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Effects of Supplement with Krill Extract and Krill Meal to Diet
on the Growth Performance and Protein Digestibility
of Yellowtail during Low Water Temperature

Koh-ichi Saton” -

Abstract: Two feeding trials were conducted to examine the effects of supplement with krill
extract (KE) and krill meal (KM) to formula feed on the growth performance and protein digest-
ibility of yellowtail, Seriola quinqueradiata during low temperature season.

O Generally, the daily growth rates in fish fed KE and KM supplemented diets were 1.10-1.15 and
1.15 times respectively higher than in fish fed unsupplemented diet, while the feed efficiencies in
fish fed these supplemented diets were 1.07-1.09 and 1.23 times respectively higher than in fish fed
the unsupplemented diet. However, there were not any differences in daily feeding rate. Apparent
protein digestibilities of KE and KM supplemented diets were higher than unsupplemented diet
in yellowtail. The activity of trypsin from pyloric caeca was markedly higher in fish fed KE supple-
mented diet, during 2 to 12 hours after feeding.

O These results indicate that the supplement with KE and KM to diet might enhance the digestion
of feed, and improve the growth and feed efficiency of yellowtail during periods of low temperature.

0 Key words: Yellowtail; Growth performance; Krill extract; Krill meal
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Table 1. Proximate and free amino acid compositions of
experimental krill extracts and krill meal

Krill Krill Krill
extractAD ! extract-BU 2 meal

Proximate composition (%)

Moisture 473 67.4 8.6
Crude protein 36.2 11.9 62.3
Crude lipid 1.0 1.7 12.1
Crude ash 13.6 18.4 10.5
Free amino acid composition (mg/100g)
Arginine 1499 701 227
Histidine 542 158 5
Isoleucine 747 277 8
Leucine 964 303 103
Lysine 291 343 488
Methionine 463 182 4
Cystine 10 76 2
Phenylalanine 657 318 18
Tyrosine 651 202 6
Threonine 568 344 21
Valine 889 417 8
Alanine 1278 528 33
Aspartic acid 835 282 5
Glutamic acid 109 495 8
Glycine 1151 496 67
Proline 1039 426 160
Serine 645 269 7
Taurine 1625 605 97
Total 13965 6421 1266

U1 Concentrated liquid type.
U2 Self-digestion liquid type.
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Table 2. Composition and nutrient content of experimental diets

Experiment 1 Experiment 2
Diet:  Cont-1 KE-1 KE-2 KM Cont-2 KE-3 KE-4 KE-5 OMP
Ingredients (%)
Brown fish meal 65 65 65 55
Krill meal®! 10
Pollack liver oil 14
Potato starch 5
Wheat flour 10.48
Mineral mixture® 2 2 35 35 35
Vitamin mixturel 2 3
APMP3 0.02
Chromium oxide 0.5
Commercial EPY 4 100 100 100 100
Krill extract-AP ! 3
Krill extract-BP 1 3 0 15 3 5
Sand lance mince 75
Commercial mash 20
Pollack liver oil 3 3 3 3 5
Vitamin mixture 0.5
Proximate composition (%)
Moisture 20.5 21.9 21.3 21.5 8.5 9.5 10.3 114 52.7
Dry matter basis
Crude protein 50.1 499 50.5 48.0 494 49.4 49.3 49.2 51.1
Crude lipid 19.8 19.7 19.4 21.8 24.5 24.5 24.4 24.2 339
Crude sugar™® 15.7 15.8 15.8 16.3 15.1 15.0 14.9 14.9 5.1
Crude ash 114 11.6 11.3 11.3 10.3 10.6 10.8 11.2 9.1

U1 Details are shown in Table 1.
U2 Same as a previous paper).
U3 Mg-ascorbyl-2-phosphate.

U4 Commerecial extruded pellet for yellowtail (fish meal content 60%).

U5 Carbohydrate hydrolized with boiling in 1N H,SO, for 4 h.

Table 3. Conditions for the feeding experiments with

Table 4. Conditions for the protein digestibility test in

yellowtail yellowtail
Experiment 1 Experiment 2 Test 1 Test 2
Experimental diet Cont-1, KE-1, Cont-2, KE-30 5 Test diet Cont-1, KE-1 Cont-1, KE-2
KE-2 and KM and OMP and KE-2 and KM
Diet type EpHU1 EPH 2 and moist pellet Average body weight (g) 600 760
Initial weight (g) 629-645 547-558 Stocking densityH 50 100
Density (fish/cage) 100 100 Tested date Feb.7-8 Apr.10-11
Rearing period Jan.7-Apr.6 Oct.18-Jan.22 Sampling 12 and 24
Rearing days 91 97 (hours after feeding)
Feeding days® 3 38 66 Av. water temperature (0 ) 13.9 15.0
Water temperature (0) 12.5-16.1 14.5-22.0 0 Numbers of fish/net cage.
(average) (14.0) (18.5)

U1gxtruded pellet made by small type twin screw extruder.

U2 Commercial extruded pellet made by large type twin screw
extruder.

U3 Fish were fed to near satiation once a day in net cages (3x 3
x 3m).

00000000000000200000000
0 Cont-20KE-40 00 KE-50 000000000
pepsin0 000000 trypsin0 000000000
000000003000000000000000
00000000 00206012024000480000

000005000000000000000000
00000000D0D0000D01000000000
000014601540 00000

0000000000000 000D0OO0OOOD
00000000000000000000000
0000000000000 0D00D0O0O0D0OOO
g mol/min/100gBW**0 00000000000
0000000000000 000D0O0OO0O0DO
0000D010,000x g0150 004000000000



96

ao

Table 5. Growth performance and feed utilization in yellowtail

Diet Average body weight (g) Growth DGR"1 DFRP 12 FEP 1.2 PER"! Mortality
Initial Final rate (%) (%/day) (%/day) (%) (%)
0 O 0O O Experiment 1
Cont-1 633 739 16.8 0.17 0.59 28.7 0.57 0
KE-1 629 747 18.8 0.19 0.61 30.8 0.63 0
KE-2 639 764 19.6 0.20 0.62 314 0.63 0
KM 645 777 20.5 0.20 0.58 354 0.74 0
0 O 0O O Experiment 2
Cont-2 556 763 37.3 0.32 0.96 33.7 0.68 0
KE-3 547 761 39.2 0.34 0.98 34.2 0.69 1.0
KE4 558 777 394 0.34 1.01 33.7 0.68 0
KE-5 551 782 42.0 0.36 0.97 36.5 0.74 2.0
OMP 550 839 52.5 0.43 1.18 36.5 0.71 0

U1DGR, daily growth rate; DFR, daily feeding rate; FE, feed efficiency; PER, protein efficiency ratio.

U20n a dry matter basis.
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Table 6. Apparent protein digestibility (APD) measured
with indirect method using with chromium oxide
as an indicator™ !

APD (%)
Diet Test 1 Test 2
Cont-1 79.3+ 0.602 82.0+ 1.0
KE-1 81.0+ 0.5 NT
KE-2 81.1+ 1.7 82.2+ 24
KM NTE3 84.0+ 14

U1Feces were collected by pressing the belly region to strip.
H2Meant SD (n=2).
U3 Not tested.
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Fig. 1. Changes of activities of pepsin from stomach and trypsin from pyloric caeca (meant SD)
in yellowtail fed krill extract supplemented diet (e , KE-4; A, KE-5) or unsupplemented diet
(o , Cont-2) after feeding in the experiment 2. Figures with different marks at the specific
time indicate significant difference from each other (0 0.05).
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Fig. 2. Relative values of daily growth rate (DGR), feed efficiency (FE), and daily feeding rate
(DFR) in the fish fed experimental diets. The values of the experimental groups were
compared to the controls. The bars represent the value of@, Cont—l;, KE-l;, KE-Z;[E
KM;), Cont2;f1], KE-3;8, KE-4; %, KE-5; andll, OMP.
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