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R—5, ARG R (P<0.01) T A4k sh K By 49 38 3 4 (lag) . 42 & (P<<0. 01) T & Aik % (o) , B A& (P<C0. 01)
TEHRRFATBABRLEZNEREPBREABEZAGRIFERR D ZROHARIF, ARLEIEZRZ
(P<<0.0D) #EAF #9484 A sHE (YO A T H R AR T (XN BW), A B2 R R AR A 2248 R AF 321045 e & A AR
XEf AR RREERG.
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In vitro method to evaluate the effect of steam explosion
on the quality of common straw feed

HE Li-wen, MENG Qing-xiang, LI De-yong, |REN Li-ping|, ZHOU Zheng-ming”

(College of Animal Science and Technology/State Key Laboratory of Animal Nutrition, China Agricultural University, Beijing 100193, China)

Abstract To estimate the feasibility of applying steam explosion as the processing technique of fibrous feedstuff,
chemical analysis, in vitro gas production and model prediction were adopted to evaluate the effects of steam
explosion. The results showed that: Steam explosion increased( P<C0.05) the dry matter and ash of the straw, while
decreased(P<C0.01) the content of neutral detergent fiber (NDF) ; The changes of crude protein, acid detergent fiber
(ADF) and lignin (ADL) among the three straw were inconsistent; Steam explosion processing eliminated( P<<0.01)
the lag time of in vitro fermentation and increased(P<C0.01) the rate of gas production (c) , while decreased( P<C
0.071) the asymptotic gas production;Moreover, steam explosion exerted a better effect on the gas production of corn
straw and rice straw than that of wheat straw. Consequently, the relative forage value(% ) and dry matter intake (% ,
BW) of the straw were increased( P<C0.01) with steam explosion. In conclusion, the physiochemical property of the
straw was altered, substantially improved the quality of straw feed.

Keywords straw; steam explosion technique; nutrition value; in vitro gas production; model prediction
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AT A PR AT AR PR 4R b 3 KT 5 DL RS A 4R R T 04 52 1) 91

Fili FFAb B3 46 R BnT 43 S W) BT vk Ak 2w O A AR
Y27 ik A RO AL A R . FIRE IR H
T fe R )32 0 G R Ak B 7 3k AR B B PR AF T RS
FF 00 785 TR0 (8 I 2038 38 100 A0 3 Ak 2R, (H H o A
FE R 0T 21 4t 25 4546 1) B YR A A BR L A8 S5 KL il L
WAIE T T A A A i T b3, BF R,
TR A B PT A RSO VR RS FF R 0T A 285 4 feff D) v R
421 21 4 25 R /0 o R T 3R 2 4 3R R s
VR I 0 07K 28 VOB £F 4 B I A &2 — 8 &
Il EZVRB AL AN IR AR5 BROR DT 250K
IR FL B 2 ik T8 i« il 2T 4 e A LA T 2L A4k 2
AR AR B A g T Ak BT BRI BB AR R L YRR AT
TEAE Y BT RE VR Mk A4 Rk KRl Ak N8 45 SR A & T
ZHR Y. Chang 40 438 L 75 40 28 AT fif £ K
R B £F 2 22 L1 2F 4 R ORI OKR T 2 % 8 4 ) R B
8.47% .50, 45% 1 36. 65% ; Wang 25" fff 55 & W1 .
RBEA A E R AEDRKERE T
16.8% ~63.2% .,

FE Tl 45K ) 732 B FHIE B T YRR 4 AR S — b
AR A o T A B 5 i B AR SRR IR O K
BRI SR TE D A8 7 WA 7 v 5y R H A (B
ATFRAE . AT 5 FAL 5 1Ly o0 b A o
A R RIS AR T A5 7 125 o PP A YRR AR AR S A
Tl ARG I T AR B 0 W 70 B 78 PR R
TE & W 7 b iR ik 2 2%

1 BT

1.1 REHR

I AE AR R 2 R AR B 5T 0 R e R
Mo EAT . I BT 0 KRS N RS RS B
KA TR /INZERE VR RS YR AE T 5K 5 4 28 1)
BHEAR MRS ARRA A R T2 RBOR R 7R
B 4 k—— 7K 285 (120 ~230 “C) Z& 4 40 min
(0.2~2. 6 MPa)——>f [i] Mt T 55 i —— 1 18 Wi i
(~120 °C). JrfA#EahAE 32 50 = A/ AL EE Fr =0k i
HURY B Bt 40 H A o 07 9 1K 30 A 0 o
1.2 REHE
1.2.1 X334 AL mh B

Ve 3 LR 600 kg A A A PR
B HYTGT ISR X RIARBE IR 38 4 (2 % ) VE I Ig B iR
ek sy, RS RS H R 2 IR 2004 4R
PR A 1) 75 A o TE 7] RS R BT & Lol 60+ 40, HORRAH
BCRCE R K W3 15 R R PR A A M 2 7R (8200 Al

16:00), B B KK B4 1.

*x1 HIRABKREFKE(TURERM)
Table 1 Ingredients and nutrient level of

the diet (Dry matter)

Ti H s

Item Content

H #R 20 i, Feed compositions

w(FWEHK)/ % Corn silage 53.0
w(ME ) /% Brewer’s grains 25.0
w(EAK)/% Corn 20.0
w1 #3)/ % Limestone 0.2
wBRE ) /% CaHPO, 0.3
wCEH) /% Salt 0.5
w (HURA /% Premix 1.0
E 3£ IKF Nutrient level
{14t g Metabolizable energy/(MJ/kg) 10. 80
w (FKH /% Crude protein 11. 00
w (§5)/% Calcium 0.50
w (M) /% Phosphorus 0.33

1.2.2 &%t

A= S R AR i g i R oK
RGNS 2 R RS ANV RS 4L R N
FEeH VIR FERS AL A4 6 AN EE L R 1A=
FXF IR (3 DNERD . 4l FRHL 220 mg f5DBHEE 5
BT 100 mL 3¢ 58 55 F7 4 R, 25 1R B OR i m)
BE B A 555 CE 39 TCHEFRAR WA A TR 8
FEW A IO 2 BESCHRL6 1. FH 23 VORI 4 i N T
F SR WE T 39 CokimE R I FR2LE A CO, s R 5k
A3 S U AR A A R HT AR B & 4 )R A it
JEHHIRA A, R E T 39 CARIEIRAT: =
— PR E RS AN T RRIEAS (R 2
Jfaksim A CO, Z IR EIY B F 73 W 4% 23 0 )
FFA R FR A 30 mL A TR 8 B 95 UL HE L BE 5%
B R ORI RE VR ZE R E T 39 C
THR KR SR AR R . B (2.4.6.8,10,12,18,
24.30.36.42.48.54.60.72.84 F1 96 h) BT A 5
FE R ZEAE (mL) , ZEESE 96 h 4505 725 .
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1.3 ERLEHDTTH

S AOAC J7 L %) 6 R FF R #E 47 4 HL
e o3 B, W SE 48 bR AL 45 T B (DMD | 8 H Bt
(CP) VR 47 4 (NDEF) | R M vk I 47 4E (ADF) |
2 V£ Wk 4 A i (ADL) Fl IR 43 (Ash) o o 2 7
s M AL D 3T BA be v F T &R 43 B A (Rapid NI,
Elementar, Germany) il 5& ) . ML B A ST N {H X
6. 255 MRV R 2 A IR M VR VAR AT A RN TR P R AR K o
#= A4 5r{L (ANKOM? FIBER ANALYZER,
Macedon, NY , USA) #4771l %€ .
L4 ARXHE
141 A®AH(B.c.lag)

PR BN A S G I T A A A Y T
FAL

GP=BX (1—e <t )]

. GP Sl ¢ (8] 45 09 7= R & (Gas Production),
mL; B it & K oS 8 (Asymptotic) ,mL;c ik
AP W e RSN SR ] b lag Oy
W SIE iy I 1] b
1.4.2 #1494 48 x5 1A (Relative forage value, RFV)

REV 3R AN

RFV(%)=DMIXDDM/1. 29"
F 7 : DMI(Dry matter intake) Sy 48 %} + ¥ Bt 04 [
BERE® 514 E (Body weight, BW) H 4> b, %,
BW ; DDM (Digestible dry matter) >4 18} 7] § 16 T
I E S . 0. DM 1. 29 S bR A IE R 4. DMI
5 DDM 1 $50 I AR B 53551 2y
DMI(% ,BW)=120/NDF""
DDM( % ,DM)=88.9—0. 779 X ADF""

[P :NDF #1 ADF Y2 LUT9) B o Bl 09 @ 53 &%
KR, %0, DM,
1.4.3 #E RN 4E(Energy value,EV)

NE, (Net energy for lactation) Jy ;= %5 15+ fE ,
MJ/kg, NE, i 50 #5551 5 .

NE, (M]J/kg) =

(1.044 0—0.011 9X ADF/0. 45) X 4. 184"
[P ADF 2 LA+ i g B il 19 @ 2 & RN
R0 %% DM, Ak, AR 48 4R A} Y 25 1 A i AN A &
Py St ik AT DL S0 4 ) Y A 385 B (Metabolizable
energy, ME) , Tl 45 £ A .

ME(M]J/kg)=2.20-+0.135 7GP+
0.005 7CP+0.000 285 9CP* "

K :GP 2y 200 mg (DD Tl BHA SN ;57 24 h 1y &
A (mL) , CP oy PR 2 & 2 (g/kg . DM ,
1.5 Sitar

K Excel 0 347 4008 8 91, 3 o 22 (H 1 46
TFAS A B[] s 0 7 A s AR Al Bl A R A L, R
SAS9. 0 # A it Non-LINEAR 75 1+ 5 3 &5 &
ZH(B.c Fl lag) s | SAS9. 0 i) TTEST J5 %
WALy PR R R S B O T ¢ K
M. P<<0. 05 £RZER B E, P <0.01 £RE
L ATE

2 5 B

2.1 REQBEWNEFEAULZERSSENTIT

2 BRI L 3 FhREAF COKRFRE /N 22 /% A
RO VR AT T B B AR 2E o 1 & AR Ak, VRO AL B
Ji + 3 R FE 04 T M 0T RR K 43 0 bE B 2 T
(P<20.05) , [a] B Hp P Pk 4% 2F 4 11 1L 5] 2 8 35 B AR
(P<C0.01) ;3 Bl RS FF 19 B 1100 L R 1 TR I 41 4 F R
JT 3R LU A8 0 R st — B AR A VRO EOKR A Y
T2 P O U2 2T 24 L f9) S 25 AR AR T PR /N 22 S 1 ) o =
T (P<<0. 01) . [l B 008 /N 22 %5 09 28 1 5 b 49 ik
T RE(P<C0. 01 IR FEHS 10 R MV 0 K it £ L
5] & 2 T i (P<<0. 05)
2.2 REBOEMEFEMEZENEIE

3 TR FF VB A S 0O AR S K IR 7 I O L3 3
TRIBA R G5  IEWE B T (P<<0. 01) #5 FF R 41 & % 11
FEVE] (lag) , #2785 (P<<0. 01) T F5 AR AR 40 & B 1Y 72
SR, HBFEM(P<<0. 0D TR KR &
(B), B 1 SoR & 3 PR FF V8 AL 1A 5 9 7R 51 &
% 7 5 e R F L VR R b T X K A RN RS B R I
SR THE F EL /N2 R B ORI 3 MR RS AT S
SHOMH IO 4 % FE JEURH Y 20K 7 R i (96 h) FEARHE T
2.3 RERBEWNBEFRERMESHNNZRE

6 4 T AL, PR Ak B R FE A B R 0 (A F
AR A e » 46 o 1T M S 580045 30 B B e, 7R
A 3 2R R (P<0. 01) 3 Fh A FF (1% KL 4wl ek AR X
YO FTH B R (% BW) L i % 7T 38 4k T
Py e (6 DMD | AR i B (MJ/kg) 1 7= 7% it fig
(MJ/kg) 1 5% i A A — S0 1R b B4R & (P <<
0. 05) T A AT 1 Ak 19 Jo %) Lo 491 R AR 35 A 8 . 20 %
IR (P<C0. 01) /INZZ 7 ] T Ak 19 J53 1 L 461) 0 5 43 15
FEAA - 7] B (o A S 04 A8 B A 108 25 T 85 (P<<0. 0 1),
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Table 2 Effects of steam explosion on the chemical compositions of the straw(DM)
) , rhPE R R AT 4 TR PRV ar 4 MRYEVER AR
E| AR sl , i Y ¥ix
Neutral Acid detergent Acid detergent
Item Dry matter Crude protein Ash
detergent fiber fiber lignin
VAR FOK R 93.93+£0.01 A 6.0540.13  54.48%0.36 A 45.33+0.03 A 8.06+0.56 8.61+0.06 A
Steam-exploded
corn straw
ESP N 92.9340.02 B 5.60£0.27 81.25+0.22 B  48.72+0.42 B 7.297+0.21 6.90+0.0
Corn straw
VRN F 94.9740.04 A 4.21+£0.07 A 56.3940.22 A 52.0640.05 A 10.02=+0. 75 12.30+0.42 a
Steam-exploded
wheat straw
N 91.8440.07 B 5.01+£0.02 B 76.58+0.03 B 48.94+0.34 B 7.837£0.59 10.73£0.10 b
Wheat straw
VRIS 94.6940.01 A 4.4840.05 55.6440.16 A 48.1040. 30 9.184+0.91 a 13.5240.07 A
Steam-exploded
rice straw
ki 93.2140.10 B 4.5840.03 75.3140.02 B 48.3340.26 4,864+0.54 b 12.66+0.03 B

Rice straw

5 R R RS AR AL R AT R AUE A R RS F R R E 0. 01 K L ZF BE AF/NEFEERRE0.05 K LERFRE, TH.
Note: Values followed by different capital letters within each column of the same type of straw mean significant difference at 0. 01 level and

the lower-case letters mean significant difference at 0. 05 level. The same bellow.

x3I RBLEXNIHBEFEILBSSHZM

Table 3 Effects of steam explosion on the in vitro gas production of the straw
Wi g Fermentation parameters
ftem B R U/ (/) PR /b SEWE)/h
Asymptotic GP,DM Rate of gas production Lag time

VR KRS 206.45410.25 A 0.049+0.003 A —0.5440.31 A
Steam-exploded corn straw
ESP N 225.38£2.63 B 0.02940.001 B 1.59£0.22 B
Corn straw
bl YNy o 188.804+7.37 A 0.038+0.001 A —0.5640.24 A
Steam-exploded wheat straw
INFZ A 206.15+4.55 B 0.031+0.001 B 2.11+0.09 B
Wheat straw
VRIS 212.73+£4.07 A 0.042+0.002 A —0.2940.10 A
Steam-exploded rice straw
T 234.78+5.94 B 0.023+0.001 B 0.49+0.17 B

Rice straw
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Fig. 1

Gas production curves of the straw before and after steam explosion (SE) processing

R4 RBLEXNIHMEBEFEFRNESHHZI

Table 4 Effects of steam explosion on the nutritive values of the straw

5 H HARRHAHXTE/ % FOBRRER/% WTHAToE/ %  RieE/ (Ml/ke)  P=Ud6g/ (M]/ke)
I

| Relative forage Dry matter Digestible dry Metabolizable Net energy for

tem

value intake matter energy lactation

IRt e S 91.51+0.65 A 2.20+0.01 A 53.5940.03 A 7.7240.05 a 4.69-+0.02
Steam-exploded
corn straw
KT 58.354+0.53 B 1.48+0.01 B 50.95+0.33 B 6.4840.19 b 4,3240.05
Corn straw
TN T 79.7740.38 A 2.134+0.01 A 48.3540.04 A 6.10+0.02 3.9540.01 A
Steam-exploded
wheat straw
N FE 61.6840.30 B 1.57£0.00 B 50.7840.26 B 6.08+0.03 4.30£0.04 B
Wheat straw
VRIR TS 86.0040.64 A 2.16+£0.01 A 51.4440. 23 6.74+0.04 A 4,394+0.04
Steam-exploded
rice straw
TEi i 63.3140.27 B 1.5940.01 B 51.2640. 21 5.84+0.02B 4,36+0.03

Rice straw

3o #

3.1 RBRAEMBFEAUEZRSSENZME

A g — Fif o 10 54 A g SO B A 1500 Ak B
S 1 VA 2 R AR VR A i R AR B A A
AT B AR L AS K FIAL ~ 2 73 o R AT 20 i B 3 2 ek ok
iR AR S ER DR N i s e S R RS ]
I AT EF 4 R BAT AR A AT AR AR PR
Fr N R WK AR B 2T 2 3% % 552 1A 45 4 fek 3R 0 2 00 B
JBCJE: 8 v A ) AR A 3 A G B P A . P Ak P 2R
fifp 1R AT 20 L BE A R B AL S5 4 L 27 4 3K R T R A

AN ZR i 2R AT R T (A o B 3 R A A A R e
o i 5 1S 2 A% 1 T 3 88 A 3 ¥ O3 ik D R
Bl AT LR A B B 2R AL 5 90 55 B TR AR I /N o T
(A FF 1 B AL 25 0 % 2 E R AR AR RS
TR AT A v P 0 % 2T 4 L 491 i 32 e i R
Ve TR ET 4 AR 5T 3R B9 LU B A2 A AN K [R] B 4 L 491)
Th 2 WA Ak T O B A o T 4k K OR A R
Zhang Y BESEFRY] POR A BRI I3 R AR /DN 2 A
SR F N SR F IR NCE S U STRER SRS
F19 B8 % 3 B 55 5 Chang 551 HGH - P08 b 21 AT 4 £ 0K
AT B 21 2 3R L 27 2 38 AR ot 3 & B2 Bl T %
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FUSESCAE . AR AT i VR AR T 5 DL RS T Ak i 5

4 5 1 95

8.47% .50, A5% Fl 36. 65% . 4 Hb. VIRFE FF AL 2
BT B AR AR R A R RE S i T VR e R A S P
JoT T BT Wy B A A% ARG A A 43 00 A R L e A e
Ax, Lin 88 1 AR R 28 VR AL B T4 Tk
F12.2% ~17.1%., NDF 5 H % & & % U H
K H B i SRR i % B R B0 AH OC L RDEL = NDF %
A R Sk B LR E A NDE & 5Bk
o REL DR TR G . DR VRO AL B AR TR AT Y
TR} i BT
3.2 RELBEMNEREMELEBESSHAOF N

F T A AT 3% 40 & S AIORT 48 6 RE (09 B0 H A 7R
T P B9 T R B LU B 18 B I A — 1 A s 1B
XA R 3 AR R . AR RS
TR A BRI B TR A IR A SE VR U 0 AR
P TR AN S A 7 A R AR (A A
REAR T RS AR AR B K7 Ao it R PO Ak PR A
5T 2T 4E 2R il 5 AR 2 G A Wy ek A G A A T ) i
SR 2R NP AT 4 2 K B B A BN 4y W B e T
FEAF R B~ 4R TR AR AT AL R AR
PR R LR P B Y B B EERE N
B 455 B3 I () B R 48 h 22 A . I AL G 18 B 4 40
Bl % 5 B 0% S HE A A1 5 38 B K™ A i 3R OR T R
() J W 7 SO 0 S B = AR EE g L 2% (BB K 3R W 4
AR A e R BAEG L AR R R AR B 8 20 A . ] DL IR
A PRI TS AT R W 4R T RS FE AR E SR AL
F3hh A R LR VR A BT K FE AN
e Jhc e 7 S0 4 TR FH TG /N 22 75 19 S8R B, 3R B
AN TRk X V48 A B ) 7 A AN — R 1Y X AT BB 2
B3 RS FF Y Ak 2% 41 43 AS [6) R (R) 45 4 2% 5 i
BUHY
3.3 AEAENBEFERNESHENNZ I

FEL AR E 552 0F M F8 A 35 2 4 O BT SR 48 AR
R By T W) R 2 & AT AL T B 46 F
R VR 48 b ORHLERDEL 19 23 248 20 (G D KL 1) L AR
XHE (REV) HL i BL 5T 45 25 (QD &), o —
ARt R B A B - E R R T BN
1% B 2% S W R 2% 09 52 ), e 12 4 T 9 DF A R4
BHEFME . S5 TP Te b2 LR IS 29865 R
Fnih [R5 18 T RN R S IR R LA 2
—J8 b 8 7 R R R DRI M 2 880, TT D AR 0
M PE e ML DR BT A 45 . RLAA B NDF & & 5 93
BAMEFUMX, HEZ WYl ke s, m
ADF & 5 HA Y MIE AR R AL, RFV

L FORLERDRL 0 M VR U 4T 4R (NDEF) R P Uk %
214 CADF) 189 & &t 25 6 L ARDRE 9 RT3 Ak T 9 1
(DDM) I i % £ (DMD) 1 # 7 8 3 i1 — 15
FHLARDRHS: BTN 48 800 . AR oT b, PO A HE AR
TR AT R RL AR (AT A OR O TR
FEARDER ) & 5 5 1 SR — fh 24 HE AR T 25 5 — 2
JHE 2 D DA PO A BB RS FFONDF B R
I B2 TR T T 0 R A R R TR AT
(R AR AR G . A1 B ] — 2 v [ A8 i (T
WAL T 5 7 405 v GE 25 ) % BB HE 47 3F 7T RE A
AHER A2 P G S5 S A T S 45 A
P F5 b B A 75 YO 70 5t 5 B ) e ) ) A0 1

TR

VMR b AR AT b 2 2F 2 3R K Wik, rh Mk
VRET 4 5 B 0 R L A A A T 7 A R R A
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