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ABSTRACT: The aim of this study was to assess and compare the quality of commercial postlarval (PL) feeds from
4 different sources (F1-F4) on shrimp post larval growth and their pathogen susceptibility after feeding for 10 days
(PL1 - PL10). Using proximate analysis, the content of crude protein, lipid, fiber and ash of all 3 commercial feed
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(F1-F3) fell in the standard contents of Department of Fisheries, Thailand, except F4 that contained an exceed fiber
inclusion in feed. There was no significant effect on PL development in all feeding groups as shown by the number
of PL10 post feeding with 4 commercial feed (p > 0.05). In terms of larval health, histological examination of
hepatopancreas (HP) revealed some differences among 4 feeding groups. Shrimp fed with F1 demonstrated
characteristics of aggregated transformed microvilli (ATM), whereas those fed with F3 and F4 developed non-
digestible particles accumulated in HP epithelial tubules. PL fed with F2 feed developed normal HP histology. The
significantly high survival rate (p < 0.05) post challenged with the bacteria, Vibrio parahaemolyticus, causing acute
hepatopancreatic necrosis disease (Vpoapnp) Was found in PL12 fed with F2 feed when compared to those fed with
the other feeds. There was no significant difference in replication levels of Enterocytozoon hepatopenaei (EHP)
among all 4 feeding groups (p > 0.05). Taken together, the results indicated the quality differences in commercial
PL feed formulae in the market, affected health and pathogenic susceptibility of shrimp.

Keywords: postlarvae; commercial larvae feed; nutrition; Vibrio parahaemolyticus; Enterocytozoon hepatopenaei
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silumsnaaeulngisnsiaesan (cohabitation) lufudsmanainuun 500 aas Tathaudu 20 ppt Usinms 350 ans
$1u7u 6 1 Beazuvadu 2 yan1meassfie gaeuAN (non-challenge group, N) tassgnisludsitlifidsdiade EHP S1uu
3 4 uagganAand (EHP challenge group, E) lAssgnissauifudainide EHP S1uau 3 1 nslddshnide EHP d1uw 10 6
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Figure 1 EHP cohabitation model

A5ATIYD Voseno W8T EHP

Lﬁ‘uﬁ’;asmqnf’jqﬁgqﬂ'auLLawé’aﬂwwmaaummlﬂumiamL%adaiiﬂﬁgq 2 %l Tagduifiunguay 10 6 nauaz 3 o1
osingndafiauimdnia pool 2 fudu 1 freg1s ldlunaonifiudaegsvuia 1.5 ml Aussqu1en DNA lysis buffer
(50 mM Tris pH 9, 0.1M EDTA pH 8, 50 mM NaCl, 2% SDS, 100 pg/ml proteinase K) n&sa N et DNA lngldynanin
QIAamp® DNA Mini Kits (Qiagen) k&2 inAuLtutuuazaanmves DNA #a81a3 89 spectrophotometer (Nanodrop
200c, Thermo scientific) Asuthlunsansandesemaiia PCR way Real time PCR

113751048 88833 nested PCR woanuafitsonalsa AHPND (Vopeno) 91435015909 Dangtip et al. (2015) wag
A979L% 0 EHP Tagldmaiia SWP-PCR Uaroenlak et al, 2016) Ingyn primers #ldlun1snsranazauinres PCR amplicon
wandl5lu Table 1 lUmSATIT 0T Ve k8T EHP azim3eaningn PCR dmiuusazdunoues first PCR uaz nested
PCR 7iU311m5 12,5 pl FvazUsenausig 1X OneTaq Hot Start Master Mix (NEB) 4a0.2 uM 283 primer #l4lun1smnsaa

Woluwnazdunou Tuduneou first PCR unazd10819lY total DNA VAU 100 ng wazld DNA f1981921n first PCR 1 pl
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sL‘LJ‘th‘um)‘u nested PCR wa‘”ammfummaau PCR amplicons A28 1.5% agarose gel electrophoresis Lay&oun218d
ethidium bromide Aeudeiniesld UV #ae 1a3e Gel documentation (Gel Doc™ EZ Imager, BIORAD)

N15@nNY EHP copy numbers Aaemnaila real time PCR a335n15089 Munkongwongsiri et al., 2021 Tagl4tien
SYBR Green-gPCR analysis §U311055906 96198101170 20 pl Usgnounag 1X SYBR Green PCR Master mix, #2981
DNA 100 ng, 0.2 uM of SWP-1F wag SWP-2R primer @1%5UN1358@5 19 standard curve azatdulaenisty EHP-SWP
plasmid 7ipududu 0 - 10°(0, 100, 10° 10°, 10°) copies/ul USu1es copy ved EHP aggnulanalag ABI Prism 7500
Sequence detection software (AB Applied Biosystems Easter City, CA)

Table 1 PCR primers used, their amplicon sizes and purpose in this study

Primer name Sequence (5°-3’) Amplicon size (bp) Purpose

VP ,enp toxin genes (First step PCR) PCR detection of
AP4 F1 5 -ATGAGTAACAATATAAAACATGAAAC-3’ 1,269 bp VOarono

AP4 R1 5 -ACGATTTCGACGTTCCCCAA-3’

VP ,enp toxin genes (Nested step PCR)

AP4 F2 5 - TTGAGAATACGGGACGTGGG-3’ 230 bp

AP4 R2 5 -GTTAGTCATGTGAGCACCTTC-3’

SWP-PCR (First step) PCR detection of
SWP_1F 5 - TTGCAGAGTGTTGTTAAGGGTTT-3’ 514 bp EHP
SWP_1R 5’ -CACGATGTGTCTTTGCAATTTTC-3’

SWP-PCR (Nested step)

SWP_2F 5’-TTGGCGGCACAATTCTCAAACA-3’ 148 bp

SWP_2R 5’-GCTGTTTGTCTCCAACTGTATTTGA-3’

nsAssideyanieata

vnadoyadt ldlunsaznimmaassinsiaaouninszanedaveadeya windn13nszatsuuuUni (normal
distribution) a1 ayauI AT 1zANLLUTUTIULALLIUT BULTIBUAINNLANF 118 A AR BYBILAAT NALNNTNAAB IR
one way ANOVA analysis wag Duncan’s multiple range test wndayaluladnisuanuasuuudnd agld357imsen

ANLANANSTRIA A IAZNAUTAGRITETT Kruskal-Wallis test Tnglilusiunsa IBM SPSS Statistics 22

NaN1SANYI

qmmmekmmmwmmmﬁﬁLmnﬁifmﬁ'uﬁ'q 4 wias

Y w1

913gnATIE8auIN 4 unawwdn Tuszanalusau ludu nin uaziduansieiy daansly Table 2 91115 F1

q

fusinalushuasan wavuandeiudn 3 nguegdiduddgyeada (p < 0.05) Tuvarileonms F2 fusunaluiuaan way

[

wan1aiudn 3 nquegreddedidynieaia (p < 0.05) Lagwudnewng F4 UTUIUAIN wazldgedn wazuanmeiuan

o [

3 nquegellleddgyneata (p < 0.05)



KHON KAEN AGRICULTURE JOURNAL 51 (1): 12-26 (2023)./d0i:10.14456/kaj.2023.XX. 17

Table 2 Nutrition value of 4 postlarval feed brands

Feed brands Nutrition value (g/100 g feed)

Crude protein Fat Fiber Ash
F1 61.34+0.09° 10.37+0.20" 3.06+0.04° 14.53+0.08°
F2 56.78+0.42° 13.28+0.09° 1.14+0.11° 9.88+0.03¢
F3 45.48+0.17° 10.82+0.36" 1.76+0.06° 10.47+0.01°
F4 49.75+0.13° 8.27+0.27° 4.66+0.03° 15.34+0.02°

Note: The different superscript letters in the same column represent significant difference (p < 0.05)

NanN1sIAsITinsaerilusinnaznsnezilusndulueimsneassie 4 §ve wanslu Table 3 wui1amng F2
fiUsuansnesdlusiugedn 09owAees F3, F4 wag F1 audiu wwieidunsaeziilufivndy (essential amino

acids: EAA) finuinluenms F2 iANgean 589a901/001m5nuas F3, F1 uag F4 anuddy
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Table 3 Total amino acid and essential amino acid components of 4 postlarval feed brands

g/100 g feed Requirement in Penaeid
Amino acid profiles
F1 F2 F3 F4 shrimp (ref.)

Alanine 1.80 3.11 2.62 0.90
Arginine* 2.43 3.36 3.52 3.34 2.5% (Chen et al., 1992)
Aspartic acid 3.42 a.77 3.52 3.24
Cystine 0.32 0.45 0.36 0.28
Glutamic acid 2.90 4.38 5.15 2.90
Glycine 1.80 2.84 2.20 12.22

0.42 - 1.17% (Millamena et al.,
Histidine* 1.01 1.17 1.05 0.80 1999)
Hydroxyproline 0.54 0.54 0.36 0.36

0.52 - 2.02% (Millamena et

Isoleucine* 1.26 1.56 1.46 0.76 al,, 1999)

0.95 - 2.95% (Millamena et al.,
Leucine* 2.34 2.95 273 1.64 1999)
Lysine* 3.28 4.56 3.13 3.10 1.6 - 2.1% (NRC, 2011).
Methionine* 0.65 1.63 0.68 0.68 0.7 - 0.9% (NRC, 2011).
Phenylalanine* 1.63 1.86 1.72 1.20 062~ 2123 (Millamena et

al,, 1999)

Proline 3.70 3.92 4.72 1.95
Serine 1.36 1.85 1.71 1.10
Threonine* 1.24 1.75 1.38 1.14 1.4% (Millamena et al., 1997)
Tryptophan* 0.60 0.66 0.51 0.51 0.2% (Millamena et al., 1999)
Tyrosine 1.05 1.36 1.11 0.88
Valine* 1.42 1.99 1.80 0.77
Glutamine 3.44 4.13 3.40 2.75
Taurine 0.08 0.51 0.06 0.37
Total amino acids 36.27 49.35 43.19 40.89
Total EAA* 15.86 21.49 17.98 13.94

nan193LAsIzYnTAluNusIN (total fatty acids) lue1msneaesis 4 8% uanslilu Table 4 wui101M15 F2
fiusunas 4.91 /100 ¢ feed Fudlantoadign ogslsinuofiasany3uia n-3 PUFA Jadunsaluduiidndunuitenms
F3 fUsunasnan WaSeudieuiudn 3 unds idanlndiAesiu dmsudadiuvensaludu n-3/n-6 PUFA deingegnly

919115 F2 5998311 lawn 919115 F1 d1m3ue1vs F3 was F4 denlnatAseiu
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Table 4 Fatty acid profiles of 4 postlarval feed brands

g/100 g feed Requirement in Penaeid

Fatty acid profiles ” - = ” shrimp (ref)
Polyunsaturated Fatty Acids
Linoleic acid 0.81 0.34 0.98 1.67
Linolenic acid 0.21 0.12 0.08 0.20
Arachidonic acid; ARA 0.06 0.03 0.06 0.16

0.5%
Eicosapentaenoic acid; EPA 0.45 0.38 0.33 0.22

(Gonzalez-Félix et al., 2003)

0.5%

Docosahexaenoic acid; DHA 0.58 0.57 0.33 0.72
(Gonzalez-Félix et al., 2003)
Total fatty acid 6.36 491 6.38 6.57
1%
n-3 PUFA 1.24 1.07 0.74 1.14
(Kanazawa et al.,, 1979)

n-6 PUFA 0.89 0.39 1.04 1.87
SFA 2.69 1.68 3.27 2.43
MUFA 1.54 1.77 1.33 1.13
PUFA 2.13 1.46 1.78 3.01
HUFA 1.03 0.95 0.66 0.94

2.5
n-3/n-6 PUFA 1.39 2.74 0.71 0.61

Glencross et al. (2002)

DHA/EPA 1.29 1.50 1.00 3.27

a a 14 o Yo [ [
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Figure 2 Photomicrograph of H&E stained hepatopancreatic epithelial cells of postlarvae fed by 4 different postlarval
feed brands (A = F1, B = F2, C = F3 and D = F4). Most of PL’s hepatopancreas from all feeding groups presenting

normal characteristics of each HP cell types (Column A and B = 10x and 40x magnification, respectively)
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Figure 3 Photomicrograph of hepatopancreatic epithelial pathology of postlarvae fed by 4 different postlarval feed
brands. (A) Atrophic HP epithelium of overall area, (B) Aggregated transform microvilli (ATM) in HP lumen (arrow), (C

and D) Non-digestible particle in B-cell and HP lumen (arrow) at 4x and 10x magnification.

an15NAFaUAL LI ILUNTANED VoA eo

Lﬁ'aﬂﬁgﬂﬁ:a PL12 7l B9f80115MAa0q 4 WAAIHER L MAdeunsAnEonolsaduNEaUNdY (Voaueno) 1018
Prsutiseduide 2.600.37 x 10° CFU/ml wru 6 $2lus udaUBsudneth wuifadumed 21 Slumdinsunide s
nsTennIBaraund Lo 7 Tu vosfeadiidosdasems F2 1§n3150nR183940 83.3% A199INYANITNARDIDY

[

agelidadAgvneadif (p < 0.05) sesaanlawngnieiiaesnieeIvns F1, F4 uay F3 ddns1senmuazaui 71.1%, 70.0%

q

Uay 65.6 % nua1au (Figure 4)

[HF1T EF2 BBF3 BHF4

Survival rate (%)

A L

o
[
"
£
o
=
~

Day post WP,y IMMersion

Figure 4 Survival rate of postlarvae 12 fed by 4 different postlarval feed brands after immersion challenge test by

Voaueno- The different superscript letters in the same day represent significant differences (p < 0.05).

' a &
nsnadauaulafenishnde EHP

}%

Wesnnlusgninansidesiadlatfmetulvioiniadu villiigapdedinismeaeddy 1 61 waiildvdannaaeunisia

] 3

o EHP lnan1siiessau (co-habitation) 1uszesiian 16 1w nan1sasavaeuysunaute EHP lugnisildsuomnmaaes



unnwss 51 atiufl 1: 12-26 (2566)./doi:10.14456/kaj.2023.xx. 22

wiagnguaemAlla real time PCR NaN1305334aARs Figure 5 Tagnuindnwiuveate EHP Tuusdaziegnananielungy

Yodusarnauiinnuuanaeiuegaun wagldlafimansganewuudnd Qanguinlasuemnsunas F2 iUsuia EHP dasiian

Y a

(1.44+2.26 x 10° copies/ng DNA) 94a311A 8739 LA 581915 F1 (2.24+3.25 x 10° copies/ng DNA) F3 (4.05+5.02 x 10

q

copies/ng DNA) uagsiilasuamsunas F4 inshniiogaiian (6.57+8.77 x 10° copies/ng DNA) Lilaymsnaaeuainy

wansasEieUSinandeiiudaznguvaaedlasu wudlifanuuandieiunieadia (p = 0.179)

16000 A
14000 A
12000 -
10000 A

8000

6000 -~

Copy number/ng of DNA

4000 4

2000 S

F1 F2 F3 F4

Group
Figure 5 Mean+SD of the quantity of EHP (copy number per ng DNA) in postlarvae fed by 4 different postlarval feed
brands after cohabitation with EHP infected shrimp for 16 days

3130
PNMsANwIATInUIIeMIsgNALisgeundmieluriowatn InaAnisdasuinisiugiuuandeiu lnedlushu
45-61% warludu 8-13% n1n 1-4% wazkin 9-15% gnfeuiwinunludanudesnisiusiudmsunisiasyiulnegluyis

30-60% (Coursin et al., 1993; Xie et al., 2020) 31n¥ayaves NRC (2011) likugihszauaiudeinisiusiuvegniawn

v

winwlulif 40-45% wenainfuiualeduluemissening 11.8 - 12.4% viligndsddnsiseauazaruudeusad

q

(Xie et al., 2019) muEnsgIUeIMIaNIUioveTuneleuawnsdniuniunsuyseaessydn eamsgniesees PL5 - PL15

Aoslesdusznauvadusiuldesnii 40% ludulidesndt 6% wavninliduinndi 3% (nsuusza, uUy.) Aeiuemisanie

v
Y

Nngvienldlun1sfnuiaTeliiseAuauAImMIeImMTTITEINDABAINABINITYBIRNAY BALTUDIMNT F4 dArninuiniiu
HINIFIUVDINTUUTZA
9111139014 F1 udduTunalusiusivasgai 61% uwindunuinfivsununsnerdlufisindiamsdn 3 nauees

Foau wansbiiiuinnsesaiisssnaldsfusiteraldannsauditnuninvesingfuomsilddazdmanonunin

[ '

91slaeTInfnaneenunla ssrUsenauvensaeviluty dauddAgysensasyivlnvegniadlaenss NRC (2011) svy

o

1 gnistegeuiimnudioamaansaesiluriadniu 10 viin uaznsnorilurialisniu (non-essential amino acid) 7]
anaudFlunsiiunsAuemslufansia (P. japonicus) 16U glycine taurine uag serine duriinifinaudalunisiiia
AMNBEINAUBINNS (palatability) Town aspartic acid, glutamic acid, proline, &g betaine (Deshimaru and Yone, 1978)
dmSuonmsin 4 ?J'ﬁam%l,gwqﬂﬁﬂumswmaaaﬁ WU s F2 fnseesdludnduynds snciu Arginine @andnemns
5n 3 drfe Tnslanylunsnezily Methionine way Threonine finuitlue s F1, F3 uag F4 Sansninnus (Millamena

'
[ a A

et al,1997; NRC, 2011) uansliiiudiaingAuiildunnsineiu wiagliusunalusfusuiioglunaeininsgiu ud nduvin

i

nsmerdluu1eialy



KHON KAEN AGRICULTURE JOURNAL 51 (1): 12-26 (2023)./d0i:10.14456/kaj.2023.XX. 23

Y o

Tuduszauanussanisluiuluemnsgnisideuiu danudesnsunnind dusses Jegunazifus Tnefiansan

q

mﬂé’mwmmﬁzy@uimLLazm3mauauaasiawé’qq1u1umuauﬂwimmuaasﬁmmﬁmiﬁw Jones et al. (1979) cited after NRC
(2011) WuIAe P. japonicus Fusou finrwanusadndnlunisdaunsizvinsalusiurdelidus (n-3 wag n-6 PUFA) Thiu
nsalasiurilalidudaansen (n-3, n-6 LC-PUFA) 1# Taesannznsalususien EPA wag DHA Tnanselasiusiln DHA fisneeu
Iflanudrdysonisadyiivle wasdouidediszyingnieszes postlarva lesuomsitsl DHA 1.2% fnavihlsnns
\3AuTnfia FeUsaina DHA Tuensgnistuinnnindetefuile 5 W (Wang et al, 2017) uansfisnudasnis DHA figs

n1AeTegu wenanfidadsneawdi aasiusuimves EPA uay DHA saufdulaiiiu 1% ve3e1m1s dsuns P. japonicus

v

Iwmwwaﬂmﬂau penaeid §A1NABIN15 n -3 PUFA luamnseenaties 1% (Kanazawa et al., 1979) SsUsuafivsnyay

q
(%

Y84 EPA Lag DHA siognienaiaiegsening 0.5 - 1.0% 48991915 (Chen and Tsai,1986) uayAI5ilA18nI1d11v04

9

(%

DHA/EPA winAv 1 ?fﬂummiwmaanqnmﬁ’q 4 §%ewuin TUSunat DHA, EPA USunad DHA wag EPA 523 wavUsuna

q

n -3 PUFA TndiAesiunazegluseduivunzay asnndesiunanisiasayiiulnvesgnislaensiaaeuainnisiiisseg PL10

nudgnienlasuansunneeiung 4 nqu SUsinagniaiidissey PL10 Tuansnsiuegaiideddyn1eadia (p > 0.05)

msfinwguamesgnianillaodusazdugeu nuingnisiidewheeima 4 gnslidnvauziedelaesiuiy
Unf agnlsid nudandedilasuenms F1 ImsiWawdnuae ATM luveduwasdusou luvazfionsyiindulad ATM 3l

MITBNUIENYE ATM Tanuduiusiunsiinen1sisduy (Sriurairatana et al,, 2014) agdlsinulidnunisia@and

TEMINMTTYWNIEOWNS F1 eaen 10 Juveinislieims duluddidedunniinisidegnisiieemsansiliely e1avil

v

Aotwuwen1steuasyiiiniseigivlnanawmseld dugniinquinldsuems F3 wag F4 nudnuuzad1801113

q

vaavdevie debris ogluwaduazyiosuuaziusoudiuaumn Tasiawengu Fa Awdluyniediegnis dsenafinnuduly
lgndliamnsadesuazgaduursesduszneuvese s F3 uay F4 I Jsaonadesiuaininuesemns Fa figaiuan
UINTFIUVDINTUUTEI

mnNamaaqmn’]wmmﬁﬁan’ﬁaﬂL%adaiiﬂﬁmwmawwé’u (VParenp) NUTIOIMNTANAANUNE ARG TUAIHATA

819150008 RNNELATULLR Ve A9 Taegnie PL12 Mldewnge1msannumas F2 8nsisenniendsnisuiiie

R
(%

VP aenn E9NIMAEUANANAUNITIRENEM58N 3 undsegailfudidgmneadia (p < 0.05) efiansaundeyalaruinisves

q

gnsunas F2 nuihdnauamnsdaguinsaneanfiaaninemnsdn 3 unas liun nsnezdlusiu nsnesdiludndusindenad

dudAgyviligniayaiianudunIuae Vo Andignisilasuemsyndus

°

nswWisuiisuanulivesgnissienisinige EHP waaldsue1ms 4 gas nulifianuuansdisiuegaiedAny

(p > 0.05) Mwnuisinde wazUsnaewisnefvedasngy Jenalnnisine EHP Alunisfindeuuuizess

Tugaugfin1sAATaUUATIZY Vouep Wun1sAnilisuuuidaundusunse (acute infection) 3wilinadilasininuunnmng

1%

sghanulalidnsgninnguveass emsgnisiveeuddilvanmlaensaiuuidavseanngudniviiligniedanulasenis

q

fawe EHP unndunanglulsannginysendassaadsslunisy

G
nsawewnsgnidiielunaeifvanyan avaunsadaasulviidiavanifuavidnsnsengs Weldsudenalsa
fguuss Mmsfinwmanszvuvesesdnsazuanisivgeudiuiu 4 Biedeaunmuazaulronsiindonelsa nan1sfnw

aildsuenmsie 4 Bvedinsasaiiulaliwanenaty (P>0.05) wiflaulirenisindonolsn Voaems A9 ueg19d

De

g1ty (P<0.05) A197N proximate analysis NU3IAMAIMNIIATUINITVBIRIMTA NS A Ud T Ug N9 IwIuly

ee ¢ -

1 4 Bveimnuuandnaiu Tnsamzsuuuunsaesilunaznsalusiusgraiulddn nanismeassisnantdinnsinses

=

fy proximate analysis ag1aAeI019liBINeRaNTUsTRUAMANUAZANAININTUINSUBID W TaN eI LUl



unnwss 51 atiufl 1: 12-26 (2566)./doi:10.14456/kaj.2023.xx. 24

AUBUAN
MR IT8vavRUNTEANATNNAILINTITEONSNYAT (83AN15UMIY) dmnsunuisenelavelasens
HANTENUVBIAMAINDIMTHOAUN MLAZANLITIUNTAATE EHP Wae Voo WA1wInuly (Penaeus vannamei)

S9dlASaN1S PRP6105021750

LONE381989

nsudsras. wUU ndninaslUsenoun1siansuinsved ungifoue nisdnt i nsuUszue. una 9o a:
https://www fisheries.go.th/local/file_document/20210225152446 new.pdf. fudle 21 Ay 2565.

M3UNs suraunde. 2557, Msfnwseuiningl Jadeaime wazwuimeniswilelavilsaaieai ludmeiaressene
ne. NTUNNNTUUTZIN.

Bell, T.A,, and D.V. Lightner. 1988. A handbook of normal penaeid shrimp histology. World Aquaculture Society,
Baton Rouge, Louisiana, USA.

AOAC. 2016. Official Methods of Analysis of AOAC International. 20" ed., Virginia.

AOAC. 2019. Official Methods of Analysis of AOAC International. 21" ed., Virginia.

Chayaburakul, K., G. Nash, P. Pratanpipat, S. Sriurairatana, and B. Withyachumnarnkul. 2004. Multiple pathogens
found in growth-retarded black tiger shrimp Penaeus monodon cultivated in Thailand. Diseases of Aquatic
Organisms. 60: 89-96.

Chen, H.Y., and R.H. Tsai. 1986. The dietary effectiveness of Artemia nauplii and microencapsulated food for
postlarval Penaeus monodon. In: Chuang, J.L., Shiau, S.Y. (Eds.), Research and Development of Aquatic Animal
Feed in Taiwan. I.F.S.T. Monograph Series No. 5, vol. 1. Fisheries Society of Taiwan. Taipei, 73 — 79.

Chen H.Y,, Y.T. Len, and | Roelants. 1992. Quantification of arginine requirements of juvenile marine shrimp Penaeus
monodon using microencapsulated arginine. Marine Biology. 114: 229-233.

Cousin, M., G. Cuzon, E. Blanchet, F Ruelle, and AQUACOP. 1993. Protein requirements following an optimum dietary
energy to protein ratio for Litopenaeus vannamei juveniles. In Fish Nutrition in Practice. Proceedings of the
Aquaculture Feed Processing and Nutrition Workshop (ed. S. J. Kaushik and P. Luquet), 599-606. Paris: INRA.

Dangtip, S, R. Sirikharin, P. Sanguanrut, S. Thitamadee, K. Sritunyalucksana, S. Taengchaiyaphum, R. Mavichak, P.
Proespraiwong, and T.W. Flegel. 2016. AP4 method for two-tube nested PCR detection of AHPND isolates of
Vibrio parahaemolyticus. Aquaculture Reports. 2: 158-162.

Deshimaru, O., and Y. Yone. 1978. Effect of dietary supplements on the feeding behavior of prawn. Bulletin of the
Japanese Society for the Science of Fish. 44(8): 903-905.

FAO. 2013. Report of the FAO/MARD Technical Workshop on Early Mortality Syndrome (EMS) or Acute
Hepatopancreatic Necrosis Syndrome (AHPNS) of Cultured Shrimp (under TCP/VIE/3304). Hanoi, Viet Nam, on
25-27 June 2013. FAQO Fisheries and Aquaculture Report. 1053, 54 pp.

Gerotto, A., P.V. Mantoan, H.H. Gaeta, and A. Augusto. 2015. The Effectof Three commercial feeds used inaquaculture
hatcheries on physiologyof the prawn Macrobrachium amazonicum (DECAPODA, PALAEMONIDAE). Boletim do
Instituto de Pesca. 41(4): 1013-1024.

Ha, N.-T.H., D.T. Ha, N.T. Thuy, and V.T.K. Lien. 2010. Enterocytozoon hepatopenaei has been detected parasitizing

tiger shrimp (Penaeus monodon) cultured in Vietnam and showing white feces syndrome (In Vietnamese



KHON KAEN AGRICULTURE JOURNAL 51 (1): 12-26 (2023)./d0i:10.14456/kaj.2023.XX. 25

with English abstract). Journal of Agriculture and Rural Development: Science Technology. 12: 45-50
(translation from Vietnamese).

Hudson, D.A.,, N.B. Hudson, and S.B. Pyecroft. 2001. Mortalities of Penaeus japonicus prawns associated with
microsporidean infection. Australian veterinary journal. 79: 504-505.

ISO 5985:2002. Animal feeding Stuffs- Determination of ash insoluble in hydrochloric acid. 2™ edition.

Jaroenlak, P., P.Sanguanrut, B. A. Williams, G. D. Stentiford, T. W. Flegel, K. Sritunyalucksana, and O. Itsathitphaisarn.
2016. A nested PCR assay to avoid false positive detection of the microsporidian Enterocytozoon
hepatopenaei (EHP) in environmental samples in shrimp farms. PloS one. 11(11): e0166320.

Kanazawa, A., S. Teshima, and S.Tokiwa. 1979. Biosynthesis of fatty acids from palmitic acid in the prawn, Penaeus
Jjaponicus. Mem. Fac. Fish., Kagoshima Univ. 28: 17-20.

Lin, Y.H. and J.J. Mui. 2017. Comparison of dietary inclusion of commercial and fermented soybean meal on
oxidative status and non-specific immune responses in white shrimp, Litopenaeus vannamei. Fish and
Shellfish Immunology. 63: 208-212.

Liu T., G. Zhang, Y. Feng, C. Kong, C.L. Ayisia, X. Huang, and X. Hua. 2019. Dietary soybean antigen impairs growth
and health through stress-induced non-specific immune responses in Pacific white shrimp, Litopenaeus
vannamei. Fish and Shellfish Immunology. 84: 124-129.

Millamena O.M., M.N. Bautista, O.S. Reyes, and A. Kanazawa. 1997. Threonine requirement of juvenile marine shrimp
Penaeus monodon. Aquaculture. 151: 9-14.

Millamena O.M., M.B. Teruel, A. Kanazawa, and S. Teshima. 1999. Quantitative dietary requirements of postlarval
tiger shrimp, Penaeus monodon, for histidine, isoleucine, leucine, phenylalanine and tryptophan.
Aquaculture. 179: 169-179.

Munkongwongsiri, N., D.J. Aldama-Cano, R. Suebsing, D. Thaiue, T. Prasartset, O. lItsathitphaisarn, and K.
Sritunyalucksana. 2021. Microsporidian Enterocytozoon hepatopenaei (EHP) spores are inactivated in 1 min
at 75 °C. Aquaculture. 533: 736178.

NRC. 2011. Nutrient requirements of fish and shrimp. National Academies Press, Washington D. C., USA.

Oanh T.D.H., and P. Tacon. 2015. Yeast parietal fractions enhance the immune response of shrimp towards AHPND
infections. AQUA Culture Asia Pacific Magazine. 11 (2): 26-30.

Official Journal of the European Communities L257/16. Determination of Amino acids. (OJ L 257/16, 19.9.89)

Sharon, G., S. Fridman, N. Reiss-Hevlin, T. Sinai, P. Boisot, and D. Zilberg. 2016. Effects of different commercial diets
on growth performance, health and resistance to Tetrahymena sp. infection in guppies, Poecilia reticulata
(Peters). Aquaculture Research. 47. 2276-2286.

Sriurairatana S., V. Boonyawiwat, W. Gangnonngiw, C. Laosutthipong, J. Hiranchan, and T. Flegel. 2014. White Feces
Syndrome of Shrimp Arises from Transformation, Sloughing and Aggregation of Hepatopancreatic Microvilli
into Vermiform Bodies Superficially Resembling Gregarines. Plos One. 9(6): €99170.

Tangprasittipap A., J. Srisala, S. Chouwdee, M. Somboon, N. Chuchird, C. Limsuwan, T. Srisuvan, T. W. Flegel, and K.
Sritunyalucksana. 2013. The microsporidian Enterocytozoon hepatopenaei is not the cause of white feces

syndrome in whiteleg shrimp Penaeus (Litopenaeus) vannamei. BMC Veterinary Research. 9(139): 1-10.



unnwss 51 atiufl 1: 12-26 (2566)./doi:10.14456/kaj.2023.xx. 26

Tran, L.H., P.N. Hoang, O.H. Bui, T.D. Nguyen, AM.H. Wu, S. Ceulemans, and P.Coutteau. 2015. Reduce the Impact of
EMS/AHPND: evidence from an experimental challenge with Penaeus vannamei. AQUAFEED. 7(1): 10-14.
Tourtip, S., S. Wongtripop, G.D. Stentiford, K.S. Bateman, S. Sriurairatana, J. Chavadej, K. Sritunyalucksana, and B.
Withyachumnarnkul. 2009. Enterocytozoon hepatopenaei sp. nov. (Microsporida: Enterocytozoonidae), a
parasite of the black tiger shrimp Penaeus monodon (Decapoda: Penaeidae): Fine structure and phylogenetic

relationships. Journal of Invertebrate Pathology. 102: 21-29.

Xie, S., D. Wei, W. Fang, M. Wan, T. Guo, Y. Liu, P. Yin, L. Tian, and J. Niu. 2019. Optimal dietary lipid requirement of
postlarval white shrimp, Litopenaeus vannameijin relation to growth performance, stress tolerance and
immune response. Aquaculture nutrition. 25(6): 1231-1240.

Xie, S., D. Wei, W. Fang, P. Yin, V. Liu, J. Niu, and L. Tian. 2020. Survival and protein synthesis of post-larval White
Shrimp, Litopenaeus vannamei were affected by dietary protein level. Animal Feed Science and

Technology. 263: 114462.



