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Table 1 Composition and nutrient levels of basal diets ( air-dry basis)

%

i H Items

%5 1~14 K Day 1 to 14

%5 15~28 KX Day 15 to 28

JE Bl Ingredients

E>K Corn 35.31
&4k F K Extruded corn 15.00
% 8% 5 H1 Fermented soybean meal 9.00
¥4 Soybean meal

%4t K & Expanded soybean 10.00
) Fish meal 4.00
FLiE#) Dried whey 11.00
K&} Soybean skin 5.00
KE7M Soybean oil 1.20
1fi.3% & 94 Plasma protein powder 3.00
0B White granulated sugar 2.00
ZALJEFE Choline chloride 0.20
1Tk NaCl 0.45
R A %5 CaHPO, 0.62
£ %} Limestone 0.65
L-#i% R L-Lys 0.60

47.55
13.00
8.50
9.00
6.00
4.00
6.00

2.00
0.18
0.45
0.60
0.74
0.54
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i H Items %5 1~14 K Day 1 to 14 %5 15~28 K Day 15 to 28
DL-H %R DL-Met 0.22 0.20
L-J3 2% L-Thr 0.21 0.21
L@ L-Try 0.04 0.03
WiiRAl Premix" 1.50 1.00
4t Total 100.00 100.00
35K Nutrient levels”

THALAE DE/(MI/kg) 14.85 14.71
HEH BT CP 19.20 19.10
£5 Ca 0.68 0.70
MW TP 0.56 0.53
AR AP 0.39 0.34
=R Lys 1.57 1.41
EHER+F AR Met+Cys 0.89 0.81
FhE R Thr 0.97 0.88
{45 MR Try 0.26 0.23

1) RS 1~ 14 KA T 5o M4 AL Premix provided the following per kg of the diet for day 1 to 14; VA 12 400 U,
VD, 2 800 IU, VE 30 TU, VK 5 mg,VB,, 40 pg, VB, 3 mg, VB, 10 mg, flf& nicotinic acid 40 mg, D—-{Z# D-pantothenic acid
15 mg, MR folic acid 1 mg, VB, 8 mg, =¥ & biotin 0.08 mg,Fe (FeSO, - H,0) 120 mg,Cu (CuSO, - 5H,0) 16 mg,Mn
(MnSO, - H,0) 70 mg,Zn (ZnSO, - H,0) 120 mg, I (Cal,0,) 0.7 mg,Se (Na,SeO,) 0.48 mg,

TURRL NS 15~28 K& T Ak #E 4L Premix provided the following per kg of the diet for day 15 to 28: VA 12 400 IU,
VD, 2 800 IU, VE 30 TU, VK 5 mg,VB,, 40 pg, VB, 3 mg, VB, 10 mg, §Hf& nicotinic acid 40 mg, D—{Z % D-pantothenic acid
15 mg, & folic acid 1 mg, VB, 8 mg, 4= % biotin 0.08 mg,Fe (FeSO, - H,0) 90 mg,Cu (CuSO, - 5H,0) 12 mg, Mn
(MnSO, - H,0) 53 mg,Zn (ZnSO, - H,0) 90 mg, I (Cal,O,) 0.53 mg,Se (Na,SeO,) 0.36 mg,

2) 158 {H, Calculated values.
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RIAE) RE N EFERELNERARS BRI BTT,
AT, RIE G W R P AT M R B, 1.7 BRI
RIS EE R, R Ve O 3P PR 1Y 2 kA7 0 i 55 F 4 A Excel 2010 #F 47 % 3 A SPSS
(1 2 1 BF), #F 47 B B % Bk SR i, I W £ 19.0 AT EA K 2 07 2243 H7 (one-way ANOVA) , Jf:
3 500 r/min 4 C &> 10 min, YWEEIME , -80 C L A Duncan K iE#E1T 2 & Heds, 00645 R 1
fEo RIS AT SR BUFIE (AR )  H# Hen iR RN, P<0.05 2R W E,0.05< P<
B EIEC A8 I A i R, —80 CIRAAT 0.100F B E
1.5 HALARHE
W2 01 gl BRI, MA o5kl 2 4 R
0.9% 4= FRER KR 10% 23,4 T 3 500 t/min - 2.1  #4AEIRENY XHF 52 M0 75 S B s AR 1 221

B0 15 min, B 1 WO 58 G T8 Fr . H 2 2 Al 50, S0k 220 Fnt B2 AH 1, WA
1.6 HREIBRNE BB MG TIL-6 S8 08 E T 11.92%

D 3F JHIERZ ERE D SE A M F112.52% (0.05< P<0.10) . 47 $& B 4041 5%
ME-2(IL-2) HAMAFE-6(IL-6) , 1401/ MyE TNF-a & & X A B E R E T 12.13%
F-8(IL-8) MR IRFEH F —a (TNF-a) FIEER  (P<0.05), lLHiAZHIEE T 6.33% (P>0.05) ,
HH A(TgA) SAEKRE A M(IgM) REEREH S RA M L, Hid 22 4R G 32 500 4078 1
G(1gG) FIr BRI IR A 1 A(sIgA) &8, I 15 oG & /0 ) B Z 48 55 T 11.27% M 14.01%
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(P<0.05) MG IERBYH 5P ZHZ M 2Z R A
B3 (P>0.05) , MBI ATIE LT 1gA & &
FEE X REEH AN pe A R AL #2155 1 9.93% F1 4.89%

(0.05<P<0.10), SHitERHFX AL, Hf
1 B2 U LA T 4% LT TL-2  IL-8 I IgM & 9 4

g (H2E S AR E (P>0.05)
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Table 2 Effects of citrus extract on immune indices in serum of piglets

gE| X} B4R bR 4 ML 20 P1A
Items Control group Antibiotic group Citrus extract group P-value
H4I I/ % -2 IL-2/(ng/L) 76.60+3.52 75.81£3.01 79.74+3.73 0.687
404 Z -6 IL-6/(ng/L) 20.52+0.83 20.63+0.90 23.09+0.79 0.060
40 i % -8 IL-8/(ng/L) 367.25+17.64 386.00+22.71 414.00+20.45 0.279
IR RFE A T —a TNF-o/ (ng/L) 191.66+6.05" 202.10£7.49* 214.90+5.43" 0.049
HIEERE I M IgM/ (ug/mL) 37.84+1.64 37.81+2.23 38.68+2.66 0.954
HEERE 1 G IgG/ ( wg/mL) 122.76£2.18° 136.59+2.81° 139.96+4.19° 0.003
HEEFRE 1 A IgA/ (pug/mL) 43.69+1.39 45.79+0.97 48.03£1.54 0.089

FATER B AR C 7 B R P R R R Z R A B3 (P>0.05) , AR FEFRRZES BE (P<0.05), FERM,

In the same row, values with no letter or the same letter superscripts mean no significant difference ( P>0.05) , while with

different letter superscripts mean significant difference ( P<0.05). The same as below.

2.2 HBRE X (FIERTAE R TE bR A 220
2% 3 AT, 50 BE 2 AH EL  REEA R B0 4 A
BrAE R A AT S IE IgM & 2 43 SR T 15.72%
F121.87% (P<0.05) , FH A 45 B0 447 5 I IE TgM
SRRYUERHAEE T 7.86% (P>0.05) , X IR
FEREIFINE 1gG & & 1 35 & T P02k R 24 RATHAR 4 i
Y4 (P<0.05) , M4 2 B 40 A7 48 JH I 1G5 1

Fehid R B E RS T 17.18% ( P<0.05) . ##E
LW 5% AL 36 I IE TgA F il e R
IR T 10.73% 1 13.73% (0.05<P<0.10) , 5
Xof HE AR R A7 12 B4 A A L, T A 2R AL AT A
TNF-o % £ 43 1. & FE K T 13.81% #1 10.67%
(P<0.05) .

R 3 HIBREU X F 5 B AE 52 5 15 4R 0 220

Table 3 Effects of citrus extract on immune indices in liver of piglets

gE| POPiEE:| bR 4 M 40 P1A

Items Control group Antibiotic group Citrus extract group P-value
RIEERE A M IgM/ ( pg/mg prot) 4.07+0.09" 3.18+0.11° 3.43+0.09" <0.001
HAERRE I G IgG/ (pg/mg prot) 16.99+0.37* 13.27+0.58° 15.55+0.44" <0.001
SERRE T A IgA/ (wg/mg prot) 2.65+0.09 2.33+0.08 2.58+0.11 0.056
AR 3R FE N F—a TNF-o/ (ng/g prot) 11.66+0.17* 10.05£0.36" 11.25+0.42° 0.005

2.3 HBREYMFE+ 5B FERE ISR
=AU
% 4 RIAL, 5% B AL Lb , A A7 4 B4 41 A
AR AT+ 8 m R IL-2 1IL-6, IL-8 Fl
slgA ST i ol E 2 % (P>0.05)
2.4 WRBRBYIHFESHREREIEIRE ST
FH % 5 AIAL, 5% B 4L A Lb , A A7 4 B 41 A
oA B AT 23 W B IL-2 Fl IL-6 & 54 32 5

I (0.05<P<0.10) , Ji 2k K AAT 5 25 W Zh
IL-2 Fl IL-6 & &t Lb Al s 42 B 4 o ol 4 s 1
11.52%F1 9.46% (0.05< P<0.10) ., itk ZHITH
2 WG TL-8 & e HE AL 8 35 3 5 ( P<0.05) ,
SR B A 25 5O B3 (P>0.05) , MG
U A3 25 I B T sTgA & e, B0 PR 4
My R W T 19.35% F1 3.22% (0.05 <
P<0.10) ,
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Table 4 Effects of citrus extract on immune indices in duodenum mucosa of piglets

=] o] AR Rt S R 4 PfH
Items Control group Antibiotic group Citrus extract group P-value
H 44 2 -2 IL-2/ (ng/g prot) 28.85+1.19 28.92+1.77 26.86x1.58 0.563
4/ Z -6 IL-6/(ng/g prot) 8.06+0.37 7.84+0.47 7.27+0.28 0.333
4 A/ % -8 IL-8/(ng/g prot) 156.25+6.65 156.07+£9.47 154.92+8.72 0.993
IR PEER B H A sIgA/ ((wg/mg prot) 4.58+0.14 4.25+0.23 4.56x0.25 0.488
*5 HBRBRYIHFEZFHERRIERNZIE
Table 5 Effects of citrus extract on immune indices in jejunum mucosa of piglets
s Xif R ZH i RHA A £ 4 20 P1iH
Items Control group Antibiotic group Citrus extract group P-value
4/ Z -2 IL-2/(ng/g prot) 25.86+1.04 31.95+1.96 28.65+1.73 0.054
F1 404 Z -6 1L-6/(ng/g prot) 6.92+0.31 8.33%0.51 7.61+0.48 0.094
FI40 i/ % -8 1L-8/ (ng/g prot) 142.34+8.83" 178.67+10.32° 170.90+11.10® 0.040
Ay ER R 1 A sIgA/ ( wg/mg prot) 4.03+0.23 4.66+0.26 4.81£0.26 0.083
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AR 5630 3 I 5 1ML TG IgA Fl IgM (1) & &
VTl M A7 42 U X S R G sE e, R BT AR
F NG B R 98 4 A0 IV e R
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ment of the gut microbiota and mucosal IgA responses

Effects of Citrus Extract on Immunity of Piglets

CUI Yiyan TIAN Zhimei DENG Dun WANG Gang LU Huijie CHEN Weidong®™ MA Xianyong "

( Guangdong Engineering Technology Research Center of Animal Meat Quality and Safety Control and Evaluation ,
Guangdong Key Laboratory of Animal Breeding and Nutrition, The Key Laboratory of Animal
Nutrition and Feed Science ( South China) of Ministry of Agriculture, State Key Laboratory of
Livestock and Poultry Breeding, Institute of Animal Science, Guangdong Academy of
Agricultural Sciences, Guangzhou 510640, China)

Abstract; This experiment was conducted to investigate the effects of citrus extract on immune function in ser-
um, liver, duodenal and jejunal mucosa of piglets. One hundred and forty-four 28-day-old (8.39+1.06) kg
DurocxLandracexLarge White pigs were randomly assigned to 3 groups with 6 pens ( replicates) per group and
8 pigs per pen (half male and half female). Three groups were: control group, fed a basal diet; antibiotic
group, fed the basal diet supplemented with 75 g/t chlortetracycline; citrus extract group, fed the basal diet
supplemented with 300 mL/t citrus extract. The experiment lasted for 28 days. The results showed as follows.
1) compared with the control group, the serum immunoglobulin G (IgG) content of piglets in the antibiotic
group and the citrus extract group was significantly increased by 11.27% and 14.01%, respectively ( P<
0.05) ; compared with the antibiotic group and the control group, the contents of serum interleukin-6 ( IL-6)
and immunoglobulin G (IgA) of piglets in the citrus extract group were tended to be increased (0.05<P<
0.10) ; the serum tumor necrosis factor-a ( TNF-a) content of piglets in the citrus extract group was signifi-
cantly increased by 12.13% compared with the control group ( P<0.05), but not significantly different from
that in the antibiotic group ( P>0.05). 2) Compared with the control group, the contents of liver immunoglob-
ulin M and IgG of piglets in the citrus extract group and the antibiotic group were significantly decreased ( P<
0.05). Compared with the control group and the citrus extract group, the liver TNF-a content of piglets in the
antibiotic group was significantly decreased ( P<0.05) , and liver IgA content had a decreasing trend (0.05<
P<0.10). 3) There was no significant difference in indices of duodenal mucosal immunity among three groups
(P>0.05). 4) Compared with the control group, the citrus extract and antibiotic had a trend to increase con-
tents of interleukin-2 and IL-6 in jejunal mucosa of piglets (0.05< P<0.10), and the IL-8 content in jejunal
mucosa of piglets in the antibiotic group was significantly increased ( P<0.05). The secretory immunoglobulin
A content in jejunal mucosa of piglets in the citrus extract group was the highest, which was 19.35% higher
than that in the control group (0.05<<P<0.10). In brief, citrus extract and antibiotic can improve the contents
of cytokines and immunoglobulins in serum and jejunal mucosa, thus enhance the immunity of piglets. [ Chi-
nese Journal of Animal Nutrition, 2020, 32(1) :99-108 |
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