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F, ML REZFHEAERMA, LB d Mt Af it REmaE. [B 8] AHi
BB P 5L IRAT RS S EM ERFEHIA AR, R ELM, L G o £ 1T
LA R BATAA PR, A F S TR R, [FE] ABRESHA T 2B B ERFEH
BRI P43 1, 38 1T 4m it 30K 7 £-8 (cell counting kit-8, CCK-8)| 2 B ¥k &A% £ K 7 B M BR 7= 4 04 tm
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Abstract: [Background] Zearalenone (ZEN) 1is non-steroidal estrogenic mycotoxin
contaminating a variety of grain crops. ZEN can cause serious health problems in livestock and
humans through the food chain, leading to great economic losses in the food industry and
livestock farming. [Objective] To optimize the conditions for ZEN degradation and evaluate the
degradation performance of a ZEN-degrading bacterial strain isolated from microecological
preparations, and then study the influence of the strain on the content of phytic acid and
vitamins in feed. [Methods] A ZEN-degrading bacterial strain was isolated from
microecological preparations. The cytotoxicity and estrogenic activity of ZEN-degrading
products were determined by Cell Counting Kit-8 (CCK-8). The phytic acid content in feed before
and after detoxification was determined by ferric chloride colorimetry. HPLC was employed to
determine the detoxification effect of the isolate in culture medium and feed and the vitamin
content in feed before and after solid state fermentation. [Results] One bacterial isolate, Bacillus
velezensis PA26-7, was obtained from microecological preparations, which efficiently degraded
ZEN by secreting extracellular enzymes. PA26-7 degraded ZEN at the initial pH 4.0-8.0 and the
incubation temperature of 25-60 °C. The cytotoxicity and estrogenic activity of the degradation
products were weaker than those of ZEN. The solid state fermentation with PA26-7 for 72 h
decreased the content of ZEN by 66.29%-96.8%, decreased the content of phytic acid by
8.40%—32.26%, and increased the content of vitamin B2, vitamin C, and folic acid in the feed
samples including soybean meal, bran, and moldy finished feed for chicken. [Conclusion]
B. velezensis PA26-7 can be used as a biodetoxification strain for ZEN in feed. The solid-state
fermentation with B. velezensis PA26-7 can effectively remove phytic acid in the feed and
produce a variety of vitamins, which is conducive to improving the nutritional structure of feed.
Keywords: zearalenone; Bacillus velezensis; feed detoxification; phytic acid; vitamin

ORI B Ml (zearalenone, ZEN)EHHRIE  #E M BUBSMESEY . ZEN AIE TRMER
JEER AN —F AR SRR MM R AR SR WS FE AR, HIE AR 164-165 °CP,
(non-steroidal estrogenic mycotoxin), Z LT %  MARIEVIRIFMERINGE | 250 . 67 . IREmM T,
B EK. NEERYH, HaFat. S EEEEEEESR S ZEN BT fReie,
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DKL, Aol 5 8535 B ZEN Bk H iR Talk
AR AR R ) R

HWEHA, TE2RECEITTERHTAYM
Tkl ZEN MiERR, G EAat | feagis
YLD, A Yy 50k R ) PR AT . R A
Him AT RIS Y EIL S S IEW] 2 ZEN
it B 9 B A 1k T 2Rt W B iR ZEN
HIRE T, DTS 27 #4141 (Bacil lus vel ezensis)
A2 TEH53% 72 h J5 v] [%f# 7.45 pg/mL i) ZEN,
WE ZEN B/ RUE B ERS Rk
(Aspergillus niger) ZEN-S-FS10 7EffT-HJE Hy
10* CFU/mL 31537 28 h it %t 1 pg/mL ZEN Ay
R il RSB TE 95%LA 11 BT 8(Gliocladium
roseum) 7] 43 W N B % f# B (ZEN-degrading
lactonase, ZENG) & 2 B fift ZENP), #R1fii ZEN (1
WA BRGNS, ZEN A T RepifCuh
o- T K IR 85 4% I (a-zearalenol, a-ZAL). o-E K
I FE % (a-zearalanol, o-ZEL)SE H At #E 3 % 76 P
SRR, TR U L 30 A R Y
O, AR AT ZEN BB EEAE A, H
i NFLMRE s MCF-7 40 B 1A 41 338 58 1 ()
E-screen 15)EA 1 7= I 2 T PR ARSI,

B. velezensis & —2R7E H AR FUKIK . HIE |
2T AR B ZE AT, ] o AR
LY Rl AF Z MG, TES Y FE B
Sk BN TN L K IR AT T TR
HEE AR, A o Y & R e A
VB;. VB,. VB¢ Z A K71 B AR S
PUEFRE T, R AR R e & & 4
KO A Wy e el ISR R 3 38 A7 76 A5 R (phytic
acid), AIEEGHEE T4 &R & IR A BEL
B TEEMABKE T, 25 60%-90% .
74.7%90.8% [ 45 LA LA s (1 T 20 A7 e
e T R R 38 1) A7 AN 3R sh P B R
B KBS, RPN FE R

W2 E— A AR BT P RS g0 2R
B DAL o AP YR TS A A ) R TR (A R R
BRI,

R T ZEN A9 5t 5 O BIE S AT A7 A — 28
[, A8 K B AR ZEN R Y 2
PEHE , (H X L5 R R 45 BR 7R 52 0 & A
FEBBL, KRB RO A S BR A B 7 Ry A
L P A TR LA A — SN A2, 81 G 4 TR A
(R R AR TR T Y L A sk
R A J2 DA JE Gl Tall A 7= T 8230
7 TR B AN 3 Sk i A s L0004
W BRI B A 9 22 Sy BIR T B TR AR TR BR
TEPEHR ) ZEN J5 %k /s BRUSESE B P 0 12 B AR A
T 6 A S i I 5 T S B A 1 Mt B 114 [] s
JE A5 X AR 3R A A3 i R e AT R A
FEMGIA AR ol Y A&, dlE HPLC 30 i
Al R AL AR ZEN BT PR, 4 E-screen 45
SR A A OB R TS P, X B T A T 4
B S5 2 D5 N L 9% s 1) i B Y L K
FERI 9T I e J Pl ep B 75 I A AR K
R RO sZ R, o i 2 T Y R 55 o

1 MHET%

1.1 M

H 2018-2020 4 4 [E 2244 T I ATHAE S
il 72 3, B 39 4 KR 18 B
TP 15 17 o

FORIREIE , h R E AR DAY TREA
BRONF] s Gk, IR R = S A BR A F
A, WMNETHE BB RA A Gk,
AFEIERFBA R AR R, 4i4E R &5
WA, A AR TR (R Iy A BR S A 5
DNA #i#ilifl &, RMRAEMRE L) ARA
wly CONE, RIS SE R B A PR A F
AL, LiEEZMRAEYRHEARAR; I
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5 . DMEM i 3R5L, s SE4E /R A R4 A fR
N T LT = DMEM 3533 08, Jbni &k
FHEBBRA ] 1GMERACFEGAE MY, Sigma 2
Fl; CCK-8 ikl £, b A YR AT BRA 7
LB WiAk:3R3E . BHI WK . TSB W%
B, HREEAYARAR; MSM 5%
H(g/L): Na,HPO, 2.44, KH,PO, 1.52, (NH,4),SO,
0.50, MgSO,-7H,0 0.20, CaCl,-2H,0 0.07; %
O 35 2% AT M 5 SR TC I 21 5 B DMEM 85 537 3
6k AR BRAG A I 7 9:1 F e il .

AR SRS, Memmert 2w 5 f 2 UE R IR
Vith: ROWERELS] ; ZIREEFIRIL,
Molecelar Devices 22wl 5 pH i1, FEZFIHiFl 2
1A FRA A s AR BSR40, Thermo Al ;
7S U 2 R A, SN ER R A A PR A F
1o RO LI B4, Agilent 240 .

1.2 75k
1.2.1 ZEN BERBENSBEFIE,. de5+ER
2B

227 SCHR [29] 0 J5 15 1l 8 A 28 1 350 7
B . B B R 1:100 $58h 5 ZEN &k fiF
4 10 pg/mL 1) LB K532, 37 °C. 180 r/min
B53% 48 h IR Bs e S ik B ZEN VR L &K
A 2 PRS0 RS 1 7 it TR VR 2 31 L ZEN SRy ot —
i) MSM KRt EE B . Yk, WA
b, PREDEVR AT O . A B RCR T
WAE LB BIEFH BRIk, 37 °cCiigedik, F
i A K A BT 5 R R A G R A R

F DNA il £ 3 551 65 45 B A 1 2k R 4
DNA, ZHLdtm e e &4 YRHH A BR A F A
A Tllumina NovaSeq 6000 -5 5¢ i 3 PA £H il
I, PR Ll 150 bp paired-end 4T, X}

G H 8 5 T] FastQC MEATH AL R 4 i, il
A Trimmomatic X581 JEA 76 5 il = Brik 7
G, {#i ] Bdena #4735 K 4 P42 , i i PubMLST

i) Identify species 1JJ & % B 1A A Pl o
1.2.2 ZEN 9 HPLC %W &R R+ E

DR RSN + 2 TR VBT S AR R Y e
RS IRA), 12 000 r/min B5.0> 5 min, B L
HIKZ 0.22 pm SLIERTIE S HPLC A&
ZEN i, [R] B 52 B A A5 4 AT 1 3% % SR ]
BHEAXTRE, HPLC EARKGIN &4 . LR oAt
(ZorbaxSB-C18, 250 mmx4.6 mm, 5 pm); UFFEE
20 pL; WS ZJE/7k=40/60 (IKFRIL);
0.6 mL/min; £ 30 °C; Kill#§ HPLC-DAD;
M 274 nm; FREPEME 20 min.

ZEN R %(%)=
25 0 R i — FE LR B
25 0 B A 5

ZEN brifEdh & i Sy B 8 ZEN R 0,
5. 10, 15, 20, 25, 30 pg/mL, #% ik ik
AR, DL ZEN MR BE R A, LA AS ) 0 i
BURY\AEbR, B ASIEAI ZEN bR 4k .
1.2.3  ZAABE 4 RN R TR AN E

P 40 HepG2 4 i I & T Ak o4 fi
ZEN F=Y) A R, HARERME . HepG2 4
LN RGP B S 5, AR R AR AR RS
HAF, JH 0.25%M-EDTA 1AL 41 i .
PR A 1x10° 4~/mL, 96 fLARHAEfL
FEAP 100 uL 20 AL, 7 200 O B s i g AL
g ZEN 29 FER 10, 20, 30 pg/mL KX J He
IR ). T 37 °C. 5% CO, 1537 24 h
J& BEFLIN 10 uL CCK-8 35, 37 °CHF F i i)
(1] J55 0 5 45 FL Y ODusonm, TH33- 4R MIIGFE 3

200/ \— ODM. _ODKH'E
A R 58 2 (%) 0D, 0D, %100,

LN LS8 40 i MCF-7 200 00 < T ok ok i
ZEN F=4) B M R 1 pED ) AR BRYE . MCF-7
AR A R RE TP IR A TR, AR AR AN AR IR
SR, F 0.25%E-EDTA {446 80420

x100 ,
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T ML B 5%x10* A/mL, 96 fLARH AL
FEAD 100 pL A0 A0EE , R 40 MO0 R IS B i 5
TR R MR AR SR, RSN 10 uL £5 Wk B
ZEN (10, 20, 30 pg/mL)} X1 e BT i & i
77 F 37 °C.5% CO, 155+ 48 h Je AL 10 pL
CCK-8 i F], 37 °CH & i X4 isf ) J5 i B AL Y
ODusonm, THAA-2H LI 7R 2
124 BMBERSZEHMHL

T AR RN ZEN A A A 1
Rl T R AR TR TEAS [ 25420 T X ZEN A R fid 3
WS Er 38 JiFR5(TSB. LB, BHI);
pH (4.0, 5.0, 6.0, 7.0, 8.0); FEIFFIREE(25.
30, 37. 42, 50, 60°C); FEMHLHI(1%. 2%.
3%. 4%. 5%). LI —ASHCOBR, Hi
SRR E R HTTIEA .
1.2.5 BREREIEMRT TR

B 10 mL JBEERKEFE 24 h R KRR
10 000 r/min #5.0> 10 min, M AR I,
B2 mL B35 WBOmaR FE K Zb3E(2 mg/mL, 58 °C
2 hEREEH, 2 mL EFERINHUE (100 °C
30 min) G IRAEFH o B2 mL &K 10 000 r/min
20 5 min, 3% EEE, BIAH PBS pEifITE A,
TS EARR ., SHE 2 mL ZBEK 10 000 r/min
20 5 min, 7 B, WAH PBS BT E
B AR R AR (400 W, TAF 10 s, A8k 10 s,
It 1 h), #5510 000 r/min &.0> 10 min, 3
BRI R AR & 0o o RS L. R AR
W WIRNEY . SO KRR .
PALBRR B ZEN ¥R A 10 pg/mL, 37 °C
FE 48 h J5 I ZEN FEf# %
1.2.6 BE#k PA26-7 FEEARN PR EWR

W M08 TR ALK LU (il Rk 5T i IR VAR R
2:1 #FE ZEN 5 ikt roRhCaA . £k
FBL AT RL R, 37 °CREFE 72 he AR
B A TS Y DRME X B, A 1 g BEEER IS

FRDRL R EURHE S, A 5 AT 80% 2B 7K
VW, A 30 min FEAMRHE ZEN J5 12 000 t/min
B0 5 min, B 1 mL EVEW, N, BT, i 200 pL
R R, 24 0.22 um SfLIEMRES I8 542 1.2.2
oy VR A TR
1.2.7 HEHEIENE

£ [EHFr GB 5009.153—2016 il & R 1Y
Erm Bl SRR 1 g JBEEE R 0 R Rk R
JA 8 mL 1.2% HCI-10% Na,SO, ¥k %328 2 h,
5000 r/min &> 30 min, $ FIHFWREZZE 10 mL.
B 500 pL $2BUK, HnA 500 pL 15% TCA ¥k
IRAT, 4°CHHE 2hJ5 5000 r/min &5.0> 5 min,
A 0.75 mol/L NaOH 5 pH {E 4 6.0-6.5,
K EZZE 2 mL, B 400 pL FBEIIN 200 pL
0.3%fiE KL /K 5 12-0.03% FeCls 1AW , 7L/ 1R A5
D7 FEAE 500 nm Ab PR SGAE . AR & & T
YNGR

__ M, x2x1000 y
m x0.4xV x1000

b X OARESLTPAR it (me/g) s my A
FEM BT (2); my i 0.4 mL FRRRIE -PAR R 1
JifE(mg); 2 AFEWE 2 (mL); 0.4 Rt
DR B AR TR (mL); VLRGBS A HR B 1A
H(mL); 10 R HEHOR E 24 (mL).
1.2.8 HEHEZWEENE

T AFRIC T g IREETT S A IRRE, A 5 mL
K, #FEHEE 30 min, 5000 r/min Z.0> 10 min,
B 200 pL EIEWZ 022 um SLFLIEMS B
HPLC il . HPLC HARKI Z 4y . 4
W (C18, 250 mmx4.6 mm, 5 pm); HJEAEE
20 uL; W shAH A 4 0.05 mol/L KH,PO, (L =2
Wil 2 pH 6.0), UishAl B N HEE; Wi
0.8 mL/min; #HZE I, &4 HPLC-DAD;
K4 268 nm. YEMFEF : 8040 A 7£ 0-8 min
M 90%iE . 80%, 8—13 min M 80%jih U &
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40%, 13—16 min M 40%3% 38 Z 90%, Bl )5 15Er
WshAH e 6 min, Vi SHAHE K 0.8 mL/min.

2 HZRE5OM

21 BiBREMSE. ik, d58E
PN 72 3 G A AR 7 S A 1 4 X ZEN
AT PR 7 5 PA26 (K] 1A 1B),
X PA26 7= i HR Y ZEN BRI E I E . Y1k,
WA PRk 8 ANHLRETE, A ldr Al
PA26-1-PA26-8, 8 IHLETEIET ZEN [R5 IR
HHHRNT ZEN A A [RIFEEE AR CR (B 1C-1D),
22 AEIBREEAEEFREFHIERER
%1t 48 h B KWE, PA26-1-PA26-8 X%

ZEN E A B REARAOCR , AT R g 3 R kv
65.9%-86.3%I7 ZEN (K&l 2), H:H PA26-7 i PR
ZEN HIBCRI .35, ZEN [&f#%5 86.3%, it
EFE PA26-7 HATIREIGT . BM0E, PA26-7 J&
—Pk B. velezensis (20T A A DA FIMA
JEHLC, 45 GDMCC 629265 KL FEE
GenBank, &35/ JAPCIJ000000000).
2.3 [EREFYIARR SRR R IE M RNE
SR, PA26-7 KGR BE
ZEN AR 7= 9y b P ) Hep G2 41 it 338 7 R AR
FTHEr, B PA26-7 KMEARENIR T ZEN (41
Mg, PA26-7 KIJG ., FEFE P W& T
MCF-7 238 58, RIVRA A = 1o 3 22 0 1k

A B
15~ CK 15 PA26
L ZEN
E),: 10 / - 10
= 5 ZEN
5r 5 /
0 8 10 12 14 0 8 10 12 14
Time (min) Time (min)
C - D - E - F -
|5, PA26-1 |5, PA262 50, PA263 50 . PA26-4
ok 1ok 15+ 15+
-} =) =] -
E é é 10 é 10
St St ZEN ZEN
/ZEN \/\A—J/\ZEN 5t / 5t /
0 8 10 12 14 0 8 10 12 14 0 8 10 12 14 0 8 10 12 14
Time (min) Time (min) Time (min) Time (min)
G s PA26S H | PA26-6 5o, PA267 s PA268
10t 5T |
Et) <DC 10 ?’5 Nl
ZEN L
st / : ZEN E10 ZEN
, 51 / 5 /
1 | 0 "Vw-/k L j\ ] 0 1 1 y 0 L | ]
8 0 12 14 8 10 12 14 8 10 12 14 8 10 12 14
Time (min) Time (min) Time (min) Time (min)
1 F4f% ZEN BRI #ETFi%
Figure 1 Screening of zearalenone-degrading bacterial isolate.
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100 -
853 843 g10 842 309 86.3

3()%—1&—}{_5_[65.9%%

60

—

40

Degradation rate (%)

20

0 | 1 | | 1 1 | |
% b > P B kB A&
(BN RPN AN PN AN o A

F P E S F

2 )\NBRE%EY ZEN KRR
Figure 2 Degradation of ZEN by eight single
bacterial colonies.

BEHTS . SRS ZEN W4, 48h 1
SR REIN 6] JE LA PA26-7 524K f# ZEN, I
eV TP A A TR 0 B A 7 ) R R R Y
ZEN, [t PA26-7 [Fff i ZEN J5 )5
T A B ol 40 FsF AT 29 B 3 0 4 B A
BRI 3).
24 BREHEHHML

T A B T RN PA26-7 JIEE

B4 AT AL . PA26-7 1E LB 15 3% 5L rh [ fis
RIE, ik 86.7% (Kl 4A), KHIESE LB 1%
ST IE S0 2 AL e B FR I 4G pH (H N
6.0 By HA Fmesm e ne )y, nligBRIGS R &S
90.7%F) ZEN (&l 4B)., PA26-7 Jlit 25 (i B Y0
BT, 1E 25-60 °CYLREIX ZEN R T Al B
MIIEFRAETT, 1E 37 °CHYREIGEBRIEFR T 91.5%
DL ZEN (5 4C). 4 PA26-7 4% 3%MHfh it
R RS, X5 FR A ZEN MR
ik, Al RRIESRAE D 5 pg/mL 19 ZEN,
X} 10 pg/mL 1 ZEN {5 R 1K 94.7% (K1 4D (4E).
2.5 JEMRS SR
245 10 pg/mL A9 ZEN HL[FFF 48 h )5,

PA26-7 (84050 %F ZEN B HI A 6] 1Y PR AR AL
(B 5), WRKILNEYIXT ZEN MR
fi%, 43900 5.2%. 3.2%, 56 HH B 7R i Py il
A PA26-7 () FEWEEE BT o KT IS WA ZEN
HIFEfRRN 89.2%, LISWMAHE AN K AFA
INAAE IR, XF ZEN (AR A T T
73.5%F1 79.4%, Kt PA26-7 i 40 Mo S Mk
Wfi# ZEN,

B CK @ PA26-7

~ 120 - 120 —
=X =
g stk =
Z 100 |**—*‘ * % ok — 4100 =
5 (" 3
bie *ok ¥ ~
o ’_| U
Z 80 E‘j
T =
T 60 s
2 2
& &
= 40 =
g .2
5 2 8
E E
= 9 ~
20 30 10 20 30

Concentration of ZEN (pg/mL)

3 PA26-7 F&fi# ZEN 4B 4RO 5 4 AR RIS 1
Figure 3 Cytotoxicity and estrogen activity of degradation products of ZEN by PA26-7. **: P<(.01; ***:

P<0.001.
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A . B 100 90.7 100 - 91.5 g7.1
100 83.2 86.7 L. 867 g6 | 85.3 4, 4, 829
T oal. fEEs 675 I “F»rfs-i _ wt [ kg
= TIE . i & 64.5 . | $449 2 =
c>\:> e = “' =
& & = =
o 50F § 50 8 S0f
3 i = I 5
g - e 3 [210 24.9
£ BT & :
g g 0F < :
0 1 1 | | | | I 1 0 1 ! ] 1 [ 1
BHI LB TSB 40 50 60 7.0 80 25 30 37 42 50 60
Culture medium pH Temperature (°C)
D 94.4 E 100.0
100 g0 2 992 £y 897 864 100 - pun 247 86.9
= [ : - A A Y Iy L B 4 :“
S i * 9 . 63.2
% r Lé 4 a3 5.0'9
g sof £ sof i
o T Y Y N N B oy S S I i
1 2 3 4 5 5 10 15 20 25 30

Inoculation proportion (%)

4 PA26-7 REFHMI

Concentration of ZEN (pg/mL)

Figure 4 Optimization of detoxification conditions of PA26-7.

100 -

Degradation rate (%)
n
(]
T

15:7
i a s 9.8
| 52, =
A ¥ A
0 IA_L—T—E:I EEE ] 1 +
o .
'%c‘a\\ o & & %‘58&’ e"""@b
\_‘i\ 6‘0%' %\)Q ,@,\5\‘ _\(\\\
(9 X8 O v
P R < e
o T e
o I e
CQ 6@\6 {Q?}e.
e‘@’b’-@ Q}\}Qe
%O-Q

5 PA26-7 &R ZEN BEMMIR 24
Figure 5 Analysis of ZEN-degrading active substances
of PA26-7.

2.6 TERARFHRESHR

A WF 5 ZEN KW bR e 2R R
y=200.93x-12.536, MK FRE R=0.999 9, 7
0-30 pug/mL i Bl N HA RAFHIZME R (B 6A).
PA26-7 7£ ZEN V5 4% By mpRt ok K s i i )
N 72 h S, LA MG i il T A - TR A
W) ZEN i AR, ARG ZEN ik
£ HH(61.05£10.90) ng/g F%%(20.69+5.37) ng/g, ©
% T 66.2%; %Rz ZEN e H1(28.00+4.06) ng/g
F%22(6.6243.10) ng/g, TFET 79.4%; EAH1H ZEN
e FE 1 (19.78+3.30) pg/g M % (0.69+0.94) pg/g,
[T 96.8% (K] 6B)., PA26-7 7EAS[RIFE &t A I
BERESIANIE], AIBEJE T2 i Je il th ZEN ¥
JEARTR], e E ZEN V5 Y i iRl i B A8 K & i
IF1A] A REAVI IR IR BR A & H %) ZEN
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2.7 IEFREFRIHER PA26-7 1S BRI RHBE 85 1 [, A7 8RR AIK T 4%

A WE 5T PR R W E bR ME D RO TRDRMRERR R AOARR S (] TB). BTG
y=—1.963 8x+0.369 1, HIZLRH R=0.999 6, £  M(12.32+1.72) mg/g % (8.65+1.58) mg/g, -3
0.001-0.1 mg/mL YEFNZMELR RIF(E 7A). TR 29.79%; %k Rz HPAER 5 MA(18.38+1.70) mg/g
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6 HPLC il ZEN RIAREHIZ(A) & PA26-7 FE AR FRIBE SR (B)
Figure 6 Standard curve for detecting ZEN by HPLC (A) and effect of PA26-7 on detoxification in feed (B).
**%: P<0.001.

. e -
04 y=—1.963 8x+0.369 1 Eﬂ a2 b i
p G E —
ol R*=0.999 6 S 20F * ﬁ i
% e sk e
g o 15
Q02+ = * j
S 10} i
=]
0.1r g st s CK
= m PA26-7
0.0 L 1 1 L 1 L 1 8 0 I I I
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Concentration of phytic acid (mg/mL)

7 HPLC & NEBRHIRERZAW R ARSI EEERS ENEL®B)
Figure 7 Standard curve for detecting phytic acid by HPLC (A) and changes of phytic acid content in feed
before and after detoxification (B). **: P<0.01; ***: P<(0.001.
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R 25 (12.45+2.06) mg/g, “FH T 32.26%; 1Al
kB H R R A o AL (20.11+0.85) mg/g FEE
(18.42+1.37) mg/g, K F ¥ 8.40%.
2.8 REKEFW~E

AW P A LA RIE IRR IR L3R 1, &%
AiAE R HPLC A py s T ARV BE7E 0-30 pg/mL
N4 RAFIILIEADC G R . 4 PA26-7 KW,
SRR T VB, VO, VM A KRS
W EWIN, Hh Ve EFRER T 0.47-18.19 £,
VB, (& T 0.63-0.94 f5(# 8, % 2).

3 WREER

ZEN VE R sl Wy impl ke 2% e e 1 B 1R B
RZ—, HRBWEN RS S, IFER .
B PSR, ST A Y
TR, 20182020 EHHE 22 MR
3 507 iRk, 2 ZEN 15 YL iRRHR: 3k
96.9%, HH 0.5%1 kL ZEN ¥5 JK-F Rt 1
T ) kL TLAERRER, Ry g ekl ZEN 75
Juiyla) @, K2 & e T ZEN A 45 it
G o A GE AR AR 2 5 v 0 2 AR AR — bk R Ak
[ f# ZEN 1) B. velezensis PA26-7, B. velezensis
EAEfN . BE2y . SRR S AR R,
Xt Pl Al Frgk & e B mEE P eEie
AT TE AT T4 R T G I g R o) B AR
15—tk A [ ZEN 1 B. velezensis A2, A2 k&
M 72 h Uk LB Kigedkr 7.45 pg/mL 1)

&1 HPLC A4S RrIfrErLk

Table 1 Standard curve for determination of vitamins
by HPLC

£ E S S I 311 2 P14

Vitamin  Strandard curve Correlation coefficient
VB, y=310.87x-0.025 0 R*=0.999 8

VB, y=191.91x-0.042 9 R*=0.999 2

\Y@ y=660.04x-0.164 3 R*=0.999 5

VM y=487.06x-0.053 6 R*=0.999 5

A o CK » PA26-7 B CK W PA26-7
30001 i 140
w I : ’? B
= . 30 =
£ 2000 ;' iy E
g 1000— : . i. el
= — -

' 110 §
3 : : 5 S
=% | . 0

0 1 1 1
VB, VB, VC VM VB, VB, VC VM
o CK » PA26-7 M CK M PA26-7

B
—~ 15001 ' ok 130
% : 1 =
5 . =
< I -
% 1000 . 20 2
o ! ns =
' — <
& soof Dok i = a0 2
; 1] * ]S
A 0 ! 1 1 - L 0
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c o CK a PA26-7 B CK B PA26-7
1500 ' 20
& . ok Ex o)
= . B 15 =%
Z1000F . i * e | B
£ L { 80z
i $kk
g 500 , l - F Is £
jfg ~ ; i &
(=W 0 A 1 L - 1 0
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8 ERMBIEHEEZRIETHK A: M.

B: #kK. C: GRLEL

Figure 8 Changes of vitamin content in feed
before and after detoxification. A: Soybean meal. B:
Bran. C: Finished feed. *: P<0.05; **: P<0.01; ***:
P<0.001.

ZENP! SRl PA26-7 #£ ZEN ¥4 10 pg/mL
A IR R R I8 48 h )T, ZEN [EA# 255 94.7%,
Rl PA26-7 A ¥ 48h AIREf# 9.47 pg/mL ) ZEN,
55 B. velezensis A2 I, PA26-7 B HA7 1 FH %
J1. B, WMk A2 BT L, etERM,
HAE R A A W - A7 A AR 0 FH A AT A 7P iR
BEEAE, TR PA26-7 4385 Tk 2540 50 7
i, PR ATER TRk, HIR, Wk A2
ok L A e A L PN L [ R i ZEN, (H R #
05 T P 2% S R AR 13T T R Bk PA26-7 3 it
43 V0 L PN Tl S B e S B, T A 3 T A
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#+2 PA26-7 ABRIRIARSPHEE RS ENTH
Table 2 Changes of vitamin contents in the feed
before and after fermentation of PA26-7

FE ez RERIEE AMESE CPHY
Sample Vitamin  Contents Contents AL
before after Average
fermentation fermentation content
(mg/kg) (mg/kg) change
(mg/kg)
5% | VB, 24.81+5.52  32.77£3.31 +7.96
Soybean VB, 10.82£2.90 17.61£1.76  +6.80
meal vC 13.4842.45 19.79+1.54 +6.32
VM 0.00£0.00  7.56+2.03  +7.56
7353 VB, 438+191  0.40+0.55  -3.98
Bran VB, 11.47+2.31  21.84£3.46  +10.37
VC 0.32+0.53  6.14£1.37  +5.82
VM 9.01+0.89  10.35£1.34 +1.33
mELSA VB, 8.28+2.43  11.45+2.98 +3.18
Finished VB, 6.3042.62  12.25+2.16 +5.95
feed vC 0.76£023  3.79+1.14  +3.02

VM 6.09+1.66 9.01£1.19 +2.92

AT F P etk sl ik e BB s i v . e
A2 TEFRH A SEBR I FHACR AR AL, T PA26-7
FE AR AR TR K T B B R 1 O B R A
TAEVE FREEA RS, AR R ZEN MR T
66.2%-96.8%, AHIR & T 8.40%-32.26%,
B VB, VC s il#E & 63%—94%F
47%-398%.

ZEN 5 HABFEEER M —A B E AW Z 4
2 ZEN fe5| KMEMERON, RECHIEN
ZEN [EfERAR 2, (HIE A5 A SE BRI i TR Ak
AR, A — R bR R REXT ZEN 47T 2L
M. BN, 43 A& IR Saccharomyces
cerevisiae strains LL18 7] S [5f# ZEN, %@
Mt ZEN 3 54 o-ZOL F1 B-ZOLPY 1 a-ZOL
) I8 R TG S ZEN A 500 A5, LR TR 85
3% 72 h SRR ZEN S0 T 68%, {H
18 1 N2 & %8 98 (oesophageal carcinoma, SNO)
A AR IR AT = M I AR 0 R,

16 AT ZEN [ ik i AP e 03 28 078 1 L 2 JC
RIGPEM PP 2 E 2, Xt /2 HAT ZEN P
BT 7 30 P ¥ 2, 2 — o

WAk, H T L R AR YRR Y
M TR — B R E AR, (HAE AR,
BT Y A4 4 R L B ek 22 ol B R R R
FERTEDL . 2008-2017 4E7E4BR 100 4~E KK
211 74 821 iR A TR ARDRHEURL (A £ oK L /1
. OREEWEN T, 64%MFE AR R
ELEMIEOL, TR G 1R ZEN R4 25 T 4k U
I 45 I (deoxynivalenol, DON)I:A7 £ 5 A6 H
Ik 48%, ZEN F{KH#E & (fumonisin, FB)E
FERIRE SRS 25k 43%05), N[ #5 2 L2 A B
o AEWEME A . HARY ZEN 1 DON Hiff2s
TP L5 B0 L b BRRE 20 A 15 A,
FE RN IE S RE T, 51 AN & R B R UTA AE
SRR BREO, LR R RS PiE e 2
Pl R ILAE W SEBRARBL , 0T Jie 1T [m] ) e il 2
Tl 2 28 TR 1 7 36 NI 9

25 LT, ASFIE AR 2SI 3R] Hh i 4R A
— KR A] SR ZEN 1Y) B. velezensis PA26-7,
PA26-7 FEAARMIGEE | TRRHE IR 45 4 i 36 45 J T
PR KRBTS0 A9 i A AE — SE T 2
ARG TR, fEARRWBE R,
NITHE 5T PA26-7 FIF 43006 A9 J A1 o At IBEEOE A 7 0 8
alifk, X% ) R (S5 A TR ST s A
B B IT PA26-7 X ZEN AR =) 2
Mo RAEIK AR, THAEREf -t e vk, JfE
1ok P8R e Tt e DA e o S S B AL R MR A R
Z R EE R ML R B A7
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