Original Article

Korean J Fish Aquat Sci 57(4),355-363,2024

KFAS #=+uaterx
Korean Journal of Fisheries and Aquatic Sciences

gh5=2] 57(4), 355-363, 2024

4] SIC2|AMX(Litopenaeus vannamei)2| S&Hiefxl] Eojof| [ME SHH=

*
ALtg* - M2X - P4Z - Ol - AHA - X0l
USSR HaloR, TR YAHTY

Effects of Medicinal Herb Extracts of Artemisia iwayomogi Kitamura
and Angelica gigas Nakai on Disease Resistance in Whiteleg Shrimp
Litopenaeus vannamei
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Although aquaculture shrimp production has increased, disease mortality has also increased. Acute hepatopancreatic necro-
sis disease (AHPND) is an emerging disease that significantly reduces production. In this study, we have investigated the
potential of medicinal herbs in enhancing the immune system of shrimp. A mixture of medicinal herb extracts (Han In-jin,
Artemisia iwayomogi kitamura and Cham Dang-gwi, Angelicae gigas Nakai) was absorbed into pellets and fed to
whiteleg shrimp Litopenaeus vannamei for 12 weeks. The weight gain, immune activity, and disease resistance ef-
fects of the shirmp were examined. The growth performance of shrimp fed the mixture of medicinal herbal extracts
was higher than that of the control group. The prophenoloxidase (proPO) activity was found to be significantly higher
at 8 weeks in the 0.1% medicinal herb extract fed group. The cumulative mortality when artificially infected with
AHPND pathogens commonly decreased in the 8 weeks fed group when compared with the control group. Further-
more, the RPS (relative percentage survival) was improved. This study confirmed that a mixture of medicinal herbal
extracts has a positive effect on growth performance, innate immunity and disease resistance in shrimp. The optimum
concentration of the medicinal herb extract for shrimp feed was 0.1% .
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M B T2 o] T AFAY o Yo m =g =S Tol skt
20099 F=roll Al FA7HIA ) AP (acute  hepatopancreatic
necrosis disease, AHPND)o] 2FAs}o] HIEE(2011¢), E
oJAJoH2011), Ef=(20129)& AA 2016WEoll= =tUol
A e dAEho] oF ALY A ATERS] Z|5HE 7FA 9hch(Han et al.,
2020). o] Arg o= Qlsf| HAA FAM- ABAFFS] 19%7F 7
Z>(Thitamadee et al., 2016)3}31 17, SFUjof| A &= o] 2 o] WAy

AIA FAAS- S S7HAl = o2 -$(Litopenasus
vannamer) 2| A4S 5 8MuEEO |, QFAIA - F Fol A 7}
A AAFFo] =THFAO, 2023). ol Al 319k ¥ (white
spot disease, WSD) 0.2 & 24|71 ¥Has}7] o] Hojl= s}
(Fenneropenaeus chinensis)& 4|3t 21, WSD7} =0

2 ZhibE|o] A FAAR ARA|7L 53] E o]l o] 2A Hof
(Jang and Jun, 2005) oA &F2.2 WSDo|| UAlo] 735l 1
W opAlo] 7153t Atk 9-2 Ealsich B4 el
of A =] AL Q= thsketal ekl Af$-2] 95%+= Scte|Af

3 23%9] AYAleF 4512 7FA SFCHKOSIS, 2017).

AHPND®] QW= 574 =27 2KPirA, PirB)E 3o}
+ Vibrio parahaemolyticus (Vp, ..,)%= 94 l3L(Han et
al,, 2015), o] AIAl= = =71 28 £2°CEf ARollA] &
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o 9-18U7IA] Aol 7hadtR R A|9-2] 37|54 (post-lar-
vae) = X|SHjuvenilesyE YA 5 o] ARJNA7F A=A wh
21 10, 30-35% o|yjo F23] #HAlste] 100%of o] 2tk
(WOAH, 2023). o] A2 Blo], Ak 5 -2 A5 &
o = Ao R AR, Zred Al W7l 7 A5}
713Q1 Aol Hli= FAFo] whygtth(Dabu et al., 2017). 2Lt
= SAAFA L vt el o g -5 FAlskaL 9l
1% ZA|AoRAlEE © & AJAleFo] k=0 90% o]Ato] A
ot RS 410 & oFAE] 11 QItHKOSIS, 2023b). o]
UL R QFAlo] 7hgai, YA & SSHAZHA] ST of
Ao R, An WA Sk wE | 2
Aste] A 55 fal oOFES AFEAl X2l EAIE o1
Ut gatekAlRofoll A A 2] &of| ARE-El= SFHA A (38

Mo rlo 2

A
H
B
Ho

+

ARFAQL o) 7ot th= Al AHA] 7|k 7HA AL Qlof W

A19] Aol o] 1(Kumar et al., 2023), DA A 2 &5}

A AIA g Bl AR 7R dhh, Al A-8-2= 817F
H

jink)

B}, Z2Eto] Q8|4 5 HARE SXIA|
= =4l gt A7 e, 71574 A7
£ 3 HIEO|A e gF4dol IRt A7t 2ol HarE
UTHLi etal., 2022). 3FA|FF o] 52 B 50| 4] HE o]
gt S avtE gkl Aol FHAE do7l=1
Aol ol Gt S 7 A = A2 HA Y SHE 53
B =Y = =gl gk A7 Ao A of gt &
& 7HAH, A0 U S =Y 4= Al A7F B RSt
2ol AlEFEES B8 2R A0 RE o YA
Thof| A HarE]ar gl ot AlEFEEo] 7HA AL 9l F-9
HEE vl 54 0% Qls) ARgoll 72217} Z 2 8Frh(Kumar
etal, 2021). 21 5 b .2l 7|7bol A7 AL T} oH
Ko] Skiz 7122 A o] AHgo] Folsl, A 7
2 913 A %710 flrhs B S 1A olr 2 QAo A A1
= 31912 (Artemisia iwayomogi Kitamura)@} 2Hg-7](Angeli-
cae gigas Nakai)&2 gHQ1%1-2> =31} A58 T 9X]7] 2] A4
Holar, M= vt o AlE = 2 o efolw, )+t 3
+730], 4, e Foll a7t e ALz defA girk(Jeon
etal., 2020). F7]9] A AR FotA A D 9] decursin. 2
QPslRL B4, AR T, ek, B, HRaT 5o o
3 855 7ML ek(Kimet al., 2011). o] E@5E5-2 o]
& -L(Jeon et al., 2020; Kim et al., 2021)E 53, A= Y
ol el 3, BRI, 71485, Fololel2 F(in vitro)o]
-9 = A LrEb AL, 53] of ol 284S 53l A A
A2 2] E-87Hs/d2 SIS = Aol Al gkl A
TAFEES AR FEAIA AFEolste] St 99 A

32
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, oft 1
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A}, ] 5o] 4] wof2l ul gpgelel n]xi el sl A 2AksH
of 9ol 4] A HAA ) 755 & skt stk

HE U Y
R

BITHA0(5.91 £ 1.64 g, 7.85+0.65 cm)= A|aj2=ArAT
4> HiRHIE ol A AR F%1 AWAE = Aakretd Be ot
3} 2502 olgele] o] AHgsIAT BE ARAE
$2 2655 LOCE fA510] ALgaIA0m, AR 484}
F(CJ Cheilledang, Seoul, Korea)E " ¥ 33], Al5-2] 10%=
Eolalgdrh ARGt mfY 13] 50%S 8Hste] 237t 427
%, 7 ot TSI R(NS300) Heisto] A1) AH-Slc.
Sl A= 2 Aol A1 Aol Aol Fh S Eelst
71 91 2 5 RS shato] Al wlol2l, 714
F Aol SIS 53] Vp,, HL Han et al
(2015)2] ol wHEH(PirA, PirB) A&t
Mok F7IE MZE & d7F

2 Aol AR IR FFA e Hx okl U o
kA AFAK(Daehak Korean Pharmacy, Iksan, Korea)Z- € -
dstelon, HE A ae HatsFr=E 33 A2 5 izl 3t
5 g EFT FE= 10 goll 50% elTtE 100 mLE wfst
o] 253 FZ(3AZE 4 33] HHE)EE -, -80°CollA] s AAR
(FDU-1100; Eyela, Tokyo, Japan)A] A 4] €213l Bubilef e
Akssict.

M$-EPALRE(CJ Cheilledang)Z ol 4|5 (kg) & 50% ofeh-
AR (1IN FH) EFFEES A5 E(0.1%), F-55(0.5%)
A FEE(1%) A FHAIA LeollA & ARAIA Al x25k3d
oF. g2 Aok BRREES Aeleln] ok A SEPALR
v e, AT AR A7hiR Aol A8 A
714 20°ColA] wks}oAh. Age] Fol7IZe 1272 al9e.
o, AL 50% o EhE Aok BREEES0.1,05,1% %
w2 At 3l Agetel Ao BE TRl
o Fof A2 54, 8, 125740l A4, HIE0l4 U4, o
W(EY A4S 2t

0x

Xt

NE U HISON B 5%

oM,

TEo 717K F 125F) 59t 4, 8, 1254 vt i 2+te)k A

25 7 100k RA9lm Aol Loloh 1A
Ashel 4B 2ol H w5t 1, ¥l 5|2 24 (prophe-
noloxidase activity, proPO activity) 4 ¢l STt AH$
o] SmemE Hsko] AR Jang et al. (2011)]
2} 3|2 = J-5- T H (113 mM glucose, 27.2 mM sodium
citrate, 2.8 mM citric acid and 71.9 NaCl)E hemocytometers
o]g-3lo] A d43(total hemocyte count)E hemocytesd

AN oot
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kAol of BT A Wl g = 357

e} £ granular cell, hylaine cell2 F-5-35}0] A A5 T}, proPO
activity= 700 g2 4°CollA] 155 B9t YAlEe] 3t & 32
|7 28 914 ARG AI A SRS o] 700 g
B ACof|A] 158 FF dalwelsto] wejH Aol trypsin
(Sigma-Aldrich, St. Louis, MO, USA)x} L-DOPA (L-3,4-di-
hydroxyphenylalanine; Sigma- Aldrich)E % 7|5} 25°Co|A]
1087k uheFsto] -4 3 nh )2 745}l 0.D. 490 nme
A E=E 2510l AN
ZEI

Age] el e agele Shelsly) $is) 219z A
of| ARG W= FH AR F AT Y AR Ttol A R
%%l Vibrio parahaemolyticus (SM-3) w55 AHg-51%Ich A
A P E(AMAR) ABH0.L, 05, 1% 5 Fol )
throl 19] 28] 4750lE AA5, SEER A ARt
vo| Fo] £ Aolekg 215t 19 15] 845 sk, 2
ZTAE Aol Hat A e A e E o] &34 AEFSiAl V. parahae-
molyticus 2.5 X 10°-5.5 x 10*/CFU mL", 0.1 mL/shrimp 5=
B BETARIALE A 55 AFE 5 4, 8, 1249
AR QI E AYS Fol 25 St HARE S AL
Sk, B E a5 ol 98 AltjAlE&(relative percent
survival, RPS)& Z3kgich. 219129 A19e] 4eheg slst
of, ZANA] -£] A7sk, (e &
3}o] Han et al. (2015)2] Wi o) w}2} PCRAALR 8-S A

oo
0%
N

Hz
o
N
BN

N
o

)
)

A
Aok Folol] M 22y HIAL Belals] 915 =
744, 8, 127)5%F Aol th2polA] 7t 10mh2l4, 7
ZAZ 913 AT Vp g AL TN 27
FAF T 1494 7HIA 23] YHE hartman’s (modified da-
vidson’s) fixative solution (polyscience Inc.)2 A&-5Fo] 114
U 529 A|25kgc) o]F nlo] 3.2 E(histoCore Multicut;
Leica, Nussloch, Germany)2.2 BF43}31, hematoxylin &
eosin (H&E) @M slo] 384l u] 7 (Axio Imager. Al, Zeiss,
NewYork, USA)L. 2 #251¢i Tt

S7sx 2A

2E glolE o] A 2442 ANOVA (SPSS versin 20,
IBM)& &A15}3{ch. dlofg 719 {-2JA}+= turkey’s multiple
range test (P<0.05)= H|1L5}% T},

AP EFFEES sEHE Fog BE A olA A
e, AAEs 9 AEES 2o} Bt A3, final body

weight (FBW), weight gain (WG)7} Al &8 Fo|47}
ozt B 50% o)/ = A UrEhdE ZRIsHA AL, w e o
T POl A 7914 Q1 ZFo 7} glItk(Table 1).

AYoFA = ato] EHEO| QE A= AbR O 7RO = o
Ee= MY AE, 1YY 2 A AAS sk =
=°| HH(Li et al., 2022), 53| ofFolA= Akmasbaat A
2RSS FoI1 T TS FANLS g Fa o3
£ Sti(Citarasu, 2010). T2+ Rheum officinale Bail)o]| 4] an-
thraquinone F&w<2 £33t FAAU|A-(Macrobrachium
rosenbergi°l| A 2 4AE2S F95HH(Su et al., 2008),
slote] Aol silymaring 7FslA] Aol oAl A%kt |
oes wol=tl a7t Atk(Shin et al.,, 2022). L FofA =
0] A2 g}4+ & 2(Choi et al., 2013,)0] AUju] & 7o =
Aol (Leeetal., 2017), IAS A7} =2 St o=
2127 =45 7HA AL §lof(Ahn and Jung, 2011) A& thAH
1o =M HS5S EolaL, "HY7sS A7 7]
Frf H S /AT Lee et al., 2017). e
3177 B 32Rg0] Eo|U 2 (Kim etal., 2011),
A7F A -2f ax3ks Siol AkE o] A% 4 Al

o] H Aoz Abm T

o
=

A

s

e
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e oXx, ool
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Ni»%mlmo:m
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H
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0|& MA(proPO system activity) ZA

A5l AEY WASHAE oM $ET BYAE =
Apshgih, FBT WaRRARIA L S0, 0.1, 0.5, 1%) ¥
710, 2, 4, 8, 12592 SACEA Folo] ufet 8% e
0.1% EFFEZ Fol oA FAT 7} )20 Z7he
= 72 SRelsterkFig. 1), H150] 4 WS 1A Ao
A EREE TR 27 RE 0.59% 1% FoiTolA] 2
Kol Z7ks7] AR, 8FAO] 0.1% A= BHFEE T
ofgk 1F A 714 meiE o] 7] UehgthFig. 2). ol &
Frage| PRt EEOR Fok5) gk, 7
229) ol Be] Sl vherdg Belshgl, Bl
A 28 ARl W Frhol At gk AOE et

Table 1. Growth performance and feed utilization for whiteleg
shrimp Litopenacus vannamei (initial body weight, 5.91 g) fed the
4 group experimental diets for 12 weeks

Group FBW! WG? P-value
Control group 11.60+0.582 96.31 -
0.1% Treatment group  14.40+0.62°  143.69 0.002
0.5% Treatment group  14.67+0.55°  148.21 0.002
1% Treatment gruop 14.75+0.73>  149.62 0.002

'FBW, Final body weight (g). *Weight gain (WG; %)=[(final body
weight (g)-initial body weight (g) / initial body weight (g)]x100.
The diets were added with graded level of 50% EtOH medicine
herb (Han In-jin and Cham Dang-gwi) extract by 0.1, 0.5 and 1%
to the control diet.
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Fig. 1. Total hemocyte cell in plasma of whiteleg shrimp Litope-
naeus vannamei of 4 group experimental diets for 12 weeks. The
diets were added with graded level of 50% EtOH medicine herb
(Han In-jin and Cham Dang-gwi) extract by 0.1, 0.5 and 1% to the
control diet. Data are means = SD and the n=10 (P>0.05).
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Fig. 2. PO activity of plasma in whiteleg shrimp Litopenaeus van-
namei fed extract (0.1, 0.5 and 1%) diet for 12 weeks. The diets
were added with graded level of 50% EtOH medicine herb (Han
In-jin and Cham Dang-gwi) extract by 0.1, 0.5 and 1% to the con-
trol diet. Data are means + SD and the n=10 (P>0.05).

st

A= A 0 2RE A4S Folahr] s A FH4d WA
Al7F ob gt A/ HAA AL S S8l A Brof wlAY
Z2 7HA 2L Qe u]AERAA] A4 proPO A|AH], S-31A|
28], AN, 3t 5 ol AHAHGAI AT FollA] proPO
A2’ 3} cascadeo]| 93l Ao &= Hebdols FA=E
= WA HUAE AAH sl 7MY F83 JEE 5t

, 2] o] oJ3 a2 S Eelrh(Kumar et al, 2023).

Hemolymph 4 PO €442 34 3 (opsonization)E 53]
T AAIE 285 FHA7) AL, F-ZaLof| TojstEE 117
T A oA vl F 23 A 2 ARGE T o] HY
AAANA 717 7122 & ZF FEA| E(F 8, RHak =, 1k
Tl wet Aol thail, FYats T2 AN S-S 5H
vt = AP, H25A47]E, Hsitskas 24 (phe-
noloxidase activity) 5= 5351, P& HlwAsta s &
go] uj-e- Zsf A2 ST HAR o] okl o]
SItH(Zhang et al., 2006). 71 ol A &= HlzAteta 4 o]
T v Ao Rt ) Sk S9U H[EeA v
F7tell S8gt 9 girt o A F7et e 9
AR A A B9 S7Hs " ST = o]ofXIth. tisHLuo,
1997), gt A $~(Lawhavinit et al., 2011), 24 7 7] §$~(El-
Desouky et al., 2012), St}2| S5A-(Penaeus monodon)
(Chandran et al., 2016)°] phytochemical2 Fo{A| H]E0]| 4]
HE S ol 2o r HuFSih o] & A4t &
Y317 phytochemical ] 2717} H|E0]4 HYH(PO activity)
A7 = B 9 yebdHe 92 proPOA|= 2t
of glom, wletFFtout 13 dwtoll A &= A
Iohe-Roll ofsff E/dste]=t, o] B4 HAAAE A=}
AHA 9 A WS 2O =M TR A A4
Hro]5h=t| £1}7} =tH(Mantovani et al., 2008; Chen et al.,
2013; Ina et al., 2013; Vetvicka et al., 2014).

A o2 ffsiA AEoz AFshH, 927t ol A st
= TEolA HEFE T fFgE AR A1}, H2(20%), T
2](8%) ©]2] 0.6-3% W 2|2 x3}=]o] 1th(Bashir and Chot,
2017). BHH, SRR, G F28)9 4+ He2F+
7ro) RFd A A1}, 7.54 % (ST e s g ksl 4,
data not shown)7} gH=of QIQLaL, o]= BhE ol Hlsf
S o] wehZ R o] o] o HI 5ol 4 M-S
Eoled S8 A7} Y-S ofnlgtet. HiekE T St
A Aol oAl WG, SGR (specific growth rate) 2! PO
e A ST, e Fo] AdksEat YA
T 2 FHE o] AE AT 4= oh(Qiao et al., 2022).
HERE$7F 52 A=A =M A0 B 5ol A A& 5
7HA7)=d B ol o] F4-2 A Aol Eo] A =
i o] B2 & 7| Hch Lo A2 pattern recognition
proteins®] HYZ}=A] 9] pathogen-associated molecular pat-
terns A 5}o] A 32 A8 5 AT O] A8 WA SHA| | H,
olt= T o] AFA} ofd WA EEolo] AL
2 ]S04 WelS Aazt] £8o] Hrk(Lee etal, 2020),
2 Ao e EFdFEEo 2T vgE=0 2 Axsd
o] MY Z o=t A}A 0|, 53], 857 A5 Aol &}
=5 HEf2 o] -2 H| 5ol A W Ho A 523t e
gtk AS Uepdeh Aol o] vetaF1to] Aj$-9] 4]
A3z 2R3 S7H A e A2 oloj A g ol J3F

i)

d

ol gl we
£ 4 o,

o K



kAol of BT A Wl g = 350

S 2 Ro2 AT Vargas-Albores and Yepiz-Plascencia,

Mzt 2leld ol e eE

=

Ao EFEE] H=H(0.1, 0.5, 1%) Foi 717kl whef,
V. parahemolyticus= 219748 AH-S A Ak, 457 H|
AR 0.1% Aol A 71 WA vrebdar, 8 ol = 71
A Yehgton, Ioke 0.5% Fol 7t A Uehstth 18
T 12FA 0l 94 0.1%7F 71 siakg-o] WA Lebgtth(Fig.
3). AHPND = ¢to] djgt RPSE &1t A}, 0.1% Foi
of| Al 4557 15%2] RPSZ UERH 1, 857l 70%2] RPS<
e TH(Table 2). ©]= PO /4 A A &= AW 7|7 528,
1257 0.1% AYoFA Foltof A &do] 7 A WrebdaL,
ol= e Ayfele FUsHA e Sk A Fof7t v

2 A oA 2t AR o] 7HPe] A s
YA o] Fof 7] 7bol| whE FEldt 27 §iAdo] Tk
of AoFA] EFEEES AR 0.1-1%9] T2 A7
AR Fostr|ate -2 7H 2A G| IS
Alizs/do] gleS 2IE 4= 9l%lth(data not shown). E3L,
VDol A AE 7HAIS] 22| of| A<= Fig. S1 (AP inj)o] o]
= A3k o] 2117 Al (tubule) A o] A 32 0] W/ 1} 9] S0l 2
ZF=] 2 H(Nguyen et al., 2023), Al E35225 F o] JLof|A]
= Wumod A9l ZHAoll A o] -9 491 244
of F2FE| 2] Akokrh(Fig. S2).

AEFEES 550k R Fos kol thet 54 4
ok 4= oo, & AR o ARS-E S gAY A o] 79 QAo A QF
At AHe7Fs g 2Hr A 222 555 o] 9laL, JAollA
T A7) R = Pk &8k tHKim et al., 2021). Zd
A= AH FQ)of T3k 214 E¥KKim etal., 2011)7} 9l.om, 2|
HE29] decursine FH= 2 39F 59 %5 (Zhang et al.,
2012; Kim etal., 2018)2 7H4| 1. Qo] YA 2.5 & 712 Lye}
WAL FollA = AFE e ¢35 A Hea-E(Ohet al,,
2017) 1kt g1x19] 749 45 (Kim et al., 2005), &
QH(Taleghani et al., 2020), &AFs}a7KSin et al., 2020)5 7}

=13

Table 2. Relative percent survival (RPS) of experimental Vibrio
parahemolyticus infected whiteleg shrimp Litopenaeus vannamei
fed 50% EtOH medicine herb extract for 12 weeks (n=20)

Strain 4 weeks 8 weeks 12 weeks
A 01051 01051 01051

parahemolyticus 15 25 35 70 60 15 35 25 15
RPS (Relative percent survival)=1-(Experimental group motality/
Control group motality)X100.

RPS'

(A)
120
——e—— Control
;\3 O 0.1%
= 400 k- 0.5%
g —— 1% 000 Q0 OO
g 8o f
2 ; /r—v—+—v——v~—v——v~—-v
£ 60| [
S — )/
2 7
° 40
=
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> -
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o
(o))
@©
€ 60
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o
g
[0} 0 7 /
.g « _"/ [ IR RN ]
© T3 —v—v
S 2+ e el
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C ol oo
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Times (days) post challenge
(©)
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=
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&
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[0}
o
g
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=
kS
>
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>
(G]
0

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Times (days) post challenge

Fig. 3. Cumulative mortality rate (%) of the Vibrio paraheamolyti-
cus infected whiteleg shrimp Litopenaeus vannamei given differ-
ent concentration diets(0.1, 0.5 and 1%) . (A) 4 week, (B) 8 week
and (C) 12 week. Each group n=20.



360 A - HeA - g4

A|aL Qlet. o] gk SRk o] AFo] A2 Al Ee} 221
VD, Bl B3 8h= dof] =50l B93-S o]ttt
3ol A8 gl A 5(Choi et al., 2008), 2= A1} 7]
A= JAS= a7H(Kim et al., 2011)7} ¢t} Jeon et al.
(2020)%= FHRIZI-FA O SR FEE0] FAMIEY
HAA=E, 71285, vrel2| 2ol tieh =2 &=, 71485, &
Hiolg| A g/go] Q8-S SISt 53] Aol Sy oA
0.1%%E Atz oll Aol Al ZF-FoA Al -0l A EAI7F = AL =
AHPNDo| thgt e anp7} 874 71 =] Uretitt. o
= O 8AES Folioh E b 0 2 eyt o] d
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Fig. S1. Control (left): Normal hepatopancreas tissue. AP inj. (right): VP, infected hepatopancreas tissue. Circle: Hepatopancreatic
tubule; Black arrow, Vacuole among hepatopancreatic cells; Red arrow, Hepatopancreatic cell showing pyknosis or karyorrhexis; White ar-
row, Hepatopancreatic cell showing cytoplasm degeneration or atrophy; Lum, Lumen of hepatopancreatic tubule. H&E stain, Bar=100 pm.

Fig. S2. The optical microscopy image of artificially infected VP,, , the hepatopancreas tissue of the whiteleg shrimp Litopenasus van-
namei given different concentration diets(0.1, 0.5 and 1%). H&E stain, Bar=100 um.



