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Optimization of Vacuum Steam Pulsating Blanching Process of
Prepared Okra Vegetable by Response Surface Method

YUAN Yuejin, LI Ying, XU Yingying, LI Shenshen
(School of Mechanical and Electrical Engineering, Shaanxi University of Science and Technology, Xi’an 710021, China)

Abstract Vacuum steam pulsating blanching technology was applied to the treatment of prepared okra
vegetables. With color difference, crispness, protein content and sensory score as indicators, steam blanching single
factor test and four-factor three-level response surface test were carried out respectively. The effects of blanching
vacuum, blanching temperature, blanching time and pulsating times on comprehensive scores were analyzed by
response surface method, and a quadratic regression mathematical model was established. The process parameters of
vacuum steam pulsating blanching of prepared okra vegetable were optimized. The results showed that the order of
influence on the quality of prepared dishes was blanching time > pulse times > blanching temperature > blanching
vacuum degree. The optimal process parameters were as follows: blanching vacuum 0.04 MPa, blanching
temperature 108°C, blanching time 70 s, pulsation times 2 times, color difference 6.36, brittleness 1824.68, protein
content 1.66%, sensory score 31, comprehensive score 0.8795 points under this process condition. The results can
provide a reference for the processing of prepared okra dishes.
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Tab. 1 Sensory evaluation criteria Tab. 2 Single factor test factors and levels
PEMHEFR Fnife P K2 factors IKHE level value
Rz 527 PN 8~10 Y28 ##5 i /MPaBlanching vacuum  0.00, 0.02., 0.04. 0.06. 0.08
i LRSSl 5~7 ﬁs‘%& E/%Blanching temperature 100, 105, 110, 115, 120
(R0 N IN <4 2 151} 1] /sBlanching time 30, 60, 90, 120, 150
AR 8~10 Wik sh vk %0/ Y% Pulsation number 1. 2.3
Sk ZER RN 5~7
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Tab.3 Experimental factors and level of response surface
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Fig. 1 Effect of different blanching vacuum on the quality of

premade okra dish
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Fig. 2 Effects of different blanching temperatures on the quali-

ty of premade okra dish
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Tab. 4 Box-Behnken response surface methodology test program and results
o) A RFHSE B @(%‘#EJE C L%‘?%Ej“l‘ﬂ D Hﬁ(iﬂ‘{)’@ﬁl BT o
blanching blanching blanching pulsating {025 JiiA3a D TR LEATE4Y
number vacuum/MPa temperature/ °C time/s number/¥X ke
1 0.02 100 90 2 5.61 1322.20 1.58 28.33 0.413
2 0.06 100 90 2 5.95 1464.21 1.48 28.33 0.378
3 0.02 110 90 2 5.95 1348.05 1.24 26.67 —0.049
4 0.06 110 90 2 5.59 1299.82 1.07 24.33 -0.304
5 0.04 105 60 1 6.12 1321.47 1.52 30.00 0.331
6 0.04 105 120 1 8.55 1466.69 0.70 32.00 —0.747
7 0.04 105 60 3 5.65 1186.79 1.14 33.33 0.062
8 0.04 105 120 3 9.91 1066.22 0.59 30.33 -1.529
9 0.02 105 90 1 6.84 1233.26 1.44 22.00 —0.320
10 0.06 105 90 1 7.26 1355.16 1.04 32.33 -0.234
11 0.02 105 90 3 8.07 1325.70 1.38 25.33 -0.374
12 0.06 105 90 3 8.43 1207.08 1.01 23.33 -1.012
13 0.04 100 60 2 3.57 1393.66 1.54 28.00 0.798
14 0.04 110 60 2 5.54 2009.71 1.27 30.67 0.816
15 0.04 100 120 2 6.85 1606.99 0.95 32.33 —0.040
16 0.04 110 120 2 9.74 1155.66 0.87 33.67 -0.993
17 0.02 105 60 2 5.11 1768.36 1.50 21.67 0.521
18 0.06 105 60 2 4.44 1420.84 0.96 25.33 —0.050
19 0.02 105 120 2 9.51 1122.31 1.17 28.33 —-0.902
20 0.06 105 120 2 8.93 1223.06 0.69 30.33 -1.114
21 0.04 100 90 1 6.04 1794.97 1.50 30.00 0.743
22 0.04 110 90 1 6.80 1253.15 1.54 28.67 0.106
23 0.04 100 90 3 5.76 1355.07 1.05 30.67 —0.028
24 0.04 110 90 3 9.89 1860.05 1.38 27.00 -0.172
25 0.04 105 90 2 7.01 1832.61 1.61 30.33 0.719
26 0.04 105 90 2 6.47 1860.42 1.53 31.00 0.794
27 0.04 105 90 2 7.63 1825.29 1.72 33.00 0.835
28 0.04 105 90 2 6.88 1822.20 1.49 32.00 0.685
29 0.04 105 90 2 7.00 1872.73 1.46 31.33 0.652
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Tab. 5 Results of ANOVA of regression model and significance test of regression coefficient

KR R A ¥k Fi& pla
source sum of squares df mean square F-value p-value
FE! model 12.58 14 0.8989 120.13 <0.0001**
A 0.2207 1 0.2207 29.50 <0.0001%**
B 0.6819 1 0.6819 91.13 <0.0001%**
c 5.07 1 5.07 677.79 <0.0001%*
D 0.7162 1 0.7162 95.72 <0.0001%**
AB 0.0122 1 0.0122 1.63 0.2231
AC 0.0321 1 0.0321 429 0.0573
AD 0.1307 1 0.1307 17.47 0.0009*
BC 0.2353 1 0.2353 31.45 <0.0001%**
BD 0.0609 1 0.0609 8.13 0.0128*
CcD 0.0657 1 0.0657 8.78 0.0103*
A 2.30 1 2.30 307.14 <0.0001%**
B 0.0002 1 0.0002 0.0283 0.8689
c 2.11 1 2.11 281.88 <0.0001%**
D 2.42 1 2.42 323.77 <0.00017%*
5% 2% residual 0.1048 14 0.0075 — —
JAIN lack of fit 0.0817 10 0.0082 1.42 0.3942
#fii3i2% pure error 0.0231 4 0.0058 — —
SRZE cor error 12.69 28 — — —

Z % modulus R’=0.9917 R’adj=0.9835

Rpre=0.9601 adeq precision=36.6862

0 M FORE LI (p<0.0001), *FREHEF (p<0.05)

Note: **indicates highly significant difference (p<0.0001), *indicates significant difference (p<0.05)

222 W N TE AT

WAl 5 fies, X ERG PE o5 R L A EAR
FH A 1y R 2R, 2R BRI, 2, R AT v
RIRHEAFE (4) MKk EL (D). R (B) ik
BN (D). ZEEIFR] (C) FIRKEh UL (D) B3 HAE
XGRSy B B 3552 (p<0.05), ZITIRE (B)
FIZERTIA] (C) 38 HAE FAX 286070043 W 25 R i)
(p<0.0001); ZEE 23 FE (4) FIZERE (B), BIEH
25 (A) FZEERTE] (C) XF L8 A5 A8 BAE 3
PN G 5 - NS i BN D VAT R Y R A o
2 AR E O T 2 A gt

223 TZ2Hutk RSk

I o O T 9 R AT AR AR, AR B AL T2 SR
R HEZSJE 0.036 MPa, Z IR E 107.94°C, R 5w}
B8] 69.9 s, BB EL 1.99 K, 7 LA R ZE T =
LB 15500 0.8921 40 % SR FI S PRERE A A,
W de A AL B AR S 50 I R S
0.04 MPa, ¥Z {55 & 108°C, 7 EZ i} [|] 70 s, Bk 3k
B2 W, IE T A4 F kAT 3 WA TR e,
3 (0 2448 6.36, W5 1824.68, 1 H & & 1.66 %,
BCEPESY 31, ZEATESY 0.8795 4, XTI 25 AN 1t
1.5 %, X R WA 58 TR A B B8 B R4 1Y



%6 LB A WAL T A DAL R BE T S s 2R UK s R IR T L 517

|
<
19

|
—_
=]

comprehensive score

|
—_
W

o
—-
] 2
2 s}
@ o
[ 17
2 o
Z— 2
) &
= 15}
[ =
g )
=3 =
g o
S g
o s}
o

|
<o
W
\

comprehensive score
comprehensive score

-1.0
-1.5
2.0 <
A:p ~
Q'
Cuu 1 \g‘b‘\
MPa oQ\)

PS5 2% PR3 I A HAR P RRSE TR S0 B2 G PP Ar IS o (a) V2RI 23 P RN B2 SH IR HE X R S8 Bl SR £ 5 PP A IO S, (b) 12
TR B R 2 N DX RS T B2 B PP BUREN, () VRIS RN B2 IR ) X Bk ZE i 525 5 PP AU SR, (d) TR BRI
FK IO BREZE TR LR ST A R, (e) RIS FE RN SIIACEON BRI SR LR 5 P O RE N, (f) T2 s 1) bk 3l
RO BRI S22 5 PE T BRI

Fig. 5 Effect of the interaction of various factors on the composite quality score of premade okra dish. (a) The influence of blanching
vacuum degree and blanching temperature on the comprehensive score of prepared okra dishes, (b) effects of blanching temper-
ature and blanching time on the comprehensive score of okra prepared vegetables, (c) effects of blanching vacuum degree and
blanching time on the comprehensive score of okra prepared vegetables, (d) effects of blanching temperature and pulsation
times on the comprehensive score of okra prepared vegetables, (e) effects of blanching vacuum degree and pulsation times on
the comprehensive score of okra prepared vegetables, (f) effects of blanching time and pulsation times on the comprehensive

score of okra prepared dishes
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