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Process Optimization for Softening of Crayfish (Procambarus clarkii) Shells
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Abstract: To optimize the process of softening crayfish (Procambarus clarkii) shells, the effects of malic, acetic,
and citric acids crayfish shell softening were evaluated based on indicators such as the decalcification rate, shell hardness,
and sensory score of softened crayfish tails. Multiple regression models were established using the Box-Behnken response
surface methodology, with the acid concentration, soaking time, and solvent-to-solid ratio as independent variables and
decalcification rate and hardness of crayfish shells as dependent variables to optimize the process of using acid to soften
crayfish shells. The results showed that organic acids reduced the hardness of crayfish shells and that the dried products of
softened crayfish were accepted by consumers when the decalcification rate of crayfish shells reached at least 48.00%. Among
the three organic acids, citric acid was the most effective softener of crayfish shells. When the mass concentration of citric
acid, soaking time, and solvent-to-solid ratio were 70 g/L, 63.84 min, and 2.01:1 (V/m), respectively, the decalcification rate
and hardness of softened crayfish shells were 56.21% and 14.36 (a reduction of 48.99%)), respectively. After acid treatment,
the hardness of crayfish shells decreased significantly, and the palatability of crayfish was increased, increasing the appeal of
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the crayfish products to consumer. The findings provide a theoretical basis and technical support for producing ready-to-eat

shell-on crayfish products.

Key words: softening of crayfish shell; response surface; organic acid; process optimization
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Fig.1 Process flow of Procambarus clarkii dried products
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Table 1 Sensory evaluation criteria of Procambarus clarkii

f547 Jhik PN
REREH, LAEF 0~5
ZE mexmaze wmaze, KE—K 68
AT, KA LT 9~10
RiFok, Bk, EAUL 0~5
R Wk, ARESEA A 68
EA KRBT AR, RERR. Bk, 9~10
A A AR AR, AR, 05

‘ O R AGR, £
(;ﬁ) R A AR, TR, 6-8

AORR AR, OB
Dﬂ"%’ﬁiéﬁ%d%a g“’@ifﬁ{@, HF}&«H— 9~10

1.3.7 R @A E L
FRPE B R Z ARG 45 R, PR T & A E R e
AR AR 7 3% B e AR 56 s MR JE 2 N /KF, BUER

229




MR B

Modern Food Science and Technology

2024, Vol.40, No.12

Feli s Ee, AR AEEEAFERR, A Design-Expert HY
Box-Behnken % F7 15 B8 147 = A 38 = 7K F- Wi % [ %
TS, REREAKFHE 2.

K2 FEEHUTEIZRXBEE. KEEFHD

Table 2 Test factors levels and codes of malic acid softening
shrimp shells acid

K
-1 0 1
A BREERE/N(gL) 50 60 70
B 72788 18] /min 50 60 70
C AT (V/m) 2:1 31 41

Py AZ

1.3.8  FaiEikgatastiz £t

FIH Design-Expert F A0 HLERIZ i 5% A 134T
Ak, HeAk s WE 5 SEBRE X b, TH S T S
SEMME 2 [ AR iR ZE A0 HE, T AW

1)——|YEG%H x100% (3)

BN i

D——ABx iR £ 23

Y, —— %ML,

Y,——FAMME.

1.3.9 #ERITHH

K H Office 2021 ¥ At 14T %4 73 #r.  FH SPSS
26.0 MR AT XS IR R & B 2 R e b, 9
H Origin 2021 34 S 92% 3 P41, HTF
B £ hRiET EROR .

2 FER5L
2.1 AMEA 7 KEEIRE & W%

R 3N DR Ak B 5T R R 50 e B iR ZE MM R
PHTEE R AR 3 AL SERER. LR ITERIRTE
HAR AR BRI [A] . BORHEL T, BEAE AL BEIR FE RO HE T,
SERRAT R IR PP 23 ETHE S, LRI
BIPIZHEC, 2 ABREIR IR R 2 60 g/L I,
WEEL. CRIRIE)E IR PE D Sk B AR T3 R
AFTIRIR, & K9 ZIRAT 5 SRS R v, X R
DRI B AEAR A 2, S BOR PR BT R R, 7 i XL
WR R R 7 2L A5 I FE LGRS IR I i R B T IR
PRE R i L ST 6 1 T PAY S SR PR AT A R A 5
MR B IR AL B 5, AT ABR KRR I ERR, Ik
A DA R R RN e RERE Y e B PN I PR

230

® 3 AHBGEREREN KEEREERRFN
Table 3 Effects of organic acid treatment concent ration on
sensory quality of Procambarus clarkii
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Fig.2 Effect of organic acid treatment on the hard ness of the

shell of Procambarus clarkii
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Table 6 Test and predicted values of decalcification rate and
hardness of shrimp shell softened by citric acid

B % %D
5 —— BEE/% BE/N
4 B C
1 70 70 3:1 4410045 16.58+2.22
2 50 70 3:1 33.65+£0.54 19.47£0.81
3 70 60 3:1 4498%042 17.60+2.16
4 60 60 2:1 40.04%0.11 18.64£1.73
5 60 60 2:1 5431%0.14 14.88+1.14
6 50 60 3:1 43.79+£1.58 17.98%0091
7 60 50 4:1 41.50+0.83 18.56+0.82
8 70 50 3:1 37.97+£0.18 18.03*1.68
9 60 70 2:1 4043%0.52 17.12+2.69
10 50 60 4:1 4623+0.64 16.87%£1.92
11 60 60 3:1 46.12+045 17.72+£1.95
12 50 60 4:1 4872+0.58 18.68£0.51
13 60 70 4:1 3755+0.37 18.23%0.60
14 70 50 2:1 3632+0.78 18.49+1.81
15 60 60 3:1 46.81+0.64 17.6 £1.57
16 60 50 3:1 3230+0.55 19.69£0.51
17 60 60 3:1 46.19+0.68 18.06+0.63

NI TERT 1 IR B A B 58 4% A2 B 2 T ) 28 T 2
B, I 0 ik B AR AL T F, K BBD Wi R T 2%,
WEANIR R A R R B, R C N
ORI ZR, DA oE IR 25 AR e it 575 5 RN 58 s 1
Wi SEAEL, R FT R R B AL B IR R B MR R 52 T 2 2% A1 ik
AT = R =K [ B 73 Bk . ARAE SR 2 AR
SRR 251 7€ 15 21 AOFT B IR Xt o ER i 2 T A 7 P




MK EBBHT

Modern Food Science and Technology

2024, Vol.40, No.12

G ZR IR 53 A5 () SR AE AR 6 B o

F#£F Linear. 2FI. Quadratic £l Cubic #7%!, R
F Design-Expert A4 % 8 5¢ M 45 2 FAF 52 A B S
WS &N RERXREATIE S, SR T
*£ 7. HEAFN, KM Quadratic #517 XF IR 5% i 45 %
AR5 REAT A, e P AE 31 79<<0.000 1 AN
0.001 3, ¥ NIEH B, HM#EMN R 8. FR
F Quadratic F5HY 73 #4745 B FR X IR PRI 576 i 15 23 R
HRFEAEE

K7 RERMEENSMEREESMER

Table 7 Comprehensive analysis results of multiple models of
decalcification rate and hardness
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Table 8 Results of variance analysis of regression equations
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Table 9 Establishment of hardness regression equation and
variance analysis
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Table 10 Reliability test results of citric acid softened shrimp shell model

Regression model C.V./% R’
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Fig.5 Residual analysis diagram of shrimp shell decalcification rate, shrimp shell hardness and comparison

diagram of test value and predicted value
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Table 11 Reliability test results of hardness mode
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