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Effects of feeding Candida ethanolica GXUO1 on growth,
immunity and intestinal flora of tilapia

LIAO Qingzhaol, CHEN Fuyanz, QIN Ya], HUANG Chanchan], HUANG Luodong], SHEN Peihong1
(1. Guangxi University, Nanning 530005, China; 2. Guangxi Academy of Fishery Sciences, Nanning 530021, China)

Abstract: To explore the probiotic potential of Candida ethanolica GXUO1 in tilapia culture and to find ecological and friendly
feeding bacteria for tilapia sustainable cultivation, we used C. ethanolica GXUO1 as feed-additive to feed tilapia. Then we determ-
ined the growth performance, intestinal digestive enzymes, serum non-specific immune indexes and intestinal microbial community
structure, and challenged the tilapia with Streptococcus agalactiae, so as to comprehensively evaluate the effects of C. ethanolica
GXUO1 on the growth and immunity of tilapia. The results show that the growth performance, digestive enzyme activity, serum lyso-
zyme activity and complement C3 content of tilapia could be significantly improved by feeding C. ethanolica GXUO1 (P<0.05). The
abundance of Fusobacteria, Cetobacterium and Akkermansia in the intestinal tract of tilapia increased significantly and those of Cy-
anobacteria decreased significantly after feed of C. ethanolica GXUO1. In the challenge test, the survival rate of tilapia fed with diet
containing C. ethanolica GXUO1 increased by 26.66%. The study shows that C. ethanolica GXUO1 promotes the intestinal digestive
ability and immune resistance of tilapia.
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DIt JE TR rEmE, BA LM, ERKIm
FRERT, R HES 158 ke m k" 1
VZE ISR AL (e o L R -l = i A D= W | - i)
HEHNR. hER Y AR IRHH 4 T K
Wol &ry . PR TILEEEKTE (Streptococ-
cus agalactiae) NI, JERYLEIET Him,
Mz E RS — Bk, 05 M R
A R AHAA A= 25 e T HpR 4R . IR R S
FIURTHABURTEIGE 2 . UM G HE R AR 28 e i 45
TR S fie 2 A A G TR, R AR
AR AR, R AR B RS

FI PRSI B E A S T RS IR kA =y
HIEPUIRRE ST, S0 T A2 A W] R 22 57 5 1Y BT IR
R WIREW, RREE S PRRMCEY (B
FLRRFT ) Xk B M AR T
LR 2218 (Candida ethanolica) W HRGE
PR TR EE I, WA A GOR R LR 2
P B30 3 ™ A — S LR A SR 1 BT T R B R B
(o RO AE " AR L) VY AR i R S
LB AT LR EHR AR ZEbE Rt
TR SR 22 RERE R A TR R AT DA st X
ok, FESIYIEFE T, Fernandes 251" X9
M EEREE I 2540 3 T8 ) GBI 22 B RE X 2 A 75
HEINAE; Tnoue %5 2 B4 I R R I £00 R i IR
AN, RPN SR A B B R I, &
P 22 B Rp 2 — i 25 AR IR RE R E ), BT
(T A FHAEL

LT 2218 BRI TR SR A i AR DA, A
SO FH S 3028 HT A 43 T ORAF 1 — Wk S BB 2 1 B
(Candida ethanolica Wk GXUO1) 1E MBS B
YR T IR S, TR AP AR ny A KPR RE
HALRETT . WA iB R REAS I R e Um e ) S5 R R i
W Sl 22 BERE A 23 AR, LU 2 E f f R 77
B 4R T A A8 ) S I T

U bbR

1.1 XA KEK

Je % B4 (Oreochroms niloticus) FEARUH )™
PO P=REEA T B o TRIAR O BB 22T BE A )78
KeEE A fin B 5 R R 2 B TR 5 R S A 1 S 5
%, R GXUOLTE PDA 5553 FiGfbiG, kb
TR R (TR HE 6%, RE
0.1%, BilR% 0.1%, KRG INTCK LB 2%)

i, 37 °C 4§ (200 rmin ) £53% 48 h, 6000 r'min”’
BLOWUEERIAR . (i HBERER S vhil (PBS) X T& 1A
Ve 3, KEIFER R 10° CFU-mL ™,
1.2 XWigit

YEFA T &M (100+15) g FOUfERRE 2 4k 180
BB, BEHLA 2 4. SR (CK) MEEmtR b iR
i PBS' T Sz (T5) S LR AR R S
GXUO1 WiARF, MilikE3ANEL, B0 H
B30, AT RERK2mxTE 1 mx3E 1 m
RIAETR SR . B 2 JRHK 1R, Bt b ik s
B R EOR, AWK 25~32 °C,
1.3 SRERE SRR

SIS SLA DR A TG SR K R R A BR A
Al GREK/N 2 mm, FERS (FESED) h HE
F28%. HKA> 13% . /K 12% . HEF4E 10% . #
B 3%, 55 2%. M 1.5%. #ERR 1.3%. &k
B 1%, TEfRMESCIGTTLRIT, 2560 24 h IR,
Pt R T 2% MRk, R b R
1K, AT 30 min 7E 9 g FEAih HARMA 1 mL
VEEH 10° CFU-mL ' (EIFHW, Fo4MR A IR
TRl 45 2 FRFRBR 1k, DAVERGRDR
i, AR 30 min JFYCERIRTRL, DIk
BHEA R, 3 HITEMESE 30 F1 60 d 5, WF4%-2H

ARPERE . LV AR P S S BRI T 45 1
AT

14 ERKEENESHRRE

28 Tan 2517 (RTSE G Bl (WG), TiRLR
 (FCR). fARIECE (FE) FRLTE BRI AR Kk
AE. T30 M 60d 5, NENELREIIR3 B
i, BREFJE R MAE, Friig T-20 C /e, H
TN M AR S G 1. FT 500 mg- L R
| (MS-222) X500 % SR A8, oIS, BREfA
BUFNE 1 g, TN EPiELie . MemiErt
i, FREX 500 mg A0 9.5 mL Fild PBSZE g4 T
APHANEE, 4 °C, 12000 rmin B0 15 min, ¥
THWEER E T 10 mL B8 & b H T E A .
VEM G . 274 R BRSO R HEIE ; FIAR S
TERE S T RIS 4549 938 o Bradford 7
T A T R R A e 5 40 T Y 2 R
—80 °C fRF7-
1.5 HMEEEERNE

BN E S 8 Tan 2517 @07, KRB
TEVENE 208 Saputra 251 fO7 Y, LR 4EREREVE
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28 Ullah 25" 19755, DL b 2 B o B XTRREH . B 24 hidsRAET- 1R, Siil 7dSET %,

W46 EE T (BioTek Instruments, Inc.) & . JE
KBTS VR FHVER 6 (AMS) MK & (1 F R s
A T REAFSE I R
1.6 MEFEFRERRSENE

1.5 8 A AL W AL i (SOD) FA i (LZM)
WP RN & (R st AR M . #MA C3 FnCc4 H
AL ) fa#MAFE H (C3 Fl C4) ELTISA 5] & il
52, DL ST AR e 0 1 I 5 MACER 7K
TE S Al AMA TR [ (C3 5% C4) HrifgdLat,
ARMETE 1, 5 HRP FRICHIAMATE 11 (C3 B
C4) PURLE & iR-BR-Bitr ik B 51, 24
HWNEEVEE H TMB S, d8ad 8 @ s &
HMAZE K
1.7 RFREIISELEE N HOMIE

FFRE BT8R BE 1 (T-AOC) FITN [ (MDA)
D T e BEAE I, i) 6 (P s ) D RH AT o
1.8 BHEREMEEERNE D

TESZIES 4 FIES 8 R AL FEAR AT i E
Yy Z ¥, H FastDNA Spin kit for Soil (MP Bio-
medicals) I G POHLIEREA T DNA, Frf
S TR A U I R U R . RUHIATT
1Y ERTFHY DNA th3 15 i 16S rDNA JE A iy ]
A5 V3—V4 [X; 5'-ACTCCTACGGGAGGCAGCA-
31 5-GGACTACHVGGGTWTCTAAT-3', K5 (i
FHE @Y (HTS) $RX%F PCR P17l 7 .
Xt LRI PR B T 0 . AUmPHE, SRk
5 (Tags); HLALFEFIATREE, R HIESISH
JG (Operational taxonomic units, OTU), JfH#z
OTU WP HILH A5 B YR 32, FET OTU 204
G, WS T s A, ERERE S B TE
YIRETE S5
1.9 HHAE

TCFLEEER A TSB 5973 T 37 C 55% 24 h,
3000 r'min . 4 °C B0 10 min W8 BRANNL, IF
FH PBS Mk 3 . FEXCREAS Z AT, H PBS #k
A A TE FLAE SR T R B VR R (107, 10°, 107,
10° F1 10" CFU'mL "), AR EEH0.1 mL *%F 10 |
200 g AW B R AT LA ST, B 7 d
50% BB (LDsg) f 10° CFU-mL ™', fAIME scish
WIS, AR 10 BEAE T 1 m’ rkH s
5, FFEST 0.1 mL RS 10° CFU-mL ™' #97C
AAEBRE, LIS PBS i ) CK 4 AE b 1

1.10 HEHEs

B R SPSS 25.0 B kAT « BT 20T,
P<0.05 A BAA G2 v, RS R L “F
PIEEbRUEZE (X +SD)” R,

2 ZER

2.1 AR GXUO1 X T JEfa A K pE FRE (L B A 1
gl

T GXUO1 J5, PRy KRHE (& 1)
HAbHERE (B D) MESRER, 5 CKAK, TS
DR A SO AL (R E . TER R R SR
W) 15 TR R e, DL EE R T LA s
et AR AL

Rl GXUFHRIX F &K HERERI RN
Table 1 Effects of GXUO1 feed on growth performance of tilapia

EfEL Xof B B
Index CK Group T5 Group

VAR T & Initial mass/g 108.96+14.29 106.07+13.53

fJE A Fi i Final mass/g 287.41425.98 297.69+27.73

Ja 4 & Total mass gain/g 178.45+18.23 196.42+25.62

AL Feed conversion rate/% 1.78+0.20° 1.56+0.30"

1A R Feed efficiency 0.57+0.06 0.66+0.13
J %R Survival rate/% 100 100
e [T 8 AR R TR RS 22 et 2 (P<0.05),
Note: Values in the same row with different superscripts are signific-
antly different (P<0.05).

2.2 AR GXU0 MFE&EMFIFHFRERED
g

075 975 DA R AMAC SR = 8 TP 28
SRR, 5 CK AL, TS4 2 AR
BRI LZM & PR C3 & & e (& 2),
UL GXUO01 A I 35 B o R R ek s )
AIFEH]
23 BEMEMBELSEN

AELY, ) R A T RN 7K =E B 43 L DL
Kl 3. 5 CK AL, TS P RFFeT IR,
T W8 A0 P 1R MR . FEJE /K b, TS5 A rp it
& (Cetobacterium) KIgEHIN, HIKSE Phreato-
bacter M1 i S W & (Akkermansia); BRI
HJE Trachydiscus minutus ., Uncultured_bacterium
F1 Tetradesmus obliquus. FaEME GXUO01 XF 47 3E
0 ]l 18 TR S5 R0 (R e 5 S 2
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Figure 1  Effects of GXUO1 on activity of gut proteinase, amylase, xylanase and cellulase in tilapias
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CK and T5 indicate control and GXUO1 treated group, respectively; samples were marked as Day 30 on 30" day and
Day 60 on 60" day of feeding; different letters on the bar indicate significant difference (P<0.05). The same case in Figure 2.
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Figure 2 Effects of GXUO1 on serum SOD activity, lysozyme activity, mass concentrations of
Complement 3 and Complement 4 in tilapia



14

MOk R

F17E

B JAt Others
O 7% 1] Planctomycetes
O #UFF# 1] Bacteroidetes

@ Patescibacteria

100
80
60

40
20
CK-1 CK-2 T5-1 T5-2
I"17K>F Phylum

B £ FF T Chloroflexi
B JEFFI# ] Verrucomicrobia
B LR 1] Actinobacteria

B JFEERR ] Firmicutes

X2 Relative abundance/%
A% )% Relative abundance/%

B ¥ #(7 Cyanobacteria

B TR 1] Fusobacteria

B K] Proteobacteria

100

80

60

40

20

0 HAth Others

O [Anaerorhabdus]_furcosa_group

O Tetradesmus obliquus

B JIRYNTE S Leifsonia

@ Uncultured_bacterium_f Rhizobiales_Incertae_Sedi
B 5 BRI & Streptococcus

B Y502 R Akkermansia

B Phreatobacter

B A5 4N Uncultured bacterium

B Trachydiscus minutus

CK-1 CK-2 T5-1 T5-2
JE/KF Genus

B AT )R Cetobacterium

K3 F:F16S rDNAFLF P H 0 2 AE M IAIEFET TR RS KV B RE S5 H4 S AR =
CK 1 T5 435N BB AN GXUO1 AYSEEG4L; #0030 d BURERR A CK-1. T5-1, MR 60 d FUbebroh CK-2. T5-2; % 2. E 4 [,

Figure 3  Structure and relative abundance of intestinal flora at phylum and genus of tilapia based on 16s rDNA sequence

CK and T5 indicate control and GXUO1 treated group, respectively; samples were marked as CK-1,
T5-1at 30" day and CK-2, T5-2 at 60" day of feeding. The same case in Table 2 and Figure 4.

2.4 MHEERESHEMESW

25 FE O I AR ) OTUs B A T
557~628, XFiXLEFH LI OTUs =97% Xl /A7
R, TFR LA S HETT Alpha ZHETEHE B0T
i, PEHFEPFRS 54 Chaol . Simpson F1 Shannon
(#2), FXF CK 4, T5 44 #H) Simpson $5 %148
K, Shannon F8%fhi/IN, KU TS A HTE 20
R

R2  AlphaZHEHEHS R
Table 2 Analysis of Alpha diversity index

215 OUT#t  Chaoldf%k  “FEAREEL  FWRIEEL
Group OTUs Chaol Simpson Shannon
CK-1 590 601.90 0.0452° 42517
CK-2 628 649.48 0.0851° 4.0017°
T5-1 557 615.44 0.150 3* 3.138 6"
T5-2 563 605.90 0.168 3" 3.268 6"

T FIFIEEAR/NG 5 B3R 22 5 3 (P<0.05).
Note: Values within the same column with different superscripts are
significantly different (P<0.05).

W 1 TR AR DR B2 P =F B SR SRR (1] 4)
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1t PCoA 73 #r &l (18 5) Hha] LI, T5 A i M
UHURE (TS-1 Fl T5-2) Ml SR, 156 HH ] i
GXUO1 B A | TAerr P Rt iz W R E
25 {AREBRARNTIEARREE IR

Y B SRR TN DU ) B BV

PR, 8 FAMEFRSIEG IS, GBS AR M 7E L
BRAME G 7d BIMFEIEE O, W TR RAEY
Ja B AR B PURRCR o BT IR 7R 1 5 PBS 2%
WG 7 d INTESET KA, RS JCRLEEER TR Y XT
MR B R AR R YL 5 AT S d PR N R, K5
A TE (40+£10)%. GXUOL ZH W I% £ N (66.66+
5.77)%, & & TX AL (K 6). Bl GXUO1 1]
D) 2 sR  JE fa HT O FLBEER A Y AR

3 e

st A2 BB 0] LIS /K FRAE IR R A
LR, X CL BRSO R e A
(Saccharomyces cerevisiae) F'g i B3 % R fa
(BRI FH 23 A K AT 35 A e A T
ARSI, BERMEDRL R RER B e A K RE . LR
APEA KA T T REFR S A A T e REA Y, PR &
HAB, BOKLEY) . EIR4EE R E Y,
AT LU N sl i 85 R i 0 Y L 3 4 4 i
. n-3 HUFA & 4ERERELL I, -3 5k £ B Ab 3 1 1
BEREMCE E R A, RIS (Oncorhy-
nchus mykiss) BIAERP s T RE2R i RE G AT DL A
B AR 5Bl R AT i T (L
WPERS I, WiE RIEALRE ) 5 AR K PERE S IR ARG
AR SR A I RS 2 R T AL B TR G s fRDR
TS IR B 25 A TR R B 9 5 15 85 (Dicentrarchus
labrax) W ALEEREVE " AT $ w HL A K
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Figure 4 Clustering heat map based on species abundance at genus level
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