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Optimization of Dried Crayfish Slice
Processing Technology

Qu Gui-xiang ~ Ma Wen-hui ~ Dong Zhi-jian Chen Yu-yong Zhan Yue-ping*
(Jiangsu Agri-animal Husbandry Vocational College, Taizhou 225300 China)

Abstract: In this paper, texture, color difference and sensory score were used as indicators to study the effects of
sugar/salt ratio, TG enzyme addition, baking temperature and baking time on the dried crayfish slice. On this basis,
the sensory score and hardness as response value, process condition was optimized by using response surface
design.The optimum parameters were ratio of sugar/salt 7.5:2. 5(10.0 g), TG enzyme amount 2.00 U/g, baking
temperature 145 ‘C, bake time 9 min, that dried crayfish slices were neat in shape, even in thickness, red and bright
in color, moderately salty and sweet with good elasticity. hardness and moderate chewability. The sensory score
was 89.00 and hardness 540.45 N. The test results and the theory prediction error is 0.84%, 0.46% respectively.
The fit of the model is good and the results is reliable.
Keywords: Dried crayfish slice; Optimize; Quality
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1.1 Me 5

BRI R AN SR SR A RN A IERDT o AN IEERAMA KN 5], AN E R 35.0 g~40.0 g,
RS SR 6.0 g~8.0 g BEMHAEENE (TGE) VL — AR AEIRAR, 8BS
71130 Ulg. frih. AwbeE. @doh  WEEMKERET.

C21-SDMCB43 FRiH/RHLREN" Wil omii /R IR A R A H; HESERATEN EEXR
PHEMRGARAT]; HY44 ANEEH  HETFEMPMA T HB43-S 54 2 /K4l E X
FHEA B R AR ; FTC/TMS-Touch Y b o BB EE R A R FEA ),

1.2 LRk
1.2.1 /NJRHR B B AR 7= L2

HRbHE. #h. TG B
.
/NP (14328 35— FROUE PR — B [ — B 1l — — IR — — T 1 — K — — IR TR —
R il AL - V) — R — 1t

1.2.2 #fFE R

1.2.2.1  /NIEURIERE: BREAMAKR/DYE, BAHE 350 g~40.0 g SFAVHHRTE 6.0 g~
8.0 g MEETE N IBAF o

1.2.2.2  HUIRP: ANBEREDE, BONIKPAZE 15 FHiH, LA KE, 23k, ZRIF
2k, FFEHURAL,

1.2.2.3 BEHE: HEIEIFAITEHERR 5.0-8.0mm EAE, HFAINLEF4E R B A BOUES RS .
1.2.2.4  JEd: AeERAFE/NRERAIAKE, A1 TG B, +#:51, 4 CHEHI 2 he

1.2.2.5  —UCHEIE: PromERiins Sk e Y, W ieml s /AN Ear s T 10w b, R
5.0~8.0 mms

1.2.2.6  — WK1 PELF T E TR N 50~60 C MK RS, BAKTE 2h,
ARk TG B ALUR P AR B 2 ) R A S 2

1.2.2.7  ZWRHESR: MK TG BN RNE PO E BR 20 G IR, TR R 3.0~5.0
mme

1.2.2.8 MK TG RMEGHTIHE THEZN 50~60 CHMGRATEHEAES, RN
KFHE2h, BREELFRKI, BZKT<30%.

1.22.9  #EHEAE: 45 UK 8 5 PR R /N R PRI P OE e 1 il _L- A A B T AR R
IR 140 °C, ¥ 10 min.

1.22.10 JEF. VIF: FEPHLEREYE /DN REFAIEF, VIK 3 emx§ em /& B ai H Al
NS
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RT-eht .

1.2.3 BEERLI T

1.2.3.1 TG FEERMEXT /AN REF R 22 AU E TR 5

ANJEAREY 100 g, BEERRIDE R 10%, BEELEL 7:3, #EHIEE 140 C. & HIHf A 10 min,
TG BEHIEINE 58 0.5, 1.05 1.5, 2.0 2.5 Ulg B Rf/NJRlF PR AE . 0 28 AU R 140
IS
1.2.3.2  FEERES IOLESE /N e s o Ao b 8 2 FIURCET V40 1 S

/ANJERREY 100 g, BEERERIIE R 10%, TG BEAINE 2.0 Ulg, #EHIRE 140 C, HEHilr
/] 10 min, FEERRINEL50 4:6. 5:5. 6:4. 7:3. 8:2 B Xb/N AR I T # . €01 25 MU BT F
4 BRI
1.2.3.3 S IR BET NI F PRI MR ) B 2 FURR B VR4 R 5 e

/NIEEF A 100 g, BRI R 10%, $E 35 EE 7:3, TG BFA &L 2.0 U/g, #5 il i (8] 10 min,
FE IR E S 54 1104 120+ 130, 140, 150°C RN /N AR PR IR AL« €8 22 R R RS IR0
1.2.3.4 S A (A)0t /N IS Rl A4 68 2 IR B P 4 1) 52 )

ANJEERER 100 g, B R30S 5 10%, BEER B 7:3, TG BRI & 2.0 U/g, MR 140 C,
FEHITFE] 735004 4. 6+ 8 10 12 min B /AN JEUF IR R MG . 222 FIURR B PP 20 IR 52

1.2.4 e 5 [T SS 5]

ERFRRIER B, CIBEEELE (A). TG B INE: (B). MHIIREE (C) A& HIN [
(D) NEZE, UREMWS (Y MEEEE (Y AWiR{E, FH Design Expert8.0.6 %X
fF, R4 Box-Behnken M 87 [ff 0o 20 G50 e 5 T AEET,  B6BR R #AKCE R wmis L& 1.

# 1 Box-Behnken W3 HE & 57KF

Tablel Factors and levels of Box-Behnken

) 5 %
Bl T TN N Nesbass i
A TEEEEE BTG #jins (u/g) C:HEHIRE (C) DAEHIEA] (mind
-1 6:4 1.5 130 8
0 7:3 2.0 140 10
1 8:2 2.5 150 12

1.3 s tn

1.3.1 EEIFE
VES RO AN R E A AT BB R AP . DL OB i & R i ) S )y 1o
AT, B0 HA — & P A 2 A g Il e S e 4], /N RER AR (35 (204D
HARE (3047). AWk (2043). DR (3043) BEATVEM, #5431004), BCPBIMEIERTES
gE5t . ANEEF IR R E VR bR AEN T LR 2
£ 2 ANIRAF PR B YRR

Table? Sensory scores of dried crayfish slice

TiH iR btk SrE g 1000
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FEsEARR T, ENEARS, SRR, BRvhER, BAREER. £H 21~25

(30 40
FIEASEST, [FEARISE), T ek, HEATH. TREER. &R 0~20
R EAN S, RSk, FEV, ahEELE 16~20

i
BEAREE, RHRaE, [oEW, iR 10~15

(20 41
BEEARIEE), W, AEN, W 0~9
UEREREREE, EDE S, FURAEIE, A/ JEIFRREE R 16-20

g
MR RLEF, (RRLER WA, EROR s 11~15

(20 4r)
RS, DIBRORGE, &R 0-10
MEREIE rpr, AN, AT, uHeRvE L 26~—30

uf:4
BEAESGIE S, FUBREZE, e, nHE it — R 1625

(30 4
WERESETE, DU AR, ke, nmRiE 2 0~15

1.3.2 kg E
S FH 5 A SO R (3 AT SR A B0 T 40 B CTPAD, 03K /N R0 PRl P B 3 L e | MR o
W /NP A AZ) lemX 2 em BIK 4%, 7EEIR FHEHAT 3 COFAT925, BCPEEDN. e

¥ HERIEEFAN 2500 N; #4657 2 Ny #IGER 60 mm/min; TEA8 43 & 80%:;
[ A2 B 80 mm/min; Rk [ FF 2FE & R ETA SR 15 mms BECHRAR K.
133 R el

KH WSC-S il o 22 0T s /N AR AL L*, a*, b*, Hih LMERREE, a*k
INCLERIE, THMEIRA LI, b* R, MK, MmmsEa. 000 AR
BEATRCHE, BRI 3 FER, B 3 K, BCFHME.

1.4 ot

PR ZE RIS HE LA x+s #o%, IR A SPSS Statistics20.0 G514 B #fEE 47 & v 4 b7,
P<0.05 BN v ZER R E 4, KA Design-Expert B f43#E47 ma b ifii i+ 5 204

2GR 50

2.1 RREFERRI L RN

2.1.1 TG FR R /N FEAE P S5 5
# 3 TG BEHRIMELR /AT P 2 R 0

Table 3 Effect of TG enzymy amount on dried crayfish slice

. TG HERNEE (U/g)
Eist o
0.5 1.0 1.5 2.0 2.5
Tl B /N 482.61=0.54° 545.77+0.50¢ 576.43+1.85" 605.330.78° 608.15£0.04

FPE /mm




HEL I fmj 0.76£0.01¢ 0.88+0.02° 0.92+0.02" 1.02+0.02° 0.90+0.00°

L*{#H 187.20+2.50¢ 194.68+0.76° 220.78+0.31" 250.17+1.15° 253.64+0.70*

a*{i 31.00+£0.74° 31.30£1.09° 37.2540.95% 34.0240.33 % 35.29+0.23°

bl 39.39+2.50¢ 39.29+0.33¢ 38.21+0.43% 39.040.19¢ 39.62+0.71%
BT () 30.12+1.61% 30.22+0.30 28.05x0.49 % 27.7040.66 = 24.63+0.70"
74.05+0.21¢ 75.55+0.784 82.80+0.28¢ 90.17+0.24% 84.90+0.14"

i FEfTAS AR, #EAEREE (P<0.05), F4~%6 .

R FEE R N fich i P SO, R R R A 150 A P 0 A R 1S, L W R ML OB £ P BT G 1)
B, SR, PRI EER SR, A, R EXT R Cm R e, i 3
AL, B TG BRI N, /Nl A i i i f52 A0 L g 44 Y2 35 3 n- (P<0.05), E¥R N
BN 2.5 Ulg i, BBl A, (H 5 INE 2.0 Ulg Lok, Mg/, 28R 8% (P>0.05).
/NI AR 3R B TG B 0B R 0ok SR 3 LTSS, 76 2.0 Ulg Bk BIRK, 1
JEiR#E TR (P<0.05). XZHMT TG B b & G R MG R B, T2 kR e HBEIR
P egl7), (1 PAREREAESE I, PHAB MG GR, SRtk (HREER MR 4R ZE N, &
J AN AL, P AR L G 8 1 S22 B, 0 i el 58 Ry — 2 G, P ) 8 AR S
FRAK (P<0.05). TG B INERT /NIRRT a*Ef2mA B3 (P>0.05), L¥E% ETHE
TF, 76 1.5 Ulg itioR, b*EH2E FREEHE, E2.5 Ug i, FHUHE. XnfE&hT
TG BRI IR SBAE R, /N AR P AR fS 2R A0 il FE vh 5 8 B % 120, A
Ffsw e, DR TR, NI 2B A5 SERETS, TG MEIETE 2.0
Ulg AN EH .

2.1.2 R B AN S P il 5 D e
4 Bk LN AT PR

Table 4 Effect of sugar/salt ratio on dried crayfish slice

_ BESLI L
HhR
4:6 5:5 6:4 T3 8:2

FEEN 540,620.54¢ 546.16+0.97¢ S71.11%1.11b 591.68+1.10° 590.55+0.78"
#k imm 0.71£0.03° 0.83£0.01° 0.95£0.07" 1.3240,14° 1.2420,02:
WL /i 225.27+0,14¢ 243.810.79° 248.35+0.66" 251.0540.21% 249.25+0.66"
Lfl 2471021 27.6420.52¢ 32.97+0.98 370040258 37.2040.86°
a={f 27.68+0.62° 32.05+1.15° 38,0441 .33 42.9420,99% 44.25+0.92°
b* 29.760.06° 28,891,250 26.31:£0.44 ¢ 24.1320.19¢ 22.08+0,12¢
BEE W (4 73.8040,57¢ 78.6340.53¢ 83.5040.71 90.63£1.17" 87.86+0,37"

W AR Bt o A AN g R R B A I ) BRSO 7 R B R
fEFH . W& 4 aTLLEt, /NIRIE R A AR B VR s R LL 8 K 228 EFHE R R, (B
THEABE, FEE LRAEE o B3 EJF (P<0.05) , b*EEE T (P<0.05). X&
BRL A PR K 43 2 2, B B (O 38 0 e A2 3t = 0 TR R s g 8. ] e el 1 P A B A 1 D
IS A 8 IS s 90 i) 4 AD i A FEE RN £ P SR 5 8 i 19), Byt IEEARESL LA
R REE, FERRIER, EEmSpdESsIREONE. SEREVEY, HEE



2.1.3  JEHR T /N J s PATHil it S5 () B g
% 5 MU R/ TRAT AR B R OB

Table 5 Effect of baking temperature on dried crayfish slice

KEHIREE (T

fitw
10 120 130 140 150
BN 500.56:+0.55¢ 549.95+0.24¢ 596.9340.28" 598.07:60.24" 601.06+0.25"
4 /mm 0.80:0.01° 0.90+0.01b 1,110,024 1.01:60.04° 0.890.02°
0 08 14 /i 241.90+1.10° 248.93+1.01° 252.78+0.31° 261.0140,63° 257.64+0.70¢
LY 21,810,274 27.6020.66° 35.85:£0,38 38.8240.90° 37.0420.13 %
a*{ 36.67+1.34" 39.8940.24 42.254037° 43.64+0.76* 37.56£0.62"
b*{i 28,60:£0.54 29.72:1.01° 26.91£1.12% 24.65+0.74" 23.57+0.80"
W () 77.9540.64¢ 82.56+0.62¢ 88,020,147 91.69+0.63* 86.85+1.03"

— E R RN R R . TE G N R A R KR e R . thR S
AL, /IR PRI il 4 R P AR g e o 92 o R P P v v v, SRR R IUE A R S R R
B, XREHT R ERAKSERK. EATRERL, BT 7/ RIE A i — i 68 R,
{HRMEEEG T, Ko REEZ, PIHRMASEE, 0950, H@MEsE, 130 Cr#
YEBUF, 140 CHEPEME M. i fd /N AR A B & 1R 2 o S Rar 4 220, [Hr i
TR B DA AN BRI LA a*{l % LTHE R, b*E R, 75 140 CH L*{H. a*
Efem, ANEUFAR R, HIRAELT] 150 CRF, BAE S, WHIE, Sif
BhgH e . REVESE 140 CHE&E, Fit, EEAEBHIRELL 140 CEA.

2.1.4 I s TRD X /0S JR PAD Al o B P
£ 6 KR asF A1 /AR P el 8 O A R e

Table 6 Effect of baking time on dried crayfish slice

FEHIRF ) Cmin)

fatn
4 6 8 10 12
N 496330940 5200110166 589.72:101 612.9941.40° 609.46:£0,94"
HiHE/mm 0.730.01° 0.82:0,03b 0.98+0,03% 1.1740.07% 1.0240.03¢
WL 4/ 220.28£0.87 240.05+1.29¢ 242.98£1.13¢ 251.67+0.66" 258.92:40.28"
L 24.1240.62 29.5440.66 31.9240.91° 37.650.66° 35.90£0.31°
a*{f 28.56+0.79¢ 32.99+1 .23 36.61+0.72 41.8520.86" 40.25£0.92%
b*{i 29.96+0.23° 28.06:+-0.40° 25.2840.39° 22.1740.25% 21.00+1.41¢
EEVY () 72.99:0.58¢ 75.88+1.07¢ 81.18+1.33b 87.73£1.03% 82.87£1.03

TR —TE R OLT 95 il ik 8] I R B3 S i/ e i PR ARl ) BB R b - R 6 RT AN,
Kl (KT 10 min B, /NRAFAIRHAORERE . 300, PHEE. L*E. a*E. BRE VM
A I (B G Ty b, 10 min B, BROEMEVESS, FAt#FRAREIE BB R, s
(ARSI ZE 12 min B, PHMRPEERIROCE, HALRIEARE LIRS, EERIFAEE
(P>0.05) . b*{eLfiti 25 45 Il ek [a] A 89 0 o R B, 12 min NGA R E/ME, {B5 10 min B 22573 A
L (P>0.05), XU WITE 10 min i, PNEEFAM X0, RN RLGEOPE, 48y
Inefia], P, SRVERRAR, Sbry PR B E M TR A B AR, NEME ARG SR . (R
I TRIE A, A € Pt phy e S 2t frg A (o A . R, AT ) 10 min BRfE



2.2  Box- Behnken iR 5645 8 5 0 #7

2.2.1  Box- Behnken it 3645 3
R R FOAMS IR b, vk T PO R = AR e RL A A RS, RIS g R LK 7.

F 7 AR R
Table 7 Results of response surface experiments
s A B (o D IRE VRS B /N
| -1 -1 0 ] 85.0£0.71 575.87+1.41
2 1 -1 0 0 84.3+0.35 573.46+0.71
3 -1 1 0 0 82.5+0.07 576.7+0.12
4 1 1 0 0 80.7+0.21 537.11£0.15
5 0 0 -1 -1 80.0£0.28 468.67+0.64
6 0 0 1 -1 81.6+0.07 439.26:0.14
7 0 0 -1 1 78.9+0.21 580.79+0.71
8 0 0 1 1 82.240.28 628.03+0.21
9 -1 0 0 -1 79.5+0.71 453.66+0,28
10 1 0 0 -1 82.240.21 454.36+0.35
11 -1 0 0 1 81.94+0.14 596.72+0.14
12 1 0 0 1 81.8+0.28 599.48+0.71
13 0 -1 -1 0 83.3+0.35 548.28+0.21
14 0 I -1 0 80.8+0.35 568.61+0.13
15 0 -1 1 0 84.14+0.14 569.41+0.21
16 0 1 1 0 83.0£0.07 519.48+0.43
17 -1 0 -1 0 8534042 570.88+1.20
18 1 0 -1 0 88.8+0.35 567.08+0.14
19 -1 0 1 0 90.2+0.21 579.42+0,35
20 1 0 1 0 83.9+0.07 520.83%1.13
21 ] -1 0 -1 80.1+0.14 451.46+0.57
22 0 I 0 -1 76.4+0.57 445.07=1.20
23 0 -1 0 1 79.8+0.28 608.08+0.14
24 0 I 0 1 80.3+0.35 609.35+0.71
25 0 0 0 0 94.7+0.49 656.07+1.27
26 0 0 0 0 93.6+0.57 627.48+0.57
27 0 0 0 0 94.9+0.14 648.61+0.42
28 0 0 0 0 95.9+0.42 648.58+0.49

iz H] Design expert V8.0.6 X3 7 A BB VP23 FAE B 43 531 347 % oo [m] 30L&, 75810 5 F
BEE VRS Y1=94.71-0.23A-1.09B+0.67C+0.42D-0.26 AB-2.41 AC-0.69AD+0.34BC+1.04BD
+0.45CD-3.96A%-7.20B°-4.47C"-9.13D?,
R Y2=645.19-8.41A-5.86B-3.99C+75.83D-9.29AB-13.70AC+0.51AD-17.56BC+1.91BD
+19.18CD-40.32A2-43.16B%45.92C>74.14D%, %t FiR[E 55 BEE 4T 4 22007, S5 R 8.
%09,
%8 BEFAHENTGER

Table8 Variance analysis results of sensory score

H7E NG TN H ¥ty F P i B




R 719.34 14 51.38 33.38 <0.0001 **
A 0.63 1 0.63 0.41 0.5334
B 14.19 1 14.19 922 0.0095 **
el 5.33 1 533 347 0.0854
D 2.17 1 2.17 1.41 0.2566
AB 0.28 1 0.28 0.18 0.6791
AC 23.28 1 23.28 15.13 0.0019 *
AD 1.89 1 1.89 1.23 0.2878
BC 0.46 1 0.46 0.30 0.5956
BD 431 1 4.31 2.80 0.1183
cD 0.81 1 0.81 0.53 0.4810
A? 94.11 1 94.11 61.14 =< 0.0001 xE
B? 310.86 1 310.86 201.97 <0.0001 wok
c 119.71 1 119.71 77.77 <0.0001 Ak
D? 500.05 1 500.05 324.88 <0.0001 *k
T 20,01 13 1.54
KA 17.76 10 1.78 2.37 0.2591
a7 2.25 3 0.75
Lo 739.34 27
R3=09729  R2,,=0.9438
H: *HRREREE (P<0.05) H#FRERFMEE (P<0.01), FoFE.
R WEHESITER
Table9 Variance analysis results of hardness
R S5 ] H ¥ Fii Pfi SFEM
e 115680.28 14 8262.88 52.65 <0.0001 -
A 848.99 1 848.99 541 0.0368 *
411.37 1 411.37 2.62 0.1294
190.64 I 190.64 1.21 0.2904
69010.61 1 69010.61 439.73 <0.0001 o
AB 345.59 1 345.59 2.20 0.1617
AC 750.49 1 750.49 4.78 0.0476 *
AD 1.06 1 1.06 0.01 0.9359
BC 123412 1 1234.12 7.86 0.0149 *
BD 14.67 1 14.67 0.09 0.7647
cD 1470.72 1 1470.72 9.37 0.0091 *
A? 9753.41 I 9753.41 62.15 <0.0001 #
B? 11174.23 1 11174.23 71.20 < 0.0001 o
c? 12649.24 I 12649.24 80.60 <0.0001 Ax
D? 32081.18 1 32081.18 210.15 < 0.0001 L
e 2040.21 13 156.94
SFALhIH 1585.01 10 158.50 1.04 0.5500
NS 45521 3 151.74
fan 11772049 27



R*=(.9827 R2M1=0.964l)

&8, KT, MMEEEIP<0.0001, ULBAMANEIAEEH BE, BARIM¥E . H
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Fig.1Response surface between sugar/salt ratio and baking temperature

M1 8 A 1 AT, TG B INEANRE ] i [A)FE % e, B Sk BN Al I B A2 HLAF P X
ANJEEF A TR VP2 (SR R 35 o R IR L — e I, AN P A B VT 2 B R R BE Y T
e RIUIR BRI BT, £ 140~145 CIX[H], BB PO A B HOE, MEITFEE 22 F .
B — eI, AN AR PR B UF 2 B 2R LR R S B PRI FE BT s, il
LN — e e, KBRS ITER T R, (BB EEM, 1£ 73 BHDERE PR e . R
MR E TR ERE , JE iR N BV RS TR b .



640

620

580

560

g (ND

540

520

1 W o — T ——
050 e 050
0.00 0.00
C: ¥ i fiE=c “n A: BiEEH
100" -1.00

P&l 2 3 6 EL 08 i i RE 22 LA A el %2 T
Fig.2Response surface between sugar/salt ratio and baking temperature
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Fig.3 Response surface between TG enzymy amount and baking temperature
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