HAast PdA F(total digestible nutrients,
TDN)S. 2 H7}3817] 98l NRC B AAFSFEZZ(2001)S AHREIA T, $499 Bl S-ollA] &
L5 = FA AR (net energy for maintenance, NEm)<} A3 -7 7] of| 1] 2] (net energy for
growth, NEg)& E=Z3FTHNRC, 2000). =3+ F-5-2] B2 1] oL A (net energy for lactation,
NENE S = ATHNRC, 2001). A 4 8<31E(non-fiber carbohydrate, NFC)& T3}7] 9
A= ot o] F24E& o]&3tATh

NFC = [100 - ash - EE - CP - (NDF — NDICP)]
3. in vitro &&

wFd S B3] d, Z2be] FAIAEE 0.6 g Filter bag (F57, Ankom Technology,
NY, USA)°l ©74 125 mL serum bottled] RTFATH FHe FA oA Atggo] A
Heets Bl AAHUSTH, 2 L B2 BHEo SA] ATFHE AR o|F 839
cheese clothell A& F 1:39] HIEZ in virro buffer (Goering and Van Soest, 1970)°l 3|4
H AL, O, free-CO°l bubblingAlA €+ 7] HHIE FAS JEZ FAEHAT | & filter
bag®] ©71 125 mL serum bottle®] 60 mL% #5-3}3L butyl rubber stopper$} aluminum cap<
o]-83to] ¢Hd sealing * El3FH T} sealing® serum bottle> 39°C incubatorll 4] 0, 3, 6, 12,
24 h B¢ WS AEYE AR o2 G AZkoll M85t DM 438, Gas (ml/g feed DM),
pH, ammonia nitrogen (NH;-N), 3]'&/d 2 -4H(volatile fatty acid, VFA) A &S 747+ =45}
ATt

Gas TAFLE 2 vl FAIZT

ol

3=+ serum bottleE°] 7H%5-% 7] % Glass syringe (FOR-
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TUNA® OPTIMA® Ganzglasspritze)E 53l 4= AT ©] <=
3000 rpm x 15 min®] YAEY FH L AR 2, F5AE 7 | mLB¥ S NH;-N9 VFA =
AL 18l Mgt NH-N S48 vlFdol= 02 M H,SOy 200 uLE, VFA S48 bl
Ao = 25% metaphosphoric acid 200 nLE ZH2} 713k voltexing $ -80C o] W& B3
AT AFSETF ©A filter bage S RHTE o83t 6~73] 7Ro] AL F 55C dry oven©ll
A 48AIZE A, el & BAE =435 DM 4882 =73 tH(Goering and Van Soest,
1970).

pHE 3000 rpm x 15 min®] YAET] AL AZ WAL pH meter (FP20, Mettler
toledo)E ©]-&3l] =A3}Y T NH3-N =742 Cheny and Malbach (1962)7} A A g #H S
o] &3l &3t W RAsE HlFH SampleS 4C oA Zo]31, 20,000 ref x 15 min
o] YAEYAAHLS I A= 200 uLE 1.5 mL tubeoll EF3Fth NH;-N standard?} zHz}
9] AlE 2 uLA-E, phenol color reagent (phenol 50 g, sodium nitroferricyanide 0.25 g, distilled
water 1 L)<} alkali-hypochlorite (sodium hydroxide 25 g, sodium hypochlorite 16.8 mL, distilled
water 1 L) Z} 100 pL2 2 96 well cell plate®l] #5331, &2 F=Z37C)0A 1587 HE-S-A]
7 microplate reader (iIMARK, Biorad)E ©]8-3}%] 630 nm2] oA SR =5 ST

VFAQ] 4L Erwin 5(1961)°] A A ol upel 43ttt BB E sampleS 4C
o Al =o]a1, 20,000 ref x 15 min®] YA EZAA & FZH 200 uLE D.W 800 pL=E 3]4]
3}y VFA £241& 213t flame ionization detector®} capillary column (NukolTM Fused silica

i

capillary column 30 m x 250 pm x 0.25 um, Supelco Inc., PA, USA)©] Z2% gas chromato-
graph (Agilent 7890A, Agilent Technology, CA, USA)E ©| &3l =A3IATE SH S 98
oven, injector, detector®] &%+ Z+Zh, 90, 90-200, 230C 2 A E L, A= o5 gasE

30 mL/min®] flow rateS FA sl A=A
4. In situ 2l &

In situ 23S AFE P37 Yol 6:49 XU EE AR S Fo2r=, 859 Cannula
7} AZE A7) E2eF A4 2ukE]450 £ 30 kg)E o8 ATt e A ARES
5% 10 cm nylon bag (R510, Ankom Technology, NY)oll 4 g# 2o} in situ E3]-8 2ol
43} T} Control, Extruding, Roasting, Steaming®] A7} 242t ©71 nylon bage 3, 6,
24, 48 he] Wl AIZFEZ F-73 mesh sac Sholl Hof HHFE9] U] v Y3t A 1, o]
S HfFAIZEel mesh sace Aol &o] Brobd m7hA] 6~73] AlX stk 0 hel A
T2 W v S ARA] o vtz Al FH S AAEEAT o] e AT B v AR
2 55T dry ovenoll A &] 48A1ZF A9} 3043t WA S AA UE 48k&o| S43

In situ ¥-3) &2 Orskov & Mcdonald (1979)°l ]3] A A& simple exponential model-S ©]
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|3t Yehiglon 22 olge} Zr} y= HUE 438, a& soluble fraction (%), b=
slowly degradable fraction (%), kqi= b fraction®] 43} “&<(/h), 18] x= #YF At (h)S
ou|gtt, =3 FHEEE IHT 9 8 3] =(ruminal effective degradation, ED)ell
Al k,© b fraction®] W9 T3 Fr(h)E ovlsiH, o] & AREE 5%E 7HY A THNRC,
2016).

y=a+b (- k™
ED =a [b x kg + (kq + kp)]

In vitro, in situ @A SH EE datar SAS package 9.3 (SAS Institute Inc., Carey,
NC, USA)®] GLM procedure®l] oJ3l A= ATt A5 718 A glod wE A2l 1t 72

Z zolE Tukey AN 28 95% fFolaFoz A=A

1 odoks A¥ 24

Sh

CP9] 32 Control (9.00%DM), Roasting (8.60%DM) 2 Steam (8.70%DM) =] 2] F-oll A
FrAREE WHE, Extrudingl A= AHA 2 £9kTH10.4%DM) (Table 1). SolPe] &S Ex-
truding (4.10%DM)3} Steaming (4.00%DM)®] Control (2.50%DM)3} Roasting (2.30%DM)X.t}
A eZ =UTH10.4%DM) (Table 1). NDF9} Lignino| 4= Control©] 22} 2.70%DM,
0.97%DMO.Z UmMA AgFsht dizos @ A& BT NFC & 4¢
Control (84.60%DM)°] 7} =3k31, Starch= Steaming (75.90%DM)°] 7} Wit}

Table 1. Chemical composition of rice with different processing treatments

Item* Control Extruding Roasting Steaming
DM, % 88.50 92.80 95.60 88.40
CP, %DM 9.00 10.40 8.60 8.70
SolP, %DM 2.50 4.10 2.30 4.00
NDICP, %DM 0.27 1.51 2.84 0.90
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Item* Control Extruding Roasting Steaming
ADICP, %DM 0.20 1.04 1.18 0.48
NDF, %DM 2.70 6.90 9.10 8.60
ADF, %DM 1.70 3.10 2.20 1.90
Lignin, %DM 0.97 2.33 1.69 1.70
Sugar, %DM 1.80 0.80 0.70 1.30
Starch, %DM 80.60 79.10 81.40 75.90
EE, %DM 2.13 1.28 1.73 2.51
Ash, %DM 1.85 1.86 1.33 2.28
Ca, %DM 0.02 0.10 0.02 0.02
P, %DM 0.27 0.40 0.22 0.32
NFC, %DM 84.60 81.10 82.08 78.70
TDN, %DM 88.00 84.50 85.80 85.20
NE], mcal/kgDM 2.01 2.01 1.94 1.94
NEm, mcal/’kgDM 2.14 2.14 2.08 2.05
NEg, mcal/kgDM 1.46 1.46 1.41 1.39

" DM, dry matter; CP, crude protein; SolP, Soluble protein; NDICP, neutral detergent fiber insoluble protein;
ADICP, acid detergent fiber insoluble protein; NDF, neutral detergent fiber; ADF, acid detergent fiber; EE, ether
extract; NFC, non-fiber carbohydrates; TDN, total digestible nutrients; NEm, net energy for maintenance; NEg,
net energy for growth

Control, Extruding, Roasting, Steaming *2] 7ol thdt g ga 824 23, Controlol A
o 4 X|(TDN, NE) 3% °] Extruding, Roasting, Steaming Bt} =4 SAF =0, ©]&= NDF
9} Lignin o] Z+2F Controlol|l Al S5l &3 Z1o2 FHHAn

2. In vitro &A%

AE 2382 wjgAIRte] A &5l e} AL 718, 3 h o] F B g Azt
A AE 42382 Extruding > Steaming > Roasting > Control <=2 2 3 $THTable 2, P<0.01).
Extruding, Steaming, Roasting®] Control 20} -2 43}&S UYehd A& 948 E &3 7t
XJEM @TA ii}e F3) A& 784S SUIAFH 7] wWEo]th(Svihus et al., 2005). &
3 holl Al 78% ©)/de] 43l&& UEtA=t], o] Extruding *12

z= < FYHOE FTMFHSES orith w39 W £84 g3}
o I g 7] YARALEY F4T ST o3 AakE T ThsAdo] Jler=
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FE GAY A BN 2522 ASAY 5 o] stobxl v x8)go] 1A A
B 25180l E 4L vlA 0= dEYont, AAl Aske a8 ggkch ol FBA}
27b GubH o W Pl W, Are] B S5, W, Be 5 S wls) 9y

A L
A geFo] o W] w&oll(Zhou et al., 2002), BA gl o T 43L& TAAE I
stelgte o] Aslol] o HA| Asl&odle & FFE PIAA T AR A"
Gas YA F2 EE HlFAITto| A Extruding®] Control, Roasting, Steaming®ll B3l 2] %
© 2 E=9FtK(P<0.01). Extruding®] A% A& 423LNAE 7HE & =HXE YAt
(P<0.01). el oA AAF=, FHAAE, dA-8 Al AZE5 = amylose®] S A&
st EAo 23 GFFS v XA (Lii er al., 1996), AR 7FEAE= 438 FUHE 9
W o2 ARS-HH@rskov, 1976). £ Aol A Extruding, Roasting, Steam®] 4] Control &
EE Gas TATFS Bl A2 oA AF3 viel o] 7tdA et AES S A THE
< SV FH7] Wi Ao Al ET
BE Aol A pHE vl FAIZ o] Adoll whe} 7HAske= S BT Control 6, 12,
24 holl Al T2 A FE 8] Fo) 802 =9431(P<0.01), Extruding®] 7Hd 22 3hs B
RATHP<0.01). pHE WHFJollA W&E9] 437} A&l wet BAs= §714He] S7HE
Q3| ZolA A =, E3] A 2 £34 BrdE2

< Streptococcus bovis®] & T
Foll o7t A A& op7|ste] ¢ @A p

4 o B

o,

s
d

2

s 2t Russell, 2002). £ A7
A 7Fg A" Aaiv] 9] total VFA A TS Controlol] I3 HieF 3 hE A|9)g ZE ek
NZ¥oll A frolZ o7 =9kal(Table 3, P<0.05) Control®] pH7} TFE X Ftol Hl&) E& o]
e 714 A Aolof] o3k Ao g AlRHTh

NH;-NHFS v FAIZbo] A ghol] wet B A FtollA S7hebadal, v 6, 12, 24 h
o A Control®] Extruding, Roasting, Steam®l| BI3] f2]& 02 HJTHP<0.01). WA O Z
daes vs W) gde] a8 A=l wet o] 840l =M (Russell ef al., 1992), 413
AT A= soybean meal, rapeseed meal, lupin 52 AT Al §FFS U &@9d A&
astd v B3k bl 9tk(Konishi et al., 1999, Aguilera et al., 1992). 3+ Tagari 5
(1986)2 EA 7] Hadto] oz AREAS wf W59 W) NH:-N =7} 532 |
Ante] vls)] ZHAgk A& Bk, o] gk Ayt Aol o)k Tl Zal& Astel| 9
gk Zolgt AFstath weta B A3oA Exgle A gl7<] Extruding, Roasting, Steaming
©] NH3-N &&o] Control Tt W2 21 Axjgfo] o3k a3 =2 & < ok 4, NHy-N &
T7F e AL B mAES] NH-N o840l Eob 7]Qlst=t], W39 mlAdEo]

NH;-NE& AME Ao AP0 Z o] 83}7] w&Eo|tk(Bryant and Robinson, 1963).
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Table 2. In vitro fermentation of rice with different processing treatments

Item* Control Extruding | Roasting Steam SEM P-value
Gas, mL/g DM

3h 11.5° 32.8° 14.2° 17.7° 3.036 <0.01
6 h 24.8° 117.6° 49.0™ 58.2° 8.243 <0.01
12 h 65.7° 196.7° 101.4° 97.3 9.668 <0.01
24 h 161.7° 254.6° 211.7° 238.0° 7233 <0.01
pH

3h 6.86° 6.80° 6.84% 6.81 0.012 <0.01
6 h 6.80° 6.51° 6.71° 6.71° 0.021 <0.01
12 h 6.70° 6.37° 6.58" 6.59° 0.022 <0.01
24 h 6.54° 6.24° 6.36 6.41° 0.033 <0.01

NH;-N, mg/dL
3h 15.0 143 155 15.1 0.376 0.08
6 h 183 10.8° 16.8° 16.8° 0.419 <0.01
12 h 23.2° 10.1° 17.9° 17.9° 0.663 <0.01
24 h 27.7° 15.9° 21.2° 21.8° 0.892 <0.01
DM digestibility, %DM

0h 2.4° 33.5° 2.0° 8.5° 1.625 <0.01
3h 11.7° 78.5° 255" 30.4° 4320 <0.01
6 h 14.54 86.2° 34.9° 43.9° 1.647 <0.01
12 h 24.3¢ 87.3° 46.8° 57.2° 2.096 <0.01
24 h 49.1° 89.2° 67.2° 73.8° 2.497 <0.01

“DM, dry matter; SEM, standard error of the mean.
" means within a row with different superscript letters indicate significant differences between treatments (P<0.05).

Table 39| 4]+= Control, Extruding, Roasting, Steam2] HJ % A|ZHE VFA A4S e STh
Hl ¥ 6 holl A= Extrudingo] T2 2] E0) Hl8] =2 VFA B FS HH O H(P=0.05), Z
Z HIFAIZESY] VFA AT A= Steaming®] 7 =& SAHAE YERYATHP<0.05).
VFAE IytA o2 W9 U 2a o FHSAEZA YA E E(Russell 2002) ¥4 U] 4
Fa 39} total VFA LAY FS ko] AAAAE 7Ixita & & ok oA AstE A
Fol A Extruding A 2] 79 7] Gas B FH & £3&2 27| At & A2
Hla] o) H o w2 F9kal o] A= %7]9 total VFA HAFe] F7IotE Ao Y= AL
2 FAHHET Acetate A3 F2 Wl GFAIZEY] Aol wet BE ATl A 7HASER L, A2
T 8 FoZFd Zpol= vl 24 holl A BS5E A=l Extruding®] 7HE ¥ Acetate A4



UERH A THP<0.01). Propionate Bl &2 E& H| YAt A A Fo] ME Fo]H Q1 zto]
YEF AT} Extruding 28] 7= 81 3, 6, 12 holl A Fo] & 02 71 =2 propionate A3
S YER A (P<0.01), ¥l 24 holl A= Roasting *2]7-2] propionate A3 o] 717+
Aoz AZFHUTHP<0.01).
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Table 3. Volatile fatty acids production of rice with different processing treatments

Item* Control Extruding Roasting Steam SEM P-value
TVFA, mM
3 h 16.0 193 143 212 4.066 0.38
6 h 17.2° 36.0° 23.5% 27.8% 5.619 0.05
12 h 26.9° 45.8° 32.9% 33.9% 4237 <0.05
24 h 39.5° 50.7% 44,3 55.6° 3.760 <0.05
Acetate, mmol/mol
3h 641.7 644.3 637.7 646.0 8.165 0.76
6 h 669.3 659.0 659.0 653.7 5.028 0.07
12 h 608.3 608.7 599.7 588.7 6.980 0.06
24 h 526.7° 556.3° 523.0° 522.3° 4.743 <0.01
Propionate, mmol/mol
3h 164.7° 182.0° 167.3° 170.0° 3.644 <0.01
6 h 165.0° 228.0° 200.7° 206.0° 3.543 <0.01
12 h 220.0° 270.3 262.0° 268.3" 7.892 <0.01
24 h 291.7° 296.7% 321.0° 315.7% 7.200 <0.01
Butyrate, mmol/mol
3h 128.7 119.0 129.7 129.0 3.432 0.04
6 h 121.3 90.7° 109.0° 110.7° 3.000 <0.01
12 h 122.0° 94.7° 100.7° 105.0° 1.856 <0.01
24 h 115.7 102.7 103.7 111.7 4327 0.05
A:P ratio
3h 3.9° 3.5° 3.8° 3.8° 0.069 <0.01
6 h 4.1° 2.9° 3.3° 3.2° 0.071 <0.01
12 h 2.8° 23° 23° 22° 0.095 <0.01
24 h 1.8 1.9° 1.6° 1.7% 0.053 <0.01

" TVFA, total volatile fatty acid; A:P ratio, acetate : propionate ratio; SEM, standard error of the mean.

*® means within a row with different superscript letters indicate significant differences between treatments (P<0.05).
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fraction, %), b fraction(slowly degradable fraction, %), atb, ¢ (kd, degradation rate of slowly
degradable fraction, /h), ED (effective degradability, %)= XS %] & Table 40 YEFHA
o} a fractiono| A]+= Extruding > Steaming > Roasting > Control =2 2 Z3}ITHP<0.01). ©]&=
Aol FQ FEAR] 7HEA drstEe] ThEA gl o) oS W] EiE 7 UAve FHE
AL A7) WZQ ASZ AR HT Roasting A 2] 78] 739 a fraction®] k2 F71eHA] &
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H = UL (a fraction, %)l 2FolE S 7o 2 Holm, o]o] u}E
9] zFo]H 2 0 hollAl in vitro 2383} 3 hoﬂ/ﬂ Gas EAY o] Roastingoll A <]
YUERHA Ao &1 4= JTHTable 2, P<0.01). b fraction®] 4]= Control

r

= Q]U]a %J\*OE AT 3 AR ZolE YESleH,
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o] EDE A S7HZ 4 Aokl B gk upe}l Zoj(Offner ef al., 2003), ¥ @A Ex-
truding, Roasting, Steaming®] ED%t¢] Control 2T} =2 o] A A gl 9Jgk H&-2] ED
7} 2 EA7] WEo.E BRItk X3 Roasting A 2]79] a fractione Control?] =7 X2} &
9]l o] E YR A] 2T B35 ED ol YoM folHoz =& ks YeR
A+=dl, ©]+= Roasting | 2loll 23+ Ball&% A<r(c)7t F-A ol nisl) F7isted Yehd 4
IE FAHET

d, Axrle] U@ AEAE RASEdE folH gL
4

dl, ¢ @A Controlo] 7} W& kS, Extruding®] 7Hg¢ =& 4 ‘/]'E]'LHOJU]-(P<O 01).
Roasting¥} Steaming Extruding ®.Th= Y221} Controloll Hl|A = fFolZ o2 &2 ¢ 54
A& BHYIA(P<0.01), ol & A4 A=EH 37129 7FgA e HS E5F b fraction®]
LIEEE SVHE F e AS 94”]?1'1:]' %l”ﬂ Oﬂﬂ\”/loﬂ ol Z‘jv‘i'—?/] ED7} &=k
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#3893 gles 257t UM wet destittal sl 22 (Kim and Shin, 1992),
Control®] #3l-&0] 74 v AL AE9] 317} %i‘}i—oﬂ 7]?_16}3’_ Extrudingo] Roasing,

Steaming®l] H|3| FelFoE =

o] &3} Axol 7|@Tia & 5 YThP<0.01).

Table 4. In situ degradability characteristics of rice with different processing treatments

Item* Control Extruding Roasting Steam SEM P-value
a, % 6.13° 11.87° 5.96° 8.15%® 1.787 <0.05
b, % 93.87° 83.02° 82.28" 89.02% 2.818 <0.05
¢, /h 0.04° 0.30° 0.09° 0.09° 0.008 <0.01
ath, % 100.00° 94.89° 88.24° 97.18%™ 1.492 <0.01
ED, % 50.36¢ 83.14° 59.54° 64.01° 1.208 <0.01

" means within a row with different superscript letters indicate significant differences between treatments (P<0.05).
" a, soluble fraction (%); b, slowly degradable fraction (%); c, degradation rates of the slowly degradable fraction
(%/h); ED, effective degradation at ruminal passage rate of 5%/h.
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Fig. 1. disappearance of Control, Extruding, Roasting and Steam in the rumen of Holstein
(n=3) over 48 h.
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