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A 0.06 mL/L KA B2 R TR ;MK PHM0.06 mL/L KA EHEIFEKT + =45
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1 #MR5FZE
1.1 RIiEt

I A 200 H 1 H RO R 45 H AR E
FHAT AR =5 TN BEML AT A 4 41, 41 5
AEE,HANER 10 B39, 45 243856 08 15 A [
B HTT SEI EA E 7  R ~: o B | B || 4 E
POKHE I R s il (R AE b R RS &N
7.5%) , i HHe BE 43514 0.04,0.06 1 0.08 mL/L,
IR 56 d, SRR 2 BT 1 X9 1R 3R bR )
(NY/T 33—2004 ) Fic i, H 24 5 M & 5% KF W
1,
1.2 AFER

TR0 R OBLZ 58 57 19 5 AT e el K
SRS H M AT IR 5, A R B R ROK 1 1 ]
FEAK i HR A K = 5 FE X AR R AR vE G R
1.3 5HRiE
1.3.1 AR E

DL B BRI G R, A 1
KA 56 K 08:00 53 510 5 1256 X 1A 5, AF A #)
IRAREMARKE, i HEFH A RER CFH
R E MR E L,
1.3.2 i HLUE AN E

I 56 X, THAEE VLI 5 Hil 561
PEAT RS2 AT A I, 4y B8t 48 W LS B Al
1, (B 1 BEB 3 em 25 A7 W 1B RE S, R
BRER KA 1 N 250 b e T, B 4% WYV W
R AE, LA I PEA 800 o WIAED R i A
PRERAE Jy [ 2 A W P R 35 KOS - ar
(HE) YL (0t [, 5% FHIE Bt 27 W i il 2 906
RIS R B, O T R AR L (SRR B
WEE) o
1.3.3  H W wHEme

RIS 56 K, TRAER L 2 H 56 g
HEAT B S, LW REE W N E WA TR A5,
-80 CI#17. &M Hiseq 2500 1 i 4 Il 75 47 A %
Bt 16S 1DNA F&H &K 7M R, it
AL AR A BRA F SR, W R .
FHA% E MN 2\ 7 1 NucleoSpin 96 Soil(4x96) i 7]
EPEHURE M B4 DNA J5 , #2495 16S 1DNA &K
5149 27F F1 1492R, & 47 A Barcode 1) 4% 5% 5
Yy, 47 PCR Y ¥4 IF % Ho = Wy it A7 2lifb € & A8
— 4RI U ¥ SCPE (SMRT Bell) |, HE4F Y ST g

AT SCRERT R , LK G A% 1) SC % F PacBio Sequel i
e

&1 ERARAMREFRKTE(RTEM)
Table 1 Composition and nutrient levels of the

basal diet (air-dry basis) %

i H Items 4 & Content

JEUB} Ingredients

F % Corn 58.70
EtH Soybean meal 28.40
T KEH K Corn gluten meal 4.00
A Wheat middings 2.55
KE7M Soybean oil 1.10
f1%} Limestone 1.50
BEER S 55 CaHPO, 1.60
A AL NaCl 0.30
DL-EH R DL-Met 0.15
#15M Lys 0.60
ZAL B Choline chloride 0.10
TR K} Premix" 1.00
&t Total 100.00
# 3% /KF Nutrient levels®

RLE H 5T CP 20.03
1Ri5HRE ME/ (MI/kg) 12.10
AR Met 0.49
#M Lys 1.23
HATR+F M Z R Met+Cys 0.84
5 Ca 1.03
A RWE AP 0.42
LBk TP 0.63

1) BUR B}y 4 T 52 i A 45 it 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 8 pantothenic acid 18 mg, ML & pyridox-
ine 8 mg, "X folic acid 1.0 mg, 4242 biotin 0.3 mg, 51k
JE#& choline chloride 600 mg, Cu 10 mg, Fe 60 mg, Zn
80 mg,Mn 90 mg,I 1 mg,Se 0.3 mg,

2) B3R M5B AE . Nutrient levels were calculat-

ed values.

¥ PacBio T HLEUE =11y CCS (4 (CCS JF
S ] Pacbio $24LAY smrtlink T H3H) J5 , #E47
wmr 3 AP BRI A

1)CCS H B . A FH lima v1.7.0 #0431t Bar-
code X} CCS #17iR %, 5 iy Barcode-CCS J¥ %]
B ;

2) CCS K FE ik 8 . 4 A6 5 & 38 s A W Bk e
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A B F A E0 & B9 5, X Barcode-CCS J7 51 i
T ug B BT

3) LB &K i Fl UCHIME v4.2 84, %
I & B itk A R ¥ 91, 13 3 Optimization-CCS
FFo1

XA B AT #AE /- 25 T (OTU) (24
PR 25 AT
1.4 BIERESHH

i SPSS 21.0 G i+ 514 1 5 1 & 7 22 43 B
(one-way ANOVA) F2 7 X i 56 $ic 4 2517 70 A, IF:
KA Duncan Gk ATl ) 2 8 L, {50 4k
i DL EE bR 227 RO, P<0.05 Ron 27 1
F,P<0.01 FnEFWEE.

2 &% B
2.1 RKPRMAFE M EBERMESENZME
FH ¢ 2RI, S BRALAH E , TR R 100,04
0.06 1 0.08 mL/L ki i X 238 19 F 3 H R &
WL HE I (P>0.05) ; IKK I 0.04.0.06
F10.08 mL/L K70k 1 24 fff B 0 i)k H Lo b i 2
BEML (P <0.01), H o DLoK ws Rl R
0.06 mL/L I} % S &% 45 Tk /K 3 i 0. 04 A0
0.06 mL/L 75747 il 347 4 85 X (1) °F- 15 H 1 &0
ETHE (P<0.01), [ BE S DL R A ik o
0.06 mL/ LA} %R 5 i

R 2 RAKHRFMAFRAE B &G E KRR I

Table 2 Effects of adding garlic essential oil into drinking water on growth performance of laying hens

mH KFFAF MY Garlic essential oil concentration/ ( mL/L) P

Items 0( X%} 8 Control) 0.04 0.06 0.08 P-value
SEH)H R Average daily feed intake/g 33.67£2.35 37.09£2.62 34.65+2.93 33.40£1.12 0.094
XY H 4 E Average daily gain/g 12.24+0.55%  14.56+0.64%°  16.01+0.51*  14.01x0.21%" <0.010
& H Feed to gain ratio 2.75+0.08*  2.54+0.07%"  2.15x0.12%  2.39x0.11% <0.010

FATEAR B AR R NS PR OR 22 AN 3 (P>0.05) , A F/NE FRERIR 2 5 B3 (P<0.05) A FAKRE FHEFRR 2

Sk B3 (P<0.01) . F %[,

In the same row, values with the same small letter superscripts indicated significant difference ( P>0.05) , while with differ-

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

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

2.2 RAKPFHRMAFBEHNEBHEALALSH
=AU

H 26 3 mI %0, 5 X%k B4 H e, ARk R Es
0.04 mL/LA 554 A 20 [0 iz 4% 6 i A o
AR (P<0.01) , 85X (0] fizp B 3 VR B B 4% s b T
FAE(P>0.05) 3 K HE I 0.06 mL/L KA
Tl R [ fig B s R B I S AR ( P<0.05) , [T /i
Skt B TR (P <0.01); koK b
0.04 mL/LA 3545 i1 B0 25 I 9% 6 3 5 90
FEHgA 2 THE (P<0.01) , [0l i e s IR 2 35
R ( P<0.05) ; TRK H 8N 0.06 mL/L KA T
EXG 2 W b s TR 3 TR (P<0.05) , T 481
G L W3 TR (P<0.05) 5 Bk FRds in 0.04.,0.06
F10.08 mL/L Kb i A 25 3% -+ — 46 W B g TR B

PR 3R % (P <0.01 ), Hr DLOR 5 A5 Tl ik B2 Ry
0.06 mL/LIF5E S f 8 2%
2.3 RKPERMAFE M EBEREHNZME
2.3.1 OTU 43t

Bl 2 R4 AR 4 21 25 9 OTU Venn &, K
[F] 2 A W) B35 3R s, AS ) B3 60 [ B 22 (1) 22 &
ST 2 AN Z SRR R OTU M4, WKl 2 7]
A, & A 126 4> OTU X BRZA4S A 17 4> OTU;
XA AR b, RardG 4l 84 11 4> oTU, H
o X R R OTU S AR B TTH R 14 4>, K%
AR A OTU FREER 10 R 71>,
2.3.2 o ZFEMESHE

FH 3R 4 AT, ROK H s i KGR Tl XS H
WA Y o ZREVEFRS B 3 52 W (P>0.05)
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Table 3 Effects of adding garlic essential oil into drinking water on intestinal tissue morphology of laying hens

i H K ¥ B Garlic essential oil concentration/ ( mL/L) P14
Items 0( X} Control) 0.04 0.06 0.08 P-value
[51i% Tleum

L Villus height/ wm 694.04£112.45*  620.49+89.09°%° 728.11+129.78**  738.84x118.63** <0.010
KU Crypt depth/pm 125.23+37.87° 121.51£28.55®  107.04%+39.50° 124.43+28.25" 0.041
gkttt v/C 6.00+1.86"" 5.48+1.95"" 7.61+2.69™ 6.26x1.80"" <0.010
251 Jejunum

Y E Villus height/ wm 975.32+196.61°" 1 151.12+188.37*" 975.98+200.69""*" 1 062.15+230.04"" <0.010
B85 IRE Crypt depth/pm 220.86£65.56"™  181.42+40.90%" 182.79+57.19 223.37+52.06™ <0.010
St v/C 5.42+2.52%° 6.64+1.76™ 5.83+2.05%% 5.31+1.22%° <0.010
+ —38% Duodenum

EFE Villus height/wm 1 175.29£166.72 1 228.60+147.12 1 198.92+179.77 1 242.51+163.50 0.264
FsS R Crypt depth/um 329.71+182.19*  252.93+54.88%" 236.31£55.06™ 262.34+75.58"° <0.010
ikt v/C 4.50+1.98" 5.04£1.10™ 5.32£1.47° 5.07+1.38% 0.033

A B .C.D 7l % FEZH LUK 0.04.,0.06 1 0.08 mL/L Kokl al + — 8 4 410) i (40x) ;E F .G H 73 5l 4 I 4
DL 0.04.0.06 F10.08 mL/L RFakE M4 28 ZH 2] A (40%) 1.3 K L 4850 % BBZH L K2 0.04.0.06 1 0.08 mL/L KFikE
ALz 2200 7 (100%) .

A, B, C and D were the 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 the tissue sections of jejunum in control group and 0.04, 0.06, 0.08 mL/L garlic es-
sential oil groups (40x), respectively; I, J, K and L were the tissue sections of ileum in control group and 0.04, 0.06,

0.08 mL/L garlic essential oil groups (100x) , respectively.
1 BEHANR

Fig.1 Intestinal tissue sections
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CK: %f #84H control group;C1:0.04 mL/L K48 M40
0.04 mL/L garlic essential oil group;C2:0.06 mL/L K5itF
M 0.06 mL/L garlic essential oil group;C3:0.08 mL/L X
FRAEIMAL 0.08 mL/L garlic essential oil group, T &l[F] the
same as below,

B2 OTU Venn
Fig.2 OTU Venn diagram

2.3.3 B ZHEMAHr

P A OTU #E47 £ W4 40 Hr, IR 3 7]
L1 RS 2 3 A 1Y TR R 4
46.53% 1 23.46% , 4 41 A1 FE 5 TG S8 L, 4 4l
B W TR RS B TE AR
2.3.4  BAESTETT B K LR TR R4S R A

F AR50, 7 TR B i H g 32 2

¥ 4 L AT & 1] ( Bacteroidetes ) | J& &% # [] ( Firmi-
cutes) AEF B '] ( Proteobacteria) \JEMUF |1 ( Ver-
rucomicrobia) . #2 T B ] ( Fusobacteria) A & H. 3¢
W] ( Synergistetes ) 55 T AE , Ho PR 7] R RE TS
TSR T T, mE S LA 7E &K
b, 5 H B b B U B & (Bacte-
roides) . A ¥ ¥F 1 J& ( Alistipes) . % i #F W &
( Phascolarctobacterium ) | it #% K & J& ( Desulfo-
vibrio) BN HAFT B J& ( Parabacteroides) 5 W B, H
AT E M OISR R, R 5 AT, S
MR AH L, 25 Kar s s A AT 1] 5 )2 BE T
FTRAEXT F BT 3 22 L (P>0.05) ; ROK i
J10.08 mL/L Kr s i X 5 i b 28 1 16 1T Y
FRXT B 22 T (P<0.01) . SXFIRZAAH L,
POKHES N 0.04 mL/L R334 T i 353 5 g Hh 0
FF 5 S A AR X 3= BE A B 25 T 5 ( P<0.01) 5 iRk
AN 0.06 mL/L K ak il i 25X 5 1 vh iR AT B
J& A1 2% b FF B Jm A AR XS Y R T & (P<
0.05) ; K AN 0.08 mL/L KR4 il 8508
Ji v A R TR R G AR X S BE AR W T S (P<
0.01),

x4 o SHEUSTER

Table 4 o diversity analysis results

i H ForrAE I Garlic essential oil concentration/( mL/L) P14
Items 0( %} & Control) 0.04 0.06 0.08 P-value
Ace 1541 Ace index 172.09+12.65 148.70+6.81 158.68+11.17 154.16+5.16 0.076
Chaol $8%% Chaol index 174.88+£18.36  145.42+6.83  153.44+10.64  152.63+4.24 0.059
Simpson F5%{ Simpson index 0.07+0.01 0.10%0.04 0.09+0.01 0.07+0.01 0.332
Shannon #5%{ Shannon index 3.43+0.13 3.12+0.43 3.12+0.08 3.34+0.11 0.305
| T % Coverage/ % 98.84+0.35 99.01+0.43  99.37+0.42 98.85+0.31 0.355
<2 3 i it
3 3.1 ROKHER DK FRAG M XY B 3G A KM BE AU 22 i
o NS — 5 JETSSN N
5! e AR5 25 2R TR TROK IR I R G R il 2
b 134 X -3 H R £ 6 0 ,0.06 mL/L KA
ﬁo THZH 55 %0 R 21 A e R E E AR 0 AL, S H 1
ay FH T, Lim 2500 W50 4R 8 15 B 0 iR AR h
-1 WMRKFRFEEYH RS E LR ZEZH, TN

-1 0 1 2
F1EMRS PCI (46.53%)

B3 EHSoHEAE
Fig.3 PCA scatter plot

5 150G 5 R T B A 29
TR AR T8 L, 55 0 20 B 5 4 0 2 —
B, RN I 05 (2 0 85 22, P A2 1 O
FEHE P09 2 B2 LK 2 FLAT R, R T
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100 m Unclassified
m Others
8 » Epsilonbacteraeota
Elusimicrobia
6 = Tenericutes
# Deferribacteres
® Synergistetes
: ¥ Fusobacteria
® Verrucomicrobia
2 ® Proteobacteria
» Firmicutes
m Bacteroidetes
Cl C2 C3 CK

Bacteroidetes ; 2} #T & []; Firmicutes ; J& &% & | ; Pro-
teobacteria; 25 £ B ] ; Verrucomicrobia ; ¥ i B | ] ; Fusobac-
teria; AT B ] ; Synergistetes : H 7% B [ ] ; Deferribacteres ; Jlit
BRATHH ] ; Tenericutes ; %X BE B ] ; Elusimicrobia; ¥ 2 FH 1] ;
Others ; HiAlh ; Unclassified : A 432 .

4 EBBEHEBEITKELAHEK

Fig.4 Composition of cecum microbial flora of

(=3 (=3 (=4

MXFEE Relative abundance/%

=}

(=]

laying hens at phylum level

100 ® Unclassified

® Others

30 ® Romboutsia

Fusobacterium

-
60 Megamonas

® Lactobacillus
™ Akkermansia

10 ® Parabacteroides
® Desulfovibrio

20 ® Phascolarctobacterium
m Alistipes

0 ® Bacteroides
C1 C2 C3 CK

Bacteroides ; AT T J& ; Alistipes ;. 5| #£ T 7 J& ; Phasco-
larctobacterium . % L ¥T W J& ; Desulfovibrio ; Ji 5% 9K 7 )& ;
Parabacteroides ; @ Y4 ¥T % J& ; Akkermansia ;. 3 5% 2 T )& ;
Lactobacillus ; FLFT & ; Megamonas ; F. 5. T J& ; Fusobac-
terium : ¥ J& ; Others : HAll ; Unclassified : & 4325,

BS5 ECEMEBERKTLHNAR

Fig.5 Composition of cecum microbial flora of

MIXFFEE Relative abundance/%

laying hens at genus level

K5 BEVEMEBEI.BKFELEXNFE

Table 5 Relative abundance of cecum microbial flora of laying hens at phylum and genus levels %
i H Kk ¥ B Garlic essential oil concentration/ ( mL/L) P Y
Items 0( %t & Control) 0.04 0.06 0.08 P-value
AT BT Bacteroidetes 56.38+2.87 60.72+6.84 60.06+3.72 49.45+3.89 0.058
JEBER ] Firmicutes 27.79+2.57 26.73+3.99 27.36+2.40 26.44+2.41 0.939
ARTE 1] Proteobacteria 7.99+0.71%  5.68+2.54%  6.32+0.99%" 13.11+2.41**  0.005
PUFF# 8 Bacteroides 15.77+3.71%°  38.12+£8.21%  20.96+2.34%®  24.53+2.42%  0.003
TNEEFTF 1R IR Alistipes 4.00+2.38"  10.41+7.39®  14.38+4.59" 3.26%0.95" 0.048
ZHAF R Phascolarctobacterium 4.64x1.39"  6.59«1.17*" 12.75£2.83"  6.98£3.22""  0.014
Wiwi NG @ Desulfovibrio 6.02+0.42%°  4.49+2.08%°  4.31+0.47% 11.96+2.64**  0.002

3.2 RKPRMAFE M EIBFEAARSH
A

ARG 25 R o, oK R Es in 0.06 mL/L K
FrA THBE 0% W S ok 3 B XS [l iy 25 i A L 3E
WAL /Nashits 5D RenY 58 B2 g 5
FRY A AL RIS s Hrh N B8R R
BBt TR 5 i AE BEAH G, I Lt 2 1 5 B 1B T
RERE AR AR /N SR B R RLAN LA B HE
SmEREREZBEHEEZMEENZ D, 588
etk 2 | %8 YR AR T R

TURIE S M L Bz 20 M A 8 G AR L 4R i
AR TR 2RI A s TR BE T I, B R M M
I, SR R /N DI RE R 25 A R B, SR
FU I U8 B /0N 1 1 T A W iR g B R
ARG 235 S U W A 2 X RO P s I R s il RE A8
B vy G AR TR B R W o A R AR
3.3 fROKHRER K FRAE i X B 3G E B B R R 200
PR R 5 I IE U Y X R R A
EHHEAERR Y il 2 A FH AR 2
o 3 TR B0 22 R (AT i A A e A, DT
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ALY T, S sh i i A K pe e L AR
ffi F Usearch %41 X} Tags 1€ 97% K AL BE T
AT ISRAT OTU, OTU S Wi firg T8 T BF 4 40 b 5
HIEE ., o ZHMERBET AR YTl 3= B e )
FhZ 1, T i Chaol | Ace , Shannon FlI Simpson
BT PR AT M i . Chaol Fll Ace F8EUFE /R T
YR ECE , Shannon F1 Simpson 5§ 51 % 7= W) Fh 22 4
P, 24 %) Fp 3= BE A [R] B, Shannon 48 5% K | Simp-
son T8 HUB/ NI FE R R Z AR S . OTU 1Y
7 T % (coverage ) S ML TN P4l R 2w HA M E
P, AR BR ST A rh A e g 0 Y A R R

AR 45 R WoR B H W R AR K
ARG AT ] R TSR], 5
AR FE 285 20—, JEEBETR ] 0 21 4 43 fift T 4
FEEF BRI R SRR S 45 R R Y
B A T, B Y AT R T S R RE R T Y
BT, B W K B b 2 e
FFRR T AE 4 35 M 18 Tl A2 2 - s vl 5 1 2 A9 AR
F, BERS B A g BRS04
FEAR 220 JEL TR, Qn Vb 1[G T R I T SR TR A, it
FRY AR B RG AR T RN 150 mg/kg KR K, 45 5
WORKFRZREX AL T KT B A =& 00 40 4l
YEFH , Sarica %) ] 25 45 10 76 A X9 _E 45 2 A
AR E 45 R, ARG b 78 X R OK S N R R
GERIERE YW Je NP EROIE oyi-: b | (2K VY S s)
P15 R RE T T Y AR X = B Y T 2 AR Ak, 0.04
0.06 mL/L K G#HE i X 8 39 5 1 b 28 T2 5 1] A AR
XF B JC 2 R0 ,0.08 mL/L Karks i i 28 I i
TR AR BE B B T, 5 R AP ST A R
ANTE] o AR 235 SR U W sk v vk B 1) R A il T e
HEIN T A A 0 RN g R Y

AR 45 R R, Y H W AR R KO
(AR B TR A 2 B UK T8 | Bl S N AT R 8 5
FIAT BRI A i ) A X = BE AR s e, 40
FF 7 8 AN 1 % 4 457 o 18 T A 274, 38 RE 4% I
A o i FR 00 A R BLAR S R G &
A, Fhiwa)s TIERER ], BRI 7E 8 N &
JAE BB BRIV R, T R D7 R AE 8 8 o PR3
BRI 18 b At e, R A BRI )
BLAR 4 4 7K SF- LA K 386 58 15 i i Zh BE A 1 FE T
17 38 It A I R 1) = B2 2 15t 97 P 45 W 48 9% s 1
BURRIE, ARge T FEEXS ORI 0.04 mL/L
KA AL & W b T T 9 R X =F B b e 2 T

5 W 0.06 mL/L Kos s il 8 2 X8 i oA
IR a8 R 2% 1T T Ji 1) AR 0 = B 24 8 35 T
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Effects of Adding Garlic Essential Oil into Drinking Water on Growth
Performance, Intestinal Tissue Morphology and Cecum
Microbial Flora of Layer Hens

XU Jing' ZHANG Ziru' WANG Dehe' CHEN Yifan' LIU Xuelu' ZHANG He'
HUANG Chenxuan' LIU Meng' ZHANG Bo' HOU Jianku> ZHOU Rongyan'
CHEN Hui'* DI Kegian®"

(1. College of Animal Science and Technology, Agricultural University of Hebei, Baoding 071001, China;
2. Agricultural and Rural Bureau of Shunping County in Baoding City, Baoding 071001, China;
3. School of Basic Medicine, Hebei University, Baoding 071001, China)

Abstract;: This experiment was conducted to investigate the effects of adding garlic essential oil in drinking wa-
ter on growth performance, intestinal tissue morphology and cecum microbial flora of layer hens. A total of 200
one-day-old China Agricultural University No.3 layer hens with good health condition and similar body weight
were randomly divided into 4 groups. Each group contained 5 replicates and every replicate had 10 chickens.
Layer hens in the 4 groups were provided with the same basal diet. Chickens in the control group drunk normal-
ly and the three test groups added garlic essential oil into the drinking water to make the concentration of 0.04,
0.06 and 0.08 mL/L, respectively. The experiment period was 56 d. The body weight and feed intake were re-
corded every week during the experiment period. Laying hens were slaughtered at the 56th day of the experi-
ment. The results showed as follows: compared with the control group, adding 0.04, 0.06 and 0.08 mL/L
garlic essential oil into the drinking water could extremely significantly increase the average daily gain ( P<
0.01) and extremely significantly reduce the feed to gain ratio ( P<0.01) , and adding 0.06 mL/L garlic essen-
tial oil had the most obvious effect; adding 0.06 mL/L garlic essential oil into the drinking water could ex-
tremely significantly reduce the crypt depth of duodenum ( P<0.01), significantly decrease the crypt depth of
ileum and jejunum ( P<0.05) , extremely significantly increase the ratio of villus height to crypt depth of ileum
(P<0.01), and significantly increase the ratio of villus height to crypt depth of duodenum ( P<0.05) ; adding
0.06 mL/L garlic essential oil into the drinking water could significantly increase the relative abundances of Al-
istipes and Phascolarctobacterium in cecum ( P<0.05). In summary, adding 0.06 mL/L garlic essential oil in-
to the drinking water can improve the intestinal tissue morphology, increase the colonization of beneficial bacte-
ria, and improve the growth performance of laying hens. [ Chinese Journal of Animal Nutrition, 2021, 33
(1):308-316]

Key words: laying hens; garlic essential oil; growth performance; intestinal tissue morphology; cecum micro-

bial flora
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