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2009 4F A IE R 8l T B 58 5 Y S0 R A A AT
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AR b RE LA U AR 200500 g, A B BHAS
R ERERAE, HE DI TR s 2 R SE 5
%, I T 25 CUKAE B A .

2013 4F 7-8 H R T rg Iri0 WHE &5 B i 7K S8
BRERRE LR A B0 RYILERE 1, 47), EAKSERY 27-
63 mm; 2013 4E 12 H-2014 4F 5 A R&E TR AE 2
T B AR RE SR R 6 ANl hz (B 1, A7), 45l
WARBAM 15 HESL, BKIERH 29-68 mm.

1.2 FEMNFESRA

SR R ) B . A LEE . DGX-9003
ST A s FIVER /KIS 3 ALC-210.4 TUHLF- 5347
K AR E s 4 A Bl E AU Kjeldahl 2300
Tecator Digestor Auto 20 ML

FERHEEE: LK OEE(AR). NE(AR). £
fit(AR). IECLE(AR). LFREHE(AR). A CHE(AR)
VEIRIR (AR) . IIFR(AR) . FJEZT(AR) ., I I 4% (AR) |

-75 =70 —65 -60 -55 50 45 —-40 -35 -30 61 —60 _59 _58 _57 _56
_40 T S T T : T . —40 60 ) . 1 ) ® 60
S|k 3 20 S
wE K I
’%’a/f > Atlantic Ocean 61~ 1-61
50 4-50 "
s g~ g 55 South Shetland Islands - 62
] e MRS | -62f 1-
%ﬁﬂ,ﬁsﬁ South Gerogia Islands
60 cotia Sea 160
[ "] 63 {-63
65|, MBS . {-55 -t
Antarctic Peninsula  JBRE/RIE -
Weddell Sea
-70 L L L L L L L L =70 —64 g . n L —64
-75 -70 -65 -60 -55 -50 -45 40 -35 -30W _61 —60 —59 —-58 -57 56 W

Bl 1 2013 4F 7-8 A 2013 4F 12 A—2014 4 5 A 5 BIFE RS TR IA WAL I ARG 1345 22 T 5 BT /K s Y
A X (A2 ) B i A5 22 A 05 R ST 7K sk AR S R B2 il 40 A (A TR . “ A7 AR RS 7

Fig.1

(Left) survey areas for Antarctic krill in the waters nearby the South Georgia Islands from June to

August in 2013 and the South Shetland Islands from December 2013 to May 2014; (Right) distribution of the
sampling stations nearby the South Shetland Islands “A” denoted sampling stations
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0.22). LR ME(13.6240.22) . F L kE(13.01+0.24) .
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Fig.2 Lipid content of Antarctic krill measured using
different solvents

G PAR T EEAS [F] FR0R 10 34 22 57 (P<0.05)
Date with different letters were significantly different (P<0.05)
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1 R T RTRMR A 21 e R s R B T et G
IR TEoK L) 1 5

KB 45 9 B, 40 mm DLF B4R 21 R A i A g
EEASTEYEEST 40 mm DL EAEEKH
(P<0.05); 40—45 mm 5 46—50 mm 2H V) & 46—50 mm
550 mm DL EMRKAZNE, B SEASGEHL
B R(P>0.05); 50 mm LA BARK AL B 5 7 &
R T 40-45 mm (R K AL, TATE A H &8N 5
ERTEH, REERWEHR/AN,

ENERE R 1), 40 mm DL AR ZH B R
Bl AR B I I & AN L SR A A R
F=E2

23 ERBIERSESERASENSZTTWL
L 2GR T 2013 4 7-8 H BT 1A W BE 5 [ i
BRI 2013 4F 12 H-2014 4 5 H B 145 22 B 5 BT i

*x1
Tab.1

Sl R AR 1) B D7 5 A S R A AR R RS A
53 B 3 Vi 8 R B AR D 7 5 1 )RR L 19.83%—
30.58%, mAfEHIEWIE 12 H, 7(19.83+£0.04)%;
R EHHIAERZE 4 A, }(30.58+0.02)%, %47 7-8 H
TR 3A R 5 B 3T 96 S5 A 1 R D 1 O (22.03+
0.51)%, W& THIE 12 A&,

W 3 feR, FEACBRER R S S IR a2
TS FEASA I, IR 12 A e, SM(66.75+0.14)%
FKZE 4 A%, H(58.02£0.23)%., A& 5 & H1Y
B E A (P=0.005, r=—0.905).

3 itig
3.1 AEREGAT I BB RS B IR B R

T AR WA o T A T R ARG L 7 IS Y A A BB A
R B A 35 D7 G B AT 7 A SR R A T A Y
BRI VR A A, e iR R R A i A 7K

2013 £ 7-8 ABMF R EHILBEEARERABRBTTHENERSEASE

Contents of lipids and proteins of Antarctic krill in different body length groups from the water

adjacent to the South Georgia Islands from July to August 2013 (% dry matter)

A& Wi 5 2 & 43 H Lipid content (%DM)

5 H i & T3 B 4t Protein content (%DM)

Sﬁife ks WE PHEsbRER K WE P
Length groups Range Mean+SE Length groups Range Mean+SE
20 <40 19.45-25.14 23.06+0.26" <40 64.31-66.45 65.13+0.13*
20 >50 19.83-23.78 22.28+0.20° 40—45 63.09-64.81 63.80+0.12°
20 46-50 19.69-23.03 21.66+0.19% 46-50 62.66—64.41 63.50+0.09
20 40-45 19.79-22.65 21.56+0.15% >50 62.20—63.99 63.33+0.11%

TE e R 3 A AR B AR B R 25 53 8.3 (P<0.05)

Note: In the same column values with different superscripts were significantly different (P<0.05)

Fz2 2013 F 7-8 AT 2013 £ 12 B-2014 £ 5 AEFELE SiEE(CCAMLR Zi WX 48.3)f @ i%E
=B BIBEB(CCAMLR SiiHEX 48.1)& AR AR FHENERSEASE
Tab.2 Contents of lipids and proteins of Antarctic krill from the South Georgia Islands (CCAMLR statistical subarea 48.3)

between July and August 2013 and from the South Shetland Islands (CCAMLR statistical subarea 48.3)
between December 2013 and May 2014 (% dry matter)

HMLIE I 5 T A 4r b Lipid content (%DM)

AT B 47t Protein content (Y%DM)

JERC — — A6 —
Month 1R Sea sgrface {5 Range FEHEATER  poneh {5/ Range S (A T
temperature (C) Mean+SE Mean+SE
4 -0.5 30.53-30.65  30.58+0.02° 12 66.32—67.02 66.75+0.14°
3 0.0 29.65-29.84  29.75+0.04° 1 64.21-65.16 64.68+0.20"
2 2.0 28.51-28.90  28.70+0.08° 7-8 64.09-64.90 64.52+0.16*
5 -0.5 28.57-28.75  28.66+0.03% 2 62.33-62.62 62.51+0.05¢
1 1.5 25.69-25.92  25.79+0.04° 5 60.88—61.42 61.19£0.09°
7-8 1.0 20.68-23.52  22.03+0.51F 3 60.28-61.23 60.89+0.18°
12 1.0 19.75-19.94  19.83+0.048 4 57.62-58.84 58.02+0.232

T FSVEE & A AN R_EAR TR 3R 25 57 2% (P<0.05)

Note: In the same column values with different superscripts were significantly different (P<0.05)
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Fig.3 Seasonal variations in the contents of lipids and proteins

of Antarctic krill in the water adjacent to the South Shetland
Islands from December 2013 to May 2014 (% dry matter)

ik 3 H BRI 30% L) (TR IAE, 2011, 2012),
DAL 1717 FH A [) B B 390 0 2 ) 7 e AR AN RS AR ) o o T4
HUHR 2 (F 45 e AR Wl R ) B 3 BV 57 A e 8%, 3 JLAR
U S N 1 S R ) Bk e T A )l A N
2012). FOke(E 4%, 2008). RO k(K7 E%,
2004). IECHE+L TR O ER(HF5 IAAE, 2011), JoK &P
(RALHLEE, 2012)% , ARBFGTE— 2B 500 T Jo/K 4B
2 4 R R R 2 ) A B R o F O A R P A
Bk IE O . 0O e S5 AR A T v 79 %) i 0 0 o i 2
RHS AR S, Bk, ik, & H
VRS2 58 22 0 22 G 05 5 o P S I L Tk DA B A N
SE R A2 K b B W T R R R
AT I b AR BRI s i e B S A IG5 £ Tk S A HE N
ARy, Gk AR LS B 2% KAl
H, I E (ARG . BRI D B BRSO B A (D 2),
TR CEENASAHE B, e m, FRin T A&
PRAEE R I 55 /0N, DRI TG 7K 2 B 05 A S 00 25 0 28 Bl
W M R W 2 2 o

3.2 ERBNERSENESSESHKNXE

R4 Meyer %5 (2010)F1 25 7% 55 (2012) X r B B AR
TSR SRR A DCHIA , /T 40 mm 411
FAARBRIR 3222 8 T AU SR BUAR(17/27), 40-45 mm,
46—50 mm L)L R AR K F 50 mm 2H B9 5 B s AR D0 g 1
AR S A, R RN, 2K/NF 40 mm
189 A AR 55 YR RS A Wl R A4 1) i WD 5 1 3
FE T K KT 40 mm 09K & R (P<0.05);
SR KT 40 mm BRRIR R K AR 58 A &
AR, BENT 58 A & 1 0TE 21%. 63% /540 o
R BRI AR 2 3 BB 9 N EFEW, 224 H .
W 25 AN H IR B RCRA  FE AR B AR A S B AR
J1-3 A BERR 12 -84 4 7, RREH TR
Wi AR AR, RIGE B SW e, 755 2 iEE ok

WG B R E AR, 62 FERYFERINEKTT,
A AR S YR AR P R T BH B30, DLRBAR 4 B 1t 12
KA I L F Mk (Hagen et al, 2001),

3.3 ERBIERNERSENETENL

B RHKIEAZN ARG 2), BElBEIrAe
8 4322 49 78 Ak FE T T RS KV R A R R O R
JEI 5 4 )z W T kB 25 R T R0 = o, A
FELTH T R AR R ) R R . AR TR ™ E = Y A&
% FECBRE R w3 R T LLERL, (1)
BB A K BRI AR R & QI B R E
TR AL AR B M s (3) L A JRAILBE 4n e i A3t
R AR K (Marschall et al, 1988; Quetin et al,
1991; Huntley et al, 1994; Hagen et al, 2001; Meyer
etal, 2011). A5 RV, NERA2 1HBIBCKRG H),
T U A5 22 T 15 B 3T /K R 1 g R R O R AR R
TR, FEE 4 AR KIE 30.6%, SRIGTE S H
H TR, 2% 6 B B R A 15 %) i 2k M BB
FATTIA A 5 BT K IR A 22 7-8 H BB iR A iy 7 12
kb TH K, 3k 22.0%, T 12 A egisis 22 Bt
S K SR A BT G T B, R IH L A TN AE, R
TETEREZIR R R,

2 3 fiizs, Meyer Z5(2010)HIRFFE B, HiL3
RV ) P AR W AR B ) B 15 5 B (T E A 4 ), B
2 (5.2%) B E R TRZE(31.9%) 54 22(29.6%), hZE
i, &R TGS K. Hagen 55(2001)A9HH 5T
FEW, R U R A S A e MR A B AR R
RAKF-(10-11 A, 10%) & EEHE0-2 A, 28%)
TERKZ R B B RE@4-5 H, 40%LA F); 58 IR At
R PLFLIN SR 5 R K B A AR R B,
FLB I g 4 Fe i 0 M M 7 2 R AR R 7 — N K
-, p AR B VIR 2 AN A TR 2 BE I R T
WA K, DL B SRS BoR T AR IR B
Hagen 55(2001) 5508 R B, FERKZR IR 1 (4.
5 A HFEZ R ECRBI(10, 11 A)4EfE /R I FH L5
T U T AR BT ) IR D B D T 70% 5 Herb g R IR
I3 BRI 3-FR LA A IS (HOAD), &3 /2
MR KT 5 A f, FRIANRINI7E 4 Tl K 2 F
Fls #Z=(4 H)RBEIRE O : N el 15, KRS
A R4 P9 6% A7 14 6 15 (Atkinson et al, 2002); 47
(7. 8 A)MMBEIFA O : N Hly 66, FIIZB Bl
1A PN Y B 05 9% 72 43 1 FH (Tkeda et al, 2000) , AT A B
TR EZL N, TERFRSE/ME.

SREN AR EAR L, 12 H-%4E 5 H it
R A& = WA LB M £, BB 57%—
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Tab.3 Lipid content of Antarctic krill from different locations and seasons (% dry matter)
o N - o N & 1 N
I, Area Bt[E] Time Z=95 Season H 1/ Month A ik Reference
Lipid content
Sy £ Wint i 10—-11 t—N .0
ﬁgj*&:’: i i ] 1985-1986 é/%é m er/sprlng H Oc ov 7 Hagen et al N 2001
Antarctic Peninsula X 25 Summer 1 A Jan 16.5
A IG5 & Z Wint 7-8 Jul-A 28.3
ALK 1085-1086 <+ Winter , A Jul-Aug Hagen etal, 2001
Lazarev Sea £ 7% /35 7% Winter/spring 10—-11 A Oct—Nov 20.6
o £Z/3 25 Winter/spring  10-11 H Oct—Nov 10.7
AEPE IR _ _ _
1985-1986 ¥ Z Summer 1-2 J Jan—Feb 27.6 Hagen et al, 2001
Weddell Sea
FkZE Autumn 4-5 A Apr—May 38.7
. . # 7=~ A Late spring 12 H Dec 5.2
PrFLY R _
2005-2006 FkZ Autumn 4 H Apr 31.9 Meyer et al, 2010
Lazarev Sea .
A2 Winter 7-8 H Jul-Aug 29.6
NN S 15 e
rﬁﬁ{”ﬂﬁf” i 50 2013 &2 Winter 7-8 A Jul-Aug 22.0 BT This study
South Georgia Islands
%7 Spring 12 A Dec 19.8
U AEL 2 R 19 94 g e .
PR A 2013-2014 X ZE Summer 1 A Feb 25.8 AWFEE This study
South Shetland Islands
k2 Autumn 4 H Apr 30.6

67%, FEARLEIFTE 58%LL b [FIRE, FLAI I itk A At
KNI F R BEER 2005 4EFHAR (12 H)5 2006 F4 7
(7 N EA GBI 0.6%, FUIHA T Fd & H
JUF- 3 #F) FH (Meyer et al, 2010), Torres %5(1994)
FIIFIE A 28518, MR TR JLILFER, Mk
1924 B R MR 3-8 H A& &0 T 16%.
Anger(200 )il T AR AR 297 N SEA LR K],
AT A DR AR, K N TER
EATETIREA T,

LIy M R, B RO A 7 i 2 AR LR
FIRMEZLEASTENETBRERNZ, MEiF
R 3T T A 7 e W A ek A (R R s, R AR A
2 R A B AT G 5 S B R AR AL, AR R
[ BE AR AR 25

& % x #

TR, 722, ER, % MBI R R, KR
1H4], 2012, 40(3): 128-131

T, I, mEtRERERL IR SRR, RN, 1995, (4):
28-32

Ty =, ZaR, W, % RICHEIGE I A s g
G R R BT SY . RS R R IR, 2011,
20(4): 619-623

HIBETE, w2, BRAESS, 5. mItmEiPIRyE TR et e

TEFREHY, 2011, 33(4): 462-466

Fev, WPEH, B, SF. M AR K S e b K A R
M BRI s R i 23 AR Ak, Ml B2k, 2012,
33(4): 1-10

XIER, SR, B, & mtRBarees s 2R a0 A K

P, P22, 2012, 31(2): 43-48

XU, XEY), &5, 5. BERBEIRR B SR s L & B H
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Seasonal Variation in Lipids and Protein Content of
Antarctic Krill (Euphausia superba)

NIE Yuchen'?, ZHANG Bo?, ZHAO Xianyong™*", WANG Xinliang?, ZHANG Jichang®, LI Xiansen

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai  201306; 2. Key Laboratory for Sustainable Devel opment
of Marine Fisheries, Ministry of Agriculture, Key Laboratory for Fishery Resources and Eco-Environment, Shandong Province,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071,

3. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory
for Marine Science and Technology, Qingdao 266071)

Abstract Antarctic krill (Euphausia superba) is a rich resource of polyunsaturated fatty acids and proteins.
Therefore the contents of the two nutritional components are the determining factors of the economic value of
Antarctic krill. To help improve the efficiency of utilization of Antarctic krill, we employed the Soxhlet
extraction method and selected the optimal solvent for lipid extraction from anhydrous ethanol, acetone,
petroleum ether, hexane, ethyl acetate and cyclohexane. We also analyzed the seasonal variation in the levels of
lipids and proteins, and investigated the effect of the body length on the nutritional contents of Antarctic krill.
Samples were collected from the water nearby the South Georgia Islands between June and August 2013 and
from the water nearby the South Shetland Islands between December 2013 and May 2014. It shows that
anhydrous ethanol was the best extraction solvent examined for determining the lipid content of Antarctic krill.
The contents of lipids and proteins of samples from the South Georgia Islands were (22.03+0.51)% and
(64.52+0.16)% (in dry matter) respectively. The levels of both lipids and proteins of smaller individuals (<40
mm in total length) were higher than those of the larger ones (>40 mm, P<0.05). The lipid content of samples
from the South Shetland Islands showed an increasing trend from early summer to late fall, the level raised
from (19.83+£0.04)% in December to the peak value (30.58+0.02)% in April, followed by a decline to
(28.66+0.03)% in May. In contrast, the protein content was the highest in December (66.75+0.14)% and the
lowest in April (58.02+0.23)%. There was a significant and negative correlation between the lipid content and
the protein content (P=0.005). These results can be used directly to guide the arrangement of actual fishing
operation of the krill fishery.

Key words Lipid content; Protein content; Extraction solvent; Seasonal variation; Antarctic krill
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