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812
(Yang et al, 2010; , 2020) (Isaria
cicadae)
(2021) 2%
(Gallus gallus domesticus) 40 d,
(2021)
(Ovis aries) ,
( : , 2021)
1
1.1
14d ,
360
, (16.50+1.10) g,
(12.68+2.09) cm ,
, 30 , 8
, 60 ,
17.03% 2.43%

1.59% 4.92%

(IC0), 3 1% (IC1) 3% (IC3) 5%

(IC5) (D
(

) ,
3 mm s
: 45 °C 10%,
4°C
1.2
1.2.1
2, ,

, 25.8~27.3 °C,
26~28, 6.2~7.5 mg/L
(5:00 17:00), 4%
, 56 d 17.8~
25.8 °C, 26~30, 6.2~7.5 mg/L,
<0.005 g/mL, <0.2 g/mL
1.2.2 ,
24 h 60 mg/L

F1 ABEAFHES (%, TE)

Tab.l Feed formula and composition analysis (%, dry weight)

1CO IC1 1C3 IC5

! 40.00 40.00 40.00 40.00
! 15.00 15.00 15.00 15.00
! 13.00 13.00 13.00 13.00

! 12.00 12.00 12.00 12.00

? 0.00 1.00 3.00 5.00
2.43 2.42 2.39 2.37
2.43 2.42 2.39 237
6.84 5.87 3.92 1.96
} 1.50 1.50 1.50 1.50
1.50 1.50 1.50 1.50
0.30 0.30 0.30 0.30
¢ 2.00 2.00 2.00 2.00
: 3.00 3.00 3.00 3.00
100.00  100.00  100.00  100.00
(% )

45.41 45.85 45.29 45.41
10.24 13.42 9.93 10.17
12.48 10.94 10.92 10.76

01 1 73.15%
; 1 75.72%
1 45.35%

, 8.12% , 16.93%
, 1.20% , 1.27%
, 1.66% ,6.23%

, 11.47%
, 6.10%
,7.13%

2 : 95.57%,
3 1 50% s
4 (mg  g/kg):
: 1.8 mg, : 0.55 mg, : 4.5 mg,
:0.05 mg, :0.015 mg, :845¢g
5 (mg  g/kg): A 1 4.5 mg, D;:
1.875 mg, dl-a- : 3.8 mg :
0.25 mg, B;: 0.38 mg, B,: 0.7 mg,
Bi2: 0.004 mg, :4 mg, L- -2-
: 3.7 mg, :0.08 mg,
:0.75 mg

: 0.2 mg,

0.1 mg,

Bg: 0.5 mg,
: 5.5 mg,
: 1.6 mg, 1 0.04 mg,

:2.3 mg,



3 : (Isaria cicadae) (Larimichthys crocea) 813
: ( fq) : (Reads)
-20°C
5 , Trimmomatic
s v0.33 ) Raw Reads
s 4 h, (3 000 r/min) 10 min, ; cutadapt1.9.1
-80 °C , , Clean
, -80 °C , Reads; Usearch v10 , overlap
4 Clean Reads ,
.2 A% , : UCHIME
SOP v4.2 , )
;2 (Effective Reads) Feature (OTUs,
( ) ASVs)
1.2.3 ( )
AOAC 1.3
1s°c (survival) (%)=100xN,/N,, (1)
( ) (weight gain rate, WGR) (%)
(550 °C) 12 h =100x(W=W,)/W,, @)
(specific growth rate, SGR) (%) 3)
=100x (InW-InW,)/t,
(T-SOD) (CAT) (hepatosomatic index, HSI) (%) )
(GSH-Px) (MDA) (LZM) C3 =100x W/ W,
C4 (viscerosomatic index, VSI) (%) 5)
, =100xW,/W,,
s Wo o W,
1.2.4 »No o Ny
EcLipse Ci-L (Nikon, ) s Wy
40 , ot 56d
, Image-Pro SPSS 26.0
Plus 6.0 (Media Cybemetics, ) (ANOVA), Tukey >
pm , 5 P<0.05; +
;S ;5
> 2
DNA
, , 2.1
PCR
s 2 ’
, Illumina Novaseq (P<0.05),
6000 , 16S V3-V4 (P>0.05)
U338F (5-ACTCCTACGGGAGGCAGCAG-3") IC3 IC5 (P<0.05), IC1
U806R (5'-GGACTACHVGGGTWTCTAAT-3") (P>0.05) IC5
( Ilumina Novaseq ) (P<0.05),
, (Base Calling) (P>0.05)

(Sequenced Reads), FASTQ

(P>0.05)
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R2 MUERMAHESLDEEKEENTE

Tab.2 Effects of 1. cicadae on the growth performance of juvenile large yellow croaker

1CO IC1 IC3 IC5
1% 82.22+1.92 85.56+1.93 82.22+3.85 82.11£1.92
/% 138.54+23 .45° 170.71£6.29° 166.67+7.21° 178.48+8.05"
/(%/d) 1.54+0.16° 1.77£0.04° 1.75+0.05° 1.82+0.05°
/% 1.84+0.65° 1.71£0.55® 1.26+0.66" 1.22+0.51"
/% 9.68+2.73" 8.84+2.55% 8.32+1.13% 7.38+1.62°
« £ (P<0.05); (P>0.05)
3 , (P>0.05), (T-SOD)
(CAT)
(P>0.05) (P<0.05)
2.2 5 s C3
Cc4 (ALT) (AST)
4 ) (P>0.05)
(T-SOD) (GSH-Px) (LZM) (P<0.05),
(MDA) (P>0.05)

®3 BUEBRNAHEESYDEERNSGEE)HIFIT

Tab.3 Effects of 1. cicadae on body composition of juvenile large yellow croaker

1CO IC1 1C3 IC5
1% 76.49+0.03 77.76+0.10 79.83+0.03 78.49+3.51
/% 12.94+0.38 13.42+0.12 12.91+0.30 13.24+0.80
/% 5.81+£0.42 5.75+0.14 6.15+0.34 6.16+0.57
/% 1.77£0.16 2.17+0.19 2.34+0.09 1.85+0.44
1% 76.58+0.17 75.41+0.04 77.06+0.25 75.45+0.42
/% 12.97+0.86 13.60+0.49 13.81+0.34 13.61+0.52
/% 6.18+0.72 6.97+£0.39 6.28+0.89 6.60+0.20
/% 3.51+£0.37 3.55+0.22 3.57+£0.61 3.31+0.32

x4 BMUEBRMAESHEFHEEMMIERAZIE

Tab.4 Effects of 1. cicadae on liver antioxidant indexes of juvenile large yellow croaker

1CO IC1 IC3 IC5
T-SOD/(U/mL) 1.48+0.01 2.48+0.02 1.80+0.21 2.66+1.52
CAT/(U/mL) 5.94+0.68" 9.86+0.11° 9.05+1.63° 9.10+0.15"

GSH-Px/(U/mL) 18.02+8.30 14.33+7.39 16.93+8.52 10.29+7.96

MDA/(nmol/mL) 4.41£1.55 4.34+1.48 4.27+1.04 3.65+1.54
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RS MUERRMAHSHEMEREIEEENRE

Tab.5 Effects of 1. cicadae on serum immune indexes of juvenile large yellow croaker

1CO IC1 1C3 1CS
LZM/(U/mL) 35.17+18.74° 57.62+12.17% 50.03+10.16" 60.94+14.57"
C3/(g/L) 0.02+0.01 0.02+0.01 0.02+0.01 0.02+0.01
C4/(g/L) 0.05+0.00 0.05+0.00 0.05+0.01 0.051£0.01
ALT/(U/L) 16.69+5.21 15.31+1.85 19.86+4.41 18.64+6.78
AST/(U/L) 67.40+11.91 48.86+9.17 55.76£14.69 59.11+8.14
2.3 7 )
1 6 , 1,
, Chao Simpson
(P>0.05) Shannon ,
(P<0.05), Simpson Shannon
(P>0.05) (P>0.05), ICO IClI Chao IC3
2.4 IC5 (P<0.05), ICO ICI
Alpha IC3 IG5
b
d

Fig.1 Observation on the structure of hindgut tissue of juvenile large yellow croaker fed with /. cicadae
ra. ICO ;b ICI ;c. IC3 ;d. ICS

xo MIEHERMARGLYEBEHALHHFIT

Tab.6  Effects of 1. cicadae on intestinal structure of juvenile large yellow croaker

1CO IC1 IC3 IC5

/ 5.07+1.34° 10.67+6.72° 10.93+3.39° 11.55+2.21°

/um 8.15+3.25 12.60+4.95 12.65+6.81 16.80+11.36
/um 156.88+35.04 248.38+101.98 221.90+123.79 268.56+169.10

/um 34.98+5.63 36.53+5.60 31.50+5.23 34.39+1.86
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Fz 7 #M@ Alpha ZHMEIBE
Tab.7 The Alpha Diversity Indexes of the samples
1Co IC1 1C3 ICS
Chaol 1 044.43+£35.55% 1 019.98+30.07* 968.62+11.68° 978.07+4.72°
Simpson 0.99+0.01 0.99+0.00 0.93+0.07 0.99+0.04
Shannon 8.02+0.69 8.45+0.04 7.31x1.11 8.41+0.05
Coverage 0.998 8 0.999 5 0.999 6 0.999 5
Usearch (Edgar, 2013) Reads 97.0% s 3 ,
OTU ,
OTU Venn Venn (Chen et al, 2011), 2
Venn ICO IC1 IC3 ICS 4 , 10 ,
1238 1236 1260 1237 , ICO (Firmicutes) (Proteobacteria)
IC1 OTU 58 62 OTU ,
1224 ;ICO 1IC3 OTU 79 57
OTU 1203 ; ICO IC5S OTU
88 55 OTU 1182 ;IC1  IC3 co 0 0
OTU 75 49 OTU 1211 ; ICl / } 5 .
ICS OTU 99 55 OTU ‘
1187 ; IC3 IC5 OTU 88 65 v = e £
OTU 1172 OTU 1092 \ 1062
PCoA (principal coordinates analysis, A\ 13 9
PCoA). , 45 67\’
, , 20 '
PCoA (Looft et \\\\J
al, 2012) (Non-MetricMulti-Dimensional Scaling,
2 Venn

NMDS)

PCoA-PC1 vs PC2

021

0.1r o

0.0F

PC2-Percent variation explained 30.46%

-0.1 0.0 0.1 0.2 0.3

PC1-Percent variation explained 61.49%

3 PCoA

>

20¢r

0.0f

()

group
NMDS1 vs NMDS2

Fig.2 The Venn cluster diagram analysis of each treatment

Fig.3 Multi-sample PCoA analysis (left) and NMDS analysis (right)

* ICO

IC1

. *IC3

*|C5

$
-1 0 1 2 3
NMDS1 (Stress=0.0022)
NMDS ()
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Liu et al, 2020; Yan et al, 2021) (2011)
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5% s
IC5

( ,2011)

i

(2021)

>

>

(Epinephelus Lanceolatus)

02019)
(2020)
3.2
(Helland et al, 2006)
(MDA)
(CAT)
, 2018; , 2019;
(LZM) C3
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(Yan et al, 2021)
(Cyprinus carpio)

>

Cai (2019)

>

AST ALT

auratus auratus)

MDA GSH-Px

33

Khosravi et al, 2015)

QSI-1

(2021)

AST GSH-Px T-SOD CAT

(2014)

MDA ,
SOD GSH-Px

(C. gibelio)
Jiang (2019)

(Carassius
(LZM)

: T-SOD

LZM

C4 ALT AST

( , 2011;

(2015) ,

(2018)

(2022) ,

(2021)

(Wattanaphansak et al, 2008; Hua et al, 2021)

(Song et al, 2020)

(Amphiprion ocellaris)

B

(2022)

(Micropterus

(Phylum Tenericutes)

(Fusobacteria)

3.4
(2022)
salmoides)
1 238 , IC1
, IC5 1 237
IC3
3%

(2021)

(Lateolabrax japonicus)

>

, Venn

1 236

E

I1CO

, 1C3

, 1C3

IC1

b

OTU

1 260

IC3  ICS

(Meehan et al, 2014),

(Zhou

et al,2020) S24-7 (unclassified Muribaculaceae)

CAT

>

S24-7

LZM

B

(Lagkouvardos et al, 2019),
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EFFECTS OF ISARIA CICADAE ON GROWTH, IMMUNITY, AND INTESTINAL FLORA
OF JUVENILE LARGE YELLOW CROAKER (LARIMICHTHYS CROCEA)

HUO Run-Ming', YIN Heng?, CHAI Ruo-Yu', WANG Han-Ying', HUANG Ling’, WANG Ping’

(1. National Marine Facility Breeding Engineering Technology Research Center, Zhejiang Ocean University, Zhoushan 316022, China;
2. College of Marine Science and Technology, Zhejiang Ocean University, Zhoushan 316022, China)

Abstract

tissue morphology, and intestinal flora of juvenile large yellow croaker (Larimichthys crocea), and to provide a green feed

To understand the effects of Isaria cicadae on the growth performance, antioxidant and immunity, intestinal

additive for large yellow croaker. Fishes in initial body weight of (16.50+1.10) g were randomly divided into 4 groups for
study. Fish were fed basal diet (ICO, the control group), basal diet +1% I. cicadae (IC1 group), basal diet +3% I. cicadae
(IC3 group) and basal diet +5% I. cicadae (IC5 group) respectively. Results showed that the weight gain rate (WGR) and
special growth rate (SGR) of experiment groups were significantly higher than those of control group (P<0.05). The
hepatosomatic index (HSI) of IC3 and IC5 groups was significantly lower than that of the control group (P<0.05), but there
was no significant difference from that of IC1 group (P>0.05). The viscerosomatic index (VSI) of IC5 group was
significantly lower than the control group, but there was no significant difference from other experimental groups (£<0.05).
The activity of liver catalase (CAT) and lysozyme (LZM) in the experiment groups was significantly higher than the
control group (P<0.05), and there was no significant difference among the experiment groups (P>0.05). In the intestinal
structure, there was no significant difference in thickness, fold height, and lamina propria width among all the groups
(P>0.05), the number of single villous goblet cells in the experiment groups was significantly greater than the control
group (P<0.05), and there was no significant difference among experiment groups (P>0.05). The abundance of intestinal
flora in ICO and IC1 groups was significantly higher than IC3 and IC5 groups (P<0.05). At phylum level, the dominant
flora in all groups were Firmicutes and Proteobacteria; at genus level, Bacteroides was more abundant in the control group,
and the beneficial bacteria Bacillus was more abundant in the experiment groups. In conclusion, /. cicadae could promote
the growth, improve the antioxidant and immunity ability, improve the intestinal tissue morphology, increase the amount of
Bacillus in the intestines of juvenile large yellow croaker.

Key words growth performance; antioxidant; immunity;

Isaria cicadae; juvenile large yellow croaker;

intestinal tissue morphology; intestinal flora



