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1.2.1 Bk S&EATE BUERERYS
NE PRSI0, L 822 (BT i FIR A 3950, n A
K E AR AT B A 19% 0 K S A
IIEL 5% EAKTERY , BEFEDLIKTT 10 min JFHF R
BAL
1.2.2 AP SE R b s iR ss R
BRI F-L Iy, R R iR BT . B
BEMUNINGE 2.0% , 4= 27T INaEE 5.0% , 0@ &5
I (0.5%,1.0%,1.5% ,2.0% ,2.5% ) 520
FEEERRINE 1.5% , 420 INE 5.0% , 0 % &
BN (0%, 1.0% ,2.0% ,3.0% ,4.0% ) 5200 5
EEERIINE 1.5% , BRI 2.0% , 0@ A4 2%
R (3.0%,4.0%,5.0% ,6.0% ,7.0%) (50
AL E 4 NEE
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Table 1 Response surface analysis factor level table

H&
*F EHEFMZ BRI E AXZT R
% % /%
1 1.0 1.0 4.0
2 L5 2.0 5.0
3 2.0 3.0 6.0

o IR B PRSI R R, S A i WS ) AR
AJE , B il BB R A 0.010,0.020,0.030 g/mL
) SA A H

VKRR . 27 Kim 5 A T B o, TRt
IR M IR AR TRV LAY SA T 4R
Je B TEIFRREIEN My, PATIRE 31K,

VKRR (%) = (My=M,)/M>x100 (D)

IKZERIBIEFR(WVP) AR R 5
KZEAR BRI E AR & 5L ) (GB
1037—1988 )1 ¥ AN [m] ot £ ¥k BE SA VKRl D71 1
2 cm x 2 cem WIEHIE, HEHESETE.O0EG,
A A 25 FRREE

WVP[ke/(m-Pa-d)] = (Amxd)/(AxAPxAt) (2)

A Am HIEIK CaCly (IR 2 kg;d UK
FHIEEE  m;A AVKRHIE L, m?; AP KR . AhH
MK ZE ST, Pay Ar I IFA] , d,

IR ARYE Liu S50 20058 SA VKR Y 7K
W KA TRI R BE Y SA viCRl b B /NER T 105 °C
TR 2 h SRR, 0N My, B HsE IR A K
o R BEREALE IR BEFE 24 b, L U85 K AR
YT 105 C T4 2 h J5FRE, 1EN M.,

IKIENE (%) = (M=M,)/M3x100 (3)
1.2.4  BERIEFLRRREE KRS BERLY N 3
H.1) TIREH (Control);2) HE T I/KALFRA
(CW);3)I&A 0.020 g/mL SA ZH(SA2) , Bk
T3k (29 30 o) HLEEAEIE SR L (PE) D6 5 (W)
GRS . 50% , <K 101 kPa) 1 SR 3 41
FEME TR ED PE HE B4R HAE-30 CTFKL
B 24 h, Bl RERE S N UKAE TG | I B AR
fEAR . Control ELIZALEE  ANAAT TALFE, CW £
VR MENRH B Tk vk, RIEAEZERTWT
3min, SA2 ZH, RHEEM I35 AN [) o o VA
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SA VETR (4 °C)H 2 min, 76 K B A9 4 J 0L HE
H 3 min, RJFIRA 20 g/L. CaCl, H' 22 min,SA &
JEEREZ R 0.2 mm, SRIFHEFESE IR THET
3 min, BlJE EARETAE-18 CHUVKAR TPlCE: 7 d, 3F
FE 4 CIREE TR 4 b RS 10 ) A S5 i 1 A
Tk AR, BB PO R B IR B2 2 °C AR
SER 1A P-T 183, @4#E 1,3,5,7 4 F-T1F
W, BRHMMLEERE 4 DFEMPE—2 0T,
125 FpKJP(WHO)ME B0 R BRI E . 2
B Trespalacios 5527 15 WERGFREL 3 ¢ FESHIC R
Ms, FHUE AR AL ZEAE S J5 T 250048 v, #E 5000 v/
min 54 T B0 5 min, IR T 2R 1 K R H:
FHICH Me, i A (4) RSO R TR,
BELRER (%) = (Ms—Mg)/Msx100 (4)
R . 7% Mortensen 5521 J7 15 I 5E fift
TRIVR R URFED (M;) TE 4 CREAR 12 h, HE 0
TREIRE] 0 CHFFHRPRE (M) o Wik B R4
R AX(5)HE
AR (%) = (M=My)IM7x100 (5)
FEBK L IR Zhou SFPI J7 75 78 7% 0t
& IFRVEE S, FREMER BRI 3k (M) , IF
T AR BRSO 28 B A4S, KV IR 2
TR IR BEIAF) 75 °C, WERE SR UL U
TR (M), ZEEBR AR (6)15
MR (%) = (Mo—M,0)/Msx100 (6)
12,6 BRI RIS R I Sk 25 6
min, 2% Li P05 00 FAE & T YA
AL, B FAETE AR, P/100 I 5 i | Ao
FRE I IS I FT RS S mm/s 000 v 3
1 mm/s, M5B JE 5 mm/s; (5B EKE S s, fik & H1
5 g, JEAEFEIE 50% (8 mm) X EE S R4 740 7] 45 .
127 JETEM  7E Pan ZEPy B LEN FHETE
U, nER 2 R, R ZET] 6 min IR HI B E
T LA fO BB & a5 i 10 ZUIZA
R AT B E T N, RT3k Y
B S B TIEAL . BT REAR (I 3 Bl HLER
Gty JELABEDLN TSR tas /N . FEREZ
[] , /NS D FH KT T R B
1.2.8 THERE(TVC) $i% 08 He 252 J7 i
FE L FEPEIB S, B 5.0 g BYRERYBERIG 73k, 7E 45
mL JCp A BEER K TR A0 60 s, FH A B T
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Table 2 Sensory evaluation standards

TR AR BB 0
ERES HiFE EFHE 9~10
REFRIFE W E R EF 7~9

REFWE ANEREG 5~7

AE, AEFE 1~5

ok Sk EE RSk 9~10
LR CER N 2N A 7~9

BRPA R AK R LA E 5~7

IR FN R AR S IR 1~5

REALIKRE REuT, R T 9~10
SPETHRR Y ESRR 7~9
BT RA I S 5Bk 5~7

(@B AA R K ETHK 1~5

BARTHSE TELES 9~10
THZERD 7~9

T A& 5~7

N ¥ 1~5

TR, 5 OORE IV P R ok B 2 A 0P 450
G b SR B ARTE 37 C R E 48 h If31%k,
129 FALFRESE bR B AN T2 R R N ) i
(TBARS)i it Li P A riPAh . B R
FEAE(TVB-N) R He Ak 2

129 pHH AR5 Shi )75 £ 1Y9 pH
fH.

1.2.10  GEitsrtr R SPSS 22 84T )y 22
I8, B R v A Duncan 5374 R 22 5 L
B, K P<0.05 R i 2, FII A GraphPad
Prism8.0 4241,

2 #ERERH
21 HERMmWEEmEACEMHFLMIIE
2.1.1 AN PR 2 A I 7 Sk B B DA 5 )
WE 1a s, EEERBRINEN 0.5%~2.5%1 [
D, Bl B AR TR 0 B, B R PR S i R
I, BTN 1.5%0 | BE 0w, R
IR 1.5%0F BE PR 2 RIS, ik, 5
2 BRI IR N 1.0%~2.0%,

HRAE AL 1h W Bl By 35 o i P S, -
SKECE T B A S B ., X TTREREM T
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BPESS TS NI A 2 SRR 52 ik
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5 % b z
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Amount of salt added/%

(a)

1
Fig.1

2.1.2 W SR S S A0 e L
A3 Wik i) Box—Behnken 15025 S a0 3 pros
PRI R Z It REA T B E T (V).
L (V,) ZREBIR (V) MBI R INEA) &
s na (B) FAEZ s it (C) i Ik £ It Al
LG TR

Y, = -96.27175 +34.366A +10.69075B +
37.47625C+1.284 B-0.884 C-0.0275BC -9.797A>-
3.02175B2-3.56675C%; R*=0.9914, ¢ IF. & Z %X
R?,;=0.9803,

Y, = —60.2655+21.556A +6.692B+23.4325C +
0.7957A B-0.5554 C-0.0175BC~6.13742-1.88925 B>~
2.22925C%R*=0.9914 £ IFYE Z 5L R?,=0.9803,,

Y; = 5.14425+1.83154 +0.27925B -0.39C —
0.07A B+0.0554 C+7.5x10°BC—0.64842-0.052B+
0.0305C?; R=0.9627 , & 1E e 2 4L R?,=0.9147

gL AR AL LA R DR AT,
1383 K (P<0.001) , 136 I 52 bRt 5 5 1t
(HZ A RRE R B — 2k, 2t g6 0E T 4%
AU AT SRR AEICE Vo 5 T, R PIIIF AR R I
W EYE(P=0.4155), 1M E4 & B.C ABAC B1E

Amount of crabmeat added/%
(b)
W AR/ NG FRFRR A B2 (P<0.05),

HIPE 1o Al R, Bl A2 2T AS e a8, i
TRBEE VR R BRI R E S e
PR TR, EREE ST BTN 4.0%~6.0%
Fr)a gl
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Amount of ginger juice added/%

(e)

AEEEH BT LB A

Influence of different factors on the sensory evaluation of crab meatballs

LT, W EE 2 M (P<0.05) , [RI X T A \BC,
A% B> C* 5 S WA Ry 8 3% (P<0.01) , 27 H 3X
SEIR 2 0 R TR PR, R i B Y A
SR 3 R R X ECE TR R A A |
C.B,HHHZE A B2 Tk, FEEER I3k i f
FE R AR b LA AR A R MR (P=
0.4148), 7ENE B.C AB AC WIEMT , W3]
BRI (P<0.05) , 14X F A A2 B> .C* WKL
A R (P<0.01) o 3R W] 3 A R X 3k
FAREE PS5 S ) (R 0, LR R ik B8 A I 5 R Y
WS R —3, W2 A .C B, Ik, ATLIAS 4
1, IREE R 3 A R B E T AU Sk
T s 35 LA e P & PR B 1 K
/MK R A C B,

TR I - S 2% 2 0 2 eI A v G 0 P=
0.6034>0.05, R R AR E , H A B.CAC,
BC .C* RN A B 3E (P>0.05) , 1638 1A FH 0
1 AB RN i3 (P<0.05) A% B>(P<0.01) #B 1%
W35 B R AA AN R Tk )
ZEAPVR BRI K NIF R C>A>B.,
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% 3 Box-Behnken itk %R
Table 3 Test results of Box—Behnken

a 1 B C o ‘ N
BE R (BREME) (AR T Yo LY REBRR V%

1 1 1 5 30.77 19.23 5.63
2 2 1 5 32.42 20.26 5.71
3 1 3 5 30.77 19.23 5.68
4 2 3 5 34.98 21.85 5.62
5 1 2 4 29.22 18.25 5.74
6 2 2 4 33.44 20.90 5.72
7 1 2 6 30.82 19.26 5.71
8 2 2 6 33.28 20.80 5.80
9 1.5 1 4 30.45 19.03 5.83
10 1.5 3 4 30.77 19.23 5.85
11 1.5 1 6 31.52 19.70 5.84
12 1.5 3 6 31.73 19.83 5.89
13 1.5 2 5 37.57 23.48 5.86
14 1.5 2 5 37.42 23.39 5.84
15 1.5 2 5 37.25 23.28 5.92
16 1.5 2 5 38.05 23.78 5.87
17 1.5 2 5 38.24 23.90 5.88

2.1.3 W R AR AL S BE B IE Sk I T LT BRIk iR E 1E5-h 36.7598,

T A AR A e R T AR 3D i [ R0 45 e 2R A
mE 2 fin, i ZmEE R R S i,
AT DR R A A S RS, ARl 1
D5 FERAE L 114 i), T AR 45 v 4 T AT U B s ik
R RN T, R Rk ZeEIA s ik
SR BRI LR T T A B B
RS2 H a4y 3R 2.00%,2.37%,4.91%, 1E

B S
Sensory evaluation

LR 22.9701 N, 25 B R RN 5.70079% , 7% &
FISLPRA BRI T T A i Ak A
TIN5 R 2.0%,2.4% ,4.9% , A
N TRTBEA AT bk, AN T T4 Nk T 3 IKE
SRS, G5 RN 4 PR BEPESr R 37.56 B
h 22.89 N, ZE RN 5.67% , 5 A AH LL
BRZEBUIN A TR T AR A PR AT S
VS

Sensory evaluation

TRy A
Amount of crabmeat added/%

1.0 12 14 1.6 1.8 20
AES N
Amount of salt added/%
(b)



H26 1M

BT 3k A TR A Bk SR AR A 181

0

Hardness/N

3.0
5

2
2.0

y 4 665\‘40
m o, b LS _ags
R gy 2010 ,@%@zﬁ\eﬁ‘ N
U ady § &
6(09’ X )
© N‘\o\)‘\

(¢)

Cooking loss rate/%

i
Hardness/N

BRI

Amount of crabmeat added/%

10 12 14 1.6 18 20
R E
Amount of salt added/%
(d)

Cooking loss rate/%

2.5

20

R AN

Amount of crabmeat added/%

1'01.0 2 1. 16 18 20
BRI
Amount of salt added/%
()
2 fRFNMEREMANEXTEEANBREES BEREERARYINMMNEEERESELE

Fig.2 Response surface and contour plots of the interaction between salt added and crabmeat added on the total number

of sensory evaluation, hardness and cooking loss
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Table 4 Validation test results

LT FAME 5 FRAA
BRETS 36.7598 37.56
A% JEIN 22.9701 22.89
RERE % 5.70079 5.67

22 EEBINKITABEMITFLRRNE
i)
2.2.1 EEEEREN (SA) VKRR IRIE IR VKRR

JEVEAL PICRIA U i A G AR 2 — P, K] 3a
ATRIVEE R B SA PICRT 5 8 ¥ BE A 58, v
FRILFIIN(P<0.05), ARHE R IK 7 i A vk AL

JEY (GB/T 40745)POREE3R | W H TV R il i 1)
DA} SO AN N7 8 3l T ™ ot B 11 20% ., PRI, T
4 0.005,0.010,0.015,0.020 g/mL SA K4 45 ¥y
Wi PR BT I T 7™ b BT 1 20%, PRl 7K
PEIE B H K288 15 R (WVP) FIK PR TEA
WVP FIZK PR, VKRl A B K PR BE R T . 40
P 3b Fll 3¢ AT, BEZE SA VKRR RN, 7
i1 0.015 g/mL F1 0.020 g/mL SA PKFH WVP Fl7k
VP 2B AR (P<0.05) . 15 0.015 g/mL SA vk
AH L ,0.020 g/mL SA VKAl WVP FI7K %5 4 53 51
FEAK T 29.4%F11 33.70%, M 0.020 g/mL SA [t
0.015 g/ml. SA Ti& & T VKRhALHE
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TR AN VIRl Ve 2 TR R A IR BT e vk B2 TR R VIRl BT VR B2
Sodium alginate ice glaze mass Sodium alginate ice glaze mass Sodium alginate ice glaze mass
concentration/(g/mL) concentration/(g/mL) concentration/(g/mL)

(a) (b) (c)

L AR/NE F LR A B P2 57 (P<0.05),
B3 AREREREGSRBRINKIZRNKIE (a) IKESSIEE (b) FAKEME () R

Fig.3 Characterization of ice glaze rate (a), WVP (b) and water solubility (¢) of ice glaze solutions

with different concentrations of sodium alginate

222 UKHIZRFLE IR (F=T) %88 83 10 3K B 7%
B(TVC) M pH (ERIEEM  TVC S PEH A il 5 PR
NI RS Rz — , T LA E £ Sl BT 5 YR R
WE 4a i, A EERITF3 0 TVC ¥ F-T J#
BN R ETb RS, R TER Ik
HEAENFENERY, AR A KLt
T AR RA VA LSO R A e B A T A7 1B
V& S B 6 1g(CFU/g) . * LR TVC 7257 5
A F-T 553 6.54 1g(CFU/g), B #id FRR,
CW 411 TVC 7E55 7 A E R IL E] 5.94 1g(CFU/
o), BT R, 7E%EA4S F-T #i6],0.020 g/mL SA

101
—@— Control

—— W a
8} —e— sA2

[R5y

Total number of bacterial colonies/lg(CFU/g)

o4 s 6 7
REEER
Freeze—thaw cycle

(a)

0 1 2

4

I AR RVNG F 2R A B2 5 (P<0.05),
TEERER N TR B MIEF Sk TVC(a)#0 pH & (b) B9 52M

LRFE A B TVC 235K T Control 2HF1 CW 4H
(P<0.05), 2 F% 74 F-T I, TVC 3K TR
B, XA T SA VR A & B ERH L T2
HEA AT G 4 20 TR A A A A R B vk R Ak
AT HIR TR S P I RUE AR, Al R
1 5 A AR 5 | A 1 DR 54,

4 pH AKX T 6.4 B, F/R W C £, i
P 4b AT RG-Sk B9 pH (EAE F-T R0 2
SR HEE ETHRIEEHEY Control 41AY pH HAESS 1
GRS, 72565 3 MEA T, 15 5 MR
it FBRCW A9 pH (ETESS 3 ANMRERREAL, 7258

—@— Control

—— CW

RELSIEDN
Freeze—thaw cycle

(b)

Fig4 Effect of sodium alginate ice glaze on TVC (a) and pH (b) of frozen and thawed crab meathalls
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S AMEIR TR AR5 7 MR TR AR A
F-T H[E] ,SA2 /) pH f— B K TFRE . pH {EH7E
F-T JAIHN Tl RO 55 S s B, ik
YRR LUCTE BIERRER T 8 R AR
PR Y R, T SA W g ] THBR T
S, TR 1k pH 5

2.2.3 M PEFREN VKRN VR Al R I S S AL AR
FEFRIGEE M TBARS {H BT A5 i A AL A LN
TREARREE, SRR P e B A AR Y
HEAER, 4 TBARS {HK T 0.66 mg/kg i, BB
AR EE R W PR 5 4E Control ZHZ 1 3
K F-T G5 , TBARS 4 0.76 mg/kg, R /i 2. 48
PSR LS . CW 2858 5 R F-T 1E¥R )5 , TBARS
4 0.79 mgrkg, R IRAS BTG, FEHEAS F-T
8] ,SA2 ZH Y TBARS %X F Control 4 F1 CW

351
—e— Control

30 —— CW

MR
TVB-N/(mg/100 g)

RESIEER

Freeze—thaw cycle

(a)
&5

20 (P<0.05), 155 7 4 F-T G35 ,SA2 41K
TBARS 4 0.69 mg/kg, # 1t [-BR

TVB-N J& i &5 [ 5T B3 e 7 A= i Bk & A
J5i . Control ZHAY TVB-N {EH 4 5.27 mg/100 g, £
3 YK F-T JE¥FJ5 , Control ZH A CW 411 TVB-N {4
N3] 16.74 mg/100 g A1 15.25 mg/100 g, #id T
Etr(E M Z 2B 6 (FR)&E &7 )(GB
2707—2016) FLAE i fe K AL VFIE (15 mg/100 g) ™,
M SA2 2L 7 K F-T fG¥ )5 , TVB-N A K
19.09 mg/100g, &1t T FBR, TVB-N fE34 N 3=
PR RSN YT Y TR, TS 3
AT S BY S, SA VKRR FRAT DL iE i
Wi 2 25 SR TH BRI TR T i — SR A7 A A TR, DA
ik 1k TVC .pH 4 . TBARS F1 TVB-N B+ .

=]
0

BACE L Z R
TBARS/(mg/kg)

I
~

S
)

e
=)

RELSIEDN
Freeze—thaw cycle

(b)

T ARRVNG R R R B2 5 (P<0.05),
YRR SNk FR XD R B M F Sk TVB-N(a) %0 TBARS (b) B9340

Fig.5 Effect of sodium alginate ice glaze on TVB-N (a) and TBARS (b) of frozen and thawed crab meatballs
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Processing and Freeze—thaw Quality Maintenance of Crab Meatballs
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To optimize the formulation of crab meatballs and investigate the quality maintenance technology during the

freeze—thaw process, a response surface methodology was employed, utilizing the Box—Behnken experimental design fol-

lowing a single factor experiment. This approach significantly enhanced both the production technology and formulation of

crab meatballs. The study examined the effects of varying concentrations of sodium alginate

(SA) ice glaze solutions on

several quality parameters of the crab meatballs, including ice glaze rate, transmittance, water vapor permeability, and

water solubility. Additionally, the impact of freeze—thaw cycles on crab meatballs was assessed under three conditions: no

coating, deionized water ice glaze, and 0.020 g/mL SA ice glaze, focusing on quality changes. The findings indicate that
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the optimal process conditions for crab meatballs involve the incorporation of ginger juice, crab meal, and salt at con-
centrations of 4.9%, 2.4%, and 2.0%, respectively. Under these conditions, the crab meatballs exhibited a hardness of
22.89 N, a sensory score of 37.56, and a cooking loss rate of 5.67%. The resulting meatballs were characterized by their
elasticity, plump shape, and appealing color. Moreover, the 0.020 g/mL. SA ice glaze solution was found to be the most
effective for maintaining the quality of crab meatballs. After undergoing seven freeze—thaw cycles, the thawing loss and
volatile base nitrogen values for the 0.020 g/mL. SA ice glaze sample decreased by 25.54% and 35.67%, respectively,
compared to the control. Conversely, chewiness and elasticity increased by 47.37% and 42.86%, respectively. Therefore,
the 0.020 g/mL. SA ice glaze significantly inhibits ice crystal formation, reduces water loss, and mitigates damage to meat
texture, thereby enhancing the overall quality of the meat products.

Keywords crab meatball; freeze and thaw quality; sodium alginate



