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Effects of Starvation on Growth and Physiological Response in Cultured Catfish, Silurus asotus
by Jeong Yeol Lee*, Jun Wook Hur and Sun Gyu Kim (School of Marine Life Science, Kunsan National University,

Gunsan 573-701, Korea)

ABSTRACT

An experiment was conducted for 80 days to determine the effect of feeding and

starvation on the survival, growth, gonad-somatic index (GSI), hepato-somatic index (HSI), viscera
index (LSI), the morphometric changes and hematological parameter in a cultured catfish, Silurus
asotus. The survival and growth of the starved group was lower than those of the fed group during the
experiment. Starvation resulted in retardation of growth, which provides examples of the reduction of
final body weight, growth rate of body weight, specific growth rate and condition factor, whereas the
fed group continued to grow and remained in good condition. Blood analysis (cortisol, glucose,
aspartate aminotransferase, alanine aminotransferase, red blood cell and hemoglobin) showed
significant differences between the fed and starved groups at the end of the experiment. These
results suggest that all nutritional parameters used for starvation and feeding in this study appear to
be a useful index of nutritional status in the cultured catfish.
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W 7)o =4 2 st Au Ay sksh ws), JaA

b ARSI S, 354 3 ol widE Sl deke
=r}a ], Paralichthys olivaceus %! F%]7 4], Oncor-
hynchus mykissell /] 2375 w®} glv}(Weatherley and Gill,
1981; Sumpter et al., 1991; -, 2005).

Zleb7k ARHW 2ol AeH 2ed 2l ol 5
£, o F77t stressell =ZHH oA & AAEHE- ¥ E4A -
74141 & (Hypothalamic pituitary-adrenocotical axis, HPA
axis)& B3 o7 7 diAb Hkge dogl=d, WA
(Limbic system) ¢} =ik (Reticular formation) S -3l A AF
3lRo| A RATAAFZ=2E Hu| 522 (Corticotrophin
releasing hormone, CRH)¢] #1]3}4] st} CRHE 3l
AAdeNA] FAlT A= &2 E (Adrenocorticotropic hor-
mone, ACTH)S wt&5 =2 &1, ACTHE: =473 7¢
Al Aol A cortisol B}=& EX1A)A, stress thAF vFS-& e}
e ulebA] cortisol-2- stress uF§-2] F83F 2| =7} Ho}
(Specker et al., 1989).
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Table 1. Freshwater quality during the experiment

Parameter Range

TAN-N (mg/L) 0.012~0.236
NH,*-N (mg/L) 0.069~0.180
NO; -N (mg/L) 3.32~4.87
Alkalinity (mg CaCOg4/L) 53.0~64.7
Hardness (mg CaCO4/L) 213.1~229.0
Chemica oxygen demand (mg O,/L) 2.06~3.37
Water temperature (°C) 22.1~254
Dissolved oxygen (ppm) 57~7.8
pH 7.1~83

The values are monitored for 80 days.
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Fig. 1. Morphometric measurements used in this study (Park et al., 2004). Upper: lateral view of whole body; Lower: dorsal view of head part.
Standard length (Ls), Direct distance between the anterior edge of the lower lip and the anterior insertion of the dorsal fin (DALAD), Horizontal
distance between the anterior edge of the lower lip and the most posterior aspect of operculum (DALPO), Horizontal distance between the ante-
rior edge of the lower lip and the origin of the pectoral fin (HALOP), Horizontal distance between the anterior edge of the lower lip and the ante-
rior insertion of the ventral fin (HALAV), Direct distance between the anterior edge of the upper lip and the most posterior aspect of operculum
(DAUPO), Direct distance between the posterior insertion of the dorsal fin and the most posterior in lateral line(DPDPL), Direct distance bet-
ween the most posterior in lateral line and the anterior insertion of the anal fin (HPLAA), Direct distance between the anterior insertion of the
dorsal fin and the origin of the pectora fin (DADOP), Direct distance between the anterior insertion of the dorsal fin and the anterior insertion of
the ventral fin (DADAYV), Direct distance between the anterior insertion of the dorsal fin and the anterior insertion of the anal fin (DADAA),
Body depth at the anterior insertion of the anal fin (BDAA), Body depth at the midpoint of the anal fin base(BDMA), Cauda peduncle height
(CH), Head width between the origin of the pectoral fins (HWOP), Body width at the anterior insertion of the anal fin (BWAA), Maxilla barbel
length (MaxBL), Mandible barbel length (ManBL), Head length between the anterior edge of the upper lip and the midpoint of head width (HL),
Direct distance between the anterior edge of the upper lip and the eye(DAUE), Direct distance between the anterior edge of the upper lip and the

first nostril (DAUF), Direct distance between the anterior edge of the upper lip and the second nostril (DAUS), Eye diameter (ED), Interobital width
(IW), and Length of the dorsdl fin(LD).

A4 W YA LFER| 52 o) o] AV digital vernier caliper (No 500-181, Mitutoyo, Japan)S A}-&-
- A S=(2F FA/AF) x 100, sle] 0.0Lem w9l 2 Zgsjolen, 7 98 AZgAe A
« WA A F=NA= FAMA= AA AF) % 100, Aol W3t AFeul 2 e ol
s QA LEFYAR=(RA &2 BARA L AA AF)
1002 AAFsl 5. Zoh MA TAL

] 5 =7} o)
4. 95 HEST TA A AlzkA gF Ald 271 dol 40, a3 £8A]4] 80
Aol EAFF} 7)okt 22t AAH 10vtE] 9] w7 =
A A|ZA] "l 28 A] ZA I 7)ol Zh 20m)E] Hitoz gA AHAE B Th
A mE3l] 7+ A 59 3L vl 5 (2004)2) ulHel w o2 20 IU/mL heparin sodium (Sterile Solution HEPA-

@ 7 o AZYAL 242 8

RIN Inj., Choongwae Pharma Corporation, Korea) %23 =
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Table 2. Performance of cultured catfish, Slurus asotus in fed and
starved groups for 80 days

Rearing period

Items Fed Starved
(days)

0 229+09 229409

Total length (cm) 80 36.4+17 339+17
Body weight (g) 0 10074117 10074117
y weignt(g 80 20074270  114.0+21.4°
GRL 80 59.0+5.8 48141322
GRW 80 188.7+10.2° 13.2+5.6%
SGR 80 24402 0.2+0.1%
survival (%) 80 98.2+0.3 80.244.5°

. 0 8.4+05 84+05
Condition factor 80 6.0+0.45 29+0.3%

Ve 0 23+06 23406

hs 80 2.4+0.4% 1.0+0.3

Female 0 22404 22404

80 26+04° 1.1+0.0?

0 52405 52+05

Mal + *

S ¢ 80 5.8+0.8 35+0.1°

S 0 47410 47+10

80 51+0.2° 2.7+0.6"

oy Mde 80 22+0.1 12+06
Female 80 6.1+3.2° 1.5+0.6%

Values are means of experiments run on two occasions (+ SD, n=20) Means
within each column followed by the same alphabetic letter (between groups at
equivalent days) are not significantly different (P> 0.05). Condition factor: (body
wt./total length®) x 1000. GRL (growth rate for total length)=(final mean total
length) — (initial mean total length) x 100/(initial mean total length), GRW
(growth rate for total weight)=(fina mean body weight) —(initial mean body
weight) x 100/(initial mean body weight), SGR (specific growth rate)=(final
mean body weight—initial mean body weight) x 100/(rearing day/100), GSI:
gonad somatic index=(gonad weight/gutted body weight), HSI: hepatosomatic
index=(hepatosomatic weight/gutted body weight), LSI: viscera index=
(visceraweight/gutted body weight) x 100.

gt2el FA}7] (3mL-23 G, Dong Shin Medical Instruments
Co, Korea) & AHg-3te] v glo] 13t o]vfol m]ge] &

TollA Aot AAE 2 AF 3 P42 1.5mL micro-
tube (MCT-175-C, Axygen Scientific Inc., USA)e¢l E335}4]
o oo]F " A EAE AEe FA AR TE A
stolom, A #AL A8 560092 5% 1k UAE
2](MF 550 Hanil centrifuge, Hanil Co., Korea)el] <&l &=+
S F&3}e] —70°Ce] W=7 (CLN-500 UW Nihon Freezer,
Nihon Co., Japan)ell ®.35}91t}

ol BXoj] glojA] hematocrit, red blood cell (RBC), hemo-
globina} 72 el xJrke ==& B 7] (Excel 500, USA)
2 =A3}yh. g3 cortisol 3%+ Coat-A-Count TKCO
Cortisol RIA Kit (DPC, Los Angeles, USA)Z 3} - 3}Aut
<& #=3F o8, 1470 WIZARD Automatic Gamma Coun-

Table 3. Means and standard deviations for morphometric dimen-
sion of cultured catfish, Slurus asotus in fed and starved groups &t the
end of this experiment (80th day)

Morphometric

dimension Initial (%) Fed (%) Starved (%)
DALADILs 26.96+6.59 29.76+1.14 29.52+1.30
DPDPL/Ls 72.21+0.53 71.6+1.36 68.00+2.90
HPLAAI/Ls 61.35+0.37 62.53+1.38 61.53+1.18
HALAVI/Ls 36.69+0.34 38.01+1.49 36.35+2.37
HALOP/Ls 20.24+0.46 19.87+1.05 20.22+0.30
DALPOILs 21.87+0.76 20.70+0.36 20.62+1.87
DADOP/Ls 15.17+0.31 14.48+1.30 13.06+1.52
DADAVI/Ls 15.79+0.35% 15.33+0.99% 11.15+1.22°
DADAAI/Ls 17.95+0.462 17.10+0.342 14.37+0.38°
MaxBL/Ls 28.06+2.68° 24494417  24.07+1.07°
ManBL/Ls 8.48+1.23" 8.62+1.61® 6.84+1.06°
ED/Ls 2.72+0.67 2.24+0.07 2.46+0.08
LD/Ls 7.72+0.54 7.52+0.62 7.994+0.20
CHILs 6.20+0.46 6.31+0.66 5.00+0.68
BDAA/Ls 13.98+0.412 14.29+ 0.407 9.81+0.65°
BDMA/Ls 12.45+0.362 12.84+0572 8.10+0.71°
HWOP/Ls 15.37+0.45 14.28+0.68 12.48+1.69
DAVPO/Ls 19.72+1.05 18.84+0.41 19.37+1.68
DAUE/Ls 8.30+0.28 7.51+1.02 7.88+0.31
DAS/Ls 5.58+0.60 5.15+0.52 4.78+0.18
IW/Ls 11.20+0.25 10.41+1.01 10.62+0.62
HL/Ls 18.20+0.39 18.00+1.18 18.22+0.68

Values are means of experiments run on two occasions (+ SD, n=20) Means
within each column followed by the same alphabetic letter (between groups at
equivalent days) are not significantly different (P> 0.05).

ter (EG and G Wallac, Turku, Finland)Z A}&-3}e] radioim-
munoassay (RIA)e] )3 =33}9}. Glucose, aspartate
aminotransferase (AST) ¥ alanine aminotransferase (ALT) =
Automatic Chemistry Analyzer (Hitachi 7180, Hitachi, Japan)
o oJste] EAs}n,

6. SAIXZ

AgelA Qeldl Am gk Ale] #2)3} fF= SPSS
EA4 I 7])A] (SPSS 9.0, SPSS Inc., USA)¢] 23t one-way
analysis of variance (ANOVA) 2 Duncan’s multiple range

testz. 74 skl

zd jl_l.
1 MZES 9 ME
AEE, A4 9 A=Es 5o Ak Table2o|d n

A Zoh Ay £84 (800141]]) ZAZA] AEEO 982
+0.3%=2 YehNa, 7)ot 80.2+45%2 EAlL KB
o} e s E‘ﬁ‘;}(P<005)

A7 AY AJFA] 229+09cmz BB ZA|FLH 7)ot
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Fig. 2. Variations of plasma cortisol and glucose of cultured catfish,
Silurus asotus in fed and starved groups for 80 days. Values are
means of experiments run on two occasions (£ SD, n=10). Shared
aphabetic letters on shaded bars indicate lack of significant differ-
ence (Duncan’s multiple range test P> 0.05). *indicates significant
differences between groups at equivalent days(P < 0.05).
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36.4+1.7, 33.9+1.7cm=z AAsi o, A7
}7} 59.0+5.8%, 48.1+13.2%= L}E}wu} A=
AlZFA] 100.7+11.7go 2 RE ZAZ2 290.7+
ol 1140+214go= zolE v}EM‘iiU}(P
<0.05). AF AAEFL 7]o}Zo] 13.2+56%= TAL
188.7+£10.2% 8t} 2]t Skt A o FellM= 24
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19t} (P<0.05).
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Fig. 3. Variations of plasma aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) of cultured catfish, Slurus asotus in
fed and starved groups for 80 days. Values are means of experiments
run on two occasions(=+ SD, n=10). Shared aphabetic letters on shad-
ed bars indicate lack of significant difference (Duncan’s multiple ran-
ge test P>0.05). *indicates significant differences between groups at
equivalent days(P< 0.05).

7)o AR AFA BT Al Helal 3hE BT
olglgt A AY FuA WAAR G WA LFTFAS
M= el (P<0.05).

Teble3s 2ok 2429 743 A9 FaA A4Ash BE
3ol AelE Beld Gskert, 7ol 2E DADVALS
DADAA/Ls, MaxBL/Ls, ManBL/Ls, BDAA/Ls, BDMA/Ls
o4 ARG AN Aelg weH(P<005). =
DADVA/Ls, DADAAI/Ls, BDAA/Ls, BDMA/LS 3}E-o| A=
2475% Aol & viEhigiEH(P<0.05)
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Fig. 4. Variations of blood red blood cell, hemoglobin and hema-
tocrit of cultured catfish, Slurus asotus in fed and starved groups for
80 days. Values are means of experiments run on two occasions (+
SD, n=10). Shared a phabetic |etters on shaded bars indicate lack of sig-

nificant difference (Duncan’s multiple range test P> 0.05). *indicates
significant differences between groups at equivalent days(P < 0.05).

3. BJoHA{ALO| B3}

Fig. 20149} ko] 809 52| EA2s} 7]obre] %
cortisol === A3 AJZHA] 3.1+1.2ng/mL=EE 405

o] EAZ-S 7.3+3.0ng/mL, 8094 10.8+4.8ng/mL= =
Fhstedont, f213h Aol vehiAl eigkek(P>0.05). 7]
ole] 7%, 40UH 36.6+7.8 ng/mL= Z7}3}sd o, 80
Aol = 40U BT} & =olxl 4214136 ngmLz A
g A|ZHA] 9} zpol g Rl om, FAZHE Xo| & el
o} (P< 0.05).

Al A)zHA] &3 glucose 32 24.0+5.3mg/dL 9=
H), ZA|F2 4093 80UA|e| Zb7t 23.4+3.2, 25.3+2.8
mg/dL =z z}e]E Ho|x] okgtont, 7ot 40U A o
46.3+4.0mg/dL2 F-2)51A o}z o, 80U A ¢|= 15.3
+1.7mg/dL= Folxt}(P<0.05). =3 A3 4093} 80Y
Aol = 7okt ZAIFE Alolel = #-2]3F xfolE RS
o}

84 AST: Fig. 3614 B 2} zbe], A 2oA AW
7+ =9t 459+6.3~63.3+105 IU/LE z}o]E& Ho]X]
oror}, 7)of=e A& A]zHA) 63.3+105 IU/L=XE A
] Zg A= 53+1.7IULE {3 oo (P<
.05). ALT= ZAFellA Alg 7|7 et zpolg Helx
orom, 7)ol A& A2HA] 6.6+2.3 IU/LZHE] 40
3 80dA o] 27 142422, 16.8+1.7 IU/LE =olyt
(P<0.05).

FAF3} 7]ol2] ¥ RBC, hematocrit 2 hemoglobin
o] W3h= Fig. 4¢} 2. 249 RBC W3+ A3 40¢
Ao 5.4+1.0x10°cel/uLz A3 A=A 4.1+0.6%10°
cell/uLell Bl]s] =}po]Z Holx] ¢kgltor), 80UA| o= 2.2+
0.6x10°cell/uL = §-2)&A4 Yolxl ke mA (P<
0.05). 7)ol M= ZAFL AR 78S B9l Hem-
atocrit= 7)o}l A A& A|ZFA] 17.2+1.2%= 5 E 80Y
Alol|l= 25.0+1.8%= -F2slA =r}steich(P<0.05). =3t
Ag FaAQl 80UA 7okt EAIE Abele] ot
zkol 2 Hioh T2v; Hemoglobin k2 Ad 7|7k St
P)okzst EAT AtelolA AtelE vehiA egieh(P>
0.05).
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oF el 7l A= oJE] AFFol| wjsle] Yol v| o]
Ql AERES-S stressetar 319l om, o|2]3t stresse] 1<lo]
HE 2t AFE dress 29lo =z Aolsta glr(Seye,
1958). StressE fsl= 2912 =A BEA, e 1
AETH oF 8317 oAl dojuh= A 2gle=
T 4 Slok(Selye, 1958). H o] HA] J3lE 7| ofAell
= oA 9] 7] A1A HAE A8 AsiME Hast o
A7} A=, ofuf An|EE R o] 2RE] FHE



T oAuAst gemz AW AAF o7t anlEig. ot
A ol Fell A 7)ol HiEE A= ofA) ofF F k] ofF
o] ook Al H 2B AL olsfdled =] ®
o} (Weatherley and Gill, 1987; ¥} %, 1998; o] %, 1998;
Park et al., 2001).

B Ao A 2] 7)okl 717k 80Y o] AR AFad e el
Al 71k 717k o 71 7IZE F)E deld S glow, oy
oJfiE FA ouAE ARt &S {FAF7] wiel
9% Zulglc} (Love, 1970; Weatherley and Gill, 1987).
B ATel ZAZe A3 FuA 82%) AEEE &

e, 7okt 80.2%°] MEES Rk =3 %A
Z AgAlel vls] A AdAEe] 59.0%, A FellA
88.7%2] Z7}2 wel uhH 7)o} ARl A= 48.1%
2 AT zpolE HelA] dkgront, A FelA= 13.2%=
SHA et Z)otel] w2 AlF FrAE Weatherley and
Gill (1981)¢] FAHEAE oz 359 135 7|o}A]
747t 14.5%3} 32.5%2] AF FtAas Hyslgon, dx=
Ao 7 12F 7]o}E A)Z] ALe= HA 92%, A= 56%
7} 247 Zpastelokar B astelo (-, 2005). 23E 7]
Ngoiel YA eh= gz & Ao w7loA A5t
Uehtz] ¢e 7o ozl w72 g2 wr)Ee] FAg
Az FEEh o= APA o2 NAE FH3=
o] IAE om, A F8A| 7|oltelA A =Wl
7F v dAY mElrt AR fA 7 deRds Hles

oﬁ:r

e

]

-

A o% FEse] 4 gloh w8 AR AL 2
9 2e AAE e A= Yeht o8 F9e) Fx
olet.

Az Ag 2 vint=e] 79, 7]opt AAe] Hitno
E AFe] Wt o =24 debdd 0131 g A= 72
el 1Al 63 71k % Wslucie A3 U

2 Ryoh:= X3 (Sumpter et al., 1991)¢} Bv|$=3 A=
Bl Aolet shek £ FlokzlA gk it 7]
ofAlel] vehi= #AF EA oz, FAfE M v
3t A3} (Weatherley and Gill, 1981; Sumpter et al., 1991)7}
Bae b gl .

ZA 2ol Hlte] F)olze] WA ST} wholal AL
% 24 olyx 2ue W Azt e 2ok o9}
< As}x WEX|, Rhynchocypris oxycephalusel| A} X 37 (
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