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Abstract

The study aimed at examining digestive enzyme activities of pepsin, trypsin, lipase and amylase in
spotted scat from hatching to 30 days post hatching (DPH). Optimal pH for each digestive enzyme activity was
determined in the first step. Subsequently, analysis of activities of the four enzymes were followed in the larval
fish digestive system. For the optimal pH study, the highest pepsin activities (178.20£19.59 unit/mg protein) in
fish stomach were at pH 2.0 (P<0.05). In pyloric caeca and intestine, the highest trypsin activities were at pH
8.0 (7.71x1.46 and 13.21+0.51 unit/mg protein, respectively). The highest lipase activities (P<0.05) in pyloric
caeca were at pH 8.5 (3.13+0.78 unit/mg protein) while those in intestine at pH 8.0 (0.70+0.15 unit/mg protein).
The highest amylase activities were at pH 7.0 (177.79+15.38 and 115.77+7.20 unit/mg protein, (P<0.05)) in
pyloric caeca and intestine, respectively. Investigation on digestive enzyme activities from hatching (0 DPH) to
30 DPH (average body length and weight of 8.50+0.50 mm, 28.67+1.41 mg, respectively) showed that pepsin
activities increased at a constant rate until 30 DPH. Trypsin activities slowly increased from hatching until 15
DPH and risened rapidly from 17-30 DPH while those of lipase exhibited an increasing trend from hatching and
a sharp increase at 30 DPH. Amylase activities appeared at low levels during 3-4 DPH then, increased slowly
during 5-21 DPH and rapidly amplified during 24-30 DPH. The results from the present study are useful for
estimating larval fish digestibility and growth that are fundamental for development of suitable feed for larval

stages of spotted scat.
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Feeg (Table 1) Beflugag 35-15 ppt way 27.2-28.1°C MINAIAL

Table 1 Average total length (mm) and body weight (mg) of spotted scat (Scatophagus argus) from

hatching to 30 days post hatching

Age Average total Average body Salinity Temperature
(day) length (mm)" weight (mg)1 (ppt) (°C)
1 1.51£0.09 - 35 27.2
2 2.05+0.02 - 35 27.2
3 2.21+0.07 - 35 27.4
4 2.26+0.01 - 35 27.9
5 2.27+0.05 0.1293+0.0152 30 28.1
6 2.66+0.04 0.1353+0.0039 30 27.7
7 2.79+0.02 0.1585+0.0078 30 27.6
9 2.87+0.01 0.2473£0.0018 25 27.2
11 3.15+0.01 0.2528+0.0039 25 27.5
13 3.16+0.01 0.3603+0.0081 25 28.0
15 3.21+0.06 2.0273+0.1828 25 27.4
17 4.20+0.09 3.4320+0.0170 20 27.2
19 4.36+0.11 3.8425+0.0530 20 27.5
21 5.17+£0.29 4.5628+0.0661 20 27.9
24 7.22+0.03 15.3298+0.6565 15 28.1
27 7.60+0.47 22.9183+0.5455 15 28.1
30 8.29+0.30 28.6673+1.4124 15 28.0

' Means *+ SD (n=2 samplings, 20 fish/sampling)
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Figure 1 Body length and weight of larval spotted scat (Scatophagus argus) from

day 1- 30 post hatching.
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NNADA (P>0.05) uruanmneaseltiadnAyiuseau pH 3.0, 3.5 uaz 4.0 (P<0.05)

Table 2 Pepsin activities at different pH levels using crude enzyme extracted from stomach of juvenile

spotted scat (Scatophagus argus)

Enzyme Enzyme activity (unit/mg protein)’
pH Level 2.0 2.5 3.0 3.5 4.0
Pepsin 178.20+19.59° 154.08+27.66°  47.99+14.53" 39.26+14.69° 63.29+21.74°

' Means+SD (n=6). Values on the same row with different superscripts are statistically different (P<0.05)
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2) 7281 pH Amarzanasianssuieulnaluldm

nanaAlAsziRanssuasienles 3 1fline viUdu axluiaa uaz laila fissdy pH sine 9 dananslu
Table 3 Wu3 AanssuaeaviITuil pH 7-8.5 agluszAugalndipaaniu Tﬂﬂﬁﬁ@ﬂﬁu@ﬂﬁ@m‘ﬁ pH 8.0 (7.71+1.46
unit/mg protein) LLmquiﬁ‘ﬁ'izﬁu pH 9.0 (3.98+2.15 unit/mg protein) a8 9NWTAANATYNINATHA (P<0.05)
éﬂm"umvluLmﬁﬁ@ﬂﬁu@qzﬁmﬁizﬁu pH 7.0 fARRLWINGL 177.79£15.38 unit/mg protein (P<0.05) Tnaifianssy
sa9a¢luIaRTYAL pH 7.5-9.0 ag/lutng 72.06+15.98 - 121.15+7.91 unit/mg protein falaiflPnuunnsinsatined
Had1Ayn19aia (P>0.05) 1@Lﬂmﬁﬁ@m‘m@qﬁqmﬂ'wﬁﬁmﬁﬁﬁﬂ;mqmﬁﬁ?{ixﬁu pH 8.5 flAleagvraRansIy
17U 3.1320.78 unit/mg protein TneAanssuaedlanlad pH 7.0, 7.5, 8.0 uaz 9.0 2 lutag 1.22£0.38 -1.90+0.42

unit/mg protein T lTANuLANFAse N TiadAryneada (P>0.05)

Table 3 Activities of digestive enzymes at different pH levels using crude enzyme extracted from pyloric

caeca of juvenile spotted scat (Scatophagus argus)

Enzyme Enzyme activity (unit/mg protein)’

pH Level 7.0 75 8.0 8.5 9.0
Trypsin 6.54+1.62% 6.62+1.48% 7.71+1.46° 6.39+1.65% 3.98+2.15°%
Amylase 177.79+15.38°  72.06+15.98° 86.92+13.90° 96.86+14.91°  121.15+7.91°
Lipase 1.35+0.36° 1.90£0.69° 1.90£0.42° 3.13+0.78° 1.22+0.38°

" Means+SD (n=6). Values on the same row with different superscripts are statistically different (P<0.05).

3) 7281 pH Tmanzansesianssuieulnaludn1d

NanNTIATERanssnaeaewlms 3 a8in 1EuA v3Tu exluiag waz lawla Rszdy pH g 7 Aauanalu
Table 4 WU91 AAnsInTe9vEUTURsZA pH 8.0 ﬁﬁhL@?ﬂlwmﬁwmm@Jﬁzﬁmﬂwﬁﬁm‘hﬁmmmﬁﬁ (P<0.05)
Winfiu 13.21+0.51 unit/mg protein FalndiAaay pH 7.0, 7.5 uag 9.0 (P>0.05) LL[Fl'Eg\‘iﬂ“J"‘H?lI pH 8.5 luaaunas
azluias nudrifanssugeiigafisz @ pH 7.0 e AaAnwinf 115.77418.15 univmg protein In& 1Ay
Aanssuvevewlnfs Ay pH 7.5 LAy 8.0 (P>0.05) %qﬁmmLLMﬂﬁiN@fJNﬁﬂfﬂéwﬁmmmaﬁ (P<0.05) Ay
Aanssud pH 8.5 (48.52+20.10) dnwsulattla wudn Aanssuaeateulmsiflsfuanlugag 0.62+0.06-0.70+0.07
unit/mg protein fis=6u pH A4 7 warliiAuunnsaiueg il Aynisadis (P>0.05) %qﬁ@niiuﬁizﬁu@‘q
1’7{@@‘171' oH 8.0 TneifANLeAeYinAL 0.70+0.07 unitimg protein WAZ3AIAINNAR pH 7.5 FANIAALWNFL 0.68+0.04

unit/mg protein
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Table 4 Activities of digestive enzymes at different pH levels using crude enzyme extracted from

intestine of juvenile spotted scat (Scatophagus argus)

Enzyme Enzyme activity (unitymg protein)’

pH Level 7.0 75 8.0 8.5 9.0
Trypsin 11.8042.57°  11.42+2.48% 13.21+0.51° 8.94+1.37°  11.87+0.83"
Amylase 115.77+18.15°  82.95+37.93°™ 108.72+15.37™° 48.52+20.10° 66.63+16.56°"
Lipase 0.67+0.04° 0.69+0.04° 0.70+0.07° 0.68+0.04° 0.63+0.06°

" Means+SD (n=6). Values on the same row with different superscripts are statistically different (P<0.05)

3. Aanssuaeunulnlluszingageimsredilainenitdtieny (waninaanilusa-a1g 30 9u)

1) AangsNYaaLLfT1
= a a o = o . | %
nantsAnEIfanssneelUTululainzniuengusninaunaany 30 4u (Figure 2) Wud1a1819090

Aanssueulailfifiagnilateny 4 uaull Inelugnilaneny 4 uay 5 Ju Ranssnzeadddulifiavuunnsineii

o o

aeneldadAtyneada (P>0.05) IAtadaaasianssuiawladvindy 1.98+0.01ua 2.10+0.03 unit/mg protein

'
a =< |

AINRIAL TnusnanssNTeeuladinainTuetssatiaslugnilatany 6 4u (2.79+0.10 unimg protein) waz

v
\ = ° o J

7 51 (2.9740.09 unit/mg protein) uaziA1gaaulneuansitvat19ltadAnylugnilanang 9 41 (P<0.05) NFAN

al
'

3.60+0.05 unitimg protein ANNANAL waz s A Le LNl 1 uazasinane flagniandenyie 15 Su uazied
8¢ 17,24 waz 30 1 Tnedfanssuleuladiviniy 3.76+0.05, 4.22+0.02 uaz 4.48+0.09 unit/mg protein
ANNANAL (P<0.05)

2) NANFINYBNYITLIT1

nan1sAnEianssnaesvislduludainzniuaigusninauiiany 30 §u (Figure 3) Wudn @18190

L

ApazirzAuianssnaeilduiiegnilaneny 3 i InadseAuresianssuaulaininanivindy 0.09+0.00

'
o a a

. . = o & Ly = o A Y P
unit/mg protein LAZNNIFTINNUIUDEINNTN °'| @ugﬂﬂ@’mmq 159U LN@Qﬂﬂ@qL"ﬂq@Jquw 17 ﬂQﬂ‘iﬁ‘NﬂlﬂQL@uVLeﬂNNﬂ'ﬁ

WnAuetn999a139 JAnedsaasianssuteuwlsdiviniy 0.46+0.24 unit/mg protein YiaiiianssuaaavisUduludas

° a

818 3 Ju D9 17 Fu laifiannunnsineiuat9altiid1Aynieata (P>0.05) Wegniaieng 19 duliAeaaaes

° o

Aanssutauladiviniu 0.50+0.12 unit/mg protein LazifinduatinvsaLilasad9liladAty (P<0.05) aunsznd
gnianengld 30 i HAafevesianssuieulaivindy 0.79+0.16 uniimg protein TneAafeaasianssuiawlss]

o o aa

2991/a197¢) 19 Fufeeny 30 FuliiauuansnsiuatddedAtynieatia (P>0.05)
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Figure 2 Pepsin activities (means+SD, n=4) of larval spotted scat (Scatophagus argus) from

day 1- 30 post hatching. Means having different alphabets are statistically different (P<0.05).
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Figure 3 Trypsin activities (means+SD, n=4) of larval spotted scat (Scatophagus argus) from day 1-30

post hatching. Means having different alphabets are statistically different (P<0.05).
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3) Nansanaedlala
= a o = o . ' o
uansAneAanssnaaslalalulaineniuangusninauiisang 30 4 (Figure 4) wuan gnianang 3 4

HAedzvesianssneulmiluseAuANes 0.0740.01 unit/mg protein WHagniUanang 4 du HAeARANITNTE
1ol geluLyini 0.10+0.04 unit/mg protein kaziuualiluifinduatinesiaiias aunseivgnilaiang 27 u
HszAufanssuaeaeulmiiaaewiniy 0.18+0.02 unit/mg protein wazilagnilaniany 30 Ju HszALRANIINTe

° o

ianlmsliugeluatna il dnAynieadia (P<0.05) RAa@ewiniu 0.22+0.01 unit/mg protein
0.25 b
0.20

0.15

0.10

Lipase activity
(unit/mg protein)

0.05

0.00
0 5 10 15 20 25 30

Day post hatching

Figure 4 Lipase activities (means+SD, n=4) of larval spotted scat (Scatophagus argus) from day 1-30

post hatching. Means having different alphabets are statistically different (P<0.05).

4) Aanssnrevesluiad
uanisAnEAanssnteses luealutlainznivengusninauiieeny 30 34 (Figure 5) Wudn Aangsnaes
wuladlugnilaneng 3 uaz 4 du Hszdumunninadanadsaesianssuianladifies 0.003+0.001 - 0.004+0.008
, R T I e 4 e d s .
unimg protein 1Ha1diNgFun 5 AaENINIANTURLNEN o uarAIR Auledun 21 TnaAadeRanssua s
Tudui 5 iU 0.011+0.009 unit/mg protein WAzUN 21 WinriL 0.026+0.004 unit/mg protein iWagnilaang
24 - 30 4 Aanssnaasienladinainduetinenie Inagnilaneny 24 dulaAeasvesianssueuladivindy
0.039+0.003 unit/mg protein uazag 30 41 AAanssutawladivindy 0.112+0.021 unit/mg protein FalAN

° o

wANFNTTLEae g @Y | BENRINBAATYN9ATIA (P<0.05)
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Figure 5 Amylase activities (means+SD, n=4) of larval spotted scat (Scatophagus argus) from day

1-30 post hatching. Means having different alphabets are statistically different (P<0.05).

ARSUNANISINE

aannsAnEdnsnisiasiuineesgniannzniu wudn gniandusiueninieany 13 Ju Anns

winytAuTaduuinuazaugtadinan uinisiasAuInnmadaauiegniatens 15-30 4u Taafinag

v ¥ 1
a % ° o 1 ° o a

asnyiAuIaAuTIMINNgandfinuaneng Ae HA UM uEuswsniln - 30 41 HAn 28.54+1.40

—

o ' a o

faaniu AdnsnaastuAuTasiadl Aa 1.14+0.06 Haaniu/dl TuanginisesgiuiadiuanuanalAinw

' [
a a

aANTIU 6.78 Aadluns ArdRsNsasyRLnsadis Ae 0.23 FadluAs/U LazAdRsNIsEsRL TR NIy

Autuinvinty 19.74+0.27 %/ Gedhsnisasyiivinresgnianenivliinansenadesiunisfneves

o

Mandal et al. (2021) .lun19AnsIna89A N MU LLUTaIN 3o YLNagNRLSa e FuLsnAn- 30 41 wudn

1%
o o

gniamznFuiAn SGR agflutag 16.50 — 18.79 %/31 uazgnilafiAiAsnenawmEeaviarn 10.25+0.68 HaANAT

Y

agslsimudnanisasyiiuinresgniameiagiingiie ) i6nsnisasyiu st dulainenagig

(Lates calcarifer) 81 15-30 Ju {dmannaiasoyfiuinanmizsiadiiae 25.08 + 1.04% Begandnlugag 3-12 Jui

AnnawasoyiAsTn 13.17 +0.38 %/44 (Srichanun et al., 2012) WHAATUIUAIANANRUSIZUINIANENT UAT

¥
o o

o o o o & o a = o &
uminaesgniainzniu Auengresgnianudiimnuduiusiuiuuiendlluwaea Tnelannisauduiug
F1utminAe vy = 0.03e”¥ R? = 0.96 wazA1uANNENL NaNn1gAe v = 1.746e”% R? = 0.96 TgenA&eiy
niswaseyiAvinlugnilatdausiusnin 4 Jagulutaiuateaiia iy Uainzweang (Srichanun et al., 2013)

Uanewsgylsd (Dicentracus labrax)(Zambonino Infante & Cahu, 1994) 1/a1 Yellow croaker (Ma et al., 2005)

|

wazdannawand (Yellow catfish) (Yang et al., 2010) 1lufiu Gaarnnsinannisanudniusazidulidndn

'
a

Uamzniuiinainulnnaduiminuazmnuanafgaunnlugaseng 21-30 Ju

al q
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TunsAnmszAy pH Nwnnzandniuianssuaeseulodedesanunsvan Taun g visudu lavla

'
a

uazezluag Tunszinizanms e wazdn 18 wudn wududuenlmmaniwiimiinfides tsiiu fRanss
weaieulalszAugelunszinizennng Tnasziuaes pH fmnzanszwing 2.0-2.5 Indidesrulanaiing | v
Ua1911ATUYY (Albacore tuna) (pH 2) waz UanTuaglsl (pH 2.5) (Nalinanon et al., 2004; Zhao et al., 2011)
et lafinuszd pH Rumnzandmiunsinnusesdifufimmauansneiiduegiuinaeadan sensinen
484 Natalia et al. (2004) lutlanmnzin (Scleropages formosus) Wu3n Acidic pepsin-like enzyme H3zALU84
Aanssugegnlunazmnzanngi pH 1.5-2.0 TaailuldGuineuldaluanwiillunaadedl pH lugae 2-3.5
(Zhao et al., 2011) LﬁmmﬂLﬂﬂ%uwfm'aﬂm‘llﬂwiﬂﬂumxquxmmﬂugmﬂﬁiumu (Pepsinogen) LAy
Lﬂﬁlﬂut,ﬂumﬂ%uﬁwma‘nizﬁuﬁn@\mmmﬁ@ (HCI) fndseeninineisaddendunlanlan (Oxynticopeptic cells)
1R9FANLNARSN (Gastric gland) Tunsziwizanung (Rust, 2005) Tudrugevilaudainuiiides Tssiululém
waranlé ﬁmmﬁwmﬁ@mmqq%mﬁ pH 8.0 (7.71£1.46 Az 13.21+0.51 unitmg protein AMNA1AL) aatilu
S AL AN AN I UT09Y LT [N AN 10 Sabapathy & Teo (1995) Fanudnsa pH
fiunzandviuniUduludnléaeslaradafiu (Rabbitish) fe 8.0 kazlulainsneanadeuiidnmlng
Boonprasert et al. (2019) Gatlarstansaiiafaziu pH fismnzand ufunimineuresiliueslugag 8.0-8.3
(Krogdahl et al., 2015) nsAnEARITINLAN 'ﬁ@ﬂiammﬁﬂ?ﬂﬂuﬁﬂ%mmﬂmmxﬂ%ﬂﬁi:ﬁuzgmdﬂuvl,ﬁﬁq WARY

'
< o =

Viduinan & luedansinanistesTUsiulnavizUduldasneldsc@ninin ludinveslalalulédma IAanssu

1 ' '
= =

waveulalgangad pH 8.5 wargendnluanldne 3.4 win Telsvdy pH 199n3199inin 7.0-8.5 wanaliiufiugn
mm’mhﬁuﬁﬂizaw%mwQ\m?mm”l,é?ﬁ'wmﬂmmxﬂﬁ?‘u Solovyeva et al. (2015) Anw1Aanssnregiawlasd
1iinsing ) Tua1nes (Carassius auratus gibelio) wazdanlu (Cyprinus carpio) WUI13LAL pH ﬁmmmmq
94 8-9 uazlutlauenuauRnusanas Krogdahl ef al. (2015) s8R us=AURAMUNZ &N Ao pH 7.95 Taginns
doglaiulutaainsing o Anauiisnlfuas T neeulaiunusiefinlanla (Pancreatic lipase) ANAUE L
wazieulodlanaatinsing o anniieanld (Enterocyte) uazvinnisteslnsnauelsfliunndadunameseauay
nanlufudasziawaluanaidnifienadullE1¥ (Rust, 2002) dwFuianssuaeserluiaaRszd pH Rismanzay
Tug A uay 1&RaRisedUIREaRY e pH 7.0 wARanssuvaselulagh pH 8.0 Hezdugeliunnsneiunieais
(P>0.05) wanslisiuinazluag a1unsan1911lin ludas pH 7.0-8.0 Tuanldreetdanmnzniy lunisAnunues
Solovyeva et al. (2015) wuianssuaasasluiag (O-amylase activity) ‘lui:ﬁqu%\iﬁ pH 7 WAz 9 [uLAsanY
Tneinlludaszsu pH Avanzaugmiunmnauaeslals uazesluiaa g/lug99 pH fiflunana (Rust, 2005)
wsiAd NuansiniilElulanatinging o

annsAnsfanssnsedeulfilldu viddu ecluea wazlaa lulamenivengusniinauiiseny
30 §u wudnduiu wazviddu SAngesRansauiiwidegniailenguiniu seardesiunismesues
Engrola et al. (2009) FantaudnthlBu uasyiUBullsssuRanssiiniuaenpdastunialasuiamiaiiaide

WeNTe9sTULLREeMT TInUNiRsyYededasiinedewing  uazn1sfinauresswinedenstenanuisniy
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mswastyinle duiufanssuaeslaula wudignilaimeniunieny 3-4 Juifanssuveveulaflusziunn uaziile
- <& = % o & a . , oA = o & o = a
gnianfienguinuduustiiunisiinauesianssuieuladaciesiailosanis 30 44 TelAaan09nanITH

wiladagi 0.2174+0.014 unit/ mg protein TelseAULR9NANTINAINGINANTINTRLULTULALYFLE wiTuua TTin

U
[ 1

QI =< a A IS QI d” | = o a <3 | -:lld o
NITEWHUAURTBINANTTH LN’l’]@uﬂﬂ@’]N’ﬂ’]ﬂLWNN’]ﬂ“lI“L&L‘ITuL@EI'Jﬂu Tnasrrngifdatsunaanidulainidninig

v
o o

wstytiuTngs Ansdaaseiillsiu waripaufiesnisTlsfuuaz was1ugs (Vuthiphandchai, 1993) Aty

Aanssnrasaulad lbies wazlawla Asfasiuniianavauassanisldilsslomiannllsmuwas lsim lFiuann

o

219119 Tudauresianssnaesarluiaa wudignianeny 3 uaz4 Julifanssnienladmiuaniies 0.003-0.004

v
=2 o

unit/mg protein WAZENANNTANIUDENE ] uazAINTEUd9TUN 5 D9 21 udsantiwiegniaieny 24 §u

D

04930 Ju ﬂ'ﬁLfﬂ?}lﬂﬁumﬁ@mmL@u”l,sﬁﬂ@uﬁﬁ”u Kuz'mina (1996) $1841431AMNANAUETZUINNANTTHUB
enlmierluaaivenglaiiinnumainuaisninndifnanssnaedienlnillssiea duianssveueuladasluas
ludan Pike waz Perch %uﬂuﬂmﬁmﬁ%ﬁ%ud%u% (Predator) Aansnredaulnierluisaazanadiiotan
fenganniu ansziilan Bream uaz Roach dudlullaniudmnduiinau Aanssuresieulasiasiainduudsliduiug
fueny feumnsinsanndaimenfufivanisine ﬂ%ﬁfwudﬂLﬁ'faﬂmmqlﬁmmﬂ’iyu%wuﬁ@mimmL'auvl,emi
@:TuLﬂmﬁLﬁu{uﬁqmﬁuﬁu damAaa9iL De Silva & Anderson (1995) ﬂ@mfinmﬂﬁu’*ﬁ”ummﬁ@mimm
uladarlunafinnuduiusiuamnsilisy Aerflauazliunewnsdmananiiulamsnanunsonseiuli
enlnlerluaainininuiinduld fannndanznsuli fuernaniissiuuilgaianssuseaeuloier g

tﬁ’l %
ATHITVUAIY

fgUnan15IE
a [y o A a e 1 o A a a A
AINN9AAIETIZAL pH Annzantesianssueuladdasanisvan Ae wddu vidUdu lawa uay
o 1 ~ | o Ao o a L ! a o :/l 1 =<
arlumareslandefuielussduninludnananssuaeveulsiusazainludainzniudausiegusninauda
21¢ 30 Ju wud U UFuRRanssgeqni pH 2.0 visldu uazerlumandluldfuazanlddszaufanssniaulad

494n Winiuped HRanssngeqni pH 8.0 uay pH 7.0 muaay doulailaiifanssugegn lwl&fan pH 8.5 uaz

|
A K

Tuan1&7 pH 8.0 WaAnmAanssuaeeulsdtiesamislulaiangusninds 30 dunwudnfanssuveaduninam
aei19piaLieauieeny 30 Ju Aanssnees sUTuRN1aNNAueE9ET ] auieeny 15 U uaTinTuet999ALEY
A4 o . d - C e xa I R s o

\Waidingdui 17 auiaeny 30 du dwivianssuaeslalaluun ininaueterieiles uaziiduatnesndauile
gnianang 30 Ju TudaureserluaaiiszAuianssnreeuladlusedumuazaoy < innaulugoseny 5-21 §u
NN TuetemaEiegnilateny 24-30 4 arndiayannuaunsafiunisteasnsennnszesgniainzniy

o

agauayusnWnie 30 Ju nudignilaniavinaunsnlunisdestlshulfidudusuusn InelUGuinanssuga

sausignilaneny 11 duauld douvsddudigalugnianeny 17 Ju douwlesiunazaniiulamsanudignilan

fauanunsnlunistealianludousn uazgeiuludasant 24-30 Ju
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AnanssuisznA

m@‘u@u@mmmm’mLﬂuﬁﬂm?LWﬁzLayﬂdﬁmff‘Lf’]'ﬂﬂ’]\iﬂﬁu (Discipline of Excellence in Sustainable
Aquaculture) NuANeNAaaIuATUNS TunsailayuuNsAnE A I I A ssnlsallunnsdne
seauBeynynn 419103 TAERT UATANERAE uasiminmalLlaguazusanssudnstinaede nautszas

nIgnIeNEAsUAzauNInl Ausuaruayiaseignilaingniuduiunisdnmasel

LANA1981989

Assavaaree, M., Ruensirikul, J. & Chusrirat, L. (2019). Effect of stocking densities on growth and survival of
spotted scat (Scatophagus argus Linnaeus, 1766). Annual Report of Coastal Aquaculture Research
and Development Center Region 6 (Songkhla). (pp 50-67), Department of Fisheries, Ministry of

Agriculture and Cooperatives, Thailand. (in Thai)

Barry, T.P. & Fast, A.\W. (1988). Natural history of the spotted scat (Scatophagus argus) In: A.W. Fast (Ed)
Spawning Induction and Pond Culture of the Spotted Scat ( Scatophagus argus) in Philippines.

(pp 4-30). Technical Report. USA: Hawaii Institute of Marine Biology.

Bergmeyer, H. U., Bergmeyer, J. & Grassl, M. (1974). Methods of Enzymatic Analysis. 2" Edition, Volume Il.

New York: Academic Press.

Boonprasert, W., Chaibu, P., Mengumphan, K., Promya, J. & Chitmanat, C. 2019. Effect of artificial water colors
on enzymes activity, TC/ratio and growth performance of juveniles Asian seabass (Lates calcarifer
Bloch, 1790) rearing in recirculating aquaculture system (RAS). Journal of Fisheries Technology

Research, 13(2), 11-24. (in Thai)

Choonhapran, A. (1997). Study on fisheries resource and population change in Songkhla Lake. Proceedings of
the 35th Kasetsart University Annual Conference: Fisheries, Science, Engineering, Environmental
Management, Home Economics, Education and Economics. (pp. 17-26). Bangkok: Kasetsart

University. (in Thai)

De Silva, S. S. & Anderson, T. A. (1995). Fish Nutrition in Aquaculture. London: Chapman and Hall.

2014



MIENTINNANARTYIN TN 28 (RUUN 3) Muenew — FuNAN W.A. 2566

BURAPHA SCIENCE JOURNAL Volume 28 (No.3) September — December 2023 UNAINNAAE

Engrola, S., Figucira, L., Conceicao, L.E.C., Gavaia, P.J., Ribeiro, L. & Dinis, M.T. (2009). Co-feeding in
Senegalese sole larvae with inert diet from mouth opening promotes growth at weaning. Aquaculture,

288, 264-227

Houde, D.E. & Scheckter, R.C. (1981). Growth rates, rations and cohort consumption of marine fish larvae in
relation to prey concentrations. Rapports et Proces-verbaux des Réunions. Conseil International pour

I'Exploration de la Mer, 178, 441-453.

Krogdahl, A., Sundby, A. & Holm, H. (2015). Characteristics of digestive processes in Atlantic salmon (Salmo

salar). Enzyme pH optima, chyme pH, and enzyme activities. Aquaculture, 449, 27-36

Kuz'mina, V.V. (1996). Influence of age on digestive enzyme activity in some freshwater teleosts. Aquaculture,

148, 25-37

Ma, H., Cahu, C., Zambonino, J., Yu, H., Duan, Q., Le Gall, M.M. & Mai, K. (2005). Activities of selected
digestive enzymes during larval development of large yellow croaker (Pseudosciaena crocea).

Aquaculture, 245, 239-248.

Musikasung, W., Assava-aree, A., Tongsaksa, V. & Prasertsom, P. (2014). Feeding of Scatophagus argus
(Linnaeus, 1766) in the Outer Songkhla Lake. Proceedings of 52" Kasetsart University Annual
Conference: Fisheries, Agricultural Extension and Home Economics. (pp. 106-113). Bangkok:

Kasetsart University. (in Thai)

Lowry, O.H., Rosebrough, N.J., Farr, A.L. & Randall, R.J. (1951). Protein measurement with the Folin phenol
reagent. Journal of Biological Chemistry, 193 (1), 265-75

Nalinanon, S., Benjakul, S. & Kishimura, H. (2010). Biochemical properties of pepsinogen and pepsin from the

stomach of albacore tuna (Thunnus alalunga). Food Chemistry, 121, 49-55
Natalia, Y., Hashim, R., Ali, A. & Chong, A. (2004). Characterization of digestive enzymes in a carnivorous
ornamental fish, the Asian bony tongue Scleropages formosus ( Osteoglossidae). Aquaculture,

233,305-320

2015


http://www.jbc.org/content/193/1/265.full.pdf
http://www.jbc.org/content/193/1/265.full.pdf
https://en.wikipedia.org/wiki/Journal_of_Biological_Chemistry

MIENTINNANARTYIN TN 28 (RUUN 3) Muenew — FuNAN W.A. 2566

BURAPHA SCIENCE JOURNAL Volume 28 (No.3) September — December 2023 UNAINNAAE

Ruensirikul, J., Assawaaree, M., Danayadol, Y. & Chusrirat, L. (2008). Successful in artificial insemination of
spotted scat, Scatophagus argus Linnaeus, 1766 using LHRHa. Thai Fisheries Gazette, 61, 413-420.
(in Thai)

Ruensirikul, J., Assawaaree, M., Danayadol, Y. & Chusrirat, L. (2009). Nursing and larval development of

spotted scat, Scatophagus argus Linnaeus, 1766. Thai Fisheries Gazettte, 62,13- 22. (in Thai)

Ruensirikul, J. & Chiayvareesajja, S. (2019). Timing of oocyte recruitment and reproductive performance of
female hatchery-reared spotted scat (Scatophagus argus Linnaeus, 1766) after artificial insemination.

Maejo International Journal of Science and Technology, 13(2), 148-160

Rust, M.B. (2002). Nutritional physiology. In: Halver, J.E. & Hardy, R. W. (Eds) Fish Nutrition (3" Edition).

(pp. 368-446). California: Elsevier Science.

Sabapathy, U. & Teo, L.H. (1995). Some properties of the intestinal proteases of the rabbitfish, Siganus
canaliculatus (Park). Fish Physiology Biochemistry, 14, 215-221

Solovyeva, M.M., Kashinskayaa, E.N., Izvekovab, G.I. & Glupova, V.V. (2015). pH values and activity of
digestive enzymes in the gastrointestinal tract of fish in Lake Chany (West Siberia). Journal of

Ichthyology, 55 (2), 251-258

Srichanun, M., Tantikitti, C., Utarabhandnd, P. & Kortner, T.M. (2013). Gene expression and activity of
digestive enzymes during the larval development of Asian seabass (Lates calcarifer). Comparative

Biochemistry and Physiology B, 165, 1-9.
Vuthiphandchai, V. (1993). Fish Nutrition. Bangkok: OA Printing (in Thai)
Wongchinawit, S. & Paphavasit, N. (2009). Ontogenetic niche shift in the spotted scat, Scatophagus argus, in

Pak Phanang estuary, Nakhon Si Thammarat Province, Thailand. The Natural History Journal of

Chulalongkorn University, 9(2), 143-169

2016



MIENTINNANARTYIN TN 28 (RUUN 3) Muenew — FuNAN W.A. 2566

BURAPHA SCIENCE JOURNAL Volume 28 (No.3) September — December 2023 UNAINNAAE

Yang, R., Xie, C., Fan, Q., Gao, C. & Fang, L. (2010). Ontogeny of the digestive tract in yellow catfish

Pelteobagrus fulvidraco larvae. Aquaculture, 302, 112—-123.

Zambonino Infante, J.L.& Cahu, C.L. (1994). Influence of diet on pepsin and some pancreatic enzymes in

seabass (Dicentrarchus labrax) larvae. Comparative Biochemistry and Physiology A, 109, 209-212.

Zhao, L., Budge, S.M., Ghaly, A.E., Brooks, M.S. & Dave, D. (2011). Extraction, purification and

characterization of fish pepsin: A critical review. Journal of Food Process Technology, 2,126.

doi:10.4172/2157-7110.1000126

2017



