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Effect of gingerol and thymol on the small intestinal morphology
and barrier function of white feather broilers

YIN Lili, WU Jianmin, CHEN Lu,ZHAO Wenxuan, WANG Jing" ,ZHU Weiyun

(College of Animal Science and Technology/National Center for International Research on Animal Gut Nutrition

Nanjing Agricultural University, Nanjing 210095, China)

Abstract ;[ Objectives ] The study investigated the effects of dietary supplementation with gingerol , thymol and their combination on
small intestinal morphology ,immune function and intestinal barrier of white feather broilers. [ Methods ] A total of 200 1-day-old broilers
were randomly divided into four groups with 5 replicates per group and 10 chickens per replicate as followings:the control group( Con
group , basal diet) ,the gingerol group( Gin group,basal diet+60 mg-kg™ gingerol) , the thymol group( Thy group,basal diet+30 mg-kg™'
thymol ) and the gingerol +thymol group ( Gin+Thy group, basal diet+30 mg-kg™" gingerol+15 mg-kg™ thymol). On day 42 of the
experimental period ,the jejunum and ileum of broilers were collected to make sections and observed ,and the mucosa of the jejunum and
ileum were taken to determine the immunoglobulin content, cytokine content, antioxidant enzyme activities, tight junctions and
antioxidant-related gene expression. [ Results ] The ileal villus height( VH ) trended to increase( P=0.063) and the ratio of villus height/
crypt depth('V/C)significantly increased ( P<0.05) in Gin+Thy group compared with those in Con group. The secretory immunoglobulin
A(sIgA) content in jejunal and ileal mucosa significantly increased ( P<0.05) ,while the interleukin-6(1L-6) and interferon-y( IFN-y)
content in jejunal mucosa,and the IL-6 and interleukin-18 (IL-1B ) content in ileal mucosa significantly decreased (P<0.05)in Gin+Thy
group compared with those in Con group. Total antioxidant capacity(T-AOC)and glutathione peroxidase ( GSH-Px ) activities in jejunal
and ileal mucosa in Gin+Thy group significantly increased compared with Con group (P<0.05). The Gin+Thy group had a higher
mRNA relative expression of nuclear factor E2-related factor 2( Nif2) , heme oxygenase 1( HO-1) ,glutathione peroxidase ( GPX4) in
jejunal mucosa,and a higher mRNA relative expression of Nrf2,superoxide dismutase 1(SODI)and GPX4 in ileal mucosa than those in

Con group( P<0.05). The mRNA relative expression level of Occludin in jejunal and ileal mucosa significantly increased in Gin+Thy
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group compared with Con group( P<0.05). [ Conclusions ] Dietary supplementation with the gingerol and thymol combination improved
the antioxidant capacity and immune function,and enhanced intestinal health by improving intestinal morphology and intestinal barrier
of broilers.
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Table 1 Composition and nutrient levels of basal diets( air-dry basis) %
HRZL AL 1~21 A 22~42 A% BIKY 1~21 A 22~42 Hi
Diet composition 1 to 21 days of age 22 to 42 days of age Nutrient levels 1 to 21 days of age 22 to 42 days of age

FK Comn 52.40 60.75 fRifE Metabolizable energy2 13.40 13.75
G Soybean meal 24.00 11.90 MAEHTE Crude protein 23.38 20.59
T KK Corn protein meal 6.00 9.00 MGG Ether extract 6.26 7.69
FEH Feather meal 8.00 7.00 45 Ca L1 1.08
23 Soybean oil 4.22 5.50 JEAERBE Non-phytate phosphorus 0.49 0.51
L-TEE M [-Met 0.14 0.10 FZ Met 0.50 0.4
LT8R L-Lys 0.18 0.50 B R+ AR Met+Cys 0.85 0.75
IR Threonine 0.06 0.20 AR Lys 1.10 1.11
5/ Tryptophan 0.00 0.05 A Thr 0.79 0.80
BEE NaCl 0.35 0.35 R Try 0.22 0.21
RRAAS CaHPO, 2.00 2.00

£ 4} Limestone 1.65 1.65

A} Premix! 1.00 1.00

TR 1) FOIRR R BT SRR AL 42 R A 12 000 TU; 4642 D43 000 TU;4E2E R E 20 1U 484 K Ky 1.3 mg; 484K B, 2.2 mg; 4825 K B, 8 mg; 4L K B,
4 mg; JE4EFK B, 0.013 mg; MR 40 mg; SALNEGH 400 mg; 12 RS 10 mg; MR 1 mg; LR 0.04 me; BE (HH BRI BREL 1) 80 mg; 4 ( AR AR I #2 1%)
7.5 mg; BE( HBRRREHR L) 65 mg; 5 ( HBREREEHEME) 110 me; Bl ( pHBRBREGAR AL ) 1.1 mg; B Hh EAGERENEZAL) 0.3 mg, 2)FRIRESAL N MJ'kg_lo

Note: 1) Premix provided per kg of diet:vitamin A 12 000 U ;vitamin D53 000 IU;vitamin E 20 IU;vitamin K5 1.3 mg;vitamin B, 2.2 mg;vitamin B, 8 mg;vitamin

B4 mg;vitamin B, 0.013 mg;niacin 40 mg;choline chloride 400 mg;calcium pantothenate 10 mg;folic acid 1 mg;biotin 0.04 mg;Fe(from ferrous sulfate)
80 mg; Cu(from copper sulfate)7.5 mg;Zn( from zinc sulfate)65 mg;Mn (from manganese sulfate) 110 mg;1(from calcium iodate) 1.1 mg;Se (from sodium
selenite)0.3 mg. 2) Metabolic energy is MJ+kg™'.
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AR IS 42 RAGADEE R 1 RIEETIXEE P RE MG, RS2 12 h( ] A RR0K) 5T
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FHIC T 238 R B Bz B RS B R T 2 mL TCR 7R A, R T A P AR AR ; 5 Y ERZS 1 i [l i
HEAL 1~2 em B9l B, FHAEBRER K vh e T35 T 4% 2 MR € 24 h D) |
1.5 WEERRFZE
1.5.1 /NAFEASEEH K1 e b 09 2 I Al i 230 b 22 K A S a3 U R s O3 R R -2 e
0, LS AR X e 0 U0 7 E AT URER FA IR i FH Tmage-Pro Plus 6.0 FC2EIN 45 6 5 Fl R ss R 1
THA L E = B S R s TR B Y LA
1.5.2 /MEFERSMEEE REL0.2 ¢ WM EBIAEEFAL S, 5 4 CHR A B KL 1:9( i/ 1k
T ML BITE AR S R A3 R )5 T 4 °C .4 000 - min™' 2.0 10 min, BU 3G WARAE T B B .08 i
D A ELISA 2500 S A ) A4S 2 i 1 ] B 85 5 9 8 (MDA 15 12 BT 8L RE 71 ( T-A0C) DL & Bt
AL AL (T-SOD) R e H Rk S AL G ( GSH-Px) G M . EARHAE A5 Bt BE BRI B 3017 i3 &
F RS L ) TR
1.5.3 /NMFFHBERERKEGMEMEFRE 0.2 ¢ MBI AEIEEES , 5 4 C Tl A BEL K H%
1:9 W HBITEKIB ST 210 SR T 4 °C 4 000 remin~ .0 10 min, BE S RARAE T I0H B0 & P R
W, SR PRI G2 170 & (0 I A R A BR A 1) I U e 00 125 0 225 i AR [ i 28 v 3 76
BPEBRET A A (slgA ) VB LA 25 g Fn [l A 28 S v 1 i A 26 18 (TL-18) 4/ 2 6 (1L-6) . A/
2 10(1L-10) JEIRFEN T o (TNF-o0) FITHEER y(IFN-y) BUHE . BARERA D BRG] 5 04T
1.5.4 NEFREBEZBEBEMREUEXERRIE ] Trizol i ( B T IHMEPEAE PR A A FRAF)
A3 SR ECZS fi 1 B 5P 59 8 RNA L, I Nanodrop ND=2000 43566 B H- ( Z8R G R BHE A BR A 7))
M2 RNA RBERIAERE . AT A AR ER) RNA A8 2 (7] — 7K S BE )5 8] HiSeript® T All-in-one RT Super
Mix for qPCR S % siatRl & (Fa vt MERE AR BB I A PR A BD ) ¥4 RNA 3% 5 cDNA |, & T-80 C ¢
f£., 28 ChamQ SYBR qPCR Master Mix 370 £ U FH 15 ( g 5t i MERE A W RHE e A5 BR A 7)) #E4T qPCR
SR Z B EC ], F QuanStudio7 Flex 9¢ )65 i PCR AX ( & N AW R Ge /8 7)) 47266 5E i PCR X
i, ¥EHH B-actin fE RS IEA A 272 ) 358 B 3E B mRNA MAXE R R ) 51935 LA T
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Table 2 Primer sequences for RT-qPCR analysis

FEH Ik Ravs2 ]l TR bp B

Gene Primer pairs sequence(5'—3") Amplicon size GenBank number
B-actin CCAGCCATGTATGTAGCCATCCAG/GGTAACACCATCACCAGAGTCCATC 93 NM_205518.1
Z0-1 CTTCAGGTGTTTCTCTTCCTCCTC/CTGTGGTTTCATGGCTGGATC 131 XM_015278981.2
Occludin CGTCATGCTCATCGCCTCCATC/TTGAGGTAGGTGCTGCCGTAGG 126 NM 205128.1
Claudin-1 GACCAGGTGAAGAAGATGCGGATG/CGAGCCACTCTGTTGCCATACC 107 NM_001013611.2
Nif2 GGGACGGTGACACAGGAACAAC/TCCACAGCGGGAAATCAGAAAGATC 93 NM_205117.1
NQOI CGAGTGCTTTGTCTACGAGATGGAG/AGGTCAGCCGCTTCAATCTTCTTC 102 NM_001277620.1
HO-1 GGTCCCGAATGAATGCCCTTGAG/TGACCGTTCTCCTGGCTCTTGG 139 NM_205344.1
GPX4 GCTGTGGAAGTGGCTGAAGGAG/TTGGCCCTCACGGTTGATAAGAAAC 100 NM_001346448.1
SODI1 GGTCATCCACTTCCAGCAGCAG/AAGCCATGATCTCCATCAGACAAGC 84 NM_205064.1

2 B-actin .S~ E LA Beta actin gene; Z0-1: F8/NEFEF 1 £ Zonula occludens-1 gene ; Occludin ; F14 8 LK Occludin gene;
Claudin-1: A HEH 1 #£HF Claudin-1 gene; Nif2 : B FF E2 H5&H T 2 3£ Nuclear factor erythroid-2 related factor 2 gene ; NQOI : i %
& AL R NADPH quinine oxidoreductase 1 gene; HO-1 : Il L2 N4 1 ZEF Heme oxygenase 1 gene; GPX4: 4t H Bt AL Wy s
[ Glutathione peroxidase 4 gene;SODI ; ¥ AL AL 1 F&A Superoxide dismutase 1 gene.

1.6 ¥EZiIt 5
IR K E FH Excel 2019 BAFALB] 32 FH SPSS 26.0 it #4047 5K 2 5 22 50 H1 ( one-way ANOVA) |
A Duncan’s #1728 i, 455 DI E AR EIR TR

2 HBR5HH

21 ZEf BEEMRHEASRG/NNFESHFIN
H122 3 FIE 1 AT 5 Con 4L Gin ZHAH G, Gin+Thy 20 M7 28 K b B 482 25 ( P<0.05) , Gin+Thy 41
1 Thy 2H 91179576 = BEFN Con 4LAH LA B INBTE S (P=0.063) . 4 AL HRL 28 L A 45 0 T .35 22 5+
(P>0.05),
*3 ZH BEFMREASIAB/MNIEESHF N
Table 3 Effects of gingerol,thymol and their combination on the small intestinal morphology of broilers

iH Xt HE 4 Epd HEFBHY EZHA FrifEiR PE
Ttem Con group Gin group Thy group Gin+Thy group SE P-value
%% Jejunum
S4B E I/ um Villus height 1451.12 1458.17 1 462.68 1 461.88 10.24 0.982
Fss R E/um- Crypt depth 138.11 132.27 133.58 132.34 1.22 0.300
YB T RE/ Ba B TR BE Villus height/ Crypt depth 10.52 11.04 10.97 11.04 0.15 0.568
a7 Nleum
S BEE/ wm Villus height 798.71 912.48 1 040.68 1 018.30 36.86 0.063
B BT EREE/m Crypt depth 101.13 104.17 102.31 86.00 3.06 0.128
ST/ BsER Y Villus height/ Crypt depth 7.93¢ 8.82" 10.38% 11.88* 0.48 0.007

VE: 1) AR 7k oR Ab P 7] 22 53 1.3 (P<0.05) , Different letters mean significant difference in different treatments ( P<0.05). 2) Con:
Control ; Gin ; Gingerol ; Thy : Thymol. T[] The same below.

XL e TR ZHA
Con group Gin group Thy group Gin+Thy group

1 BREAB=FMOBART A

Fig.1 Jejunal and ileal tissue sections of broilers in each group
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22 ZEB AEEMARHEAAXABMNIFERZXESFHERE T2
HFE4TH .5 Con HH Gin ZHAH L , Gin+Thy 2H =5 iy A 0] i 8 i v slgA SR ERS (P<0.05),
55 Con UMY, 25 AR 1L-6 Il IFN-y (4 fE4E Gin 41, Thy 1A Gin+Thy 21 i & [ MK (P<0.05) , [A]
AN T IL-6 1 IL-1B (45 FE7E Thy ZHF1 Gin+Thy 20t i &K (P<0.05) , Thy 201 Gin+Thy 2 [l 5 b
i IFN-y 75 A R A3 (P=0.054)
*4 ZB BEFBREASMAGMNIFRERERESNEREFSENZM
Table 4 Effects of gingerol,thymol and their combination on immunoglobulin and cytokines contents

in the small intestinal mucosa of broilers

WiH X HEZH Zdl HEEHA EAEE FrifEDR P1E
Ttem Con group Gin group Thy group Gin+Thy group SE P-value
25 Jejunum
sTgA #48/ (pg-mg™! ) slgA content 0.89" 0.96" 1.o1* 1.15° 0.03 0.042
IL-6 %1/ (pg-mg™' ) IL-6 content 17.19° 15.25" 15.08" 13.82° 0.39 0.011
IL-10 54/ (pg-mg™' ) TL-10 content 31.02 27.82 32.33 33.75 1.13 0.302
IL-1B8 &/ (pg-mg™' ) IL-1B content 331.67 292.08 278.65 281.05 9.15 0.137
TNF-a ¥4/ (pg-mg™' ) TNF-a content 41.81 38.08 36.33 35.35 1.26 0.294
IFN-y &/ (pg-mg ™' ) IFN-y content 41.84* 34.87° 35.00" 32.96" 1.25 0.048
[8l i Tleum
sTgA 4/ (pg-mg™" ) sIgA content 1.05" 1.09" 112 1.23¢ 0.02 0.037
IL-6 &/ (pg-mg™" ) IL-6 content 19.64* 16.23% 15.07" 14.28" 0.71 0.023
IL-10 %4t/ (pg-mg™' ) TL-10 content 28.78 26.95 28.19 31.40 0.71 0.152
IL-1B8 &/ (pg-mg™' ) IL-1B content 351.57¢ 296.46% 285.72P 277.24" 10.80 0.049
TNF-a ¥4/ (pg-mg™' ) TNF-a content 37.71 34.09 32.46 32.90 1.00 0.245
IFN-y £ 4/ (pg-mg™' ) IFN-y content 43.64 36.01 34.26 33.53 1.51 0.054

T e sTgA oI PE G BEEREE H A Secretory immunoglobulin A ;1L-6: FH4IAEA % 6 Interleukin-6;1L-10; FH 41153 10 Interleukin-10;1L-18
EE P 1B Interleukin-1B; TNF-o;: I8 SRSE K F o Tumor necrosis factor—a;IFN—'y;q:?jE% v Interferon-y.

23 ZB REEHMARHEAAXAB/MNIFHERSLESEENRIE
H15% 5 A[ %0 . Gin+Thy 4123 I B5E T-AOC I GSH-Px 6 1 i 2 25 T Con 411 Gin 41 ( P<0.05) ; Gin+
Thy 20117 T-AOC BE & T Con 41, Gin 41 Thy 01 Gin+Thy 20 [91 % GSH-Px 3% 7 i 35 % T Con 41 ( P<
0.05)
x5 ZB BEEBREASNAG/NNGRERSLEEE R
Table 5 Effects of gingerol,thymol and their combination on antioxidant enzyme activity

in the small intestinal mucosa of broilers

WH X REH Ll HEREFHA Zad FrifE iR P1H
Ttem Con group Gin group Thy group Gin+Thy group SE P-value
2 Jejunum
T-AOC/(U-mg™") 9.31" 9.48" 11.22% 12.04* 0.43 0.048
T-SOD &P/ (U-mg™ ) T-SOD activity 91.00 99.89 101.15 100.85 1.97 0.211
GSH-Px 71t/ (U-mg™" ) GSH-Px activity 282.21" 280.59" 326.63% 352.40° 10.17 0.015
MDA &4t/ (nmol -mg™! ) MDA content 0.84 0.77 0.63 0.54 0.07 0.293
[al i Tleum
T-AOC/(U-mg™") 0.94" 1.20% 1.07% 1.37° 0.06 0.043
T-SOD %/ (U-mg™") T-SOD activity 74.93 75.79 78.67 84.56 1.92 0.294
GSH-Px {1/ (U-mg™" ) GSH-Px activity 210.96" 254.90° 268.00° 291.27° 8.83 0.003
MDA 53t/ (nmol -mg™ ) MDA content 0.90 0.76 0.63 0.59 0.05 0.147

3. T-AOC ;. B PiEALHE 1 Total anti-oxidant capacity ; T-SOD ; MR SAAL Y AL Total-superoxide dismutase ; GSH-Px; e H Mk A AL D i
Glutathione peroxidase ; MDA : i3 Malondialdehyde.

24 Zf BEEMRHEASGWABNNIFELEUEXERRIEZNZMN

HH &l 2 W1 Gin+Thy 2H25 I R Nif2 mRNA AIXS 3Rk 5 12 355 T Con 41 Gin 4, =5 I R IR
HO-1 mRNA FIX} ik B 25 T Con 41 Thy 4, 254 ZE K AU GPX4 mRNA A XA H B2 5 T Con
20 Gin 41F1 Thy 2 ( P<0.05) ; Thy 201 Gin+Thy 2 [FIAEGER) Nrf2 mRNA FHXT 55 8 1 25 5 T Con 41
Gin 41, Gin+Thy 41 [FI 75 B0 SODI Al GPX4 mRNA AHXS A5 8 3 5 T Con 4. Gin 44 M1 Thy 4 (P<
0.05) . 4 AMbHH 23 ZE AN B R A Y NQOT mRNA AR5 R0 B #25 (P>0.05) .
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i 2
X g
® 5
<
S e
3 2
4
& 0
Nif2  HO-I NQOI SODI  GPX4 Nif2  HO-I NQOI SODI  GPX4
L Gene FEH Gene

O Con; O Gin; @ Thy; M Gin+Thy

2 EZf BEEBRREASHAGNNIFHERSUEXERRIEHFM
Fig. 2 Effects of gingerol,thymol and their combination on expression of antioxidant related genes

in the small intestinal mucosa of broilers
25 ZEf AEEMEAHEAGNABNMNIFEZZEZREXERRIENZMN
FIE 3 AT 0. 5 Con 4HAH EL, Gin+Thy 2H 25 i A1 [0 25 B ) Occludin mRNA A X ik B F &
(P<0.05) , 7 H. Gin+Thy 2H [0 A 5B H Y Occludin mRNA AR 26355 B 25 T Gin ZHA1 Thy 20 (P<0.05) ,
4 D AEPRLE 23 i B RN 1] i B KA Z0-1 F1 Claudin-1 mRNA AR FA R T B #5225 (P>0.05) .

201 25 [ Jejunum

mRNAAIFF Ik

mRNA relative expression

Z0-1 Occludin Claudin-1 Z0-1 Occludin Claudin-1
A Gene A Gene

[ Con; [ Gin; @ Thy; M Gin+Thy
B3 ZH BEFHREAESXAG/NNIFHEZEZEREXERREHIZME
Fig. 3 Effects of gingerol,thymol and their combination on expression of tight junction related genes

in the small intestinal mucosa of broilers
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