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Effect of Different Feeding Frequency on the Growth Performance,
Hematological Parameters and Body Nutrient Composition of Juvenile
Chum Salmon Oncorhynchus keta Reared in a Recirculating Aquaculture
System
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The effect of feeding frequency on growth performance, body nutrient composition, and hematological parameters
of juvenile chum salmon Oncorhynchus keta was investigated. The juveniles (10.9+£0.3 g) were fed commercial feed
for 30 days with feeding frequencies of 1, 2, 3, 4, or 5 meal (s)/day (=2 tanks per treatment) in a recirculating aqua-
culture system (RAS). Fish were fed to satiation at each of the feeding frequencies. At the end of the feeding trial,
final body weight, weight gain, and specific growth rate of fish fed 2 meals/day were significantly higher than those
of fish fed 1 meal/day (P<0.05); however, no difference was detected among the other feeding frequencies. Daily feed
intake significantly increased with increasing feeding frequency, whereas feed and protein utilization efficiencies
continuously decreased with increase in the feeding frequency. Among the treatments, fish fed 1 meal/day showed
the lowest value in whole-body lipid content and total protein concentration in plasma. Taken together, the optimal
feeding frequency for growth performance and feed utilization efficiency in chum salmon juveniles reared in the RAS
was determined to be 2 meals/day.
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749] Alo}3} o} 22| £7= oo (chum salmon; O, keta), &
& o{(coho salmon), %1 ¢](chinook salmon; O. tshawytscha),
SA(sockeye salmon; O. nerka), #AF1o(pink salmon; O.
gorbusch) 4 AFH o{(cherry salmon; O. masou) 5°|H, 314
of| A ejofit mictoll A ARt - thA] shH 2 & Eotet Aletst
= 4514 o]F=0°|th(Jonsson and Josson, 2003; Gende et al.,
2004; Flecker et al., 2010). o] oA 2-g|Lg}ofl= F&2 ¢o]
(O. keta)7} 10-1197 7%= 314 54, FF FoidS 8%
shol 414 04143 241 Bty 5ol shHo] st gt
(Kwon et al., 2014). 221} 2t 1087 910](O. keta)oll 2
Sty A= 32 e 4 E4(Kwon et al., 2014; Hur et al.,
2021)x} o] &&= T3t A& A4 -8-(Limetal., 2015; Min
and Song, 2019; Cha et al., 2020; Kim et al., 2021)of| 343+
T 5ol =tE o] QUaL, A W FF R A A= A B

= vk isieh
o2 GFAISH] SIME AR B oA B Bl Zio]
A 74 B0 B BIA| = Abzzel] dhat 97k Bl

T(Cho et al., 2006). $-2]LFele] SfEAQ] Qlofak ob4] o]zl
F27HE01(O. mykiss)oll gk A+t At & HES A, HA|
AL 7188 AFRH] 7} ZFA]FH= 8] E-0] 41.1-55.8% % &
ALE] A tH(Paek and Park, 2016). BigAIR ] AA 3o SF=
ol ofgutch che, ol o) 44 HhAlel AHRBe] e
vl=t}(Mihelakakis et al., 2002). Z} thA} o]of tf st vl A}
T3 aAATE SRR oW ofF= YS I B RS
efjoll 017 Hth(Lee et al,, 2000). A7} B .2 32 7
2, AR AR Qg A £43) 200 o] wae 5 9)
ou, A7t 5 352 AS ol 2R ke YYa
QS WEA7]A] JoohA H o] A2 Aaid o= Alth(Lee
etal., 2013).

wheba] FAZ GH] 9] =2 H|SE AR ok AR ]
AA P& o] 7o FA A agH oz Bed 4 UA
ZolH, o]F2o] A U Alm § -8(feed efficiency, FE) 571=
AL o] ot o e} Ak Q) 3 Al THAYSHE AR
4e Hasisto] AR MBS QI BAOAE Haskd
= Qlthi(Mihelakakis et al., 2001). FA| oAl A|Z=E] 2L Q)

AR S I 735

1 olo] 94 WP & 2 4 StolahA W OR B 5
oz eofuo] AW FYUS HA 4 9 AR B
7hgolak] 53] thopdt 4l A4S ol g3tel B2 A4
02 AHele 4= glof AUAE W HEHOZ g 4 o
th(Suh et al., 2001).
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Z3t A0|(0. keta) H101) F2] 44} 291 14:0.5Col 4 4
A= e (Jang et al., 2022), A2 L& AE4-2(00.6 m,
90| 0.6 m), 2o 1}7](D-500; SPLASH, Ningbo, China),
AE A ATAE(1 0.6 X2 m?), ARefAl At (KG100;
KLISGLOBAL, Seoul, Korea) ¥ yZ+7|(BF-2000G; New
Blue Ocean, Busan, Korea)= A% <31 o1} A|AH 0] A
AAISHATH(Fig 1). <=2k o 2} A|2H]]9] F k2 oF 4E0|9)
o, ATt As e Al2E AA| 72 oF 100% =
sl o, Wi =ohe-e 243)17/Yo] Hres Aot 2
QA7 & AREste] E2F] o AAIsHlaL, Hefjolatr]
o IHEE 19 18] ALk ABelrat BoaoR
sogslgon, claat BeaY AU 45 olae
(® 30 em, 0] 1 m)2 Abg3le] ofatz Bael 10% P2
A9 ALS I, A 71Kk S AR 4G ek Q)
2} % pH 7.97+0.83, §-5A4F4 9.28+1.39 mg/L, A= 8H4 AkA
Q72 4.441.5 mg/L, 29 EU0} 0.55+0.24 mg/L, OFAAM
0.04+0.03 mg/L ¥ AAFA 1.2840.21 mg/Le.2 FA| = 3itt

8
v_® 2 R

OO00C
COOOO

Fig 1. Rearing RAS used in the current study. 1, Circular tank (160 L); 2, Sump; 3, Sand filter; 4, Biofilter tank (1.5 ton); 5, Sump; 6, Cooler;

7, UV lamp; 8, Pump. RAS, Recirculating aquaculture system.
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AR Fol& ARGHTFAIE ] 22 JeilFeed Corpo-
ration, Haman, Korea)E& AME-3191 1, A= Y FAAFEL AF
= Aol 7|5 Fo R, A 50%, 2A 7%, &
32 14.3%, 246 2.1%, Zr5 2.0%, 21 1.8% 9 48 12.0%
o]l o AFR 9] F7]& 2.0 mmO| it AR 3 Sl AES
19 13](09:00), 121 23(09:00, 21:00), 12! 33](09:00, 15:00,
21:00), 1€ 431(09:00, 13:00, 17:00, 21:00) 2 1¥ 535](09:00,
12:00, 15:00, 18:00, 21:00)2 & 5712] AE5 A5 3
g A7kl WhE 0 2 AR S e,
ga= 2

ojA|9] TR AFAR N AATRE Al AL, 54 A
A= 24A|17F A4 A 7] & ethyl 3-aminobenzoate methanesul-
fonate salt (50 ppm) 1412 Sl = 4stgick g £2
T A E(weight gain, WG), Y 7HJA-E(specific growth rate,
SGR), 27FAF2 2] 2(daily feed intake, DFI), FE, Thii 2l
2+d g (protein efficiency ratio, PER) 2 A<=E(survival rate,
SR)S =43kt

gaololA] g BAL 4C, 5,000 g2 S U4 Bl
sto] @4 (plasma)S 2] 5H3l AL, 2e|3t @O R 7]/ 2y
71/ HekE Sk 4 242 gk A 7] (Cata-
lyst Dx Chemistry Analyzer; IDEXX, Westbrook, ME, USA)
£ o] 83lo] 77| A<l alanine aminotransferase (ALT) X
total Protein (TP)2} F-7]/d+-91 Na* (sodium), K* (potassium)
4 CI (chloride)E 43} %t

FOPR| oty EA

Fazol A subefy] A9 =Esko] 4Rt MolA|E AL
11,051, AOAC (2000) Wel upe} 52 Ajet/ta =
135°C, 2A|7b), 22 A2 Kjeldahl A5 (N X 6.25),
Sl A3t e BASHITh A A& 1241
ZAz3t 3, Soxhlet F+E=HOZ2 A3} tH(Soxtec sys-
m 1046; Tacator AB, Hilleroed, Sweden).
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O R GFA BelAl THsE B olf 2718 FUs
A S ASFRA BEA A7) 14 S, ol RS T
Astel Absze] ekt ot Fol while] B RS 7
Zo] I4=AoltHDwyer et al., 2002). 2535+ AHR S A 3514
23 o A GFa ATF REOR 24 1) FHE o]
A5 axmstA Ho] o 7] A4, A2 9 SRl FoFe &
= th(Weatherley and Gill, 1987). Al2E U IofsHA] &
ol e ol4ke] o A7} 2] ol 2253 Thwdh A
20z gl off= vt A7t 2 4> Ith(West-Eberhard,
2019). 31, o} 7 HpAET e ALR AA7|7E ARz ol
SR 42l0] ofstulof of ol HAS fAZ Bk oh
2, 1S ASHAA g atoll et Aol S7FsHA Het
(Kim et al., 2010).

£35], lof} o7 B &1 ] GapaElel v %
T2 ol A58k Sl RS 28l AR Y
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ol} o F HrAE7| o e " +F FAloll F
Q3 QRS = 0 2 B 2 9JrK(Imsland et al., 2010).

AV B B4 ol R0) A4} FEo] §-915F Jake vtk
31 2= i Dwyer et al., 2002; Seong and Kim, 2008). £
&+t A3, Table 13} o] WGSF SGR2 1Y 23] 3517 1
A 13] Fg7HE T FoJ5HA #=9431(P<0.05), 19 33], 14 43]
219 53] FaoHe o3k Aol & Kol A ATHP>0.05).
DFI&= Ak 3 Sl57E 57kl wheh S7Hed), 19 23] &
e 19 18] 3l HlslAl F-ol6kA S7FskiaL, 1 33]
oF 1Y 43] T 1Y 23] 35 Ho o3 e s #9ke
L, 149 53] 3g7-Ethe FolehA Rttt ofefjt AXE 5
alf A101(O. keta)i= 14 23] ool A= & o] 724 A=A
ol doluA] 53 o 4= QST Y ojFolA e A
3 AtollAl= x]ol2] & FA|(0.54 g), A (A
46% O)AF, 2R 4% oAk, A5 7% oA W 238 16% ©]
o}), ARE2 (9.8-10.1°C), ARS717H6F) B ARSA| 28] (F4
Al gh)o] & Aol gt 2713} AolstretE 1Y 23]
AaE ot Aol AAsittal Ea1sk¢It(Yeo and Choe,
1998). A7 At 3 314 o] ol M= A=t S7FekA] ¢
2 Z1& AHdof(Seong and Kim, 2008), Z3]&2(Lee et al.,
2013), S| 740} (Imtiaz, 2018) 2 #7}2](Kim et al., 2020)
A7 Aol AeHe e Bk olelet A A% B
3150 Z7h2 ol AR B Kol e B9, M A
27 A 284S A Alzto] Elo] BEAR £3bh
O] 20| R R k7] w2l Ao 7 W 1% th(Mizanur and Bai,
2014; Oh and Park, 2016).
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Al =940, 19 33 FFF= 19 13, 19 43 2 19 53] 3
ol vlsl F-oJsHAl 3kt FAI7HE01(5.53+0.25 g)oll Ab=
S 19 23]9t 1Y 43 ThE A Ao, 19 23] 5382 o F
O] Atm A2t A&7} PERO| 1Y 43] 350k of i) o =9k
th1 2% ¢ltk(Lorena et al., 2011). AFdo] 2|0} (B4 19.1
g)ollA e 1Y 23] &0 & 2 o] 7o AR =7t 7MY =
Qth= HE 1% ¢(Seong and Kim, 2008), & - Ak} F-AF
3 A2 Epct. 22, 2R 140l(0. mykiss) TAAG
7155 400-700 gy 14 43] H &= Holof Ao 42 et
H 4= Qlthyl B %131 (Ruohonen et al., 1998), tA| k1 o]
(90+£2.5 g)ollAl= 14 43] Fa3F 150l 19 23] 33 1=
R A7} ] -4=8ttk= A5 Z23(Sun et al., 2014)7} Q)
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S8 At W ofU A= o] 79 Aol AR gha AW A]
Yo 2 %25 =H|(Oh and Park, 2016), F2| A|o(Ft5
111204 g)& o2 At A Ate 33 3l47F $7F8
5 AW ARkge] S7khkar Ha18tglal(Lee and Pham,
2010), 23] E2H(116.2+1.0-120.3+5.3 g)9] -2 1< 0.53]¢]
il 19 13] o]/de] Fa-10] 249 Fhgo] o5t 571
Z 0 & 15 31%|0](Oh and Park, 2016) & L9} 53t 271
UHERRITE. Xie et al. (2011)0]] W= of 7 7He] wo] g7y o] ¢k
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shel 5 4] 9J@40] Zol5of olo] AHgElelof o ouxI7h
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AFR B Holo] tHE S1ol(0. keta) FOIA| UNPHE £ AT FE A AR T 315 Aolo] ME B §714 8
X 31 Table 20] Lpehlich, 423 2P AH/IHE 718 BAL Table 30| ikt AL B 515 01572 4

Table 1. Growth performance of juvenile chum salmon Oncorhynchus keta fed the commercial diet with the different feeding frequency for
30 days'

Feeding frequency (meals/day)

Item
1 2 3 4 5

IW?2 (gffish) 11.2240.022 11.2240.042 10.80+0.00? 10.78+0.252 10.57+0.182
FW? (gffish) 19.9610.172 36.23+1.39° 36.21+1.05° 34.21+1.70° 33.91+1.10°
WG* (%) 78.39+1.712 224.85+9.87° 236.9347.18° 220.1048.66° 222.2346.52°
SGR? (%/day) 1.9110.042 3.90+0.12° 4.01+0.10° 3.82+0.10° 3.88+0.05°
DFI® (%) 2.3040.022 3.07+0.09° 3.56+0.07¢ 3.87+0.20« 3.95+0.19¢
FE (%) 82.00+1.792 115.31+6.19¢ 102.67+4.23° 90.79+5.622 89.22+5.323
PER® 1.5840.032 2.2240.12° 1.97+0.08% 1.75+0.11%° 1.72+0.102
Survival® 100+0.0? 100£0.0? 100£0.0° 100£0.0? 100£0.0°

'Values (mean+SD) are means from two replicated groups of fish where the values with the different superscripts within the same row are
significantly different (P<0.05). ?Initial weight (g/fish). *Final weight (g/fish). “Weight gain (%)=(final body weight-initial body weight)x 100/
initial body weight. *Specific growth rate (%/day)=(In final weight of fish-In initial weight of fish)x100/days of feeding trial. “Daily feed
intake (%)=feed intakex 100/[(initial fish weight+final fish weight+dead fish weight)xdays reared/2]. "Feed efficiency (%)=(wet weight gain/
dry feed intake)x100. *Protein efficiency ratio=wet weight gain/protein intake. *Survival=(Number of fish at end of experiment/Number of
fish at initial of experiment)x100.

Table 2. Whole-body proximate composition (%, as is) of juvenile chum salmon Oncorhynchus keta fed the commercial diet with the dif-
ferent feeding frequencies for 30 days!

Feeding frequency (meals/day)

Item

1 2 3 4 5
Moisture (%) 75.3+0.42 74.740.82 74.1£0.5° 74.60.3° 74.0+0.5°
Crud protein (%) 17.1+0.22 16.9+0.42 16.2+0.42 16.5+1.22 16.9+0.42
Crud lipid (%) 4.09+0.182 5.07+0.23° 6.50+0.13¢ 5.64+0.17¢ 6.01+0.17¢
Crud ash (%) 2.67+0.08° 2.45+0.082 2.49+0.05% 2.46+0.05° 2.39+0.042

"Values (mean+SD) are means from two replicated groups of fish where the values with the different superscripts within the same row are
significantly different (P<0.05).
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Table 3. Concentrations of serum alanine aminotransferase, total protein, sodium, potassium and chloride in chum salmon Oncorhynchus
keta fed the commercial diet with the different feeding frequencies for 30 days!

Feeding frequency (meals/day)

ltem

1 2 3 4 5
Alanine aminotransferase (U/L) 43.3£10.4° 41.0£7.12 44.0+4.6° 49.0+7.9 48.316.42
Total protein (g/dL) 4.4+0.12 5.0£0.5° 5.3+0.2% 5.8+0.1¢ 5.8+0.3°
Sodium (mmol/L) 171.0+2.6° 170.0+1.02 172.0+1.0° 172.0+1.0° 170.7+1.23
Potassium (mmol/L) 2.5+0.1° 2.7+0.6° 2.740.12 2.740.0° 2.7+0.1°
Chloride (mmol/L) 127.0+1.0° 126+3.0° 127.0+1.02 127.7+1.5° 128.0+1.72

'Values (mean+SD) are means from two replicated groups of fish where the values with the different superscripts within the same row are

significantly different (P<0.05).

A3k Gopapelel Gk v B, Bae) oAt 24
Fa4] o] 2] JPAINS B4 5 Glrh(Peres et al., 2014),
TP ol 19 13] 35320 WA 191221, 1931, 194

19 53] FF 7oA B2 fol4E Bal v, Tk &

7] s-z-ﬂr 1432l ALTSNa', K* 2 CHE BE FF70) 4 &

ﬂ

o)4go] LA 939kt 190 18] Ftoll A SejalAl W
2k%) TP A= b2 2 Qo] Hla) 20}7] A0(O. keta)

O] el FAEAY FFE v A on|sh oFA =
A5HAE A4 2 HolA =AY ggol sid Ad ol 72
SHA| A Ureld Aakel Y x]sk= A& G 4= Slth Park et al.
(2022)2- F A7 E-01(O. mykiss) 2] ALT+= Abs dth 3ol
A 45= 5-of o o] )3l -0 6HA| F7FeFAAL, TP= 4529} 8

T Sof| Abm FXt Tt Aok FEtol A B2k} vl ast
of Z7HEl= oA Q1 Apol & YT &2 Atoll A= 9
P TEA| ALT 842 11814 Afo| 7} YA o83t o m, TP+
9 ALt FARSHAl 19 13] Fgtoll vlsf 14 23], 19 33], 1
A 43] 9 1Y 53] FatolA] FoH o2 =2 S Helrh

2 Ao A AR AR 3 Sl Aol = 7 Sl o
£ ALTY] HiaP7} UehbR] ob= A 02 o AZITh TP= 45
BRI FHYHE Teshs F-83F A Fo|H, B4 dEE

T 5o upe} vizksHA Wke-scH(Chang and Hur, 1999). FHe
] o] 20] Z71E TP FHEst Ho|of o8t AEF AR 7]915}
011;)_]—11]1]7& EH/\]-’%Q;]@ _L]-U]-/HX-] OI]ZXT—OHE O]O7]]:]—~VE_
3} QJti(Mohamed et al., 2019).

AR O] F Sl ol 7] P dH FFE vE 4= 9L
o, oJF7F HiE AEg A mE2EYS o JSEETE A
ZAo] S n)A 4 gl-2o] BiEQth(Haller et al., 2015;
Lee etal, 2015). 2 Ao A= 3 3157} 2]0)7] 04014 K
FEol Gk nxl Ao g Ut ouh AR B 54
P 5 AsfANa’, K 2 CH9| ol o7t 9=
A 2 Ao g SRIEeh T, Hit AEH A k2
E|7] 952 2]0]7] Ao(O. keta)oll A =EH Aapo| B F5
HE AEA k5 T4 v Sk ARERd 59 1
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