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Process optimization and in vitro nutritional value evaluation of solid — state
co — fermentation of distiller’s grains and corn oil residue
Zhang Shuoging' , Ru Xintong' , Mu Yongqiang', Zheng Siqi', Zhang Aoran®, Li Jianping' , Shan Anshan'
(College of Animal Science and Technology, Northeast Agricultural University, Haerbin 150030)
(New Hope Liuhe Group Co. , Ltd.”, Chengdu 610023)

Abstract ; In this study, steam — exploded distiller’s grains were used as the main raw material and corn oil resi-
due as the supplementary material, a mixed — strain solid — state co — fermentation system were established to achieve
efficient feed utilization of distiller’s grains resources. First, the optimal proportion of corn oil residue in the distiller’s
grains substrate was determined with viable cell count as the key indicator. Subsequently, the fermentation process
was further optimized via response surface methodology on the basis of single — factor experiments. In addition, the
conventional nutritional components, amino acid composition, mycotoxin content, and in vitro nutrient digestibility of

the substrate before and after fermentation were analyzed. The results showed that the highest microbial density was a-
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chieved when the mass fraction of corn oil residue in the fermentation substrate was 40% . The optimal fermentation
process parameters were as follows ; fermentation time of 6 days, temperature of 28 °C , moisture content of 60% , and
inoculation amount of 10% . Under these conditions, compared with those before fermentation, the mass fractions of
neutral detergent fiber ( NDF) and acid detergent fiber ( ADF) in the distiller’s grains substrate decreased by
22.25% and 28.14% (P <0.01), respectively; the mass fraction of acid detergent lignin ( ADL) decreased by
6.82% (P <0.05) ; the mass fractions of crude protein (CP) content and reducing sugar increased by 12. 27% and
78.04% (P <0.01), respectively. The total amino acid content increased by 17.92% (P <0.05) , and the myco-
toxin level was extremely significantly reduced (P <0.01). In addition, the digestibility of dry matter, crude pro-
tein, and gross energy was increased by 20.57% , 42.01% , and 12.36% (P <0.01) , respectively. In conclusion,

the synergistic utilization of distiller’s grains and corn oil residue via mixed — strain solid — state fermentation could ef-

fectively improve their feed quality.

Key words: distiller’s grains; corn oil residue; solid — state fermentation technology ; response surface methodol-

ogy; in vitro bionic digestion technology
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WEME  235.00 £4.40 418.40 £6.90  +78.04  <0.01
/mg/g
GE/MJ/kg  22.87 +0.03 22.01 £0.04 -3.76 0.09

TR R bR o« 2R B H (P <0.05), «« HRERMEH
(P<0.01), F,

2.4.2  RIBERT G RS IR R 4 A 43 i
PP R 2 8 T I e R 2 A % B 4 B
65 AL UL, HERIN 17 Fha L0 , B 5 2R A0
W2, FEAYREIR B 0 B0 B 4R T (P <0.05) , 4
FFEIR I o BN & BERG Y) 14.90% & 35 38 &
17.57% (P <0.05) , 53k il 25 i o 45 SR A
— 3, X TR A AR R AR DA A 4
AP F XS AR 1 K AR A o
RS OKEEAT G HPRE IR P IR
5 1AL (T B L hh, B2/ % )

X K IERTH KEE A ;

A T w2 P
R 0.73 +0.06 0.87 +0.04* +19.18  0.03
NAER 0.39 +0.03 0.46 £0.02* +17.95  0.03

SRR 0.65 +0.04 0.74 +0.03 +13.85  0.05
R 1.68 £0.03 1.91+0.02* +13.69  0.03
R 0.57 0.05 0.70 +0.03 * +22.81  0.01
EEMR 0.16 +0.02 0.19+0.03* +18.75  0.02
KN AR 0.76 £0.06 0.92 +0.06 * +21.05  0.02
R 0.95 +£0.07 1.09 +0.05* +14.74  0.04
BivaA 0.70 £0.05 0.91+0.04**  +30.00 <0.01
P e R 0.14 +0.06 0.16£0.00**  +14.29 <0.01
WA iR 0.47 +0.03 0.58£0.03**  +23.40 <0.01
PRSI 0.89 +0.06 1.11£0.04**  +24.72 <0.01
255 R 0.45 +0.03 0.59£0.02**  +31.11 <0.01
BER 2.21+£0.03 2.51£0.09* +13.57  0.04
R 1.44 +0.02 1.62+0.44 +12.50 0.14
H4Em 2.10 £0.02 2.54 +0.09 * +20.95  0.02
e 1.78 +0.03 2.04 £0.08* +14.61  0.03
MR/ % 14.90£0.98  17.57 +0.70* +17.92  0.02

2.4.3  REERT G R RR R N 1 R S AT

o P A 2 P 2R R A A I BB R = A Y
WA=, BABOR A SEAEO P, H2 6 n]
DL, 2RI P A SR T 4 g T 2 KPR R
EREAR (P <0.01) , FEARAAE 22.05% ~ 56.70% , H 14
Fi6 GB 13078—2017 (falRt A AR o X AN
TR SRR A BRI, SR A
ZE AR TR R B A Y BT R AR R R IR T, E
(T m] ASE 2o 900 )T 3% P A T o ok R A
JH A B AR ST LA A AL 475
LW

e LIV NGIEEE SR s LG R )

5 H/ pe/ke Zéi’;g;’ fgf;gg % P K
AFB, 16.95 £0.25 7.34 +0.15** -56.70 <0.01
DON 17.99 +0.05 10.96 £0.05 ** -39.08 <0.01
OTA 18.82 +0.03 13.32+0.03** -29.22 <0.01
ZEN 632.70 £3.90 493.20 +6.30** -22.05 <0.01

2.4.4  RWERT G PR EDREE SR T A R SR AL
B

PRSI AR DAL TRl sl fRDet BRI fb 1
RERY TR ZLAR AR, BB T iDL rp 8 R ) 5T 7E T Al
Hh TR R S i A P S g A 2R A
T DRI R LA 11 A I 10T 3 o 4 A1 T Ak 52 30
R IEG R HTAR LG9 B A 3 R A S A
ARPRE T 11.43% 11.31% . f367 o] W, AR08
SERIRRER W, & AL R 4R TR I R
SRS T8 B Ak 8 LA 11 BT Ak R R S R
THAER (P <0.01), HAR TR BAL, 0l $g i 1
20.57% 42.01% F112.36% , 3% 5B &P Ry A4 F
e300 A ) A T , VR DI TR TR TR R I RE 8 T AN
FEARLT AE A IR T 2 AU S 45 4 35 I 27 4 Lt 3
TR, M T 3 1 ) 75 R T Py el R )
B2 0T 2 R R 5 I e T A W Rk e A 3 ik — 2B
G AR TR TR AR S TH AL R

FTORBEN T IR R AR L RN L
BEERTEN KRR A

ME% Ty ey 2% P
T 44.20 £0.04 53.29 £0.06** +20.57 <0.01
THILFE

MEMER  32.06£0.09 45.53 £0.04** +42.01 <0.01
THILH

MEENALZE 53.32+0.11 59.91+0.03** +12.36 <0.01
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