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Optimization of Processing Parameters for Freeze-Drying Winter Jujube

GUO Bing-yin, ZHANG Zhong-xin

(College of Food and Bioengineering, Henan University of Science and Technology, Luoyang 471003, China)
Abstract: The effects of three freeze-drying parameters, including winter jujube slice thickness, sublimation drying temperature
and desorption drying temperature on vitamin C content in winter jujube after freeze-drying were studied under 200 Pa vacuum
condition by conducting 20 experimental runs generated by quadratic generalized rotary regression design to build a regression
model between vitamin C content in winter jujube after freeze-drying and the three parameters. The model was subjected to
response surface analysis with SAS 9.2 software. The analytical results showed that the optimum freeze-drying conditions for
winter jujube were slicing winter jujube to a thickness of 5.5 mm for sublimation drying at —22.1 “C and desorption drying at
20.6 °C. The built model was found to have excellent goodness of fit. Hence, it can provide a reference for practical production.
Key words: winter jujube; vacuum freeze-drying; response surface analysis; optimization
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Table 1 Coded variables and their coded levels in quadratic general-
ized rotary regression design

Z(Gt ) R
GRSAEN) SR fmm X REBTIIE [C X TR C
1.682( ) 10 30 —10
1(EAKP) 8 26 —14
0(FIKT) 6 20 —20
—1(FKF) 4 14 —26
— 1.682(F AL 5) 2 10 —30
Ai 2 6 6

E: 21:(X1 - 6)/2; Zz:(Xz - 20)/6; 23:(X3 + 20)/60
R2 ARETRBR-RKEARFAGRAIARITRESR

Table 2 Quadratic generalized rotary regression design scheme and
corresponding experimental results

WK% Zy Z> Zs VC i Y/(mg/100g)
T —1 —1 —1 206.673
2 -1 -1 1 185.755
3 -1 1 -1 213.816
4 -1 1 1 190.347
5 1 -1 -1 155.755
6 1 -1 1 180.245
7 1 1 -1 197.354
8 1 1 1 178.408
9 —1.68179 0 0 184.939
10 1.68179 0 0 177.49
1 0 —1.68179 0 182.032
12 0 1.68179 0 173.612
13 0 0 —168179 216.878
14 0 0 1.68179 203.743
15 0 0 0 225.755
16 0 0 0 232.388
17 0 0 0 231.367
18 0 0 0 241.49
19 0 0 0 248.816
20 0 0 0 245.585
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Table 3 Significance test of the constructed regression model for
vitamin C content in winter jujube after freeze-drying

Ap i H T Al Bi F{E P1H

Xi 1 694.0297 694.0297  6.142827 0.0326
Xz 1 102.0753 102.0753  0.903464 0.3643
Xa 1 271.8675 271.8675  2.406287 0.1519
X2 1 5521.086 5521.086 48.8669 < 0.0001
XiXe 1 98.18909 98.18909  0.869067 0.3732
XiXa 1 311.6381 311.6381  2.758295 0.1277
X3 1 6218.486 6218.486 55.03955 < 0.0001
XaXs 1 264.3505 2643505  2.339755 0.1571
X3 1 1242.727 1242.727  10.99933 0.0078
[EIYEpcEit 9 12890.54 1432.282 12.67707 0.0002
KA 5 718.8178 1437636  1.748933 0.2772
R 5 411.0036 82.20073
FIAR 10 1129.821 112.9821
S 19 14020.36
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