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Changes of Productivity, Intestinal Immune Cells and Gut Microbiota in Laying Hens by
Microalgae (Mychonastes pushpae) Supplementation

Yeeun Kim'"", Goeun Han"", Sang Seok Joo', Yoo Bhin Kim’, Ji Young Jung’, Myunghoo Kim*" and Kyung-Woo Lee”
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Republic of Korea
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Republic of Korea
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ABSTRACT 1In this study, we investigated the effects of dietary microalgae (Mychonastes pushpae, MP) supplementation
on the changes of egg production and quality, intestinal immunity, composition of the gut microbiota in laying hens.
Mpychonastes pushpae (MP) supplementation increased egg weight and egg mass in laying hens. It was observed that by MP
supplementation changed the population of CDS-TCR ¥+ T cells, one of the subsets of CD3+ T cells, and MHC I+ antigen
presenting cells in the small intestine of the laying hens. Besides, composition of beneficial gut microbe like Lactobacillus
and Faecalibacterium increased by MP supplementation. Gene enrichment analysis on gut microbiota revealed that genes
associated with biosynthesis of unsaturated fatty acids increased, while bacterial chemotaxis and biofilm formation of E. coli
was reduced by MP treatment. This study proposed the possibility that the supplementation of MP for laying hens affect the
egg productivity, the gut immune cell population and the microbiota. Thus, this can be used as a dietary supplement to
improve productivity and gut health in laying hens.

(Key words: Mychonastes pushpae, laying hen, feed supplementation, productivity, intestinal immunity, gut microbiota)

= et d7ad, S50 AT WL BAEES] BAE

Holl & nlHvhs A+ 277F Bad v) QTKLee et al,

=4 < 2016; Broom and Kogut, 2018). AF&t7A|2] ¢ &7k =43}
Tt a3kE e Uiz FAFgLAY 5 "2 2U(gA, 1gG, IgM)
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Al

dete &3) Aol EAlske A W g1y A9 7] o] ¥, 954 Al ETRI w=rt daEe] itke A7 2
Ao g B3| TEo| A thalel dHH o) 3 9T 7} BuE 8f 9thWang et al., 2019; Gan et al., 2020).
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128 A5 AR AR W vAlE

Heke 8 A5 WA FRe Weg 24
5ol HuEATHRound and Mazmanian, 2009; Veldhoen
and Brucklacher-Waldert, 2012; Amoroso et al., 2020).
s=o| Hold & Aol F3ete Al mAES A=
2 AR e e Soto] T8 uiA 2 WY
edd 2 2 98 I thQamar et al., 2021). 53]

7| &3y 3438 Ats Hstel 22 Al ~EH A 89l
o2 QI3 A mAE dFo] Wsletd &S WY
AJo] W3lalth(Rio et al., 2024). o] FUW PAE 4% F
frejate] Aastal freflwte] Skt W vdEe v
F5 28 ol AHE oplstAY S AT 5
QATHShi et al., 2017). WEbA] TRkl Q)54 @0l o)&f ¥
slele A MAE TEF2 BATES BAPE gy
S A= Wl 23 AFEe} & 5 Yot

A F4 FE EE FANGANN AebAe] A

WEe we g BAlot. Awe A%e

= GRS Abzel Fokse] A

Aol A7 PRATE FAL ol §HAA T, 47149 o
o

o3y A MAdE dFe =dde THAA

A WY §A4 @ 28 AH] RS F § UthJemnberg et
al., 2007). B3t gAA o] 47 AR A W] e 2
ofe] PO R o], ol AATEH o|F o|&dh=

QAzte] A7dell At Ao 28 5 Arh(Abe et al,
1995; Jans et al., 2018; Kim et al., 2019). Wb A& &
Eolu AEAl, 77148 55 ol&sto] A A A4,
& 27 Ndell eg gy S22 FaE 71 FAAE o
AL = e 715748 7K i A7 AgH o
(Rowghani et al., 2007; Yun et al., 2008; Park et al., 2009;
Kang et al., 2013).

HZ Atm 7MY Ao n R 2 FRE T
Ak MM R B S Est] di7] $ olitsteka
kAl Ak s ks, teFet dEje] frlES A4
A& A Eo|tHda Silva Vaz et al,, 2016). =3+ A& t}
Fdol - o E% 7oA wE}FIZEl(B-carotene),
o} ~EF#He] (astaxanthin) ¥} 722 dH4itsl E2S AR
BAEE AR A EAS BE Fsgel FRuna gdrk
(Skjénes et al., 2013; Sun et al., 2018; Kim et al., 2023). 2
A2 A zFe] A7 Felk A vigge) 25 2t

2 we P fHo Ego] Hrke A7 ARE Huw

-

7

% d K

=

g

WA 3 g RS g

H} 9JTHSagaram et al., 2021). © VAIZFe] AF2A My-
chonastes pushpae (MP)= U] EZF0 2 Hgl7l2=H o]}
FEIQ(lutein) 2} 22 g1kt F2o] ohEF druo] glon,
A E A 33 SHE A TEHo] S5t &
] 9 tH(Jang et al., 2021; Lee et al., 2023). 221}, 4FeHA
& AR HA7HIEA AR AR 7FsA 5], A d
St ) )R VA GG TF ATE o3 0E
Sk, Weba B ApelNE Ak Almel A7ke nlHl
SMPYH AR A e A, el A v e
ol WA BIE BAe] AR B Re] BE AP
S gasns g

1. OM=R/ 22|, i X Hd=x

E At ARS-E vAZF Mychonastes pushpae (MP)=
& AFEMER T FF)lA AFHo] TH T =
AR = g)ell A AT Al 2= FMP)2] v
< 93l BG-11 ¥IA|(K,HPO; 0.59 g/L, NaNO; 4.25 g/L,
MgSO, - TH,O 0.075 g/L, CaCl, - 2H,0 0.036 g/L, ferric
ammonium citrate 0.006 g/L, citric acid 0.006 g/L, Na,COs
0.02 g/L, ethylenediaminetetraacetic acid 0.001 g/L, trace
metal mix A5 solution(H;BO; 2.86 g/L, MnCl, - 4H,O 1.81
g/L, NaMoO, - 2H,O 0.222 g/L, CuSO, - 5H,O 0.079 g/L,
CoCl, * 6H,0 0.05 g/L) 1 mLE 1217C, 1.5 7|tollA] 1583t
Bitote] ARESIT E717F 7Fe e 100 L B A% 3wt
71l 5% olkstea 7147 e 3715 0.1 vwvmH F
AskAtt M == 2241 CE AR 1, FEE 500 kW
WA LED B9 271% o] 3] A% 0w FFstel MP
2 W st Mpel FAE 9] glete] A% AN
21718 Fall WiAIE 13,700 gollA] AlEelskda, —80Cel
AN sEet saAzse] 49 A Bk
L E2 MY

5755 3fo|2tel Bale-(Hy-line Brown)Z AFHAl 965
£ Akgk Ao X (45 cm x 45 cm x 45 cm)ol] 2] w3k
F, 157Y3 A-8713 7T ol F 7 A2l R vlA
ZFMP) H7F A2l Atgeh B vV 2T AFRE H
oAetlet. Aol A3 AbRe] Y89t 773422 Table 1

N
OHI
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7} Zom, nA|z2F HeTE 712 ALl nAlZRF 0.5%
A7rsto] 457 FoAsiith Alg et £ A 4= o
I, AAF W 55 33T, 55 40~50%, 244]3F A% A
27 A ARSSITE 2 AFollAe A3 27 AA
olz] o= /N A wl=2E Fosigon, o|F
HE 83l ZF A AL 7IEe2 F aAFS

ol Zt A& AT 7 A golls 242 st

T Z
23, 648 A5

=

T OB OB o X2

=]
L
(¢}

3. OlMI=F E7toll e LHEA| Azt ditd S Afetd

o s}

M
I

Xl =X
-

1) A=A g Az 22 5

7} R AR A e 71531, o) AlAE ¢
A AlEA 3 FH(feed intake, g/d/bird) A4kl o] &} Ak
T&(egg production, %)Z} F3(egg weight, g)= vid 715
31, o] E3f AteaKegg mass, g/day)S T-3FITE A

H .8 7&(feed conversion ratio, FCR)< Z} WHE-1 A5 4]
A S AR 2 vro] Faelsith A3 453k v 3
A&o 2 WA 67]e] & AjTste] T S o]
sk zh M(eggshell color)S FZPHIAMA(TSS QCR,
Technical Services and Supplies, York, UK)E ©]-&3lo] =
ottt SfY, W A, ' FA SR Aot &
3} A {4 digital egg tester(DET-6000, Nabel, Kyoto,
Japan)E ©]-&3dto] A= QTh

I

oo 1o

il

Hr

A

4. OlM=F H7tol| & FE MY =4

1) 2% 175 M=x =22

AeHA| &% 18- M3 (Lamina propria cells, LP cells)Z
Eelshe AL oldd Had "l wel Algsisl
(Chen et al., 2022). &7 5 37 242 £2l5t] 10% fetal
bovine serum(FBS; Gibco BRL, Burlington, ON, Canada), 1%
penicillin-streptomycin(P/S; HyClone Laboratories, Logan,
UT)°] 718 RPMI 1640(Gendepot, Barker, TX, USA) HJA|
(cRPMI)7} F71 8712 %713, A} A Ale]o] uh& A A
Stk o] ARS5S wet 7H 2 A2a Ao oS
7R QAkekZ=A8a] 4 & 4=(phosphate buffered saline, PBS;
Gibco, Life Technologies, Sdo Paulo, Brazill)ol] A& ate] 4
o] WEET A AAS o 1~1.5 eme] Zol= A5t
t} o] 248 A7k PBSE Al1H 3 ot Al ZE2]-49(30
mM ethylene-diamine-tetra acetic acid(EDTA; Thermo Fisher

Table 1. Ingredients and chemical compositions of experimental
diets (as-fed basis)

Ingredients g per 100 g of Diet
Corn 60.69
Soybean meal, 47% CP 17.63
Mychonastes pushpae (MP) 0.5
Tallow 2.69
Corn gluten meal 3.42
Limestone 11.53
Monocalcium phosphate 1.82
Sodium bicarbonate 0.21
Sodium chloride 0.27
Choline chloride 0.05
Vitamin premix' 0.10
Mineral premix® 0.10
-Lysine HCI-56% 0.20
pr-Methionine-99% 0.13
L-Threonine-99% 0.09
L-Valine-99% 0.11

Calculated chemical composition (g/100g)

Nitrogen-corrected apparent metabolizable

energy (kcal/kg) 2,700
Dry matter 88.53
Crude protein 15.0
Ether extract 4.89
Ash 15.5
Calcium 4.40
Available phosphorus 0.40
Lysine 0.79
Methionine + Cysteine 0.64
Threonine 0.65
Valine 0.81

! Vitamin premix provided following nutrients per kg of diet:
vitamin A, 20,000 IU; vitamin Ds, 4,600 IU; vitamin E, 40 mg;
vitamin Kj, 4 mg; vitamin B,, 3.6 mg; vitamin B,, 8 mg; vitamin
Bs, 5.798 mg; vitamin B, 0.04 mg; Biotin, 0.24 mg; Calpan,
18.355 mg; Niacin, 6 mg; Folic, 0.14 mg.

2 Mineral premix provided following nutrients per kg of diet; Fe,
70 mg; Mn, 7.5 mg; Zn, 60 mg; Cu, 7.5 mg; I, 1 mg; Co, 0.13
mg; Se, 0.20 mg.
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Scientific, Waltham, MA, USA), 1 mM DL-dithiothreitol
(DTT; Sigma-Aldrich, St. Louis, MO, USA), 10 mM 4-[2-
hydroxyethyl]-1-piperazineerhanesulfonic acid(HEPES; Ther-
mo Fisher Scientific, Waltham, WA, USA)°| 7} PBSel
oy 200 pm, 37T Z71e] EM|L7IeA 1083 X2}
Atk o] ¥, 222 A8l H7td PBSE A3t
1474 Al23ka, 30 Mm EDTAS} 10 Mm HEPES7} gHr&
PBSE 7] 200 rpm, 37C 272 AhujekriolA 1087t
Agdct. 1 & 223 27RE PBSE A|A3}kaL, 5 mLe]
cRPMI 1640(GenDEPOT, Barker, TX, USA)2.2 &7 2%
ot Z3}5l9it) rR 2 e 2 collagenase type VIII (Sigma-
Aldrich, Chem, USA)Z 0.5 mg/mL 3 7}3} cRPMIC] %2]-S
231 200 rpm, 37C Z719] RG] A 1A B A E
stk o]F YAEE]7](800g, 105, 4T)9 U7 & A=
A2 A ABFITE Percoll(GE Healthcare/Amersham, Bucking-
hampshire, UK)E A-8-sto] W=xlol] o]gt LA 2] (detl
40% Percoll, dFtell 70% Percol)E Eall &% 15 o

A EE e

2) wM=E 24

2% 1f5% W AAES £48H7] 918 FACS Canto
II(Becton Dickinson, Heidelberg, Germany)S A}8-3l%11, ©|
T FlowJo software v10.7.1(Tree Star Inc., OR, USA)E &%
ste] HlolH A& AT 2 FAE 1200 H[ER
PBSel g|Asto] XS At on, dolsle AEE o
o g BA3l7] el LIVE/DEAD" Fixable aqua dead cell
stain kit(Invitrogen, Thermo Fisher Scientific)E 1:1,000 B]-&
2 PBSel| g]Aate] gl ot FA ARgstslth of 7= 23l
A 30 B FA 9 A 2E vHSAIZL - D4R 71(800 g,
5+, 40)E AHEsle] ASds Eesta SV =2 A A
o} Al E 2737 931 4% phosphate-buffered formalin
(4% PFA,; Biosesang Co., Ltd, Republic of Korea)= 200 uL
ARSI AL, o] F o T Z7olA S H7HA] 4T WA
o] gt

o] dAFrellA ARERE AT Tt 2k &% Wi tiAlE
9} B AlXE #4371 93l FITC-conjugated mouse anti
chicken MHC 1I(8350-02, SouthernBiotech Birmingham, AL,
USA), PE-conjugated mouse anti-chicken Mono/Macro(8420-09,
SouthernBiotech, LA, USA), Alexa Fluor 647-conjugated mouse
anti-chicken Bu-1(8395-31, SouthernBiotech, LA, USA) &A1&
AREETh w2 W T AEE 248] 918l Pacific
Blue-conjugated mouse anti-chicken CD3(8200-26, Southern-

Biotech, LA, USA), FITC-conjugated mouse anti-chicken
CD4(8210-02, SouthernBiotech, LA, USA), PE-conjugated
mouse anti-chicken TCRy6(8230-09, SouthernBiotech, LA,
USA), SPRD-conjugated mouse anti-chicken CD8a(8220-13,
SouthernBiotech, LA, USA) 3|2 ARE-Sle] EA13519]

5. OlMZR &lo| mE AU o|uS 24
1) A W U ME ST
<
=

ABel DAZRE B

7] g, APEES Co, 35 r13

8¢ #Yant o2 FYE RE ARE DNA 73
2 AR 24 B8 9a 80T 2AL WERd
B

2) il o|d=E ZE "l 24
DNA< DNeasy PowerSoil Kit(Qiagen, Hilden, Germany)
ARt AlZAbY] B TR EZ] wt FEHAoh
¥ DNAE Quant-IT PicoGreen(P7589, Invitrogen)= ©|-&
tol P e m BAEN AW e 2 B4 A
o]% 332 dF | Illumina Inc.)o A A|F3+ 16S Meta-
genomic sequencing lirary ZREZS F4=5to] =)o}
Amplicon PCR g o4 16S rRNA gene2] V3-V4 o]
Bl g deEgom, AHgHE Zatoln] A7|ALGe] Vie
5’-TCG TCG GCA GCG TCA GAT GTG TAT AAG AGA
CAG CCT ACG GGN GGC WGC AG-3’ (forward primer),
V4= 5°-GTC TCG TGG GCT CGG AGA TGT GTA TAA
GAG ACA GGA CTA CHV GGG TAT CTA ATC C-3
(reverse primer)Z W} Z A (Macrogen, Inc., Seoul, Korea)©ll
A ARE QS gelBefy] AR mARAld] 9 EE o]
Miseq(Illumina, San Diego, USA)E &3l Faj=Sich
Amplicon sequencing Z}gollA e Q/{FE wHsH]
918l R(v4.0.3) &3] DADA2(vI.18.0) F7|A] = &
3t} o] ol A= Paired-end ReadE Ul’F o 2 forward
¥ (Readl)T} reverse 4 E(Read2)S 2+t 265 bp2} 217 bp
2 22 ¥ uyd AEAE 293+ DADA29] Consensus
methodE -85} amplicon sequence variant(ASVs)E 434
stk T, PAE A vlw $48 A3 Haret e
QIIME2(v2022.2) 2135 ggalo] 43| Q]t} 7} ASV
Al e 7P A nj A&l ti3 taxonomy FHE
sl7] 918l NCBI Hlo]El#]o] 2~0| 4] BLAST+(v2.9.0)% &
stk ohket A rAE RS ¥a 245 SEl

I e

[¢]
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QIME2E AHgato] ASVE] THE 9 &/ FHE AH8at
Ak 2 AE U rAE e F o 2 deds &
st7] 98l alpha diversity 2J(Chao 1, Shannon X|<F,
Simpson)= a3 Abs Wl mAlR H7F BRI
Zh) 0] A& 3} Huttenhower Lab Galaxy Server 2.091A]
Linear discriminant analysis Effect Size(LEfSe)(http://galaxy.
biobakery org/)E A8 3}o] linear discriminant analysis(LDA)
score s ERlstth ZF A7 izt 7] frofgk Ajo)
(P<0.05)5 #2431 2™, LDA score”} 2.0 ]/ taxa7} A8
H At} Predicted KEGG Pathway 415 Zajstr] ¢l
PICRUSR2(v2.5.)AZEY IS &g3le] 7155 7k 44
A JHE EF/IA

ol

6. SAHEN

A ZFE A7kt Abe Al o] g A et A A
& thekAddl tigk A= La Jolla, CA, USA2] Graph Pad
AF9] Prism 8 softwareS &-8-3le] EA1A o2 EA3519T]
AEEE W2 AT = two-tailed unpaired r-testE A
sto] A a1, A EES tEX] &= A= two-tailed
Mann-Whitney 745 B3l ¥
Frelde 0.05<P<0.19 A5 3ol vt Adsia,
P<0.059 2% Fsivta A =
F+EF AR FAEIATH

(A) Feed intake FCR B)

ry
°

(%)
=

(g/bird/day)
.82 8 8 B8

Egg production

-..- :-= 65 -
v
: L. 50
. : >
. 5% | ¢ | g 45
= )
55 = 40

Za 9 oa
1. At2 W o|M=F/(Mychonastes pushpae, MP)
ZO{0f| WE AR AUARA s}
A7F godo wE keAe] AR A nlR)=
= FA] flste] E2TH(CON 15)7 nlAZ2F/ A2
T(MP L5F)°] BAkehe Ald A F4 gk 2AMS
ATk mAlER7E H7HE AARE A A d
U AlEAF FH(feed intake)o]U AR L TE(feed conversion
ratio, FCR) 2}o|7} UA] &4 ThFig. 1A). 3HX|%F CON =1
F v MP IEolA d3(egg weight, g)2F ArtaHegg
mass, g/day)] Fo|H oz Frlete 2HE FlsSIthFig.
1B). °|¢} A8l AtaAl AMR W vl A2 Chiorella vul-
garis) H7F Al A AL B FHE STHIIE 59 4
A9l a3= 7}71 oty HaoH 3}7} rJ(Halle et al., 2009).
u M ZF
7] flsko ‘”}ﬂ A i%‘;l, 1&2} 7oL
F7H o2 Ao, BAIACR frofg A3

REESE

l-ﬂ

Wzt S, et A

“6"‘2‘

golslx] & Eet3thFig. 10). 12|22, AHeA Alg U v
A ZFMP) H7H= Aol Algt Aabdol 4l J&F
= A= eg Btk 2y nAEFE ke &
o Aol Ao Atk A H AT A RlX= G
of digt A= o BLE Ze= Hink

Egg weight Egg mass

70 * 60
55

1
20 20
ULI—y—I—I—y—L OU—J—I—,—L
CON MP

MP CON WMP

CON MP CON MP
p=0.1881 p=0.0830
(C) Haugh unit

CON MP

p=0.8437

100
20 "as
80 |. .| | H |
70
40
20
0

CON MP

p=0.5867

p=0.1507

Eggshell strength

p=06363

p=0.0274

Eggshell thickness
0.5

0.4
0.3
0.2
0.1

0.0

p=0.6395

p =0.0372

Eggshell color
30

20

CON MP

p =0.8491

Fig. 1. The effects of dietary microalgae (Mychonastes pushpae, MP) supplementation on productivity (egg production and quality)
of laying hens. Laying hens were fed a basal diet or MP-containing diet for 4 weeks. CON (control): basal diet (n = 10), MP: basal
diet + 0.5% Mychonastes pushpae (n = 8).
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2. A2 W olM=F(Mychonastes pushpae, MP)
=010l ihE L HAMZ F4

Lamina propria(LP)= 733 49t 22] 714 o] |3t oF
ZAgtz 2| Zo|ti(Pabst and Bernhardt, 2010). 3 W& <
A&, B, Al nAE T e fFagle]l EAlsta
ol5d =Fd Al S2HHQI BESE F=317] 95t LP U
ol T M3ET cell), B AIXB cell), ELAAIA| E(antigen
presenting cells, APCs) & ThFs M| 27} &A1ttty &
1A dth(Varol et al., 2010). AFE W v M ZFH( Mychonastes
pushpae, MP) Z7}el| whel A U QA 27} ¥stst=A]
& B4317] 98l el 33 Lp W] HAAEE Falske] &
A3 BX(flow cytometry)= AAISFA K Fig. 2). ALE U] A
AZ2F Z& A EF F3 55 E(astaxanthin)= H7FSE AF
A Aol E CD4+ T celle] S718e &27) Qlvka Ha
7} Tl JtKwak et al., 2011; Rim et al., 2022). 1822
Sele WA A W AGA ZAA AA T celle] vlE&ES &
o15}7] 98l T cell®] pan-biomarker®] CD3E ARE-3}At}
T U3 T cell subset?] CD4+ helper T cell, CD8+ cytotoxic
T cel, TCR ¥6+ T celld ¥H]&S FRI39TE Flow
cytometry 4] Z3} CON & tH] MP LEol|A4 CD3&
dEsl= T cell AAQ] Bl&olyt CD3+ Ul subset?l
CD3+CD4+ helper T cells®} CD3+CD8+ cytotoxic T cells,
CD3+TCR y&+ T cellsell = 2141 &fo| 7} ATt kA 7F
TCR y6+ T cell W subsetoll A& x}o]7F AR A =H AR
W n]AZFMP) 7} A] CD8-TCR y6+ T cells= 20| s}k
Al 718k t(Fig. 2C, P<0.05). ¥2] & A9t Wl T cellol| &=
CD4+ helper T cell, CD8+ cytotoxic T cell, TCR y&+ T cell
2 TAdE) o] 3 CD4+ helper T cell& 8 2% A3Hd
S84 (major histocompatibility complex; MHC) MHC &
st APCOF Al HURIY TS AT, o] B
cellol| A Zdgste] A BAksHA gt BEo] A A <4
A E4E Agote Al E7RRIS RHlste] HAZQ1 H
o W8-S Z&3THArstila et al, 1994; Chen and Jensen,
2008). CD8+ cytotoxic T cell- W14 &z} F=dE MHC
[ wkgate] X 54 7lss @t g4 Aot
(Exf et al., 1998). TCR y6+ T cell& Q17lolL} FH o= &
oA Bold oz e HE&S AR sk WA x|, F
oluf 4, Al wEh &8 T celle] 50% W&ol Subet 4=
ot LA IthSowder et al., 1988). F= oy} H]
4, A kel 91218 TCR y6+ T cell-& MHC9}S] HHS-
I} FAIGo] Aol cytokine A=l wEA WE-3-Glo]
SIS Ale| BT EH]eta A AAY HEFE A2

2 fgaez =A% "oz ¢delAx JckShiromizu and
Jancic, 2018). <& E°] HolAl Marek’s disease viruse 7+
AN Ao A= ¥ U TCR y6+ T celle] 7} Z718)
on, 7 TAMEE HATAH AIEFRIQL JEHEy
(Interferon-y, IFN-y)} A3 Ale]EFIRIQI QIHFX
-10(inteleukin-10, 1L-10)2] T&AFo] F7lelslgo] Hud
u} 9lTHFenzl et al., 2017). ¥2] TCR y&+ T cell& CD4+,
CD8+, CD4-CD8- double negative® WAE Aoz L#A
UTHBucy et al, 1991). ] 7%, F4dell* CD4-CD8-
double negative ZJENQ] thymocytes”7} ®31E AXHA
CD4+CD8+ double positive, ©]F CD4+ -2 CDS8+ single
positive FES] ZZF22] TCR y&+ T cello] A E Tt <
] 9ltHKadivar et al., 2016). AT TS v FEslo] FE9
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Fig. 2. Changes in T cells in the jejunum by supplement of Mychonastes pushpae (MP). Laying hens were fed a basal diet or MP-containing
diet for 4 weeks. Con (control): basal diet (n = 10), MP: basal diet + 0.5% Mychonastes pushpae (n = 8). Propotions of CD3-total)
T cells, CD4+ T cells, CD8+ T cells, and TCR y6+ T cells were analyzed by flow cytometry in the 61-week-old laying hens. The most
representative dot plots of CON and MP group are shown (A) and (B). T cell distribution is presented (B) as means+S.D. and significant
differences between the Con and MP group were analyzed by a two-tailed unpaired test or Mann-Whitney test. = P<0.05.
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Fig. 3. Changes in antigen-presenting cells in the jejunum by supplement of Mychonastes pushpae (MP). Laying hens were fed a basal
diet or MP-containing diet for 4 weeks. Con (control): basal diet (n = 10), MP: basal diet + 0.5% Mychonastes pushpae (n = 8).
Propotions of MHCII+ cells, B cells and monocyte/macrophages were analyzed by flow cytometry in the 61-week-old laying hens. The
most representative dot plots of Con and MP group are shown (A) and (B). T cell distribution is presented (B) as means+S.D. and
significant differences between the Con and MP were analyzed by a two-tailed unpaired #-test or Mann-Whitney test.
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Fig. 5. Distribution of the predominant phyla, families, and genera in the microbiome of laying hen caeca. Laying hens were fed with either
a control diet (CON) or control diet which supplemented 0.5% Mychonastes pushpae (MP) containing diet for 4 weeks. 16S rRNA sequencing
was conducted to determine the relative abundance at the phylum level (A), family level (B), and genus level (C). Proportions of the
microbiome represented by less than 0.1% (phylum level) and less than 0.5% (family level and genus level) were classified as “Others.”
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Fig. 7. LEfSe identified the most differentially abundant PICRUSt-predicated KEGG pathway between Control diet (CON) and
Mychonastes pushpae (MP) supplemented group. Laying hens were fed with either a control diet (CON) or control diet which supple-
mented 0.5% Mychonastes pushpae (MP) containing diet for 4 weeks. LEfSe analysis (LDA>2, P<0.05).
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