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Probiotic mixture improves meat quality of white feather
broilers

YAO Xianci', GUAN Legi', SUN Shuai', LIU Jinsong’?, ZENG Xinfu’, WU Yanping',
ZHANG Ruigiang', XU Yinglei', YANG Caimei'"
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Hangzhou 311300, Zhejiang, China
2 Zhejiang Huijia Key Enterprise Research Institute of Green Animal Health Products, Anji 313300, Zhejiang, China

Abstract: [Objective] To investigate the effect of supplementing a probiotic mixture (Bacillus
licheniformis, B. subtilis, and Clostridium butyricum) in drinking water on the meat quality of
broilers and explore the underlying mechanism. [Methods] A total of 360 1-day-old white
feather broilers were randomly selected and assigned to control (CON, normal drinking water),
low-dose probiotic (LG, drinking water supplemented with 0.2% probiotic mixture), and
high-dose probiotic (HG, drinking water supplemented with 0.4% probiotic mixture) groups.
The experiment lasted for 42 days. [Results] Compared with the CON group, the LG and HG
groups showed increased average body weight on days 7, 35, and 42. The HG groups increased
average daily gain during days 21-28, 28-35, and 35-42, while the LG groups increased
average daily gain during days 35-42. LG and HG significantly increased the chest muscle
redness at the time points of 45 min, 24 h, and 48 h and the chest muscle yellowness at the time
point of 24 h, decreased the brightness at 24 h and 48 h and the dripping and cooking loss at
48 h. The HG group had higher content of crude protein and crude fat in chest muscle than the
CON group and no significant difference compared with the LG group. Both LG and HG
groups reduced the ash content of chest muscle. The addition of the probiotic mixture
significantly increased total antioxidant capacity (T-AOC), while the levels of total-superoxide
dismutase (T-SOD) and catalase (CAT) had an increasing trend. The expression levels of CAT,
OD-1, Keapl, and Nrf2 were significantly up-regulated, and the HG group had higher
expression levels of SOD-2 and HO-1 than the LG group. The concentrations of acetic acid,
propionic acid, butyric acid, and valeric acid in cecum on days 21 and 42 significantly
increased in LG and HG groups. [Conclusion] The probiotic mixture enhanced the growth
performance and meat quality of broilers by increasing the levels of antioxidant activity and
short-chain fatty acids, and the HG group outperformed the LG group.

Keywords: broilers; probiotic mixture; growth performance; meat quality; antioxidant activity;
short-chain fatty acids
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Table 1 Basal diet composition and nutrient levels

Items 0 to 21 days of age 21 to 42 days of age
Ingredients
Extruded-soybean 4.50 3.50
Distillers dried grains with solubles (DDGS) 8.50 7.50
Soybean meal 1.70 4.60
Corn bran 2.00
Rice bran 6.00
Soyabean meal (CP 43%) 25.00 17.00
Corn 52.50 54.00
Fermented soybean meal 2.40
Limestone 1.40 1.40
Premix' 4.00 4.00
Total 100.00 100.00
Nutrient levels®
Ether extract (%) 5.50 8.60
Crude protein (%) 22.02 19.11
Metabolizable energy (MJ/kg) 12.23 12.91
Met+Cys (%) 0.88 0.74
Met (%) 0.54 0.45
Trp (%) 0.23 0.20
Lys (%) 1.18 0.97
Thr (%) 0.86 0.71
Ca (%) 0.82 0.73
TP (%) 0.65 0.57

' The following items are provided in per kilogram of diet VA 10 000.0 IU, VE 30 IU, VK; 1.3 mg, VD5 3 000.0 IU VB, 2.2 mg,
VB, 8.0 mg, VB5 40.0 mg, VB4 4.0 mg, VB, 13.0 ug, biotin 0.04 mg, choline chloride 400 mg, folic acid 40.0 mg, nicotinic acid
40.0 mg, D-pantothenate calcium 10.0 mg, I 1.0 mg, Mn 110.0 mg, Fe 80.0 mg, Cu 7.5 mg, Se 0.3 mg, Zn 65.0 mg;
2. Metabolizable energy is calculated value, while the others are measured values.

1.3 [EAFER

R 42 d, RAGES AR, A&
B FEF R, IR, fRIE RS A ik
IKFERE, & H I RKOK S RS a, XYy
24 h OGRE, 3848 R FHHES R s K, R
FE o XSEIHTE . RGBT . R R R e
WGP AT
1.4 HKMEENE

TERXY 1, 7. 14, 21, 28, 35, 42 HAHT,
PERTAR EOAR RIS, 0 R RS AR
1.5 #@mX&E

£ 42 d MRFRIRI A5, 258 12 h,

PEASA AR (AR TR, B AL PR Y 8 A4~
T PREALERE | RN, BE4A 8 MEYE
E,%mmmﬁﬁﬁﬁ 7 R EIE e, BRI
BT 4 °C WMUKFb, DUE G AR T8 BAk 2
BLA3 BUAA AR RE RN A Ak I R A5 A DGR R 1 A
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W 7RIS 21 d B, WAL ERZR 8 A~
EHRREPLERE 1| RN, UL EIRME TR EE
W 25 A7 T80 °C 25 Hl.
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Table 2 Primers sequence of target genes

WA AR K YR FREIE my, TR R

(/\—Q 3)
R B (Yo)=[F5 B I B 12 (my)—2% & J5 B 3 (my) /788,
HIHE & ()< 100 (3)

1.8 BRI EHLERRINIE

U AILZH 2R i e BR g ot i J A ) T AR AF
S T B A A Tl ) 6 150 U 5 A N e AR A ) 1L
AL i (total superoxide dismutase , T-SOD, ¥R |
N % (malonaldehyde , MDA , A/ [ LY 2 iR 2%
SR EET) (total antioxidant capacity, T-AOC,
Fe™ it J5ik) . 1t &k A i (catalase, CAT, %HMR
B S .

1.9 BuAInEHERERIENE
FRBGRI Y L RNA J5 TR 5%,
1o it PCR, HARSBRINT HH@HIL
L TRIzol AR 21K, FREEHSIH RNAL 7
JEIGREEIE RNA W E (OGRS 260 nm/280 nm),
H34i& PrimeScript'™ RT reagent Kit with gDNA
Eraser 7| & (TaKaRa 72\ w))id B 45X 402 A iy
RNA #E47FR DNA MISES 5k, 135 cDNA. it
Primer Premier 5.0 {5140, 51975 L&
2, f#H TB Green Premix Ex Taq II (TaKaRa 2 A])
17 Quantitative Real-time PCR JZ ) » 2 W 14K Z %
120 pLARZFEA T, SOV 2544 : 95 °C 2 min; 95 °C
55, 60 °C 30 s, 40 PMEH. LI B-WlshiEH%EEN
(B-actin) NS LN, A 2 kg R A
G3HTe FEHG WIS S R8RSR E D, BRI 2,

Target genes Accession No.

Forward primers (5'—3")

Reverse primers (5'—3)

HO-1 NM_205344 GGTCCCGAATGAATGCCCTTG ACCGTTCTCCTGGCTCTTGG

CAT NM_001031215.1 CGTTGGCGGTAGGAGTC CCAGTGGTCAAGGCATCT

SOD-1 NM_205064.1 TTGTCTGATGGAGATCATGGCTT GCATGTTCCCATACATCGATTCC
Nrf2 NM_205117.1 GATGTCACCCTGCCCTTAG CTGCCACCATGTTATTCC

GPx-1 NM_001277853.1 CGCTACAGCCGCCACTT TTCGGAGAATCCCACAACG

SOD-2 NM_204211.1 CAGATAGCAGCCTGTGCAAATCA GGCAGTGGGACAGGTTGAAG

Keapl KU321503.1 GTACCAGATCGACAGCGTGG C TGCTTGCCTTCAGGATTAAAGTGAG

<l actamicro@im.ac.cn, & 010-64807516



WRSENE 45 | BUEYEIR, 2024, 642)

521

1.10 S5 #%Rs AR ER N E

WA T, HERIFRE 0.5 ¢ BN
FYIRESL, A 1.5 mL ddH,0, RFGIRSIEE ,
FF 4 °C. 12 000 r/min Z.{> 10 min, H( 1 mL F
B, A 0.2 mL 25% i mR (13 Wi i =
5:1), 1RAT, VOKBHEE 30 min, i UEAREN 1
W eI S RIREHFRE 0.01 g IR
NIR. TR, 5 TRR. ERAS KRR,
FURES 500 pg/mL IUARIER, JHER 1:1, 13,
1:7. 1:49 L, 4350 RE45- 2] 0.250. 0.125. 0.062
F10.001 mg/mL AIFRIEIR, RS ERE (L4
) TR, e 251 . (44 HP-FFAP, FID
R, AN, dEEEE 1 L, ok 10:1, Hf
FEIRLEE 37 °C, Krll #5300 °C, AR IR FE 40 °C,
Freizfr 3 min 5, L 5 °C/min WS EFHEE
180 °C, 7£ 180 °C {54 3 min, FFLA 8 °C/min F+ &
285°C, fFF 10 min, &1 745G HIFRELZL
DA O A, D REARR S, @ X hr
WERCRIVRE St EA T TR AR A0 FLAR R, IRV R
PSR BE IR IR Y 5 i
.11 Sitoth

I KRR F SPSS 21.0 BT /04 o R
FHHA R & 5 2243 #r (one-way analysis of variance,

o

£ w HG =
gzooo-

=

o

2 1000 -

=~ ko

g 0 NEA HEEI

< 1 7 14 21 28 35 42

t/d

1 E6TEEHIFIXRGEKMEES M
Figure 1

one-way ANOVA)FIXS 5 [ (Duncan’s) £ 56 K fff
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standard error of means, SEM){ 7~ ., P<0.05, &
MR EZR, S NA R FE L. FEEMH
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ZH AR ARG 7 35 142 d SEHY R (P<0.05),
B HG AR 21-28, 28-35, 35-42 [t
B4 H 16 5 (P<0.05), LG HIVE &R
35-42 BBy 3 H A
22 EEmAEESIFTIXT AL R RBRA RN
M 3 M, 5 CON dMitL, dmE4A
AR TR ) S 2 P e XS B 52 J5 24 h i 48 h gL
pH {E(P<0.05), &3 H0 45 min, 24 h, 48 h £1.
FEFN 24 h ¥ (P<0.05), FE{IKT 24 h M1 48 h iy
Ji L% BE (P<0.05); LG 20 0 R M L 24 h F
48 h T KHIK(P<0.05), T HG 4L/ FEAEHIL 48 h
KPR (P<0.05); LG 4154 264 1 0 FEAIK
iy L 2% 7 451 2K (P<0.05), HG H LW B 4

(P>0.05).
§ 90 = HG . =
) %
o %
‘s 60 -
el
()
%l) *
S s
> E
<

O =

1-7 7-14 14-2121-2828-3535-42 1-42
Periods (d)

Effects of complex probiotics on growth performance of broilers. CON: The control broilers. LG:

Add a low dose of the probiotic mixture in drinking water. HG: Add a high dose of the probiotic mixture to
drinking water. A: Average weight per broiler. B: Average daily gain of broilers. The same below. *: P<0.05.
Error bar: Represent standard error, with data from eight data duplications.
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Table 3  Effect of complex probiotics on muscle quality of pectoral muscle

Items CON LG HG SEM P-value
45 min pH 5.33 5.36 5.37 0.03 0.874
L 30.22 28.53 28.70 0.92 0.724
a’ 23.42° 28.64° 29.28° 1.04 0.034
b* 26.76 29.71 30.18 0.82 0.185
24h p 476 4.88° 4.90° 0.02 0.012
L 38.06° 28.04° 28.74° 1.23 <0.001
a’ 22.76° 27.99 28.91° 0.94 0.010
b 23.70° 28.53° 30.54° 1.04 0.016
48 h pH 4.72° 4.81° 4.83° 0.02 0.039
L 36.13° 30.48° 27.43° 1.17 0.005
a’ 21.02° 28.28° 30.37° 1.19 0.001
b 29.20 29.62 29.58 0.95 0.981
24 h drip loss (%) 3.18° 2.46° 2.68%® 0.12 0.029
48 h drip loss (%) 5.41° 451° 4.38° 0.18 0.033
Cooking loss (%) 29.72° 32.66° 29.90° 0.43 0.004

The shoulder tags of peers without the same letters indicate significant differences (P<0.05). L”: Brightness; a : Redness; b :

Yellowness.
2.3 & 1 4 B T XS B RILAL A = AL =
X 53 B 52 M)

2 4 %1, 5 CONZHAfI, HG 4H CP.
EE & 5 E3 5 (P<0.05), Ash 7t i ZHAL
(P<0.05). LG 41 CP. EE &R ZEF AL FH
(P>0.05), Ash % FFFIR(P<0.05). LG A
HG 417K 435 CON 44 e TG & 25 5 (P>0.05).
HG 4 CP. EE %= T LG 4(P<0.05),
24 EEmEEHFIX RIS LEEIHIEN

f& 2 AT, LG 4151 HG 40+ T-SOD ., CAT
FAXIF CON 414 _ETHEH(P>0.05); LG 41H1 HG
2 MDA /5T CON 41, HE R AR (P>0.05); LG
ZHATHG 41 T-AOC /K- 2 55 F CON 41(P<0.05).
F 4 BEEERESIFIXIBNLEMIER S BIRN

Table 4 Effects of complex probiotics on
conventional components of thoracic muscle

Groups CON (%) LG (%) HG (%) SEM P-value
Crude protein  90.90°  91.80° 96.40°  0.008 0.009
Ether extract  3.50° 3.70°  430°  0.002 0.048
Moisture 7.39° 7.58°  7.39°  0.009 0.079
Ash 9.16*  6.19° 550  0.006 0.045

The shoulder tags of peers without the same letters indicate
significant differences (P<0.05).
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Figure 2 Effects of complex probiotics on the antioxidant capacity of thoracic muscle. *: P<0.05. Error bar:

Represent standard error, with data from eight data duplications.
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Figure 3 Effects of complex probiotics on the expression levels of antioxidant genes in thoracic muscle. *:
P<0.05. Error bar: Represent standard error, with data from eight data duplications.
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Figure 4 Effects of complex probiotics on short chain fatty acids in cecum. A: Acetic acid. B: Propionic acid.
C: Butyric acid. D: Isobutyric acid. E: Valeric acid. F: Isovaleric acid. *: P<0.05. Error bar: Represent standard

error, with data from eight data duplications.
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1-28 d To &5 . AIXH: LG 415 HG 41X A
AR AERE 22 5 AN 35, U B 4 2B TR AN A
PERE A SZ I A A TE R TR, X5 Yang
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SCORIRESE AL 7E 1-7 d A1 14-28 d XA 4=
KYERE IR 2257, W4 28-42d I H Y
RS, IZE A AR F LR
WA A KA. X5 Sun PRI A R
H—2
3.2 EEmEEHIFIF AN E MR BRA S0
SR, 78 H ARSI 2R AT o A T IR AR
PR AT A ROUCE A Rl BT, TR 3 pH AL
DA€ IR K RE Ty e B A S22 X8 DAY AR 11
PIEhE, e T LA AL L AR FDL R AR e R
A4k, ST B PR A R AR AR e
L*FRE AR, a* EE RPN AL E W
B, b* EEAHALAAKEAREE, LW, a*
A b*— ke S AL A B €0 O TR o T KA 2R
B LA S A YRR g 1A 6P,
Mohammed 2K KA INZE ARG, A
ASHIIALIAL a* . b* ¥ Tt E, FKEe B3
BE. AT, LG 4 HG HE & ik
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Yireddm 24 h B ILPY €8 5% pH, AR ZEE
KB, SeENLR T s LA (K RE
X5 ET AR S R —5, pH M E T REEH T
B g A DR HE LR A P, REARAILIA) LR &
i, AL pH 3EI.
3.3 A 1 5 B0 3T AN R R A =R
A

A5 A B AT 3 A R XS T AL T BE AT g
IR | AR G e ] 10 R B i XS A T R B . R A
AR AR AR AL, B H R Hh R BRI 4
o A AR L SRR | P U R AN A
NEWTR SR E IR T, ek PAXS I AL, 2t
RHGFFREST Ahiwe ZEPWF o £ B, S5 xR
UAHEL, WInas A RS 42 RAHLE (U AL
RO REEAL, A 4E EE a2 AN,
Zaghari ZEPUFGE RN, R EZE AR R AE a1
VAT I A A T RE L A EEL, I E
A, PR IR R E SRR, B AT s AR & 1R
MR AT, Wang P58 LB, AR R
T R B RE 1 = [ i U G 2 o H S — g
KA R B W R R, A i ARDRk b g i F
[l T ERIR TR RE BB I IETE S . B9 E &
B B AR, DT S A A A T A R
P G 5 B UUREL 2 11 ORI 195 (400 T o A
S5 ER  EOK HR S IN A A 25 A8 TR R R AR A
AL CP. EE & & &4 5, ash T HEFEAL,
X5 H I 25 AR o HE I AR 56 5 | Ak
b2 B4 38 0 i D R AT BB R 2 A o A T R IS
2 XS TE R, B0 3 TR AR R T D i
PRI X 35 SR o R AL
34 EEm4EESIFIXMAIMELENN
A

TEB @SR R, A G 3R AR fin
SRR 58 N 0 5 235 | R AN - Rk B 2 1
WEHEHR R T 25 A4 RS = & &P e LR Sy 7 TH

PV TENE o S U= A8 S AL A e b 2z (Rl 4k
T RAS, TEAR N AT 7™ A 2 i 1 4
(reactive oxygen species, ROS), DA% H H LA
B E B PR AEAE . R ROS KR IRHL
RE AT, & DNA S gE k. Hit,
P A RE T30 4 R S AR R Ay f BRR B
PN TSR 20 L N 22 AN AT T R o AR A T Y
L) Z— A R BTEARS AR A
PR bR AR BN 3 AR T o R TR A
(superoxide dismutase, SOD)_I T A AL 15 PE |
T A ROS 11 LSV 45 W 38 i A= Pt
Prab IR e, R RPTE L ERPY, Mohsin
LDV R BUAE HAR TP N 2545 I AT SOD-1
1 CAT 1) mRNA KRG, #& i A b BaE 1
Qiu ZEVP oY BRI R A A 25 AR B 1 A T4 26 R
HPTEALRE 5%, i+ T-AOC. T-SOD i
PEHEIN, MDA SR EEL. Ak, Zaaek
I ML CAT. T-SOD. T-AOC [
AR, X MDA 18 & JCB B 2 .
SR S DR SRy iz a3 vh 52 G g 2R RO 4 R A RS BT
AALIA —E MRCR, ATReR LIS PE AR 2
FEH MDA R TFREAWIE . X Qiu P
AR, TR S RSB T . W& AR
At A AR BN A2 G i 2B T 55 A s
AKX,
3.5 A 13 4 I R AL S B E R
N opAl

TEHEAE TR, K2 EE YA A R IR 0 i
BiAE, 3 anikE A A B AL B (SOD) . 45 Bk TH Akt
A ALY (glutathione peroxidase, GSH-Px). 4t
H KA )5t (glutathione reductase, GR); AEREHT
EALBEE, A4S B H K (glutathione, GSH) . #ii
2 iA 7 A (thioredoxin, Trx). 443 C MgiE &R
Wi E, BERGRMY H B %2 A0,
Nrf2 3 AT DL 3 5 S Ak i Dt 38 428 0 15 MLAR T
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AT KPR LR s, HE5E SOD AH¢
B R IRIKOE, DT 4 Jim 240 i %o 4 £ 7 38 1)
PUPER, SOD J&B Ik A M5 E 1) EEHi AL
filg, AR AR 7 8 o B0 Ak SO A Ak
F, BEWT A B BB A, dERAALACSE A RIS
FALI BB, Gong 2R gL H], fRME 25
A= B R ARG 1T GSH-Px 85 , IFIE CAT #1 SOD
TR . IR R R, oK EINE &1
A BB 4R = XS g L Keapl, SOD-1. SOD-2
BRI FRBAKE, 5T 3.4 Hhigsm xS KLt
AAbe R —3k.
3.6 BEA&mHEEGIFIE A TEAE RS
Jo B i U R A2 i T DR AT R Y T B e
PR, TR R R E B R R YR, TR
KB s: H TR 50%. FHLREwSs m 2 i
BRORN, BRILZ A, FEE R IR B R
i pH EMIER, BEUEA ISR E NI
FORR A, B IE S SRR AR
B, K AR IR o Y 5 i 2 TR R g
PR IE O . NIRRT R & &, BN
(A A5 35 TR IR A B A #a#4. Wang 2%
PR 45 A= P 2 4 v B 2 T R RO R e R R
AR, HIAMHSmETh 2R, T
fig S IE A5G . Oladokun 25 ™o R, 2
AT BT A e i I T R AN S IR R o
WY 2, AT e 4 A D7 RV BE 5 1 1 TR R
FEA G, FLFFRBOAE N E PR, ZFAATE
BEIA g 2 38 3 B T, 7E I 38 N G € BB o Duan
LIRS R R, TRRR AL iE L
RN T TR S5 SRR i e & b Y e X I T
PRM A= A TR v 2% iE pH, oG5
TEAEYIRET, DI S 25 4 vy M 8 i P U PR
o XA MRS, AR A 25 2 TR
A E S BRI R O, (HEE AR
AR R IR R, SR

Bk

B kD
&
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ok 4 M 3 TR AR S R T () e R AR, A TRk
gﬂ}ﬁﬂi%o

4 Hik

POKH IS NS A g A T 700 AT 38 2o 3 5 il
BT BB KRk, S m M Ak Be T,
DA B & 5 P 1 e B0 IR T e 5 T s PRI X A
PERERIMLIA AL . IF H., HG 4l a9 AR &Ik
hF LG 4.
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