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A Variation of Food Components in Antarctic Krill (Fuphausia superba)

According to Catching Months

Min-A Kim

Department of Food Science and Technology,“Graduate School,

Pukyong National University

Abstract

Antarctic krill< (Euphausia superba) is.~usually harvested in
months between March and August.-The variations in 1ts nutritional
compositions according to the month of harvest were investigated.

Fresh-frozen krill was freeze-dried and milled. Moisture content
were highest (80.7%) in June and lowest (77.7%) in March. Ash
content were highest (13.5%) in March and lowest (12.4%) in July.
Protein content were highest (74.1%) in June and lowest (48.0%) in

May. Fat content were highest (23.7%) in April and lowest (17.8%)



in June. Among total amino acids (9,292.86-11,055.91 mg/100 g),
glutamic acid, aspartic acid and leucine showed high level in March
and lowest level in June. Arginine showed the highest level in May
and lowest level in July. Among free amino acids (761.25-1,363.14
mg/100 g), proline showed high level in March and low level in July.
Taurine showed high level in August and low level 1in May.
Polyunsaturated fatty acid (PUFA; EPA, DHA)-was highest in March
and occupied about 50% of total fatty acid composition. Oil-soluble
vitamin A ‘and E ‘were /highest in March and water-—soluble vitamin
content was less than that of oil-soluble vitamin. Mineral contents
were highest (298.16 mg/100 g) in June and the highest mineral was
Na of 235.60.mg/100 g. Heavy metal contents were highest (3.66 mg/
100 g) in March and lowest (0.72 mg/ 100 g) in August. Nucleotides
was highest (8,299 nmol/100 g) in July. Betaines were highest
(7.291 mg/100 g) in April and lowest (5,472 mg/100 g) in June.
Astaxanthin was highest (21.59 ppm) in May. Cholesterol was highest
(367.20 mg/100 g) in April and lowest (249.65 mg/100 g) in March.
Fluoride was highest (599.63 ppm) in August and lowest (397.51 ppm)

in May.
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W= A= (Antarctic krill, FEuphausia superba)S M- H]<=3k
7H7H(Chen et al., 2009) %, A F7delA 7bd 5 Adom e
ATHTou et al., 2007). ‘&= AHo] AL 379 million tonnes &
FA% 3 o™ (Atkinson et al., 2009), whales, seals (Leopard,
Crabeater), penguins, albatrosses, squids, fishes & Ho|ZX d=
AEA Sl Holdds AHWst= T3 A=t (Suh-et al., 1991).
= AEo Holw o] gy 3L 152-313 million tonnes/year 2=,
o] Zo]|A seals (63°130 million tomnes/year)® =HEL | 7}4 Wo)
A FH &, 71 e o = whales (34-43 million tonnes), birds (15-20
million tonnes), squid (30=100 million tonnes), fish (10-20 million
tonnes)<= 0. 2 4 A Q1 tkdliller and Hampton,1989; Bonner, 1995).
G= 33L& 10,000-30,000individuals/m® o] @3 HAEZ uHE"
g a5 Ao AFss HFAo Jor = (Hamer et al., 1983),
#F 4ol 7heskal, A o] guske] Qo] v A A o2 A

7}

oheb Aol Bar 9lof B2 A7 & qUn



G A" AR #e A5 A EW, Grantham (1977)+
Ao i 77.9-83.1%, AW 0.4-3.6%, ©WA 11.9-15.4%, 719A 2%
oletetal ®arstal vk, @ gEFo] 72.9-75.8% (dry basis)=
el AW g=F 12-50% (dry basis)® YEFST(Jaczynski et al.,
2011; Saether et al., 1986). A &3} Agak A &3 zp2to
Aol At Fol n-3 PUFASI EPAS} DHA ¢+3)o] wvia Hiuslal
1tH(Kolakowska et ~al., 1994; Jaczynski et. al., 2011). IH9
cholesterol &2 AAHTE =i, A|FHUE W32 Aoz A A
ATHTou et al., 2007).

= A2 T35 %2 Zn 123 ng/g (dry matter), Cd 2.5 ng/g
(dry matter), Pb 3.4 ug/g (dry matter)® YE}sE3(Kim et al., 1999;
Soszka et al%, 1981), Kim et al.(2004)2 Pb (2.76ppm); Cr (0.14ppm),
As (1.29ppm) 2 SFH7F ol = 2A7F s Ao = HESH.

Aol 14 S Shrimp o FUIEI AEERAFo]l FAREH
Aoz e oW (Tovar-Sanchez et al., 2007; Chen et al., 2009),
HIEFT] A ¢} HIERY] D 2 Astaxanthin $%Fo] £rhal B 1% 31 9 oh(Kim

et al., 2004; Suzuki and Shibata, 1990).



e AE2 1960 ddiel] @il gEdem x4l AlztdE ol

2l gogol o]g7lsAo]l AFTHAY(Kim et al., 2004). @= A=

oS SF o whg JIEA THAUE H2 AeR deA
9131 (Suzuki and Shibata, 1990; Tou et al., 2007), %4
Haopr] ke Aol Aopuwmal AE e FAO/ WHO £ A<
TEANA 7 e AoR d#A ArH(Chen et al., 2007).

gy e Jdele a4k gdo] ol ool wEy, EIAFH
WA =2 g o] W Al(Anheller et al, 1989) H]ZEste] ALf-x]7F oj# ¢
A gor ool ok Ee, HE aHe HAd u@e EAE

Sk (Nicol and Stolp, 1991; Soevik and Breakkan, 1979; Virtue et

al., 1995)3Far Qlo] A, whole body & Al o =& o]g&3s A oA

o

o
=] A7|¥a AQ7]%= b (Budzinski et al., 1985).

o]y = P =S fresh frozen:(34%), boiled frozen (11%),
peeled krill meat (23%) ¥} meal (32%)9] HEj= 7}&% 3 AH(Nicol
and Endo, 1997). &= A" tiF-Eo]l AbR B HAIM72 o] &5 il
peeled krill meat ©] 28 o= o] &% 11 ¢t} (Budzinski et al., 1985 ;

Kim et al., 2000).
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1. AdAE

>

1o Abgd dE5 A" SHAFGEAE, Fe)edA AldE=

il

o]8 & AL fresh frozen state & TY3+ 5, A7 Z(PVIFD 500R,

I1shin Lab Co., KOREA) &} 4ColA HshHA A3 A3} Tt.

AWk E A4S Horwitz (2005)9] wek =22 b ZtEAzxzH, =
&2 A I, 2 dWFd 2 Kjeldahl 24 AHH, = e

A&k, - 3% Kraemer?} Stamn (1924)9]

o

2.2 o=t AT
Z obr] =42 Chen et al. (2009)¢] WHol wel AlE 0.5g o 6N

HCl 15 mL = 7}sbe] 79t w383 3 110C9| dry bath oA 24 A|3F

rlo

Bk AF JpES AFH . Glass filter 2 #38] 9 oysiar oA



\=ie)
==

7] (N-100-S-W, Eyela, Japan)= 2k}
Kaisha,

SR T
e, %% A5 = sodium citrate buffer (pH2.2)%
0.45 pm membrane filter (Tyoko Roshi
AggAor ARSI, Amino Acid

Agsk =,
ol O
1=
Analyzer (L-8900, HITACHI Tokyo, Japan)= #-AJ8}3it}.

o
=

o T

Japan) 2 o #3 A8
H-H T4
= A~

(2005) 2]
7}ell water bath oA H]

Fjobr) Ak Horwitz

AlE 1 gol 108 &

% o3} (ADVANTEC 5A, Tyoko Roshi Kaisha; Japan)3}$ith.
5

2, 0.45 pm membrane

EAES AR R A

Japan) =

== (EYELA SB-1100, Japan)s}3ii,; &
3k

A
of 2} of
lithium citrate buffer (pH 2.2)& 50mL &
filter (Tyoko Roshi Kaisha, Japan)® o§3}3F A
AFE-3}31 a1, “Amino Acid Analyzer (L-8900, HITACHI Tokyo,
<

ol
oh

oft

|

N

Folch et al. (1957)¢] "™H¥} Horwitz (2005)"H
3ttt A& 5 g2 chloroform/methanol (2:1,v/v) &
FEehg. FE3
75T

u

[e)
Hov_.

gato] At
ol-g3ate] 60T oA 12 AZF A
toluene 5mL © £33}, BFs-methanol 3 mL7}8}aL,



—

oA 303 7FEAIZ] Y, hexane 3 mL, 10% NaCl 1 mL%7}s}e
methylation S} 3L, A|AF B8 A5z ALEsgit. GC #4921
HP-INNOWax capillary column (30m x 0.32mm i.d.,film thickness
0.5um, Hewlett-packard, USA)e] 2r¥ gas chromatography (GOMS QP-
5050A, Shimadzu., Japan)® carrier gas + @EF=S AFE5F3T). Injector

dstector (FID)2E+ 250C, 270C=E AAFIn 2EBELE=E= 170T

1

o| A 225C 74 1°C /min =7FA AT},

o
7y Ak s

PN

Al A

=3

A MAF methyl ester mixture (Sigma-
Aldrich Co!, U.S.A)9} retention time= H]nlslo] FASEHR oW shaF

7} dlgWAS Aol MEg s el

2.4 Astaxanthin %

Astaxanthin 22" Pavasant et al: (2008)2} WHS 43}
AH8-3H9lt. AlE 10 g & Ethyl ether & Soxhlet ol Yol 60T
oA 12 ARF AWE FEIH. FESIY 9& AN 1 mg &
dichloromethane/ethanol (1:4)°] 100 mL = #A-&3F 3 0.45 um
membrane filter (Tyko Roshi Kaisha, Japan)® ¢¥}3}e] HPLC

(HITACHI 2000, Tokyo, Japan)® %-213}¢it}.



HPLC A Z7AL (18 column (250x4.6 mm 5 pum, Waters)<

AFE3 a1, 81 acetonitrile/dichloromethane/ethanol (5:10:85)
“3tsle] Algst o, 7452 1.0 nl/min, AlETYHFS 10 uL =

3te]l 470 nm oA EA3Ftd. Astaxanthin R AL

astaxanthin (Dr. Ehrenstorfer GmbH Co., Germany)E ©]-&3}%it}.

2.5 Vitamin A, E A

HIERRD A 9} E = Horwitz (2005)¢] WS 88ke] AL&8ISith. AR
10 ¢ & Z2A f2Zg~ge FH3 . ethanol 30 mL, potassium
hydroxide €9 3 mL, Z1#]3 10% pyrogallol 1 mL = H7}3le] o]=
b Wz 7lel A 30 Xk HlFSIAIL =, Ao ® WZAAA FHT 30

mL & 7kl @A 2822 HRAT. SSsAs Sk diethyl

A FE Nz 7)o &7]3L ethyl ether 30 nl & 7}sle] 2 3] %331
FZ% ethyl ether 992 $7F5 10 mL 2 phenolphthalein A] k2
Aol ¥R ks w7hR]  $A|5FSI AL, Ethyl ether &  sodium

sulfate & 78l &38tar 22 FefxFol| KA.

HIERY A = Ethyl ether F& & 40ColA It sFsho

i

isopropanol 5 mL = ¢ 0.25 pm membrane filter = ¢ 3}3}¢]



Al gl o R ARSI, HIERY] E = ethanol 5 mL o] %59 0.25 um
membrane filter & o] ¥}3d}e] A|ggHo 7 ALL3S T},
HlEbY A EAZAE DS 2 column (250x4.6 mm 5 pm, Waters)<

ALE3Elal ol FY Svle =dd &vE 1 N IS0, o7 pH3.7 =

ZA3 ] AFESISG o FE52 0.5 mL/min, A8 FYUEHLS 5 pl =

HEMY E EA x4 (18 colum (250x4.6-mm 5 pm, Waters)<
AbgEH AL olFA 8 ulE methanol/water  (7:3)0® 3o

Argstgon §452 1.0 nl/min, AEFIZHS 10 pl & 3k 298

2.6 Vitamin BT A%

HIEFR] By, Bs, By = Horwitz (2005)9 ¥WyH & FAslo] AR&stitt.

jud)

e} B, ¥ Bs & A& 5 g & 50% acetonitrile & 50 mL 7}8}¢]

A7 5 AAE2] (3,000 rpm, 20 min)dte] &S s o3} (0.45

Lo

um membrane filter)3dte] A|ggMo g ALLSIATH, Bs = A8 5 g 2

20 mil QAHEE 50 nl & skskel 30 BiF 2SAFAR 25

o

GAEE (3,000 rpm, 10 min)3dte] 4% A o3 (0.45 pm membrane

filter)slo] AjdgMo =z &dvt. BEFT By, Bs, Bs ¢ HPLC ¢ %=7&



o}

dlo

I} Zr}. C18 column (250x4.6 mm 5 pm, Waters)AF&39d o m
o] A 8wl 20 mM potassium phosphate (pH 2.1)3} 20 mM potassium
phosphate/CAN (80/20)& 96:4 2] 20 mM potassium phosphate (pH
2.1)&3tol o w2 37 B 20 mM potassium phosphate/CAN (80/20)8-< o &
10 #o2 &9 RT3 §452 1.0 nl/min ASFTYZFS 10 ul =

&to] 254 nm oA 2483t

2.7 Trace minerals ¥} heavy metals A%
|2 2 ST 3L Chen et lal. 2(2009)2] HEH S AME-3}ATE.
A& 10g o 70% AAFS 20mL 7}éte], heating mantle (MS-E103) ©lA

100£5C 2 713t 4 AJ7F o)At HESAlA 23] EajAa7

o
(@]
o
=

AAE RS o] &3t 100 mL = ARt AlE&How s, A
7171+= Inductively Coupled Plasma Mass Spectrometer (Perkin Elmer,
U.S.AS ol&ste] FTu& 3 vFad IS SAHSAAL, Flow
Injection Mercury System (Perkin elmer, FIMS 400, U.S.A)& ©]-&3}¢]

Hg & <48kl

10



2.8 Betaines A%
WERle] A Lee et al. (2000)9] WS S5l AHEHAL.
A& 10g & 50% methanol o 10% (w/v)& X2 F7}st & 2 3}8}o]

40C shaking water bath oA 12 A3t HoF FE31%¥tE. F5 A&

.

3,000 rpm o4 15 &1t A4 2@ F S NS 10 oL 7F A At
FE35to] A8 dog ALEEFTE. A5 HS Amberlite IRA 400(OH-,
14x 67 mm)2} Amberlite IR.120 (H+, 14x67 mm). column & ©]-&3}o
betaine ©] ¥ &&F NS 3435}l methanol-KOH €< (methanol
10 mL ©f /ROH 156 mg & =59 &) 800 ul & 7k § <

EE53I3T. 3% F acetonitrile-crown ether £ (acetonitrile
10 mL ol 18-crown—6-ether 15 mg = =<9 €M) 200 ul <
acetonitrile=bromophenacyl bromide <! (acetonitrile 10 mL ©l 4-
bromophenacyl bromide 20-mg <= =%l &) 1.8 nlL & 7} &, 40T
oA 30 3+ WESAIFY. 0.45 pm membrane filter (Tyko Roshi
Kaisha, Japan)® oJ¥}3st Alg S HPLC (Hitachi 2000, Japan)E
o] &3] HAEHT. AHES 0DS2 colum (250x4.6 mm 5 pm,

Waters)S AF&3F3 L o)A &1+ 13 mM sodium heptanes sulfonic

acid ¢+ 5 mM Na,SO, 7} =3¥ &= 1 N .90, €90 = pH 3.7 =

11



2.9 Nucleotides A

Nucleotide #21-& Ryu et al. (2009)¢] WS AFg3FHTE. A& 0.5

o]
rpm oA 10 &1 A4l FEEke] AE5E Ptk AdEC ko] 10%
PCA & 10 b = f¢t S =45 2 3] Ri&sto] A5 AS dsk3dt.
AbZ M ‘o] 3} (ADVANTEC 5A, Tyoko Roshi Kaisha, Japan)3tal, 5 N
KOH = pH 6.5 & =A% & 10% PCA' 8NME H71sle] 100 mL & BE
sty AE3 & 0CoA 30 #ZF XSt 0.45 pm membrane
filter &2 sl Alg HNo=z AL&3AT. HPLC (Hitachi 2000,
Japan)& ©]-&-38to] £kt &4, 242 €18 column (250x4.6 mm 5
um, Waters)< AME3FIaL, &l 50 mM KH,PO, (pH7.5) AM&3talom,
42 0.8 nl/min, AEFYUYHFS 10 pl = 3l 254 mm ol A

=43l ATP, ADP, AMP, inosine, hypoxanthine ¥+ & Sigma A}

AES ARSI 0.001-1.0 M %2 A 3 9o xHow
A s

12



2.10 Total cholesterol A%
% FeazHE 42 Horwitz (2005) 9] WS 43kl A3kt
Alm 5 g ol 79 30 mL ¢ 5a-cholestane 1 mL & 7}sle] &3,

M7Zkw] 7] o] 274 chloroform/methanol (2:1) 200 mL =

=1
i
&)
>
~y
o
M

7bste] 5 B7F =319 th. chloroform & 0.5% NaOH €<% 100 mL =

n

AR F FFPIIEFOD 85 3 0Te|sA 4 F519

o 20 mL & 7Ftsle] 85CelA 1 A7+

off
4

2
u
i
e}
=
=,
)
o\
- 24
[
flio
of

7}8tal ethyl ether 20 mL & 4 3] F=8}9t}. ethyl ether FEHE
E 20 L 2 M} & 5 Y EFOE B4 9 A9k w8k,
hexane 2 mL o] =o' GC = &4, GC o EAF=7AES Column

(30mx0.32mmx 0.25 um) & 2% Gas Chromatography (Clarus 500, Perkin

o
(@
M
L

Elmer, U.S.A)Z2 ZR7|2=s 270Col A &AS TH

S-A3t 4C /min M2 S22 AZAA 200C =74 A 2899,

2.11 Fluoride A
Z E42E ASTM (2002)3 Horwitz (2005)¢] WS A5l

A3k, A5 0.5 g9 1 NNaOH € 10 mL & W= AAFA (1108

e

oxygen combustion bomb, Parr, USA)el] ¥o] gt & AALE FYsY]

13



acid/water (2:3, v/v)&N 150 nl. & 7l =F Zg23aEs

ofN

SR AAste] 170CTE FASHHA 3 AlRF /AT, T7F A2
=S 7hste] 500 mL 2 A8 silek. S/ 25 ml o 5% alfusone
(Dojindo, Japan)&< 5 mL ¢ acetone 10 mL = 7}sFe] 50 mL & 3} 1
AN 7r Ago|x  Hx]3te]  UV-Spectrophotometer (UV-1800; Shimadzu,
Japan)& AFESte] 620 mm oA FFEES SAsSIAT. =4 BHFS
fluoride ion standard solution (Kanto Chemical, Japan)= ©]83h

Aeprow fag

2.13 EAEXA
Ae A= mean £ S.EM (standard error of the mean)
(n=2)22 YJeRATE. 7} 152 23} 2ol tests (p<0.05)9} $HA

SPSS v12.01 (SPSS, Chicago, USA)E &4 sl=dl AFE-31SIT).

14



3.1 ARt E =4 W3

SEREIE

it

= AH Ui 24 WskE Table 1 %
2ol YepATH, =8 2AL 77.7-80.7% 2 UEYor, 6 93 7 Yo
Oha B el oy o4 Aols Holx] gFgrh. X whlE 43.0-
74.1% (dry basis)®Z 5 el 7FF 27 velga, 3 4, 6 9, 7 43
8 Ho| A Yoy foH Ztol= YERbA FUT. = A
17.75-23.72% (dry basis) = 4 ol 7b& A Jelbsar, 6 €o] 7H3
G velgt. = §ES 12.4-183.5% (dry basis)Z 3 €el =
yebgtar, 790 WA el AL 3.8-5.6% (dry basis)Z 6 Eol

= WEbsta. 6 43k 8 da A7 Dol M=ol d ake]lE HolA

e

o]
=

& AT

Jaczynski et al. (2011)= = ZAE9 protein g=Fo] 72.9-75.8%
(dry basis)® YEMSTAL Bastglom 1 A9 2y 4 €3 5 95
Aeolgt o AAE = m-de] x dwd Iy 623 AdE
UERNATE. Saether et al. (1986) lipidse] o]l 12-50% (dry
basis)7tA YEh}E Ao® Husta oy, B AFe] x AW

g Aol7h Be AoE vhehg

15



Table 1. Changes in proximate composition of Antarctic krill according to the
harvesting month (%, dry weight)

Components  March April May June July August
Moisture*  77.7+0.0° 78.4£0.4" 79.2+0.2" 80.7+0.1" “80.1+0.0" 79.31+0.5"
lfrf)‘t‘gfl 71.421.8" | 65.142.9" 48.0£1.0° 74.124.0°  70.7+4.1°  73.8+1.0°
Crude fat | 22.1+0.1° 23.7+0.1" 20.2£0.2¢ 17.8+0.3% 22.7+1.0° 21.2+0.3'
Crude ash  13.5+0.1" ~ 13.1£0.0° 12.7£0.1°  13.320.1* 12.4£0.1°  12.9+0.0°

Salinity 5.0+0.0°  5.1+0.1°  5.0+0.1°  5.6+0.1"  5.0+£0.3"  3.8+0.2°

* Moisture values from fresh-frozen krill before freeze drying. Different letters
indicate significant differences at P<0.05.

16
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Shon et al. (1994)+

3 12.5% = Hastal Qlar, & AT 493 Mg ARE

g AE o AIZPE & opv| it 242 Table 2.0 YERAAT.

Z o4t F glutamic acid ¥ 1,510.13-1,299.29 mg/100 g o=

]

7P A JERsaL, aspartic acid (1,187.95-993.49 mg/100 g),
leucine (857.52-743.46 mg/100 g), arginine (715.72-624.01 mg/100
g)o &2 =/ Wersttl. Glutamic acid, aspartic acid ¢ leucine &
3¢l =A yetster, 6dd W2, FE= BT, Arginine <
59 =4 vepgton, 7o e S e

Chen et al. (2009)+= glutamic acid, aspartic acid, lycine,
leucine 9] &&Fo] ¥ Aoz YElO™ | Mohr ¥ Saether (1987) 2

glutamic acid, aspartic acid, asparagine, glycine, alanine, lysine,

M

leucine 3ol < Aexr Yeh 2 AT FARRE ZAIE

LERH AT

17



Table 2. Total amino acid composition of Antarctic krill according to the
harvesting month (mg/100 g, dry weight)

Total

amino acid March April May June July August

Asparticacid ~ 1187.95 1111.86 1097.75 993.49 1027.93 1141.65
Threonine 458.39 415.14 418.26 379.45 387.50 450.31
Serine 463.31 421.65 415.63 388.85 404.74 440.88

Glutanicacid  1510.13 1335.24 1386.74 1299.29 1315.47 1467.23

Proline 716.07 530.11 561.85 494.63 500.82 509.85
Glycine 562.97 507.17 480.42 478.54 507.26 568.20
Alanine 645:42 572.46 582.91 533.77 546.80 603.77
Cystine 305.07 300.98 290.76 278.60 289.94 298.49
Valine 579.54 543.81 540.91 493.87 508.36 554.40

Methionine 309.85 292.24 292.34 271.41 276.90 300.87
Iosleucine 560.94 538.98 533.83 485:55 504.08 546.09
Leucine 857.52 810:23 802.59 743.46 761.50 831.46
Tyrosine 388.37 372.65 359.06 333.31 356.32 376.01
Phenylalanine = 469.27 441.42 437.98 403.89 410.70 463.31

Histidine 256.46 235.35 239.15 228.85 226.29 249.17

Lysine 971.82 860.39 856.43 759.30 671.47 860.82
Arginine 715.72 656.81 658.60 646.35 624.01 722.18
Tryptophane 97.10 77.75 74.75 80.26 84.62 83.67

mg/100g 11,055.91 10,024.25 10,029.96 9,292.86 9,404.71 10,468.36
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U= g8 F opn Al e 3 Yo 11,055.91 mg/100 g 02 =L

ghekS JElkar, 69l 9,292.86 mg/100 g o7 We S UES]

Sriket et al. (2007)+ arginine, proline, leucine, isoleucine,
phenylalanine ¥ glutamic acid 7} %<& &g Yehuda, =
o] =k S black tiger shrimp meat oA 29,808 mg/100 g, white
shrimp meat oA 29,121 mg/100 g ©. & YE}FSEE, Heu et al. (2003)%=
aspartic acid, glutamic acid, leucine, -arginine, lysine and
glycine ©] /<& FFS HERHAAL, F o7 =it E5FE Northern pink
shrimp muscle o4 12.588 mg/100 g, Spotted shrimp muscle ©fA]
14,479 mg/100 g © = ERTE.

g 289 A EA7)E FElolubidt 2AE Table 3 o YERNATE.
Proline & 330.22-108.37-"mg/100 ,g Q& =& 3=k YEhAL,
lysine (233.26-108.39 mg/100 g), taurine (171.48-152.19 mg/100 g),
arginine (145.70-135.79 mg/ 100 g), glycine (131.87-73.93 mg/ 100
9= 747t A Yk ow | proline e 3 Hel 7HE EA YERRAL,

ol WA YElSTE. Taurine = 8 €oll =7 Uelton 5 gl B
el frElobrl At e 3 dell 1,363.14 mg/100 g OF EA

el om | 6Yol 761.25mg/100 g &2 o kS Ehgglt).
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Table 3. Free amino acid composition of Antarctic krill according to the
harvesting month (mg/100 g, dry weight)

amii?ici d March April May June July August
Taurine 154.41 154.84 152.19 155.63 154.29 171.48
Aspartic acid 18.68 8.53 10.44 10.78 8.68 11.88
Threonine 38.82 12.76 10.47 13.67 14.92 16.85
Serine 11.72 12.55 12.61 13.11 14.63 15.78
Glutanic acid 15.94 2.49 333 2.36 3.32 3.68
Proline 330.22 190.51 157.24 135.54 108.37 112.74
Glycine 119.80 86.32 73.93 88.59 112.80 131.87
Alanine %2.75 38.38 38.34 35.93 42.71 41.77
Cystine 5.37 3.10 3.36 2.94 2.24 3.45
Valine 34.11 10.81 10.81 10.41 11.13 11.49
Methionine 19.38 7.02 9.26 7.28 8.46 9.01
losleucine 21.41 5.50 6.24 6:21 7.97 8.05
Leucine 55.12 12.28 14.81 12:41 14.15 15.57
Tyrosine 28.78 6.93 9.84 10.82 11.57 13.56
Phenylalanine 31.37 6.36 5.41 6.13 7.65 8.43
Histidine 10.81 3.31 3.95 3.62 4.99 5.24
Lysine 233.26 151.88 141.87 108.39 134.57 128.64
Arginine 145.70 102.27 110.01 132.02 104.96 135.79
Tryptophane 15.48 6.18 6.20 5.38 6.21 6.90
mg/100g 1,363.14 822.01 780.29 761.25 773.63 852.19
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Chen et al. (2007)2 d= ZE "o H ofnj=jto] 3y o]
A= Ao w Wastal o™ | Mohr &} Saether (1987)+= = ™ol taurine,
arginine, alanine 59| &&Fo] = e

9 28 F opvwmalat fobmatel FHE 3 Aol A A

depth, @ A3 o) opuliake gele] Wolulal A3 el

iy
o)
o

FAQ/ WHO/ UNU & AFSFS Z==A]7]

=
2007). Tou et al. €2007)= B AE wwdo AESH 7Mx=

ol F= /A= taurine Ho] =o} taurine 9 FEF IO EA

AT T A WA 242 Table 4o YERAT. 2 A

Fo W e QA AYH T vws) nw

Hel

B} Agal

Hel

(51.10-54.91%) 3 EZ 3} 2 5}2H(48.00-51.21%) 0] H]2=38}A] LFEbw;
s Ak A9 8ol 7 A YElY I 490] WA YEigen, &
¥3} Aukake]l A EEA Y st 2 490 A YERa, 8o

SA e T
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Table 4. Fatty acid composition of Antarctic krill according to the harvesting
month (%, dry weight)

Egltcti}s/ March April May June July August
C12:0 0.40 0.39 0.38 0.43 0.35 0.35
C13:0 0.11 0.12 0.17 0.15 0.11 0.12
C14:0 16.46 16.44 16.85 18.19 16.97 17.35
C15:0 0.49 0.54 0.76 0.63 0.54 0.57
C16:0 25.10 25.07 25.26 25.34 27.03 27.64
C17:0 7.08 6.72 7.04 5.99 6.30 6.77
C18:0 1.44 1.54 1.41 1.61 1.82 1.80
C22:0 0:03 0.04 0.04 0.04 0.04 0.04
C23:0 0.23 0.25 0.30 0.27 0.27 0.28
C24:0 0.00 0.00 0.00 0.00 0.02 0.00
51.33 51.10 52.22 52.65 53.45 54.91
Cl4:1 0.33 0.31 0.33 0.35 0.26 0.28
Clé6:1 5.70 7.26 7.24 8.21 8.82 9.21
C17:1 0.20 0.18 0.28 0.21 0.17 0.17
C20:1 0.77 0.97 0.70 0.93 1.09 1.04
C24:1 0.00 0:00 0:00 0.00 0.10 0.09
7.00 8.72 8.55 9.70 10.45 10.79
C18:1n9¢c 14.02 15.50 15.09 16.97 17.50 17.33
C18:2n6¢c 2.04 2.11 2.55 2.26 2.07 2.15
C18:3n3 2.58 2.09 2.02 1.81 1.26 1.32
C18:3n6 0.16 0.20 0.18 0.20 0.21 0.21
C20:3n3 0.16 0.12 0.00 0.10 0.00 0.00
C20:5n3 14.13 13.01 11.96 10.54 10.18 9.64
C22:1n9 0.46 0.00 0.40 0.44 0.71 0.61
C22:6n3 10.42 9.46 9.64 7.30 6.38 5.95
43.96 42.49 41.85 39.61 38.32 37.21
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B

3t AAE ol = C16:0 (25.07-27.64%)9F C14:0 (16.44-18.19%)
7} Fa Auato 7 yebgtl. C16:0 & 8 Yol A vElgar, 4 Yo
A YElgT. dbdHe] C14:0 = 6 ol M E=A YERsa, 4 €0
A YEg . ExE Aake €16:1(5.70-9.21%), C18:1 (14.02-

17.50%), C€20:5 (9.64-14.13%) % (22:6 (5.95-10.42%)°] F&

(3

A upako 2 UERYTE C16:1 & 8 Yol =gkar, 3 Yo e ks

vEbstth. C18:1 27 "ell =A YE -3 dd @ s

et} 9] W] n-3 polyunsaturated = fatty. acid (PUFA),
A HFAkel (2015 (EPA)9E€22:6 (DHA):E 3 Do =4 ekt 8 ¥l

we ke el dAdez e AL ke 8 el Ea,

O

3 ol WA YEts oW, vk EXSARARS 3 do] Fal 8 o

IS

¢

$A Yehve 2SS B9 | Yoshitomi 9 Nagano (2012)9]

ol A+ palmitic. acid 15.6%, oléic acid 16.5% = ¥ A9}

2
-1

H2dt dEe veEblgloevt, EPA 7.8%, DHA 13.0% =4 A%, &

e

ol H]s] EPA $HeFo] WAl YERSTE. Kolakowska et al. (1994)<]

AT A% n-3 PUFA ¢l EPA ¢} DHA ¢ EAoA & Adz} n =3
|

=

H= et o] ¢ol% Cho et al. (1999)% palmitic acid,
EPA ¢} DHA &&Fo] Zz} 19.95%, 16.14% 14.09% = e}, Sriket et

al. (2007)+ black tiger shrimp meat ©l|A4] DHA ¢} EPA ZAdo| 14.9%,
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8.58% = YEFYTE. Heu et al. (2003) Northern pink shrimp muscle
©] DHA ¢} EPA A& 14.5%, 11.6 % = EFWaL, Spotted shrimp
muscle 9] DHA ¢} EPA A2 14.2% and 13.2 % 2 vEbkt}l. EPA 9} DHA
59 n-3 PUFA & d¢3 59 FdzdHE 9 F4A0%E FaAA
A AFAS ool et Ao R d# A 9lof(Venugopal,

5 5O
a3 9=

of

2009), ¥ AT WF Aol n3 AWate] FFACE

& ds R ldidrt.

3.4 Astaxanthin €3 W3}

ol AI7|H W= F&EO] astaxanthin $HF2 Fig. 1 °] YEWT}.
Y= AE9 astaxanthin F> HAFHS = 6.94-21.59 ppm W=
Uebgth AdERE 5 9l 21.59 ppm ©2 71 =9kar, 6 Eell 6.94
ppm &2 7FF WA WERY T, Kim et al. (2004)3 2 9] astaxanthin
SHeFS 10 ppm &2 HIskal Ql=H|l, o= Aol 5 €95 A%k
Ao A vebd dFat vsedk A0S Yehdigld

Yamaguchi et al. (1983)& =¥ T F 7lEHxol= & 3-4
mg/100 ¢ &= H1stal Qt}. o] Foll A astaxanthin diester 7} 40-
50% = 7} sheFo] @il astaxanthin monoester €} astaxanthin ©]
Z47h 30-40% B 15-25% ARA|@tial sfal 9lth.  Astaxanthin <

carotene 2= | HIEM A9l 7]5o] glar, &4kst 2F&o] Frsi),
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Fig. 1. Astaxanthin contents of Antarctic krill according to the harvesting
month (dry weight). Different letters indicate significant differences at
P<0.05.
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Astaxanthin & B-carotene Rt} 10 v, Bv]EP E Ht} 100 w]<]
s E A, 19 ASa%E B-carotene HUH ¥ $sirial

3k th(Mortensen and  Skibsted, 1997; Kim et al., 2004).

Astaxanthin < cardiovascular, immune, inflammatory o] =225 i,

oxidative damage = H3* ZZAE& HZ

rob

o
ol
rO

= 7S 9
Z3}o] (Guerin et al., 2003; Fassett and Coombes, 2009), # <

= A2 9] Astaxanthin < ¥ FAkstE S 7 Aoz 7| E).

3.5 Vitamin ¥ ®s}
o178 F= AEe] HERL gHaE2 Table 5 o et HE

0l eke AHHOZ B> B >E > A> B o o7 dheko] 9t}

4

£ v g gtegol A &4 vletE Y =4 el A 84 vl e
ol WlEFY AE 59-(7.1 mg/100 g dry weight)o) A Jebdta, 6 4
(5.2 mg/100 g dry weight)ol] “okth. ®IEbR] Ex= 39 (13.4 mg/100 g)
of 7b eska, 7 9 (9.8 mg/100g)°l WA YERSTE. Tou et al.

(2007)& HEMY A9 ke 380 1.U/100 ¢ (11.4 mg/100 ¢)& E AT

of Hlal w2 ¥FS HEtxten, HEW Ex 15 mg/100 g2 YERL
A9 33 Ao} Hlgt S UErE
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Table 5. Vitamin contents of Antarctic krill according to the harvesting

month (mg/100 g, dry weight )

Vitamins  March April May June July August
A 6.10 6.60 7.10 5.20 5.30 5.80
+0.74" +0.12* +0.40* +0.21" +1.41° +1.91*
B 17.78 15.88 15.50 11.95 11.40 14.12
! +4.59* +2.38* +3.42* +1.11* +0.66* +2.86"
B 0.47 0.56 0.56 0.54 0.75 0.69
> +0.04" +0.06* +0.01° +0.08" +0.05°¢ +0.06
B 109.50 67.44 63.77 64.66 66.95 82.54
6 +4.72" +2.38* +6.94" +6.96" +1.40* +5.22°¢
E 13.40 12.40 11.13 11.21 9.83 10.78
£0.00*  £0.00"  £0.00°  £0.00°  £0.00°  +0.00"

* Different letters indicate significant differences at P<0.05.

27



g4 vegde A B 2 3 ¥ (17.78 mg/100 g)ol 7} & g+

off

S Hygom 7 9 (11.40 mg/100 g)o & =S e, By &

.

39 (109.50 mg/100 g)°ll 7Mg =& e Yelgor, 5 € (63.77
mg/100 g)oll 7FF v S Yehlidlal, 4 9 - 7 € 7HAE {F94
2ol & Holx] ¢odtt. Bs 9 A 7 € (0.75 mg/100 g)ol 7MY =2
seFs JERNAAL, 3 9 (0.47 mg/100 g)o & S ERATE
Tou et al. (2007) HIEFY B, & E4HZF, HEY By & 0.001 mg/100 g

2 Husta o}, Aol vlel w2 d%s el

3.6 Trace minerals ¥¥F W3}
ny|Z2e AEA o FQ1TA AROR HENT g Eo] nEor A
A9t A% A BAXEALE St HaErbE @At
AGAIZIE = IHe v, SHFE Table 6 o YERHUTH
Na k2 4 9 (233.6 mg/100 g)o 7F4 =<k, 7 ¥ (203.6 mg/100

g He

ek

Fo By, tE vug gk vl =A e
Kim et al. (2004)+= F7]&< Na g=Fo] 2.85% 2 =7 YEFR

aE]al Mg S-S 3 9 (38.86 mg/100 g)oll =& S wa, 7 ¥
(30.74 mg/100 g)oll & TS yEklow, Ca, Mg, Na & €HEH=E

Fol4 AolE g,
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Table 6. Mineral contents of Antarctic krill according to the harvesting month

(mg/100 g, dry weight)

March April May June July August

Ca 6.47 6.28 7.50 10.16 9.51 8.53
+0.01* +0.01° +0.01¢ +0.01¢ +0.00° +0.02"

M 38.86 35.12 33.48 36.64 30.74 314
8 +0.04* +0.10° +0.05° +0.07¢ +0.01° +0.03"
Na 216.40 233.60 219.60 235.60 203.60 206.40
+2.08* +3.27¢ +1.54" +1.27¢ +2.10° +0.55°

Fe 19.05 6.67 7.55 3.44 3.83 3.69
+0.04" +0.03"° +0.00° +0.00* +0.01* +0.00*

7 4.66 4.30 3.95 4.97 4.27 4.60
n +0.01° +0.02* +0.01° +0.01¢ +0.02* +0.01°

Cu 6.32 7.39 7.45 7.26 6.77 6.67
+0.01* +0.0* +0.01* +0.00* +0.03° +0.00°

Se 0.07 0.18 0.05 0.09 0.02 0.03
+0.01° +0.00° +0.00" +0.00¢ +0.00* +0.00°

* Different letters indicate significant differences at P<0.05.
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Fe ¢ a3e 3 ¥ (19.05 mg/100 g) o =4 Yelda 6 ¥ (3.44
mg/100 gl W& FFS YEATE. Ca (6.28-10.16 mg/100 g)¥} Zn

(3.95-4.97 mg/100 )& thE wHulgd FHol H&] @ IS

I~

HAow 6 dol 7MY w2 IFS vEwon, 4 o w2 §ekol
UEbTE Cu & 6.32-7.456 mg/100 g = AA| mFFE FolA 7HE
kol 5 "ol ZPE =A yEhwaL, 3 el wHA yEETh. o=
A5 Cus shakes g A5 hemocyanin o] Jko = Aztet,

Yamamoto et-al. (1987)2 AE ¢ Cu, Zn, Fe & =2 242+ 12.7,
9.6, 3.6 ng/wet g &= #ISIATE. Se o & (0.02-0.18'mg/100 g)<
Aoz A Yelsttl. Se 2 A&l Al essential trace element

nutrient ©]™, 2 A|oA reactive oxygen species = A7 35t 3HARS}

[e)

g9l glutathione peroxidases 9 +AAE o 2AN T3 oS

i)

rob
=

e & ofFy #ZFol gksFe] oL (Barclay et al., 1995), @=
YL Se o ¥FYor Z=g35tta AzEE oA}, Tovar-Sanchez et
al. (2007)3} Chen et al. (2009)& =™ mEgFdol A oA

ol Ae A% 7o} nlsEtly Bausta Q).
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3.7 Heavy metals & W3}
ofgl AIZIE "= A”e] Tus IS Table 70l YERASIT

Hg 32 0.03-0.05 mg/100 ¢ o= Y o7} vehA] ekatrh. Cd

ok

ZF2 549 (0.05 mg/100 g)oll 2 FFS Helom, 449, 7€9 8¢
(0.03 mg/100 g)oll & =S BT Pb TS 3 ¥ (2.94 mg/100
gl & TS Helew, 59 7 7 9 (0.01 mg/ 100 gl
s YERAY. As 32 609 (1.01 mg/l00 g)ol =2 FFS
Holom, 4 9 (0.52 mg/100 g) o 2 S YEFHRATE. Yamamoto
et al. (1987)& = =& Cd, Pb '3 Hg & o] 22H.0.43, 0.04
0.008 pg/wet g o= FeEbaL, Kim et al. (2004) 9= =2l Pb,

Cd, As o], &&o] zZ+ZF 2.76 ppm, 0.14 ppm, 1.29 ppm = YEI

O

A A Sl Ao 2 et (0DEX 54 3% 7I+4= Hg,
As ¢t Pb 27} 0.1,.0.1,-073 ppm- L2 g T8 g A9
=32 shgk 7| X C0DEX I EU 9 7|Z:o= &1, 21E9 7]&x=
Hg 2 0.5 mg/kg ©l8}, Pb & 2.0 mg/kg ©13}, Cd &3k 2.0 mg/kg ©]3t=

LHERR
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Table 7. Heavy metal contents of Antarctic krill according to the harvesting

month (mg/100 g, dry weight)

March April May June July August

H 0.05 0.04 0.04 0.03 0.03 0.04
& 10.00° +0.00* +0.00* +0.00* +0.00* +0.00*

As 0.63 0.52 0.79 1.01 0.56 0.63
+0.00* +0.00" +0.01° +0.00" +0.00° +0.00*

cd 0.04 0.03 0.05 0.04 0.03 0.03
+0.00" +0.00* +0.00° +0.00" +0.00° +0.00*

Pb 2.94 0.02 0.01 0.02 0.11 0.02
+0.00¢ +0.01° +0.00* +0.00* +0.00* +0.00°

* Different letters indicate significant differences at P<0.05.
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of g A7l mE = A- ] HERIF 2 Fig. 2 o YERUH.

Glycine bataine HA|Ho=z ko] vkgkal, AdHE=ZE= 6 ¥ (0.49-

fllo

0.69 mg/100 g)°ol| =< I=FS YEMAT. Trigonelline 5 ¥ (0.52

mg/100 g)ol =A YEebgar, 3 9 (0.23 mg/100 g)o] e IS

ok

Zgo Hon,

B

B}t whHo| carnitined HESF F /M &

4 (4.46 mg/100 g)

ol
o
e
A
=
e
ki

4 (6.63 mg/100 g) o H> &
of WG IEgS BT dubyog JtEUde Xk oy X Al
Holste BaeEdE G#HHA4 At F AWS dyARE "7 9
mitochondria® A W& FFste T8 d&dS s, FEUHLS
osteocalcin' ¢ = &%= =9 osteoporosis = ' dHsl= a¥r}
1l (Cavazzay 2002a), 1A membrane ©| peroxidation ¥} oxidative
stress o] that ks RFRof W ol e (Cavazza, 2002b). HlEFSIS
& - AEA gy xS choline & AU HFEUAL AHEZ o A
homocysteine ©.ZHE methionine S 93+ methyl group donor=
2+-g-3kch(Garrow  and  Park, 1999). Betaine ¢ FgS
homocysteine ¢ FE5 A3AA A A3S st = rh(Garrow

and Park, 1999)
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m Glycine betaine = Trigonelline = mL-Carnitine

Cc

Betaine (mg/100g)
=

. ﬁ:n il May -~ Ju
S et
SRR

Fig.2. Betaine contents of Antarctic krill according to the harvesting month
(dry weight). Different letters indicate significant differences at P<0.05.
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3.9 Nucleotides &= W3}
ATPE= &9 <594 ™A adenine nucleotidee]t}. ATP+=
aAar?d EAdrxad 52 A4 ADP, AMP, IMP, Inosine % hypoxan-

thine & &AL, oF A]7]9 E 9= T8 Nucleotide 2]

ok

F2> Fig. 3 o Yepdidok. oF A7jel] wE d5 Y9
nucleotide & 32 2,242.71-8,645.90 umolL/100 gO & L}E}wT).
AAHOZ inosine 9 JEFe]l 7Y Wkal, ADPO] o] JH

wokth. Nucleotide FHHE=E &

off
o
i
=
t
W

, ATP, %2 6 €
(840.52 pmol/100 g9l F== = LERen 349 (221.55
umol/100 g)ol| S &S e AT,

ADP = 39 (73.16 nmoL/100 g)oll 8k, 5 (16.86 pmol/100 g)
o Zb okt AP = 3 9| (272.73 umol/100 Sg)el =k,
5¢9(179.22 pmol/100 g)oll- LSk Inosine = ADPE AMP ¢} Zo] 3€
(1470.67 pmoL/100g)ell =2 S YEFNSIT. 22y, hypoxanthine
sheke 7 ¥ (8,645.90 pmoL/100 g)ol 7HE =A uEbga, 3 ¥
(204.60 pmol/100 g)ol & F&e debddv. AA nucleotide
oAl hypoxanthine %ol 7Hg A yEhwth. 28a, P =

AEEA BAd,
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Fig. 3. Nucleotide contents of Antarctic krill according to the harvesting
month (dry weight).
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Ak o7 ofFo A= ATP & EIE NP o FHA o] wria &elA
aL(Oba et al., 1991), ATP o &&2 ©]7F9} shellfish o ARf-
A% dskel B BES 7hA 3 o (Koseki et al., 2006).

= ATl = @5 Aol P 7F A& A 23 inosine ¢

e
ot
)

we A2 AP ZH-FH adenosine ¢ HAZE AAH inosine & AT

3.10 Total cholesterol 3+ W3}

AdubA o 52 | ~E| =L steroid hormone 2 vitamin D' E W=
Q83 9dS = AowE d#EA Ao (Kanazawa et al., 1978).

ZY~H =2 F2 dietary sourcess= cheese, egg yolk, beef, shrimp

So=2 dHA dt}H(Jensen et al., 1978).

Kanazawa et al.(1978)= FdHE2 447 2 =& E¥x3l
AARRoZME tEFor  EAsly] "] R oA m
A A & d83s Sd=2 AAXIT. A7 F5 AEY F

¢

ZoxHE FEF> Fig. 4 o YeEhdd. FHzEE RS

AA D o2 249.65-348.88 mg/100 g = UERT. AFEHZE 4

o

(348.88 mg/100 g)ol 7F& & =S velton | 8 ¥9(249.65 mg/100

gl 7F4 @A et Al FE Zd A" E0] 150-160 mg/100g wet
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weight = o] gf3lttar Bauwar v} (Krzynowek and Panunzio,
1989). Tou et al. (2007)= = =ZHe ZdHzHE TFFS 66.1

mg/100 g, M-$ (Penaeidae and pandalidae)® ZF#|HlE 32 152

¢

mg/100 g = HIEol v}, F= A= Cholesterol &S
A B TE AT A$-2] Cholesterol SR U= Yrhal star ¢l o},

AT A9 A9 Ho oA e Ao vyt

3.11 Fluoride 3= ¥ 3}

G 382 Ao g 245 9 (Christians and Leinemann,
1983; Nicol and Stolp, 1991; Soevik and Breakkan, 1979; Virtue et
al., 1995)3FaL ¢Jo] A, whole bodyE 2F o= o] gd 49 <tHAl<
=do] A7IEa A7]%= STHBudzinski et al., 1985). ©]&A]7]d

W= G 3o Fluoride &%+ Fig: 5 o YelNth. Fluoride

i
oft
rlo
oo
m{o

1 (599.63 ppm) ol H=2 ShFS HGom 5 €(397.51 ppm)eol
7 W2 gEEs Bt
ade] B4 ko] A3 HuE B, Soszka et al. (1981)& E 4

gheFol 1,330-2,400 mg F-/kg. Moren et al. (2007)2 &4 &% 1,160

+ 230mg F-/kg® UEFSIL, Mohr 3} Saether (1987)& &2 &ao]
1040-3200 ppmo. 2 WERGKTE. olsh o] W= A™e] A g2



AlE o8 A7), A7), AR
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Fig. 4. Total cholesterol contents-of Antarctic krill according to the harvesting

month (dry basis). Different letters indicate significant differences at
P<0.05.
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Fig. 5. Fluoride contents of Antarctic krill according to the harvesting month
(dry weight). Different letters indicate significant differences at P<0.05.
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