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Effects of Probiotics on Antioxidant Biochemical Parameters and Antioxidant Enzymes
in the Blood, Intestinal Mucosal Tissues and Liver of Broiler Chicks under
High Ambient Temperature Conditions
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ABSTRACT Four-d-old broiler chicks were randomly assigned to 3 groups with 9 replicates (8 birds/cage) under high ambient
temperature; birds fed a basal diet (CON), a basal diet supplemented with 0.25% of probiotic complex (LPB, 1 x 10°
Lactobacillus plantarum, 1 x 10° Bacillus subtilis, and 1 x 10° Saccharomyces cerevisiae) and 0.5% probiotic complex (HPB).
Immediately after 28-d feeding trial, 6 birds having average body weight per group were sacrificed for evaluating the effects
of probiotics on antioxidant parameters in the serum, intestine, and liver of birds. As results, serum biochemical parameters
of nitrogen components including total protein, albumin, urea nitrogen, and glutathione were unaffected by dietary probiotics.
In addition, serum superoxide dismutase (SOD), glutathione peroxidase (GPX), and glutathione S-transferase (GST) activities,
and lipid peroxidation (MDA) were not changed by dietary probiotic supplement in birds. In the intestinal mucosa, SOD
activity in the HPB group significantly (P<0.05) increased compared with that in the CON and the LPB groups. Lipid
peroxidation in the HPB group significantly (P<0.05) decreased compared with that in the CON group. However, there was
no statistical difference in GPX, and GST activities in the intestinal mucosa among treatment groups. In the liver, the activities
of SOD, GPX, and GST, and the level of MDA were unaffected by probiotic supplement. In conclusion, 0.5% of probiotics
significantly increased SOD activity and decreased lipid peroxidation in the intestinal mucosa, suggesting that probiotic
complex could be potential to improve the small intestinal antioxidant capacity of bird under high ambient temperature
conditions.

(Key words: broiler, probiotics, high ambient temperature, antioxidant enzymes, lipid peroxidation)
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Table 1. Chemical composition of basal diet for broiler chicks
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Items Starter Grower Finisher
Energy and nutrient level
MEn (kcal/kg) 3.10 3.15 3.20
Crude protein (%) 22.00 20.00 18.50
Calcium (%) 0.80 0.75 0.70
Phosphorus (%) 1.00 0.90 0.90
Methionine (%) 0.70 0.65 0.60

' Provided per kilogram of diet: vitamin A, 10,000,000 IU; vitamin Ds, 2,000,000 IU; vitamin E, 30,000 IU; vitamin K3, 1,500 mg;
vitamin B;, 2,000 mg; vitamin B,, 7,500 mg; vitamin Bg, 3,000 mg; vitamin Bj,, 20 mg; niacin, 50,000 mg; pantothen, 10,000 mg;
folic acid, 1,000 mg; biotin, 50 mg; FeSO, + 7H,O, 70,000 mg; CuSOs, 250 mg, CuSO;, * H,O, 24,000 mg; MnSO, - H,O, 70,000 mg;

ZnS0; + H,0, 50,000 mg; Ca(I0s), - HO, 800 mg; Na,SeO; -
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Table 2. Effect of probiotic complex supplement on body weight and the relative organ weights of broiler chickens

em Treatment' Significance’
CON LPB HPB (P-value)
Body weight at 32-d° (g/bird) 2,362.00+31.79 2,309.33+30.63 2,341.67+70.65 0.25
Liver (/100 g BW) 1.87+0.38 1.79+0.13 1.75+0.11 0.68
Small intestinal mucosa (g/100 g BW) 0.72+0.18" 0.94+0.16" 0.75+0.13® 0.02
Pancreas (g/100 g BW) 0.17+0.01 0.18+0.03 0.16+0.02 0.41

Values indicate meantSD (n=6).

"CON (basal diet), LPB (basal diet supplemented with 0.25% of probiotic complex; L. plantarum, 1 x 10°, B. subtilis 1 x 10,
and Saccharomyces cerevisiae 1 x 10°) and HPB (basal diet supplemented with 0.5% of probiotic complex; L. plantarum, 1 x 105,

B. subtilis 1 x 10°, and Saccharomyces cerevisiae 1 x 106).

% Significance (P-value) indicated the treatment P-value of ANOVA.

3Body weight of broiler chicks for harvesting tissue samples.

Table 3. Effect of probiotic complex supplement on serum antioxidant biochemical parameters of broiler chickens

Tem Treatment' Significance®
CON LPB HPB (P-value)
Total protein (g/dL) 2.53+0.48 2.40+0.28 2.60+0.43 0.69
Albumin (g/dL) 0.77+0.12 0.77+0.12 0.82+0.13 0.73
BUN (mg/dL) 0.53+0.12 0.60+0.36 0.51+0.11 0.75
Glutathione (mg/mL) 1.9840.11 2.01+0.16 2.10+0.11 0.30

Values indicate mean+SD (n=6).

"CON (basal diet), LPB (basal diet supplemented with 0.25% of probiotic complex; L. plantarum, 1 x 10° B. subtilis 1 x 10°,
and Saccharomyces cerevisiae 1 x 10°) and HPB (basal diet supplemented with 0.5% of probiotic complex; L. plantarum, 1 x

10°, B. subtilis 1 x 10, and Saccharomyces cerevisiae 1 x 10°).

? Significance (P-value) indicated the treatment P-value of ANOVA.



Seomoon and Jang : Effects of Probiotics on Antioxidant Defense System under High Temperature 113

T A Foid o4 zfeol= gldth
gollol| A gHitsiA| 3}013} = o] TR ©A,
2 HER Fo] BT Hojste 2o g Be st
2Hlof| o] 253t} Park and Kweon(2013)°l 2]35}
7} total protein, albumin®} uric acid 3 22 2
% gatslE el oF 70% olds Bl 583
3t Ao ® HudkIth Albuming Cu O]%
A B B K AL Al P
& JepATti(Halliwell and Gutteridge, 1990). Albumin-
Xﬂ;;{%* 60/\]—51, z}ﬁ. D}Hﬂ;ﬂo];q o} 7 zﬂ-FJ:o] Ulo]. zﬂx]—,]
FrrstE e nAlE 7dEe wi vk dEA Ao
(Wayner et al. 1987). GSHE 2552k Al2H A 2 =4l
or 7449 %ﬂE}o] T2A fEliks, BaksksE, 24 Aiks)
& 5 2 AATE AE E4S R ehe 2 EA]

oA F83k gitalE S JEPAT(Wu et al, 2004).
Aa7HA 9] A s AHEH Wu et al.(2019)= A7
AL plantarum)E 57| ] A g A A9 total protein,
albumin, globulin 5ol & 2|3t Ao|7} §lY&& H sl
2 AT A% W*]’S}M SHH  Gong et al.(2018)
Bacillus A€ ABHAE A < A] albumine 2}e]7}
SO total protein} globuline 57}t tia HuslsiTh
Attia et al.(2022)<> Saccharomyces cerevisiaes Sl F
Al albumin?} globulin x}o]7} §IAA] T, total protein &
7}gtka Bkt Abdel-Monein et al(2020)2 A}
(B. subtilis) 9] A 1FF(10°)A E total protein}
albuming Z7MA7|1ATE 107 FEelME Wt glda
10° ©]7dollAl GSH F<to] S7Fetidtha Hastith Song
et al.(2022)2 synbiotics(L. plantarum + ZHE22] 1)
Al Fol Al o] F st ol G vIXA &
= AR BHusith o] AT AHES T8, A
TA7E o] oA grtst Al @l FAdol m]|
Foe A FF 2 AESE 2 AR IS T
S aQlol g}t FEt zlol7t Sl Aow AdtHr &

ollA Fod HYTA St S SA9] 2 Aa
3

B>

rEOFO‘
lm

A 4> rlo o
IO
19 18 fo
rhi o
i ox o Mo ek

N
o
TS

oM BA o F SA9 2, 28 A R
b 22 ksl g4 A= 2=
A= Fig. 1, 2 2 30 22} e vle} 2} wA do
*] SOD, GPX ¥ GST =t AitAl Folo} Fol 30

2 Ho9 Ffo] glo] RE HelPdlA ¥l FEL
AtkFig. 1A, B, C). 3, @42 A AIIEHMDA) 55
A BE A2)EolA fA1R e Bol A Tl &

o) AQBITEANE 7T FBE IAA e AoR

EI P08 P=0.85
2

CON LPB HPB

P=0.85 @
4

CON LPB HPB ~ con LPB HPB
Fig. 1. The activity of antioxidant enzymes (A: SOD, B: GPX,
and C: GST) and malondialdehyde level (MDA, D) in the
serum of broiler chicks fed a basal diet (CON), a basal diet
supplemented with 0.25% probiotic complex (LPB), and a basal
diet supplemented 0.5% probiotic complex (HPB). P-value
indicates ANOVA P-value of significance.
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Fig. 2. The specific activity of antioxidant enzymes (A: SOD,
B: GPX, and C: GST) and malondialdehyde level (MDA, D) in
the small intestinal mucosa of broiler chicks fed a basal diet
(CON), a basal diet supplemented with 0.25% probiotic
complex (LPB), and a basal diet supplemented 0.5% probiotic
complex (HPB). **Values (MeantSD, n=6) with different
superscripts  differ significantly (P<0.05) among treatments.
P-value indicates ANOVA P-value of significance.
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Fig. 3. The specific activity of antioxidant enzymes (A: SOD,
B: GPX, and C: GST) and malondialdehyde level (MDA, D) in
the liver of broiler chicks fed a basal diet (CON), a basal diet
supplemented with 0.25% probiotic complex (LPB), and a basal
diet supplemented 0.5% probiotic complex (HPB). P-value in-
dicates ANOVA P-value of significance.
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= =t o] dits) Wolakg-o] &4dste} vhdol ik
SA A

05
%
e 4=
ofo
oM. flo
w
5 8

\A

0

(Ergine et al., 2016). Inatomi and Otomaru(2018)+=
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AAAE Fol Al 2% FFAE] ez A4, Al 59
s 2 gl A 220 kst F 5 g AEA
g AT e FHeElth

E3] 12 AN SANA AEA FA Al T 23]
©] SOD®} GPX I ke S7te} A|daitslEo] 7haet &

Alell IL-6, IL-10 5 XHZ Ale] E7R] éo] Hashe 3
© 2 YEPITHKhan et al., 2019). Mohammed et al.(2019)%=
12 AE# oA SAH A AR (Bifidobacterium, L. spp)
wol Al €% GPX A7} S71sele] 2ol mhE 4kshA 2~
EYAE &3t = I35 Hudt] Ogbuagu et al.(2018)
AA] e AEY A SAlNA ATA(Saccharomyces
cerevisiae) 71 Al Ex SOD7} TVl A|ApitslE
(MDA)°| #Aa3t}a B uskich Z12lu Cramer et al.(2018)
& 1e med ol ARAB. subtilis) T A SA] =5
ol gatel A5 S7FIAIN, SOD, GPX9F CAT 27
ToAE Wt glas Hausldch o)of e theket AT
ANE AT 1 ARSI AA goE Tl 43t
71| @3 fAl BE EaEY Aoz Azt
o AtA el ksl 2hg gajolM 7t Adl e O
H=o] o7} Y Ao Ruddrh £ Aol e A
A Fololl wel o, &% 9 Fhol|A] atsl o] EIE =
ARgE A3}, @2 27 At frEe B3t Ve
t}. Bai et al.(2018)> SANAl ABTAN(B. subtilis) 51 Al
2% dez4d A soD9t GPX EA=7F F718la MDA
o] Aashe A Baste] 2 AT Ao fAbskdth
Wu et al.(2019) 97 Z23= ATA (L. plantarum) 5 A
27 AurzAelA CATSE SOD 24 =7t F7hetar A4}
AFSHE(MDA)E 4askslar D3l = GPX+ S7tstaL A

o FEAHoz At 2y SAllA ABEAB.
subtilis) 71 Al A3} 7+ 22| 2% SOD % GPX
9] 57kt MDA} 2H28kithE Ha(Gong et al., 2018)
= 2 AT Aze} Ao|7} UATE Shen et al.(2014) <A
ATAL. plantarum) 1 Al SA] g3 1A 2%
GPX+= Z7Feta A ikslE2 fhaslitia Hasks]
A g7t Al 224 kst B AR dEFs
X E gE gQlow Ao FH9 vEo] fE A
ARl Aoz HAIETY Wang et al.(2020) 7=l
Bacillus < ATAE FFH(107)2 FoI3 23} ugFe
At Folol et o] F gkl o] F7lska MDA
Adol sk 23E Atk B AFAE 0.5% A

&

A el TAMW 2 F 219 G} o] SHo| F
HE AN o ol @ AAS ST I AE s
o =2d stol BN v YEEFe) BEdol 20D

el

7ol olshd At =
e AR, FrE ATl 2 TR 2 AR AR
d, aspr|ae] AtskA 2By Nkg A T Oge &
Eoll oal dFE e o Btk

ojdel A7 A¥e Tk 12 NN SACNA
0.5% o] HHAYTA Fof Al 2% 9 22| sop &
e kel AdItsteE Faskinh webd 0.5%

BgYTA Fole $709 27 4o 229 Pkt wole
& Z7PI7 1erle] 23t 1o PR FB A B
AE WE 5 9g A0E YEh el 2a|BlN &
H 0w st ol IS ekl 5 QU AAle 26
PR, el FF % gl B %A AP 27w

B A3 127 BEFAATAL. plantarum, B. subtilis,
Saccharomyces cerevisiae) 17} SA12] ik} wro] =g
o m)E= PGS A7) Bked tHETH(CON), 0.25% ATt
Al F7H(LPB) % 0.5% ATA| F75(HPB) & 3 Ao
B A%sted g%, 2% AUt 8 3 2AelA kst AxE
X519t 49 Az}, I3 total protein, albumin, blood urea
nitrogen(BUN) 2 glutathione(GSH) <+ & A48}g&E2
Helwt b zkel7b §llTh AolA A ksl ®aA
superoxide dismutase(SOD), glutathione peroxidase(GPX)<}
glutathione S-transferase(GST) % A|ZI}2FSHMDA) A
ATtA Folol mE frelZ ztol7t vk &% Az
oA SOD @A EE 0.5% AATA FoIT(HPB)IA tlZ2a
3} LPBF Ht} 49381(P<0.05) F7ketth &% bz
o] MDA 2 tZTEth HPBwolA dAsH
(P<0.05) a3kt 28y &% A9z GPX$F GST
e ATA Fold M2 Aol AT F 2Fd] &
A&k SOD, GPX, GST A= 9! MDA & AwA] &
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