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Abstract: [Background] Soybean hulls as a crude feed have high digestibility, but their fiber content is
high, and contains a variety of anti-nutritional factors such as urease and antigen protein, which limits its
application in monogastric animal feed. [Objective] The aims of this study to reduce the content of fiber
and anti-nutritional factors in soybean hulls by combination of bacteria fermentation and enzymatic
hydrolysis. The packaging treatment of soybean hulls by using this method was conducted in the
laboratory to evaluate the number of molds and the nutritional value and quality of soybean hulls for the
foundation of future industrial application of soybean hulls. [Methods] The experiment was divided into
four groups: control group (soybean hulls without fermentation and enzymatic hydrolysis group), strain
fermentation group (Lactobacillus, Bacillus, and Saccharomyces mixture fermentation), enzymatic
hydrolysis group (cellulase and xylanase enzymatic hydrolysis), and enzymatic hydrolysis + strain
fermentation group (Lactobacillus, Bacillus and Saccharomyces compound fermentation + cellulase and
xylanase enzymatic hydrolysis). The optimal time for packaging treatment was selected. [Results]
Compared with the control group, the pH value, reducing sugar content, urease activity, globulin, and
B-conglycinin of the fermentation group were decreased (P<0.05). The reducing sugar, crude protein,
and true protein content in the enzymatic hydrolysis group was increased (P<0.05), while the neutral
detergent fiber and acid detergent fiber were decreased (P<0.05). The pH value, the contents of neutral
detergent fiber, and acid detergent fiber were decreased (P<0.05), while the reducing sugar content,
crude protein, and true protein contents were increased (P<0.05) in the bacteria fermentation and

enzymatic hydrolysis group. Compared with the fermentation group, lactic acid concentration, and
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viable bacteria number were higher, while pH value, urease activity, globulin, and B-conglycinin were
decreased in the bacteria fermentation and enzymatic hydrolysis group (P<0.05). Compared with the
enzyme hydrolysis group, the reducing sugar concentration, the neutral detergent fiber, acid detergent
fiber, and hemicellulose in the bacteria fermentation and enzymatic hydrolysis group were decreased
(P<0.05). In the bag experiment, the pH value of the enzyme fermentation group was 4.87 at the optimal
fermentation time of 5 d, which was lower than that of the other groups (P<0.05). Compared with the
fermentation group, the reducing sugar content, crude protein, and true protein in the bacteria fermentation
and enzymatic hydrolysis group were increased (P<0.05), while the urease activity, globulin,
B-conglycinin, neutral detergent fiber, acid detergent fiber and, hemicellulose in the bacteria fermentation
and enzymatic hydrolysis group were decreased (P<0.05). Compared with the enzymatic hydrolysis group,
the reducing sugar content, neutral detergent fiber, acid detergent fiber and, hemicellulose in the bacteria
fermentation and enzymatic hydrolysis group were decreased (P<0.05). The content of mold in the
bacterial enzyme fermentation group was only 0.89 1g(CFU/mL), which was lower than that in the other
groups (P<0.05). [Conclusion] The combination of bacteria and enzymes can increase the crude protein
and true protein content, reduce the content of fiber and anti-nutritional factors, inhibit the production of

mold in soybean hulls, and finally improve the nutritional value and quality of soybean hulls.

Keywords: cellulase; xylanase; anti-nutritional factors; microbial fermentation; combination of bacteria
and enzyme; bag experiment; nutritional value
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Figure 1 Effects of combined fermentation with bacteria and enzyme on pH (A), lactic acid (B), reducing
sugar (C) and viable count (D—F) of soybean hulls (n=4). D: Viable counts of Lactobacillus plantarum LY 19; E:
Viable counts of Bacillus natto ND1; F: Viable counts of Saccharomyces cerevisiae NJ. MB: SBH fermented by
mixed bacteria; EN: SBH hydrolyzed by enzymes; +: The fermentation of positive; —: The fermentation of
negative; #: There was significant difference between compound enzyme group and no enzyme group; *: There
was significant difference between the compound bacteria group and the sterile group.
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*1 ECESECHMAESAMYKXERHES I (n=4)

Table 1 Effects of combined fermentation with mix bacteria and complex enzymes on the composition of
soybean hulls (n=4)
i H ENIE Jon e SEM  P{H
Items Without enzyme Enzyme
RN I RO T A KWE W< A I
CON MB EN EN+MB EN MB ENxMB
HLH A Crude protein (%) 9.25¢ 10.93b 11.64b 12.51a 0.39 <0.05 <0.05 <0.05
HE.#5 [ True protein (%) 6.50d 7.68¢ 8.18b 8.79a 1.76 <0.05 <0.05 <0.05
FREBE AT 4 | NDE' (%) 65.50a  54.45b  45.73¢  41.75d 235 <0.05 <0.05 <0.05
P Ve 4 4 2 ADF? (%) 4571a  37.81b  31.46c  27.79d 128  <0.05 <0.05 <0.05
2% 3 Hemicellulose® (%) 19.79a 16.64b  14.27¢  13.96¢ 1.09  <0.05 <0.05  <0.05
R it 15 0.71a 0.25¢ 0.41b 0.09d 0.12  0.09 <0.05 0.07
Urease activity (U/g)
FREE IR R 0.00d 21.56b 5.32¢ 30.23a 2.37 0.12 <0.05 0.17
Degradation rate globulin (%)
BT K BERTR (1 B A 0.00d 24.26b  6.8lc 35.84a 134  0.08 <0.05 0.23
Degradation rate of B-conglycinin
(%)
TE: U hPRVRIRERE; 0 RRVEVEIRATYE; O R R VR G- MRV VR IR LT E; aL bl o d: AFYIEA EE
%5, FIH

Note: ': Neutral detergent fiber; 2. Acid detergent fiber; 3, Hemicellulose=NDF-ADF; a, b, c, d: Significant difference level
among different groups, the same below.

oY PR e o U 7 1 S8 T 4 o 51| I e e B S Rl =
(P<0.05); SXTRELIAHEL, APl W2 Rk 10K
BTG PE . BRE DM B-PEREREOM S E
(P<0.05). 5 ABELIA LY, TR A& P2 i A 2R 1
w7 3524%, HEA®RS T 3523%
(P<0.05), W PERIREr4E | Bk Ue ik £F 4 5 Bk
i T 36.26%H139.20%, - £F 4E K FFAL T 29.35%
(P<0.05), MxEgiEPEN 0.09 Ulg, BKE A F
B-TE R ZERE A AR T 30.23%F1 35.84%
(P<0.05). SHGfEAIAH L, P& 4 2 4
1 25.84%, HAEME T 25.85% (P<0.05),
b JEUHE U BE AR T 38.49% (45.76 mg/g vs
28.30 mg/g), Mk PRI LT A ARk A AT G 4y
WAL T 30.18%F1 31.17%, P4 /LT
28.14% (P<0.05). it BA B fif A1 % % =22 () H A
RN, HXTIREGIE M . BRE A B-FE KRG BkEE

F 28 BT 57 R 1 8 HAERUY (P>0.05)
2.3 HELEREXNKEEL pH. ZEERIE
[ HE B 22 i

W% 2 Fros, ASTA) Ak B0 2 R0 2 e A ) 3o
TR pH. FLER KGR AR B,
H =B AAE AR (P<0.05), 45 7 KR, K
TR pH K 5.25, WAL T HAb ] A
(P<0.05); WEKHAKI, WHgRBELAR pH
HR 5.07, BFEMTHAMA(P<0.05); FLIRS
o BE A& W (B AR T, SRS R AT s E
70.68 mmol/L, {8 3 =5 T4 1 KN 3 K(P<0.05),
555 7 RET R FLRRWE 22 58 .25 (P>0.05); &
fifi B AL FLER Ml 128.01 mmol/L, & & T
X RRZH RNk AL, iR JROBE S R T A AL
(P<0.05). i B 721 il 45 5 A 38K T B 1Y) e AR Ff
[R5 ds
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*2 REABMAXERK pH. IHLERTETENEIE(H=4)
Table 2 Effect of bag fermentation on pH, lactic acid and reducing sugar of soybean hulls (n=4)

Items Time pH FLR Lactic acid (mmol/L) ifJFH# Reducing sugar (mg/g)
%} B8 4H Control group 6.05a  8.74c 10.28¢
bR K 2 5.49¢  79.96b 7.49d
Strain fermentation group
it figp 21 5.82b  12.18¢c 32.50a
Enzymatic hydrolysis group
TR il R 2 5.07d  128.01a 20.31b
Strain fermentation+enzymatic
hydrolysis group
Day 1 593A  27.96C 17.64AB
Day 3 5.72B 57.73B 16.31B
Day 5 5.53C  70.68A 17.82AB
Day 7 525D  75.50A 18.82A
PrifEiR SEM 0.02 1.26 0.35
P value for group <0.05  <0.05 <0.05
P value for time <0.05  <0.05 0.10
P value for groupxtime <0.05  <0.05 <0.05

fE: a. b, c. d: AFAN P<0.05 FREZES; A, B, C. D: AL P<0.05 FREER, TIH
Note: a, b, c, d: Significant difference at P<0.05 level among different groups; A, B, C, D: Significant difference at P<0.05

level among different times, the same below.

24 RELAEMEVAXEZEBRTES
=105 1]

e 3 FroR, AS[EAL B A& B At Ia) X K
TRERHEN . HEN . PR R iRk
VR ET A B, T H AR BAERL
W (P<0.05) TR fig A e ZH 25 1 R AR A AR
12 o 5 At B ] S 34 I 3 25 (P<0.05), {1
93,5, 7 RZBJCE % 2 5(P>0.05); WA
P 2EDRL B R EL B 1 A AR S T 32.39%F1
32.25% (P<0.05); B fF 2 I 20 1) v ek e i 2 4
PRPEVE R A 4 & R PR L T 45.85%F1 29.61%
(P<0.05). 7E55 5 REF P UEIR A 4E S TR
53.69%, WEMTHE 1 KFE 3 RS
(P<0.05), H5% 7 Ry PEGER A 45 w2 0]
TG 2 F(P>0.05), FRYEVEIREFAE2s ).
Ul I 5 R B4 5 AR TR G 5 d I,
R ER A E O EE &R, RINL4E

T
25 HRERELERET, BERESX XK
DRAESE. EXRS RMmRIIEIN
ik 2 M3k 3, KRG M HtER B [E]
Hh5d, XREREEFRST S b B Hr LR 4,
B A BEZH A pH {H0 4.87, WEMCT HALH
(P<0.05), FLERMEFE I (% T HAh 2 (P<0.05),
W JEOBE S 0 T R I AT AR T A 2
(P<0.05). SXTHRAIALL, wRE A RAMEN .
BRI R (P<0.05), HRMETRIRAT4E | Rk
VRIRLTYE R LT R R B E TR, IUERE TR
E T FR(P<0.05). 5k BELAIM L, TR & 4 1Y)
FLEE . LA R 42 0 (P<0.05), T Tl A e 2H
R T KOG h 8 57 H 7 (P<0.05),
R TERE AL T 32.71%, B-fEREEREN
FEAR T 37.06%, WRAEIEPERFACZE 0.1 Ulg, 51
fRALM L, WEGE AN EEARS T 5.38%
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R3 RELZBWAREREARAHESENFI(1=4)
Table 3  Effect of bag fermentation on protein and fiber of soybean hulls (n=4)

Items B i) HEA HEMN PR A YRR
Time Crude protein (%) True protein (%)  NDF (%) ADF (%)

X B&4H Control group 9.17d 6.45d 64.51a 45.64a

K4 Strain fermentation group 10.48c 7.37¢ 58.23b 41.19b

Jif# 20 Enzymatic hydrolysis group 11.43b 8.03b 52.61c 35.73¢

T il e 2 12.14a 8.53a 45.85d 29.61d

Strain fermentation+enzymatic
hydrolysis group

Day 1 9.64B 6.78B 60.08A 42.16A
Day 3 11.13A 7.82A 54.69B 37.84B
Day 5 11.15A 7.84A 53.69BC 36.42C
Day 7 11.30A 7.94A 52.70C 35.74C
PR SEM 0.04 0.28 0.24 0.19
P value for group <0.05 <0.05 <0.05 <0.05
P value for time <0.05 <0.05 <0.05 <0.05
P value for groupxtime <0.05 <0.05 <0.05 <0.05

x4 REFELEMNETXERERS S (n=4)

Table 4 Analysis of soybean hulls components under optimum fermentation time (n=4)

WiH ATt Jin it SEM P1{Hi
Items Without enzyme Enzyme
R mE R e JnmgE B mEEm e
CON MB EN MB+EN EN MB ENxMB
pH 6.14a 5.28¢ 5.86b 4.87d 0.63 0.43 <0.05 <0.05
L2 Lactic acid (mmol/L) 10.86¢ 93.27b 12.94c¢ 165.66a 0.26 0.21 <0.05 <0.05
A JEUBE Reducing sugar (mg/g) 11.27¢ 6.52d 36.40a 17.08b 2.53 <0.05 <0.05 <0.05
HLZE 1 Crude protein (%) 9.29¢ 10.91b 12.17a  12.82a 1.33 <0.05 <0.05 <0.05
BB [ True protein (%) 6.53d 7.67¢ 8.55b 9.0la 0.79  <0.05 <0.05 <0.05
PR IR 2T 4E ADF (%) 64.71a  56.31b 49.81c  41.92d 6.83 <0.05 <0.05 <0.05
PR M R I 41 4k NDF (%) 45.12a  40.42b 36.14c  30.00d 3.37 <0.05 <0.05 <0.05
2 2f 4 2 Hemicellulose (%)  19.59a  15.89b 13.67¢  11.92d 1.23 <0.05 <0.05 <0.05
KEEREE iR 0.00d 23.36b 5.16¢ 32.71a 2.37 0.21 <0.05 0.32
Degradation rate globulin (%)
B K & BREE I B R 0.00d 26.49b 7.41c 37.06a 3.21 026  <0.05 0.09

Degradation rate of
B-conglycinin (%)

R Tl 0.72a 0.21c 0.43b 0.1d 0.11 0.07 <0.05 0.26
Urease activity (U/g)
# % Mold (Ig(CFU/mL)) 3.31a 1.02b 3.06a 0.89¢ 0.34 0.06 <0.05 <0.05
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R S 2 A Tl T A7 R A 0 1) 7 il R T G W)
B AR A 25 2 . AR HROE , AR 2R AT I
MUK IR A 72 h J5, SRR MR (1 2 S 3
I 8.61%71 8.42% , AT ¥4 14 2K 1143771344 Jin 32.98%
T 24.15%P%) s B ) % e 8 o e R RELZR 1 5 1
Je i TR AR P PR RN ) &
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