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male chicks were randomly divided into a blank group, an attack group, a probiotic group and a
detoxification group. Each group had 3 replicates, each with 8 chicks, and the test period was 21 d. The
changes in body weight, feed intake and feed—to—weight ratio of broilers in different groups were counted
and compared. Changes in serum biochemical indexes were detected by ELISA, and changes in the
expression levels of proteins of the jejunum and inflammatory factor mRNA were detected by fluorescence
PCR, and changes in the intestinal structure of broilers were observed by histopathology. The results
showed that: 1) Compared with the attack group, the body weight, average feed intake, and average daily
weight gain of 21-day-old broilers in the detoxification group were significantly higher (P<0.05). 2)
Compared with the attack group, the serum SOD activity, GSH-px activity and MDA content of broilers in
the detoxification group were significantly decreased (P<C0.05) , the T-AOC content was highly
significantly increased (P<<0.01), and all the serum life indexes were significantly regressed (P<<0.05). 3)
Compared with the attack group, the morphology of jejunal villi of broilers in the detoxification group was
significantly improved, the citrulline (CIT) content in jejunal tissues was highly significantly elevated (P<<
0.01) , and highly significant reductions in the contents of diamineoxidase (DAO) , D-lactic acid and
intestinal fatty acid binding protein (IFABP) occurred (P<<0.01). 4) The mRNA expression levels of the
jejunal tight junction protein—related genes occludin 1 (ZO-1) , occludin and claudin—1 were highly
significantly increased in the detoxification group compared with the attack group (P<<0.01). 5) Compared
with the attack group, the mRNA expression levels of the broiler jejunal inflammatory factors IL—6, /[L—8 and
TNF-a were all highly significantly (P<<0.01) retuned in the detoxification group, and the mMRNA expression
level of IL—1B, was significantly (P<C0.05) retuned in the detoxification group. In conclusion, the combined
use of Bacillus subtilis and Pediococcus pentosaceus can improve the decline in broiler performance
caused by moldy feed, reduce the morphological changes, barrier damage and inflammatory response of
the intestinal tract of broilers caused by moldy feed. This study can provide a theoretical and practical basis
for the combined use of these two probiotics as feed additives in production practice to prevent and control
mycotoxin poisoning.

Keywords mycotoxins; probiotics; broilers; jejuno—intestinal inflammation; intestinal barrier
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Table 1 Primer information for gPCR analysis

FH 518131 (5'-3D B JE /bp
Gene Primer sequence (5'-3") Length
e F: CTGTCCCTGTATGCCTCTG -
B-actin R: TTGATGTCACGCACGATT
M aEA F: CTGCTCTGCCTCATCTGCTTCTTC L5
o}
(Occludin) R: CCATCCGCCACGTTCTTCACC
M giE A1 F: TCTTCCTCCTCCCGCTTCTTCAC 149
(ZO-1) R: AGAGATGGTGGTGTAGGCAGTGG
EEmEREEA L F: GACCAGGTGAAGAAGATGCGGATG -
(Claudin-1) R: CGAGCCACTCTGTTGCCATACC
Ji 988 YR BE A F- « F: CCCAGTTCAGATGAGTTGCCCTTC 156
(TNF-a) R: GCCACCACACGACAGCCAAG
FL4n A 2 1B F: CAGAAGAAGCCTCGCCTGGATTC 156
(IL-1p) R: GCCTCCGCAGCAGTTTGGTC
FAn A2 6 F: AAATCCCTCCTCGCCAATCT o1
(IL-6) R: CCCTCACGGTCTTCTCCATAAA
4% 8 F: GACCCCAAGGAAAGTGGGT 189
(IL-8) R: TGACCAGCACAGGAATGAGG

ANOVA H.H K I 2200, & Excel #4174 1F 511
Homl b E R, SR FHE AR ERER, P
<0.05FREZREFE P<0.01FREFKDFH.
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0.01) 1 MDA & &t & & 7+ m (P<<0.01) . 5
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Table 2 The effect of probiotics combined use on the growth performance of broilers

e 25 4 it Az T 20 gl fift 7 20
Item Blank group Probiotics group Toxic group Detoxification group
LR GRENEWA 40.6041. 51 40.6241. 30 39.19-+0. 80 39.45+0.75

21 AR /g 931.20+27.25b 659.40418.66 ¢ 840.23+28.06 a

TFHHRE/(g/dD
¥ BB/ (g/d)

845.08+16.75 a

77.814+2.03 a 84.38+2.11b 61.42+1.57 ¢ 77.50+1.87 a

38.314+1.06 a 42.41+1.32b 29.53+1.08 ¢ 38.13+1.22 a

BHE I/ (g/g) (2.03£0.05):1 (1.99+0.06):1 (2.08£0.04):1 (2.03+£0.04):1
TE - A bR 5 B A IR 8008 5 B R 22 57 R 35 (P>>0. 05) , R Rl/NG G B 678 22 5 i 35 (P<C0. 05) , R Rl R 5 5% B 3 7R 28 59 il i 3%
(P<<0.0D).

Note: Vertical shoulder markers with the same or no letters indicate no significant difference (P>>0.05), lowercase letters indicate significant

difference (P<<0.05), and uppercase letters indicate extremely significant difference (P<<0.01).

Cad X HREH 5 (D) 25 AL A s (O TR (D 2 . [l & (1
S R M I 3 TR PG 0 (0 7 Sk F R AT R I L AR B Sk SRR
SNk ML IR T

(a) Control group; (b) Probiotic group; (c¢) Attack group; (d)
Detoxification group. Green arrows in the figure indicate the intestinal
crypt depth growth, red arrows indicate the numerous bleeding spots,

and yellow arrows indicate the inflammatory cell infiltration.
E1 ABZFAKAREALAZEN
Fig. 1 HE staining of broiler jejunum
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A': Blank group; B: Micro-ecological preparation control group; C: Attack group; and D: Detoxification group. *indicates difference (P<<

0.05), **indicates extremely significant difference (P<C0.01). The same below.
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Fig. 2 Effect of combination use of probiotic on the length and crypt depth of jejunal villi in broiler chickens fed with moldy feed
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Fig. 3 Effect of combination use of probiotic on serum biochemical indicators of broiler chickens fed moldy feed

B mRNA 321k 7K 34 & AR 8 36 T+ 5 (P<<0.01)

3 #
BEAb 5 ORE A L A 75 2 B JOAE 1 IL-6 \1L-8

1 TNF-a B mRNA 235 K 45 & A W 3% 0] 3.1 S4EFEHAFERANERALZEAMNABESE

(P<<0.01), & 4E N 7 IL- 13 i mRNA % ik /K - % BE 1Y 2 T
Az 3 R (P<<0. 05) , #5238 25 ALK F- . i kel H A ik b ag  RE R TS g R AR R L H

UL, 2k i A T AR IR S (T R I AXS  R R A R R R R A DR R OE R R O AT AE TR 2 M OF
51 B 23 1 SR AE B fe e HRIL R —FRENE . Fik, EHZ



A ZRAEREAE . DU IR SURT R R SORE A BR U IO £ ol P X P A ek PAY XS A A R 3 A 47 4 R ) 221

15.00 © =
. s > ! 3k 3k !
1 1 ) r 11 1
2 I 33 z
£ - £ 2 1000
=5 s 5
5 =z
%3 5
hg =i ﬁm 2
C 3 500
X = 3 T T
= AA
B C D 0.00 A B C D
5341 Group 414 Group
(©) . sk s (@ *x
60 I\ ! E 1200 [ |
ﬁ \hD *k
£ £ *
5 SR () S — 1! 1
= & 4 |
e 4r ~I§ 800 |
£3 pEpa
50 o &
=5 0l T2 wl
w2 20 Eeo400
- =
B
| : - m
A B C D A B C D
434 Group 4341 Group
() JREFR & &5 (D D-FLAER & &5 (o WA AL & & (DR IR i R as & B A & & .
(a) CIT content; (b) D-lactic acid content; (¢) Content of DAO; (d) Content of IFABP.
B4 HERBRESERNARLABAMABEHEREBRNZIN
Fig. 4 Effect of probiotics on intestinal barrier indexes of jejunum of broilers fed with moldy feed
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Fig. 5 Expression level of tight junction protein mRNA in broiler jejunum
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Fig. 6 Expression level of inflammatory factor mRNA in broiler jejunum
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