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Influence of Different Feeding Frequency on the Growth and Body
Composition of Juvenile Mandarin Fish Siniperca scherzeri Reared in a
Recirculating Aquaculture System (RAS)
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A feeding trial was conducted to investigate the effect of feeding frequency on the growth performance and body
composition of juvenile mandarin fish Siniperca scherzeri. Triplicate groups of fish (initial fish weight, 7.5 g/fish)
were fed to apparent satiation at one, two, three or four meals per day for 8 weeks. The results showed that weight
gain of fish fed one meal per day was significantly (P<0.05) lower than those fish fed two, three or four meals per day.
Feed efficiency of fish fed two meals per day was significantly (P<0.05) higher than other experimental groups. The
plasma cholesterol content was significantly lower in fish fed one meal per day than those fed two, three or four meals
per day. Consequently, we can conclude that feeding juvenile mandarin fish twice daily to apparent satiation is ac-
ceptable and sufficient to achieve good growth and feed efficiency, as fish performance was not remarkably enhanced

when feeding increased from two to four times per day.
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47}2](mandarin fish Siniperca scherzeri)= $t=, &=} H|
£ 5] obalob A|elo] 2 A4S B0l Eom 419l
Aoz uf$ =93t Y2 E 2R3kl It Zhou et al., 1988).
27t gho] 5 B ofue} Aol vlulA w21, Ao
ofe AR SobAl ZAIH0R Hto] Y Ui ok
2FZ20|t(Su et al., 2005; Sankian et al., 2017). 3}A| 9 &
I A A2 AR Qlste] 7fe] o] AFA AhRko] A4 5HA| 7
43}al Q)1 (Zhang et al., 2009), AH|R}FEQ] =2 = A4 7}
st Qlo] 4] 7140] S B3 Ak Fvh AR ol
olct. 71ele] 4917 F ool Bt 47le) A8 Al

1= oba] AurE|R] ke Afeolm, 7bel 41 4ol kg 745

FA Ao A ALo}olis wol S wol A AR 9]
L AlYo|th(Sankian et al., 2017). Ao}Qli= Bo| 2 27}a]2
AL AL HAR oo vl & 812l ok4) o). ujet
A 2:712] oA RIS W77 el 274e] Aojel A
& A 7lEs Jidshe Aol SaskH, ol& B3t 2712 A
& AFR.0| 7o) ol ol ok 3 Aot 2ilo] $H Myl
Wl aol A 27be) S theo. 2 iRl 1] A4 4 o)
L 7)4L sk thKim, 2015). o] 85t AulE vlgto g 2
7he] A8 Abm 7S S1gt S Ao} 2|2 ghegol| gk A}
3= A th(Sankian et al., 2017). E3F £712] 9] 2 AR
2(Kim and Lee, 2016; Kim and Lee, 2017) & A8 M= (Lee
and Kim, 2017)°]] 3t A% =3 = Gl Tk,
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ARS R, e gRAbE A Y E AR S Al S 2
Gk At5ol sttt o 7o) Ao FFE nA= 88l=
FolA AbR A Fl= A 2, AR 24, Abs e 2 A
=2 3g 9 ol 9 7] gl&ol(Lee et al., 2000a; Lee
et al., 2000b), AR5 274, Al F4 A 9 AR S AlAE
A8k o] of 79 A4 9 AR o84 Tl ol Hrk
(Lee et al., 2000b; Ng et al., 2000). £3], Al=7 53 34+ o
FOAbR AT, 4 9 = wlj ol Y= nIR= Fagt
Qlo]tkSilva et al., 2007; Biswas et al., 2010). {223+ A}
53 e R A L ARAES AL, B4
O 7 o]F2o] oFA] AUAL H|--S Z7FA7ItH(Booth et al., 2008;
Oh and Maran, 2014). whebA] 452191 o7 FAl& fIsiAl =
2| o) Atg T Slapol| tigt FE 7L H4=Aolth(Silva et al.,
2007; Oh and Maran, 2014). 18U}, o] 72] Z| o A2 93t
AR AR 3a Sl ofF, oAl 271, AbR FH, Al 24,
At 3aE ool teh th2rkal BarEof §lti(Wang et al.,
1998; Company et al., 1999). A} Z-o] H23}H o] 7o) A
2 A5F @ HARgo] =olA 1 (Xie et al., 2011), ek ALR &
T2 ek k] S71e] adlo] H W opyal 43S o 5HA]
thal HarEo] QithBiswas et al., 2006). whebs] 2712 &F
AHASRE fleiA = A ALR 3 S5 E RARSEO] R4
of 285 4= &g sfjof gt} & Atz &7 2|of A
At g ST 3%, oAl AR B E o A4l ml A= 9
= AR Q1A 3= Sl

> ol N

Aol 2 S W HAY At Ao A i AR 2 2] H

slom, g Al 27 RE A AR
SEQITE. oflB] ARs %, 227}
] 01(7.5 g/fish)S FASI 42 250124 3u0% 4}
S 2200 L f3)oll 4~8-5te] 857 ARS-5H3iTt. 27129
A28 A Z(2,000 L) 1719 A7) 222(200 L) 12747} 14 E
7FE s AR gk of 2 Al AT oA -2(25°C)2 = [pH
6.6-7.9, DO (dissolved oxygen) 6.0-7.7]2 A3 A] AA|5}
ik, AR 71 B2 5 Linin 930 2 A% B33}
HA] o 2O A= Bl S S0l WA U He R Shleh =
o, WHzo] 45 W Agolo] Z7te] A ol Folat
ko) £(8 Liminy& F5le] £8H|= shglon], Szl
ool AES AR5 A E FEHIth AR T 1Y 43
(08:30, 11:30, 14:30, 17:30), 12 33](08:30, 13:00, 17:30), 1
o] 231(08:30, 17:30) 2 121 13](08:30) TH=-0 & T3},
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Ao ok Algk BabALE (Purinafeed, Seongnam, Korea)}

| ]2 829 HIER T3 Fof HFFe] 5& H7t
5o pellet FE| = AlE(Table )E ARt 43E A3
APRE 25°C Y alo| BalH A Aol FolA aFshict

B A4A|7] & tricaine methanesulfonate (Sigma, St. Louis,
MO, USA) 100 ppm 4-8}e] v Agele] £AE =
i,

ofAle] QAR BAS Slste] 2 A4zl Soel e
A &2 Fsto] YEEI-25C)stlth Atz 9 ofAl o &
HHgE-2 AOAC (1995)9] ¥ o]l wheh 2Tt A (N X 6.25)2
Auto Kjeldahl System (Buchi B-324/435/412, Switzerland,;
Metrohm 8-719/806, Swizerland)E AMS-3}0] A8 11, =
Ao cther AHESte] FESHgOR, $HE 105CY dry
ovenol| A 6417+ Az & ZA5GITh Sl 600°C 2]3k= o]

OH
2h
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FALE FF 2 AFolo] YR WEE 24 9]
A% F2A] 7 ARzt 27k subels saelz
sfo] s|mtelo] Helgl 1 mL3A71S ARG 3kl Agole] 1
Bkl Ak AEI BOHL 7,500 rpmol A 1027F
DYl e BHS FARECTOC)EHEA FoAE A7
(DRI-CHEM NX500i, FUJIFILM, Tokyo, Japan)2 AR&-3}
] total protein (TP), total cholesterol (TCHO), glutamic oxa-
loacetic transaminase (GOT), glutamic pyruvic transaminase
(GPT), alkaline phosphatase (ALP), total bilirubin (TBIL) %!
albumin (ALB)& 22 243131t}
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Ao FA X E]= SPSS Ver. 20 (SPSS Inc., Chicago, IL,
U.S.A.) programe- A8-310 One-way ANOVA-testS A A| g+

Table 1. Ingredient and proximate composition of experimental
diet

Ingredients %
Commercial powder! 80
Fish meal? 20
Chemical analysis (dry matter basis)

Crude protein 53.9
Crude lipid 7.0
Ash 10.9

'Commercial bind powder for eel produced from Purinafeed incor-
poration (Seongnam, Korea). 2Mackeral fish meal imported from
Chile containing 73% crude protein and 9% crude lipid.
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% Duncan’s multiple range test (Duncan, 1955)% H+t 712
froldS A sk

zd I.I:||
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AR S Bl whE 71 A|ojo] AR Y AbRel S S
Table 2] YR lth. ARSAR 717t F9ke) e A9 A

20 O

2.2 98% o402 AP 237t 9UTHP>0.05)
S5-E(weight gain, WG) 2 A7HJAS(specific growth rate,
SGR)E 19 18] 3 4§77} 121 28], 35] 9 42) 3 A9
FE R §J5p W ATE el 2ol (P<0.05), 121 2
3], 33] 9 43] 35 AP ol A= A= -7k Zol 7t gl SiTh
(P>0.05). AF=. 8 S(feed efficiency, FE)2 1 Y 23] 3 Ag
7H14 13],33] B 43] 35 A FE O F-of5HA| =4 UEhd

ek U7kALR AL 3] 8(daily feed intake, DFI)}S A& 3 3l
T7h 57 bl Wk f-ol5HAl S7koke B HaloeH, 1Y 3
43] 3w APG7HIY 13] 9 23] 35 AR 9
SHA| 32 2= LR ATH(P<0.05).
At ga Slapo] whE 2712 2]o] o] oA dutdR £4
AHE Table 30| YERHATE oA o] S5 Tl x| 2w
3| o mE AR A FoAE LTk (P>0.05). AF
2 3 9ol uhE 2742 Aole] WA ATE Table 4
ol e Slct. 271e] Ay total protein, GOT, GPT, ALP,
bilirubin % albumin & A E 17kl 2217k UrebLbA] ¢k
QYH(P>0.05). Total cholesterol>- 14 13] A7} 1Y 23],
33] 2 43] AAFEY FolotA B AuE YEYgle
(P<0.05), 121 23, 33| % 43| AF7Lo= AR 222l 7}
ol L) Q29LTH(P>0.05).

-

Table 2. Growth performance and feed efficiency of juvenile mandarin fish Siniperca scherzeri fed experiment diet for 8 weeks!

Feeding frequency/day Survival (%) Final body weight (g/fish) WG (%)? SGR (%/day)? DFI(%)* FE (%)°
One meal 100£0.0™ 14.2+0.322 9414.82 1.1810.04 2 1.70£0.012 67+2.12
Two meals 98+1.7 16.8+0.34° 12745.1° 1.50£0.07° 1.81£0.02° 77+1.0°
Three meals 98+1.7 17.30.17° 128+4.1° 1.50£0.05° 2.11£0.02¢ 66+1.82
Four meals 100£0.0 17.3+0.20° 128+3.0° 1.47+0.02° 2.19+0.04¢ 64+0.5°

"Values (mean+SE of replicate groups) in the same column not sharing a common superscript are significantly different (P<0.05). *Weight
gain=(final body weight-initial body weight)x100/initial body weight. 3Specific growth rate=(Ln final weight of fish-Ln initial weight of
fish)x100/days of feeding trial. “Daily feed intake=feed intakex100/[(initial fish wt.+final fish wt.+dead fish wt.)xdays reared/2]. Feed
efficiency=fish wet weight gainx100/feed intake (dry matter). “Not significant (P>0.05).

Table 3. Whole body proximate composition of juvenile mandarin fish Siniperca scherzeri fed experiment diet for 8 weeks!

Feeding frequency/day Moisture (%) Crude protein (%) Crude lipid (%) Ash (%)
One meal 72.5+0.70™ 19.1+0.08" 3.1£0.11m 4.5+0.60™
Two meals 73.0£0.53 18.5+0.37 2.9+0.05 5.2+0.25
Three meals 71.4+0.30 20.3+0.55 3.54£0.38 5.2+0.36
Four meals 72.2+0.64 19.4+0.42 3.620.05 5.2+0.16
'Values are mean+SE of replicate groups. ™Not significant (P>0.05).
Table 4. Plasma chemical composition of juvenile mandarin fish Siniperca scherzeri fed experiment diet for 8 weeks!
Feeding frequency/day

One meal Two meals Three meals Four meals
Total protein (g/dI) 3.47+0.03™ 3.90+0.10 3.83+0.20 3.630.20
Total cholesterol (mg/dl) 248+9.12 306+7.5° 289+7.9° 289+12.5°
GOT (UL) 68.0+9.29" 66.7+13.04 80.7+23.48 68.0+10.69
GPT (U/L) 7.7£1.67™ 6.3+0.33 7.0£0.58 6.7+0.67
ALP (U/L) 277+4.6™ 299+10.4 283+18.2 276+13.6
Bilirubin (mg/dl) 0.4+0.15" 0.2+0.03 0.2+0.03 0.1+0.01
Albumin (g/dl) 0.6£0.03™ 0.6£0.03 0.6+0.03 0.5+0.03

"Values (mean+£SE of replicate groups) in the same row not sharing a common superscript are significantly different (P<0.05). GOT, Glu-

tamic oxaloacetic transaminase; GPT, Glutamic pyruvic transaminase; ALP, Alkaline phosphatase. *Not significant (P>0.05).
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A R 3 A4 ol A, AN, 37 S0 &
of w2} ez ek BT gk ofe oje] 44 Al B
= s AR A4 23S B, F4] 749 (Ruohonen
etal., 1998) W H|tk]of(Kim and Lee, 2010)= 1¥ 43], &z}
1]oKRiche et al., 2004), snout bream (Tian et al., 2015) 2! tf]
“+(Choi et al, 2011) &= 14 33], 2FdlH| 7](Andrew and Page,
1975) @ Ak o](Seong and Kim, 2008) = 1< 23], Zu]&2}
(Lee et al., 2000b)= 1Y 13], estuary grouper+= 2% 13](Chua
and Teng, 1978)7} Agslctal HuEQlct 2 AtolA 1Y
135 e} 1Y 23] FgrollA Aol £9kon, 14 33 o)4
S TEolAleE Aol B o] AN EA] ekt B o] Fol A
T o]} FARS RS Bt FX]7)40](Oncorhynchus
mykiss), wH}12](Epinephelus akaara) ¥ @x| & tjAto.=2 gt
Aol A AbR g5 Sl ol dellA AdEoe] o A
Z] eFe¥rhal X 11 & 9l tk(Grayton and Beamish, 1977; Kayano
et al., 1993; Kim et al., 2009). ¥ o], J 2|9} ZujE2} 2] o]
£ e 3t ARolMe 4 AR 3 Sl olidelA=
AREO| Zhadhe AYS B THLee et al., 1999; Lee et al.,
2000b; Lee et al., 2013). 0] = ALR 34 3150] 2712 AR A
20| Z7kstolw THo) o 2 M E ALRsk A 43S B
Hsh= AlTto] TS E|o] agkgo] Hobxl A o= fAEH
th(Biswas et al., 2010; Mizanur and Bai, 2014; Oh and Park,
2016). 0157} o} 5] Z7]o] we 24 Aps 417 At 43
Fol gepd 4= et 2 AFolA Y] I EAFES AR
s g7 SRkl wet 1Y 33 a7 = SIS
L, 19 33] ool A= | ol F7kskA| ehgttt. ol =3t At
BRE, 27 AR g ST 94 o ol 2
Tl o) Hol AFFol S7HEA ¢h2& & = ek FANE
o], red-spotted grouper, 21 &et W J2| & tjAl o7 o -
oM A At F S5 ool A= AR H Al A F &0l
o] o]A} Z7}51A] o= 7] © & 5 31 %]o](Grayton and Beamish,
1977; Kayano et al., 1993; Lee et al., 2000b; Kim et al., 2005),
2 AAne XSG o] A AbR 3 Sof ot Abe
A3iolut Aol thadl Ueh b e ofse] Aol nhe
ol 2719k dol, Am ] TR B4, A 2 SOl w2
W7} epeFstA Ueh= A 02 AZFEITHINRC, 1993; Lee et
al., 2000b).

2 Q17 AT AR 19 28110 S ol S7bs
RAIE, 19 33 78 = F-2J5HA Hadhz 22k= E Sl oA
9] Mizanur and Bai (2014)2} Oh and Park (2016) ¢17-of| A=
1% 33] o] Abm 3 Slpoll A Abr BEo] F-9sHA 74
Sh= 23S Hof 2 A A} Akt ol AR 3
Slp7t o 70 W 43 B Foh WA HAVE e AL
2 HolH(Kim et al., 2009), T o] AR FF2 42582
4 A|7Itkal B 1% v QIti(Henken et al., 1985). A2 &5 3+
Sl A7 7o) BobE, AR s} 4313 W2 o wes B

Ol

Bolo] 2ohgol WS ulAch, Eak, v AT AH v
5 vjo] 417 W9 ofFo] § WL FANA, o7 ¢
H| = Qlsf 7o) sot A 4= lrkal H A% vf Qltk(Johansen
and Jobling, 1998). Z1&1} &&(Oh and Maran, 2014)3} rohu
(Biswas et al., 2006)2] 4% At= 35 347 AlREE F
e u|A17) ohe A0 UeR, ol 9 AlF o] w2
FAL AoR UeRdeh AR B 34e] Z71s 271 A
ol 2] P A4 M3} 5 total cholesterol kol S v]H L
w], A2 Aol 271l uet ol Ale] ol Bef2elE 3
eo] Z71RITh: ThE AT ATiel $A1% AFE Lerlct
(Shimeno et al., 1997; Oh and Park, 2016 ).

B AT AT AFR B 940 ezt 2712 Hlofe) Al
g3iepo] gebgom, AFa AR R el JFE vlxE Ao
2 e 27129 44 W AR ol 84S el v
2 ARRE AofoA a5 A5 oFF 237 Add A ow
T,

e

Al AL

o] QL PR A0 E ShoFAlTE| &7 Eo
A A He S4B SR (ke Al 9 4
21714 Ak 20209 % 75 A5 ek Al me A7 X

Hoj o]l =Y =] gl o, ofof A= H YT},
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