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KRl 0~4 BiREEBERMEE HEAHR
s . ERIBEMMT EHIEFRI R

B WML EER XITE® O B T x B
A SRR VPRI RER B

(Ll bl K2 Sh R 22 B A2 071001 52,475 T & BOTAES 5 071001)

O E. ARBESEMARAKPRMRFH SRR AE KM HEARBE LA EEIH
B A dn T AAIGAT O Fvm , KIRIEA 1 B ¥ RORIL RS AR TR MG R K =5 T A& 200
RIS AAE FHUSANAEL , BANAETE 10 A BRI R AR R 6 L s 44 4ok P
K AR R B 47 A O( AT 40) (0.04.0.06 2 0.08 mL/L, X3 H# 4 28 d, &R A 1) 5K
LAAR L | R R R R E K AR M i 38 T R E KA 1 (P<0.01) , 7 A2 0.06 #= 0.08 mL/L X 4%
HHTREERGFH AR E(P<0.05), L FHm0.06 mL/L KizrdgisidEfe T3y a3gE
HERZRRAL, 2) 5 RaAML, " RRREXFHEH TREZRSEHALSE
(P<0.01), Bif4m 0.06 mL/L KA 0iE TR EZFBKDHIEERE(P<0.01) MEERGT
MR EZERE HFet+ IR G (P<0.01), 3) 5B AL A Ae 0.06 = 0.08 mL/L
K d THEEZRZLFLERES G A E(P<0.01), LA m0.06 mL/L XK#HHiE TR
G MRS H(P<0.05) . 4) 5 RAA  F A 0.06 F2 0.08 mL/L K 3744 7T % % B A%
i B A (P<0.01) , 55 5 A E Z (P<0.01) A2 2 % ( P<0.05) 42 & o 75 A8 B ALt B AL BE 75
M, 2 EPTE  EROR TR RFHETRERES T WA hEARTBE, RE L
FAAE Fodt BACHERE AR B 00 A KAt AR AR VL 0.06 mL/L A ®
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DAL AS 3 36 7 A AR OK A R 0 A T] e B ) R A
T, PRZE X A4 XS AR PR RE W iE SV 25
FEPLRE L ML TE A2 AL 15 AR Y2 R, g R A il 7 52
o A 7 o B I B A — s R B

1 MRlEFR*E
1.1 iR s A

ARG i KB Rar 2 S 7.5%
1.2 RIEiEt

I e H 1 H g FRAR A R 4F R AR I Y
KR =S HEN 200 H FEHL N 4 41, 54 5
ANEE AN ER 10 JAY, 45 4550 39 15 A [
R BB R ARL , IR K R oG i v B2 43 301l S 0 (X R
ZH) .0.04.0.06 1 0.08 mL/L, X5 K 28 d, %
Tl iRl AR 2 BE 3R B O AR SR PR 1fE ) (NY/T 33—2004)
Wit AR CE TR L& 1,
1.3 AFEE

TR0 Hb A5 R VAT b AR Ml R 2 3 5 S L, BT ARG
FURFRUZ 57 1 77 AT 4 3%, A B R & ALK
K BT R R 2 A A ULE, B H 08:00 Al
1800 K I 78 TR AK H S I AH I Ve B 1) G T
TR e 1 6] 7™ A 44 B A K =5 B X 1] 7
PR A2 DG R

x1 EMAREARKRERKTE (KTFER)
Table 1 Composition and nutrient levels of the

basal diet (air-dry basis) %

i1
Ui H TItems 2 Content
H%% Methionine 0.49
HE IR Lysine 1.23
HEARR -+ MR Methionine+cystine 0.84
45 Calcium 1.03
H %W Available phosphorous 0.42
S Total phosphorus 0.63

i H Items £ & Content

JE Bl Ingredients

Tk Corn 58.70
TtH Soybean meal 28.40
EKEH M Corn protein powder 4.00
XK Wheat middling 2.55
KM Soybean oil 1.10
£ ¥} Limestone 1.50
WM =45 CaHPO, 1.60
k4 NaCl 0.30
DL-E 2 DL-methionine 0.15
#6122 Lysine 0.60
S ALARAK Choline chloride 0.10
ikl Premix" 1.00
&t Total 100.00
#F5KF Nutrient levels®

#1425 4 i Crude protein 20.03
R HE Metabolic energy/ (MJ/kg) 12.10

1) BUR A A 4 T 52 1 A 42 4 The premix provided the
following per kg of the diet: VA 10 000 IU, VD 34 000 IU,
VE 28 mg, VK 33 mg, VB, 4 mg, VB, 10 mg, VB, 6 mg,
VB,, 0.08 mg,iZ & pantothenic acid 18 mg, Mt i pyridox-
ine 8 mg, "2 folic acid 1.0 mg, =¥ % biotin 0.3 mg, b
JH5% choline chloride 600 mg, Cu 10 mg, Fe 60 mg, Zn
80 mg,Mn 90 mg,I 1 mg,Se 0.3 mg,

2) B R NI EA(E . Nutrient levels were all calcu-

lated values.

1.4 ERKMEENE

BEEOR, D EE AL IE R RE R, R
SAR G A SR 8 I B Al Fa N ) 31 B N ER 1 N £
IR A H R E R P H SRR E L,
1.5 BFEALARESNE

RIZE A YK, LR & o B 547 8 52
BAHEEII S FXfEE, o+ =
Rl i, 7€ 15 B B i b Br B 3 em Z2 A7 i 3B A
i, FHAE BRER K8 1l 18 N 5 9 o e 1 4, 7803 4%
H RS W P R A, LR RIE A S YD /o IAE
YR BARERE . B2 A TR R AR -
PREL(HE) Y R [, R A IE Ot W fUsE
FE G E BB R TR EE TR AR L (VSRR
JE/BREIRE) .
1.6 GREREREBNE

IS oY K, DL o o i A7 B 52 1
RBAELZRHLICS AT, # 8 RS T (A
Jie LR 9 EC 2 ) FH U 4R W 25 I Y, SR IR
PRI, TR o B AR

PR EIRE (%) = [ LR E T (g)/

R (g) 1x100,

1.7 mMBFELERMEERESSENTE

R EE R Y K, BAHEE YL 5 JAG 317
R E KR L, 3 500 r/min 43 85 1T 5 & -20 €
TR . R R BRSO 22 135 IR R (UA) L&
JIH &R (TC) H A =& (TG) \H&EH (ALB) | &
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HE A (TP) | f= % B 1§ 8 (0 [ % ( HDL-C ) fIR%
JE RS (A I [F B ( LDL-C) (N /8 (MDA ) & LU
BB 8 A0 b AL i ( SOD) | 4% Jbk H Ak ik 4 1 0y il
( GSH-Px ) 1 Pk , ¢ B 5] 5 () ok W3 a0k A5 A
T A £ 35 W 1 7 o A ) TR 5T T R
FABGEFRACI 22 75 PR BEBR B A (TgA) R BEER
HE M(IgM) F e sk A G(1gG) & &, W& 77
12 A T 36K B 9% W BRI ( ELISA) %, BT AR &
I F 7 @ A ) TR SR T
1.8 HEEESHSH

i SPSS 21.0 G i+ 514 1 5 1 & 7 22 43 B
(one-way ANOVA) 2 J¥ #4175 22 43 M1, I1 >R H
Duncan [RiEVEAT4H R 2 & Heds, 050 5 ds UL«
PHE+FR 22" F8, P<0.05 B ERBF, P<

R2 AFRBHNEEGERMERE

0.01F /R 27T B3,

2 & R
2.1 KRFEIGMIEEGE KRN
1 2 Al g, SR RRZE A B, oK ER i 0.06

55 0.08 mL/L K gh il {2 40 7 14 H 1 5 435
THE T 20.44% 1 13.45% ( P<0.05) ; 4K FR s hn
0.04.0.06 F1 0.08 mL/L K 7k il 4 25 4 30 K 5
Ay 9 R BT 7.25% . 18.12% F1 12.68% ( P <
0.01), H 0.06 mL/L JCah i1 2H £ 4 0 kL 5 bk
W i KT 0.04 mL/L KasAF il (P<0.01) , X
TR A A [F) 9 B8 R A it XoF 28 A XS 1 F- 35 H SRk
BREILEEZN(P>0.05),

SEA

Table 2 Effects of garlic essential o0il on growth performance of layer chickens

i H FrrkE ik & Garlic essential oil concentration/( mL/L) P14
Items 0 0.04 0.06 0.08 P-value
¥ H R & Average daily feed intake/g 26.07+1.41 26.80+0.93 25.60+1.26 25.79+1.67 0.526
Y H A HE Average daily gain/g 9.44%0.67°  10.50£0.55"  11.37+1.12°  10.71+0.74" 0.012
HLHE [ Feed to gain ratio 2.76+0.11*  2.56+0.11%"  2.26+0.14°  2.41+0.15° <0.001

IR SR 76 R MLV 7 R 7 25 5 R I 3 (P>0.05) | R /N 7k 4 7 25 5 1 3 ( P<0.05) , R K+

REFRIREZE B E (P<0.01) , FFEF,

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

while with different small letter superscripts indicated significant difference ( P<0.05) , and with different capital letter superscripts

indicated extremely significant difference ( P<0.01). The same as below.

2.2 KFEFEMAEHEEFEAARSHZMN

M2 3 S 1 nln, 5 B A E, oK R
TINAS [R) e B b T i Sk 225 4 e 1 AR A X [l Jig 4%
B (P<0.01) ; ZRKHE I 0.04 F10.06 mL/L
Fown K 2R A Y 5] B B es TR B A ) BRI T
11.78%F1 13.70% ( P<0.01) , [l 7 4% B Lt 43 51 7F
BT 26.94% Fl 28.46% (P <0.01) ; £k 7K 1 4%
0.06 mL/LJHrHE i 854X -+ =48 W 900 & &
59 Bt ¥ 8 3 T S (P <0.01) 5 AROK s
0.08 mL/L 754 1 {5 28 4fE X - — 48 7 Ba g IR B
BETHE (P<0.05) o HRIKHES A [R) i B 1)
I T 2 A XS S W 9 v B RS TR R
IR E W (P>0.05) ,
2.3 REFBHNEEBEENAENZE

M 4 v 1, 5o B A He, AROK s
0.06 mL/LA3rH5 1 8 25 40 17 1eG & & TH &

T 31.70% ( P<0.01) , fiff 25 4 XS 5L 48 £t & T
38.89% (P<0.05) ; /K I 0.08 mL/L K3k
THAE B A Y LT 1gG R T A T 16.10% (P<
0.01) o K H IR I 5] e B I g M i X 2 4fE X
il | ik EC B R B LA M I T TegA 1 IgM A
¥ E#m (P>0.05)
2.4 KfEimxt EEBMEENIEROEN
2% 5 Al S5 BR A A e, Aok R ER N 0.06
F1°0.08 mL/L KA T 5 25 4 A 10 37 IR R 3 5L 43
SIEAR T 46.46% F1 55.17% ( P<0.01) , ffi 48 & 1k
Wy Ak il 0 M 3 ) T T 21.34% (P <0.01) Al
17.27% (P<0.05) o HROK F38 InAS [7] e B R 5 b
11D s [l s e I s o = N N S B T
R R e BN N N (it ol [ e S R
B DN A B I AR Ak Tl 1 2 T
R (P>0.05) ,
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R3I KFEHNEREGHEARLSHRME

Table 3 Effect of garlic essential oil on intestinal tissue morphology of layer chickens

i H FFAE I B Garlic essential oil concentration/( mL/L) P
Items 0 0.04 0.06 0.08 P-value
7% Tleum

4 FEHE Villus height/ um 820.63+139.87% 920.79+155.38* 918.35+95.40*"  913.93+120.26™ <0.001
K55 EE Crypt depth/pum 130.00+27.21%  114.68+21.19%®  112.19+18.57%  140.39+34.83 <0.001
gtk v/C 6.57+1.76"° 8.34+2.37M 8.44+1.81* 6.97+2.17"" <0.001
ZE W Jejunum

S E Villus height/ wm 609.17+86.35 627.19£104.07  615.80£84.54 637.31+101.63 0.061
B85 R Crypt depth/ pm 107.01+28.83 85.75+35.16 109.46+32.05 101.32+32.64 0.312
gkt v/C 6.35+2.96 7.32+2.54 6.11£1.92 6.29+1.59 0.089
+ — 45 % Duodenum

4 E 7 E Villus height/ wm 992.67+168.74%" 990.88+129.87%" 1 145.18+154.83* 1 002.86+149.54"" <0.001
R85 R Crypt depth/pm 134.80+45.73*% 126.81£29.15%"  123.27+34.13%  151.87+33.38* 0.003
gkttt v/C 8.17+2.81% 8.37+2.79"° 10.32£4.41* 6.99+2.09" <0.001

A B .C.D 735 % BRZH LI K 0.04.,0.06 Fi1 0.08 mL/L Kbl - — 48 20 210) i (40x) ;E F .G H 43 Bl X iR 2
2L J%20.04..0.06 F1 0.08 mL/L K A5 423 I 40 - (40x) ;1.7 K L 4353 % B2 L B 0.04..0.06 1 0.08 mL/L K##4E
I 9] 24T F (100%)

A, B, C and D were tissue sections of duodenum in control group and 0.04, 0.06, 0.08 mL/L garlic essential oil groups
(40x) , respectively; E, F, G and H were tissue sections of jejunum in control group and 0.04, 0.06, 0.08 mL/L garlic essential
oil groups (40x), respectively; I, J, K and L were tissue sections of ileum in control group and 0.04, 0.06, 0.08 mL/L garlic

essential oil groups, respectively (100x).

B 1 BBEEALRVR

Fig.1 Section of intestinal tissue
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Table 4 Effect of garlic essential oil on immune organ indexes and serum immunoglobulin contents of layer chickens

S| KA MR Garlic essential oil concentration/ ( mL/L) Pl

Items 0 0.04 0.06 0.08 P-value
PR B 840 Immune organ indexes/ %

§LAE Spleen 0.13+0.02° 0.15+0.04™ 0.18+0.03" 0.15+0.03™ 0.046
[ # Bursa of Fabricius 0.34+0.16 0.50+0.12 0.43+0.05 0.43+0.06 0.168
fig) i Thymus 0.22+0.05 0.30+0.10 0.23+0.08 0.23+0.12 0.477
I I S E BR A I & & Serum immunoglobulin contents/ ( mg/L)

GEEREH M IgM 481.56+79.62 494.42+105.82 517.52+93.39 563.92+64.04 0.258
TIEERE 1 A IgA 138.80+37.09 146.43+41.35 159.41+37.30 182.60+40.12 0.338

RPERREH G IgG

1 428.71+154.07*%1 397.08+152.18%™ 1 881.60+124.91°1 658.72+124.55** <0.001

x5 KFIEHTE G MEE N IEIRN R

Table 5 Effects of garlic essential oil on serum biochemical indexes of layer chickens

T FErkE e Garlic essential oil concentration/ ( mL/L) P14

Items 0 0.04 0.06 0.08 P-value
JREZ UA/( pmol/L) 364.30+88.78* 296.86+91.80"""195.04+81.65" 163.31+77.68*"  0.007
S JIH B TC/ ( mmol/L) 6.06+1.80 6.55%1.65 6.11£1.85 6.29+1.59 0.970
H =M1 TG/ (mmol/L) 1.63+0.91 1.84%1.40 0.78+0.27 0.72+0.97 0.119
H&EH ALB/(g/L) 24.61%0.85 25.15+3.73 26.72+0.97  25.61+1.64 0.470
MEM TP/(g/L) 37.26+3.39 41.26+5.63 42.75+5.75  38.31+3.30 0.587
5% BF 1§ 7 (M I3 [E % HDL-C/ ( mmol/L) 2.63+0.53 2.29+0.28 3.20+1.11 2.67+0.58 0.263
AP 5% B 16 2 14 AH & % LDL-C/ ( mmol/L) 0.29+0.18 0.28+0.16 0.32+0.09 0.24+0.08 0.833
ALY L EE SOD/ (ng/mL) 7.41+1.23% 7.52+1.12%° 9.42+0.36™  8.69+0.70**  0.009
P MDA/ (nmol/mL) 7.39+1.02 6.92+0.63 5.66+0.71 6.08x1.40 0.053
AW H KL /LI GSH-Px/ (ng/mL) 9.03%1.00 10.57+3.01 11.55+2.04 9.84+0.98 0.247

3 W i
30 KGR BNEEBAEKEERFEAR
FAHR M

FaioRG T Y BEAE H Ar R ER E, HRE g
RO 1 o)L B SN = B =R i 45 Y =13 7B
TH AL RE 7 ok A E AL A4 X 38 57 o iy Wi e, 3 i £
IRIL /e o SR E ) DR TN G i A AR N | NG
AEME 5 B 5 A A SR B R IRDRM S B0 AR
IR, IROK H s 0.06 mL/L A wi K il fE %
U2 B i AR AR S 44 H 3 DL K+ AR g A el
Wi E R SRR L, I B R AORE R b DL K
5 5 10 i e o TR B, 5 I 1 A R AN L
FAKFRER I Yalgin 55" 7E RIS L1 K58 K TS
SR, ME RS B RE ) 2 IE A
RF G oy FE 1 v W) 5 B ) 2 Al T AR B I, A

R I E A R B IR R B s AP e
TG EMRER, R T 20 38 5 e s 1) 90 B T
] 73 A A ik X S0 G b R AR AT BT, AT
PEREA B, PRI s TR B M T, B 0 6 A K
JEE R T PR WA S % A A AE 1Y BE TR Y L B8
B L S B R D RER L R IEAICE R piE S
BB WS A E R R AR A, R My
HUIR A PRI IE 3 0 e B AP I H BUR S
JE B IR TAE R EER . P, A g 25 2R 15 ]
om AT A B T 25 4 S i 18 X 3 57 4 5 ) I A
AU R AN S ARG E i 2 B0 BE i A L F
JERE 1 2225 AN KL, 31 R AR ARG 1 AR R P RE
3.2 KFEBMWEEGEZVAERN I

JELAE R AN R R S B MRS E,
& T B kLA™ A A B i, D9 Ik B
PETE I A H 1 O L1 R A ALK Y S % fE
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BRI A B 8BS MUK S 2 HLAR 2 1F AH ¢ ¢
Z ,Heckert %87 45 W f i 20 B 8 o BV BE ELUL P4
PR SR O, I PR R E A S /e — &
FREE b W T LR i 71, Horp IgA [ 1gM I
IgG 7E g B il R Z/E Y s TgA & &0 K
PR B R G 88 BE A1 5 TgM oy B 3] 6 38 1 FH 5 8 1)
BIEERE M, R HCPUR IR AR AR 2B B [gG o
THRERNERER, S S5KRRE, AR
RIL, KFr R et il & & DL G RE Jy 3ok, BRI A
R AR AR AR PO R R R AN I R R R R A
X0 ) i 6 45 5 s KRR 2R AT ARG 0 PR RS g i R i
FC A Y & o AR R B, RER K ARg 2 =
X () G E A B PR AR ILE T 40 B A A, 7E A
G RN ARG 1) TR R v R I R A R R A% 4 I Y
IgA IgG Al IgM &2 RSN 1 52 J5 B U8
PUARZ B ,10 HERTFLG =4 A Bhiik, Bk
S PR B AR XS HE BT D 55, AR K 56 7 B A
oK HEsN 0.06 mL/L KA THBEW o 2 2 =
WEFE AN MV 1gG & &, 5 0 AW IE 45— 5y —
B, XPTRESE T REE S TOT 400, B AR
T WA A A A A Y S e g N e e
EEE R TR A E A0 MRS M R
BaPE R P BB R T AR AR Y S HLAE
3.3 KEMBHXMNEELMBFTELIBRBRI

0988 3% 0L 975 A Ak 48 Ak B 815 Jz L 2 A RS B4 AR 5
Mg AR B, o BRR Sy B R AR &
Y——2 Ak ke, (EE Bl AR R Y 2 5 22 HE
TR AN 22 A48 43 200 | DRI L 97 PR R 7 IR, D 5%
TNE BN AR WSRO B R X AR
SE T R R S T v R U] e s ML & TR AR
20 PR R 1 WL HE I BE T B8 4 BRL
JRERE: , T 51 % 3 & R R X8 iR DY 4 IR R
EHRAE 100 ~900 wmol/L Z [0 785, AR 46 45 R
0 oK IR 0.06 mL/L K 54 b 7 1E % S
Pl PR A i 28 AR T I PR TR 4 i, 1 W R o T
R A% (2 0 2 A X % 2 1 5 T AR AR

e S A Ak Tl LA T SR DA R R 2
S5k DhRese I ER] . AER S SRR, tok
RN 0.06 mL/L K mA 1 ] fof 25 40 XS 1l V5 88 A 1k
AV T AR S T XU I g
B, KR RENS (A A XS ALV T T & TR, AR
A3 05 T R 45 e H R 3 A1 0 i 1 3 M T
OERTRER I EmASY, A B E R

AT LUAEBLIR Y F1 A B AT B T
LA A 6 8 DA 09 2 36, 4R 75 T HL UK B R 1L
e

4 &

PRI S IR 7 R T RE A% A 4550 5 2 A XS 1
g A A B () B i L ZUR A AR HE B 3B X SR
Wy T IR ORI AR T, DT 8 v AR AR XS A A K PR RE
It H I T i e 8% 52 o 2 A I 7 TeG & it A
A A B A B P 7R — o B AR T AR AR
X1 G ML RE AT A AL PR R, AT B 4 b v FH T 2R
ARG A 2R A A TEE AR, B UUEROK KRR
MR 0.06 mL/L,

SE
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Effects of Garlic Essential Oil on Growth Performance, Intestinal
Tissue Morphology, Immune Function and Serum Biochemical
Indexes of 0 to 4-Week-Old Layer Chickens

XU Jing' CHEN Yifan' WANG Dehe' LIU Xuelu' ZHANG He' ZHANG Ziru' LIU Meng'
ZHOU Rongyan' ZHANG Shilong' XU Lijun® ZHU Yahao' CHEN Hui'"
(1. College of Animal Science and Technology, Agricultural University of Hebei, Baoding 071001, China;
2. Baoding Livestock Husbandry Workstation, Baoding 071001, China)

Abstract; This experiment was conducted to investigate the effects of garlic essential oil offered by drinking
water on growth performance, intestinal tissue morphology, immune function and serum biochemical indexes
of layer chickens. A total of 200 one-day-old China Agricultural University No. 3 layer chickens with good
health condition and similar body weight were randomly divided into 4 groups. Each group contained 5 repli-
cates and every replicate had 10 chickens. Layer chickens in the 4 groups were provided with the same basal di-
et for 28 days, while drinking water were added with 0 ( control group) , 0.04, 0.06 and 0.08 mL/L garlic es-
sential oil, respectively. The results showed as follows: 1) compared with the control group, adding different
concentrations of garlic essential oil could extremely significantly reduce the feed to gain ratio ( P<0.01), and
adding 0.06 and 0.08 mL/L garlic essential oil could significantly increase the average daily gain ( P<0.05),
and adding 0.06 mL/L garlic essential oil had the most obvious effect on the feed to gain ratio and average dai-
ly gain. 2) Compared with the control group, adding different concentrations of garlic essential oil could ex-
tremely significantly increase the villus height of ileum ( P<0.01), and adding 0.06 mL/L garlic essential oil
could extremely significantly reduce the crypt depth of ileum ( P<0.01) , and also could extremely significantly
increase the villus height of duodenum and the ratio of villus height to crypt depth of ileum and duodenum ( P<
0.01). 3) Compared with the control group, adding 0.06 and 0.08 mL/L garlic essential oil could extremely
significantly increase the serum immunoglobulin G content ( P<0.01) , in addition, adding 0.06 mL/L garlic
essential oil could significantly improve the spleen index ( P<0.05). 4) Compared with the control group,
adding 0.06 and 0.08 mL/L garlic essential oil could significantly reduce the serum uric acid content ( P<
0.01), and significantly increase the superoxide dismutase activity ( P<0.01 and P<0.05, respectively). In
conclusion, adding garlic essential oil to the drinking water can improve intestinal tissue morphology of duode-
num and ileum, and increase the immune function and antioxidant ability, and then enhance the growth per-
formance of layer chickens. In addition, the suitable concentration of garlic essential oil is 0.06 mL/L. [ Chi-
nese Journal of Animal Nutrition, 2020, 32(12) :5684-5691 ]

Key words: garlic essential oil; layer chickens; growth performance; intestinal tissue morphology; immune

function; serum biochemical indexes
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