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W OB N SEIUEH KT AR A i A TR AL N, SN R RS (Aspergillus niger)~ L% (Trichoderma
reesei), FEWURLEERE (Candida utilis) T TEEFLFFE (Lactobacillus casei) ATHALA S, IS INASIR] T2 B0UK 25 i
B R SAT AR R S R AR R AR R E X AR S AR A B A LSRR R D 4 B AR Ak
R TSI 4 PRI E AR, TR 1%K 2 K9 8 d Ji5 e LARI iy 52T 2 i 2 IR ) (R DRk vh 41 48 32t 33.00% B IK 5
24.09%, LY 20.99% KA 17.69%; HIE PR D HH 2.27%R T2 7.14%, FEAH 2.01%58TFE 6.41%. %
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0 31 &

TR (sweet sorghum) 138 g R i — AR FR
Fit v A A WRE ™ 60 000~90 000 kg B & 18%~24%¥k
SRIZEFFR, TORRBOT R AR PRk LS, e
i (RO o G 25 B s U)K 22 AR Ay B 7 T A B
Filt e e LT P B A E o a7 BB, M LT Y4
WK E W, TR A R m] s 2 (iRl e,
SRR QA R AR A S NS b = S W g i
36%, P4 Rt oA KIEEEE, N &SRS E
B H &k, DRIUOR TR St e ekt b e v E iR
At EE DR e K FRAC & B0 R AR, 38 R 2
ZERIN G G o i 7 JE

TH I R H B 2R R AR I 4T 4 25 0 PR AR R A
FEA N EETF-B L —. HRREE LT YE B 12 v
Poras, Jerbr er o FmENE A, (0B KRR A
SRR (B-D-Glucosidase, f-GA) % 11K, FEL
CRYE AR, BRI SR i E ST, Tk 2 A S
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IR ERA RPN v x4 B IOKR . B-GA BIE T T
(BB, 7 e 22 iR e LU S SRS A N BIR, 78
B 7 e ORI NATART A K DR B AT ) L RBERE /N
WRESs, Ars i ANBE T EHNEAR, I LEEE:
PRZAE SR PITIG 1%L I B AR B 40 R AR 8% (1 4l
FL AMURERR T RDSA, T FLAE S s A 2R I A K fg
X T A 2 AR 2 3 e P TR FLT B I MR R )
ST 1435 85.9%!0), Fe i kel o 3 A AU R A S L
T R, TR A AR S L. HAT, REER
F A= R 2 VR [ 25 R B 11 5 5 A 7 i R A 9 i
R, WmpRAEEM @ RGN, (HH% i
EAEARAE S 2 . AN SR HE A1) 3 K DA R R 5 LR 4%
) A, Rl A IR 2, B B 2SR Rl AT 2
WK AR A R e A P R A RE, LA, AT AR
WA=, R AR T SRR AL T —FloBrigtt.

1 #MR57F%E

1.1 RIgprRl
L1.1 #5ERE

IR =5 GE P EE MR A R, #E42 <4 cm.
1.1.2 EA

FEWTR LBz RE (C. utilis) 2% (A niger) « B
IKAK%: (T reesei) « THEFNEE (L. casei) , $50525:
EEl Ny
1.1.3 ¥HEL

PDA (potato dextrose agar, PDA) £iF%k. FHE
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B A RRE IR . MRS (de Man, Rogosa and Sharpe, MRS)
Bk,
1.2 FEREGMNE

FZ102 BAGAI R L ORI T 28 TRA B8 PR 2
F]) . LRH-250-G OGRS FRAE (7 REBEIT8MW) D
DHG-9140A B H s T14E OB M R b B8 A R
A]D  SHZ-IT BYPEIAK IS4 (PLSCHT e s ) )
XL-1 BFH T il CESRE AR SIS ES ) KDY-08C
(B-11) WLd (Sl s ashlEa maa) |
KDY-08C JLEE RN (Brta i Bl A A A A =D |
HH-4 #Up ek s (EHAEBISAR2AA) . DIONEX
P680 i ABAH AT (B AT o
1.3 REHZE
131 BHRmaaynE

KA e CHEE T3, GB/T 6435-2006) « k1K
I3 5E (GB/T 6438-2007) AR A MIME (I E R
%, GB 5009.5-2010)  FHARWI MM E (R KL,
GB/T 5009.6-2003) . L& (Al E!" (oK e &k,
GB 5009.5-2010) .

1.3.2 k. FH%E. Ak (=%) Hine

FREGE 60 H i (KR FE 0.5 g (mg) BAIREH,
A 3.00 mL 72%FiKRERER, 30°CKE 1 hy Bl
KRR 100 mL [0 =M, KK & X
84 mL, FriE R, U 10 mL BEbRvAE RSO T 5 4R
=M, T 121°C PR 50 min, fF =AM 2 =00
Ja BRI, K AR KR AT i, R S T vE TS
e v FYE o 28 TR AOK Be i S o 1 [ A ke v & rp ik
105°C, 1 h MEFUEW, K[ Ak v 56 4% 21 48 5 & 1
Hrd, 105°CHE 3 h, BREIUEIRE (m) o K4
TNy g e, S64E 250°C K AR 20 min P+ 2 550
CTHIBE 1 h, JEONTERES & 2 = 5 AR k) i
(my) 5 B SmL €M, H 10 mol/L ) NaOH 75 pH
% 2.0~2.5, Fik%E 10 mol/L, J] HPLC Bk &
(Cuprex) V5

FUBEIR CX:CHPLC,XXﬁE FEAE %URM, sugar

Ui F (%) =Cyyx87x107%0.90/mx100%

FLFYER (%) =(Cypt +Cara) x87x107%0.88/mx100%

KIFRE (%) =(m—m 2)/myx100%

T Rave, sugars ARVESLBEF- 8 [0S 28 =FR TR Ab 2 i B0
JERGTRALFRTHEBOR L : Cu: WIATHEIRIE, g/L: Cip:
ABEASE, g/l Coar FTHATHRKRSE, g/L: CortCon: HH
TEK HRE. BEERARMEY Y, A FTRArRE
SETE R LT e 210 E R, R DUACKE RN R AP b 2
FRAH S eF 4 Z 1 o o 5

1.3.3 A4l &

Y OATEIN) A. niger R T. reesei 2 PR ST VRAT
TR AP R IR AL, 28°CHEIR 3 d, frm K
HERS, OSSPSR FRAR b7k, 7 B S S IUR Y.
o TR K, #7580 1084 /mL B A BT 735 £ B8
B O C. utilis IMRIRAT T PDA ¥5975E, 28°CHE

723 d, KEETIALE KT, WEEEES] 10" 4 /mL
NPT TR . PR L. casei TEAL B RRIERD T FL B 40 11 55
I, 30°CHRERTE 3 d, HREEHINLE K, TR
IEF] 10" AN BI K B R, A 1 BH U5 22 il
B 5 HLICARF S B-GA WHHT T A LU I wiFp gL f, JL
BTG AR TF ORI S, DRZAIT 5T 42 R 5 B AR 1) Jir ) e %
SELL BN 4 PR .
1.3.4 FoRMeESLRE

F5 10% R0k 1.3.3 TRl 4 B S 25 ¢ ¥
BE 70%H7KF 0 (D |+ 1%, 3%MR %, HEys),
e 500 mL =i, B4 3 ANPAT, 30°C R E AR
6d.

IRIRES 25 K SPSS 19.0 #HATEAR G5 3 4T .

2 #ZR5E

2.1 AEATHSREMZEELMR

RGP U A v R B AT il e b, B AR B0
BRI T (68%~T6% B K ) H TR, ifiskik
R AT PR SRETS RT T BRI AR B B A AR

R HERENKRESELMR
Table 1 Various physical and chemical properties of sweet
sorghum stalk residues

DN s 3 D%y SR8
Ingredients Content/% Ingredients Content/%

o -

BAK) 45.58+0.20 TR 54.42+0.20
Total water Dry matter

LY i HEHA

+ +
Crude ash 34120.15 Crude protein 2.27+0.006
FHLIR 7 LRYE R
.83+0. . +0.

Crude fat 1.83+0.17 Cellobiose 1:20420.101
pasig 25 b

ETEER 33.000+3.880 Bk 4.295:0.015
Cellulose Glucose

S £T-Uf 25 3
*T{—E% 20.990+2.274 AHE 4.801+0.059

Hemicellulose Xylose

AR 19.762+2.418 BB B 0.1510.001

Xylogen L-arabinose
e RUKSN S T 5T 5 43 BORE TR EEAT V6, LAy (il e 4 T

105 CHETYPRHIERT H5E.
Note: Total water and dry matter are based on the wet matter to calculate and the
other ingredients are based on the dry matter under the 105°C to calculate.

2.2 AEEMEAESHHERSE

P BhEE (A niger) « BLIKAKE: (T reesei) « 1=t
2B RE (C. utilis) « TEEILFFERE (L. casei) 4 FIpbE
AR A G IATIRG KRR, R EA R R
HAFRFEEL SR (B 1D o ZEARRIN L. casei A&,
CK (XKD | T reesei. C. utilis~ A. niger C. utilis Il
A. niger T. reesei. C. utilis FAHRLAL A A 8 TR 20 4L
FIEARFE (P>0.05) , FH& F iR 2> b K 5.07%
T2 A. niger T. reesei. C. utilis #1E ] 5.49%; £E78 N
L. casei NWHEY, B T. reesei. C. utilis 1 A. niger C. utilis
NG LR AR HSR T D 2 (P<0.05) 4b, iR
AT (P<0.01) o FHAR 1R 20 £ f o0 LT 5.69%
T3 A. niger T. reesei. C. utilis 15 6.97%; ¥
L. casei 5NN L. casei MIALAAALL, HAHE A ES>
BT B (P<<0.01) o SRk 2.27%
MR AR BAELE, 4. niger. T, reesei. C. utilis . L. casei
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LA AR (4T T 4.70%, W LA s Arilt ok
(T BRAR L B [ A Y ZEAE T AR A S B R R

. O RRINL.casei Not adding L.casei
O ¥ L. casei Adding L.casei___

[=2) ~
T

1] o e [

FHR 141 i B o B
Crude protein/%
(%) 4 wn

—_ N
T T

CK TC AC TAC

E: CK: WIS EBAFELTEKNE AR, A RiliE; T RIOKE;
C il ez tt; L. TRFLAT . FRl.

Note: CK: It is blank control with the same amount of sterile water to replace
microbial; A : Aspergillus niger; T : Trichoderma reesei; C: Candida utilis; L:
Lactobacillus casei. The same as below.

A1 ARRAAMAESHE G ST
Fig.1 Comparison of crude protein content under different strains
combination

2.3 AEEMASHAHEER. FAEEMARESENTIL

RIS R AR AR B i o S Y R AL S AT
TEFEeEE (2, SRR ERED SRR
RID R YR ARG RE TGRS, AR
EZEENE LAHES. MRA =K 5MEASER ST
A. niger- T. reeseiv C. utilis+ L. casei HE —FAHLL:
R U TR B 33.00%F K 2 24.09%, HATH R
Z5 (P<0.01) ; PELgERFETEH 20.99%FF (K5
17.69%, HAFEEMZER (P<0.05) ; KJFEEFESE
B 19.76%5E = 22 21.77%, HAWEEEZE R (P<0.01D).
Jorp = R B R B0 73.75% K% 63.55%, EAH
BEEESR (P<0.01) .

o044k F Cellulose = 4F4E Z Hemicellulose WA S5 % Xylogen
351

30F

[3%3 |5}
(=} W
T T

Jii £ 43 Content/%
S @

[
T

0= CK AC ACL ATC ATCL

B2 AREAMAEF=FEFTHRMN
Fig.2 Changes of cellulose, hemicellulose and xylogen’s content
under different strains combination

H Rl e S S R P HE 1) T By AR AT e, B
iR, AT RN SR, R A R
R RZAC IR LT YE FE AR BEAT WA AR 3 A0 Bk,
1E AR TR LT 43R, B M M AED
Z R AR o S AR L AR 2 Fh i
SR Ak i LS O RTRY, T LU ST R B i h
TPl RREESS, JF H e TR A T 274 3= K i e
BN NHIHE U TLAROBE 2O R LA 35 5t ¥ —

ORI = 2 B R R AT B R, BE T LAR)
F BN, o mT DURIFH S BpE . i xe) b o R e 45 o
JEVIRH = 2B FCS LRI, gt RS eyliE e H
IR RR IR e AR, RIE G 4 & B bR 11 5F I IS 3 OR B 2T 4
F PR TTATIN . AT EE T R I i R AT B8 A B
XA TR (1) A e ) 22 3 AR i 2 B T
2.4 AREMEAE PRI FAMEIERRIZ L

RN G E THEA S BRI A niger.
T. reesei. C. utilis\ L. casei & MK 5 50 T8 i 1)
G (K3 o MK IE P AN L. casei FIES
M L. casei K&, KIUHK 7 B3R 3.41%, 435
PR 4.52%F01 3.82% (P 3a) 5 ZEFH g W7 A0 52 AR %) B
AN L. casei FIIN L. casei 404, KPR 1.83%
SR EE 3.25%H1 2.66% (K 3b) o KW L. casei M1
I AR BE KR B R iR B 1 B &, {H L. casei 1B
RGP R LG T, B AR ARDRL FOREL R i (5

50r 401
o 4.5F o
2 . 35t
2 40t _ < “ol L
_q': 35F =z E o _I_
g 30 5 231
Xa2s g 20p
L
i 20 o5l
K15 =
K 10 % 10
B =
“ost U
0 : . ] 0 A A .
CK ATC ATCL CK ATC ATCL
a. MKy b. AHAE
a. Crude ash b. Crude fat

B3 FEEAAES TR SIS F 0T
Fig.3 Changes of crude ash and crude fat content under different
strains combination

2.5 ARKRERZAMETHESNEEAIEENK

MR QOSCHETRE, R IFD s s A
ERARDUN 2.27%, JiR ARG R & A, $E
BEAT TARRE I IR AR (B 4)

S}
1

g VRIS
£ Urea content/%
S10f ——0
(=%
=" !
g .
&
R 6
I
Hl%’
I 4r
il
g - . ' : :
0 2 4 6 8

S I [AFermentation time/d

B4 FREZRFEMETRERFILBRE T TS SZORL
Fig.4 Changes of crude protein under different levels of urea
content and different time of fermentation conditions

W 4 fros: FELRERMEMT, K2 8d 4R )5
TR R R A 2 3.26% 32 3 5.24%; 1E 1%/R
EIRINERSAE T, K 8 d 450 o ikl Pk 2 (A =40



312 RNy TFEZ (http://www.tcsae.org)

2015 4F

B 4.39%E R A 7.14%, L8 d KIRE NI 1 i
IECGATRINRE R 8 d INHLER A 5 2 Bk HL L 45
REFSWEE (P<0.01) 5 EIRFZRINEN 3%HF, bt
ISR PR 888, MR (I B R, 3 8 d R IR & RN
HEASESARMRERBIT G ES SR,
HHEAS B2 (P<0.05) . ZiREW: #in
1% PRI B 14 PR 25 REAR 0 25 B Dl el ook 2 1 5 ot
I 3% IR IR 250, R 3 A7 2 i B A4 1 2E
Ko, R S 18 R AR AET S, TCI24E ey fe &
BRI A S E, X5 8RS oT 45 A, R
IR B PR A A 26 T E B iR &, ki
B AE R T R

TEBEN 8 AKEHL R AN R 2 AN 1%R 22 n4d
PRI 8 R HEASEAMEASE (K5 . K
A B OB HORL R R (TR B ik 2.27 %R
2.01%; AU IR F2 41 R A VRN JLAR R 20 003 oA
5.24%F1 4.84%; 1% PR F IS AL HHof 2 1 AN L B 1 i i 4y
B R 714%H0 6.41%. B 1%IR U8 I o R g 45
R B AR AR AE, HILEE AR Bk L
[F) 25 At N AN N PR 22 20 G i Y 32.4%, DRI it &0 B
F 0T USRI HOR R B A A SR 1, BAE 0~ 1% MR &
ST A AN I T Y B S PR 2 SR, RO
b B s (P<<0.01) o HJRINAET 4. niger.
T. reesei™ & T AN ] LLE 300 I IR &4 W&, C. utilis
BE AT LURF JEHLAEDE, tn] LRI A HLEIED, kR
FAE N — P LRI A R R AR AR B R nT DL B 4
A. niger T. reesei~ C. utilis JITFIH o

9r

O 7 #tRaw material
O AN 1K Z5 Not adding urea
8r B 1%JR %) it 53 % Urea content 1%
7L
£}
5
Z5F
o
%
=g
&
it
<
2 L -
l -
0 e g A .
¥ £ 4 Crude protein FLZE [ True protein

B5 REAEMEFHTREORFAEOGTL
Fig.5 Change of crude protein and true protein under different
levels of urea added

3 W o’

A2 E B IO IAERG R A A7 B DR R i R o
S IO 2 PR 3 AT AR I TR) AR B T 2.01%38% v 2
21.43%, i, —HLE AE T2 IR E SR
WAR R, I 5E &5 R P LR P R e WO LR
HHEH. MK, REAME KRR, EARE
JE LA ERER AR 404, 0.5 h USRIl TA AR,
PR 2 NS A DS i 349 P9 JUE 9 1

HLEE, ENFBEIR P REsET, XK R FAES)
PIARSN R Gl A0 B VDR, DL IR A 1
JaE AR E A S RN E LN — AR,
1% 1) PR ZAS AT A 7 (1 AR A PR REAT LE T80

TS 8T R IR AT BRI s RIS HAT AN
DIREMRE, SR I RS RRLARBEAT A C e 4R
e T e S S A o 1 R AR B S 1) — PO ik T
A2 B e S ZEAT B I KRR 5, 53— T e & Ot
HR TR EURER T, K P B AT LSS ke ok 2E ™ B 1 i
AR R AR E A R [ Z I A Jig, FE A e st
RRALIRYE

4 4 it

ARSCUABRARBA A F A IR NS ] L 3 D 7 BRAY 1Y)
PREEETIA A AR IR e SR T H I  RA)
I AR 1%MKER, RIS AR 8 d KGR
kL, AL TR FE BRI A, SR mE R
TR E FRAE . T VAR P R A R
(1 Jo 45 73 K B JgURE b S B > B R T 4.87% A
4.40%; T YEZ AN LT YRR FRARR 5 0 27.00% A1
15.72%.
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Producing protein feedstuff by multiple strains solid-state fermentation
with raw sweet sorghum stalk residue

Yang Sen’, Wang Shilei*, Zhang Lei*, Zhao Hongjun?, Xie Hui!, Wang Fenggin®, Chen Hongge®, Song Andong**
(1. Key Laboratory of Enzyme Engineering of Agricultural Microbiology, Ministry of Agriculture, College of Life Science, Henan
Agricultural University, Zhengzhou 450002, China; 2. Luoyang Guangrui Agricultural Science & Technology Co., Ltd. Henan Luoyang

471100, China)

Abstract: Sweet sorghum is a high-energy crop which has many applications, such as producing sugars and fuel ethanol. The
sweet sorghum stalk residues are discarded as waste. However, there are fat, protein, crude fiber and other carbohydrates in
stalk residues which can be used to make protein feedstuff. To achieve the rapid promotion and large-scale application of
producing protein feedstuff using sweet sorghum stalk residues, the solid state fermentation system was used. First, the
physical and chemical parameters of the sweet sorghum stalk residues were determined, the total content of cellulose,
hemicellulose and lignin was 73.75% (dry weight, the same below) and the crude protein content was 2.27%. Secondly, the
combination of Aspergillus nige, Trichoderma reesei, Candida utilis and Lactobacillus casei was optimized. The optimal
combination of the strains was selected based on the component change of crude protein, cellulose, hemicellulose, lignin, crude
ash and crude fat. The results showed that the fermentation after adding 4 strains was proper. In this condition, the cellulose
content decreased by 27.0%, and the hemicellulose content decreased by 15.72%. The crude protein content in the combination
added with Lactobacillus casei increased by 26.96%, the crude ash content decreased by 15.49% and the crude fat decreased
by 18.15%, compared with those without adding Lactobacillus casei. Third, based on the optimal combination of the strains,
1% and 3% urea were respectively added in the sweet sorghum stalk residues to confirm the optimal content of urea. It
indicated that the contents of crude protein and true protein were significantly improved with the addition of 1% urea. The true
protein content was increased by 21.90% compared with that without the addition of urea under the same condition. In
conclusion, the crude protein content of sweet sorghum stalk residues increased from 2.27% to 7.14% and its true protein
increased from 2.01% to 6.41% after 8 days under the raw solid state fermentation along with inoculating 4 strains and adding
1% urea. This study provides an effective process to produce protein feedstuff from the raw sweet sorghum stalk residues
feasibly on a large scale. It is helpful to explore an alternative of protein feedstuff in the animal husbandry industry. On the
other hand, this can alleviate the environmental pollution caused by the accumulation of the sweet sorghum stalk residues, and
has a very promising future.

Key words: straw; protein; fermentation; feedstuff; mixed strains; solid state fermentation of raw material



