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Abstract: The cottonseed meal fermented by Bacillus 3

. .
gossypol in cottonseed meal, as well as the effects on the nut

as used in this study to investigate the effects on the degradation rate of free

components before and after fermentation, such as viable count bacteria,
neutral proteases activity and acid-soluble protein conte iony the strains with better fermentation effects were used for identification,
and safety analysis and fermentation_technology were also performed. The results showed that the Bacillus subtilis, which could efficiently
degrade the free gossypol and improve the nutritional quality of cottonseed meal, was BLCC1-0039, and the free gossypol was determined by
high performance liquid chromatography.. The BLCC1-0039 was preliminarily identified as the Bacillus subtilis by the morphology, and by the

biochemical characteristics combined with 16S tDNA sequence. The in vivo safety evaluation of B.BLCC1-0039 showed that no morphological

and activity abnormalities app for the mice used, and no organ lesions were observed, which preliminarily suggested the safety of

3897 Uéld the degradation rate of free gossypol was 97.81% after fermentation for 48 h.
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TR A PR 2 FIRIE B R A Ak O R AT:
1.12 EHRKL y

SR B VR A S IR 58 R AT 0.2% 22 R 1.0%-
LN 0.5%. FEREE 0.5%, YPA R /8. pH E
7.0, 121 ‘CK1# 30 min

ZF AU BT LS 77

B 0.2%- 51 5 1.0%-
e 1.5%, YBIARET

4%, pHY 78121 “CRKTE 30 min % F .
1.1.3&%‘% Pl

HEE IR R AR EA: Jb5
B AEYIRAA IRSUE AT SALEN (MHraD: K
R TR AR AR BEREE . Rl
AHRAR; L85 B HEE (BoEEgo: R
MR R RFIA IR AR BER (). KRBT
JUE A AR AT WALUERE (EAZ 13 mm. L
4 0.22 pm): _EHELAEATRA R ARERAE [ ROR
M (HPLC 20 1. Bl AEMRHA IR A
AR DNA FRHUAG: RIREACRHEA IR
Al

1.2 R®F®E

1.2.1 A4 &

Wit 2 YOG 2RI R AT 1 2R (29 0.05 )
T3 100 mL AU BIAREFREE 1) 500 mL =il
o, F37°C. 180 t/min FRAKREFE 24 h, 5.

122 FIATH &Rk

KAAR KR FRE—E = IR T 1000 mL
=, BUKEEA 1.0:0.4(gmL), 2R N 100 g/
M, F% 2%EERh a4 BB B IR0 2 AT B A R
o, MR 3 A TAT AN BT BRI 2
BT AN, BT 37 CHRFEMETH
AT REE 24 h F ;
TEERE Pt
123 B
1231 RAELE

I H o A i BRI AR B AP B TR R PR 2 15 7R M
T MR FRASIL, 37 “CHEFR 20 h, MR TA
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1 BT R T 5 1 ZE AT B VR A B 7 2k h
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RDNA, FExF T 16 S IDNA 4 1. i 514
a5

1492r: 5’-ggttaccttgttacgactt-3’

27f: 5’-agagttgatcctggctcag-3’

PCR XM AAZ (50 pL) “A: Mixture 25 pL (£
Taq DNA R4AH & ANTP 25,  F U514 1 L,
FEH DNA 2 pL, #8407K 21 uL. PCR 3 #FEF A 94 °C
AP, 5 min, 94 “CAEYE 1 min, 52 “CiB4K 1 min, 72 C
FEAH 2 min, 25 MG, 72 CIEMH 10 min. PCR 7#4)
R A HAR A R A REAT 51 E -

1.24 BLCCI1-0039 2P iX55
1241 TERHI%

R B ZEAAF I BLCC1-0039 FRitikie )5, KEAR
M5 T4, A BT Bk o
1242 RIS

B R/DER (FTIES SYXK (8 20130002),
1A 2042 g, ME ILARETIEZARMARAF .,
1243 it

PR E 2042 g @ I/ 100 A, MERER
oo FEAH FURTIE — & S REN L 5 41, B2H 20 K,
Hoh R 10 R, 705EnER, Hh—40ux e, H
DA RIGA, SHREE 1x10° CFU/mL.
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TR, FEANER RS PR, ik, .
JVE . WEREAN SRR . ST SRR AL A
VR [RI AL T B TH]
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?#,é@ Pk FASELEL K 10 (B RIFRE, i
R RREE I RE b AT R T LS 9738 b, 37 CH%
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132 $HEZaBKFTHEHN L (SBT
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YERAAR UL FERRATRA 1.0 g, N 8 AR IR
et (pH 7.5) W##, 7R E B OISR,
K FH AR AR R0 e i it P P M R S .
B BB E S 1 g FARRERRY (BX 1 mL WAAREED,
E—SEUREA pH 264FF, 1 min KR R4 1 pg
BN | ME S84, DL Ulg R
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HEFAFREL 2.00 g KEERFARIT 25 mL HERE
W, N 15% =& AR 10 mL, JREIY5], #ik
Smin. EAZE 25mL, B 2 min A 1K, FLitet
30 min. KHATE RS, g, HOEWR 10 mL, ¥
N, A 3 g IBA AT (BRERE: JCKBRIR
Hi=15:1), SIEHIEEHS, FHINA 7~8 mL IKEIE,
B BT 420 CIHML, FRHREET
(s, 2RS4 40 min, IR HURK & 205N E
IERH AR AR R

BRI AR (%) =BT IVETEE A RS
wx25/10) /FEaHoHE E i F .

134 #H BB Z 6N Z
MBS LR : JERFRR pbRifEs,
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(RIRR A S U8 RV 25T ) 2 -0, 2% R (44
FREE N 85:15) Fikemed 210 pug/mL BIbRAE S TAE® .
Tt R A 1 A Y R R A9 B B 4y

WP SRl FEI e, DAETIARFIIR FEVE R, 153
b AL 2R [F1 7982, SN Y=0.00000545X+0.160525
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¥ EERA R R A RRT, REERET, Ha
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it HPLC WI5E .

HPLC VENEN S & & (i Ga s
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Fig.2 Standard curve of free gossypol

Q
HIPE 2 TTLAE Y, 7 B A v i 2k 231 %

of ERIEET . E RS AEAEA R, %
T3] T RS I R 5 A PR

22 FRATEM G

SRR PRI g

5 BTN R TENTRFRT, S 2 R AR R 2E A AT R B
BA7E JLHZ/KF, BL BLCC1-0039 1 BLCC1-0157
i, LFEET BLCC1-0090 A1 BLCC1-0157 4H
(p<0.05); KEEFHFFFIERYS 2 7 UL BLCC1-0039
M, HUOE BLCC1-0157 41, R & T2 A
FEZH (p<0.05), H:A BLCC1-0039 A IIRIA R H & =i
2 DN HRZH i 54.80% o RIFERFFRA s PR R BT
PELL BLCC1-0039 4 A, A% 4111.40 Ulg, HikE
BLCC1-0157 #H, —#F¥HEFE ST BLCCI-0090 Fl
BLCC1-0169 4H (p<0.05) . {H — &) 57 A & &
(p>0.05).
HHF 1 A5, K9 48 h i, S 2K
K B TR A3
BLCC1-0039 4155,
BAULAALL, B RmE
W A 5(p<0.05), e
e, B AN RRAIR ST 69.43%. KIEFNFFEAH
PEEE (RS LD BLEC1-0039 2, 23] 3983.24
/g, ﬁﬁﬂgﬁ'\% BLCC1-0157 4, —FH¥EEE

T2AEXIRALL & BLCC1-0090 #1 BLCC1-0169 4H
p<0.05)s» (H 5[] 22 AN B35 (p>0.05) . £5 E AT,

AR S R AR ] DR SR R L A E
A 2 RS 1, HorR DR #R BLCC1-0039 KR
Bl o 3% 2 740, &P 24 h P BLCC1-0039 4H %
PR R FE U B AR Y & B (K, R T Al %4
(p<0.05), FLUF BRI P AR 1L 2] 93.89%, Hiks2
BLCC1-0157 41; BLCCI1-0039 ZH R BAHFFAH 48 h i
RIEEREFFRE S & Bk, BESTHR 34K
7 INt (p<0.05), IS HIEIEEZEA 96.67%. LiaT
B, 4 BRZFFEFF R LB PR BLCC1-0039 A EERRFFA
B3 B MR Iy R B U, i SR IR 1 2F AT B T Ak
BLCC1-0039 NHFFExT % .

=1 TR LB & EEARFTRAGR R AR

Table 1 Effects of Bacillus on the quality of fermented cottonseed meal

24h 48h
H | EEHK bR G S . EE b BB S
BRI % ; BEE A% )
/(x10® CFU/g) /(Ulg) t/(x10® CFU/g) [(U/g)

CK 6.311.09" 0 0 6.45+1.34° 0 140.96+23.10°
BLCC1-0090 8.28+0.82° 31.10+2.10° 1701.8034.19* 15.77+2.01° 62.00+3.47° 1792.83+45.30°
BLCC1-0039  13.96+1.11¢  57.00+3.42° 4111.40+63.20° 21.10+1.98° 117.005.98° 3983.24+73.02¢
BLCCI-0157  10.72£0.87°  68.00+4.22" 3416.69+34.23¢ 18.78£2.34°  103.00£10.02°  3596.15+42.09°
BLCC1-0169 9.83+0.34° 41.40:+1.89° 2626.37+98.18" 16.73+2.01° 92.80+8.20° 2323.14+29.40°

E: FATRAATRR NG FHEAT £75 B (P<0.05), FH.
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Table 2 Effects of Bacillus on the free gossypol content of fermented cottonseed meal

. 24h 48h
N

HEEE/(ng/g) TR 2% BESF/(ug/g) PAE3/%

CK 57.84+2 98° 0 54.62+3.017 0

BLCC1-0090 15.81+1.09° 72.67 12.02+0.67° 77.99
BLCC1-0039 3.53+0.97* 93.89 1.82+0.52* 96.67
BLCC1-0157 10.4442.10° 81.95 6.19£1.29° 88.67
BLCC1-0169 13.78+1.98" 76.18 9.64+1.79° < 8235

Er AREEMR RS (M RA AT A E- A BT A F ) AT RAESATEN A F]X100%,
. I, ANiE, SR L FECIR TR e R
23 4 BLCCI-0039 k& % BTE, AN, RINEHHRS L BLREGE R (o

K 3D, R FEE, Fa 5 U
231 BEFEE 1),
- 232 HTAEMFES
. DNA

ik BLEC1-0039 (1 L
LR, (AT IR 1500, bp 47 A5 5 A5
PG 2T, SRS R —8G AT, Ryl
SEQ ID NO.1 7. /77415 NCBI Wk | &

IR 23 B

> ff) 16S rDNA JE[H FPAIIATEOX, 43R
L k BLCC1-0039 5 CU i Bacillus subtilis
EU346662.1< HQ317166.1 1 KF836543.1 25) [{IFF

T HIEIRE A 99%. % 5E BLCC1-0039 Btk TAG 2
3 LFFAATET BLCC1-0039 BREAE 4T 1 (Bacillus subtilis) .
_ fl\gS (‘:..olo'nlal morphol'ogyof BLCC1-0039‘ 24 fﬁﬁ%%@ﬂ:% BLCC1-0039 TC/}}‘I‘%‘L?(‘%\
) . P v
ﬁ?" e AR S /,LzAlﬁﬁ?%ﬁ%Burumm%%ﬂ%ﬁ
T "’ } SR ettt ) A RF TR AL R R
-G{‘ % e FH# 3 TIAN, 76 14 d WEHIN, BEM/N RS
r - 2 K RIEH, VWBSsIIES, SHREILEEERm, %4
,f?\>éffﬁ*?" — BB HIRBET L. ARIRIEFROLGEIT L., A
P~ e W, H9TE AR AT S,
) st . I3 4 T, 7E 144 WLEEIA, e N
4 ﬁ*@swm—oow FERPEE SEEH, VURGESNIER, RHATICR SR, 41
&E .4 Gram stain of BLCC1-0039 BIRAE RIBET G DL SRS ARSI B A AR
EPRBLCC1:0039 7£:37 CH:3% 20 h, TERUK 4 JE, T IR FT ISR AE

3 FHELZFIEATE BLCC1-0039 EHXT 4R MM /N FR & K ANTE T I SRS
Table 3 Effects of B.BLCC1-0039 on the growth and mortality of female mice in each group

WElE TCK T i v %
’f‘]]‘ﬁé"ﬂ‘?/g 19.22+0.02 20.60+0.02 20.93+0.01 20.31+0.02 20.05+0.01
7d-FHRE/ g 23.90+0.02 25.90+0.02 25.00+0.02 24.00+0.02 24.70+0.02
14d-F¥HRE/ g 24.00+0.02 26.40+0.02 26.25+0.02 25.53+0.01 25.64+0.02
o FREGE. AT BURAGh. WET  FUEOE. AT FURAGE RETE  RURAUR. AT
. e HFT HFT O s R
PRAEILIR IE EF EF EF EF

TR
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LR
ik 0 0 0 0 0
AR T R BT LR T AR LA TR R AR T B BRET IR T R BT LR
B ISR R TR R IR R TR IR LA R TR ILm & TR ILm & KRR IR R
POl 7 I TR R LR & TP R LA o W BRT TR & TP RRT A T W IR TR &
& 4 THEESFTEATE BLCC1-0039 H# X &AM /NR A KFIFE I R AR
Table 4 Effects of B.BLCC1-0039 on the growth and mortality of male mice in each group
At I-CK 11 11 \Y \Y%
EAECR NS A 21.91+0.02 21.74+0.02 22.05+0.02 21.86+0.02 121.96+0.01
7dFHRE/N 27.50£0.02 28.90£0.01 28.13+0.02 28.20+0.03 28.00:£0.02
14d-FHRE/L 31.00£0.02 31.500.02 31.10+0.01 31.05£0,02 31.26+0.02
. BOL#HE., HEF  REHE. HET  RESME. REF  RESGE. KET REAGRCREP
IR HORIE IR g ke
RAILE EF EF EF w0 EF
Friek 0 0 0 - 0
A AR A TP AT LA & TR IR ILm & AR LA T A IR R % TR ILm &
B IR R TR IR LA R TR ILm & T P ART JLoA T BRT LA R TR ILm &
PR 9 T TR IR LA R TR ILm & Tl IR T LA & T IR JLom & TR ILm &
242 AEFFIAFHE BLCC1-0039 H st &0 4500 -
ISR A g ]
1% 5 A%, BLCCI-0039 Bt & R4/ =g |
(A8 ORI A2 A S P 5 E_ 2500 |-
#2000 F
2.5 AE¥FFATE BLCC1-0039 & BEARHH b 15001
R 35_ 1000 -
LSRR I ,

0 ¢ 1 — 1 1 1 1 1 1 I. 1 1 1
Oh 6h 12h 16h 20h 24h 28h 32h 36h 40h 44h 48h

251 HEEIAFHY BLCCI0039 % Beat s 5

AR BRI 6] 89 %7R)

HH# 6 AN, FhEZFEAT A BLCC1-0039 K IFAH
FERA BRI B 1A It 2 T i) A K S sy, &k I
48 h N RIAE ER =, | 96%.

FIBLs SRR 7 B S s, KIEZ 12 h B, ks
FIEFE PG T1000 Ulg, 2 JERE A BN R] A 2K ik
BRI, 24/ h SR AR RS RIS E 3900 Ulg,
Z G E AR E AR R —MEX R E K, 32 h
PR ARRSHIA R e, N 4101 Ulg, 48 h v 3897
Ulg.

5 FHELZFIEATE BLCC1-0039 &EExT ABERATHAR L E LS
k=0l
Fig.5 Effects of B.BLCC1-0039 on the acid-soluble protein
content of fermented cottonseed meal

2.5.3 A FI0HE BLCC1-0039 & Bxt & B
ARAT AT B ARE S 2 AR

R ZE AT B BLCC1-0039 AR FFATINH i 25T
My S ISR 8 . K 12 h N, J RSt %
ffRIL T 58.83%, FEAE KM AIAEL, ¥ BIAR M B
REPIEIESY, X5 3 PRt —%. Bk
K 24 h RS AR S RAOUN 2.87 ng/g, FEAFEARILT
94.63%, KM% 48 h MR ARI & &0 1.17 png/g, &
fBZH 97.81%.

5 HHEZFEATE BLCC1-0039 EHIX & 4H/ R 2 B IR BHIFZNT
Table 5 Effect of B.BLCC1-0039 on organ index of mice in each group

T H [ -CK 11 111 \Y \%
PB4 55/ (g/ke) 0.519+0.001° 0.552+0.059 0.554+0.048 0.565+0.034 0.529+0.049°
JFEARPE 5.154+0.335 5.391+0.234 5.573+0.261 5.325+0.334 5.296+0.196
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3 6 FHEZFATE BLCC1-0039 A BEXT & BEARFTHARSIA & ARSI
Table 6 Effects of B.BLCC1-0039 on the acid-soluble protein content of fermented cottonseed meal

Oh 6h 12h 16 h 20h 24h
BRIE A % 4.53+£0.12 4.87+0.09 5.13+0.51 7.86+0.42 10.12+0.64 16.61+£0.96
28 h 32h 36h 40h 44 h 48 h
BRI A% 20.87+1.01 23.34+0.78 24.17+0.98 25.04+1.08 26.16x1.11 26.96+1.21
F 7 FEZFFOATE BLCC1-0039 ABEXT &EHEFFAAT 14 & AEE MR
Table 7 Effect of B.BLCC1-0039 on the neutral protease activity of fermented cottonseed meal
0Oh 6h 16 h 20h 24 h
Gl g =
0 10.19+1.82 801.01+40.51 2932.78+72.83 3587.36+£106.63  23961.15+130.24
& /(Ulg)
28 h 32h 40 h 44'h 48 h
il a=) 3
5% /(Ule) 4020.26+121.61  4101.43+£119.27  4000.99+178.58 4082.61+151.67 3912.66+201.6 3897/2:&101 .90

% 8 HHEZFIAATE BLCC1-0039 KBEXT KEAARATHHIF Rl 2 EAVF

Table 8 Effect of BacillusBLCC1-0039 on the gossypol content'of ferm;ted cottonseed meal

0Oh 6h 12h 16h 20h 24h

HESE/(ug/g) 53.4442.78 38.94+2.09 22.001.85 8.69+0.56 5.07+0.34 2.87+0.12
AR /% 0 27.13 58.83 83.74 90.51 94.63
28 h 32h 36 h X 44 h 48 h

B A2/ (ug/g) 2.64+0.29 2.32+0.45 2.074£0.29 1.87+0.14 1.46+0.23 1.17+0.65
AR 2% 95.06 95.66 96.13 96.50 97.27 97.81

3 it
WA KEERFTOE CHD BB
B, ANFECEY MR B RE AN,

B A T R DO ), I g 2

Mo RT AT DR A e N e S B B 1.2,
WAV 2 SRS, IR R Y 60%~94.74%!, sk
BIE I 4 BREFATR AR Y BLCC1=0039 A4
R TRRAAT R B AR T () P el 21 96.67% LA I, =T
] P A1 e ST R PR AT I8 P SCR PR 5 2R

% BLCCT-0030 37 T M A U BRIV
5‘4%6216 DNA JFE51, W e HORG R 2T
B MR SRR Sk e R A E R A R A
AR, R A TV A P A —, R T
A= N g 2w —, Hht R a s
ONRGREZEFAT A K B el Y, iR e
T FERE IR R, TR R RS FFOF CRD,
AT DS B & S e e KOS i, (AR
B A A S A A F T RS R B e

T A SR FR A N &, SR kA CRD
(RIS, Rl 2 FAT B 2 A B )32 2
FEEL. iR A s g Rt e, PR,

IR B SR AT B R, R AR RS A
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Wi I AR AR e SRS AR T,
F RS ZE AT B BLCC1-0039 A B HATRAFIBR 13 2
2 b R T () G I kA %A, 48 h i,
ILE] 26.96%; H R ABHE IR ET S, KEE 32 h
kB EE, 4101 Ulg; i BRI A& A A A
WK FEMG, K 24 h I 07 B9 M0 ) B& iR 2% 1k 3
94.63%, K 48 h B iE BRI PR RN 97.81%.

H T, a4 N R E M R N T,
2 A VAN RPN UG A PO A MEAY . AR SC
T A B R A 2. SRR B R N 24
PEVEAN B KUK RRASSE ST ST
WM. P ERENR RGN (R
TFFIED 4 S AL . W1 Gu 21
SFH 5%10°, 5%10°, 5%107 F1 5x10° ffl/kg 14 1)1
WS, SN /NG 72 h ELARLH /N BRI BRI AIBE
TIIRARAEIR, T SEdE; KA 1x10° 1x10% A1
110" 27/ kg 1A 2R fOLAIMEA R, TIMELINGR, 4 F, K
ML /N R BRI BE T A RAEIR . Zhou 25120
FieHR 5x107. 1x10° 8 5x10"° CFU/g F-ialkk 5 1y i) )
&, TR/NR 28 d, B R R IS AE SR BN I K
RE BBEAFEMA LT IFNSE, MR R,
TEBE R MIBRE A B IRE, SIS B 75 R
4 5yfir s Endres 252152 H 5.2x10" CFU/Kg 44K 2 1) )i
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ARG 14 d, ST, RS FiE. B3 E1E.
TER RGPS RS IARAT N, Fhd&E. T,
ML, EHE, DRLASE, FEEE 15 d i SRk
B, RS EPRELS . TEARREAH, RAAFRWRE
RS L ZEAIFT R BLCC1-0039 By IR R IRL /N B
14 d, WEFNCFEIPINTEIRRES . K BEFEMA T
T B0, SR ANBIEE TR HERM, 14 d /MRS
K, WARMERRINE AR EAL, YRPIhE AR 2
FF BT BLCC1-0039 A& N 22 41k

4 #Ep

4.1 A SRR AT R i S R T R I S AT
4 BLCC1-0039.

42 THHRIESME A AL L EF4EH 16
tDNA [F751, VI ORI B

43  MEZEEFTE AT E BLCC1-0039 AR 22 4 117
My RIIANT LGN G S TGS 78, AR
LR AT, YIPE TR S F AT AT I
BLCC1-0039 A N 2241

44 FEELZEIFTE BLCC1-0039 K BEHRATHI 48 h I,
FRV RN 26.96%, W8 RS 3897 Ulg, if
BRI PR 97.81%
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