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Effect of Ball Milling Pretreatment and Solid State Fermentation
on the Feed Quality of Corn Straw
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Abstract: Ball milling pretreatment can be used to change the physical and chemical structure of
corn straw,making it much easier to be degraded by enzymes,which will enhance the
microorganism utilization rate to improve its feed quality. This study indicated that the particle size
of corn straw after ball milling mainly (90% ) distributed in the range of 10~100 wm and ball mill
crushed corn straw had a 3.5% decrease in Acid Detergent Fiber (ADF) content and a 200%
increase in soluble sugar content due to the breaking of hemicellulose chain and cellulose chain.

The total content of soluble sugar and reducing sugar of ball milling corn straw hydrolysed by
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xylanase and cellulase increased by 3.3 fold and 9.7 fold than that without treatment,separately.

The total acid content reached 26.3 mg/g and the lactic acid bacteria population was about 1.5x10°

CFKU/g after corn straw solid state fermentation. Furthermore,the cellulose and hemicellulose

separately decreased by 9.1 and 4.9 percentage points than before,which could significantly

improve the quality of the feed.

Keywords: corn straw,ball milling pretreatment,feed quality,solid state fermentation

R — R R R AE RS R REUE o
WA 8L T E KRR L, A8 3
12t FEFFAE R Al A 9008, B BRI IF & R
1o (B ETRE T RACK Mo X, RS AT R 77 5 B Bl 4
B DR i N e YN SN 27 N
AP HE T TIRE TRk R B,
AR A ) 5 T 8 05 R B AR 1 I & R AR A AR
AT RRLR 2 SR I — A 3 R, 5 B 2 B R
FE T 3k J5 T RIS, Qi A RS AT A P B R B
Tl FF LA & RS FRHLAR AL A LA R ) 45 65 FF 1) el
£

FORFEF F B L 4E R (319%~40%) , 4T 4R
(35%~48% ) FIA Ji & (15%~25% ) =Fh ¥ 40 n, He
A R ML RSN AR, A
B, FEAF AW B 2= S5 R R ZH B IR B T EROK
Tl AT B A 2O P, 27 2 2R A &8 A B ] B e AL R
JoT 21 B AR 2B 0 o ORI R X 53 1 LA R 21 4
BRI £F 4 37 1% 9 28 55 DR 220 N R T i A 07 1
HEATRS, HT, MR IR IZ IR R 2R VR
i T2 5 Ak L 4% 4 i KA AR R TR 1) 22 0N T 5
AL DK LA AR Az Rk 3 o 1 A 3 AR B R
Wi BEL 5 7K S 1) TR 25, A1 5 2 2 4 22 R ETF 4 22 17 % i
B4 AR B v, AT R o AT SRR 0 o 4R
KFEFFILE PRI EER), B 2 HUBRAT Ml i B4 2 20
R0t o) 390 DR )32 g 0 3 AL A T A B R K
AT, 00 17 300 Ao 27 4k 2% 6 R~ 27 2k 3% i I P A 25
A W A 3 43 R AL v B R B R T R T AT

figlol R

A 25 3 o BR S AL B OR RS AT, WF 52 Bk i Ak
PN FORFEATRLAR Al 2 45 K0 o3 T o A 2R A
FLIR T 8] 25 4 o 052 IR | B AR 038 SR oy, B T8
IR E, B w5 KRS AT 0 )l 5T, DAY O S B AR
B B R AT fe 2B AR R K i/ 22 A AR
BRMESEUKE,

1 #h57E

ML
1.1 ##

FEORFEFE . bl U5 A W B A7 PR A 42
fit . ZF 48 £ B (Validase TRL) #1 A& Z b fif§
(BAKEZYME BXP 5001 BG) : H 47 #r 2 (" ) A BR
oy rE R BREHL. KD REH KRB ARGBRA A,

FLIR i BKTA R30: VLR R R e TR S0 5
B TR 3 Y S R, AT RO 2R 4E RS B
AN A1 8 2 W B 38 R
1.2 ERFEFHTLE

O3 2 T M DR ) REL T K A AT R i (JB0RE
KN 0.5 em)30 g, #e LT 7 350 5 E 47 HLAR 75 4k
P BB (5 min) FIEREE (5 min) .

1.3 HEHT

AR S0 A B9 5 MICROTRAC 306 k7 B 23 #r
A
1.4 FE SR & S 4 (NDF) #0 B8 14 % 3% £ 4 (ADF)
iz

NDF & & 5 . 4% B8 GB/T 20806-2006 i}
o PR AR 4E (NDF) 9027, ADF &5 55 i I
% B NY/T 1459-2007 15k} g M 38 Uk £F 4k (ADF)
FR 30 S
1.5 FEFEMAAMEAENE
151 H&maraz  Hf2 ¢ TRREFFAES A 40
mL ZER K A IR pH M 7E 80 “Cok it H AR IR
30 min, fff AT PR VR L B O RV
1.5.2 & R#Em 2 SRHA DNS @Akl
1.5.3 & RAE6 HPLC M 2 FEMZRTAE S | B
VW 0.45 pm BB, SR AT A0 3 Tk
(HPLC) W H i S b o (4 3% 4% : Aminex HPX-87H
Ton Exclusion column ; #; I &% : 7~ 22 37 Y6 46 0 2% 5 Vi
B .5 mmol/L H,S0,; ik ;0.4 mL/min; £ .35
.

A5 4otk £ S0 2014 4E5 33 &4 110 1149



WANG Lulu,et al: Effect of Ball Miling Pretreatment and Solid State
Fermentation on the Feed Quality of Corn Straw

Research Article

154 FAEnE R FHBLER 2K B e SpE,
1.6 BEARMNE

AL PR SR 2 R K J5 SR e 3B B A 4
035 — ik i 22 B3 K (HPAEC—PAD ) BB 4H A, B 1
ml K AR AT AL HE S B LI AT 4 mL .4 mol/L,
HCl Tkt hki 1 h, AHEFIEREM 4 mL 4
mol/L. NaOH T /1, B§.0> , 3 0.45wm S8, H =5 25 B
B F A8 W0 % 4 B BABE i (4 4% AE . CarboPac
PA20 ; K I 25 - Jik b 22 5 45 DU 2% 5 BB AH ALK i 8h
A B:250 mmol/L. NaOH; #isli#H C:1 mol/L NaAc;
Wi :0.5 mL/min; B B2 BE 457 :0~21.1 min,98.2%
A,1.8% B;21.1~30 min,93.2% A,1.8% B,5% C;
30 ~30.1 min,782% A,1.8% B,20% C;30.1 ~50
min,20% A,80% B,
1.7 @E5fE

FH pH 5.5 115468 152 5 2 v Y TE 1 A 2R AR il A
S 2 B IR A W, B A 43500 400 U R R
fiti/g FEFF A1 25 U £F 4 R /g F5AF B L (m/m)
1:20,F 40 CHE§f#EALFE 1 h,
1.8 BE&x%E

P AEFERE A2 AT LU 105 °CK T 10 min, %
G E A 10%FLER 1A, I AR R il L K 4 i 3%
il , VS N 4300 A 400 U A M /g RS FF AN 25 U
AR Wi/ g FEFT  RK HE (m/m) 2 1:1.2, 3 FE 5 )5
T 35 CE B 48 h,60 CHET, 15 2 TKAEFT & B4
o
1.9 #HELE

T A S g S e =k, O34, 2R HT Excel %k
PFEEAT S 50 BT 9T F Origin SRR,

EETREI

21 HHEFAENERBEFNESH TN
T DI R B KR AR ISR R /N 0.5 em,
28N [R) R ML T A BRI JIURE RO SH sk /0N 3 31 oK
9 R ULE 1, IR T ATRLAE Hh EORFEFF
28 AL T Ah L R AR I AR D | 2 i 2O B Y K
Fili FFJ00RE R /INEE 43 A #E 150~1 000 m Z 7], BR
JE b B I 0 OK RS AT LR AR BN H e 5], 4
90%%E HF 1E 10~100 wm Z[0], H F 4/ ok 2 A 5
SEVE, DRI T A5 A R S AT T L S s L i K1Y, 3
b LA A B, R KRS AT R AR /N | L 3R TR
KRG AT R P BE n, BE b aT LR I K AR

RO RN H FORLAR /) | T KA AT T A 18 )
PR H PR

10 -
***** A
P _7&}?5‘5
IS
= 6L
&
=
= o4t
=
2 L
0 L yas L PN
1 10 100 1000
K/Mum

E1 AEANMEFLEARX TERBEFERNNES S
Fig. 1 Particle size distributions of corn straw samples

milled with different types of mills

22 HAFALE ST EREFUFEHMHI I

MU AL BEXF T K F5FF NDF, ADF A0 35 P i b
Jor & A3 B2 DL 2 dE e LA 2 AN TR AL
A HE 5 =0 NDF FI ADF 5 43 50 A9 A8 4k & B,
KRR FF NDF A1 ADF Ja it o0 B AR AR | ek
JB b B ) T K FF NDF A ADF 5 43 508 A1
NDF Jii 5 50 80 B 1.3% , ADF [ & 53 50 F B 3.5%,
(7] s L AT o P S T o 4 R0 i 1.6%, /N T ADF
FIB /N . ADF 503 23 4500 F B AT R i T R OK A
FFAREA TG 4R 0 T Wi, 45 4 MR |
et 45 5t 5t DR 5 78 2 4 3% 3 1 % 18] T oK 1 R M U
VTR AR il 1) - £ 4 22 % 5% 0 AR B 1k 55 140 8 5843
VAN figt 5[] ST AP 000 3 S R 6 4 > 2T A 3R AE A o AR
3 PR 52 BIAILAE A T 4 5 U1, A 45 5 s 5 S8 Rk
INEREST 5 B, AT 35T R S

100 -7 NDF ~110
90 L[ |ADF
& g0 [ Y AR 1g &
I 60-7 7 7 16 I
= =
= 50t e
a >
= 40 {4 33
*‘;ﬁ 30 [ “g
Z 20| {2 =
10 [
O 1 1 1 O

1 2 3
L ERFEFFIERE 2 B UM 0505 3 IR JS
B 2 R[E A E T I E KR F A & NDF,ADF #1K
BUHEEERESHETLHZI
Fig. 2 Effect of different treatment on the NDF ,ADF and

total soluble sugar content of corn straw

1150 Journal of Food Science and Biotechnology Vol.33 No.11 2014



IR . RBEMAZ B SABN 2 REHAARA SRR Y A

AR LA HEWS XN R AL A A B K AT AT
VTR Y SRR AT 0T A R R 1, R T
A LA H 2% SO 4 00 o 0 BB R OR S AR AR 1Y
/N T T o, L ) ) A3 SR Y
3%, H TR gE R 1 4 F 2R KR EWAM .
RPERAHEZS R A — T SR M 2 F0 3R L ZU M 4
T o W 21 T AL i3 28 55 ) Y B T A AR
TrEewl A wE LB BT R BE  4-0- P S -D-
D ) B, A A R AR B SR 1 i B2
JSCFN S AR AT DL — 20 IR B . B ORAS AT 28 BRI Ak S
B nl s v Bk A TR AR MR
ST,

x1 WAMSHENBEAN
Table 1 Monose composition of the total soluble sugar
5 A 2 T 53 0 (mg/ ) - - 0.188
FR 2= 0T 655 43 %50/ (mg/g) 0.347 0.417 0.737
BR324 S5 £ 53 £/ (mgg) 1.62 1.88 2.56
SRR T R EU/(me/e)  0.184 0.193 0.615

e ZUBE T 43 B (mg/g) 3.24 3.35 6.63
1 759 % 5 0 43 B8 (mg/g) 6.60 7.78 13.7
AN 5T 43 %5/ (mg/g) 1.96 1.70 4.66
58 I 43 4 (/) 1.94 1.79 327
it/ (mglg) 15.9 17.1 32.1

23 HKERMLEMEREFTEZHBINARIELRS
il A2 S0 2R B 4 T

P 3 o FH A M I R 41 20 2% 8 9 ) A EE ER
R 5 T KA FF 14 1T 5 1 A B o 38 5O A% A s
Bl T K FF 20 Al i Ab BRI | HGmT I M OB N A
T A 43505y B 3.3 A% A1 9.7 4% . A\ 2.2 4 H
AT, T KRS AT 22 ML AL BE S, 338 i i) ] i P A
FEORA TGRS K 3 LR AT e
AR AR AL 50 T LA & B TR R R R R n i T
VA R A Ay s OB vl A 28 W R AT A
T A5 A BT 7 A W R R R 0 8 i, T LA
I 2T 4 28 10 B A i KT 4R R 3R L 4F 4k 25 Tl I i
580 R A DR Ry R Ak TS ) T R FE R B R )
BRI AE R WAL, O R R IR Y &
i DX RIDHT K A 50 43 AN AR 25 o X R0 ) K A 4309, G
SR ORI ) KA R LT 4 200 4 AR Tl
ff Rt . EORFEFFAEBREE L R b, 52 B0 BY R ), BY

Y Jy Aty 0 S 2 BAE 0, £ 4E R 03 18] SR
BT E I B2 A5 A O TR I Hy T B OR RS AT
TURLARLAZ DB/, AT fioh % By % I ik 1) T AR DA
AP AR A A1 P A0SR B G 1T AL A Ak B 8 o 21 4
RO TR AL 4R T, 5 EOUR R A 7 1 2%
SRR B 2E s I, L 4E R 00 SRR 2, o T I B
SRy 2 582 W A RO R £ 355 18 AT b A 2R M R G
RORARL 232 B2 1,

110 - — ¥
100 | Hi:
90 [ kel

— FArRAF A

< 80 - (I Mf? A

E0l Holig it

ﬁ 60 [

i 0 |

g 40 +

30 [
20 : j %
10+ —_ ==
't 2

E*EIJI)?TWE E‘JFJ’%IJ?W E'?FIL‘;JIJJE*E é#’&gﬁﬂ*

1 RORFERT ;2 WA IS TORFEFE 3 BRI S5 A5 AT ;4 WA )5 1K
JERS AT
B3 HEFAENERBEHERBREURESERER
e A
Fig. 3 Effect of ball milling pretreatment on the release of
the total soluble sugar and total soluble sugar by

enzymes of corn straw

24 WMAEMEEBEXNKERAAEETARRRES
SSEA

FI LR H 3R R30 X K F FF JBURE DL K sk
J FORFE AT UEAT 45 K e, H A Kk BE i J5 KA AT
ADF FI NDF & & 28 b0, s5R- %2, kT
ADF & RJRE MR NDF &R E, 44
FAPELF AR P AR 2 2 W] BRES AL Y
KFEFT 2 K W I 27 2 25 i it 73 BN B 9.1% , 147 4
RN B 4.9% , T A 26 BRI A0 F1 Y £ K FF
REEIGAFUE TR VL7 2 38 ik 3 5053 0 N B 6.5% 1
3.9% ., VEJ 40 M RE (Y 32 B2 40, £F 4k o R BIORIE
AT A R v RPN SR R R B AR
SYTE T AL B2 P I RE S THAE

P 4 R RS TR RS FF 20 [ 25 & e Hn] i 1k
S R o A 4y T A B AR AR B, A5 A A 3
GYATT ARG T A A SR Tl AN 2T 4 2R i (%) 3 W)
T, 25 T ol A v R I AR | ) 2 RN 4T 4 —
W5 BEUMERD R T R A AR T A B

A5 4 pdh £ S0 2014 4E5 33 &4 11 1151



WANG Lulu,et al: Effect of Ball Miling Pretreatment and Solid State
Fermentation on the Feed Quality of Corn Straw

Research Article

X LB WE R RE S B4 E A S G B b DT 3
P EORTEFT RO RE(E . [, 3R 2 e 7 R 1
b AR R AT A 5 A ) T AR A, 7 A R R S
A 1 A1

*2 ZBUWEEXTF ADF X NDF REf#TH
Table 2 Changes of ADF and NDF content of the corn

straw after fermentation

RS A5 AT
ADF 452 38.7 42.5 334
NDF 69.0 58.6 67.7 53.7
100
A 7
— SEENR(EE
2 0] NN %fﬁfﬂﬁ%
E g0l L] JALL)EEpE
=
& 50 F
o8 40 F
E 30 +
20 -
10 + % ﬁ
0

1 BORFEFF ;2. B0 )5 ;3. KB R
B4 ABRVAEHEEDBISERESBHEL
Fig. 4 Changes of soluble sugar content and some simple

sugar content after fermentation

RO A BRI T B F R RS AT 28 12 K S
MRNGLULIE 5, K 48 h )5, FKFEAF pH (B T F#,
SR I A 4 BT i, A 20 R S A B R OK A AT R AR
R JG R T 4 BCR 13.9 mglg, K IR FOKFS
FFJER T 5 73 HGR 3 26.3 m/g, S il # SR BT )
B 1.9 A%, AR E R RN 2~3 em B9 K
AT HE b FLIR B EA T 35 R B, 28 BIHH T 04 6 R
e B2 A e P 38 20 M, il TELER A EREE R30 1k
S Mg aod e v R M P 22 OB IR, 0 AR AR BT
POAARE EFUME 880 |k %0 B A0 2T 2 TR
A, ELAN 75 9 26 Wl BEL & S5O0, TR, 7 11 285 % e it
e T LR TR AT ) 4 Bk 1 B AR e A R T
PR, A HLIRAE A i A W B T R T RE
N A A ARDRL I3 i v AR A PR R A i D
B AR A 2R 40 Jg 3 5 DL R 1) 2 K, A R

S E Xk

T2 1) B TORAE AT, LR & i ol is 3 1.5%10°
CFU/g, alRE b &4 82 22 0 15 B AT LA R0U0GE I iE
HHRR) (R A R AR, DT A ) A £ i 1 P B A
VA Aie 85 7 00 o 144 73 g,

I 0
7 |22
7 425
oF :
20
e | Z
554. 155%{
3f =
10Eg
2t n
1F % 13
0

0

KRKBERAT  RIBEREFF ISR, Ao BRI T
5 BEXERBELBRRES N pH TN

Fig. 5 Changes of pH value and total acid content after

solid—fermentation

|3 2 i

TORFGFF WU A, WOk ELAR AR /N | HE 3R
TR O, BRI AR B A% FORFE AT nl i PR K AL & 9
AR R4 R 2.0 A8 5 T 4 3 R A SRHRE Tt it i
b PR S R B, R b B B KR AT A b AT A
B B A3 RO 3.3 4%, 348 SO i 23 B0 i 9.7
5o Beoh  BFTEIR R B, BE AT B OKAS FFRLAR A BB/
ADF J5i 73 BT R, b i 1 S B4 RO 21 1 i £
O, LA 25 88 58 0 R W, 5 OR AT 28 1RO Tl
A PR  AAURURL AR /) | T B A S5 R s R i
FOX — R IRGE BRI Lt s iy 2, 45 5 e f
FAE AT R B 41 4E 2K OR 2R AT 4 R AR DL )
O FF R 28 o R, B W0l I fft 8 e 432 5 U0 i/ s
O BT PR K AL, DR IR BR B AL B
Ak B2 & N T LR B A R A A TR T ROk
T AT 55 IR 00, ol /D KL 2F 4 25 078 3 I 3 3h
Py ml B A A S A R S R, AR RE (AR e
I HLFR 7 BB A B AT 45 TR R AR TR, sk
Fetb A s ACH™ W HE R R PR fe w1 K
AT B3 11 [R] B 2L 9 61 A9 2 A 280 B, Xt s )
A BT REAT B, O 52 B R B R OK RS AT AU
SRR B T S M

[ 1] A6, B, 25504 0 B AR VR YRS FF 08 AL R I 28 55 40 . — DN ELSHEZL[)). AR 2057 ,2011(2) :94-96,115.

1152 Journal of Food Science and Biotechnology Vol.33 No.11 2014



EHF . RBTRA R B &SRB 2 RAEATA R & R 00

FENG Wei,HUANG Licheng,L.I Wencai. A theoretical framework for economic analysis of crops residues utilization in Chinal]].
Ecological Economy,2011,2:94-96,115.(in Chinese)

[2 ] MOSIER N,WYMAN C,DALE B, et al. Features of promising technologies for pretreatment of lignocellulosic biomass [J].
Bioresource Technology,2005,96(6) :673-686.

[3 7 FNJT R, B ST, AR BT 3R 2 £ 4 25 00 A B 5% AT A 09052 WU [, 0 it 5 A R 2741, 2010,29(1) : 18-22.
SUN Wanli,TAO Wenyi, Effect of lignin and hemicellulose on enzymatic hydrolysis of cellulose from rice straw [J]. Journal of
Food Science and Biotechnology,2010,29(1):18-22.(in Chinese)

[4] YEH A I,HUANG Y C,CHEN S H. Effect of particle size on the rate of enzymatic hydrolysis of cellulose [J]. Carbohydrate
Polymers,2010,79(1):192-199.

[5 ] TALEBNIA F,KARAKASHEV D,ANGELIDAKI I. Production of bioethanol from wheat straw:an overview on pretreatment,
hydrolysis and fermentation[J]. Bioresource Technology,2010,101(13):4744-4753.

[6 ] 4L BR, Bl M, 2. 5 AT ) i Ak 2 b JHCAT 280 4 0T 5 0 Jre [J]. AR 5 40 Mk, 2004(7) :29-30.
REN Guangyue ,MAO Zhihuai, LI Dong. Research progress in the feed oriented treatment of straw and its effective utilization[]J].
Cereal and Feed Industry,2004(7):29-30.(in Chinese)

[ 71 GB/T 20806-2006 , 1l f} o A M Pk ¥ 27 2k (NDF ) £ 90 22 [ s].

[ 8 1 NY/T 1459-2007 , fal ek v i M 1 ¥4 2T 4 (ADF ) Y I 7€ [s].

[9] ESEFE. AW Al 2 S0 BOR JE A 7 TR M. JEat v F AR AL, 2002.77-80.

[10] GB/T15672-2009, £ F T H b & &t 09 I 22 [s].

[11] NIEMI P,FAULDS C B,SIBAKOV J,et al. Effect of a milling pre—treatment on the enzymatic hydrolysis of carbohydrates in
brewer’s spent grain[J]. Bioresource Technology,2012,116:155-160.

[12] B =. FEFFPAL 228 T2 ALEE 9 AR 5E[D]. db 5« Rl K2, 2005.

[13] XIAO B,SUN X,SUN R. Chemical,structural ,and thermal characterizations of alkali —soluble lignins and hemicelluloses,and
cellulose from maize stems,rye straw,and rice straw[J]. Polymer Degradation and Stability ,2001,74(2):307-319.

[14] SIDIRAS D,KOUKIOS E. Acid saccharification of ball-milled straw[J]. Biomass, 1989,19(4).289-306.

[15] ZENG M,MOSIER N S,HUANG C P,et al. Microscopic examination of changes of plant cell structure in corn stover due to hot
water pretreatment and enzymatic hydrolysis[J]. Biotechnology and Bioengineering,2007,97(2) :265-278.

[16] Bfifd, 8 EE  WRUE A5, ACROBERG 04 7 A8 , £ BRI ). FiRiT,2001,28(6) :30-34.
LU Jian,CAO Yu,CHEN Jian,et al. Production,properties and applications of xylanase [J]. Liquor Making,2001,28 (6):30-
34.(in Chinese)

[17] LAMSAL B P,MADL R,TSAKPUNIDIS K. Comparison of feedstock pretreatment performance and its effect on soluble sugar
availability[J]. BioEnergy Research,2011,4(3):193-200.

[18] AW, 5 e te , E i 45 TR A FLIR B R B AR 7 RS FF 35 AR I AT 28 ). A& 5 4R Tl , 2010(11) : 52-54.
ZHAO Hui, Yl Maohua, WANG Haiji,et al. A study on the production of corn straw silage by mixed lactobacillus fermentation
[J]. Cereal and Feed Industry,2010(11):52-54.(in Chinese)

[19] NIBA A,BEAL J,KUDI A, et al. Potential of bacterial fermentation as a biosafe method of improving feeds for pigs and poultry
[J]. African Journal of Biotechnology,2009,8(9):1758-1767.

[20] Ahbs i, ] T 57, 2 45 e 0 T A T RDRE X AR RIS 4 G 92 T e R AL PR RE (B2 AT, 22 BRI R 7, 2012,40(11)
6563-6564.
LIN Biaosheng,HE Yuqin,LUO Jian,et al. Effects of highly active bacterium —fermented feed on immunity and antioxidant
activity of growing—fishing pigs|J]. Journal Anhui Agriculture Science,2012,40(11):6563-6564,6567.(in Chinese )

A5 4 tpdh £ S0 2014 4E5E 33 &4 11 1153



