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Tab.l Sample information of frozen scallops purchased from local supermarkets
B SR ifﬁ o VR [F] P g @%ﬁiﬁ LFEEEAERE REAR SR
Number Supermarket Unit price Varictics Fr(_)zen storage Product Packaging Upper ] Lower ]
/(Yuan/100 g) time/month form method  temperature/'C temperature/'C
1 M 6.6 - 3 ZikilIN E[ =y -20.5 -21.3
Abductor muscle Non-vacuum
2 M 10.3 - 3 ZibailIN E[ = -23.1 -24.0
Abductor muscle Non-vacuum
3 M 40.0 W3R g 1 4 ZibailIN E[ = -22.5 —24.5
P. yessoensis Abductor muscle Non-vacuum
4 M 18.4 IR 3 1 8 GBI s -20.6 —21.7
P. yessoensis Abductor muscle Vacuum
5 M 11.6 HR 3 11 1 g = JEE 2 ~18.2 ~20.0
P. yessoensis Half shell Non-vacuum
6 M 10.4 HR 55 5y Il 1 o = -19.1 -20.6
P. yessoensis Half shell Non-vacuum
7 M 10.8 HR 55 5y Il 2 o Bz -18.7 -20.5
P. yessoensis Half shell Vacuum
8 \% 20.0 - 8 ZikilIN 2R -16.3 -17.9
Abductor muscle Vacuum
9 A% 14.5 - 1 ZibailIN HZS -12.8 —-13.7
Abductor muscle Vacuum
10 A% 9.0 - 1 ZibailIN HZS -16.6 -17.4
Abductor muscle Vacuum
11 \% 12.3 IR 5 1 5 g = JEE 2 ~13.6 ~145
P. yessoensis Half shell Non-vacuum

TE: s RIS RS B R ARPOR R BT 7R 5 — B ORTE IR DU Al BORERJSURMUPR I DUAT 5 RBRIN IH) : SEPREc SRy
(] 5 A5 7 H R 22 (B (N E]7E 15~30 d Z [a)4% 14> H 35

Note: Variety: Shown in the ingredient list of the product packaging bag; — The product does not indicate the scallop variety,
and the ingredients list only indicates the scallop; Frozen storage time: The difference between the actual experiment time and the
production date (Time between 15 days and 30 days is calculated as 1 month)
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Tab.2 Criteria for sensory evaluation of cooked frozen adductor muscle
fabR 590 4y 35 29 14y
Index 5 points 4 points 3 points 2 points 1 point
475 Color RIEADGEE, 2 REACHE, 8K REDGFEAPE, REER, 286 REGR, Sike
SR SR ELe Y}
HLL5H Structure 41 41VE % YU B AV H LV AR
B Flavor Jo DU AT e B DL R SRAME, B SKRAYE, A5 JEKE. ARK
AR IR IR I fEE A
Wk Taste e DLEA R e DL A WRIRAY DLtk IRIRDISE bt JRIRE . AR
BEOR, A7 IR PAELS Bk AT JRIR
[iiith Texture MR PELF, WORELF  EOMELF, WS EMEREIE R, WORE PEHWRRE D, R nEMEE 2R, W2
i

2 ZEREHH
21 WmEFBNAZIGEBRS

H 2 3 AT, [ml— B 2R T T8 b DL A 52 AN [+]
it TR AR S 25 5 s, A [ RS () ) 4 Bt DL B 5
JUL BT 48 bR 22 [RIAF A ik 35 22 57 (P<0.05), AN [A] vk AR I
JE 7= e R 2 0 2 e DL P SE LA RS AR 2
(A —E 25 5, A RIS A7 8 R Bt DL PAD 5% WL &
FRAR2Z B FEATE g 35 22 5+(P>0.05) .,
AN T R 8 R DL A 5 UL TR) — o S5 4 A
SEILRI, AN PR B2 R J S [ (R 5t 1 3 22
55835 (P<0.05), HAth 3 Fp R T R DAL E
0 3 25 5 (P>0.05) 0 VKA BERRAIR, VR DL 52
LA R O | 28 28 400 R BRAIR HLAR /K 85 5 R [
A, W DU e LR R G . 28 B 0 0B HoR K
FTIREAG, A 5 SH 5 (2019) X K 80 AR Bl
(Takifugu obscurus) i i T2 H1 H:E 7K 1 B 22 1k 25 A
— 3, AR DU L, 2B 7e vk B DU 52 LA R
JAREHFFAK T 8 o AR ELA5 VR DL P 7 LAY A R 400 %
BRI S R DU S LS, s R S ke
55 (2019) 3¢ T A [a) o %% Jr X XF 3% FH K B M
(Pseudosciaena crocea) ki id Fie H g K P BE AR fh 45 5
M—%. M BTk N RS T VOB KA
(P<0.05), Fifi 5 ZRamBEET )38, VR ks DL BA 2 LI [l 42
ML PR R R AR (P<0.05), X459 S5k
(20190 F5 78 R B o) A b B A 8 A 45 SR A —
o Ve VLA 52 LA [0 2 P | s R L g 45 8 T2
Fe A DL 52 IL(P<0.05), 28 VR DL 52 e 1] 52
PR AR R T AR LA R DL 52 L(P<0.05), {HIH
B3 A R IR AR B A R DL A FE L(P<0.05). |

JZ VR Be DU 2 LG P9 SR LG 2 R B DL P SE LG, H
b TG 3 25 57 (P>0.05) o AN [ pICRE I B8 V4% i DL PAD 5 AL
BB P> 25 5 0 3, MO T VAR 1% R DL A 52 LR B D
o1 = TV R UK B R DL FEAL(P<0.05),
fb 4 Fir PR 2R o DL 5 IUER B 3740 34 C B 3 25 5
(P>0.05), Z& L ik, ANFEIHZET s A 7e UL K
SR R R E R B AR

22 BmEFRFENAZA@RIFNEE

WL R T, MR T 45 R 2R R DL
FENUS A AE— M, A T i — 25 Hr 45 1R 2 a1 Al
AR B S S R AR B 4 T Ok R o
ML et AT IR AR
221 A& BN A E ISR AR SRR L

24 n] 0L, 11 Fhize b DL P SE LR &6 A0 10 J00 5,
JE AR BRI AFEAE AR R AR BE A4S SRR . P17 JULREL GG 3 5
FRI7E 61.88~2617.29 mJ Z [i], A% R 800 1.03, Pz
B K, AR IE (VA 53 A o R 55 0E R A A 17 10 3
AAHE, JEHETE 506.60~5831.81 g ZIH], 485 RKCH
0.68, Wzh k., HE. Frk hHEE SIS,
A S 2R 0.10, 0.10 1 0.17, B34 264 A
FHIE, TR R, 357K 0 R F ) 1 fw g, Jak
BRI T, AT IES A, mEM,
PO ERME R SRPE AR S R B, 430 0250 0.24
0.24, WshBe/N, aAu s 58 i i . F @
70 Pl e A ) I i 068 o oA 7R 400 2R RN 28 28 P 2 o A il
IR, RF R R . FR PRSI 25 R, R I
P ZELIE IR | AR 22 A Ky FBEAE . Rk Ty, R
BIEA2ZRE/N,

222 AAFEHESH X B DAL 52 L 10 305 BT 1
WARPRIEATAI AT, S5 ILER 5. PISENLAE S5
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PE B 22 [R) S 3 A G (P<0.01), 55 ML g Ak
B 22 8] 5 5 25 54 (P<0.05) o A 5 451 4% 5 MEL UG
BB VR A A SE(P<0.01), SR B AC
(P<0.05) . ZEZ K 55K J1 2 i 3 1E 4 ¢
(P<0.01), HFI&EME, WERME. M E 25 E R
FH(P<0.01), BEWAZEEPIRM S, A, RN
FR PR AR, KK I S Il M | s 2 A S 2 R
X (P<0.01), SHEEIF4r 5 B 3 A0 IE(P<0.05),
P41 5¢ LIS A8 48 Bk 22 (] A0 A7 76 AN [R) A B IE A G, L
rhv, AEER A R (R AH OC R AR K, 15 0.928; HAIR
SRR PP | SRR R, AT Z R A A O
REHIN 0.727, 0723, BEE RS SRS . G
ZIH R 1% IEAE G, FMOC BT a5 3R, i
DU SE LA B8 br 2 A AE S DI R o
223 HF oM HEFF KMO Al Bartlett £ 56 (FF 5%
4, 2009; Abdi et al, 2010), KMO FIAER(E M 0.672,
23T 0.7, BB SEAIIPRE, Bartlett FYERIE B K 56
B0 406.570, 7EH N 45 BF, Bk B EKE, AT
PIEZA AR, H P<0.05, FR&AmEIAA, K
RS B T

BR 2 bR 5 AT R T b, ARPERRAEAR>1
FYJE, 10 TFEARFEI 3 AT, HIJr 2 5imkR |
Rt 7 22 TURR R AN 480 fe K7 22 R e e AR A5 1 [R5
BRATHE AN 6 T/ o FRIEAR R X6 1 P F BE S i 1A
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Tab.6 Principal factor analysis of quality of
frozen scallop adductor muscle

RYGIE =L /A HF Common factor

Quality index f, f, f,
¥ Whiteness 0.416 —0.786  0.064
R Thawing loss 0.088  0.048  0.818

FZ MK Cooking loss —0.741  0.064  0.430
¥#/K 71 Water holding capacity —0.546 0.085 0.460

[7] &2 P4 Resilience 0.849  0.244  0.136
P &M Cohesiveness 0.778  0.130  0.226
#P: Springiness 0.904  0.015  0.043
NHIE@ & Chewiness 0.418  0.778  0.304
i ¥ Hardness 0.271 0.860 0.249
JBE 4> Sensory score 0.033  0.397  0.633
FFIEAR Characteristic root 3.423 2213 1.697
ﬁﬁﬁﬁk% o 34.231 22.127 16.971
Variance contribution rate/%

RPATTRR 34231 56.358 73.330

Cumulative contribution rate/%

e i~ RS 1L 20 3 AT
Note: fi~f; represents the first, second, and third common
factor

A {E B2 GRS, 2014), HiFE 6 ATHn, %65 1
NRTRT 22k 34.23%, FEdddE, g
PR R BEBKAFK S S AHTFI0E, B
B R F 3435 0.904, 0.849., 0.778, —0.741 i
-0.546, Horfr, sfbE | EIE RN REXEE 1 AR T
FEARIE B0, 28 W K X8 1 AR T
T 5 2 ARTFRITZTTHCRE N 22.13%, H
TR RE P R FIEL G B 3 AN uesE, HLPR 2R ar 40 1)
4 0.860, —0.786 F1 0.778, Horfv, i & 10H GG Xt 55
2 AR R, HBEXTES 2 A AR )
I 5 3 R Z0TH0R N 16.97%, WA
RABE Py 2 AN TFUE , AT T 25 53590 R
0.818 M1 0.633, —H ¥ 3 ANHTF=AIE [/ 540,
B ETERER N 73.33%, X 3 ANARE TR
TIRIRAR 5B G AME S . L, #2803 A FE TR
B IRAT 10 TS BRI T 6 R b DLPH 72 LAY 5
224 RATHERRLELEBRHEL M g B3 DX -
ZTIHCRTE 3 > Rty 2 iR n L AR T
KRB, BVZES SRR PRI AR G I e Y - RITA
4, 2018; MZEMAE, 2018):
=0.467f,+0.302f,+0.231f;

MR 48 25 B DL A 5 WL TR AR B 255 5 4543 R AT A
REHY, SR WE 7, mgaia f oA, Hefenr
3DEEYST AR 3.5 F 6, Horb, R Ah 3 MrAk R,
Fidn S 6 B aE, M 1 AR FHER PTAL, R
SHAR —, RV EZRSRBAE TN . R RN
RS, ZEWMIAL, M2 AR TFHEA 5,
R 3 HEA 55—, RIH: 32 SO 3 A A B 5 01 LIS
o M5 3 AHEFHEA AL, B 3 HEA S —, I
FER IR IR E 05 o

23 MEFBRNAZIRREZMERSH

VAR o s th i 255 dh B de br o A8 5, DA
HE T UKAR IR (—24.421.8) C FI(—19.5+1.4)°C . L
B 1 AH L 2~3 A 484 H). EaIERCE
e b DU ZE LR DL 7e L) . e 7 SR s e
A ) L B (KAE L E VKA R )2) 5 Fhsg
WP Kl [ A8, {8 SPSS 19.0 #f, SR #EAE
N 2 U A BB (SR AR 55, 2019), XFRERLHE
A, G50 8 Fn. ARWFgEHh, HAIACRE
RN 0.521, 8% RN 0.211, MM F (55
A NREAE AN P AE AT LABIKT, 7£ 0.05 /KR Al
REEAMmTiE bR f oM AL EZEALE XA
(F=4.469, f M1 P=0.002<a=0.05), 1% {1 [&] )9
SR 4.304, FRZESEF RN 11.559, R, Zevk
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H/NT 0.05, FTHIWIZEG ahBTdeds f 5 5 Flogm A
R LM LR, MR ME T —PiitT
SR

FIH Z e B0, LIZEA s br f o8 A
A, PKARTREE | R . A B Ak SO
PR E S B R 2 S F AR R, a7 2 ond kA
RERY ) fE— s B LA BRI AR i e PR AR d AR A

1=
w

x7 WATEFEBAAZIERRENEAERTFE

mn LA A £ AR T AR R, 15 B 22 on gtk mlie
FREFNFRGR 9)o WIEJ7 FEAS 3] 5 BRI 7 #2 K
f=—1.613+0.310x Pk H5 I J&F +0.210% i 5K B 7] +0.285 %
FEEnIE 340,061 <4155 7 3 +0.096 < 27 & . H H AE
W RBOEE VAT, XSRS TR bR | R KR
PRI 28 R i ] | pIORE I B = B2, At 2 A
S PR 26 25 TG I PR R I (Sig.>0.05)
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Tab.7 Scores, ranking of common factors and overall scores of 11 kinds of frozen scallop

T 4 i HE4, ‘ HE4, ‘| 4, HE %,
Number Ranking Ranking Ranking Ranking
1 —1.244 11 -1.100 10 0.983 2 —0.687 11
2 —-0.705 9 -0.214 8 -0.727 10 -0.562 10
3 1.085 3 1.784 1 1.372 1 1.362 1
4 -0.384 6 -0.090 6 0.391 4 -0.117 6
5 1.655 1 -0.160 7 —-0.105 6 0.697 2
6 1.489 2 -1.596 11 0.582 3 0.348 3
7 0.952 4 0.301 4 —-1.931 11 0.090 4
8 -0.014 5 -0.811 9 —0.564 9 —-0.383 9
9 -0.667 8 0.253 5 0.270 5 -0.170 7
10 —-0.590 7 0.324 3 -0.192 8 -0.223 8
11 -0.750 10 1.228 2 —-0.131 7 —0.012 5
*8 RELESHENW
Tab.8 Model parameters and analysis of variance
B o e R PRITOUE o g DR ame sy Fm P
Model Adjust R? estimation Watson Index squares DOF MS F value P value

VS
Regression  4.304 5 0.861 4.469 0.002
coefficients
! 0.521 0.271 0.211 0.439 0.527 ﬁ)%,% 11.559 60 0.193
Residual
it 15.863 65
Total
9 ZRNLMEEARY
Tab.9 Multiple linear regression coefficients
=1 Unstan(.ia.rdlzed i R 5L Collinear statistics
S Coefficients Standard t Sig.
Variable RN . —
B kiR coefficient Pre s VIF
SE Tolerance
‘& 1 Constant -1.613 0.462 -3.492 0.001
VKAE R BE Freezer temperature 0.310 0.126 0.304 2.463 0.017 0.796 1.257
RFEHT [A] Frozen storage time 0.210 0.065 0.365 3.215 0.002 0.945 1.059
7= JE 2 Product form 0.285 0.122 0.279 2.340 0.023 0.852 1.173
13%% 7520 Packaging method 0.061 0.126 0.062 0.486 0.629 0.740 1.352
77 B Placement position 0.096 0.108 0.098 0.887 0.379 0.996 1.004
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TR TP ASEARIE ) AR v R (H)
BEFRRT-18C. JAUFH 2 KT R 2ZEFREIK
FERLEE , M T UKAE LR Ry (—24.4+£1.8)°C, VT IK
FE I BE R (—19.5€1.4)°C . FHLL V BT, M B HHALM
b 65 305 S K 77 5 i o TR W B DN R RS, R T Y
ORI . BTSSR EEILT v T, A
A5 VR i o A B P PR B A — R BB IR
FEAK = i A A A R A SCE FRNE, HBE 2 R st
[ RE, K= e R AN A, S8k ™
AR UK, I AR BE, 2F im0 BT RO S | R
SRR b 7 25 A LR (SR B 4, 2018), X LA [A]
P 2 R B DU FE L, 25 B DL 52 ILRR T vk
BRI, A SIS SNERE . SR
BF, T 4 B D A 5 LA Ak B 5 7 v 4 s B P T4 %
Jo M3 B — A2 S, PRI 35 A7 7F 25 5 (Labarta et al,
2018), X FUAS R 2% 7y =0 R Bt DL AT 52 L, A B
AR, AR B SR/ N R, T
Padazs <, BHIBHMEHRE R4S, MImTA s W ieE B i is
Yy IRFNREE H 1Y, KOTAETE— € 22 57 (Fernandez et al,
2010), X T A RO B AR et DL R Aok U, L8R
DU BEAS[R] , L ER T 0 2 3 7 S BRI g el Bt sy 8 20
T LA SRR T B3 T BV B R S, R S PRI R
Wi sh, P, ASTRE N B RS UL & R AE AL TG 3%
S

L5007, B A E A R AR B 6
FCBULALEA R, JEBUE R R R E B2
T, fe 20885 e DU e LI 10 J00 58 BT 48 b vk
AN 3 A RHEH T, M SRR A A AR R A —
A TUWe4a 5 K F Rl S R AR S Rk, il —
At B H A BB GE T 7 iR AT 04T

FIFH Z 08 m A 538, A5 e (] . vk AR
JEE RN 7= i B 2O T 65 4 B DL A 3 WL 5 T e K, 4
WHAEZS W EREHEA . H—, Bl A7
TEES . EERIN U ZREEE | VRS E] . T
WIS, B HIFHEQOINIFFE T A R IR E (-5C .
~18°C. —26°C. —35CHI-70°C)XF 5 P L £F 4 55 1
VAR I EE RN BE AR (B L RO L R R
PERBORES H) e, S5 BoR, oms DLR 2 4
P S A A S AR A, LR R A | e i
FARPR AR 2 . X /NFTAE (20 19)WF 58 A [R5
JE(—20°C . —30°C F1—40 °C )X} B i X 2 il (Lctalurus
punetaus) i 5 78 175k 3 PN 8 5 B A0 M o R RCE
JRE , G5 RR, Bl VR ] A E K, R

JEBAR, SRR AR fLiaRulge, K=, FaAy
FErk, AR UL AR . o T AR E R U,
DUEAE N TRt B rp i AR BR AR TR), A
SREVEZAL, HEwm R I A E RS SR E
(MR TESE, 2019; 1A FHREE, 2018), D1 S7E W R A4 faf
AR, AR BK R, VKRB RN | B D
Sy a7 DL L VR A 05 B RR S o R4S 1)k
BE 5 2 UL IR L SR R, R i PR, AR LR /N K
Xt LRV AU 570N s REE NS, AR Rvk 2
FEALA LU RK , Rt DL BT R Y 2 bl
KAy —FA, TS| U PR R &, R 22
(Leygonie et al, 2012; Kaale et al, 2014). [FR}, HEH
Jo AR 5 | A LR 2T 2 B P 235 0 R 1 B ) e M T 1
fi%. ARG R AP &R YA NIR
it 5 1L A A AR AL . BE MK A . DU IR A €6 58 S AR Ak
SRR M 7 i A T U UM L 3R KR A (K aale
etal, 2016), H =, &I, FEIE KRR K%
DTSR A R | TR e A A

AT 5 38 2 PR 43 Bl S T B R R DL DA 5 LR
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Uiy ) 75 Bt DL PA 52 ULZR G it B4 A 52 il e K IRV 2R R
VR R] | PKAR R A= S S WAl R Ok Y S
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SRR IV 28 B (BB I — e B BN 2 FE, X 470
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Establishment of Quality Evaluation M odel and Analysis of Quality
Deteriorating Factors of Frozen Scallop Sold in Shanghai

ZHU Lin"**, ZHENG Yao'??, ZHOU Fen'?®, ZHANG Renyue', WANG Xichang'**"

(1. College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China;
2. Shanghai Engineering Research Center of Aquatic-Product Processing and Preservation, Shanghai 201306, China;
3. Laboratory of Quality and Safety Risk Assessment for Aquatic Products on Sorage and Preservation,
Ministry of Agriculture and Rural Affairs, Shanghai 201306, China)

Abstract In order to analyze the quality status and existing problems (loss of juice, discoloration of
meat, change in taste, efC) of frozen scallops sold in Shanghai, we explored the quality evaluation methods
of frozen scallops in the market and the key factors that lead to their quality deterioration during frozen
storage. In this study, 11 kinds of frozen scallop products sold in Shanghai supermarkets were sampled
based on 5 common influencing factors such as freezer temperature, frozen storage time, product form,
packaging method, and placement position. We measured 10 quality indicators such as whiteness, thawing
loss, cooking loss, water holding capacity, resilience, cohesiveness, springiness, chewiness, hardness, and
sensory score. Factor analysis was used to construct a quality evaluation model for frozen scallops and
was combined with multiple linear regression analysis to determine the key factors affecting the quality of
frozen scallops. Results show that there is a certain correlation between the 10 quality indicators of frozen
scallop products. Three factor components were extracted through factor analysis, and the cumulative
variance contribution rate was 73.33%. It can replace the original indicators to comprehensively evaluate
the quality of frozen scallop products. Quality evaluation model of the frozen scallop was established by
factor analysis: f=0.467f+0.302f,+0.231f;. The common factors of f, were springiness, resilience,
cohesiveness, cooking loss, and water holding capacity; common factors of f, were hardness, whiteness,
and chewiness; and common factors of f; were thawing loss and sensory score. Furthermore, multiple
linear regression analysis showed that frozen storage time, freezer temperature, and product form are the
key factors that affect the quality of frozen scallop products; the other two factors have no significant
influence. These results suggest that methods based on factor analysis and multiple linear regression
analysis can be used to evaluate the quality of frozen scallops and analyze the factors influencing quality
deterioration.

Key words Frozen scallop; Adductor muscle; Quality evaluation; Factor analysis; Multiple linear
regression
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