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Effect of Starvation and Re-Feeding on Alterations of Digestive Enzyme

Activity and Microanatomy of Digestive System of Fishes
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Abstract

Feeding management is an important tool for controlling fish growth quality under semi-
intensive and intensive aquacultures. Re-feeding following a period of starvation is a recent method
for successfully inducing compensatory growth in many fish species. This process enhances the
alterations of digestive enzyme activities in hydrolyzing energetic biomolecules i.e. carbohydrate-
digesting enzymes (amylase), lipid-digesting enzymes (lipase) and protein-digesting enzymes
(pepsin, trypsin and chymotrypsin). Differences in enzymatic responses depend on stages and
species of fish, and feeding frequencies. These occur concurrently with an adaptation of related
digestive cells by altering microanatomy of main digestive organs (stomach and intestine) and

accessory organs (liver and pancreas), and feeding performance. Therefore, re-feeding following
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appropriate starvation time might be used as an alternative to increase efficiency of digestive
enzymes resulting in better growth and development of the fish.

Keywords: Starvation, Re-feeding, Digestive enzyme, Digestive system, Microanatomy, Fish
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sl ana1auAaLeIng (Food deprivation) WIRBARIUNT (Starvation) waznauN1 e unsanaa
(Re-feeding) Tuszazinarfmunzanazdoalidarasyiuinednemniia iaaamanisanaunaw
2MNTIUIINRIUNN (Compensatory growth) danalsiinislduselamiannamnslfetnefitlse@nsnn

Tneldvinlimmunanainiianiswasuuilas (Tian and Qin, 2004; Zhu et al., 2004; Cho et al., 2006;

a

Tian et al., 2010) wananil fedaansyfunanssnaaviaulmitianainnslidaA1gelu (Rungruangsak-
Torrissen et al., 2006; Chan et al., 2008; Furné et al., 2008)

n1pavauen1slnguinisaeatanluninznenemnslandneningldieuloddaaanuns
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D

U 1 =

WaINAwY eultdtanarunsnianAnendnidunguideasansdoluananlinasenu (Energetic
bomolecules) Wuuan laun weanrezluiaa (a-Amylase, EC 3.2.1.1) lawla (Lipase, EC 3.1.1.3)
1B (Pepsin, EC 3.4.23.1) n3UT@u (Trypsin, EC 3.4.21.4) wazlalun3Udu (Chymotrypsin, EC
3.4.21.1)
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nailasuudasianssureaeulsiluniazidatanamnmnlfidnlaifgafunisne uguaanig
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N178AR1UNTVTRNABAANEN U uN1 s nRresdar lusssntd Uandaeenldiveinns

Tugaeszezinandunenillnlnn (Mouth opening) tHasanngnuisaaanelaung (Yolk degradation) 80l

Winnaanawuls aselsfniy 1a9aNnNUanEuiuea s lAnan N13UNALARLANMNTNARARINAIIN
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8191291 A TN LA NAU AL ATRIBIMNT WaNANT UAIUNNTRARIANUEINNT b LA L@1N19D

daals e nWmuInisesszuutatauisuaznisaiaeuladdsldanysnd (Kolkovski, 2001)

Fatiu nsamenslugasiitanfiunsanasnudisasin uaziinanuanansnluniseesuay s o
ananramslddesdaiuanmgdidyinldiAanisu dsundasdunginssa Wauinis uaz
Inunnsvesan Tedeuarednnissanuaznisasayiuln etnslsfine ANAINITDLUNNTRE TR
lunariienemstesanduilinuansraiugued fudadavareisznis iu 818 LATIUIATBILAN

U

Tnedannienguinuazawalugasnuniusenisenamis liandtdaengtesuazauaian (Miller et

o

(
al., 1988) wisatanfnannlindamnimainnuniusanisanaisldandndaniinaanlang

ATUNIN

A1 (Rana, 1985) WA 4115Un1700819117 1Ll a AR IR LAIB1ANAINANTUIALAALANNNT ML
o s A Y Y A o = -

ngn1a n13dan1samnsresnfy awdlatlyniinids videandnsanisang sandadsngnisniniu

] a o s A 4

BITNTIR LU NgaNaN Nadgaaaasyug vieaninwandenlimunzan usu (Davis and
Gaylord, 2011)
2.HA2BINFAARIWISABNANSTNIRI AU L dN R RN WS

Ansema I lfiAAnNs WALl aeRanssuaeceylndena Sy lams g (Carbohydrate-
digesting enzymes) L1574 (Lipid-digesting enzymes) wazT1lsf (Protein-digesting enzymes) fafinng

o

pavduesfiuansilulaudazaiin nsneuausresieulnfdesdabuanai 3 nguilsuaziden
il

2.1 ulnidesansiulamsm

nismavauasaasannanisdasulawmsnlulardndnelnelfieulaiveavias luaaiu
% 4 n (Chen et al, 2007; Eroldogan et al., 2008; Furné et al., 2008; Shan et al., 2009;
Thongprajukaew et al., 2011; Abolfathi et al., 2012; Zeng et al., 2012) nzanE ludauanesiin
wudNTAeMNTLAZ AN e mnsanafailnasan s aauulasianssuaesewlmies lunad
wanmnai nsAnelulan Sturgeon (Acipenser naccarii) wazilan Trout (Oncorhynchus mykiss) 5o
HuSefienanmnsuny 10 5u (Fumé et al., 2008) wudnfanssuaaawlsiaeluiaailAinanasnay
eulnsfieauazlanla uarilafivduilesinnsliemnsanass uanslfifiud wanvsansiiald
WAL lamsr AN lugasusn Wesanifhularfuiiedelsus e dwasauann Ty sfiuuay
Tagiudluvan duFunisinenlu Southern catfish (Silurus meridionalis) Wudnfianssuvedes luiaslu
slddaunh daunans wazdawineesaflena st liuansnemneadia (P>0.05) futanlungs
AILAN gusfiRanssurneulnTeeslsiuuaslauiidanas (Zeng et al., 2012) mmmﬁmmn
‘ﬂm@ﬂﬁummiﬁ'ﬁmﬁﬂixﬂ@umﬂm&iLﬂu‘ﬂﬂiﬁuumhﬁu (Fu and Xie, 2005) dvslulanfaeeui

AngAnssunsAuemssneiu ldun Uanfiniiie i Yellowtail kingfish (Seriola lalandi) (Chen et al.,
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2007) danfuituazdmd 1 Miiuy croaker (Miichthys miiuy) (Shan et al., 2009) vzataniuie wiw
Roach (Rutilus rutilus caspicus) (Abolfathi et al., 2012) wuqnfanssnredeulaiesluaalfAianaq
duieaiudedananeims sinlfgnuanlizundenuanasiulanmalsifieme edralsfinm dndin
fflenguntuenaldsunadsnusamyludauiainnsaaginalanuiiazasld (Johnston et al, 2004)
nslaeulasianssuraenlnes luiaalilafieae s iaaann s asuudamnesisinenlunis
Uls=lamiannanlulamnem fa Uanenatiusaiiteannisldndanwie ldndsuanumasauite
NAUNU

2.2 wulsdeing lasu

nsnauauasaesannanigldlaiuludanindnelae I ulsflawaidundn (Kim et al.,
2001; Yang et al., 2007; Eroldogan et al., 2008; Fan et al., 2008; Furné et al., 2008; Shan et al.,
2009; Zeng et al., 2012) AanssupeveulnflanlalulardusawindAngs ilesannilandaqldianlssl
ieaaeluaaiuunsavieannlugowsn (Hoshne-Reitan et al., 2001) LLﬁiLﬁ@ﬂ@WﬁW@du’m’]ﬁ‘Q\i%u
Aanssuanaenladenafuualdfusias (Thongprajukaew et al, 2010) nsA =11y Turbot
(Scophthalmus maximus) (Hoehne-Reitan et al., 2001), Japanese flounder (Paralichthys olivaceus)
(Bolasino et al., 2006), Ricefield eel (Monopterus albus) (Yang et al., 2007), Topmouth culter (Culter
alburnus) (Fan et al., 2008), Miiuy croaker (Shan et al., 2009) la ¢ Southern catfish (Zeng et al.,
2012) Wudntanfisnavsazifanssusedlailaluszdumninyandilfanm sUni anefinsdnmnlu
79919 (Penaeus vannamei) ‘W‘udﬁma@mmmiﬁﬂﬁﬁ@ﬂiimmLﬂuibﬁm‘iaLﬂmﬁﬁﬂLﬁM%u aanailuma
mmnfﬁ\ifj”ﬂﬁ@umﬂ%ﬁﬁmﬂmmdmﬁqqquuﬁniumﬁﬁmaﬂmm‘mi (Rivera-Pérez et al., 2010)
atinalsfmy Aanssusaaeulmlalaanaliaunsniflustednsdsuulaslunnsiilanen
anvnsluszazduld (Chen et al., 2007) iiiasannlasuldIg T uunaamdanundnlunisanaivnsl
TLEIZLIANAINATT (Johnston et al., 2004)

2.3 waulmieieslilsfu

nemeuauastenisdiselamiannlsiulunasiidarenemnsdnanelne el 2 ngN
UsznaudaaiulmidUFudafusunuansnistaslunssinizanvng (Gastric digestion) uaziawlmd
nquuretulilsiiea IEun vi3UFu walaluvEUdu Selunummanlunstestisiu uanidufunuzes
n1seiaaTlsRnluanl&Ldn (Intestinal digestion) ns@ne ludainanaaiianudnnisenemisiuase
nnsilasuutlasianssuaaslisiioad uansnaiu (Gildberg, 2004; Rungruangsak-Torrissen et al.,
2006: Chan et al., 2008) luilaniia (Oreochromis mossambicus) N19BABINIIILEILIIAT 5-7 F1 TR
Lafeniatuulasianssuresdy (Chan et al., 2008) FUALIAUNITDADINIT TG 10-25 T

1 Atlantic cod (Gadus morhua) (Gildberg, 2004) PN UL AN TN ILAIN TN (Lutianus sebae)
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fana1ug 11 4y (Qu and Liu, 2007), Ricefield eel Aan81117 10 1 (Yang et al., 2007) kaz Chinese

snakehead (Channa asiatica) N8A81%13 12 34 (Hu, 2010) Wud1AanssnNaaadUiulAana

=3

Wumaaiun1sAnEly Atlantic salmon (Salmo salar) inuq1n17aaa 111391 linanssuaagwli@y

o o

anadat1alda 41y (P<0.05) wazidandauniliannisanasailunan 26 41 fanudnfanssNaag

o

'
o

ulgsifveg luszAunandinguaAtuAn (Rungruangsak-Torrissen et al., 2006) @819 lafimunlu

o '

Southern catfish fiana1ms 32 1 wudAanssuveseulminlliulaAgendndanTunguacuauetngg
Wad1ATY (P<0.05) Fapraintuiiasanlansfintianunsoinens dure a3 huay (Pepsinogen) 11
AeNWNds3n (Gastric gland) 1514 ezl asuutlaadu g uldviiisefuamis (Zeng et al.,
2012)

nameauestadeulnEUFuRAan e Tiunseiulilaudazafin nsdnenlutlan Roach

o '

wudnsenemnaviensife s bifnastaitedrAysienind Aeuud acianssueeaenlad

(Abolfathi et al., 2012) ifiesanldsfiufigndeslaevivduenalildunamdwundnlugasisinisen
81919 (Johnston et al., 2004) n13Anslulauanesiia Wiy Atlantic cod (Gildberg, 2004), Japanese
flounder (Bolasino et al., 2006), Yellowtail kingfish (Chen et al., 2007) L& < Southern catfish (Zeng
et al., 2012) nudnfanssuaeeulaiizUiuazdidanaiietatanemns adnalsfinny Aanssuaes

o o a

wultianandudingniazind (Rungruangsak-Torrissen et al., 2006) 3alfinauaeNelTEA1ATyan
Afcluniavauiedisdaaiunisadyiiulauaznislddszlaaiianldsfn (Chan et al., 2008)
A o a o L e e ey y ca X4

nalaguudasreseulivnidiudeniozena1nisnuanfneiy nnlE aualdienladoia e
mIradauszevangnreslatizdan (Bolasina et al., 2006) N19ABLANEINIINTUINIG UAZNIT
Wiy Inlé (Rungruangsak-Torrissen et al., 2006) aginalafinu unenstidantanalnanssuaes
wulavizlduluseiuiguilaanaimng (Einarsson et al., 1996)

n1sAnmlulan Atlantic cod Aena1m1siunanunl wudnianssnaeaew o lalunsydu

o o

anas i liidedAyneadflamsuniulainguadua (P > 0.05) almpalaiatiuainnisnilan

o

'
=K v a

aiatiflulaniingn Gefesnamaulsdinadanvtiontnasniaai (Gildberg, 2004) waa1aLinTi
dWasanaduasiaFraeulodiinanudsmie ludesninnsena1vns (Gawlicka et al., 2000) NN
Tdseulasd (Proenzyme) ladaaag atnalsinin unansdinisenavisnalinanssuaagiaisbasl
TaTlun3UEuNANANTYL (Rungruangsak-Torrissen et al., 2006; Chan et al., 2008) Tyanatigadaiy
. - o . e o . 4 e .

nalnnisinanaansiiwaeamadasdsulugiiuaisdszneundaaunou Walataglunizignanin
811117 (Rungruangsak-Torrissen et al., 2006) n1sitlaguudasianssuaesenlssiteslilsfiuis 3 19a
J4 P e woa v e o

fnanaunudniiAneanuanseiuludanusrazaiia asnelsfinin luntnzenaimislardndusalae

= = ) P s o 9 ~a
@ﬂﬂ’]ﬁ'ﬁ;ﬂumﬂumﬂ\ﬂﬂﬁ'mu (protem turnover) VL@LLﬂ NI17AA1E N1TRRNDLATL LLATNITATIN sluﬂffwa]‘ﬂ@r]
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= = =~ = X A = | =
Hnsepemnaiiuszazinaiuiu enalinnsaans tsivuwdauanniieitie aulinaseannazeslysmuly
LT
3. HATBINNTEARIMITARNSIUAEULLARANIEINMATRIRI LN HRRIWNS
Anwnuzn19aniginiaresedea: lusruutaaeusinisasunl aanduiusiufanssuaeg
1 = o Ho a ~
eulasidesannis aududagdnnannsnesuianisnevanemwinauiniszeslanluniaznenaimg
161 (Chen et al., 2007; Zeng et al., 2012) N172A81113389U a1 M iATeaE1quazniinNuesadeny
&AtyPNeinaa1ung (Digestive organs) LA NIzin1za11g (Stomach) uazanld (Intestine) uazadens
' ' [% T o . o 1 = a =< o %
dagielnel (Accessory organs) baun Fiu (Liver) wazfiugals (Pancreas) wlasuwdaglilainiis dannlsd

' = =~ a a o P 2o = o .
ﬁqu@quiﬂiuﬂqTﬂ@ﬂ LL@25%msﬁll@qﬁ‘@qﬂqiﬂﬂ?gﬁ@‘wﬁﬂqwmq@ﬂLN@ﬂ@ﬁim?U@qﬁq?@ﬂﬂﬁ‘\‘i (Gisbert

|
o

et al., 2004) nMsilazuulasfananenafluanvndAynlilandaseunns asannldaiunsdes
21316 wlidnaziiannsag luniaiduesisny
= a ! o 6 v a P o ) \

asAne ludamanesianudinisena1vnmin Wiaansil dsuidasresedeqseasaing 1w
nn9dlaa89nszinIzanIsuaranld (Segner and Maller, 1984) aunattagaadiiattiayialunivmu
ANMITLANAY (Gisbert et al., 2004) N19LAUAIUNTEU (Rios et al., 2004; Abolfathi et al., 2012) AN
NULATANNNENILRTANAARS (Rios et al., 2004) ArNuunrestuiialagnFlunszinizenunsuazanld
ARAI LATAINNUUILUULBRIEARNALLAT (Goblet cell) warlulngiala (Microvilli) am@as (Zeng et al.,
2012) lugiu A uiunisulasunlasesedeazdastaseuising 1y geunaauialugau (Gwak
et al., 1999) AR UAZIARYATRIAL LA AL aUAAAMNLAETNE TaNteRLFuN e lnalalauuas
Tostuiavanlumadsulud3uimnana (Crespo et al., 2001) wlusiu Ten1sulasuntasreedneniy
o Dy oy He X A
pananatnesiuilindaniuguussinnauidalatanamnailunaiuiu

4. NAUDINITAADIMITUAZNNSG LABNMTANATIRANHNTTNNITNU

%4
= 1

NN3ARUAUBIABNITAUNIEUAIAINNITBABIMNIHANLANA T UTUaE TuTlinres]auay
mf;zﬁif’ﬂumiwmm (Wu et al., 2002) n1s@An® L Gibel carp (Carassius auratus gibelio) (Wu
et al., 2002; Zhu et al., 2004), Chinese longsnout catfish (Leiocassis longirostris) (Zhu et al., 2004),
darngwsaa (Lates calcarifer) (Tian and Qin, 2004) W@ zﬁ’]ﬁﬂ (Hippocampus trimaculatus Wa s
H. kuda) (Sheng et al., 2007) wudnananunsoauemnsldunnay (Hyperphagia) 1iial&31am138n
A%s TneuanTigesfite WNsanauAN ML 14 Gibel carp WAz Chinese longsnot catfish Aua1nslé
MAumuszaznaniiifenng dauainzmneana Auannsldunnlugaoun WazABL ] ANA IUTNIAY
atinglafiny Uarnsrfinananauauaslaanisfivasnslitesasiielduemnsanass European
minnows (Phoxinus phoxinus) (Wu et al., 2002) \{usw Ansilasunlasinlianillssdnsninnng

wantile (Feed conversion efficiency) 8ms1n13eiae (Digestion rate) hazilsz@nininniseesn
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' o o '

(Digestibility) Numnsi1eiu faat1ansilasuulamganssunisnundsainaneinisuas lianmuisan

ATIUAAIAIANTIGT 1
5 .msiszgnaldanugmaauladinaldlunsannmsliaims
=2 a 6 1 1 dl o v Y dl o dl

nsAnefanssuaeveulsdtasansudsiilaranemsinlidnlanaaiunisasuulas
nlnguinisrestanunay aenauiunanilanni il arfudeuldnsnissanigelu (Bolasina
et al., 2006; Xiujuan et al., 2008; Shan et al., 2009) & uiuilanfiag ludaniduasoyiuls (Growing)
nsanauIsuaznauNn I usanaianudndaansfunisiieuaeeulsdtesainnsliinanss
Zjﬁu (Rungruangsak-Torrissen et al., 2006; Chan et al., 2008; Furné et al., 2008) Wadaradnnisld

dszTamiainansuazdninidni sisyfulangmeids samanisgoyidanassuluniagiaisgn

o o o '

anfie wannisaenatnansninlddseyndldlulainatadgia (119199 2) Tanudrgaaiianisg

a

wingiulalen wanantinislilanasoiulatasisnisdenaiadainliin lussuuaeninun WAzl

o

iHasannianfiuensaunns Anun naeesnlluansmeais (P > 0.05) WalBausuiul ey

a

AMUNTWLLLUNGA (Tian and Qin, 2004; Zhu et al., 2004; Cho et al., 2006; Tian et al., 2010) YIRD1AN

¥ ¥ v
o o

AN TNaBNLHaRT (Foss et al., 2009) Bnvivdeanniszlunislianisainmnsenan deildaeila
U £ 4 | %’/ 1 < dl 1 [~3 1 1 a

saslianunrdaniduunemsa agnelsfinin nnsenenisluszazinani llwnnzanildanunsndagsy
naswastyLAu e lfduneaiu anvvatanlilaiinianiazylnauinisld (Malnutrition) (Chan et al.,

2008)
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Table 1. Effects of starvation on feeding behavoirs after re-feeding

Fish species

Feeding treatment

Starvation time Re-feeding time

Feeding performance

References

Juvenile barramundi (Lates calcarifer) 2 weeks 5 weeks Relatively higher feeding rate (FR), similar feed Tain and Qin (2004)
(50-75% conversion  efficiency (FCE) and apparent
satiation) digestibility (AD), when compared with control
Juvenile olive flounder (Paralichthys olivaceus) 1 week 7 weeks No significant differences in feed consumption Cho et al. (2006)
(FC), feed efficiency ratio (FER), protein efficiency
ratio and protein retention, when compared with
control
Juvenile seahorses (Hippocampus kuda) 48 h 1h Significantly higher first FR and feeding intensity, Sheng et al. (2007)
when compared with control
Juvenile seahorses (Hippocampus trimaculatus) 24 h 1h Significantly higher first FR and feeding intensity, Sheng et al. (2007)
when compared with control
Juvenile Atlantic halibut 5 weeks 10 weeks Significantly higher FCE (40%) and significantly Foss et al. (2009)

(Hippoglossus hippoglossus)

(Starvation and re-feeding cycle was
repeated for 3 years)

lower feed consumption (86%), when compared

with control

Juvenile whitefish (Coregonus lavaretus)

2 days 5 days

(Starvation and re-feeding cycle was

repeated for 6 weeks)

Relatively lower feed intake when compared with
control

Kankanen and Pirhonen
(2009)

Juvenile tilapia (Oreochromis niloticus) 2-3 days 30 days Significantly higher FCE (40%) and significantly ~Roa and Vicente (2009)
lower in amount of feed used, when compared with
control

Juvenile tongue sole (Cynoglossus semilaevis) 4 days 60 days Similar feed consumption and FR, relatively higher Tian et al. (2010)

AD, and significantly higher FCR, when compared

with control
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Table 2. Effects of Starvation and Re-Feeding on fish growth performances

Fish species

Feeding treatment

Starvation time Re-feeding time

Growth performance

References

Atlantic cod (Gadus morhua) 10 days 24 days Starved fish grew faster than control fish for 1.9 Bélanger et al. (2002)
times

Juvenile olive flounder (Paralichthys olivaceus) 1 week 7 weeks No significant differences in body weight, weight Cho et al. (2006)
gain and specific growth rate (SGR) between
starved and control fish

Tilapia (Oreochromis mossambicus) 7 days 1 day No significant differences in body weights between Chan et al. (2008)
starved and control fish

Juvenile hybrid tilapia 4 months 2 months Juvenile showed similar weigth and SGR when Abdel-Hakim et al.

(Oreochromis niloticus x O. aureus) (deprivation for compare with control (2009)

1 or 2 days week ™)
Juvenile Atlantic halibut 5 weeks 10 weeks Higher body weight (6%) was observed in cycled Foss et al. (2009)

(Hippoglossus hippoglossus)

(Starvation and re-feeding cycle was
repeated for 3 years)

fish when compared with control

Juvenile tilapia (Oreochromis niloticus)

2-3 days 30 days

Juveniles showed accelerated growth Dby
increasing weight (1.07 folds), weight gain (1.15
folds) and SGR (1.11 folds) when compared with

control fish

Roa and Vicente (2009)

Sea bass (Dicentrarchus labrax)

2 months 2 months

No significant differences in body weight between

starved and control fish at the end of experiment

Chatzifotis et al. (2011)

Juvenile Persian sturgeon (Acipenser persicus)

1 week 4 weeks

Juveniles showed significant increase in SGR (1.25
folds) and weigh gain (1.33 folds) but similar in

final weight when compared to control

Yarmohammadi et al.
(2012)
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