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Abstract: In order to investigate the effect of fish-derived Bacillus subtilis J5 on the elimination
of anti-nutritional factors and the nutritional composition of cottonseed meal under different fer-
mentation conditions, Bacillus subtilis J5 from the gut of common carp was used as a fermenta-
tion strain in the experiment. An orthogonal experiment L9(3"), four-factors and three-levels
was designed to obtain the optimal combination of temperature, humidity, inoculation amount,
and fermentation duration for the best fermentation effect of cottonseed meal. The results
showed that the highest detoxification rate of free gossypol in the cottonseed meal was achieved
when the humidity was 60% , and the inoculation amount was 5% at 30 “C for 4 d fermentation.

Under this condition, 94. 8% free gossypol in the cottonseed meal was eliminated with a signifi-
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cant decrease of phytic acid content while the crude protein content of cottonseed meal significant-

ly increased. The composition and amount of amino acids in the fermented cottonseed meal

groups were superior to those in the unfermented group. In conclusion, the optimum fermenta-

tion conditions of Bacillus subtilis ]J5 for cottonseed meal were 60% humidity combined with 5%

inoculation amount at 30 C for 4 d fermentation.

Key words: fermented cottonseed meal; Bacillus subtilis ]5; orthogonal experiment; gossypol
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Table 1 Factors and levels of orthogonal fermentation test

K N
iz /C R/ % B/ % KmERkE/d
1 30 40 3 3
2 35 50 5 4
3 40 60 8 5
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Table 3 Results of orthogonal experiment and range analysis

of free gossypol content in fermented cottonseed meal

(dry matter basis)

Pt/ (mg - kg™ D
89.80+3.56" "
128.36+6.35" "
226.2747.327 "
142.02+1.407 "
159.764£2.27" "
125.16+4.72" "
61.00+1.10" "
222.26+1.57""
233.27+7.64""
1 163.9042. 30
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pagiict 0 0 0 0
K, 943.54 1480.33 1311.64 1554.55
K, 1572.09 1751.64 1308.86 1 080.51

K, 1648.01 931.66 1543.14 1528.58
ki 104.84° 164.48" 145.74> 172.73°
ky 174.68" 194.63" 145.43" 120.06"
ky o 183.11"  103.52° 171.46"  169.84"

R 78.28 91. 11 26.03 52.67

T AN L B R [ 38R 2 5 .35 (P<C0. 05),“ = "KoR
ZHFBEP<0.05)," x x "FREFHBFP<<0.0D, TR,

R4 REERRE 0SB B R 5
Table 4 Test of main effect of free gossypol in fermented

cottonseed meal

Y= FHM O AWME ¥ F 2
LY 91 807.476° 8 11475.94  521.62  0.000
e 642 069.844 1 642 069.84 29 184.39 0.000
A/ C 33227.159 2 16 613.58  755.15  0.000
MEE/%  38778.801 2 19389.40  881.32  0.000
ERE/ % 4 018.212 2 2009.11 91.32 0. 000
KWERE/d 15783.304 2 7891.65 358.70  0.000
5% 2% 396. 008 18 22.00

AR 734 273.328 27
BIEJE B3 92 203.485 26

H:aR*=0.996 (JH# 5 R*=0.994),
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Table S Results of orthogonal experiment and range analysis
of phytic acid content in fermented cottonseed meal
(dry matter basis)
28 51 A B C D *ﬁﬁﬁé‘%]/
(mg + kg )
1 3 3 1 2 11.41+0.417 7
2 1 2 3 2 11.91£0.16" "
3 3 1 3 3 11.8640.39" "
4 2 1 2 2 11.93+0.18" "
5 2 3 3 1 12.73+0.23
6 1 1 1 1 12.514+0.29
7 1 3 2 3 11.81+0.28" "
8 2 2 1 3 11.37+0.35" "
9 3 2 2 1 11.87+0.04" "
X B 0 0 0 0 12.8840.17
K, 108. 70 108. 91 105. 89 112. 54
K, 108. 08 106. 64 108. 03 105. 74
K, 106. 63 107. 86 109. 49 105.12
kyo12,08" 12,10 1L.77°  12.50°
ky 12,01 11.85"  12.00°  11.75"
ky o 11.85" 11,98  12.17°  11.68"
R 0.23 0. 25 0. 40 0. 82

Ro6 REMMPERIEEBRMERE
Table 6 Test of main effect of phytic acid in fermented

cottonseed meal
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MERE 6000, B2l iR 820, K% 5 d.
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Table 7 Results of orthogonal experiment and range analysis
of crude protein in fermented cottonseed meal (dry

matter basis)

215 A B C D HEHASE/%
1 3 3 1 2 49.51+1.04
2 1 2 3 2 50.4240.217°
3 3 1 3 3 50.32+0.28"
4 2 1 2 2 49.2940.19
5 2 3 3 1 50.56+0.40" "
6 1 1 1 1 48.69740.59
7 1 3 2 3 49,5940, 24
8 2 2 1 3 49.7041.08
9 3 2 2 1 48.8340. 31

popiict 0 0 0 0 48.99+0. 63
K, 446.09 444,89  443.70 444,35
K, 448,74 446.83  443.12 447,67
K, 445.98  449.09  453.99  448.79
ky 19.57 49.43  49.30"  49.37
k, 49. 86 19.65  49.24>  49.74
ky 49. 55 49. 90 50. 44" 49. 87
R 0.31 0.47 1.21 0. 49

F8 AEMMPEEDEFELEKRE
Table 8 Test of main effect of crude protein in fermented

cottonseed meal

I F WRFHM AdmE  HJ5 F I3 e T H EAM A HEE ¥ior F ITE 2 e
B IERIR 4.757" 8 0.595 7.233 0. 000 BIERR  11.011° 8 1.376 4.032 0. 007
R 3 844,712 1 3844.712 46 767.313 0.000 BEE 66 584.327 1 66 584.327 195 052.814 0.000
g/ C 0.678 2 0.339 4.124 0.034 g/ C 0.543 2 0.272 0.796 0. 466
R/ %% 0.708 2 0. 354 4,308 0.030 R/ % 0. 980 2 0. 490 1.436 0. 264
it/ % 0.778 2 0. 389 4,731 0.022 AR/ % 8.304 2 4.152 12.163 0. 000
KEERK/d 2,593 2 1.296 15.770 0. 000 KWERE/d 1,183 2 0.591 1.732 0.205
5 25 1. 480 18 0.082 Bk 2 6. 145 18 0. 341
AR 3 850. 949 27 BAESE 66 601.482 27
BIEJE il 6,237 26 BIEJE Bt 17,155 26

:aR*=0. 763(MHBJF R*=0.657).

F:aR*=0. 642 )5 R*=0.483).
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Table 9 Effect of optimized fermentation on the anti-nutritional material content of cottonseed meal (dry matter basis)

Eisgan CcT 0G CP PA FG
BB S/ (mg » kg™ D 1 163.9042. 30" 61.00+1. 10 157. 6140, 95° 222.48+2.18" 59.05+2. 06
MR &/ (mg-g D) 12.88+0.17" 11.3740.35° 11.62+0.16° 10.9740. 08¢ 12.1140.11°

AT R LA AR R 25 B E (P<<0.05) ., T,
M2 10 1] LUA W 2E F0FT B X ARORA P o R 97
AT SIS LR . OG 205 CP 4 Z [ ML & 1 & &
ERAREEP>0.05), (HEFHEHTXEAP<

0.05) . XFHLAR T & & ARG B0 . OG 4145 PA
2z 25 5 R 2 (P >>0. 05), {H i I T X i 41
(P<20.05),

R10 RULZBBHEMBATERNERLSZWTF IR

Table 10  Effect of optimized fermentation on the nutritional composition of cottonseed meal (dry matter basis)

Eiz CT 0G CP PA FG
HMEASE/% 48.99+0. 63" 50.5640. 40" 50. 944-0. 13" 49,4540, 27" 49.07+0. 14"
AR Wi 1/ % 0.5640.00" 0.46+0.01" 0.3640.00° 0.47+0.02" 0.33+0.01¢

2.4 RUAEBEXRHSERSENZN
SR B3 2H L A TR KA RS 2 R TR 14 5 o 4

F PR, SR 1L AT LU 267 B R R K W )

B 3 R AR R AN A e s SRR & B 3 BT

(P<0.05),

HHR o AE 06 7 S MR 3 R e H BAFAE B LT
(P<C0.05), M2 HEfR & it L & 2 5 (P>>0.05),
2 R 2 TR A A K I TG i 3 B v (P <C0. 05)

211 RUEZEMBEHAESERSENIZWTFHER

Table 11 Effect of optimized fermentation conditions on the amino acid content of cottonseed meal (dry matter basis) %

FHRR CT cp PA FG
DT AIETR EAA
AR Lys 2.3840.06" 2.284+0.04" 1.98+0.02° 2.4340.03"
A A Thr 1.96-+0.05" 2.0040. 02" 1.9540.02% 2.0040.01"
AR Val 2.7340.05" 2. 8940, 05" 2.8140.03" 2. 8640, 02"
HAMR Met 1.080. 04 1.0940.01 1.090. 02 1.1040. 00
RGAM lle 1.8240.05° 1.954+0. 03" 1.860. 02b° 1.914+0.01"
LA Leu 3.5440.09 3.7640.07 3.60£0. 04 3.6940.02
HKNAM Phe 3.3640.06" 3.6140.05" 3.55+0. 04" 3.5140.02"
AW His 1.024+0.01° 1.26+0.01° 1.274+0.02° 1.1640. 04"
K& Arg 7.5040. 23" 6.93+0.11" 6.53=+0. 08" 7.184+0.19"
LT HIEMR NEAA
BRAM Glu® 12.2140. 32" 12.8340.19° 12.7440.11% 12.8140. 08"
HEm Gly” 2.5240.07 2.58+0. 04 2.5640.02 2.5940.01
WA Ala” 2.3240.06" 2. 4440, 04" 2.36=+0.02% 2.4440.02°
REHEM Asp™ 5.59=+0.15 5.634+0.08 5.5240.04 5.63=+0.03
PR Cys 3.31£0.10 3.3040.05 3.2240.02 3.25%0.10
it & Tyr 0.2740.01° 0.25+0. 02" 0.2540.02" 0.24+0.01"
fifi & 8 Pro 2.1740.06" 2.2740.04" 2.2240.02% 2.2540.01"
2R Ser 2.56+0.05 2.6140.0.3 2.56+0.02 2.6440.01
ERARR DAA 22.60+0. 60" 23.4840. 35" 23.18+0. 20" 23.4740.07"
Wit IR EAA 16.8140. 45" 17.58=0. 28" 16.8340.17" 17.50+0. 05°
HEEMR TAA 56.2341.53 57.6540. 87 56.0740.51 57.6840. 09

E AR EREAER.
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SR A W0 %o 3 1 R 2R AT I 25 O 1, T LA
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