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Change of Growth and Blood Characteristics on Starvation of Red Seabream Pagrus major Cultured in
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East Sea Fisheries Research Institute, NFIS, Tongyoung 53085, Republic of Korea; 'Pathology Division, NIFS, Busan 46083,
Republic of Korea; *Aquaculture Management Division, Aquaculture Research Institute, NIFS, Busan 46083, Republic of
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ABSTRACT To minimize the damage caused by summer season such as high temperature and red
tide, this study was conducted to investigate the effect of feeding and starvation on the survival rate,
growth, growth restoration and physiological response of red seabream Pagrus major which were
reared in marine net cage (6 mx 6 mX6 m). The feeding group was fed throughout the experiment for
10 weeks, whereas starvation group was not fed for 6 weeks and subsequent refeeding for 4 weeks.
Survival rates of feeding and starvation groups were 94.4% and 98.1% respectively. The growth rate
of starvation group was significantly lower than feeding group during starvation period, but recovered
rapidly after feeding. The nutritional status such as albumin, total protein, total cholesterol, triglyceride
also showed similar tendency to the growth data. Hematocrit and hemoglobin levels were higher in
the feeding group than the starvation group during starvation period. Aspartate aminotransferase,
glucose and total cholesterol were rapidly increased at the same time (in 5 week) in feeding group,
whereas starvation group did not significant difference during starvation period. It was shown that the
feeding group is more sensitive to stress than the starvation group. Thus, starvation can be applied as
a rearing management plan of net cage fish farm in summer season.
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2l shd7|o] 2 dAS At shARE A7) Fet of
79 S A8l =2A YEhH (Park er al., 2015), Y
A BHA, A AFE PR HEANE AHSE
283 99102 2-8517] W& (Gjerde and Schaeffer, 1989;
Park et al., 2002), A4 0.2 QIFF A% 4, E8HA7] A9
&EA st g o]ofA, oj7taSo) AAA FFE vAA
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e U A A Yol Bxst F= gafidtel
A FAEE U4 o7 (Chyung, 197N)E = FAlojHF A
A

A 0] okt SHA7INE ARl Bk el
AZE Agsto] wWE 43S UERHTH(Choi er al., 2008). 3]
T FEY A7 V= AF2PEE QIR ne
ojyf Az ow tFH A7 UehtaL, ofof tf-3-5t7] 9
gto] AMSUE 2- (AEE, F4e8), AL 3, 2 9
o] FuF 2ES Tl AS weE AT, 53] 49
G Aol FO Ak e} o] AFAQ FFE A7)
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gk & Aqto] B Ao B glgol= EekaL, A
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ojth. 53t Ao o3t Pt (Park er al., 2002), Y3t}
2] (Hung et al., 1997; Vosyliene and Kazlauskiene, 1999), Y
5}2] (Mahajan and Dheer, 1983), 2] 8}4] (Stepanowska et al.,
2006; Kim er al., 2013) 5 th¥Fet A7k ZP= QA 9, o7
29 @FE ARASo] 202 Brol AFHACH, ofSY
BE A 9T ATE Aoj2} PHOIS QAT £YFol
(Lee et al., 2016) &3}A]719] A& HArCZ 3t |AATL Y
de/dol A7|Ed.
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Hpoz FAE ARE ASIAT AU BU ARBE
2 2 198~27.8°C, B+ 32.0~33.5psu, EE4HA 5.9~9.0
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Fig. 1. Survival rate of the red seabream Pagrus major after 6 weeks
starvation and subsequent 4 weeks feeding (broken line).
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AlGg o] do] 8,000 rpmeE 1087 YAEE &
hematocrit reader (Hawksley, UK)E ©]-83}¢] hematocrit (Ht)
£ ZA35F49 1, hemoglobin (Hb)2 FUJI DRI-CHEM 7000i
(Fujifilm, Japan)2 %‘j@_a 2439t U A QO“O 4°C
12,000 rpm .2 5587 QA E Tl AL B3t & —74°C
of Hystar FA *] ARgsET AE dAE 207 4=
FUJI DRI-CHEM 7000i2 A& S| =S AT}
o] 97 &=, albumin (ALB), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), blood urea nitrogen (BUN),
creatinine (CRE), glucose (GLU), total cholesterol (TCHO),
2439}
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Fig. 2. Total length and body weight of the red seabream Pagrus ma-
Jjor after starvation (white bar) and subsequent refeeding (gray bar).
Asterisks indicate signification difference between feeding and star-
vation (P <0.05).

, 632719 A7)
5 *M?LQ} dYFE 2 74 355+0.6cm, 334+0.4 cm®
F Aol S H 4l o5 A
A  HAl % FHE L}E}‘dt} o}XlUP 65
A F 4539 Hol AFF7Ikke AL A F7 A
A4 36.7£0.6 cm, 75:;]“—? 35740.7cmZ AR A wWE
4 el A Akels BolA| ottt
(P>0.05). AF2 A5 A& Al Al 673.9+30.1 gollA 24
71zt F QAT 8365133502 A|Fo] SR A
A 5002+18.6 g0 H|F0] A, Aot HAL
= L4 frofet AlF AolE UEHHATHP<0.05). 48 &

Al A= 937.8+449g0 2 806.7£40.6 g2 AAFE} 1.2
#e) A% 2ol S Tk (Fig. 2).
A7 Y F do] AFFINY A B AF

AAE, 97 4FE 9 HTEE Table 1] et 4]
717k A3 Aol Wik QAo AFES 44 101+
10%,269+1.7%% 08+0.5%, —124+32%2] AFES B
Ql ATt ol AfolE BT (P<0.05). 43t 4HEE
prejr & e Bl BATF(-0.32+0.1%)° Bl A4
(057£0.1%)°1A4 frolstAl w2 A& AL (P<0.05), ¥l
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Table 1. Growth rate for total length and body weight, specific growth rate and condition factor of red seabream Pagrus major after starvation

and subsequent refeeding

Starvation period

Re-feeding period

Factors
Feeding Starvation Feeding Starvation
'GRL (%) 10.1+1.0% 0.8+0.5 34+04 6.7+29
’GRW (%) 269+ 1.7*% —-124+32 12.1+2.7 36.7+6.8*
*SGR (%) 0.57+0.095% —0.32+0.081 041+0.17 1.12+0.19*
‘CF 1.84+0.03* 1.57+£0.03 1.86+0.04 1.75+0.04

Values are mean = S.E.M (feeding: n =30, starvation: n = 30). Asterisks indicate signification difference between feeding and starvation (P <0.05).
'Growth rate for total length (GRL, %) = (final total length — initial total length)/initial total length X 100

*Growth rate for body weight (GRW, %) = (final body weight — initial body weight)/initial body weight X 100

3Specific growth rate (SGR, %) = {[In(final body weight) — In(initial body weight)]/days} X 100

“Condition factor = (body weight/total length®) x 100
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A 3F FRE FE AR AATF} AT [t RolE
FATHHT (P <0.05). TCHO®| == A7 Al F 3574
T OE R HolA (A AAFE fashe
FE UYL, 475 E 8F7EA] DA wls) AT A
T &2 £AE HEHATH(P<0.05). 53] 573 A4+
oA 317.0+152 mg/dLE TCHOZ} FA53tA . 4 7=
H2)7]17F 52t 135.1~188.7 mg/dLY] $&& HAA|TE, o]
T FA7E STkt WA Al #ELR ST TG
AL BT 188.0~4403 mg/dL M2 Az} Z71e9 L,
23.9~67.3mg/dL HYE YEtd AAFE= 2335 E Yol

o A7HA Ao ol AolE Ut SRR Ho]
% dAF7(3902+10.7 mg/dL)2] F43 $4] F712 -9
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A4 A9 Ht E A8t H1ﬂ8ﬂ 3FEE oA =2 5
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A7 o8 EA YERRTHP <0.05). Hb:E Htat AR
S el e A Aot A ASTE A Al &
A2 ashe S BRAT, 5FR] AAS(14.1+£19U/
Lyofl ") AH47(25.9£04 UL)9| A7k F2AsHAl w4
WA ALY ALT+ 2~550f AAtol vls) =4 Uebst
o 230} 530 Z+2H 72406 UL, 7.7+0.5ULE 7} =
2 A8 yeRth F4e] GLUE A3 7HA] A] 448+6.5
mg/dLAA 13 & 9254133 mg/dLE FASHA A48k, 2
FAol| FHAl ATk 4% (20,9434 mg/dL) & A A 3] F7t
tgon, A7 5FA 9734177 mg/dLE F43] F7}
st A7 F 7 & A UElldh

L |
2 dFold s e A27F BAshs st st
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Fig. 3. Change of albumin (ALB), total protein (TP), total cholesterol (TCHO), triglyceride (TG), blood urea nitrogen (BUN) and creatinine (CRE)
levels in the blood plasma of red seabream Pagrus major after starvation (solid line) and subsequent feeding (broken line) for 10 weeks. The as-
terisk indicates significant differences between two groups at the same sampling point (P <0.05).

u] Xt} (Azzaydi et al., 2000). Park et al. (2006)] 12F &
A A& 53t olive flounder Paralichthys olivaceus] AJ&&
MATS} BATI 22k 90%, TI%E et A713el
Ao| w2 AATO] o MELS WA shx|gk HA] AA|

63 o]Ae] AL HELL 975%F AR =9td H
& ek o138 A\l whet AEEo] A ke
Ao eI YA et £EA0] 2T HEY AP 67 o

Hjo] SATGE 6 Yo ALEE BY 4 YL Ao
BT B9 A9 Lee eral. 2016)9] 93} 5447] 249
ol thalf Haig v} glont o] At Avsex 29 7}

> flo & mlo

of i ox »

FE oA 2)oje} FPAE 22 shof AA 7HFE A E
A Aolg o & B dvsl 4¥He uut oA,
329709 A4g B3 FAolet Aol HEEE AT
=7 L}E}‘*E}(Lee etal.,2016). & Ao A 677+ A
A T 427F0] AAlL Bt 2L AAarel FALy) Zb
Z} 94.4%,98.1%% e} AR Ao A 3.7% =2
HEES vebyc. ol gd ATt YaeEo] W 54l
o] 677k alo] HE WES) FFS vIAA P AR
WERAL, AT Y 2 FAHY AEE AHE 0| Fof,

n4Lolut HEE QIE) Ak L7} F7bSHE 8719 BE
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Fig. 4. Change of hematocrit (Ht), hemoglobin (Hb), aspartate aminotransferase (AST), alanine aminotransferase (ALT) and glucose (GLU) levels
in the blood plasma of red seabream Pagrus major during starvation (solid line) and feeding (broken line) for 10 weeks. The asterisk indicates
significant differences between two groups at the same sampling point (P <0.05).

e 9FS v & AR A3EH.

daof ogt A A E o7 37| (Lee et al., 2016), &
21717k (Park et al., 2006, 2012; Morshedi et al., 2017), ¥HE-]
A A (Kim et al., 2008)° TA glo] UYehts duta ¢l Aato)
Ak, & A2 AFEG AFAA o 2 AolE UEh
Age AY F8 Al AATet A7 242 36.7+£0.6cm,
357+0.7cmZ £-9J3t ZJo]S Ho|x] kR AF2 Al
MA 233 RE AY F2 A7A F23 oS Yela,
Sumpter et al. (1991)9] 657+ 2A4]& 53t EX/HE0o o
TFAILME Y FE A AREG AFY FF HLE

B §ARgE 23S YERT OIE%E A AFol et 4
FE Zolg AA7|ZH H4] & f—*lOl TH7|Ie® L&t
of glgt A, A417]17k9] GRL, GRW, SGR 181l CF ®5F&
FoeA W2 A4S Hgon, 53] GRWE SGR2 77}
—124+32%,-032+0.01%2] afo|qA A& Vel AT}, 6t
Ak AA & A 717 Al vlEl A GRW, SGR
o] Z}7+ 3.08, 2.74] EA U HA7| 7k} AdRbE= e
S HAT. Lee et al. (2016)2] ATLATNAE GAE AFS
El_oﬂx]u]- 75/&] _;_ _10] _:_:LO E-o-]- ;S—E XJM_—,L_,] GRWE-
AAet BlaEt S W X]o] (7.0£0.9 g)ot Fol(147.5+



334 9% Zt7 1.84), L.1M|2 veEht A0 (673.9+30.4)F
FoE 3 £ AFAT @0t Aol E Ko, HA F Ho)
THS T AT fFo] Aojek FoET FojollA =

=
Ehygton, ol Adelo A7]o g A Aolz wdd
B AATZE AT i oA TS AT 68.1%
THA] A2 AAT, AR FE F 45 Tl A4 Fd Als
o] 86.0%7HA] wWE £E2 &St Ar FEFel wet B
o WE 47 5] b5 AR AL o3t A 2
= 24 & Ao w2 BEAAIA (compensatory growth) 2
2 A E A, BGAAES AT T Y 380l
e ofFoA FLEE ATFoHA HHE o] B E=
a olAo g w2A Yelt= FAFS Z (Cho and Lee, 2002;
Kim et al., 2008), arctic charr Salvclinus alpinus (Miglavs and
Jobling, 1989), rainbow trout Oncorhynchus mykiss (Jobling
and Koskela, 1996), coho salmon Oncorhynchus kisutch
(Damsgaard and Dill, 1998) 52| WA ojF&ut oy}
channel catfish Ictalurus punctatus (Gaylord and Gatlin, 2001),
hybrid tilapia (Wang et al., 2000) 52 244 oFAx= &
A & Ho] Ay T BAF | v Baud B Qo
SHA| Y BAMYAe] A vk H4)7]7H(Morshedi et al., 2016),
At= 34 35 (Dwyer et al., 2002; Oh and Park, 2016), B
2 A2 (Kim er al., 2008) 5 27 wt gebd o= 317 o
ol AEE, A% 35S g F7HAQ A zHo] A+
wojop & Aoz AtmEHT

o179 AL 71EA A A REA FLLH R A
AHE AT + %+ 583 R F (Ishioka, 1980; Garrido
et al., 1990; Hrubec et al., 2000)0]7] W&o A2]7]|7tx} A4
T AA7IEY] At ol FUEH 2 AR dEE Fd
st34} 311tk ALB, TP, TG, CRE, TCHO 5& o] 79| g4}
B 2 oA &H] FRFS vofshs AEZ AREE W (Caruso
et al.,2012), FA o179 H¢ A2 FFEHoIU AT el
F£% 73$ TG, TCHO, ALBO| #aste 2oz d3A QL
o} 2 747 479 ALB, TP, TCHO 2 TG: H4)7|7k
ok A Amth st AFS HEom, MR HAT
Z7hSHE A4S Bel Atel 23E UehiA e 65 94
47749 JAZIZE 5 wEA F7bste] A A pRo
s|ustgich. olelat W4 F AU U FAk THee AT
Ao = B E v} gl (Pérez-Jiménez et al., 2007; Caruso
et al.,2012; Kim et al., 2013; Rossi et al., 2015). ALB+= TP
o A Sl JF FHE BUst= ARZA, Jung er al.
(2006)2 3147] F=9] ALB, TP Z+2} 10~14g/dL, 4.5~
53 gdLtar AA st eH, & AFAn HAFE FARE &
AE BYAT AAFE= AAE ARG @e #2 5 YER
o} StARE Ho| I & ALBS TP B5F w2 3835190
o, o3t A= 15097 EA 5 3047t Hol 35S BT

fob o rlr ot
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Zapryanova et al.(2016)2] B o= {AFSHA UERgT). 5}
AT 1509 A4 o]F 180, 210¢ HAF9 ALB, TP $=2|7}
&este] A7) Ao o3t iR Yo E ARRE RALR oAt
Ht}. ®3F Babin and Vernier (1989)= o]F9] ok, Aa& A
gl thek @4 A % ojA oA AU TGS TCHO
7} 2A WstEty B ustgon), w42l armoured catfish
Hoplosternum littorales /422 3+ 793 28947 4] A
AolA TG Aot Blaste] zbz) 3uf, 7v] £2)7F
sto] AA7|7ke] g A4 2ol Bt TCHO A &
ogt AAE UEHAINE AR Fel et £X]7F F718ke
(Rossi et al.,2015), & A7} SASH A RAch £33 &
Algte] Y FE Al TP TCHOY Ha&2 27t 18.2%,
27.6%= TCHOOIA Zrago] o w4 uehdt, 24 A oy
AEoh o] A A D tAMHFAIE ST AL
Z AHTE Adakel A8 A (Hung et al., 1997; Kim et
al., 2013), A4 A] S22 Q] oYX HRThH= FAl
Ay (gluconeogenesis)S F3f o] YR YoZ A= ALY
(Lauff and Wood, 1996), 717t A4 A] A2 A=
el oghakgo] FXE= AoE A Uk (Love, 1980;
Shearer et al., 2012).

BUNi} CRE= A1 7|59 A&
I of =271 A5ste Aoz 4 A Yok (Wood et al.,
2003). Jung et al. (2006)°] A|AIgH 3147 ZA &2 BUN
I} CRE+= Z+Z} 13.5~24.7 mg/dL, 0.2~0.4 mg/dLZ 2 AF
2ot v WS o ZpolE HolA| grot ATt F A4
a AAof &gt 417 7]E ol ool gle ALE UEkit

Ht?t Hb @A A= A Y] 4424 58 (Chang ef al.,
1999)2 7AW, 2EH A0 Y| AXEE AHGHT &
EF A 479 He, HbE F7HA17|H 9] AHgsta
YUERY I (Davis ef al., 1990), £2AHS A2 HtI HbS &
7HNZ1AL, & 817 AT olet Wit o] A U= A
© 2 BT QJt}(Ishioka, 1980; Chang ef al., 2001). ¥ &
TFollA 2B wWE Htat Hbe| zfol= Ho|Z] AFrA|qt
AAFE dAFEY &40 8 HtI Hbo| w2 X&
BHf =, ol AFEA O] O3t Ak AH|9] gRFo R
9, ARE AFT oAF= AARSY 35 Jgel ot A
4 28]gFo] Z7H(Kim and Jo, 1999)317] wh2e] 447
Al Ao wpap HAGLeko] Abd AH|FF Zpol= AHEE T
FFS v A= Add B A9 HA Tt dAe
HiZ Hbe] W 9lE 30.1~45.4%, 7.0~9.1 ¢/dLE, Jung et al.
(2006)] BAAQ1 stA7] FE FA 39~49%, 72~104 g/
dL®} Hlwsto] zpo]lE Holz] AR Atw FEFol whet
3 P2 gt ez B]th AST, ALT+= A4 WellA &
83, A, A giate)] Tojdts A2 A (Davis ef al.,
1990), oA A= ezt A GeTF TAE &2 wFst
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A, 259 T4}, 9Y B4l ek o 24| kolA @
= A7 F7kele A2 4 A (Gordon, 1968; Lemaire
etal., 1991) 0|79 AEHAE H7tst= o] AME-EH T (Pan er
al.,2003). & AE AT AST ALTY AR AEFS o4
SRAT ASTE A4 SFAE ASFT o Aol ol
A AT, ALTE 270} 55 Ajolo] AATRL} B 4
2 Uehin ol ATF olF dashe AFL Rt ol
gk Zpol= ASTS}F ALT 27 THNZ W B4 =7 &4 vehy
AT ASTE= A%, 25 5 AWl A5t ALT= F& 1+

o EAst7] wol A= I3t UAH J A o=
oA FEth 9047t AAA ZHEe] 717k A9
3t Sakamoto and Yone (1978)2] AT A= AA)7|7to] Z7}
32 AST (37~123 U/L), ALT (2.5~33 U/L)7} Z7}3t= 7
TS HFom H 9319 AST(10.0~259U/L),ALT (3.3~7.7
U/L) A BT =4 ey, 22 ool x|zt A4 o
w2 GHPAFL =2 (Finstad et al., 1989), FE (Hur et al.,
2003)1} 22 A A&7 (Ferrer et al., 1994)0] what z}o]7} Sl
2 % 9eg wojzd,

oJFf7F 2EF A 29l =EHY 1AF LR cortisolo] F
7}(Wendelaar Bonga, 1997)3}2 &AM -2 o] Q31 of 1] ]
T3< Y30 glucose A EA] (gluconeogenesis)= 53t GLU
9] 8% =% E Z7}X]71t}(Thomas and Robertson, 1991). &
Ao A HAITLY GLU 42X 7WA] A] 44 .8+ 6.5 mg/dLo A}
Al 13 5 925+133 mg/dLE 23] F718T7} ThA]
SO0 4 F o] ATF AAA AN Ak e 2xz
F7boHe AL BT OLUS 5E 448 A2 AR
2 A}-8-= ™ (Barton ef al., 1985; Robertson et al., 1987), A 4]
9] A &7|7ke wet Z7] & %5 GLU B o]k A
S 2 d#HA ok (Kulkarni and Barad, 2015). & Ao A 25
Aol FAT GLU 452 AAeEC] Zarat Al71e] 2ol
BEA 222 20102 2g3io], 44 AEd 2o dhat
FAAY FAEES S 2 1533} glucose (hyperglycemia)7} 54
z73t Aoz AR 18T FAS Al "o o
87) 9l &) 7R GLUZ o] 88 F AAoz Q)
3 wo] Fol ATl A4 ARTH R FAZ FAT A
oz oA B3 25729 glucose 4 F HolAd 4] A7t
A 27k AL BAsIT0] LolABA GALEL A
glycogenosis == gluconeogenesis®] 2802 UR|E H
=3 Aoz AAET. Love (1980)= H2]7|7to] &7]5} €
5 o7& gluconeogenesisE &3l oUAYoE A S
RS RO, e KA olRE Bud 4
48 oAU g o] BB AT FPA
Solx) SHIE vhet 2ol W AWl A et A3
Hog A ae] FFE nHALE HAET. Jung er al.
(2006)2 =2 sH87] GLU A4 9= 33~77 mg/dLztaL

AFL XA}

ol

Hustglom, A7t AAA F43] S 155 AY
St 19.9~457 mg/dL HY 2 u|Fo] HAlof o5t 2 JFS
A 2 Ao= YEbgTh ST Myeong er al. (2011)9] 7
Toels gde R g 9r1de] AdolAe Adrizte] At
Y45 GLUY $27F A2k, o= Ao gt Ay of
UA Y gau vz a8k ol o8 glycogenosis =
gluconeogenesis o] Hotxl Am=m Aot B3 HXA
S JACZ 3 Kim et al. (2013)9] RIoA% GLUY Z4a
FS EHem, TGe TCHOZL AHEE ©]% GLUZF 543
APog AHgE o] g Ao R A5ttt sHARE 9
AT 2 A glucose A Aol AU Z=rte] 9
540 B2 AN olRE P FAE AT oY
ARgo] Aol §34 ol FEnY BAF Rolg B
2 dArE T}
A 2EH A 9l °‘°1 Ht, Hb, Eﬁl
2|3 TCHO®] 552 g AlFtollA &
< B3ed, o] A9 £ ‘ﬂﬁ}‘% Az —4 %?‘;
Astd 7HRE AN tE o EFaql
TS e o=z 011”51‘?4 T}Z“?& R R
plkd ol g
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