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TR . LPY . AR R S AR A )
REFNIT . BHERAMANRNTTRARL, Rz
WIILIA 2 R0 — - ZBR 7S MR (DHA) % 1 e i
BRI — 1Bk TS R (EPA) 1 DHA & i
1= (61.49%)., EHSE" 47 S 50, (Symplectoteuthis
oualaniensis) FIF: RAS S W (Loligo duvauceli) 3k JE
R E TRy, RIS S5 AR A,
DHA & #m . ke b amEmn 10%,
AR AN TR, BAWR KL
MERVEFRME . BT 055 WAL 2558 £ J2 ik
BE TR AT T R, 45 FM, M
KREAGRER, AZMY4ER. T YITEM
IR, AT EIER 5 R E LRI Er ik 30.97%
DHA & & /i BRI R 11 35.49%. B % Z& 10 jn 1.
FORM L RE, Z20 5 IR0 ah SRR AN T H 2532
FNEY, T o — P LA BRIk 5 BT
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PEREERIRE 250 °C, Kzl 28R 280 °C; dEEE(A
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R1 IMEREERER
Tab.1 Information of three squid samples
s E=2 h T /g Fili 495 Ik (1) LI
number scientific name Latin name body weight time of capture longitude and latitude

A BT AR S £ Illex argentines 300~400 2021-03 50°50'W/48°42'S

B &L Dosidicus gigas 500~600 2021-08 95°45'W/5°53'S

C EEE A Ommastrephes bartrami 300~500 2021-05 168°28'W/45°5'N
2016 &P EIERR I E ) THRRK R ITEET FAB IR R HR4E FAO/WHO #Y

FEMIA 6 mol/L HCI W 5, 110 °C 45444 T /K fi
22h, k. ER. W4E, R H L L-8900
IR FETR 2 H S MG AT R

RE PR AP R

i) B SERRIT AR e S 3 S BRI 0 (AAS) A
FAIEMM LI (CS):

P =)

& = (mg/g N) 3)

~ FAO/ WHOR R i [l

TR P R LR & i (mg /g N)

CS

PRI 5 (mg/g N)

MR E BEOEERE N,
KA NLAYTIR 1.0 cmx2.0 cmx0.5 cm /N, %
H TMS-PRO Jii #4 {X (3€ [E Food Technology Cor-
poration 23 F) ) #47 BT H4 ) 1 43 AT AL =X (TPA) T 19
FHRIAR . FrEESE: W A 30 mm/min,
AR & 50%, MR ES 30 mm,

KomAmmeg  SHEIEWESF WL,
K H PQO01-20-25V fIf 7 4% il Fe 4R A (5 M A3 4
BHACER B A B2 ), B b D) B i — 350 /)
e, D T RRE R A SRR L. S
SRAES R 100 kHz, [FIEAS%0R2 500, 8RR
FE 16 K, ZEf5TE 4 3500 ms, il id SIRT S fi ,
VEEEIE DAY 2, B4R 100 TT IR, 15K FRR A
IR B TR S B IR [R] (T« Ty Thos) ST AR LE

G R R P R PR R R 7 ik (me/g N)

“

Bl (A1 Az A3)o

HIEH A ERERIT SPSS Statist-
ics 26.0 #AFHEAT W b, SRS R I7 200 #r
(One-Way AVOVA) F Duncan [ 22 5 48 46 46 3t
11 VPN (P<0.05), SEEREE SRR R fH+
FrifEiR (n=3)

2 4R

2.1 3MHFREARINEKREFRS

3P ANLA K 43 & B G I 3 25 5% (P>0.05)
(F2)., WEEZMPNAMHEASERS, N
17.54% B A 28 3 22 40 JIL A A AEL I O 5 o S 35 o
T HAb P AP 2 40 (P<0.05), M2 £0 1Y A 6] 5847 1Y)

R2 IMRETEFTMUELEFRKS (BE)

Tab.2  Nutritional comparison of different parts of three species of squids (wet mass) %

Fih Ky HEA bishii=ii Y ix
sample moisture crude protein crude lipid ash

AS-M 76.42+0.15" 16.92+0.30" 1.23£0.01* 1.60+0.01°

AS-S 81.88+0.92° 11.76+0.06° 0.96+0.00° 1.924+0.03"

PS-M 74.97+0.67° 17.54+0.67* 0.58+0.01* 1.60+0.01™

PS-S 80.33+0.23" 12.15+0.58" 0.35+0.01° 1.83+0.05"

NS-M 74.53+0.15" 16.92+0.47* 1.01£0.02*® 1.82+0.07™

NS-S 79.86+0.34° 10.56+0.45° 0.45+0.00° 2.01£0.00°

VE:  AS-MUSBTHUERMNLA, AS-SHBTIRUEHE S, PS-MRLE SR MAA, PS-SHMEERML, NS-MAEHRANA, NS-SK
g%%ﬁiﬁ, TE. B PAERNE FREORA R RISt 2 7 5.3 (P<0.05), FIFIh AR KRS 7 REROR A B 2 g% 7
3% (P<0.05).

Notes: AS-M is I. argentines musle, AS-S is I. argentines skin, PS-M is D. gigas musle, PS-S is D. gigas skin, NS-M is O. bartrami musle, NS-S is O.
bartrami skin, the same below. Different small letters within one column denote statistically significant differences between different parts (P<0.05), and
different capital letters within one column denote statistically significant differences among different species (P<0.05).
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Fe &, BRAKA SRS, AR DS
i KRR W O RO Ay i Y T R
(P<0.05), 3 FhZ AR TR FEAE F2 Lo 12
SRR, Hhia s ZallmiEn &EseE,
BT AR S i 2 £0 L PR KELIR D 35 Hb s o

2.2 3 L & A [EERLAE BFER 2E B AN IEN

3 Fh 2 0 AN R A7 JEAG I 1 15 FhiR AR, H
AL HE 6 FIRLFIIR TR (SFA). 3 R ANt Ak i

(MUFA). 6 FiZ R g ER (PUFA) (£ 3). Al
Wb, PR ZE M 2 U EMUFA K 3.79%, &
RN 2.35 4%, JRUURRZRMAY 1.58 fF; BTARAE
W Z2 401 n-3 SPUFA/n-6 SPUFA Fl1 A 11 FAS i
% (SUFA) L fiw & o 22 fa L A B9 TPUFA. n-3
YPUFA/n-6 SPUFAFI SUFA 381 T-H bk (P<0.05).
PRUVREZE AL, AL ALFI T3 B KT
BBk (P<0.05).  BAJAR A8 ¥ 2% f00 (4 B 5 R 65 77 0 (8L
B, BRI IR D R B SR M (A A T ILIA o

R3 IMEEFEILAEHEREBKLSE (RE)

Tab. 3 Fatty acids composition of different parts of three species of squids (wet mass) %
faE?yHJZE%S AS-M AS-S PS-M PS-S NS-M NS-S

Cl14:0 1.69+0.00* 1.69+0.00° 1.01£0.01° 0.95+0.01° 1.01£0.01°" 0.87+0.00°
C15:0 0.43+0.00" 0.50+0.02° 0.51+0.00" 0.690.00° 0.33+0.00™ 0.39:£0.00°
C16:0 27.42+0.00** 28.77+0.10° 25.7140.04* 25.3140.06° 26.83+0.10" 25.87+0.03°
Cl16:1n7 1.75£0.01 1.88+0.02° 0.32+0.00* 0.24+0.01° 1.18+0.00° 0.83+0.01°
C17:0 0.41£0.01*° 0.53+0.01° 1.01£0.01° 1.58+0.00° 0.87+0.01" 1.02+0.01°
C18:0 3.33+0.03" 3.78+0.03" 6.27+0.04" 9.16+0.03° 6.46+0.03" 8.15+0.02°
Cl18: In9c 2.05£0.01" 3.00+0.06° 1.29+0.02° — 1.21£0.01°® 0.93+0.01°
C18: In%t — — — 0.07+0.00 — —
C18: 2n6t 0.30£0.01** 0.29+0.01° 0.06+0.00" 1.6240.02° — 0.08+0.00
C18: 2n6c 0.11£0.00 0.26+0.01° 0.09+0.00" 0.13+0.01° — 0.21+0.00
C18: 3n6 0.07+0.00° 0.12+0.01° — — — —
C21: 0 0.18+0.00" 0.23+0.00° 0.21£0.00" 0.60+0.01° — 1.46+0.01
C20: 4n6 1.02+0.01" 2.01+0.01° 1.47+0.01%® 6.05£0.20° 4.35+0.03* 3.91+0.12°
C20:5n3(EPA) 15.85+0.02* 18.98+0.04° 13.95+0.04% 16.41+0.05* 13.53+0.02 16.86+0.01°
C22: 6n3(DHA) 45.37+0.03*® 37.95+0.06° 48.14+0.08* 37.20+0.12° 44.24+0.20° 39.60+0.03°
EPA+DHA 61.22+0.04° 56.93+0.03 62.09+0.04* 53.6120.07° 57.77+0.18 56.47+0.04°
ESFA 33.47+0.03" 35.50+0.10° 34.71+0.02" 38.29+0.10° 35.49+0.14% 37.77+0.07"
IMUFA 3.79+0.02" 4.88+0.08" 1.6120.02* 0.31+0.01° 2.39+0.01" 1.75+0.03°
SPUFA 62.72+0.04 59.62+0.03° 63.71+0.04* 61.42+0.12° 62.124+0.15* 60.67+0.15°
n-3 ZPUFA 61.22+0.04" 56.93+0.03 62.09+0.04* 53.6120.07° 57.77+0.18 56.47+0.04°
n-6 SPUFA 1.09+0.01% 2.13+0.02° 1.47£0.01% 6.05+0.20° 4.35£0.03* 3.91+0.12°
n-3 ZPUFA/n-6 ZPUFA 56.06£0.23* 26.74+0.23" 42.24+0.20" 8.87+0.31° 13.30£0.12 14.47+0.45°
TUFA 66.51+0.06™ 64.50+0.10° 65.324+0.03" 61.72+0.11° 64.51+0.14* 62.42+0.14°
Al 0.44+0.00" 0.47+0.00° 0.41£0.00" 0.43+0.00° 0.43+0.00"™ 0.43+0.00°
TI 0.13+0.00" 0.17+0.00° 0.14+0.00" 0.20£0.00° 0.18+0.00" 0.190.00°

A FAT ARG FREROR AN R AL A 45 11 2% 5 183 (P<0.05), AT AN RI IR E = RER R AN R4 Fh 2 8] K 2 1 2% 7 1 3 (P<0.05).
O FR AR UK T0.05% IR H IR . ALBIBKOERERIALIREL, TLIARTE AR 4L

Notes: Different small letters in one row denote statistically significant differences (P<0.05) between different parts, and different capital letters in one
row denote statistically significant differences (P<0.05) between different species. "—" means not detected or below the detection limit of 0.05%. Al

atherosclerosis index, TI. thrombosis index.
2.3 3 PR & RIS EER LA A FITEMN

3 PP SR A AN [R)ER AL i A Y 17 e R IR (B
PRI (B 1o 3 M MANLP BBk P A &
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amino acid composition

IR & /%

Glu
Ser
Thr
Asp

AN T it A AT Aoz
different species and parts
E1 3MERaTEIRMEEIRRE
1. AS-M, 2.AS-S, 3.PS-M, 4.PS-S, 5.NS-M, 6.NS-S, 2 [,

Fig.1 Amino acids heatmap of different parts of
three species of squids

1. AS-M, 2. AS-S, 3. PS-M, 4. PS-S, 5. NS-M, 6. NS-S, the same as
Fig.2.

Wi, DRRAERS &G ER AR, JEY
T A SRR D R M AR s . 3R MALA
T EER S B E IR Z L (EAA/TAA) l
(40.37%~42.00%), WhiF @R 5IELT AR Z
. (EAA/NEAA) /7 (68.00%~72.40%), 3 FhF AN
[F] R AL 0T IR E M I 45 R s (8 4),
R 3 Fh 22t L IR 9 S R RO 22 R 7 i . LR

T A0 LA B4 5 B R LA B A 5 £ 7 DR S TN 2 R + 1
SR 1Y & e T WHO/FAO i LAIAN, HAvai st
iR & B YILT WHO/FAO #rifi . MR AAS il CS
VEOrAT UL, SR AAS 1350 % R AT PRI, 3
oy 52 A AN TR A P 55— R M S B R 4 A 22
PLCS PFAr Mbrife, BRALE R0 fa i fEAe e fa
FeAh, o — PRI SR Y R R R

2.4 3 FREA AN RAYT

5 R 3L MMLN (F IR ) Btb Y
P o XA R R A R RE S, BTHR AE Vi 52 £ fif
FE R 160.30 N, 5 3 5 F HA P A 32 f1 (P<0.05),
FE T T A A R A B s B 2 £ 1 R
JEPTARIE W R MM 1734, ERE XM
214 f5 o XFTRIFR R, FERERE . PN SRk A g
PEJTI, 23RO RNAR 25 B O RE S A 1B 35 25 5% (P>
0.05); AP Fapt R EME D =T R F
FRE T (P<0.05), % BH B MR 42 2% f 78 3L 1 Al 2
Dy R, 25 M5 75 4 25 R e 32 A0 LA ) I 8
PERRRA 1

2.5 3 FEELRRFRAIK S 53 EFE

Bl 2y 3 PR FFR AL R B . T i
B I) R e T AR, Hith (0~2 ms) b T, 45 A K .
(50~90 ms) K Ty NGl EhK . (300~1200 ms) 4
Tz A HI7K o BATARAE 1 22 fh0 JJL A oth 752 8 8] T,
T3 ¥ 80 3 5 T HAL W Fp 32 M1 (P<0.05); EL4FFR
F TR Ay SR BTARAE 1 2 f0 1Y 1.20 %, 2R

R4 3MRETEBULFREBRNEFITN

Tab.4 Evaluation of essential amino acid nutrition in different parts of three species of squids

R TiH FRR TR R R RAMMEIR FNRARTRAR TR R R
samples items Ile Leu Lys Met+Cys Phe+Tyr Thr Val
AS-M AAS 1.04 0.97 1.19 0.86 0.91 0.92 0.75
CS 0.78 0.80 0.91 0.49 0.61 0.79 0.57
AS-S AAS 0.60 0.53 0.62 0.49 0.62 0.57 0.47
CS 0.46 0.44 0.48 0.28 0.41 0.49 0.36
PS-M AAS 1.05 0.99 1.17 0.88 0.97 0.92 0.76
CS 0.79 0.81 0.90 0.50 0.65 0.78 0.58
PS-S AAS 0.55 0.52 0.57 0.61 0.56 0.59 0.45
CS 0.42 0.43 0.44 0.35 0.38 0.51 0.34
NS-M AAS 1.03 1.03 1.24 0.98 1.11 0.95 0.80
CS 0.78 0.85 0.96 0.56 0.75 0.81 0.60
NS-S AAS 0.64 0.73 0.88 0.90 1.13 0.66 0.61
CS 0.48 0.60 0.68 0.51 0.76 0.56 0.46
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Tab.5 TPA characteristics of three species of squids
FE b T /N P A ok /mm JRF /N MEL g4 /m] R /mY
sample hardness ratio cohesivenes springiness gumminess chewiness adhesiveness
AM-WS 160.30+0.14 0.20+0.00™ 1.31£0.03* 21.03+0.82" 11.70+0.30° 0.26+0.00*
AM-WOS 152.26+5.28"° 0.19+0.00° 1.35+0.01° 12.67+0.12° 11.82:0.70° 0.210.00°
PM-WS 142.07+2.81*® 0.24+0.00** 0.79+0.01°* 24.90+0.95* 19.83+0.52* 0.210.00"
PM-WOS 139.28+3.56° 0.24+0.01° 0.81+0.01° 15.62+0.20° 18.35+0.23" 0.15+0.00°
NM-WS 55.30+1.60° 0.20+0.00" 0.56+0.02° 10.50+0.37* 4.35+0.15°¢ 0.45+0.01**
NM-WOS 46.97£2.71° 0.160.00° 0.70£0.01° 6.210.90° 4.84+0.03° 0.16+0.01°

I AR NG S RER R B LA A 7 B LA 2 8] A S v 22 53t (5 2 (P<0.05), [ 3 i AN [F] (KK 'S - BER RS R b Il 122
F# 3 (P<0.05). AM-WSNFTHRIEN LML K, AM-WOSHBTHGEH UL AN K2, PM-WSI9Fh& 5 LA B2, PM-WOS9ARE 25
FAUAA K, NM-WSIERER ML B, NM-WOSJy RS £ LA B o

Notes: Different small letters in one column denote statistically significant differences (P<0.05) between unskinned and skinned muscle, and different
capital letters within one column denote statistically significant differences (P<0.05) between different species. AM-WS is unskinned . argentines
muscle, AM-WOS is skinned /. argentines muscle, PM-WS is unskinned D. gigas muscle, PM-WOS is skinned D. gigas muscle, NM-WS is unskinned

O. bartrami muscle, and NM-WOS is skinned O. bartrami muscle.

R 114 5. MZRRFILA AY LBk &, st
BHFA] T oy M AR, T, M AHsh; Ff
B B AR Ay, BEART LA (P<0.05).

3 Wi

3.1 3MERERRIMLEFRSD

B, BENT AR 43 02 2 A R Y 222
WAy, g T HAE SRR AR ARESE 3
Pl Rt ) LR A 1 & R 16.92%~17.54%,
NG 15 5 B h 0.58%~1.23%, J@ T &5 & NS I
e, Fefa i JPHLER O RURLIE 05 o AR B R LA,
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Different small letters denote statistically significant differences between different parts (P<0.05), and different capital letters denote statistically signific-

ant differences between different species (P<0.05).
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Evaluation of the nutritional composition and quality of
three pelagic squid species

WU Junjie ?, TANG Fenghua’, GUO Quanyou >, SONG Xiaoyan ",
ZHANG Xiaohui’, YANG Xu?  ZHENG Yao >

(1. School of Healthy Science and Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China,
2. Key Laboratory of Oceanic and Polar Fisheries, Ministry of Agriculture and Rural Affairs,
East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China)

Abstract: In order to investigate the differences in the nutritional composition and quality of muscle and skin of
lllex argentines, Dosidicus gigas and Ommastrephes bartrami, fatty acid composition and amino acid composition
of their muscle and skin were determined and analyzed using the national standard method, and the texture and
moisture distribution of their muscle and skin were analyzed using a mass spectrometer and low-field nuclear mag-
netic resonance instrument. The results showed that the crude lipid content of /. argentines muscle was 1.23%,
which was significantly higher than that of the other two species (P<0.05). In addition to moisture content, the
crude protein content, crude lipid content and ash content of the muscle were significantly higher than those of the
skin (P<0.05). The unsaturated fatty acid content of both muscle and skin was higher than 61%, and the total unsat-
urated fatty acid (XUFA) of 1. argentines muscle was 66.51%, which was significantly higher than those of the
other two species (P<0.05). 17 amino acids were detected in different parts of the muscle. The total amount of
essential amino acids in the /. argentines muscle was 5.54, 6.68 and 5.97 g/100 g, which accounted for more than
40% of the total amino acids. The content of non-fluid water in the muscle was significantly higher than that in the
skin(P<0.05), and the percentage of immobile water (96.92%) in the I. argentines muscle was the highest. The
hardness and springiness of 1. argentines were significantly higher than those of the other two species (P<0.05),
and the gumminess and adhesiveness of skinned squid muscle were significantly higher than those of unskinned
squid muscle (P<0.05). Compared to the other two species of squid, I. argentines muscle had highest unsaturated
fatty acid content, best textural properties, and highest water retention capacity. There was no significant differ-
ence in hardness, cohesiveness and chewiness between skinned and unskinned squid muscle (P>0.05), and
although the nutritional value of squid skin was slightly lower than that of muscle, squid skin still had high pro-
cessing and utilization prospects.
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Corresponding authors: GUO Quanyou. E-mail: dhsguoqy@163.com;

SONG Xiaoyan. E-mail: xishi.rujin@163.com
Funding projects: National Key R & D Program of China (2020YFD0901203); Special Research Fund for the
National Non-profit Institutions of Chinese Academy of Fishery Sciences (2020TD68)

R E K7 2: 2 E /) sponsored by China Society of Fisheries https://www.china-fishery.cn

11


mailto:dhsguoqy@163.com
mailto:xishi.rujin@163.com

	1 材料与方法
	1.1 实验材料
	1.2 实验方法
	基本营养成分测定
	脂肪酸含量测定
	脂肪酸的评价方法
	氨基酸组成测定
	氨基酸的评价方法
	质构特性测定
	水分分布测定
	数据分析


	2 结果
	2.1 3种柔鱼不同部位基本营养成分
	2.2 3种柔鱼不同部位脂肪酸组成和评价
	2.3 3种柔鱼不同部位氨基酸组成和评价
	2.4 3种柔鱼肌肉的质构特性
	2.5 3种柔鱼不同部位水分分布特征

	3 讨论
	3.1 3 种柔鱼不同部位营养成分
	3.2 3种柔鱼不同部位品质差异

	4 结论
	参考文献

