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Supplementation of Microalgae (Tetradesmus sp.) to Pre-Starter Diet for Broiler Chickens
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ABSTRACT This study aimed to determine the effects of dietary microalgae (Tetradesmus sp. (TO)) on intestinal immunity
and microbiota of pre-starter broilers. One hundred and twenty 1-day-old birds (Ross 308) were allocated to two dietary
treatment groups with six blocks in a randomized complete block design. The two experimental diets consisted of a
corn-soybean meal-based basal diet and a diet with 0.5% TO powder instead of cornstarch in the basal diet. After feeding
the experimental diets for ten days, all birds' body weight and feed intake were measured, and representative eight birds were
selected from each treatment group. Small intestinal lamina propria cells were isolated using flow cytometry to examine the
frequency of immune cells. Cecal feces were harvested for 16s rRNA gut microbiota analysis and fecal IgA levels. Here, we
found that 0.5% TO supplementation increased CD3°CD4" T cells in the small intestine, but decreased CD3'CD8" T cells
in the small intestine. Gut microbial analysis showed that TO supplementation significantly increased the alpha diversity of
the gut microbiome. Taxonomic analysis showed that TO treatment increased the abundance of Firmicutes and decreased that
of Bacteroidetes at the phylum level. The distribution of Enterobacteriaceae containing many harmful bacteria at the family
level, was lower in the TO group. In the LEfSe analysis, the TO group had a significantly enriched abundance of
Agathobaculum at the genus level. Overall, results show that Tetradesmus sp. supplementation influences intestinal T-cell
immunity and induces the expansion of beneficial gut microbes in pre-starter broiler chickens.

(Key words: microalgae, Tetradesmus sp., intestinal immune, gut microbiota, broiler)
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23} AT U geket AWkl o8 2} ols] A BAEE] AL DA Ato] o lgo] Had nf
T} Huw 3 Qtk(Schmaler et al., 2018). A& didh $IFHBorda-Molina et al., 2018). T3 | M= T2
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22 F] YRR ARE B ol AAEES
A7 A2 &8 7FsAdS BolFa vk
ol bRl Al ERE HrllFle W A%, W, A
A sol A= Eel Eard virh QITHEl-Bahr et al,
2020). £38] 7Fa79 AR chlorellas Z 71502 )
AU &S] tekdo]l S7FE S (Abdelnour et al.,
2019), AHlel] gk AP E kS A & dvka Bu

(Tetradesmus sp.) 47}l w2 A

T ws

) ATHKwak et al., 2011; Chen et al., 2019). 3}, n]A| 27
H7F A A8 AlelBE7RRI e ARl IL-69] TEE A
AA AT T BAdvhe A= Bud vf th(Chang et
al,, 2021). AFHAG A PlAl 2R Vb= Aol @2y
4 F2 7713 9gel 2 E FEE 2aA
T o] H1¥ I thGinzberg et al., 2000). ¥ &7t A}
S% Tetradesmus obliquus(TO)= T WM 279} w7}
Az gk, G dud 2 FRYEY 2L G A
237 71%S 73 dvka HaE < tH(Giordano et al.,
2018). PIAIEF Fel7h o) Aelvialel v thaka
o7 B vp glovt o7k AbR W WA ZEFH(TO)
A7) 719 AAHA = A v E] v)x]E 3k
B APE BEG golrh, weh B AFelME 2]
SA AFE W RAEHTO) Z7t ATA Aaa A
gl HAE FYL FHSRA ek & A7E
291 471 45 ) AR AP B T el X
o Jee mIAE, Ay wl S g
W oohfe} 9% A MAEE FE A Hed
G # AT PR 2] $19) els )

e #F - 3 H& AMska e

B At 554 Aaddn sEAEET9S
(IACUC) T3 1 e} 21 =] ATk ™ 5:2021-0213).

1. OlM=R =2, s R A=

B A AR vl R Eel, g B e ol A
—TLOH AHEE WS o] g3l HEATHAN et al., 2020).

T ARERY A EFE -“‘i—ﬂ % gHsl] flste] Fet

?‘iul%% ol g&3st] & mAEF F= EElsker 18S
rDNA sequencing 412 414 ”]’01] WA ZFHTO)Y S &<l
Sk

U]‘ﬂi%‘g HjFalr] ¢6ke] BG-11 #iA](NaNO;s 1.5 g/L,
K,HPO, 0.04 g/L, MgSO, - 7TH,0 0.075 g/L, CaCl, - 2H,0
0.036 g/L, Citric acid 0.06 g/L, Ferric ammonium citrate 0.06
g/L, EDTA(disodium magnesium salt) 0.01 g/L, Na,CO; 0.02
g/L, Trace-metal mix AS(H;Bo; 2.86 g, MnCl, - 4H,O 1.81
g, ZnSO, - 7TH,O 0.22 g, Na,MoO, - 2H,0 0.39 g, CuSO; -
5H,0 0.079 g, CO (NOs), - 6H,0 0.0494 ¢/L)E 1217T, 1.5
719kell A 1583 Eatgt F ARtk
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Tetradesmus TA 2] W& WS o] d AT} FL3A
2Pl Tt. 7reks] 71486, 100 L 3933 38 E6k-g-7] o

E7](aeration)”} 7} 3tEE A8k, 5% o|AtalE A Tk
7F e 3718 0.1 vwmeR FI3AL vl
22+1CE A3sta, F=e] 7% 500 kW B28(6,000K) LED
Fld 2718 o] &ste] AdEH o2 FFESIUTE oF 7~104
HujFet & AAE7E ol &otd Al 2R/ FAE 35
3} &, 27 Z(FD8512, Iishinbiobase Co. Ltd., Dongducheon,
Korea) & Z&slitt 241x | nlAlzRw Al AHEA|
A ARsGEZFE 7] (KA33-73, Sanplatec Corp., Osaka,
Japan)ol] H&3}3ich

245 SAI(Ross 308) FHole] 12075 A3l &

< T 1097 AP E S
Fom AA W %E 33T F&E 40~50%, 85 24

AT ZA00A AT Aldol| AFHER AR
E 71ZA 8 A ZFH(TO) 0.5%(EFFAE tiA)7F 2
H F 239 WA R A 3(Table 1), A= W] 9
2 2 o)At ghaf AlAkR] ol i3 3 HE Table 29F 2

g
(o]

[e]

o, Hlell B FEA TS NCRQ2014)°] A= )
B a7 3432 ool HEE wigeditt APAAE
hes

IS AHgstel 49 AL Aol BAE AA ol

Table 1. Ingredient and chemical compositions of experimental diets (as-fed basis, %)

Experimental diets

Ingredients (%)

Basal diet TO
Corn 53.55 53.55
Soybean meal 38.82 38.82
Cornstarch 0.5 -
Tetradesmus sp. - 0.5
Soybean oil 2.0 2.0
L-Arg 0.09 0.09
L-His 0.03 0.03
Llle 0.1 0.1
L-Lys-HCl 0.35 0.35
L-Met 0.23 0.23
LCys 0.14 0.14
L.Thr 0.14 0.14
L-Val 0.2 0.2
Limestone 1.05 1.05
Dicalcium phosphate 1.90 1.90
Salt 0.40 0.40
Vitamin premix’ 0.20 0.20
Mineral premix’ 0.20 0.20
Choline chloride 0.10 0.10
Total 100.00 100.00

! Supplies the following per kilogram of diet: vitamin A, 24,000 IU; vitamin Ds, 8,000 IU; vitamin E, 160 mg/kg; vitamin K;, 8 mg/kg;
vitamin B;, 8 mg/kg; vitamin B,, 20 mg/kg; vitamin Be, 12 mg/kg; pantothenic acid, 40 mg/kg; folic acid, 4 mg/kg; niacin, 12 mg/kg.
2 Supplies the following per kilogram of diet: Fe, 120 mg/kg; Cu, 320 mg/kg; Zn, 200 mg/kg; Mn, 240 mg/kg; Co, 2 mg/kg; Se, 0.6 mg/kg;

I, 2.5 mg/kg.
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Table 2. Calculated nutrient and amino acid compositions (as-fed basis)

Experimental diets

Item

Basal diet TO
MEn (kcal/kg) 2976 2,956
Protein (%) 23.0 23.0
Ca (%) 0.96 0.96
Non-phtate P (%) 0.48 0.48

SID amino acids (%)
Arg 1.31 1.31
His 0.47 0.47
Ile 0.80 0.80
Leu 1.53 1.53
Lys 1.28 1.28
Met 0.47 0.47
Cys 0.40 0.40
Phe 0.92 0.92
Thr 0.81 0.81
Trp 0.23 0.23
Val 1.01 1.01

25 A Qi E B2 T AeS VEeE A E 2
Mo agom Ytk o|dd Had AbHS Fast
o 24E] 6¥HE ©, 1075 wiX|3FtH(Kim and Lindemanna,
2007; An et al., 2020).

3. O|MZ== &7}of| = Aok il 2

=]
THDavies and Parrott, 1981). §Ale] F4=22-& E2|st]
10% fetal bovine serum(FBS; Gibco BRL, Burlington, ON,
Canada), 1% penicillin-streptomycin(P/S; HyClone Laboratories,
Logan, UT)°] 3715 RPMI 1640(Gendepot, Barker, TX, USA)
H]Z](cRPMI)7}F HZ1 8712 &7131, cell debriss Al A3
Aal Gt AASAT o] F5e wet 7R A=
3 2E AACR Fob ATk A4teEEA 2] 4 ¢ 9(Phos-

phate buffered saline, PBS; Gibco, Life Technologies, Sao

Paulo, Brazill)oll 33] A|Z3le] 7o) WE&ES AAS &
1.5-2.0 cm®] Zo]|& zgith o] &S PBS| 287 AlH

Stal, AlaEEe]-8<(1 mM DL-Dithiothreitol(DTT; Sigma- Aldrich,
Irvine, UK), 30 mM ethylenediamine-tetraacetic acid (EDTA;
Thermo Fisher Scientific/Ambion, Waltham, Massachusetts),
10mM 4-[2-hydrxyethyl]-1-piperazineethanesulfonic acid(HEPES;
Thermo Fisher Scientific, Waltham, MA, USA)°| 37} PBS
of ¥, e 71200 rpm, 37°C, 108)E 23t Al
EZREgdo] &7 PBSAIA 123 A2 & DITE A9
g Al ZE-2]8-94(30 mM EDTA, 10 mM HEPES)©] X7}¢
PBSo| %22 @3 X&) (200 rpm, 37T, 105)2 A}
gato] Aol =S stk AEEE]gHo]
=21 PBSAIA 183t A3 5, ANE 24 ES EolF
Atk cRPMI ljA]of] 245 @3 233 FshA Al A &,
0.5 mg/mL collagenase type VIII(Sigma-Aldrich, Chem,
USA)7} H 71 cRPMI WA & ARE-3te] 6013 B 2]
£ ok, 121 AT o F A4EE]71(800g, 20227,
585 ARt AEdS Eeleta FU71= AASAT:

aE]a A ERFY 40%(E % 1.058 g/mL)/70%(E %= 1.093



Rim et al. : Microalgae Supplementation for Broiler Chickens 129

g/mL) Percoll(GE Healthcare/Amersham, Bucking-hampshire,
UK)E Ahgate] Alze] WEde] Het nasel welin

£ B & FAE EA4 ARgStith

gk 3 5 W9 AMEZE FACS Canto 1I(Becton
Dickinson, Heidelberg, Germany)E Al8-3lo] =4 3l3] o,
FlowJo software v10.7.1(Tree Star Inc., OR, USA)S A}-8-3}
of At 7t IA=2(1:200) -2 PBSel| 3|43t
AL 31, Aolele MET #4317 9)5te] LIVE/DEAD"
Fixable aqua dead cell stain kit(Invitrogen, Thermo Fisher
Scientific) = (1:1000) 2% PBSell 3]A3lo] a9} A o
A3 e AEEL A IHRE 3083 AT
AAEE]7](800g, 4T, 5i)E AHEste] Feld A5ds
A2 AASAE. AXEE 128417171 Y3l 4% phosphate-
buffered formallin(4% PFA; Biosesang Co., Ltd, Republic of
Korea)S 200 uL A&t a, 233 El 2 4T WAool =
AT B & ATl AR dAle 2% W
qaMEe} B MEE ZR137] f8ked FITC-conjugated
mouse anti chicken MHC 1II(8350-02, SouthernBiotech
Birmingham, AL, USA), Alexa Fluor 647-conjugated mouse
anti-chicken Bu-1(8395-31, SouthernBiotech, LA, USA),
PE-conjugated mouse anti-chicken Mono/Macro(8420-09,
SouthernBiotech, LA, USA) &4 & o] &3ality. &2 W T
AEE Flsl7] 93] Pacific Blue-conjugated mouse
anti-chicken CD3(8200-26, SouthernBiotech, LA, USA),
FITC-conjugated mouse anti-chicken CD4(8210-02, Southern-
Biotech, LA, USA), SPRD-conjugated mouse anti-chicken
CD8a(8220-13, SouthernBiotech, LA, USA), PE-conjugated
mouse anti-chicken TCRy6(8230-09, SouthernBiotech, LA,
USA)< o] &3slth

o [

4. 2H L ELISA &4

Ats W mA R H7F Bt g A S A5
7] fl8te] A U SAI8HE 1gAE AT €5
Aol SAIe] EHE FRst 4 A7 242 W
(—80T)ell B3It 38 & PBSE AFE3lo] 0.1
g/mLZ 343}, vortex mixerS ARgate] BTt o]
T AAEE71(7,000 g, 4T, 1585 AHESte] FEAT
Hata ELISA Z37HA] @i (—20T)el HaA3sk
ELISA "P'H2 9 IgA 3] =748 ELISA kit(CUSABIO
Technology, Houston, USA)& AF8-3}%] o™, A 23| 1] v

HU 2 AAS9th. AMR-100 Microplate reader(Bioand,
Namyangju, Korea)Z AF&-3}0] 450 nmol|A] SH=E =4
S, &7 B9 1eA] FE Ao FPesin

NERVIEPES S FE S8 R R S
: SR

A37] fl&l Co, TErHE = =L & B
TE A|ZEEL DNA F27 A 1)A
T BAE 98] 242 YE(—-80T)0 EHA3IAT

o=

2) & o|d=E "l 24

DNA = DneasyPowerSoil Kit(Qiagen, Hilden, Germany)S
ARESte] AlzALY] ZREZS wEt Hgeisitt &9
DNA<+ Quant-IT PicoGreen(P7589, Invitrogen)< Al&-5}to]
AEsletsich Al nAE B4 g o] o] e o
U (Illumina Inc.)olA4] A|83R= 16S Metagenomic sequencing
library Z 2 EZol| we} Z13d3}5 Tt Amplicon PCR 27 <]l
2] 16S rRNA gene2| V3-V4 region targeto 2 Z13J3}3 o
], AFE-E primere] F7IMLEE V3L 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)
=2 ula 2 A (Macrogen, Inc., Seoul, Korea)ol| 4] #|&}ske] A}
85190tk AZFE librarys= wlE2A6l] $JEFsle] Miseq(lllumina,
San Diego, USA)S F 33} t}. Amplicon sequencing 37
o] 0 HE WA Yell R(v4.0.3) T2 132] DADA2(VI.
18.0) packageE AMHE-3}991l, Paired-end ReadE Ulf o=
Forward 4] € (Read1)¥} Reverse A€ (Read2)S Z+2} 250 bp,
200 bp= AF211, expected errors”} 2 1741 A A2 A <]sh
At} o]Z Batch ¥ Error model S 83t A= o]z
£ AASFATE o] 2 A sequencing error’} w7 ¥ paired-end
AES el ME=Z -3 FH, DADA29| Consensus
methodE AH8-3t%] Chimera M €& A A3l ASVsE B4
stk ob&e, nAE 3] vl #4S 918 QIIME(v1.9)
Z2 O o] gt HA WE F HA read TE TS
AZ9] read 5 7]F .2 subsamplingS A -8-3lo] & F3}
SISt ZF ASVs A2 Reference DB(NCBI 16S Microbial
DB)°| BLASTHv2.9.0)5 F3stod, frAbdo] 71 =&
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st o]
u, DBl 7] %] & best hit2] Query coverage”} 85% 1|7to]
A, wxE 99| identity7} 85% T|THo]™ taxanomy %
HE d9sA . EZH ASVs A 7Rl multiple
alignmentZ 913 mafft(v7.475) ZTR2I1HS AL oH,
ASVs abundance$} taxonomy % H.2 QIIMES- ©]-83}], Tt}
&gt A mAE 2y vl A4S et AE W v
AE TFe F add B FTEE #IsH] 218 Shannon
index 2 Inverse Simpson indexZ 7-3}1l, Chaol #S £3
Alpha diversity A 2.2 g1tk Alg W nlAl 2R/ 7}
B e G v E WSt 4 Aeed 2 3
o2& o] F-2(P<0.05)2 $1%+ Linear discriminant analysis
(LefSe)(Segata et al., 2011)E A dste] 3 o]42] LDA score
effect size2 3t X ZZH ALE3FSTh

subject®] organismell )3t taxanomy J HE

OF -
1

=

=2

6. SHEA

nAZ2FE A7FE ol SA19] W
S ool gk 23te] SA A prism(Graph Pad,
La Jolla, CA, USA)< ©|-&3slo] AAIStH) At Ul mlAlz
F A7 2ol w2 WM E ¥ 2 A nAE o

Mann-Whitney A4 = 5

R

EER ARl

T

EAEAL 0.05<P<0.1Y 7S 73ko]
Atk dekstar, P<0.059 79 folsitta Adketelnt
Zu 9 nE
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9 THWeaver and Unanue, 1990). 3¢
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=

o]-gsto] 27 W A AIA EZL]
gRlet A7 A4 AFR W] vHERR M7t feld
UeRNA] eE3ttkFig. 1A). FLAANAEZE A HAAE,
FAGAE, B AE2 FA 0] JJonR v 5 nji2F 3
717F DA FAAA A L] BXoll= JeFS T2 LUA
FEle vAERR HA7PF FLAANEE 74
o nxe dEFFs FUHeR EAEAT FAAAAME
(MHCII+ cells) 5 Mono/MacS 23 6= MHCII+Mono/Mac+
cell S Adalo] A E BEE FoIsSit) go] taMEE
ATEALE, FAA A, AL TR Ak e A WA
8% 943 Fdsta vk TLR(toll-like receptors)<
dhe 2o} 9 uto]2 oA fefshe B

1sto] A5 W& AlAFSEaL TLR

E{l_
s MEE
hva

Ao AY ARE st Aoz defA] 2 ti(Barjesteh
1. Al2 W M=/ &otof| 2 Zhl HAMEZ 23 et al,, 2014). T3 IFN-1, 954 Al E71Q), 954 Alol
B{s5} E7lo & A X7 28-S f =8 CHHong et al., 2021). &
AFE W PAIETHTO) W77 g AR Aelel mA Ageld vz Aske dadEe] BEE 1aAlE
A) ®B) ©)
80+ 8-
% 100+
= 60 " g 6 . *e
pt oo : - ’ § e T
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Fig. 1. The effects of the
Tetradesmus obliquus diet.

supplementation of microalgae on intestinal innate immunity in chicken. Cont, control diet; TO, 0.5%
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A nglon iz 18 o A BAh A4
oAl AolE YERHAE &Sk ThFig. 1B). T4 A,
MHCII+Mono/Mac- cell =3+ B4l =0 alF Al Z 73
oAle FAIAES B A7t I AR W
7hEP= e A 290 TthFig. 10). FAVSAEZE 4
Ao A -5 F gk A FePshH HellA s
BAEE T A2 SGSAA Blole]zd gk
S7MA Tt d8A Itk Xiang et al., 2018).
At W AR 7kl whe S 3l B AIE whE

& F U AR W 2A4P] Astel RAE B4E 3o

a]A| z%. =

1=

B i i -
o Aol & 14% B Al xe] £EE zAIRIG oM, &
ol ZA)elE= IgA $ 52 ELISA ¥412 B3] 24613
(Fig. 2). B A& 6§ MEZ —'”Q'Eloi SJEZHEE A3t
= el izt FAE AP = Pz ol ¥ B AE
L A7 AEEE 7QAER Hold] e gdd] A
=EEHIE W g& wE 19 weS siesidl g
(Bonilla and Oettgen, 2010). IgAE 9] S FA]6
=d Fo3 9 Fddst A9 L], 357 W
ZdellA frdE HAAES Tasta AlEAd o] dojut

7] Aol 2+ el A} wo] J&E @i Macpherson and
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Fig. 2. The effects of the supplementation of microalgae on
intestinal B cells in chicken. Cont, control diet; TO, 0.5%
Tetradesmus obliquus diet.
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u-1S AHE-3le] B Al 3 (Bu-1+MHCII+cell) 9]

A3 AR W vAl R H7F Al Fel 7 AfelE
HERHA = °}9}1‘4{Fig 2A). T 9 IgA EES
T 2 nAlERF A7 2AFAA Fol g AfelE UEhA]
& ITH(Fig. 2B).

Ats W w7l W2 SA &% Wl T A2 &
X5 FAE B 7S o]-&3to] HlwatithFig. 3). HA
T Al32] "lo] 9 m}7Ql CD3E o]&3dle] &4 2% W A
nAZF JoF &

TELE

)

Slack, 2007). nAZ2F H7PF & 155 Wl 54 T A2 X Ws)
- =2 O =1 o 3 =l.od 3Ll
5 wljole] H)T} Frol EASHH (Pal et al, 2020), B Al S st A S Ittt T Al Ee 3A CD4+ T cell,
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Fig. 3. The effects of the supplementation of microalgae on intestinal T cells differentiation in chicken. Cont, control diet; TO, 0.5%
Tetradesmus obliquus diet. Values in a column with different diet are significantly different (P<0.05, P<0.001).



132 9 =

=

CD8+ T cell, ¥6 T cell= %o Tt o] 5 A=/ A
7} CD3+CD4+ T celle] BXE Z7MA7]|1(Fig. 3B,
P<0.001), CD3+CD8+ T cell®] Ex= A7 e A &
918}1tHFig. 3C, P<0.05). CD4+ T cell E¥7} Z7leb=
A= AR 7| EA] ZRuto] REl S Fo5lE W,
CD4+ T cello] 7}t Kwak et al. (2011)9] A2}
o} AASIATE CD4+ T cell> Thdgh Ale| E7IR] 28] &
Sl AAAA Az A 2o F83 4TS @
St WM EZE dEA Ut AdE E°] CD4+ T celle
CD8+T cell#} B cellS £&} nlolg] 2o 7HE A ZEES
Zol&t| 7]o]gtkSwain et al,, 2012). 3 AA TE] &
A g B 2e Ex WY 7oA CD4+ T cello] 57
sk Ho] WAg S wmoEtha delAd 9om, CD4+ T
cell:Z vfol2] 2~ A1 0 ZHE APAS ztet $ag A
< 3 tK(Dai et al., 2019). =3+ AF CD4+ T cell-> Hlo|H
25 23 Fol7|= sl (DiPiazza et al., 2016), Sl =
o] &gt CD4+ T cell®] H&el| that A7} Hol e u}
2 THRauf et al., 2011). CD8+ T cell& vlo]# 2 o] o
gt W=y gdso] ok dWrH o R CD4+ T cell?
CD8+ T cell®] X & 9o JAAAE 74 HsldTia
dHA 5 2Ed s wgoly HIE zldstr] 93|
CD4+ T cell:CD8+ T cell ratioE HFo] . vlAZH Al8-317]
%= Sl(Inoue et al., 2021). f+e|n| g 2] 7k giold HA T
AE X vla] Ats Wl PAZRRE A 2golA

CD4+ T cell ¥9] Z71= AR o2 CD8+ T celld] B3

AAE =gk 2oz HAt) y6+ T celle o T-FE|AE
Hdste 529 T Alxe) g y§6 T-78A4& Zdshy
ZH mucous©l] o] EXEgtHKomori et al., 2006). 2] H]
FAE G FAEANA y6+T A e AEEES Fdgvta
H 1% tHFenzl et al, 2017). CD3+CD8+ySTCR+ cell®]
TEE FE Ael7h EASA @kalFig.  3D),

CD3+CD8-y6TCR+ cell®] H-E+= AlRol| PHZFE X7}
ATAe W st Aee BATHFig. 3E). vAERF 3
Zholl 213k T Al W3lel] w2 FTH Wy} gho] A
ARl W e oful gt Ags Fdst=A] olaatr] Qe

b RS M) = ¢} pu
e 72 2dS o] 83k FE4g0] 35 AFzn Fadt
Aoz Helth

2. AlZ Wi OlMZ=R Fololl whe F oj4E s}
ste] 2abge Ul 28 D AGAA Z5E Sl
stel 4t Aol a3 4ES e P vigE A

< 7MAal Ath(Diaz Carrasco et al., 2019; Stanley et al.,

: 27 $A A s W v M ZF(Tetradesmus sp.) 47 W& @33 s}

2013). 5] A vAE-S F2 phylum G=0lA Firmicutes,
Bacteroidetes, Proteobacteria, Actinobacteria’} A3}l )
tH(Diaz Carrasco et al., 2019; Clavijo and Flérez, 2018). &
g e £8 AN 34 vl 714 go] Rxsh

roz A viage BaF 29 F 21 24 A
=

1

et al., 2018). TE3L, A n]PELS g 28t FHIE F
3 vAE tiAREE S AlEste] S5l A2 GHe] 9F
& Fuor] Wzl Al veFeta FH3 nid=el &
E7h S5 2 A FEFE MvE Ao BaEa o

(Gaggia et al., 2010; Roberts et al., 2015; Sergeant et al.,
2014). & AglA TO H7tel e gl ngE 2ol o
3 T FHE WslE 2AME $I8te] ASVs, Chaol,
Shannon, Inverse Simpson indexZ AF&-3lo] #4152 A5}
ATHFig. 4). TA2 3} ol vla] rlAl RS A7k 2
FolA & FFEE=E YE= ASVs number®} Chaol index
7b Ao r w2 Ze IRIskITHFigs. 4A and 4B,
P<0.05). ¥, F°] thddS YER= Shannon index®}
Inverse Simpson index Hlaell A A&7 1t f2]4Ql 2to]=
SIS THFigs. 4C and 4D). ©] Z3}+= Kwak M-J et al. (2021)
oAlA A9 Al: U AEAHEAIQ! sophorolipidE 7t
st wl, W Wl EdA s TS Rl Aot

dAstich Al rAES] F TR R ERE 9
Fa F7 s &k, ol & sl dEe] st
£ YQle] @ 4 Qlvhan Hu3lth(Bailey, 2010). webA
T TEEE =& A nAES 7 A A A
I AdEo] JE AR o FErt.

WA EFE H7ReE 7] A B W W] 7% B
= W3}E Miseq Hlo|EHo] A5 7|02 EA351%] tHFig.
5). A& EF WA 5 Phylum(E) SAlNA 27 |4
o] WA U EWe] oF B AaoA A9 B Ul A
% <=4 2 Firmicutes, Bacteroidetes, Proteobacteria, Actinobacteria
TOoF Yehkon, ol el miAdx] E<1gh Wei et al.
(2013) Ao} dxetitt. 1E3 A#glo] Firmicuteso}
Bacteroidetes©] 90% ©]’d= 2Aat3l oH, T2 WA ol
o] &3l 9l Proteobacteria®] A% UM ZF HIF Al 7
ashe 432 YERNSITHFig. 5A).

SHA, Class(%d) TACIA 29 Ul dFEXEE £43
A3 Ag] aFel Ad33le] Clostridia?} Bacterodia®] 212}
ok 50%, 20% °]’de] FTHEE YEho] gz 1FKET
E& %S UehAthFig. 5B).
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Fig. 4. Number of sequences, a 16s rRNA amplicon sequence variants (ASVs), and diversity estimates of bacteria in cecal digesta.
Cont, control diet; TO, 0.5% Tetradesmus obliquus diet; ASVs, amplicon sequence variants; Chaol, richness estimate; Shannon, number
and evenness of species; Inverse Simpson, measure of diversity. Values in a column with different diet are significantly different

(P<0.05).
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Fig. 5. Microbial taxonomic profiles from the cecal digesta of the two dietary treatments at the phylum (A), class (B), order (C),
family (D) and genus (E) levels. The taxonomic composition of the cecal microbiota among the treatment group was compared based
on the relative abundance (taxon reads/total reads in the cecal digesta). Cont, control diet; TO, 0.5% Tetradesmus obliquus diet.
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Fig. 6. Linear discriminant analysis (LDA) (A) effect size (LEfSe) and (B) cladogram. Panel shows bacterial taxa of cecal microbiome
responding to dietary treatment. Cont, control diet; TO, 0.5% Tetradesmus obliquus diet.
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