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ETEFH K%t DITa]
T & ML E X 4R &8 BEM

Eiﬂ ;Tt: 123 %{5 % 1,2,3 Eéiﬁﬁ 1,2,3 E %\ 123
123 Ayl g 1230

(1. DEEHERFEEMY¥E 1§ 201306; 2. /K™= 5N TR TRE AR PO B 201306;
3. RV AT K S I A £ R 2 4 KRG PEAG SE 86 2 (HiEF) B 201306)

HME R % T R L4 X ET (Litopenaeus vannamel) i JfT T 77 ik R R R T4 b By % 48
Z, ULETHETEE LLHARES LA KR ENITAARNE, 2B TER, R,
P AMBHALE AR, AHUREENT W, RABFERAX LB ARRE, 4
GHKREM . BF oS T & WME T, Bt FUFNEE, tHExB¥mE R, £1
BR, BARHK. B EETE, FTEBSERNELGNESITER -0 E 7T, HXHELS
MERW, BABRELK. BORAMEERAERMBEERBFEMX, BOREAMEEH AN L a*
MO EMBFEMKR, EBEOCHAE EREFAMX, PS5HEMEEREEFEML. 2H T
MAETRMEEAT L, KT 3NERETF, Bt 2T E h 84.05%, B o, H&HERSEE
"Bo#F, BHFEREFERXREGERER -, BAEFANMBELINESITFMNHER K
F=0.577F1+0.293F,+0.131F3, H &, Fi. Fo Mt Fs  3ANEEHFHE 4, F e, U608 & UK PG .
H—FEAEFN, BELHRERLNENTRTNEEHE BT E LR, REEXA
Fra AR R EMALE 4R bk, T S R R R i B B e B R LAY R X T B K
%, MmPLEEXE,

KA FAGESE; & O BEFo0r; B

hESHES TS254.1 XEHRIREE A XEHS  2095-9869(2021)05-0176-12

JL 4 1% HF (Litopenaeus vannamei) X Bk 7 35 1 HABBEER®, FEARASERS, EfElz
SR, 2019 4F FLANTERFIRFRAE A% 18156 J1 t W AR S AR WO . HRT, B A
(R A B el B A B Ry, 2020), PGB EESE | Je VR Y O SOR B AR & Bt 2k, A K AR 40 4
B . KR, FLAgERHIR = 5 TR 3R E (Zhang et al, 2018).,

F) FE 23R K™ ah (K = /R4, 2013), 2R, T JUAE R T LA 0 il A A ) A K T A
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N &R, ARFER ARG R b, AT5AS T okt fo 2% %
AR B A, T E BRI 2 RV R R R 4 32
(Shi etal, 2017), AR, RZ2FHTEAKT™ bbb BT
W5 TR THFSE . Yamagatas (1995) He 4 T 66T
(Penaeus merguiensi s) 7 Ik 1 ) AL PR i 8 HH 1 5 &
TA A R AT AR R L0 B PPAN B 48 B - Tsiront%5 (2009)
WFSE T AN R AR FECAR 1 6 UR AR it B R P (9 52 0, A B
Vo] 5 J3E 0 B0 A5 1 T e UE T AR R A v B 1O M
Wang25: (2016) 1 5 1 ¥ ik . KR B 4 7k 39 1) ML &gl v
WA AR A, R T LN X IR TR A R
JREEE TR AR, B TIPS P LA L —
AN PEA , (8 E 1756 T 1B Rl it BRZR A PE A
HIBF ST BEATHRIE . [, Williams2:(1981) 5% & BE
A T 83 G S T R v 1 I R R B A R R Y R P e
£ #F (breaded  shrimp) (14 7K 433 7% 2 5 T Wl AE 6 22
B AHLAY LT . Gongalves?:(2009) F1Zhang%s (2018)
BINA, B Ik R AR AE 32 i AN A e v A IR e 2
X PRARF VAR I %) b 28 G T B 22 G (201 2)F 9% B
VRIF Y 5 B | 1Y 32 R 00 2 I R T i) 7 B X5 A i ek
A5 AR SRRV IE s A R, 3 B FLGA I T R S
R AR SRR 2 AN A . DI, 7 6 T 8 v LA
YOI SR A TER A TR o

AP I I TR T B BLSOIR DL, Hede T T &5
G, P RIE R RIS R RN 4 A D T T B
TR LGRS B s, [, S5 6Kk . i
Fa | €83 T L TG R B AT X L B A T 2R 5 O
B, JEAE B or P (Fe 5 5%, 2017; ik 5E, 2019)
FENA 204 (F S 4, 2019; Wang et al, 2000)1% 57 5%
M) L 29R V5 XoF U 7 At o B P9 SRR DRI 2, A A ST FL g U2
X MR i O P 255 PRI A 8T SRR URK ™ R I
T & JOH P ik iRt — e 2% .

1 MRIERE
1.1 FLYOEITHRE & B SRR

FESL T 201945 5 H 20 HF1 6 A 8 H /5 7=
SRS AR T S YORR A M T A D T, RS
A UKAS R IR AR 12 2 S = -20°C VKA A7, Ho
M B HTIEE N AR 2 h, D HEHTE%N AN 24 min,
HEES T B —20, R8RSR
FH Testo 830-T4-£1 AN ASC I A5 Fib =2 vk A rp 482 5[]
— R L2 AR 20 B RS PR IR, B A AR
B 1,

AT 5% X5 5 WA i B ) 2B R N R ARG
W& PR GRS R R, Ho, B

x1 FALMEXTFMRER
Tab.1 Information of frozen L. vannamei products

, e ORI e e ()

R g Frozen o
. orage temperature
Code Product form time .
/month (upper/lower) /°C

M1 #4F Whole shrimp 2 -15/-21

M2 IF{~ Peeled shrimp 2 -15/-21

M3  # R Whole shrimp 3 -15/-21

M4  #F{~ Peeled shrimp 6 -15/-21

D1 #F{~ Peeled shrimp 2 -11/-18

D2 H#F{~ Peeled shrimp 2 -11/-18

D3 #F{" Peeled shrimp 2 -8/-10

D4 #IF Whole shrimp 3 -12/-16

D5 #F{~ Peeled shrimp 5 -11/-18

D6 H#F{~ Peeled shrimp 5 -8/-10

D7 H#F{~ Peeled shrimp 9 -8/-10

TE: AR LA M AL D JF k4358 T M AL DT . I
T B F b 2 AR rP 28 R — B i Y 1 2R 207 A S B
R

Note: The code starts with M and D from the M
supermarket and D supermarket respectively. Storage temperature
refers to the actual temperature of the upper and lower
positions of the same sample placed in the horizontal freezer

M. ARTERE T RS . EN LT ERE M 5
D T b i T A E A T e IR AR
w43 S B MR RN PR (R 48R H B 542
H 1 2 1] k) 2, 6 1 534 0~44~ H A4~104H
2y VA R =AW S R R = ST = S
A7 B (LT )2 DA B T s B ARk, b, LJRER
B Hb I 70~80 cm, N JZBR B HL AT 30~40 cm),

12 HBE5E%E

DW-40L 5087 i Il vk Af . 4°C vKAE (L i A
[ bR 52 5 A RN |]) ;3 H2050R 78 v 3 4 v 5.0 Bl
(B FE K VD WA FR A FD) 5 TA-XT Plus B T #4 4%
(Stable Micro System /2w, J:[E); CR-400%! (127}
(KnoicaMinolta Sensing A #), HZA); FA B 1K
(b e AR A BR S F]) 5 HWS-2470 it $UfE IR K I
By (i —tEREER A IR AF]); Testo 830-T4-214k
DR AN (TR R R 5 5 A BR A D

1.3 LG AHE

131 M &Rk I ZH A i i L35 B ] — B o
M) EERT RS 9 HR/N—8UWiM—, 8T R
BH%(10 cmx15 cm), FR I BT AR E A, A
ACUKFMETR, FRfrEfh P O IREEIRE] 4°CHE, WM
TRIE
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1.3.2 RoyHikegn e RIS % Li 4(2018) BT JE M i 75 IR R KE o A PR IESS SR

()7 1 DT W AT 2 Bl o K A PR B2 R AR 52 K AR S5 IR
M E R, WIHRIKE N My, 4CHES, KEN My, %
K ()M,

fiff VR A0 2% 8 (%) =(M1—M2)/M x 100 (1)
K, MyORFRZRATRE TR (9); Mo A R J5 B A i
#(9)-

B SE Li 4 (2018) 1Y 7 I s k8l . BL
R BRI, TR T R VIO B3R AR 2 45, AR
B 3 g (K51 %) 0.000 1 g)FESh, FHMEAREEL, BT
BEOET, TREELHYLALL 5000 r/min 1Y HEE =
L 10 min, BUHEFREE.OERES TR, #%X2)it
BEOHIL

B (%)=(M3—M4)/M3 x 100 2)
o, Mg B O EITRE A BT (9) 5 Mg B0 J5 A il 5T

H(9)-

FRBW IS FE Li 45(2018) 1 5 2 IE08 A B sl . B
fift R e WX ER . AR ) R I 356 295, 1)
THRES S A R(L.5 cmx1.5 cmx1.5 cm), REA R 2
IEIEHE, B 95CKIBH AR 5min, ZJ5, M4
HICHH AR SO AE S T TR AN 5 min, BN T
Koy, EFHREEGEE, BXQ)ITEEAENL,

FERE K (%)=(Ms—Mg)/Ms x 100 (3)
X, M ZEEHTAE R T (9); Meh 75 4 5 FE i A

H#(9)-

133 A4 % X452 6 (2012) FY) T v O g
Bk, BURARIGIXTER, SEBUR I 2717, R
FHB R A4 o b 50 T8 o A7 o IR 2 . #R LS
P/5, I BT 3 K A 2.00 mmi's, P33 % 2 2.00 mmis,
R JE HEFN 1.00 mmis, 453k B2 BIRE 5 5 X RE 5
T3 mm, k2 il B g E y 5.00 s, filk
AN AN, fil%k o4 10.00 N,

134 &% S 222 6 (2012) 1) 7 v I A i
Sl o MR AT O 22U PRER R I, R J5 BURR IS 1)
O N G = IVE (I . B S B I L B 1 =
HL*(BEBF) . a* (FLT/—4%) i b (+ 2 i) H .

135 % -F &M %% JH 434 (2019) 1Y 7 ik
TR T BB o 0 BIFRIUCERZ 12 0T J2 AR
2.0 g (Kiffi5) 0.0001 @), MMA 25 mL 4k, 5% IF
#7755 min 5, T 4°C 444 T 10,000 r/min .0 15 min,
X FEMISE G IER 100 mL AR, i E
UL AR, AIF 2 IRIEWE 2452 100 mL, L 5 mL
FEHFE L IR, I oK e % 80 mL,
TEEIRBAM R AT . AR S A SR S 1 R]
120's, 1 sREE LA48E, ARG IERISZESS 120 #Pi

AlEEME, BRSNS TR
1.4 HIESH

RYOE £/0WE 6 A1, ARSLIEIE R
SPSS 19.0 k{447 58114341, R H Duncan it 17 2
B, VERIRIH Origin 8.5 4k, R FIAHSEME 0 Hr
R 11N AS R R ST R FLAN XTI Y 13 A4 BEAR R
T ) P AE D o 30 2o PR 0 A i BB & J5 ) = 222 P
FIFM R SR, TR AT . 456
] U5 43 BT R 5 5 W0 1 LA Y XoF S il S5 %) S ek PR
JERVATIEE R

2 HRE5HW

2.1 WERLMEXTEN GRS

AHIF T8 SR FH F 730 X T 85 R L 494 Y o I A
BERFS BT, IR HOK G L AR e
AT I A3 B, A5 1. B 2 Kk 2.

5 19 N TICE TFA I 32 R T 2 % F- s 1
MR 2R, &IPS RAAE 1% 2E(Wang et al,
2016). Ptk , ABFFE R F B4 7 B (PCA) s AN [\
S PR 28 6 FLARTE T MR R B8 S A e i . 25 SR
55 LG 2 F RS 22 TTRCR Z A KT 90%, HoA
BIHEEL DI ¥ KT 80%, FHIREA SR 2 s 4
/b5 DFA JETE PCA BYFEAE L —2 Ak % vk o 1 A5
T BR B 2 SR AT RRY R S5 REOR, B
1 FES 2 F R F 1 07 22 DTk R 22 34 KT 95%., A
B, SR e AR T R R A A B (K
fmings, 2015; JH4y4%, 2019), UM S .

HH
GBI . I ] 5 335 0 PLAN I A
%5

K 3354 2 S A6 R SN T o AR Ak Y
FAEAR(Li et al, 2018), ZER R, MOEETT, BRIEF A
FRITE] 0~4 A 5 T 2RSS K o Hk B #E B (P<
0.05), Wittt B RE RBIUE . s, nl &k
FUIN T H R (Akhtar et al, 2013), 455 s, M #8T .
FEMR 5 I R] 0~4 AN H AR B b B 2 AT (P<
0.05) o S48 (A1 7 T 5 Y 1] PN AR AR A 52 1) 5 o 1) 3
TR, {H LT VR b 1 ST AT 42 52 B D) T 9%
S R TSI (Ines et al, 2014), M Mt . & IR
LR [R] 0~4 4~ H B i (03 B 35 5007 (P<0.05) . 45
AT, ASFERE TSRS PR R 2R
V7 B BB U FLAR T ) R it J 7™ A — 7 s, AR AT]
XoF i J5T 45 AR 5 T R R S AR B R e AN IR, R
I, RHZ G IT R LS .
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vl Discrimination index=99 s
A DifiTli D supermarket A Difiili D supermarket
8 M M supermarket 8 Mj#Ti M supermarket
2 -
c\c 100 + [ ]
o
2 a s = L
g Ay . < [ ) A
S 0 IR ol o [ ] A
3] A [ o—=m :
A [ ]
[ ] A\
-100 s
_1 _
—4000 —3000 —2000 —1000 0 1000 2000 3000 4000 5000 -300 —200 -100 O 100 200 300
PC1-99.951% DF1-100%
Z-A Discrimination index=89 2B
200 1 4 iR Whole shrimp 30 [ & 34#F Whole shrimp
® ¥F{~ Peeled shrimp 8 #F{~ Peeled shrimp
20+ e
e 100+ A A
3 © AA
g < 10r
< a IS\
(=] ] e
S 07 Ay .
N ]
g . g
100 - -10-
—6000 —5000—4000 —3000 —2000—1000 0 1000 2000 3000 4000 -300 —200 —10 0 100 200 300 40
PC1-99.938% DF1-100%
3-A Discrimination index=90 3-B
400 - A 2~H Two months 301 4 24H Two months
300 @ 3/ Three months @ 3 Three months
& 5/~ A Five months 20 | 4 5/ A Five months ’Q
. 200 ® 6/ H Six months 8 61 Six months o
% 100 ‘A ® 9/~H Nine months X 10 - ® 9~H Nine months ¢
8 olua g
) x : A
S - sl Yy
& 100 f - g A
& 200 _ S 0t .
-300 - o® J:'
400 20/ o e "
=500 ¢ L oy L 30 L . . U '
~7000—6000—5000 —4000 —3000-2000—1000 0 1000 2000 -150 -100 =50 0 50
PC1-99.48% DF1-93.2%
4-A Discrimination index=98 4-B
300, )2 Upper layer lrarg Upper layer
® T2 Lower layer 8 T2 Lower layer
200 + A
< N .
N 0 8 g
3 100t ® 2
Q S a e
8 4 8 A
> A
2 0 x5 :
Q A -1 F
~ 100} ‘ =
_2 L
—4000-3000—2000—1000 0 1000 2000 3000 4000 5000 6000 —-150-120-90 —60 -30 0 30 60 90 120
PC1-99.922% DF1-100%

B FER AT (A) RIS DR 50 A (B)AH 5C R 1 X6 s FLAA T8 X 124 A 48 B 1) 52
Fig.1 Effects of some factors on taste profile of L. vannamei by principal component analysis (A)
and discriminant factor analysis (B)

BT BTG P aIER(2) R [ (3) B AL # (4) . TRl

Factors: supermarket grade (1), product form (2), frozen storage time (3), and retail location (4). The same as below
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mm M#ETT M supermarket b == M#BTHT M supermarket Em M#TT M supermarket
l-a .. D#M D supermarket 1-b 1000 a 1D D supermarket e oo COD#E T D supermarket
b 800 2
30+ b ] a
5600t [|b g
‘ﬂ<°\°25' ﬂ§400' a ﬁga 5
220} : =2l 2
5&53?2 & § 200} Elb 1&;%'7 3
R g15¢ a g5 T ababp a bi&<
® 3 10} 2 &y 0 5
& s sremreallyr O
L = 10 g A = WO 3
ol | 15| § 5%555@5 a X
5 20" & o ~
O R -
o Q &S x\& (=N
& & S 7}
< & P
) == ZAF Whole shrimp ’b == #HF Whole shrimp ) == & IF Whole shrimp
@ 35 [ ¥F{= Peeled shrimp g lggg ra bl:l UF{= Peeled shrimp © 65 = WF{~ Peeled shrimp
30t o OO 2
25 ? g 600 g 60
X7 kst | > 5
% b # g 400 a 7 a gs5sp @
R = 220 me =gt ST L
Kgist a . %3 ol b abll] |a b2 % 507
2 !
5t T e o Oy B s - " ; —
~15| FRETG AT L a
oLt | B i 5 = b AL
S S @ O 5"
7 0 o ’
o
3.a mm 0~4™ A One to four months 5y mm 0~4M A One to four months 3. 65, 2 EW0~4MF One to four months
351 34~104H Four to ten months 1000 , 34~1041H Four to ten months C14~10H Four to ten months
iKéezs_ b b ﬁg“oo' a 2t a 5 557 ’_]_‘
220 - Bt =f@e 2 s
Pegs 4 5200} B S 50
S 1nl i —5 | #yo H e © Ha f
S RO e B
st SENL b
0 20l § & 8 2
¥ o G oF FEF55° 9
2RGSO UV £ S8
@g(@;i\&o %\\{@03’ )hf{é%‘ \(‘3& &
S o
< & &
4-2 35 mm T2 Lower layer ™ 1000 = T JZ Lower layer 4-c 65 == T )Z Lower layer
30l &= /2 Upper layer b s00l 2 1 2 Upper layer a 2 _EJZ Upper layer
[ I a
25+ b
§
KB a ®
® 210} #
B
5t b
ol |
%{‘ & %’H 0“3‘5 %{‘ &
,ﬁg’f)\‘ %\° \\;’%} q;,;\ %_’@‘ %\c
L P S
N & oy

I3 2 8 5% R MO A, MRRARG | RO Ik
BRURAL S5 RBOI KT 30%, Hr, Z&& B M2 R
AR K (57%0) 5 BEIEME . BERAME . N [

B2 ARSI R FLAN X AR K 78 2% (a) « AR R (o) A6 156 (c) Y 52

Fig.2 Effects of some factors on water loss (a), texture (b), and colour (c) of frozen L. vannamei

Bl LIV S E bR 22 3R0R , R [R) R 7R 22 57 i 3 (P<0.05)
The data are expressed as Mean+SD, and different letters indicate significant differences (P<0.05)

Zh O 0B B MR S R B >300%, P R AR S ER B
/NB%); L* . a* il b* AR R RZEII KT 10%., ks
i, S T R 2 R LA TR X5 MR F ) — R AR AT A 3
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P22 5 (P<0.05) , # it — PRI eI 13 S BRALHE 45
ZIE] AR S

22 WEFRLMES & RITENEIE L

221 AR 11 NASTR RS b 2SR FLAR i
XTUF 13 TUHAL AR AR I AH S BT 25 R L% 3. H
3 HL, BEMBIK IR S aE = E B AR
[ P2 8 1 AH 564 . F 4545 (2015) Fl Wang %5 (2016) . if
T A S @B Z A e, 5 X Se 5N [H] (1)
A, ARG — BB T KRR RS AR 34
FRARZ A AH S o MRTRZG | B O3 TNz 8 i ok
5 RGBS AR IEAHE (P<0.01); BS.OH K FIZE
PR ax Fil br AR 35 1E A OE(P<0.01),, HL B0 46
g5 L B U D6 (P<0.01) ; b* 45 286 FfF 7 S A
FIEMSE(P<0.01), HULRIA, Bk 5B #A
o BRA AU, oy 22 ek, BERE . SRR BER
PE L OREERE L[5 T R R AR AT s )R DG AN

W2 IR L, AR T A AN R A e s Kk
WIE bRz E e, HAREAmBN. Wik, xt
13 P HRALFE BRI AThRvE AL IR I 4007

222 BAFH5H Rt R L3 4 F13 5.
F AT, 51 EFTRAEER 5.121, Jr &R
h 48.48%, NI EEEN F S 2 R FRHMEE R
2599, JETTHCE N 24.60%; 5 3 FHFRHFE N
1.158, & TiHE N 10.97%., {3 M EHTFER L
TIHRR A 84.05%, FT REU 2 TTHRR KT 80%f1
JEUU| (Patras et al, 2011), #EHCHT 34~ E R+, LT
AN A AT AR R TR AR Y 80% L I fE B .

i 2¢ 50l %0, 2% ] SPSS 19.0 #AFiE47 IR 7434t
193] 34 EH TR A M, HAXHEA, Xz ERH
TS EE, WL, %1 EET F AEOHKK
MmN E, b* | BEE AR A R 2 £
HT Fy DL a* WSy 3£, L Mm%, 4 3 &
KT Fa LAHBRHE RS2 3, IE ORI 1 52 1) Sy i

%2 HENLNEI IR SRR M T
Tab.2 Descriptive statistics of physicochemical qualities of frozen L. vannamei products
o M1 M2 M3 M4 D1 D2 D3 D4 D5 D6 p7 I AM
Items CV/%
RIS 0889 349" 107 252° 301® 301* 556 161" 315 421° 470° 46.00
Thawing loss/%
BBk 10.819 17.08° 11.59° 14.39° 30.36* 30.36° 22.65° 1259 2278 17.08° 1570 36.00
Centrifugal 10s5/%
EEE 6.91° 1047° 753" 463" 2674* 2674 2743 853" 2116 7.40° 21.02° 57.00
Cooking loss/%
i 878.92° 839.96° 1729.58% 678.23° 227.90" 678.23° 49250" 410.69° 693.61° 626.34° 187.87"  59.00
Hardness/g
SR 087 088® 095 089 08* 089 08* 08 08 081 076 500
Springiness/mm
BER 055° 065° 066° 028" 055° 028" 048 0577 046° 046° 020° 3100
Cohesiveness
ME g 267.49™ 353.24° 727.52* 23556™ 141.91" 156.72° 205.60° 151.14" 290.12° 156.72" 151.14" 63.00
Chewiness/mJ
] 4 039%® 0422 028® 026® 035° 0100 0319 026° 026° 010 009" 43.00
Resilience
B —27.64° -7.68°-1286" -882° 699 536 642" 1412 519® 561 -291*° 70.00
Adhesiveness
e Bl 322.64° 953.59° 466.77° 147.82"9 263.87 327.48° 227.79% 229.92* 93.04° 171.92% 77.05° 78.00
Gumminess
L* 51489 57.11° 5048" 55.92% 6479 64.79° 61.60° 52.65% 54.67°° 53.95* 48.18" 10.00
a* —0.65% -044™ —065° 075 7.0 703 -085" -065¢ —079° -011° -021" 36.10
b* -0.11° 483 —011° 1709 1249° 1249% -1.44° —011° —212% 372% —290% 79.30
T AR5 R U Y=hR 22 P %1005 [Rl47 /NG AN R K0 22 57 1 % (P<0.05)

Note: CV/%-=standard deviation/meanx100; different lowercase letters in the same row indicate significant difference (P<0.05)
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Tab.3 Descriptive statistics of physicochemical qualities of frozen L. vannamei products

it H LS RITES BLIR EHEPR T 7 e HER A MELIE P
Items Thawing loss Centrifugal loss Cooking loss Hardness Springiness Cohesiveness Chewiness
fift 5 9% Thawing loss 1.000
B2 Centrifugal loss 0437 1.000
ZE 2 Cooking loss 0.509** 0.683** 1.000
fifi & Hardness 0.416 0.295 0.228 1.000
WPt Springiness 0.181 0.041 —0.049 0.487* 1.000
KEE I Cohesiveness 0.324 0.178 0.280 0.480* 0.259 1.000
NFLIEPE Chewiness 0.316 0.269 0.197 0.924**  —0.440 0.532** 1.000
[l & 1 Resilience 0.259 0.095 0.224 0.271 0.223 0.720** 0.366
Hi b Adhesiveness 0.695** 0.546%* 0.484** 0.052 -0.034 0.227 -0.078
eGP Gumminess 0.084 -0.005 0.057 0.499**  0.222 0.585** 0.522**
L* -0.261 —0.819** -0.434 -0.156 -0.038 0.002 -0.194
a* 0.045 0.831** 0.502** 0.119 -0.036 0.085 0.137
b* 0.235 0.835** 0.481** 0.184 0.071 0.096 0.186
W H ltems [ 52 P Resilience %[ Adhesiveness %7 Gumminess L* ar b*
[ % ¥ Resilience 1.000
FhFH Adhesiveness 0.256 1.000
Ji P Gumminess 0.551** -0.098 1.000
L* 0.154 -0.335 0.199 1.000
a* 0.023 0.323 -0.092 —0.757**  1.000
b* 0.068 0.455** -0.205 -0.715**  0.928**  1.000

T **3RIRTE 0.01 KF-(RUN) B ARG * 7R TE 0.05 K- (OUl) - RFARSE, TIH
Note: ** indicates significant correlation at the 0.01 level (bilateral); * indicates significant correlation at the 0.05 level

(bilateral), the same as below

*4 MEIERHFEES TEE
Tab.4 Factor eigenvalues and contribution rate
of quality indexes

WA AFEAE Initial eigenvalue

WA Ty 22 BTk F E YA
Factors  TFAEE Variance Cumulative
Eigenvalue  contribution contribution

rate/% rate/%

1 5.121 48.48 48.48

2 2.599 24.60 73.08

3 1.158 10.97 84.05

2.2.3 RE A E A & Lo E ST I & B 69 42 A TR

Hd R 5 BN TR, B 13 R

3 HEAGRIER E T,

F,=0.610X, + 0.852X,, + 0.675X5 +0.727X, + 0.307X5 +
0.549X, +0.727X, +0.445X 4 + 0.634X + 0.347X, —

0.630X,; +0.673X,, +0.739X5

x5 MmREBFEMEETFHEERE

Tab.5 Principal factor load matrix of quality indexes
A=A =V

V;Li il e | :gcjjes F1 F2 Fs
Xy B Thawingloss  0.610 0.323  0.255
X, B4 Centrifugal loss 0.852 —0.436  0.107
Xs ZEHEBIE Cookingloss ~ 0.675 -0.081 0.208
X, ¥ Hardness 0.727 0.364 -0.475
Xs B Springiness 0.307 0.288 —0.322
Xe¢  BEERM: Cohesiveness 0.549 0.513 0.121
X;  WHMEE Chewiness 0.727 0.344 -0.514
Xg  [n&Z M Resilience 0.445 0.536 0.360
Xo  FhiBHHE: Adhesiveness 0.634 0161 0.534
X0 JEEEME Gumminess 0.347 0.586 -0.044
X1 L* -0.630 0.595 0.091
X1z ar 0.673 —0.622 -0.071
Xis b* 0.739 —0.551 -0.020

VE - IR % Bl S STRRE O Y i B EE B
Note: Bold data contribute more to the quality index
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F,=0.323X, — 0.436X, — 0.081X; + 0.364X , + 0.288X 5 +
0.513X +0.344X, +0.536X + 0.161Xq + 0.586X,, +
0.595X,, —0.622X,, — 0.551X 5

F;=0.255X; +0.107X, + 0.208X ; — 0.475X, —0.322X5 +
0.121X — 0.514X,, + 0.360X + 0.534X 4 — 0.044X, +
0.091X,; +0.071X,, — 0.020X 5

P 7 N = T N R R Ol N

(Wachirasiri et al, 2019). a* 5 b*#fik, UFE ZH Kk

/b R W AR i A SRR A7 B R T (A1 422, 2018).

[, B 1 1 Ak kb B £ 5 5L 10 A 56 (n

KM BIUR AR B 1 T8, PR bR ar 5 b* JUR

BRBUE A XHE I 5180 o BT, B Foo Fo R Fa 20

TIEME, M 3 A E =05 22 sk e B AU 2 vk

R, B ML ATEE F R
F=0.577F;+0.293F,+0.131F;

Hrf, Fio Fofl Pl 3NERF5, A0

W, VRIS R . TSRS TR L 6.

& 6 [, M3, M15 M2 £ Li & 15501
>1, Hif M3&BEAE T 1.804r; HikJE D4, M4,
D5 fl D6, 43%I4 0.84, 0.53, 0.21 il 0.10; D3,
D7. D11 D2 dh ik P42, 4358-0.04, -0.49,
—0.50 F1-0.83, %4 R HHE ARG BEEA—F, i
3 13 A5 BR BB S B0 AR LA T2 X6 0 5 3 ) o

Fz6 UMNEANEMNT=RHEENSD . KEBIRERF

Tab.6 Principal component scores and ranking of eleven frozen L. vannamei products

HE4 Rank F. 1% Code F, fLfi% Code F3 1% Code F 1% Code
1 1.88 M3 3.98 D1 0.18 M1 1.80 M3
2 1.40 M1 3.60 D2 -0.03 D4 1.55 M1
3 0.43 D2 3.31 M2 -0.17 D1 1.07 M2
4 0.28 M2 2.88 M3 -0.32 M4 0.84 D4
5 -0.01 M4 2.53 M1 -0.39 M2 0.53 M4
6 -0.66 D5 2.27 D5 -0.51 D6 0.21 D5
7 -0.68 D6 2.26 D3 -0.55 D3 0.10 D6
8 -1.09 D3 2.07 D4 -0.59 D5 -0.04 D3
9 -1.43 D7 2.00 M4 -0.60 D7 -0.49 D7
10 —2.86 D1 1.90 D6 -0.62 D2 -0.50 D1
11 -3.14 D2 1.38 D7 -0.79 M3 -0.83 D2

2.3 WERLHPEI N @EZME RS

PLEROKSE B o g e As 5, DA TS (SG) .
FE R IE R (FP) . VAR A 8] (PF) 5 132 Ao B (RL) Ay fife ¢
A T Z R A, SRR 7, & 70T
A, BT A AR .

B —. F'=X+X,xSG—X,xFP

BRI~ F'=X+X;*SG— X, *FP+ X3*PF
BRI =, F'=X+X;*SG-X,*FP+X,*RL
BERIDY: F'= X+ X *SG— X, * FP+ Xg* PFHX, *RL

ABFFERI, SRR K4 | Bk 5 g el L
TG M AR 00 AT AN [ R iy 218 2 R L 44 35 o B e S
M2E 5 o T ARG RN ] | 7 o ORI
P Xl S LR o LA R T A GO R R ]
XA TR 0, T ARG, MO A TR
URIF i 505 PRBRIN T) A, BN R  DRASr R A i o
7 RO B0 e Al TR A 2

F 7 ENLAEMNITRRAKFEERETS
Tab.7 Quality level regression analysis of frozen

L. vannamei
T LAY — A — B = AP
Items Model I Model I Model M Model IV
SG 0.123** 0.093** 0.123** 0.926**
FP —0.088* -0.046**  —0.880* 0.046**
PF / 0.095 / 0.095
RL / / 0.007 0.007
X —0.074** 0.042* 0.071** 0.039*

TF 9T 0, o i LTI A0 o o O P 8 A 3 3
7o B, o A 7 v AT R B I A @ B T (&
5C~10C, W 1.1). REWFRERY], FREGREEAL, &5
AR RN YURE (2014) W 5% B, B A W HF (Euphausia
superba) (I E AT . FEKR | B A R BEE YR
T E B E AT R, L G T A v, T AR
YuanZ§ (2016)fF 55 W, TEVRMIVIIE] , FfiE &R 2%
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SR RTT, RN RIS ERE N, 5455 /K MM
RS, LI R R, A B R
HE AR EATRE,, KK BRA S &E . I,
AU VAR A ), L5 R T 2 v 1 G L (A5 K it
RGP, SEOEZ AL MRS, &R 2
JKFEE F1 4526 (Williams et al, 1981; Lu et al, 2017;
SCHLESE, 2019), KA Z 0 8 AR PR FER I A
1k, &R g AR A s T e A T . K
AT T RE YA AL S A AR ) . PR AR E
(Williams et al, 1981) LA KX M ii e 11, M FEA% 1 6L
W B BETE . Zhang%s (2018)WF 58 = W, B R GE1E
Az e A P 4 IR I8 B0 A A S AN R FU A Tk
G, EAS FEOKES B EHAG, iR vRER
I HE o SR i A U 1 A2 YA VR A7 RN R B shist, vk
i -2 RN, TR RASAR RN, BRI i ARl
JULPR 25 5 25 5 A e A 24, AT S LA 414U
ok BE J13 2k . Dang(2018) & B, Tl ¥ R i T
W B DL IR 5 T -18°C S SRR i AL 8L 254, g
W E AL, TR AR R, Ik, FER R
R, EHEE DT /ANKE RS SAK, iF=AE
T B AR, SR B2 1 10 3h & S BUNL A AL 20 vk b
AR R4 i, X2 S EUILIA & 5T 25 iy 32 22 ) P
(H2E45 2016; Zhang et al, 2018), #RTii, [T o
B 1) T ¥4 2 2 R A 3253 R TIT BB A8 sl N K ) P85
AN T RENE , PRIUE T 7= 5 i it FLARTE XS B
Wi E LR L e oy 2 sk, AU Z IR
JEE B ESE [R) A R IR, A8 52 B BT A i 5] 2R A0 2 R
HARs i Mg A e vh 5 5 8P, TR & S8 %
Ak FF 52 M LA 5 B (Zhang et al, 2020), BHit, AT 6E
T e vt R T SR A P K™ ol R T JRORR IR AR TR A L RS T
KXEERZE, K= 5 7EdE AT R 2 1A 500 1)
i TR o

AHFFE ISR H 35 25 7= H 2 (] e e 2%,
ZRah K53 0~4 AN A FI 4~10 A H B9RE S . BFFT 4
FH, VR AR, RS TR R R S T, L
45 (2018) WF 58 & B, —20°C . —30°C Fl1—40 °C fil 71
(Cyprinus carpio)ffi J (¥ fif R 401 2 FlZ8 R AETT 4
A BRI R S Yang 45 (2019)F 57 &
B, ] K (Takifugu) fo 5 7E—18°C i 0~5 4 H 5 UK i
R AR E R K 96%, 4 ELARHE K 37.6%, TR ALK
VK fii 7 | 7S 200 L 47 R 200 L PN P A A A, 0
BIE T EAN MR, I UK S, HAE
0~4 A~ H IR HI A K A B 5838, 4~5 A H vk i3l K 4%
G2 UL, B B VAR FEERE B) ACAE T AR A A R K A
PR, ELUK A RUST A 388 4 i I 0 32 AR 58 s ] 174

g N, SECRER LA AR RGN, w7
SV S AT R 87 N N =N g )

77 il B I 3R B X I AT S, M AR
(2018) WF 5E R WY, TE VR H] , VR H [C TR IR
(Macrobrachium rosenbergii) % % 2= 3k % [C I8 R 5 i
FA A E, R R G A RS R A2, AR
(R AR I 2 7 IR AN [R) S BUI 1S 45 1A 2257 . ARWFSR
Hh B B R TR A AR T AR Sk rh N TR L 55 b
AT RE TR U B R 58 X W PR 2 2R 85 4 R R 1 B R S
A& MR ER, T e KA HBZERE T A 10
JE . RSN

Dang %5 (2018) I 7 2 B, A< isf T I, T4 v Uik
[ b T o L 1 I N a1 T
B AdFsEd, B L)EEREILZS T-18CHE T2
BB 25, (R E X 5 BUZ A 2%, T RE
S R N IR R I B SRR A (Williams et al, 1981;
Dang et al, 2018) . T & A G i B I 4 o LA R 2
2 B By R A

3 i

FUE AR]85 PLAN I Rt i L= 4l | AR 72 ) %
INT T ZEAAHIE, BAMFEA, & B — BB . 3%
UK A 2k | A R 033 T LA S 43 H A IR R AT AN
[i) 7 it 2H Y R LA T2 X6 MR o SO 1 25 5% SRR T2 M
HNT LR S TRl F=0.577F,+0.293F,+0.131F 3,
Ho, Fi. Fof1 Faoh 3A4ERTFE4, F G, U
FH it JBE AP A g o [0 U 3 A A5 380 5 i R LA T X6 I
JOT 1) 2 L R 2R Sk T A 5 RS B, R R Ry
r B R B, EUR T SR 90RO A AR
RUR ST o RECHT (B G, RS ) T DR R AR o B
R, XA SRR T, T B G AR G I K 2
YIS AT VR i 1 ot oA B
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Quality Evaluation of Commercial Frozen Shrimps (Litopenaeus vannamei)
Based on Factor and Regression Analysis

WANG Yueke"**, ZHENG Yao"**, WANG Hongli***, ZHOU Fen"?*",
TANG Shijie"*?, LI Junhao', WANG Xichang"**"

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

Abstract This study aimed to investigate the quality evaluation method and the key factors leading to
the quality deterioration of commercial frozen shrimps. Eleven different frozen shrimp (Litopenaeus
vannamei) samples were purchased from two supermarkets in Shanghai, and their quality traits were
studied. Sampling was conducted to analyze the effects of supermarket level, product formation,
frozen-storage period, and retail location on quality characteristics such as water loss, texture, and color.
Electronic tongue technology was used to distinguish its flavor profile. Correlation analysis, factor
anaysis, and multiple linear regression analysis were combined to establish the quality evaluation model
and explore the key influencing factors. The results indicated that with respect to water loss, texture and
color, there were certain differences in the frozen shrimps of different commodity types. The correlation
analysis showed that thawing loss, centrifugal loss, and cooking loss were significantly and positively
correlated with adhesiveness. The centrifugal and cooking losses were significant and positively
correlated with a* and b*. The centrifugal loss exhibited a negative correlation with L*. The b* was found
to be significant and positively correlated with adhesiveness. Three principal factors were extracted by
factor analysis based on eigenvalues greater than one; the cumulative variance contribution rate being
84.05%. The ranking orders of comprehensive scores of the principal components and the sample
collection information were consistent. The comprehensive evaluation model established by the factor
analysis was F=0.577F;+0.293F,+0.131F3, where F1, F,, and F3; were three main score factors, such that
the higher the F, the higher the quality level. Further regression analysis was conducted. The results
indicate that the main factors affecting the quality of the frozen shrimps were supermarket level and
frozen-storage period, while the secondary factors were product formation and retail location. With
respect to the quality parameters of water loss, texture, color, etc., supermarket level and frozen-storage
period emerged as the key factors affecting the quality deterioration of frozen shrimps, warranting more
focused attention in future studies.

Key words Frozen shrimp (Litopenaeus vannamei); Quality evaluation; Factor analysis, Regression
analysis
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