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Abstract: The beneficial Clostridium butyricum, which synthesizes short-chain fatty acids such as
butyric acid, can be added to feed to improve animal production, feed utilization efficiency, and the
antioxidant ability of animals. [Objective] This paper explored effect of C. butyricum as a replacement
of chlortetracycline on quality and antioxidant function of broiler leg muscle. [Methods] A total of
360 healthy 1-day-old Arbor Acres broilers were randomly selected and classified into three groups, with
8 replicates each group. Negative control group (CON) was fed with basal diet, antibiotics group (ANT)
basal diet supplemented with 75 mg/kg chlortetracycline, and C. butyricum group (CB) basal diet
supplemented with 500 mg/kg C. butyricum (viable bacteria, 10° CFU/g). The experiment lasted
42 days. [Results] Compared with CON group, CB significantly increased weight, 24h redness (a’),
PHus min, PH24 1, crude protein content, and ether extract, decreased 24 h brightness (L*), drip loss,
cooking loss, and malondialdehyde (MDA) content, improved the total-antioxidant capacity (T-AOC),
and the activity of catalase (CAT), total superoxide dismutase (T-SOD), and glutathione peroxidase
(GPx), and up-regulated the expression of nuclear factor erythroid 2-related factor 2 (Nrf2), GPx-1,
SOD-1, and SOD-2 of broiler leg muscle (P<0.05). ANT raised the weight and pHys min, reduced the drip
loss and MDA content, and up-regulated the expression of Nrf2, GPx-1, and SOD-I of broiler leg
muscle compared with CON group (P<0.05). CB group demonstrated lower drip loss and L after 24 h
and higher ether extract and CAT activity of broiler leg muscle than the ANT group (P<0.05).
[Conclusion] C. butyricum can replace chlortetracycline for broiler feed, activate the expression of Nfr2

signaling pathway related genes, and which improves the quality and antioxidation of broiler leg muscle.
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R 1S H, 50 B X 4L(CON) . $ikE
KUY (ANT)FI T TR AR R 41(CB). CON 4 {4
MREILA H A, ANT Z17E5EAE H O &SN
75 mg/kg B4 5 2R (LL4E S IT), CB 4178 5Ll H
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Table 1 Ingredients and nutrient levels of the basal
diets
Htems 0to21days 21 to 42 days
of age of age
Composition/%
Corn 52.5 54
Soybean (CP43 %) 25 17
Extruded-soybean 4.5 3.5
DDGS 8.5 7.5
Rice bran 6
Corn bran 2
Soybean meal 1.7 4.6
Limestone 1.4 1.4
Fermented soybean meal 2.4
Premix” 4 4
Total 100.00 100.00
Nutrient levels®
Crude protein/% 22.02 19.11
Metabolizable energy/(MJ/kg) 12.23 12.91
Ether extract/% 5.50 8.6
Lys/% 1.18 0.97
Met/% 0.54 0.45
Met+Cys/% 0.88 0.74
Thr/% 0.86 0.71
Trp/% 0.23 0.20
Ca/% 0.82 0.73
TP/% 0.65 0.57

(DThe premix provided the following per kg of diets: VA
10 000 IU, Vg, 2.2 mg, Vi, 8.0 mg, Vs 40 mg, Vge 4.0 mg,
VB12 0013mg, VD3 3 000 1U, VE 30 IU, VK3 1.3 mg,
nicotinic acid 40 mg, biotin 0.04 mg, folic acid 40 mg,
choline chloride 400 mg, D-pantothenate calcium 10 mg, Se

0.3 mg, Fe 80 mg, Mn 110 mg, Zn 65 mg, Cu 7.5 mg, [ 1 mg.

(@Metabolizable energy is calculated value, the others are
measured values.

1.3 EFERE

1 HE AA AR SR F [ — Mg 4y , 4
HEEFFETFE—AEN, KBNS Af R
BHKIK, 24 hBRR, BERIERIOKES 1K,
THEE . TP S B e BT iR T .
14 HmEXE

FIREE 42 K, = 12 h 5, 25N
BRI T e — A RKOR B R A A,

24 H, AT B SRR, SRR 20 MR JULRE i
PR T A BRI, SR A A O R LA
P8 RAL 27 1 o AT 48 A D RE AR G5 Br 1Y
oAUl
1.5 RRANLAY & B A0S A 43 B E

HHE Jiao S5 UV AR 1) v 0 SRR LI 7 7K
Bk | ZEEBIK . B 45 min 124 h G R (G
(L*: 5P a*: 17 ; b* . #E)LA KB SE 45 min
24 h J5R pHo BRALHE RLAL 7 523 7K o
(moisture) . #1#E [ (crude protein, CP). ¥l
(ether extract, EE)FI/K 43 (ash) & & A E 2 1]
i A E AR T
1.6 BREAILE W EGEY N E

HUA R JUL PR 20 2R i 4 BEGR) @ i B
Kl T-SOD (Ffk i) MDA (i fCE HLZ MR 1%) |
T-AOC (Fe*" iR J5ik) . CAT(SHRR %) F1 GPx(fiff
fie Fe A7) K F-
1.7 BEANIE W EEFRERNE

A RNAiso {57 #EAT LA RNA 1§12 BUH
VeI IR ORI E RNA A9 4 B2 7
WS o S sk AR (ARl 357 & PrimeSeript™
Realtime PCR kit 17, ZERFENLI DNA, 2
MWAKZ A 10 uL: 2 puL 5xgDNA Eraser Buffer,
1 uL gDNA Eraser, 7 pL RNase Free dH,0, 2
W4 K. 42 °C 2 min, 4 °C & H); [tk
Z 020 uL: 10 pL ZBRIERZ] DNA KW,
1 puL PrimeScript RT Enzyme Mix I, 1 pL RT
Primer Mix, 4 pL 5xPrimeScript Buffer 2, 4 pL
RNase Free dH,O, RN ZMFH: 37 °C WH
15 min, 85°CH#H 55, 4 °C %41, M GenBank
AT H BB R4, DR ST X
Primer Premier 5 it 514, Fris 5|4 bl &
FHEEER AW HRAG R A A G 1, 51975 W
%% 2, ffiH TB Green Premix Ex Tag Il #£17 real-
time PCR JZ I/ o I W AR R R 20 uL f& R 47
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&2 WAEE PCRIIMFTI
Table 2 Sequence of primers real-time PCR

Target genes Accession No.

Forward primers (5'—3’)

Reverse primers (5'—3")

Nrf2 NM_205117.1 GATGTCACCCTGCCCTTAG CTGCCACCATGTTATTCC

Keapl KU_321503.1 GTACCAGATCGACAGCGTGG GGCAGTGGGACAGGTTGAAG

HO-1 NM_205344 GGTCCCGAATGAATGCCCTTG ACCGTTCTCCTGGCTCTTGG

CAT NM_001031215.1 CGTTGGCGGTAGGAGTC CCAGTGGTCAAGGCATCT

SOD-1 NM_205064.1 TTGTCTGATGGAGATCATGGCTTC TGCTTGCCTTCAGGATTAAAGTGAG
SOD-2 NM_204211.1 CAGATAGCAGCCTGTGCAAATCA GCATGTTCCCATACATCGATTCC
GPx-1 NM_001277853.1 CGCTACAGCCGCCACTT TTCGGAGAATCCCACAACG

10 uL TB Green Mix Tag, 0.8 pL {547, 0.8 pL
TUE5149, 2 uL cDNA fif, 6.4 uL DEPC /K.
B g R 95 °C FiAE T 2 ming 95 °C B84k
5s, 60 °CiRk 30 s, 40 MEFF. I AR
TR 24 R
1.8 @itHth

RS E R DR R W RS & 2P TS
(statistical product and service solutions, SPSS)
21.0 #4737 2243 F (one-way ANOVA),
F¥ K A B [ (Duncan’s) i #E 17 40 0] £ & L3¢
K, P>0.05 FRERALE, P<0.05 FR%E
SR E, 2R E AR AE R (the standard
error of means, SEM)Z/K~.

*3 TERWEXPABERALRA SR

2 X504

2.1 TERREXN RGHRALALA & RE 0

& 3 nJ%, CB HARMKALE. BEE
24 h Y a* . pHas min Al pHog 835 5 T CON 4
(P<0.05), JBESEJG 24 h J5 iy L¥FIzE & it o %
fi.F CON 41(P<0.05), JE5)5 24 h #1 48 h /5
BRI K 5 2% K T CON £H(P<0.05). ANT 41
R XS R L EE A pHas min 235 5 T CON 41
(P<0.05), JB5E 24 h Fl 48 h J5 9 K40 26 3 3%
il F CON #1(P<0.05). ANT 4 PAWHKRALE
24 h I 48 h ERYH KPR BE ST CB 4l
(P<0.05), 24 h iy L* % =T CB 41(P<0.05).

Table 3  Effects of Clostridium butyricum on the meat quality of leg muscle in broilers

Items CON ANT CB SEM P-value
Leg muscle weight/g 294.48° 340.08" 340.75% 8.07 0.019
Meat color at 45 min L* 35.32 32.19 32.30 1.20 0.502
a* 22.39 23.73 22.72 0.39 0.365
b* 11.85 13.20 13.61 2.69 0.412
Meat color at 24 h L* 27.63° 25.42° 24.81° 0.47 0.029
a* 22.20° 23.69% 25.72° 0.60 0.049
b* 26.47 26.50 27.68 0.52 0.576
pH PHu5 min 5.88° 6.10° 6.10° 0.35 0.013
pHasn 5.70° 5.79% 5.86° 0.03 0.044
Drip loss/% 24 h 4.95° 427° 3.63¢ 0.13 <0.001
48 h 7.39° 6.38° 5.32¢ 0.21 <0.001
Cooking loss/% 28.47° 23.99% 23.57° 0.79 0.012

In the same row, values with the no letter or same superscripts mean no significant difference (P>0.05), means with different is
superscript letters in the same row differ significantly (P<0.05). The same as below.

P4 actamicro@im.ac.cn, 7 010-64807516
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FERVIR 7/ I i = N DTN e R s o B N
i E V22 (P>0.05), CB 20 X9 L HLIE
SRS EET ANT 4(P<0.05).
23 TERE X RGARALIE (L EE S BIS2 N

H# 5 A, CB HMEAL T-AOC .
T-SOD. CAT 1 GPx /K F-¥ ¥ & F CON 4
(P<0.05), MDA 7% it 2 #{X T CON 41(P<0.05)
ANT 4 HNABENL MDA &8 &K T CON 41
(P<0.05), T-AOC. T-SOD. CAT FI GPx /KF
5 CON 417t &2 5 (P>0.05), CB 41X
BRIL CAT &t  35 T ANT 41(P<0.05).

X A IS BRAL A # MAL F B 5

x4 TEREREXRGRIAERLFE RS RN
Table 4  Effects of Clostridium butyricum on
conventional chemical compositions of leg muscle
in broilers (%)

Items CON ANT CB SEM

P-value
Moisture 7486 7379  73.07 037 0.150
Organic matter 23.27 2449  25.06 0.38 0.148
19.42° 20,07 21.63* 035 0.034
Ether extract  3.82° 4.08° 515 021 0.028
Crude ash 187 1.72 186  0.07 0.617

Crude protein

x5 TERREN KGRI S LEEE RSN
Table 5 Effects of Clostridium butyricum on the
antioxidant ability of leg muscle in broilers

Items CON ANT CB SEM P-value
T-AOC/(U/mg protein) 0.33° 0.47°® 0.55* 0.03 0.013
T-SOD/(U/mg protein)  45.63° 57.05% 60.36* 2.56 0.039
CAT/(U/mg protein) ~ 0.71° 0.95° 1.44° 0.08 <0.001
GPx/(U/mg protein) 14.66° 17.79% 20.62° 0.80 0.005
MDA/(nmol/mg protein) 0.37* 0.28° 0.24° 0.02 0.007

24 THEBRENABERERMRECELER
e ek Al

& 6 nI%1, CB 2H AR ULET S AL SE A
Nrf2. GPx-1, SOD-1 Fl SOD-2 ByZRik/KF-
F T CON 4H(P<0.05); ANT 21 (A X% B {LT 48
fFEH Nrf2 . GPx-1 Fil SOD-1 (93635 7K - i 3%
5 TR BEZH (P<0.05); CB 41 ANT ZH [A A58
WL Nrf2. Keapl. GPx-1, SOD-1, SOD-2, CAT
M HO-1 W335 K1 T i 3 22 5 (P>0.05).
3tk

TER s bR E b, LoEBE, RaEA
AR, NSRS, H LHES pH (U
S FR O IR AR O N B R A R LA R OK
JIRREGHY 2 NEESEAR, HAREARI ] R K
JIEE R K Iy, U LA e 2
B KBESERY CB 21, H pH [ FIBSE 24 h
JE ) a* (BB E PR, KIS 2R B R LA
JE5E 24 h AR LYEREREL, R T BRARE AT
e A RRAILA L BT, FLE5 RS AT IS LHE
5 pH HE MM XX RZ—F"; B%G 45 min
A1 24 h PAXGER ALY pH {Eﬁ%ﬁm, M T
i 12 T ] i 3 e ik 2 AL PR 1 TG 4R IR, AT 9

x 6 TERREXMAGERANMEAKBXERRE
ak=Al

Table 6 Effects of Clostridium butyricum on
antioxidation-related gene expression of leg muscle
in broilers

Items CON ANT CB SEM P-value
Nrf2 1.00° 1.54% 1.70* 0.11 0.022
Keap1 1.00 0.77 0.74 0.07 0.222

GPx-1 1.00° 1.60°  1.69°  0.11 0.019
SOD-1  1.00° 1.45°  1.50°  0.08 0.013
SoD-2  1.00° 1.32%  1.60°  0.09 0.013
CAT 1.00 1.18 1.35 0.08 0.179
HO-1 1.00 1.31 1.34 0.10 0.299

http://journals.im.ac.cn/actamicrocn
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