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ABSTRACT This study was conducted to investigate the effects of supplementation of Allium hookeri (AH) root powder
on the gut microbiome, immunity, and health in broiler chickens fed experimental diets from d 10 to 28. A total of 60
10-day-old Ross 308 broilers were weighed and assigned to two dietary treatments with 5 birds per cage in a randomized
complete block design based on body weight. The two experimental diets consisted of a control diet based on corn-soybean
meal and the control diet supplemented with 0.3% AH root powder. All birds were fed ad libitum with experimental diets
and water for 18 d. At 28 d, two birds near the median weight from each cage were selected for cecal content and small
intestinal tissue sample collection. The addition of AH changed the gut microbiome by increasing probiotic candidate beneficial

bacteria such as Enterococcaceae, Lactobacillaceae, Limosilactobacillus, Cuneatibacter, and Ruminoccoides. Regarding

gut

immunity, the supplementation of AH resulted in changes in intestinal immune cells, including reduced CD3+CD4+ T cells,
which are a type of helper T cell, in the small intestine of birds (P=0.049). Additionally, there was a tendency to increase
the expression of antioxidant function-related gene such as GPX2 (P=0.060), but no significant changes were observed in
cytokines such as IL1b, IL6, and IL10. Overall, the addition of AH root powder may have positive effects on the microbiome

of the chickens. This may help promote gut health in broiler chickens at the age of d 10 to 28.
(Key words: Allium hookeri, broiler, feed additive, gut immunity, gut microbiome)
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Table 1. Ingredient and nutrient composition of experimental
diets (as-fed basis)

Grower Finisher
Item i i
Control }jlolil;:e’:i Control }Ij(jillzle’:i
Ingredient (%)

Corn 53.25 53.25 57.27 57.27
Soybean meal 37.58 37.58 34.09 34.09
Corn(trituration) 1.00 0.70 1.00 0.70
Allium hookeri 0.00 0.30 0.00 0.30
Soybean oil 3.00 3.00 3.00 3.00
L-Ile 0.05 0.05 - -
L-Lys-HCI 0.15 0.15 0.05 0.05
L-Met 0.21 0.21 0.18 0.18
L-Cys 0.14 0.14 0.09 0.09
L-Thr 0.12 0.12 0.06 0.06
L-Val 0.08 0.08 0.03 0.03
Limestone 1.22 1.22 1.14 1.14
hgi’;z;;im 1.60 1.60 1.49 1.49
Salt 0.40 0.40 0.40 0.40
Vitamin premix'  0.50 0.50 0.50 0.50
Mineral premix’>  0.50 0.50 0.50 0.50
Choline chloride  0.20 0.20 0.20 0.20
Total 100.00 100.00 100.00 100.00

! Supplies the following quantities per kilogram of diet: vitamin A,
31,500 IU; vitamin D3, 12,500 IU; vitamin E, 175 mg; vitamin
K3, 8.75 mg; vitamin B1, 10 mg; vitamin B2, 30 mg; vitamin B6,
15 mg; folic acid, 7.5 mg; calpan, 75 mg; niacin, 12 mg; biotin,
0.5 mg; proviox50, 10 mg.

% Supplies the following quantities per kilogram of diet: Fe, 250
mg; Cu, 85 mg; Zn, 460 mg; Mn, 5,000 mg; Co, 0.75 mg; Se,
1.5 mg; I, 7.5 mg/kg.
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Table 2. Calculated energy and nutrient compositions of the
experimental diets (as-fed basis)

Grower Finisher
Item i i
Control :OISIZZZ, Control ;:lolillzlen:i
Calculated value
MEn' (kcal/kg) 2,900 2,889 2,948 2,938
Crude protein (%) 21.5 21.5 20.0 20.0
Ca (%) 0.87 0.87 0.81 0.81
Non-phytate P (%) 0.43 0.43 0.40 0.40
SID? amino acids (%)
Arg 1.24 1.24 1.25 1.25
His 0.47 0.47 0.47 0.47
Ile 0.77 0.77 0.75 0.75
Leu 1.49 1.49 1.52 1.51
Lys 1.15 1.15 1.06 1.06
Met 0.46 0.46 0.44 0.44
Cys 0.37 0.37 0.35 0.35
Phe 0.90 0.90 0.89 0.89
Thr 0.77 0.77 0.74 0.74
Trp 0.24 0.24 0.20 0.20
Val 0.89 0.88 0.85 0.85

' MEn, nitrogen corrected metabolizable energy.
2 SID, standardized ileal digestible.
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CTCGTGGCTCGGAGATGTGTATAAGAGACAGGACTAC
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Z, 72Tl A 302E 25 Ale]& WHE, (3) 72TllA] 5% PCR
AYRES =5 2137 93] AMPure beads(Beckman
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serum(Gibco BRL, Burlington, ON, Canada), 1% penicillin-
streptomycin(HyClone, Logan, UT, USA)S &£3tsle] e
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ka1, A|EE2]€-d(1 mM DL-Dithiothreitol(DTT; Sigma-
Aldrich, St. Louis, MO, USA), 10 mM 4-[2-hydrxyethyl]-1-
piperazineethanesulfonic acid(HEPES; Thermo Fisher Scientific,
Waltham, MA, USA), 30 mM ethylenediamine-tetraacetic acid
(EDTA; Thermo Fisher Scientific, Waltham, MA, USA)°] i
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St. Louis, MO, USA)7} & cRPMI B A] | 4] Z1&u] 7]
£(200 RPM, 37C) 6037t 2Hgstar PBSOl| 147t Al1#38131
t}. YA1E2]71(800 g, RT, 5% High-speed Centrifuges 1580R,
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Eold &% 1#% AEE FACS Canto II(Becton,
Dickinson and Company, Franklin Lakes, NJ, USA)E Al&-
slo EASITE Aolsle MEet & AEE s
#3l Live/Dead Fixable Dead Cell Stain(Thermo Fisher
Scientific, Waltham, MA, USA)= PBSe]| 1:1,0009] H]& 2
3|45t} AlgSle] S AEE ALt £S5 S
AREE AAE S 2l T-cell EA1: anti-CD3(CT-3;
SouthernBiotech, Birmingham, AL, USA), anti-CD4(CT-4;
SouthernBiotech, Birmingham, AL, USA), anti-CD8a(CT-8;
SouthernBiotech, Birmingham, AL, USA) Z12] L anti-TCRyd
(TCR-1; SouthernBiotech, Birmingham, AL, USA), APC #-23:
anti-MHC II(2G11; SouthernBiotech, Birmingham, AL, USA),
anti-Bu-1(AV20; SouthernBiotech, Birmingham, AL, USA)
Z12] 31 anti-Monocyte/Macrophage(KULO1; SouthernBiotech,
Birmingham, AL, USA). & &A= PBSel| 1:200= 3|45}
o] 30 &t o F& oA REES=S 3 s A
A EZ 94152171800 g, 4C; High-speed Centrifuges 1580R,
Gyrozen Co., LTD, Seoul, Korea of Republic)®Z 5%3+ 25
ate] FEAE AASAE 123 A2 PBSE Yol Wi
A FEF Sto] B4 wj7hA] 4T A Bkl

3) AtO|EFICl o s |s 2tE XA HE
TRIzol™ Reagent(Thermo Fisher Scientific, Waltham, MA,
USA)ell Bagh 37 224 RNAS FZaich 37 =

215 28 2 ¥ E(Sigma-Aldrich, St. Louis, MO, USA)2.2

FZ35}aL o] A~Z 2 H-2(Biosang, Seoul, Republic of Korea)S
Abg-3te] RNAE AAAIZ 3 75% &= -S(Biosang, Seoul,
Republic of Korea) 2 4| %|3le] £7¢F RNAS & 53t} L
TS Nano-400A(Hangzhou Allsheng Instruments Co., LTD,

Hangzhou, China)s °©]83sle] =9 =& QI3 o

Table 3. List of chicken primers used in the study

S)AR] A ol W} AccuPower ® RT PreMix(Bioneer, Daejeon,
Republic of Korea)E AH8-3to] Z2]H RNAE cDNAE &
g3ttt At BTl 2 aksly s B frdAbe] iy
TE gelst7] 9181 QuantStudio 1 Real Time PCR A]2~Hl
(Applied Biosystems, Waltham, MA, USA)S A}&-3}o]
qRT-PCRZ At dlE A @A AFg-gE Zefo]w] o]
U3t FH= Table 37 29kt qRT-PCRE Th9] A2
P ATk 94TAA 53, 94TollA 20%, 60TllA 20%,
72°Co A 2032E 40 cycle 218} o] % 573+ 65~95T Melting
curve $48 AAISKATE Al FEe 2T RS 0183
Akl AL 392713 A2 E Glyceraldehyde-3-phosphate
dehydrogenase S Al8-3}31 T

3. A=A

SA ALE AR e de] A7 A vl Ee] 2400
7NAe de U WA E L Ale| E71R12) gk #
A fRke] e ik A#ke] FAIEA]-S Prism(GraphPad
Software, Boston, MA, USA) 271813 o] &alo] AA|3}
At 2w A2zt Ay nAE 24 9] 2bo|= LEfSe
Ao R Yeplon, T OF Alele] mlAE o fro
gl 2ol & 23] 98l Kruskal-Wallis sum-rank 7378 &
AAEte] LDA score7} 2.0 o73%] 3& fro]4<l Afol &
Bhittn Adsisith AW ndE kg 2xek A A
AN E gl AP BRI ks #H
&k M3l two-tailed unpaired t-testS ©]-&3dto] EA519]
th SAEA A Adee & AlolAoln BE BAE
o)L 0.05<P<0.1¥ 7% Aol 2
P<0.054 745 frejsitta wdeiich BE A9 dlolH =

B+ BF AR FAE A

Genes Forword Reverse Size (bp) Annealing T™M (C)
IL1b GCTCTACATGTCGTGTGTGATGAG TGTCGATGTCCCGCATGA 80 60
IL6 CTCCTCGCCAATCTGAAGTC GGATTGTGCCCGAACTAAAA 164 60
1L10 CATGCTGCTGGGCCTGAA CGTCTCCTTGATCTGCTTGATG 94 60
SOD1 AGGGGGTCATCCACTTCC CCCATTTGTGTTGTCTCCAA 122 60
CAT TTACGGAGGTAGAACAGATGG TGTCAGGATACGCAAAGAGA 105 60
GPX2 ACGGCACCAACCAGGAGAT TTCAGGTAGGCGAAGACGG 133 60
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ATHFig. 1). FAALEW e ke Al ndE
T F FHE 2 A frefnlgh AfolE BolFA]
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4 HlERE A7 AL E Fol8I8lS W Shannon Aol &
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Ahafell = gebd, AlxEd R 2 Edo] EAskH 3

BAL S L7 Alliumdl| &3k 28] 53}
3 ok ARl ef B2tk 2 S 7H SE ARESE b
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Staphylococcus aureusZ- 57 AU n|YETS AT
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T © T
: 100 s :
s S 4.0 L S 0.80 i
< < <
0 T T 3.5 T T 0.75 I I
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Fig. 1. Effect of supplementation of AH in diet on alpha diversity. Alpha diversity measured by the diversity index was indicated
by control (red) and AH (blue). The line in each box means the center value, and whiskers showed the highest and lowest values
within the 1.5th quartile range (IQR). Significant differences between treatments were analyzed using the two-tailed unpaired t-test.

AH, Allium hookeri.
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L 5 o) 4R a9 Wbt Tyl waw v gt
(Kothari et al., 2019). 2322 AHajig] 22 HU7) 5%
nAE T35 4= el 42 4
AlSFATHFig. 2). A RIAE #F X A A3 tixa
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Fig. 2. Effect of supplementation of AH on the phyla (A), families (B), and genera level (C) compositions of cecal microbial
communities in 28-day-old broilers. Proportions of the microbiome represented by less than 1% at the family level and less than 0.5%
at the genus level were classified as "Others" category. AH, Allium hookeri.
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< S7MZ = v EEA 9 thHPessione, 2012).
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2 44 Atk(Dolezal and Zitko, 2015; Abdugheni et al.,
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Fig. 3. Linear discriminant analysis effect (LEfSe) cladogram and linear discriminant analysis (LDA) based on operational taxonomic
units were used to differentiate the cecal microbial communities of birds fed experimental diets. (A) Cladogram indicating the
phylogenetic distribution of the cecal microbial communities. (B) Linear discriminant analysis (LDA) score bar graph showing
microbiome difference between control group and AH group. AH, Allium hookeri.
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and Reiner, 2002; Schwartz, 2003; Smith-Garvin et al.,
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Fig. 4. Changes in the populations of T cells in the small intestine of 28-day-old broilers fed a control diet or a diet containing AH.
Each data point represents six replicates and is presented as means+S.D. Significant differences between treatments were analyzed
by a two-tailed unpaired t-test. * Indicate significance at P<0.05. AH, Allium hookeri.
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—% A XS Al Eo]th(Alkie et al., 2019). APC+=
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i

3. AfolE7lel W BMsl|s pal KA LH
AL AR B kL A1) AR 2ol Ale]

<A ?ﬂﬂ oP7l A&l q :
o] A Abs AR T HIPE SA AT Ale] E71QL
A ] g7k Q
d 4Rz} dHo=
(Fig. 6A).
A EZIRIE A ZA S M| Fadt J&8E s T
AR o]Fozl HAxAEH 0] Qe
FRIAE, T cell 2 B cell
m & 3 75 et ERgh 75l whet Aol EFRRL
AATE AIE7RIF AT ARIETRRICRE 7
g e 9548 Al ERIS Al Rkg-S 43kt
7} FAlol B AFoly AlZe ABIAEYHAE FUMAIA
HoAA of] etd g 1]X|7| = FcH(Dinarello, 2000; Oppenheim,

Jo tlo
lo,
=)
o
Y
o,
i
r o)
ke
o,
.
iy
%ﬂ
ol
32

1r0

i

=

2 AP 4 vAE B gEndd v 9%

FSC-H

CON

Bu-1
¢
"

AH
FSCH

v

MHCH Mono_Macro

R
(%)
©

IS

LT

T T
CON A

F'S

MHCIHBu- cells (%)
~

MHGH+/Mono_Macro cells
o

5

T
CanN AH

Fig. 5. Changes in the populations of antigen-processing cells in the
small intestine of 28-day-old broilers fed a control diet or a diet
containing AH. Each data point represents six replicates and is
presented as means+S.D. Significant differences between treatments
were analyzed by a two-tailed unpaired t-test. AH, Allium hookeri.
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234 I tH(Prakasam et al., 2013).
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A== Sl (de Waal Malefyt et al., 1991; Arendt et al., St FFAHHIANEQ T cell subsete] 3o J3k-2 1|3
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Fig. 6. The expression of gut immunity and gut health-related genes in small intestine tissue of birds fed diet containing AH. Each
data point represents six replicates and is presented as means+S.D. Significant differences between treatments were analyzed by a
two-tailed unpaired t-test. Significant differences between treatments were analyzed by a two-tailed unpaired t-test. * Indicate tendency

at 0.05<P<0.1. AH, Allium hookeri.
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