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Effects of Fishing Months on Nutrients of Antarctic Krill
FANG Bing,SHI Wen-zheng* , WANG Zhi-he ,ZHU Guo-ping, WEI Lei, LIU Jie—qiong

(College of Food Science and Technology ,Shanghai Ocean University , Shanghai 201306 , China)

Abstract : In order to study the change in nutrient composition of Antarctic krill with the month,the Antarctic krill harvested in
the Antarctic 48.1 area from March to August 2016 was used as the material to determine the contents of basic nutrients such as
water , protein, fat and ash.Amino acid content was determined by amino acid analyzer,and the fatty acid content was measured
by gas chromatograph.The nutritional value of Antarctic krill was analyzed and evaluated systematically of to provide reference
for the processing and utilization of Antarctic krill. The results showed that; protein content Antarctic krill ranged from 13.07%
to 15.15% ,and fat content ranged from 1.13% to 4.36% ,both showed the same trend with the month,and reached the highest
in April. Amino acid analysis results showed that, the total amino acid content ( T) ranged from 99.83 to 151.33 mg/g and the
essential amino acid content( E) ranged from 41.63 to 64.66 mg/g.E/T and E/N values(N represents the total amount of non—
essential amino acids) were higher than the ideal protein conditions proposed by FAO/WHO ,and the T and E values in April-
June were the highest.In each month,the EAAI of the Antarctic krill was close to 1, and the proportion was balanced. Proline
was the limiting amino acid.29 kinds of fatty acids, 19 kinds of unsaturated fatty acids were detected in Antartic kill , accounting
for more than 60% of the total fatty acids,mainly including C16: 1,C18: 1n9¢,EPA and DHA , total saturated fatty acids( SFA)
content from March to August showed a gradually increasing trend with an increase of 2.34% ; the value of w-3/w—6 was
between 2.96 and 4.37 ,and the ratio was appropriate.In a comprehensive analysis, the nutritional value of Antarctic krill from
April to June was even higher.This stage could be used to harvest Antarctic krill.

Key words: Antarctic krill ; nutritional analysis;amino acids;fatty acids

HE SRS TS254.4 XERFRIRAGD: A X E 4% 5:1002-0306(2018)23-0017-06

doi:10. 13386/j. issn1002 —0306. 2018. 23. 004

I 3eA& 3K 75 % W SCIE , TR A0, 25 Al 495 A 09 %0 B AR R AR IR i AR R [ ] B Tl R4 ,2018,39(23) 1 17-22.

A N B I 38 w2 38 M K B IR ( Euphausia Al IK 65 mm MAREE 2 g, VIV A 7 10 BB AR S R
superba) , ESRJE T R3] (Arthropoda) | B 5& 2K KT 40~65 mm [N, FERBEIRE L ER
( Crustacea ) . % ¥F H ( Euphausiacea ) . W§ #F B} B B R AT R L I B R AR W BRI 2 — LR R
(Euphausiidae) @ UF & ( Euphausia) , P e KA SR 3.79 x 10°t Zi Ay, M ER B IR R i sk 1

¥ HHA:2018-03-28

EEBN 7 £ (1994-) , B, MEBF A&, FER 7 @ K= fem L5 k5K, E-mail : 1261385657 @ qq.com,,
* BIEE 6 IE(1975-) , F 14, 3%, FF 5 F 6 . K = Fadm T Fe % , E—mail ; wzshi@ shou.edu.cn,
E£WEB:B R ARKHFEE(41776185)

20184F 5234 17



I@%sﬂ@h‘«i

Science and Technology of Food Industry

BRI L ARk, [ N AR 0 B B R R T T
Kt o, 2o A 36 X 2B 38 o ik 58, IhER
Gl ST W, m A BE IR LA (TR TP A
T 64.44% , ML NE W & & 5.14% , K 4y & =
10.90% , JG A2 W) & 2 19.52% 5 BE T 250 AR
AR o B 52 27 R I TR , Ho v Z2 AN AR D7 1R
13 Fir, B T ra Rk BEIRAS S 2R B, H 2 iP5 X
WA 6y BT S AR AR 7 U TR R, S O T A
TrRAEAEA . R IZ AR B WSS R D, I R BT
AT 5T P B i AR 25 35 49 B DA 52 i) [ 2R AR AR 19 175
BLBAS Sy,

S 338 LI A2 43 BT A 48.1 X 2016 4 3~8 H
Uy 3455 %) T B Bl B v L AR 35 3% k40 L SR TR 2H s LA
Ko g Wi PR 2HL 8, , F 5 122 X 38R e AR i MR 2 5 k49 il H
U3 ZE A B 0, A T AR B IR % Y A% 4 9% LA B T4
HEHRISHERL
1 #MRl5HE*®
1.1 M5

PR BEIRAE T 2016 4F 3~8 H - IR BT
TRt 48.1 [X, —20 °C Ik 7 iz 4y 2= = 7, ik B AE
—40 CyKFE h HEATARAT , S2 56 T A I e 25 3% F 2017
A 3 AUy AR IE 58 B, SR FH K MR URIE &, 2 2H 414
WEHLEE 42 38 50 J5 45 FH s R G 12 6k 18R it 182 4] . i 12
AR CREAREN IR L 2l P B ST L IE © ke L 14%
= IRALIN - B WAE S dral, e T E 25 4E Ak
FRFNABRA A LR fESY Sigma A H; =
L F g o R AR VA

YL-CO020 BUZHLBEREHL LB KB AL ; H2050R
HREHEAR IR EOHL WRACE DM ES A BR A A
FE20-pH i1 AUW320 ¥ 4387 R #HRe i —FER
ZAUI A BRI T s BGZ-140 L X T4 Bl
TR S A BR AN B  SH220N A S Y. B Re Vg e
AR AG FR 2N 7] ; KIELTECTM2300 #1 4> 5 sh9l X
FEREAL PRI E (FOSS) ;SZF-06 T JIg i I 5
1 _WH B F A RS A PYRAMID TX Y Fi 2
e gy b B R 2R A BR A Rl L-8800
AW 4 A s - i B 74 Hitachi 2\ A]; LC -
2010CHT 0 AH i A B AR 53 H4N 7] Trace—
GC S AHEIHL B F| Thermo Fisher 23F]
12 ZWAHE
1.2.1  JFEAEIFFR M E K5 EWE: S GB
5009.3-2016 P42 T4k s B A R & &0 . 21
GB 5009.5-2016 YL & 5 M5B & il <2 : 2 18
GB 5009.6-2016 2 [l 5 K o & il 5 . = 1
GB 5009.4-2016 a4 wg iR KAk " o 45 kR i 34
1.2.2 S FEPR & B
1.2.2.1  FESAALFEE = HE GB 5009.124-2016 [ 7K it
Lbpmte
1.22.2  SHMW% 8 3R 435 :4.6 mm x
60 mm , 53 25 B g i BH B T 38 e b i 5 43 8 AR TR E
57 C KM : 570 nm (JHZEEE N 440 nm) ; 5% i
W :0.40 mL/min; 52N - B = B 5 S8

18 20184 52341

SupelcoZy &) .

WR SRt

H#:0.35 mL/min; X I B IR JE: 135 °C; ¥ A &5
20 plL.,
1.2.3 OETR S mIE
1.2.3.1  FEARALBR B REZE R AR TR WA ik
B 1A RS B EF A TP Oin A 2 mol/L i & 4R Ak 4R
1.5 mL, il AR 2R, B B3 BEs, A 110 C iy
R G XU R 4 TR K R 24 b BUHR Y DS B K i
WA E] 50 mL (25 BIR A, FH 28R 4N 2% vh g 1 vk
LEREIR IE PR M AL A B A B, N A 6mol/L [
HhER 7.5 mL A1, FHH L BRENSE IR S A, TR AT, R
JEAE 4000 r/min 1455 CHLH ES 0 10 min, B 75 W&
330.22 pmA HLIEHL , 75 % AR L RS
1232 EskiAlE@is{Y (HPLC) 4514 GL Sciences
5] Inertsil ODS—SP C18 (4.6 mm x 250 mm,5 pm)
WEAH 0 3% 4 5 £ A AE 7S Inertsil ODS—SP (4 mm x
10 mm,5 pm) ; FESNAH A SHali B, i 3iAH B S 412
— 2. PR 4NZE 7% (0.0085 mol/L Z, R 4N T FH vk 2. Bk
P4 pH y 4.00 £0.05) ,A: B Jy1:9; 3% 1.0 ml/min;
HEFE R 10 L AEiR 32 °C; EAMEII P £ 280 nm; &%
BEBRI
1.2.4 JEMERSEIE AR IRENZ1E GB 5009.6-
2016 2 I il 42 3£, I8 W7 iR 4 Ak I 2 = M GB
5009.168-2016"""
1.2.5 IR IEIE IR AKX
SRR ITS) : AAS = (B S S IFE A PO 7 &3t
s S (mg/g) )/ (FAO/WHO P44 =X A4H B 6 75
HAER W2 (mg/g)) (1)
BIMALZETESy . CS = (B TLfFPE P LR E
IR (mg/g) )/ (S EE & A P AH R O 75 AL TR

A& i (mg/g) ) #H(2)
WA R TE AL -
EAAI = /%x%x%x ------ x% = (3)
TE oo A A 75 AL R D4, a b e g SHAE
i BT B AT A B PR F d, A (B Co-- H XS R

BT 2 IR

1.3 EESR
SEIEHE B Excel F1 SPSS 21.0 #4740 M40 FH
2 HERE5HH

21 BEXEFBDHW

3~8 {4 6 I BB R TP K 3 L 1R IS W LA
Ko JR 43 VAR SEAS 5 35 o 2 ik, S5 SRR 1 R .

fge 1 255 0T 20,3 ~8 40y, ma M i R /K 43 5 h
JEFBEI N 76.59% ~82.69% , 5 i &=L Bl A 13.07%
~15.15% B & =IEHI N 1.13% ~4.36% , )K=
R 1.31% ~2.86% , Forb a6 ()5t I W7 ALK 23 5
YIAE 4 By ik B e s , MK 4> & e 4 1 6y J ik,
6~8 F 5y 3y1a], 25 115 FIAS 5 o s AL TG S e 25
(p>0.05) . FIRGE X UF (& AR aE 18.71% g
Wi ik 1.07% ) w6 IF (2 O e 18.27% I
JWi it 0.52% ) "X L, B AR B MR 2 — Fh 2 1R A i
I G T B ERE MR A R AN PN A i — 3K

S ERGE 3~8 H 4y 2 6] B A U 2 3 4y



@“étﬂ@h‘«il

W [
Z‘
W n 5 ﬂ 1 Vol.39,No.23,2018
F 1 SN ERBREEAE R R T2 (%)
Table 1 Content of basic nutrients of Antarctic krill in different months( % )
EAS 31 4 H 5H 6 H 7H 8 H
Koy 80.44 +0.16" 76.59 +0.02° 79.99 +0.09" 82.69 +0.19° 80.90 +0.35" 80.11 +0.26"
AR 13.07 £0.07* 15.15 £0.16" 13.89 £0.77" 13.42 £0.34° 13.28 £0.22° 13.32 £0.04°
Jils1ild 1.65 +0.16° 436 +0.01" 2.65 £0.54" 1.47 £0.04¢ 1.44 +0.60° 1.13 £0.01°
R4y 2.54 £0.05" 2.86 +0.05" 1.70 £0.06° 1.31 £0.01° 1.73 £0.29° 1.54 £0.03°

T A ERENG TR S A Z A B 225 (p <0.05) 3R 2. 385 [,
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Fig.1 Changes in protein and fat contents of

Antarctic krill in different months
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Table 2 Amino acid content of Antarctic krill in dlfferent months(mg/g)
IR AR 3H 4 H 5H 6 H 7H 8 H

KA (Asp) 9.73 £0.31° 14.35 +0.82° 13.39 +0.21° 13.11 £0.14® 11.06 £0.22° 1145 £1.41™
P& (Thr) * 3.95 £0.11° 6.58 +0.40" 6.19 £0.07" 6.03 £0.04" 5.03 £013" 457 +0.49"™
245515 ( Ser) 3.83 +0.11¢ 6.19 +0.39* 5.55 £0.08" 5.39 +0.01" 4.56 +0.17° 442 £0.51
AETR(Glu) 4 13.38 £0.47¢ 21.45 +1.39° 21.48 +0.36" 20.85 +0.14° 17.15 £0.71" 15.97 £2.07™
HE R (Gly)* 442 +£0.10° 6.46 +0.23" 7.76 +0.04* 7.95 £0.21° 492 +0.18° 4.86 £0.55°
AR (Ala) 4 5.56 £0.16° 8.13 £0.44" 9.27 £0.57" 8.82 +0.57" 6.84 £0.69" 6.48 £0.76°
L WeaE 2 (Cys) 4.64 +0.09™ 5.16 £0.40™ 5.39 £0.38" 5.45 £0.20" 4.09 +0.18° 4.19 £0.07°
HiG R (Val) 4.63 +0.08° 7.44 £0.24° 7.15 £0.05" 7.02 £0.02° 5.75 £0.11" 5.27 +0.53"
FEH R (Met) * 2.66 £0.11° 5.79 £0.37* 5.44 £0.09* 5.27 £0.04* 4.18 +0.44" 2.89 £0.53°
FE R (Tle) ™ 6.49 +0.19¢ 9.25 +0.20* 8.28 +0.13" 8.27 +0.18" 7.50 £0.25° 6.43 +0.45"
PR (Leu) * 8.28 +0.17° 12.59 £0.63" 11.92 £0.11* 11.45 £0.01* 9.87 £0.04" 9.33 £0.92"
fi% 2R ( Tyr) 4.54 +0.03" 7.30 £0.20* 6.75 £0.03" 6.64 +0.08" 6.08 £0.11° 5.03 £0.56"
FETNE % (Phe) 4.01 £0.04° 7.45 +0.13* 5.49 £0.04° 5.46 £0.24° 6.50 £0.55" 5.68 £0.50°
H R (Lys) * 8.16 £0.26° 12.64 £0.69" 12.79 +0.06" 12.31 £0.06* 10.03 £0.04" 1032 £1.29"
{65 % (Trp) * 3.45 £0.10* 2.92 £0.17" 2.67 £0.08° 3.02 £0.11° 3.37 £0.11° 3.05 £0.09"
2 %R (His) 2.32 £0.02° 3.28 £0.16" 3.12 £0.03" 3.01 £0.06* 2.80 £0.31™ 2.35 £0.28"™
K& (Arg) 6.05 +0.09° 10.93 +1.82* 9.67 £0.23% 9.86 +0.26™ 10.61 +1.80" 7.36 £0.82"
Jifi %% (Pro) 3.72 £0.11° 3.46 £0.21° 3.85 £0.36" 3.54 £0.11b" 2.94 +0.08" 3.62 £0.30°

T 99.83 +1.58° 151.33 £6.04*  146.13 £1.52"  143.38 £0.56"  123.23 +0.16"  113.27 +8.59™

E 41.63 £0.75" 64.66 +1.76" 59.93 +0.14"®  58.83 +0.05" 5223 £0.32° 47.54 £3.12°

(E/T) x100% 41.70 £0.95* 4273 +0.54" 41.01 £0.33" 41.03 £0.19" 42.38 +0.24* 4197 +0.21*
(E/N) x100% 71.60 +0.28*" 74.63 +1.65° 69.50 +0.95" 69.51 +0.56" 73.51 +0.73° 72.36 +0.53*

AT RR IR B E RR T &M S N Fondb T &350 B ; ACEEWREARLR; « RELTEER.
#3250 e IR A v A BRI IR & S R A (me/g)

Table 3 The AA content per gram of protein of Antarctic krill in each month compared with two models( mg/¢g)

M 3H 4 A 5H 6 H 7H 8 H FAO/WHO #i5{ A
BEEMR 49.66 61.06 42.86 41.56 54.00 4791 40 49
=R 63.35 83.10 61.70 57.54 71.06 69.52 70 66
WA 62.43 83.43 66.20 61.86 7221 76.90 55 66
AW + LER 5585 72.28 56.06 53.87 59.54 52.76 35 47
KNER + BRER 6542 97.36 63.35 60.80 90.57 79.81 60 86
BN 30.22 4343 32.04 30.30 36.21 34.05 40 45
ETERN I 35.42 49.11 37.01 35.28 41.40 39.27 50 54
=N 26.40 19.27 13.82 15.18 24.26 2273 10 17

#4 K HOMRBEIFRERIT S (AAS) L2053 (CS) Kbt BT 5 (EAAT)
Table 4 The amino acid scores( AAS) . chemical scores( CS)and essential
amino acid index( EAAI) of Antarctic krill in different months
AR 3 A 4 A 5 A 6 A 7 A 8 A
SR 1.24 1.53 1.07 1.04 1.35 1.20
SERIR 0.91 1.19 0.88 0.82 1.02 0.99
Wi R 1.14 1.52 1.20 1.12 131 1.40
AAS FEER + L E R 1.60 2.07 1.60 1.54 1.70 1.51
WA + BRER 1.09 1.62 1.06 1.01 1.51 1.33
HaEmt 0.76 1.09 0.80 0.76 0.91 0.85
AR, 0.71 0.98 0.74 0.71 0.83 0.79
B Z R 2.64 1.93 1.38 1.52 243 227
SE AR 1.01 1.25 0.87 0.85 1.10 0.98
SERIR 0.96 1.26 0.93 0.87 1.08 1.05
Wi R 0.95 1.26 1.00 0.94 1.09 1.17
s FEER + L E R 1.19 1.54 1.19 1.15 1.27 1.12
ENER + BE R 0.76 1.13 0.74 0.71 1.05 0.93
WAL 0.67 0.97 0.71 0.67 0.80 0.76
R, 0.66 0.91 0.69 0.65 0.77 0.73
R 1.55 1.13 0.81 0.89 1.43 1.34
EAAI 0.93 1.17 0.85 0.62 1.05 0.99
o AN — IR EETR, A A T BRI R .

20 01853238
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Table 5 Composition and percentage of fatty acid of Antarctic krill in each month( % )

JIg 107 18 44 Pk 34 4 A 5H 6 H 7 H 8 H
Cl14:0 11.15 £0.25° 12.98 +0.52" 12.89 +0.20" 11.58 £0.37° 14.03 £0.54*  13.31 £0.22"
C15:0 0.14 +0.18" 0.32 +£0.01° 0.34 +0.01° 0.15 £0.21° 0.24 +0.03" 0.22 +£0.01°
C16:0 22.57 £0.03"  21.11 £1.57" 21.22 +1.44" 2378 £0.66"  22.66 +0.70"  22.01 £0.46"
C17:0 / 0.09 +0.01" 0.18 £0.01* 0.02 +£0.01° 0.02 +0.02° 0.01 £0.01°
C18:0 1.73 £0.32° 2.04 +0.18" 2.02 £0.08* 1.90 +£0.19° 2.04 £0.08" 2.01 £0.06°
€20:0 0.11 £0.01° 0.02 £0.01" 0.07 £0.01" 0.03 +0.04" 0.07 £0.02" 0.06 +0.01"
C21:0 / 0.01 £0.01" 0.02 +£0.01° / 0.01 £0.01" 0.01 £0.01"
€22:0 0.04 £0.01" 0.03 £0.01° 0.06 +0.01" 0.04 0.01" 0.13 £0.01° 0.12 £0.01°
€23:0 / 0.22 +0.06" 0.34 +0.01* / 0.56 +0.05" 0.26 +0.11"
C24:0 / 0.02 +0.01¢ 0.02 £0.01° / 0.13 £0.01° 0.07 £0.01"
Cl4:1 0.18 +0.14" 0.15 +£0.01° 0.07 £0.01* 0.19 +0.16* 0.11 £0.02° 0.10 £0.01*
Cl6: 1 1044 £0.32™  13.50 £0.96" 11.37 £0.16" 9.55 +0.69° 14.07 £0.17° 13.71 £0.01"
C17:1 0.38 +0.09° 0.75 £0.01" 0.12 +0.01" 0.30 £0.07° 0.12 £0.01" 0.05 £0.01"

C18: 1n9T / 0.07 £0.01" 0.09 £0.01* / 0.11 £0.01° 0.07 £0.01"
C18: 1n9¢ 13.12 £0.76" 14.47 +1.15" 13.56 +0.15" 12.11 +1.68" 14.81 £0.65° 14.99 +0.65°
€20: 1 0.34 +0.30" 1.08 +0.08" 0.72 £0.17" 0.75 +0.18" 0.93 +0.14" 1.09 £0.06*
€22: 1n9 0.56 £0.04" 0.67 £0.05" 0.59 +0.05a" 0.61 +0.02" 0.66 +0.05" 0.69 +0.01°
C24: 1 1.01 £0.01° 1.09 £0.01° 1.10 £0.01° 0.91 £0.01° 1.73 £0.85" 2.04 £0.47°
C18: 2n6t 0.86 +0.01° 1.86 £0.01° 1.54 +0.01° 1.66 £0.01° 1.82 +£0.02° 1.72 £0.02"
C18: 2n6¢ 2.63 +0.07" 0.76 +0.04" 1.37 £0.04° 251 +0.18" 2.14 +0.04" 1.99 +0.03"
€20:2 4.44 +0.07° 2.86 £0.13" 3.09 £0.24" 4.80 +0.48" 0.91 +0.02° 0.69 +0.01°
22:2 0.50 +0.01° 0.29 +0.06° 0.39 £0.01"™ 0.45 +0.01" 0.35 £0.01* 0.37 £0.02°
C18:3n6 0.08 +0.11° 0.14 +0.01° 0.15 +0.03" 0.10 £0.01° 0.12 £0.01° 0.16 +0.01"
C18:3n3 1.66 +0.41° 0.35 +0.02" 0.25 +0.11" 2.25 £0.67" 0.39 £0.07" 0.43 +0.12"
€20:3n6 0.15 +0.01° 0.05 £0.07" 0.11 £0.02* 0.10 £0.02* 0.18 +0.03* 0.17 £0.04°
€20:3n3 0.03 £0.01" 0.02 +0.01" 0.14 +0.19" 0.02 +0.02" 0.45 +0.03° 0.03 +0.02"
€20: 4n6 0.36 +0.02° 0.15 £0.21" / / / 0.27 £0.08"
C20: 5n3 (EPA) 20.09 +0.35° 1645 £5.50°  19.46 £0.12* 1824 +1.01" 16.28 +0.54° 16.14 £0.37°
€22:6n3(DHA) 7.45 £0.39" 8.45 £0.49" 8.72 £0.89" 7.96 +0.83" 6.95 £0.35" 7.21 £0.54"
SFA 35.74 £0.13° 36.84 +0.22" 37.16 £0.16"  37.50 £0.18"  37.89 +0.10° 38.08 +0.35°
MUFA 26.03 +0.31° 31.78 £0.21" 27.62 +1.08° 24.42 +0.27° 32.54 +0.28" 32.74 +0.37"
PUFA 38.25 +0.32° 31.38 £0.27° 35.22 +0.41" 38.09 +0.11° 29.59 +0.47* 29.18 +0.15*
EPA + DHA 27.54 +0.31° 24.90 +0.12° 28.18 +0.87" 26.20 £0.34"  23.23 +0.23" 23.35 +0.11"
03-PUFA 29.23 +0.25° 25.27 £0.52¢ 28.57 £0.19" 2847 +0.13"  24.07 £0.36" 23.81 +0.23"
w6—PUFA 4.08 +0.12" 2.96 £0.09° 3.17 £0.34° 437 +0.15° 4.26 +0.05° 431 +0.11°
0-3/0-6 7.16 £0.32° 8.54 +0.23" 9.01 +0.67" 6.51 +0.18" 5.65 +0.32° 5.52 +0.27°
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