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N N N 2.1.2
1 ( ) (AA) ( g/kg
Table 1 Proximate composition in muscle ) 3 , . R
of Antarctic krill (dry matter) /%
, 10 (EAA) 8
. Crude Crude
No. Moisture . . Ash  References (NEAA) . > EAA/
protein lipid
2IAA 0. 49,2 EAA/ 2 NEAA
1 74. 67 64. 44 5.14 10. 91 [7]
0. 95, (FAO) (WHO)
2 74.69 64. 44 5.14 10. 90 [8]
S EAA/ 2 AA 04
3 79. 00 82. 86 5.24 10. 95 [9]
s 2 EAA/ X NEAA 06 o s
Mean 76.13 70.58 5.17 10. 92 .
2.1.1
2, . 9. 73%,
63 40%, 11. 66%, 14. 95%, GB/
T19164-2003 * (X DAA/Y AA) 0. 36,0, 39
> 0. 37, s
. [8] s
° ’ 0.61%~1 56% R
. Hansen C1o-11] [17-18]
" 2.1.3
0 T : 12
11. 80%, Yoshitomi L 30%~2 10%07,
9.20%.,
2 o b
( ) 3—6 o
Table 2 Proximate composition of
Antarctic krill meal (dry matter) /% °
[8]
Crude Crude ’
No. Moisture Ash References
protein lipid ’
0 ~
1 6.70  62.30 9. 30 15.10  [13] 31 13%, C16:0 ’
18 67%. 24.07%, C18:1n9
2 6.70 64.10 9. 30 15. 10 [14]
. 17. 27%.
3 ——  66.00 19.90 11.70  [12] ’ 15 08% 46 58%.
4 10,00 64.20  20.10  14.70  [15] 3 6
5 9.40  61.80 7.32 13. 40 [8] ,n-3/n-6 11. 06,
6 8.70  68.85 7.17 16.93 [16] 1. 89, n-3 PUFA EPA
Mean 8.30  64.54 12,18  14.49 DHA : 21.78%  16.10%0, EPA+
0
<12( DHA 37. 87%,
0
Brown 27. 65%.,
First grade <1o 60 fishmeal) —10 2] >
national T <oc - (41. 92%) . (33.16%) . (17. 61%)
standard White , Yoshitomi ¥ 3
fish meal fishmeal) ( 26. 20% .72 00% 1 00%) ,
T — — . No data is available, 90 % 2
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C v ) ,
; (47. 98%)
, 48, 50% (34.09%), EPA+DHA
49. 96 %, 13 11% , EPA+DHA 40, 64%,
24. 36 %6, 29.10%., .
[8] . ’
, 4 , o
3 . . N ( )
Table 3 Amino acid compositions of the whole Antarctic krill, muscle, krill meal and a fish meal (dry weight of protein)
/g kg !
Whole shrimp Muscle Krill meal White fish meal
[5] [8] [9] Mean [8] [16] Mean [19]
References
Ile 25.40 50. 90 39.95 45.43 43. 54 48.98 46. 26 43.87
Leu 39.90 81.01 70. 37 75.69 56.76 81. 32 69. 04 70. 32
Lys 43.70 92.02 69.01 80.52 58. 82 81.16 69. 99 73.06
Met 15. 50 36.78 22.70 29.74 32.30 7.23 19. 77 27.10
Phe 22.10 57.57 35.41 46. 49 34.76 47,47 41.12 36. 77
Thr 21.50 25.76 28. 60 27.18 35. 84 42. 41 39.13 41.45
Trp 7.30 —— ! —— —— - 12.62 6.31 10. 81
Val 26.00 48.42 39.50 43.96 41.04 50.52 45.78 48.71
His 11.40 14. 74 16. 34 15.54 17.09 27.51 22.30 21.61
Arg 37.80 28.24 70. 37 49, 31 49.16 65. 14 57.15 64. 84
Cys 8.50 19. 55 2.72 11. 14 17. 69 19. 48 18. 59 -
Tyr 27.90 25.14 24.52 24. 83 34.90 42.37 38. 64 ——
Ala 29.40 81.47 49.49 65.48 44,27 59. 22 51.75 ——
Asn 53.40 64. 40 70. 83 67.61 82.23 106. 04 94. 14 -
Glu 66. 90 169. 15 114. 41 141.78 103. 40 145. 46 124. 43 -
Gly 33.50 42. 83 42.22 42.53 47.18 47.23 47. 21 -
Pro 22.90 16. 60 8.63 12.61 27.25 38.97 33.11 -
Ser 19.10 23.28 27.24 25.26 29.47 40. 67 35.07 ——
2 AA? 512. 20 877. 87 732.34 805. 10 755.70 963.79 859. 75 ——
S EAA? 250. 60 435. 44 392. 28 413. 86 369. 30 464. 36 416. 83 ——
2 NEAA? 261.60 442,43 340. 06 391. 24 386. 39 499. 43 442.91 -
2 DAA? 183. 20 357. 85 276.95 317. 40 277.09 357.95 317.52 -
DEAA/ 2 AA 0.49 0. 50 0.54 0.51 0.49 0.48 0.49 —
> EAA/2NEAA 0.96 0.98 1. 15 1. 06 0.96 0.93 0.95 ——
2DAA/ZAA 0. 36 0.41 0.38 0.39 0. 37 0. 37 0. 37 ——
il —— — —: No data is available, 2:>AA. s 2EAA: s 2NEAA: s 2 DAA:

. 2 AA:Total amino acids; 2 EAA.: Total essential amino acids; > NEAA. Total nonessential amino acids; > DAA: Total delicious amino

acids.
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Table 4 The fatty acid composition of the whole Antarctic krill, muscle, processing by-products,
krill meal and fish meal (total fatty acid) /%
Whole shrimp Muscle Processing by-products Krill meal Fish meal’

(5] [21] 9] [8] [16] Mean [16]

References
12.0 ——: - 0.15 0.19 - - ——
14.0 4.90 5.03 10. 66 7.01 6.54 6.78 5. 80
150 —— 0. 25 0.32 0. 37 —— —— -
16:0 18. 80 20.51 20. 24 13.02 24.32 18. 67 17. 40
17.0 —— 0. 34 0.13 —— 0. 25 —— 0. 56
180 1. 00 0. 88 1.21 0.67 1.08 0. 88 2.81
20:0 - —— 1.73 —— - - ——
21:0 - - 0.91 8. 06 —— 8. 06 ——
22:0 —— —— 0. 16 —— —— —— ——
23:0 —— - 0.16 0.75 - 0.75 -
24.0 - - 0. 36 - - - -
14.1 - - 0.14 0.31 - 0.31 ——
14:1n-5 —— 0.10 - —— —— —— -
15.1 —— —— 0. 38 - - - -
16:1n-7 4.90 0. 30 - - - - 8.35
16:1n-9 —— 4.29 6. 80 5.50 5.01 5. 26 -
17.1 - —— 0.61 —— —— —— 0. 29
18:1n-9 16. 40 10. 82 7.94 16. 55 17.98 17. 27 15. 33
18:1n-7 —— 6.95 —— —— —— —— ——
18:1n-9t —— 0.28 13.15 —— —— —— ——
20: 1011 —— —— 0.16 —— —— —— ——
20119 —— 0. 95 0. 70 1.54 1.12 0. 88
22.1 —— —— 0.17 —— —— —— 1.21
22:1n-9 —— 0.50 —— —— —— —— ——
241 —— —— 0.53 —— —— —— ——
241009 —— —— —— —— —— —— 0.79
16.:2n-4 —— 0.33 —— —— —— —— ——
16:3n-3 —— 0.19 —— —— —— —— ——
16.:4n-3 —— 0. 30 —— —— —— —— ——
18:2n-6 3. 30 1.53 0.23 3. 36 2.87 3.12 1.81
18:2 - —— 0.11 - - - ——
18:4n-3 - 1.72 - —— - - -
18:3n6 - 0. 10 0.12 0.29 - 0.29 -

18:3n-3 ALA 1. 10 0. 94 0.93 0. 89 0. 89

20:2 - - 2.4 - 3.26 3.26 2.09
20:3n3 - 0.52 —— 1.03 - 1.03 0.33
20:3n6 - - - - - - 12. 89
20:4n3 —— —— - 0.25 - 0.25 -
20:4n-3 - 0.48 —— 0.24 - 0. 24 -
20:4n6 0. 50 —— 0.79 —— 0.68 0.68 0.71

2053 EPA 17.40 21.42 19.08 23.34 20. 21 21.78 14.73
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Whole shrimp Muscle Processing by-products Krill meal Fish meal
(5] [21] [9] (8] [16] Mean [16]
References
22.2 —— —— 0. 40 —— —— —— ——
22:51m3 - 0.62 - - 0.33 0.33 1. 10
22:6n-3 DHA 12.40 19. 22 10. 02 16. 26 15.93 16. 10 12.92
2 SFA? 24.70 27.83 36.03 30. 07 32.19 31.13 26.57
> MUFA® 21. 30 24.19 29. 88 23.60 24.53 24.07 26. 85
> PUFA® 34.70 47.98 34.09 46. 88 43. 28 45.08 46.58
n-3PUFA 30. 90 45.41 30. 15 43.23 36. 47 39. 85 29. 08
n6PUFA 3. 80 1.63 1. 14 3.65 3.55 3. 60 15.41
EPA+DHA 29.8 40. 64 29.10 39.6 36. 14 37.87 27.65
n-3/n-6 8.13 27.86 26.45 11. 84 10. 27 11. 06 1. 89
2 PUFA/>SFA 1. 40 1.72 0.95 1. 56 1. 34 1. 45 1.75
1. A kind of fish meal imported from Russia, 2:—— — —: No data is available, 3:>SFA.
; 2> MUFA. ; 2 PUFA. . 2 SFA: Total saturated fatty acids; > MUFA: Total monounsaturat-
ed fatty acids; 2 PUFA: Total polyunsaturated fatty acids.
2.1.4 N ( 6), Yoshitomi [#
. 5 , , )
Ca.Mg Fe o ) 870 mg/kg 230 mg/ kg,
0, CO, ) , ; ,
Cu*', , o
R Ca CaF,, CaF,
s o 3 9X107", CaCl,
, 870~2 400 mg/kg s
( ). [25] X
. . . . : 99 %% a
) . . .
Table 5 The element contents of the whole Antarctic krill, muscle, krill meal and fish meal /mg « kg !
Muscle Whole shrimp Krill meal White fish meal
References [9] [28] Mean [8] (8] [27] [19]
Calcium 2 646. 00 3 024.68 2 835. 34 3 271.00 32 500. 00 —— 66 500. 00
Magnesium 641. 00 - 641. 00 - 7 200. 00 - 1 800. 00
Copper 8.10 4.76 6.43 5.00 37.00 46. 00 6.00
Iron 6.00 49. 28 27. 64 47.00 145. 00 —— 299. 00
Zinc 12. 60 45. 83 29.22 45. 00 28.00 51.00 90. 00
Manganese <0. 50 - - 5.00 4. 20 - 12. 00
Selenium 1. 20 3.31 2.26 —— —— - 1.62
Chromium - 0.18 0.18 - 0. 20 0.61 ——
Hydrargyrum - - - —— - 0.01 -
Arsenic - - - - —— 4.00 -
Lead - —— —— - <C0. 10 0.09 -

T . ——: No data is available.
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Table 6 Fluoride contents of the whole Antarctic krill and some main tissues /mg « kg !
No. Whole shrimp Exoskeleton Cephalothorax ~ Carapace Pedipalps Muscle Hemolymph References
1 870 1 800 ——t - —— —— —— [12]
2 1160 —— —— — —— —— —— [22]
3 2 400 3 330 3 690 4 260 1 950 550 - [237°
4 1058 —— —— 2 594 - 4.5 4.4 [24]
1. —— — —. No data is available, 2: The values are from fat free dry matter of krill samples,
s 7
. , . Table 7 The fatty acid composition of Antarctic krill oil
b
, 0. 1~0 61 mg/kg., <
O. 1 mg/kg‘ O. 008 rng/kg7 Krill oil PhOSph(ﬁ
Fish oil lipid-type
<2 0 mg/kg, <100 mg/kg, <0 5 mg/kg krill oil
[27.31]
2.1.5 3,3 —4, 4= References [19] [36] [34] Mean [34]
-B.p ’ ’ 12.0 - —= 022 —— 015
’ ’ 14.0 7.40 16.30 11.97 14.14 9. 36
B- 10 E 550 ™, 15.0 ——  ——= 027 ——  0.36
N N 16.0 17.40 19.00 18.46  18.73  20.48
sl 180 mg/kg 18:0 400 1.40  1.27  1.34  1.63
(132~250 mg/kg), 14.:1n-5 —— —— 0.18 - 0.10
[20.31] , 15:1n-5 - - 0.18 - 0.16
Fujita [32] 16.1n-7 10.50 11.20 10.61  10.91 6. 40
1 080 mg/kg 17:1n7 —— —— 0.13 —— 0.21
b
Yy, 20 . i 18:1n-9 11.60 15.80  24.07 19.94  20.33
. ] 18:1n-7 —— 7. 80 —— —— ——
. Yoshitom [ "
20:1n-9 1. 60 1. 40 1.78 1.59 0.95
90 mg/kg.,
22:1n9 1. 20 0. 30 0. 88 0.59 0.29
38 mg/kg,
18:2n6 1. 20 1. 60 3.76 2.68 5.69
2.2
18:4n-3 3. 00 3. 60 - - -
7 ’ 18:3n6 0.10 —— 0. 29 0.29 0.23
35 4%, Cl4:0  Cl6:0 ; 18.3n3 0.80  0.80  2.68 1.74  2.69
38 33%., 24. 9%, 2043 ——  0.20  0.35 0.28  0.39
Cl6:1n-7 C18:1n9 ; 20:4n-6 0.10 0.10 0.25 0.18 0.33
26. 03%, 32.6%. 20:5m3 EPA 17.00 6.40 13.61 10.01  17.51
22:2n6 —— —— —— —— 0.52
EPA DHA, EPA+DHA
22:5n3 1. 60 0. 20 0. 30 0. 25 0.5
0 0 0
14. 722, (25. 8%0) 57. 050, ’ 22.6n-3 DHA 8. 80 2. 30 7.12 4,71 9.89
( 60%6) SSFA’ 34.60 38.60 32.19 35.40 31.98
SN 30% ~65% SIMUFA? 24.90 38.10 38.56  38.33  29.38
[33] 48, 37% —~ > PUFA? 32.60 23.70 28. 36 26.03 37.76
51 0% ) n-3PUFA 27.40 14.60 24.06  19.33  30.98
. n6PUFA 1. 14 2.10 4. 30 3.20 6.25
(O. O4%9W/W)’N]9 0
il —— — —: No data is available, 2: 2> SFA:
° ;s 2MUFA; ; 2 PUFA.

. 2 SFA. Total saturated fatty acids; > MUFA: Total monounsat-

urated fatty acids; 2 PUFA: Total polyunsaturated fatty acids.
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Table 8 The fish meal replacement ratio of Antarctic krill

. /g /%
Animals o ) ) )
Initial body weight Fishmeal replacement ratio References
Scophthatmus maximus 37. 36 60 [38]
Cynoglossus semilaevis —_— 25 [45]
Platichthys stellatus 11. 80 15
[39]
57. 80 30
L Epinephelus fuscoguttatus X § Epinephelus lanceolatu
Acipenser gueldenstaedtii 4.05 10 [46]
Saomo salar 500 100 [13]
105 50 [49]
100 50 ~ 60 [48]
Homarus americanus 0.097 12.56 [47]
Litopenaeus vannamei Clear water :0. 29
100 [44]
Green water :0. 36
Oncorhynchus mykiss 5.5 30 [50]
Gadus morhua 122 100 [27]

T — —: No data is available.
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3.2.1
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108 mg/100g) N
, 2%
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24,
s, ,Ibrahim Y
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3.2.2 ( )
[48]
, [39]
3.2.3 ( )
[55]

(PUFA)
(397
15% 30%
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malabaricus)
(P/S )
[o6] ; 60%
, EPA.DHA. n-3PUFA
[15]
3.3
. 10%
N [57] ;
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Lol ° s
809 ~
100% ,
e (
) s .

(5. 9~15. 6 mg/kg )
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s [57]
3.4
30% . .
0.7%.15% Lsol | .

[61]
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[39] . , ,
80%~100% )
, [50
, , Yoshitomi " ,
[13] s
, ( 870 mg/kg) (
, . 230 mg/kg) ,
Hansen [ . 0.15%.100%, 100%
: ( . . ,
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, 95 ,
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4
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o sy 2
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’ 1) ’ B_ ’ N
S , , (C57BL/6)
(1 mg/kg) o ’ ’
[65]
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Main Nutrient Compositions of Antarctic Krill and Its Application in Aqua—Feeds

MAI Kang-Sen', WEI Yu-Ting', WANG Jia’, ZHANG Wen-Bing'

(1. The Key Laboratory of Aquaculture Nutrition and Feeds, Ministry of Agriculture; The Key Laboratory of Mariculture,
Ministry of Education, College of Fisheries, Ocean University of China, Qingdao 266003, China; 2. Qingdao Bio-ways In-
gredients Bio-technology Co. , Ltd, Qingdao 266071, China)

Abstract: Antarctic krill is a recognized high quality protein source because of its large biomass, bal-
anced amino acid and fatty acid compositions. It can be used in aqua-feed to promote growth and improve
the quality and reproductive performance of fish. In this paper, the recent years' research progress of
krill meal in aqua-feeds has been summarized, including the effects of dietary krill meal on growth, qual-
ity, reproductive performance and the scientific and technological factors limiting the application of krill
meal in aqua-feeds. At the same time, it summarizes the research progress of effects of dietary krill oil
on animal’s energy dynamic balance, antirinflammation and its metabolic mechanism. Based on these
progresses, the further studies on the application of krill meal in aqua—feed are also suggested.

Key words: krill meal; krill oil; aquaculture animal; feed; nutrition



