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AFRAHREARITTHE. AIRZARBEEFAZOSEALLON, ALBRREERAEH
Ak 25 g/dL, Bk & 75 g/dL, R BRI A 1t L5, BE R RA KRS 4 10%,30 Tk 7
d, ERERT RLBHGZHOARBEEAH 1300 U/g £4, AFGSFHE 2040 L,
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Feed Protein Production from Corn Bran with Mix-Strain
Solid-State Fermentation

SUN Fu-bao*?, CHEN Xiao-xu"'?, CHEN Xiao-ping"?, ZHANG Jian-hua'?,
ZHANG Hong-jian"?, MAO Zhong-gui*!*
(1. Key Laboratory of Industrial Biotechnology of the Ministry of Education, Jiangnan University, Wuxi 214122,
China; 2. School of Biotechnology, Jiangnan University, Wuxi 214122, China)

Abstract: This study was carried out to explore a feed protein production from the corn bran by
mixed- stain solid-state fermentation with Trichoderma koningii and Candida tropicalis. With the
single-factor and orthogonal experimental optimization of the nutritional and environmental
conditions for xylanase activity and protein production, the optimal conditions were as follows:
wheat bran 25%, solid-liquid ratio 1 * 1. 5, pH 5.5. Under the above conditions, the true
protein content in the final product achieved > 20% after the fermentation at 30 °C for 7 d, and
the xylanase activity reached 1300 IU/g, which diplayed a considerable potential to future
practical application,
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G RHERFAERSERE FIABRTERE
MARAEEZENARSATRAL. BhTHE
OHE, BRARE#NLEEENSRAY —5
H, X LA 3 0 8 T A TRl £ 73 R oK B R A
BREABERMERE. Fot, BT, 7R
BEARBOKIBIESE X, BiTE, BareE & F b
¥R A RHEERE R E R A E S E R
{UBERE R 70%6~80%, A 20%~30% Mk D, T
i B R B R 5 BT B X% K47, 3
2010 ££ 0 2020 4, RER A TR B0 4 51
H0.384Z t F10. 4812 4, ik, BEF FH LAY
BEARFBEEEARER LS A EEREN
FE, UKL BN DEREAREDT.

BT EEDRAKE RBEEENERE
Ve EORE, TERT IR 11, 22X R F IR &1
EMRTREMRFBRLEBERE BSEBEEX
BAEFERMEANTE TIE. R, KB=ER
KRB AT RIE S — R AN T AL v B, # Bh
Yo PRI o SR e 1 R 3R F RAR AR RO 45 2
BB AR 3t 8 3% 40 TR 04 1 A TR A 34 B A o
MIEFREF, REERELR, BAOREIT YL,

1 #MH5F*%

1.1 #RGEAARERE
1.1.1 £®%##% BETAKE (Trichoderma koni-
gii) 30167 .1 F b B A& b S A4 4 o b AR B B
s 3 B 22 B2 £ (Candida tropicalis) « YL K%
AR TR,
1L1.2 35k%

D) B FpFiERE. DA E 200 g K5, MR
AN IR 1 b, RS R AR IE, & 20
g, 5l 20 g, #MKE 1 000 mL,pH H&R,4 CA %
TR o

2) RABESREEERE BE, EXE (UK
FEREE R4, TREMBERN 40 B, MEFE
W EEmE A 1 1.5~2, BEFWH 0.5 g/dL
BRREk.0.05 g/dL BEBR —E #F.0. 1 g/dL FiBREE
0.2 g/dL ZLEH R, A ZE pH 4~5,F 121 TK
® 30 min,
1.2 SHAE
1.2.1 HEOAFAEZGROANET RANKE
A, KHEBEARMRUER SH =R RIEB
HERIL: I0RE—EBNAEE™ Y 1 h/G. B
EHEKGEREAN SRR, BOE R 0 B & E 3N
N EERE. '

1.2.2 FE#ME  DNSBIE5].

1L.2.3 BEam i 5k HEERAHES . EHR
FEASKBRES 1 g, A 9 mL.pH 4. 8 Z BB M
£ 40 ‘CR42 1 h, HiE#3h 3~5 k. RJFTF3 000
r/min.{> 5 min, b AN AR RIERET .

BER A E .50 CF,UESEABEK
(FERETEABRED B0 KBRYA R 1
pmol ¥ JF BT % A7 B B 5, & b 1 N BETE A
(1IU),

DIE4L(FPA) B85 BIIIE : T m pH 4. 8
ZRREMFH 1. 5 mL, BAA BB K (1 cmX6
cm)—3%,50 CHI 5 min, ZREFIMA 0.5 mL
B, 50 ‘C{R1E 60 min, il 1. 5 mL DNS 54 )F
TR, BE K 5 min, R KEH, EFE 10 mL,
7E 540 nm 200 B L, H MBI B R B 2R &
AR R R BRI AR

DARRBERERNE B 1 g/dL AR 1.5
mL EREY, A 0.5 mL & 4B BIEER, T 50
‘CF R AL 30 min J5 , F DNS g5 i 5k, 34n
FALRMEH. BE1R0 AU LSS ML 1
pmoL FFRE &I ORERI) , i IU/g 75,
1.2.4 BHARSME FEEELHE(11].

1.3 ERAESIEH

1.3.1 BALEit#E REESEABEARERHE
F HEBRBARTAREELE® 72 h 5, BEARER
4R, ATRES KRB, 30 C FIRE 5 — A
G REEER,

1.3.2 K%kt

DREEFRAR R DLE R E I EMBRIE, 30
CREKF 48 h, B ARBEFME . BB/
B 98 pH & Bk St R B BB A B A R
BIRERNZ N,

D) ERIAR REARELR, R RINE.
B pH {8 3 MR, =K EiH L8, 30 Cii
BIESE 48 h, WIE RS AR N AEEAR
FREWE 3t B A B L R TR E

DEKBEHE LB MM EBENER. FRRHE
R MIERIRE LR L, Bk g 3% 3% & B
ZRREAERNSE 7 X, MEAREBENEES
REREWE.

2 #R5itw

2.1 PEERBER
2.1.1 $EFmENRELBOYH UEXKE
MEREIBAWER IR, 5 5k B BT o5 LBl
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0.2,5.10,15 g/dL. LRERILAE 1. FEEZKEE
Ik, B MR B R E o B IR A
WS 17+ R R R D Bk B R AF D ML e JRORHE 3 95
i xot T B B R0 — 7 TR N O B IS ) 7 e
T ABLRRYEGES  NTIA TR 5
—THERRNANFE ARG EFRBFER A5 R
RHFRE—FTEEOR.
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Fig. 1 Effects of wheat bran addition on the enzyme and
protein production in mixed-strain solid-state

fermentation

2.1.2 BERMAARSHETRALENYH L
AR R BRI A R 24 B B, SERAS R LI 2.
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Fig. 2 Effect of the yeast inoculum on the enzyme and
protein production in mixed-strain solid-state

fermentation

BERHERMATR MR 10%0RT, BE T MAER
(B8R, SR R AR A BT 1004 B, T 4E 47 2
AT s Xl iR FOR M R 50h, B &
AN BEIE R A K B2 B R AR, — 0 T 1 B IR
FEDT BRGNS T RIS, B — R R B A
R, BRE T B B 0 R A AR R BOK T 48 4

KEERS, B R EMER B S
RSN 4 B B R BB B AR TEERE R A
KE@,

2.1.3 ¥ pH M RELA BN YA BNE
FEAWRBCAL 7 6 (pH 4. 0~T7. ) 4T % B2,
LR R 3, 7 pH 4.5 B, BEE YD ERE A
R BT & BRI B SR B R A 0E  B5 Ml e 3 3
B EEHE pHER 4.5,
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Fig. 3 Effects of the initial pH on the enzyme and pro-
tein production in mixed-strain solid-state fer-

mentation

2.1.4 HARMNRBAMSY " BSEBIR
L RDK LA K B A A A TRE
BIER BISABAR THRAS LB, MUEMEK
MARHBRARFEKNEE. ABKTSEEE
KT bR, RS & 2R Y N A6 173858
LETAEMMAREFRY R, SKBEUTE R
FRULBESENEKSAHENZR ., hE4
AUER, YRR ARKEILE 1 ¢ 1.5 B, KB
HEARTESBABIRKME, N 8.5%., XAJHE
B K K BER, IR P ERY A B
W B R/ Y B R R AR T, B A B YR
e rg EEZA TR, S EEQARKAES
BOEIE D KR E M HUL Y BUAL 2 [8) %
AREHSEE, FREERE, BB EH,
FmEEA R RSB, HI R Kt R 1 1.5
B AR AE.
2.2 EXERIGH

R BEHE IR 2 P RO BR B L 3 B R A K AR BER
R B3, pH B A R xR B & B AR
BR, AERRENEM L, EBHERME.
ELL AT pH (E3E 3 NHE, EXTRERKER
RE 1 EXERGERNE 2.
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Fig. 4 Effect of the solid-liquid ratio on the enzyme and
. protein production in mixed-strain solid-state

fermentation

#1 EXRBRAFKFR
Tab.1 Factor and level of the L, (3*)orthogonal experiment

H £
K F AR B C
RESE/ % & pH{E
1 15 1:1.5 4
2 20 1:1.8 4.5
3 25 1:2 5

®2 EBEFERALEZRER
Tab, 2 Orthogonal experiment of optimizing the fermentation

culture
W, g o WEARE ARENE AEAK
i (IU/g) (IU/g) MREM/ Y%
1 1 1 1 120 451. 4 13.2
2 1 2 2 126 334, 7 12.9
31 3 3 149 214.8 12. 4
4 2 1 3 142 448.1 15. 1
5 2 2 2 171.2 472. 4 14.3
6 2 3 1 140 129. 4 14.3
7 3 1 3 159 654. 6 15.5
8 3 2 1 1L7 441.7 14.9
9 3 3 2 13.5 290.7 14,5

REXRSHESTATUHE, SRPREES
EEEVCRMZ WK FRAR S, X T KBS
By HEMKFRH C>ASB; N FARBEBENS
HEWMKF R B>A>SCH TEEAT S, HP W
RN A>C>B, B REM, ARSI A
BHANBHAR M, A A3BIC3, HEKK
R AR KRRE B 58. 7%, B EE A
REMEMAEO N ERER. £ 3 KRERRF
HE, BRBIE LR AR BEBEMEEARES
BRI 717. 2 TU/g #115. 9%,

DIEXEAZBER, S8 EELRMIER

B R BEA ST BEESEBREX
B BIBOE &0 B RN B A4 25 % Bkt 1
: 1.5,pH 0 5 BB ARG THB AR EREF
HEORESHN 15.5%, BEAREEIE AT
654.6 IU/g.

ERAREBENEEARESECAA R
KRN ZG T RIEARRERE R 7117.2 IU/g,
HEARESEN 15. 9%,

®3 BEMME
Tab.3 Extreme value analysis of the orthogonal experiment
IEACRETS/ ARGERE/ HAEARER
K{H (U/g) (IU/g) S8/ %

A B C A B C A B C

K 125 14.0 12, 6 333.6 518 340.8 12.5 13.8 13.4
K, 15,2 13.9 13.4 350 416.3 357.8 14.2 13.8 13.9
Ky 137 13.56 15.4 462.3211.6 447.3 14.6 13.7 14.1
R 27 0.6
Ak

2.8 128.7306.4 106.4 2.1 0.1 0.7

A2B1C3 A3BIC3 A3BIC3

2.3 EBHEMNEEESEZBNYWE

REERENHREEE S kB mILE 4, L
R Z 5 # R RE 4k S fE K R BERT[R], T LA &
. FEE REERRIERD] 7 d £4, KBERBHENE
BEHmRA D ERM, 23R B T 1000 IU/g I
200 E. XAEERMTRTAERES KBS E
i A\ BER) A AR S BUH BR L Ay ] PR B
MERS AT = E A NBR., BRASEELRYT
KRR EENEZTdER.

®4 ZEMEMNBHBESEZBORENE

Tab. 4 Effect of the on mixed-strain solid-state fermentation

KB ARFERE/ HEH
AtE/d (IU/g RE/ %
5 974.1 20.5
6 1187.7 21. 4
7 1376.9 22.0

2.4 EBEEXREBSSH

AT H—PTHIREESZBERR, W ES
REERIE BT L FH B SR 5.

F S AR R P B B R OR TR £ D ot B A Y
L8 HNRTAENER LE A A RN
SHERM, A ERBIEF AT EARR KR
XA EHE A T 2 B A A R A 0 4R B SR
H—¥, XALRAENENI R AR R -, X
RAAMEYEE R EEIBRTEHE TR
Bt SEBREF 4 R AL LF RO 5) R 55 % H
67%, B FIRER I HBRAF,
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®5 BHEESEBAMINREXRASTH
Tab.§ Content change of the components in corn bran before

and after mixed-strain solid-state fermentation

HHR EHER ARE

AR FEAR/Y%  RRASY  RRARY
Xt B 40 18.7 58.7 2.4
KBS 16.8 36.9 4.5

EBEFHTPRENESRAERE T 34N
. xBRERYEAECOR FaEARGEE
HARLR EHREARY . R, h FREDE
- PR ETER— W R KRBT BB RR &
Sy BRI RWUEL S i 0 BLR AR 2 0 “ VR 4 2 o L
SR EEARRE S S EHE N EORM
M S B, AW, AALTRER TR KB
AR R ARE LSRN, KB R AEA R
BEOBoEm EERRNE . ERERS KBTI RS
HMAEYRABEERNEEO RSN ERR.
Besh, 72 H R R o BOE e R a TR B K B
EEGRMABE TS YT EEFE — LA S

S % 3L ik (References) ;

AR, AU I H PR BE BB R Y
f, 3F B A RS EGE ; Bl & B vl
FRERLH BRAEAE R ITTSE N A B 15 K b 9 4E
R BB PR 4 — R B YR X
LR B T sh W3 E SR W R BT AL AR 3R = 1R
B AR, RS ERAFES

I & &

EXRBEANEKE =Y, BB RFETEH
MEFMEFRME, BEA R RE S5/,
B-MEFBRENNEELBRE, EHET
BREMABRARAIE, UARBBENREE
HRES AN EEER O ERRL T Z4&H
7Bk 25 g/dL, K EZ 75 g/dL, W 4R B W R
1+ LS, EFBHHME 0.5 g/dL, B E2 — & 4
0.05 g/dL, B BREE 0.1 g/dL, 3.3 0.2 g/dL, pH
5,30 CHEF 7 d, RABBMF- R EEARE I
RE 20400 b FEAMA T R BE= Y A REERGE
F1°5 1 300 1U/g,
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