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Effect of Experimental Diets Containing Krills on the Growth and Body Composition of Juvenile Black
Rockfish Sebastes schlegeli by HaeYoung Lee and Myung-Mo Nam* (Aquaculture Industry Division, East Sea
Fisheries Institute, NIFS, Gangneung 25435, Republic of Korea)

ABSTRACT A feeding experiment was conducted to investigate the effects of replacement of
dietary fish meal by frozen whole krill (FWK) and/or krill meal (KM) on growth performance and body
composition of juvenile black rockfish, Sebastes schlegeli. The basal experimental diet (ED) contained
58.4% fish meal (FM) as a control, the other five EDs were formulated with the protein replacement
ratio of fish meal by as 0, 10, 20, 30, and 40%, respectively (FWKMO0, FWK10, FWK20, FWK20KM10,
FWK20KM20 and FWK20KM20HP). Each diet was fed to juvenile rockfish initially weighing 3.09+0.02
g/fish in a flow-through system. The control ED containing 58.4% FM and 10% FWK diet showed
significantly higher weight gain and feed efficiency than all the other EDs containing 20, 30, and
40% FWK and/or KM. But the survivals, whole-body moistures, crude proteins and lipids of black
rockfish fed all EDs were similar in all EDs. The only whole-body ashes of juvenile black rockfish were
significantly differentiated by feeding the various EDs containing different levels of FWK and/or KM
with a protein and lipid levels adjustment. These results suggest that dietary frozen whole Antarctic
krill and/or krill meal inclusions could not improve the growth but change the whole-body ashes in
juvenile black rockfish. Therefore, this study further indicates that dietary more than 20% of FWK
and/or KM supplementation could not be a potential source of animal protein to replace fishmeal in
juvenile black rockfish.
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Table 1. Composition (% dry weight) of experimental diets

Diet Diet designation’
Ingredients Control FWK10 FWK20 FWK20+ FWK20+ FWK20 +
(FWKMO) - - KM10 KM20 KM20HP
White fishmeal? 584 484 384 284 18.4 230
Frozen whole krill® 0.0 10.0 20.0 20.0 20.0 20.0
Krill meal® 0.0 0.0 0.0 10.0 20.0 20.0
Wheat flour* 299 299 299 299 299 30.0
Squid liver oil® 4.7 4.7 4.7 4.7 4.7 0.0
Mineral premix® 20 20 20 20 20 20
Vitamin premix’ 30 3.0 30 30 3.0 3.0
Carboxymethyl cellulose® 20 20 20 20 20 20
Calculated composition (% dry weight)
Crude protein 450 440 430 420 410 442
Crude lipid 99 11.7 135 155 174 13.1
Crude ash 11.5 10.8 10.2 9.5 8.9 9.8

! Abbreviations used; FWKMO = frozen whole krill 0% + krill meal 0%; FWK 10 = frozen whole krill 10%; FWK20 = frozen whole krill 20%; FWK20KM 10 = frozen
whole krill 20% + krill meal 10%; FWK20KM20 = frozen whole krill 20% + krill meal 20%; FWK20KM20HP = frozen whole krill 20% + krill meal 20%;with high

protein.

“Purchased from Koryo Co., Korea. Produced by steam-dry method.
3Purchased from Insung Corporation, Busan, Korea.

“Purchased from Cheonha Jeil Feed Co. Ltd, Busan, Korea.
SPurchased from E-Hwa Oil&Fat Ind. Co. Ltd, Busan, Korea.
°H-440 premix (mineral) (NAS, 1973).

"H-440 premix (vitamin) (NAS, 1973).

8Purchased from Sigma Chemical Co., St. Louis, MO, USA.
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Table 2. Proximate and amino acid composition of dietary various protein sources

Protein source

Fish meal (FM) Frozen whole krill (FWK) Krill meal (KM) Wheat flour (WF)
Composition (%)’
Moisture 54 79.6 7.7 11.6
Crude protein 69.9 59.9 59.8 14.0
Crude lipid 89 272 28.1 1.8
Crude ash 194 13.1 12.8 04
Indispensable amino acid (g/100g%)/(% in protein®)
Arginine 4.1%7.13 - 3.5%6.4° 0.5%3.9°
Histidine 1.8/1.7 - 2.8/2.7 0.3/19
Isoleucine 3.4/3.7 - 2.8/4.8 0.5/29
Leucine 54/8.1 - 44/7.8 1.0/7.0
Lysine 5.5/49 - 42/7.8 0.3/1.7
Methionine 22/32 - 1.8/3.1 0.2/1.0
+ Cystine® 0.7/1.1 - - /06 04/1.8
Phenylalanine 3.0/44 - 2.5/4.7 0.7/5.0
+ Tyrosine® 24/3.5 - 0.5/39 04/19
Threonine 3.0/49 - 25/44 04/3.0
Valine 3.8/4.1 - 2.8/49 0.6/34

'Analized. Expressed on a dry weight basis.
“See Table 5 (NRC, 1983) and Table 19-2 (NRC, 2011).
34See Table 2 (Lee, 2016) and Table 1-4 (NFRDI, 2009).
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Table 3. Performance of juvenile black rockfish fed different experimental diets for 7 weeks'?

desigD;gioﬁ Initial body weight (g) Final body weight (g) (Wj‘;ef‘ghfl‘itﬁlg;_) Feed efficiency® (%)  Survival rate (%)
FWKMO (Control) 3.10 12.0° 286° 72 93
FWK10 3.11 9.3 198 58 88
FWK?20 3.10 7.5° 141° 540 97
FWK20KM10 3.08 7.8° 154° 36° 100
FWK20KM?20 3.08 7 4° 141° 48 93
FWK20KM20HP 3.09 7.5° 142° 48 93
P - 0.04 0.04 0.006 0.49
Pooled s.e.* - 0.99 31.69 5.18 402

'Values are means of triplicate groups.

?Values in the same row with different superscripts are significantly different (P <0.05).
3Abbreviations used; FWKMO = frozen whole krill 0% + krill meal 0%; FWK 10 = frozen whole krill 10%; FWK20 = frozen whole krill 20%; FWK20KM10 = frozen
whole krill 20% + krill meal 10%; FWK20KM20 = frozen whole krill 20% + krill meal 20%; FWK20KM20HP = frozen whole krill 20% + krill meal 20% with high

protein.
“4Pooled standard error of mean: SD/vn.

SWeight gain (WG, %): (final wet body wt. — initial wet body wt.)/initial wet body wt. X 100.

®Feed efficiency (FE, %): (wet body wt gain/dry feed intake) X 100.
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Table 4. Whole-body composition of juvenile black rockfish fed dif-
ferent experimental diets 7 weeks'*2

Whole-body composition (%)°

Diet designation® Moisture Crude Crude

protein lipid Ash
FWKMO (Control) 69.34 16.07 9.88 4.29%®
FWKI10 68.78 15.81 10.04 4.68%®
FWK20 69.70 1543 9.86 3.93°
FWK20KM10 70.55 15.54 8.57 494
FWK20KM?20 7021 15.16 11.15 4.62%®
FWK20KM20HP 7031 15.71 10.28 5.01°
P 0.69 0.69 0.23 0.05
Pooled s.e.* 0.86 0.41 0.67 0.23

!2348ee Table 3.
*Means of composite samples of five fish from each of three replicate groups
expressed on a wet basis.
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4.8~15.0%= 38 o4 Zpo|7k UeEhbdEA 2] o] HojA|
o Aol A 2ol 7k it

& AT ARE 2B A AR E 2HRENA Al
THo N 25 Aol § WAt L] F1 AR &
44 5 & Aoz Ard

o (o]
el ]

Az AS 3091002 g 2IEL ZJooA] Hojgdoz Y
38 (FWK) 283 & (KM) J7HE (0~40%)°l o
2t 6% APARE T30 ARSE 23 JF AT, FAE A
288 9 HojA|Y dutdR 5 FEM= FoHe=E X
o7} U AN, L& HojAof dutdE 5 &, 2¢
B 9 A= KA Zo] glo] FAMHTH AMEA
% 3 H7t Yol TR OE AT AFE 74~120¢,
FAEL 141~286%2 Ho| T/ wetA fFoHez A
% 2tolg et AR EELE 36~72%2 HFAY FA
e AFS Bt 28 S FUkekAl g2 d2FolAE 120
go 2 FWKI0ToA 93 g3} FoFo2 FARE 2F AT
< Uetlo] & AdFET= 2 FF ASS Ui
. &, FWK 20% ©|4 2 IIET 0%, 10%, 20% - A=
T4~78g0 2 {o)H o7 A Ueiyth Yea oA ¥
3 B fAHAY deaE 2 3298 E e
of wet ooz 2 AojA & FdFS HEhich ®
?F FWK20KM20-oll A ol o2 il s gofFoj=
A, AIREE 9D AoJA| Y URHIENA Zpol7h U] ghsk
th o] de A2 2uEY Xo] Al Y5aE ¢ IHE
T 10~40% F7F Al A AR A S 9 AES Fo 2t
At v e 10% H7E Alolle o=2ThE Hrtet
AR} AR FT AR ARTES @ HESS UEU

=
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