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Optimization of Vacuum Freeze-drying Process of Bitter
Melon Slices Using Genetic Algorithm
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Abstract; Bitter melons are rich in active substances, such as saponins, polysaccharides, peptides
andflavonoids, which have a high edible and medicinal value. Drying the bitter melons can extend the
shelf life. There are some commonly drying techniques, such as sun drying, hot air drying, microwave
drying and spray drying. But the active substances are easily to be damaged during the drying process due
to high temperatures. Vacuum freeze-drying technology completely freezes the material and then heats it
in a vacuum to sublimate the water in the material. So it can be as much as possible to retain the
material ’ s color, shape, nutritional composition and the products have a good quality. In order to improve
the quality of dried bitter melon, the vacuum freeze-drying technology was used to dry the bitter melon
slices to get the best process parameters in this paper. Because the eutectic temperature referred to the
temperature which could make the material completely frozen during the freezing process, the eutectic
temperature of fresh bitter melon was first measured. The eutectic point temperature of bitter melon was
-19°C. It was determined that the pre-freezing temperature of bitter melon was —30°C and the pre-
freezing time was set to 2 h. On the basis of single factor test, the quadratic polynomial regression model
between inspection indexes ( moisture content, rehydration ratio) and drying parameters ( slice thickness,
temperature, working pressure, drying time) of the bitter melon slices were established by response
surface methodology (RSM ). Under the condition that the moisture content is less than the safe water
content (10% ), the optimum process parameters are obtained by optimizing the rehydration ratio using
the genetic algorithm in Matlab. The results showed that the regression equation had a good fitting degree
(R*=0.937 1,R> =0.854 8), the model was significant and the obtained process parameters were
reasonable. The thickness, pressure and drying time had significant effect on the moisture content during
the drying process. They also had significant effect on the rehydration ratio. The interaction between the

partition temperature and the pressure had significant effect on the two indexes. The results were
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optimized by genetic algorithm. After being verified, the optimum technological parameters were slice

thickness of 4 mm, heating plate temperature of 46°C , absolute pressure of 73 Pa and drying time of

8.7 h. In this condition the moisture content was 6. 23% and the rehydration ratio was 11. 75. The study

provides reference for vacuum freeze drying bitter melon slices and other materials.

Key words: bitter melon slices; vacuum freeze drying; genetic algorithm; response surface methodology ;

process optimization
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Tab.2 Result of RSM

R 5 A B C D y1/ % Y2

1 -1 -1 0 0 7.26 10. 04
2 1 -1 0 0 7.81 8.90
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5 0 0 -1 -1 7.75 9.35
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8 0 0 1 1 4.33 8.91

9 -1 0 0 -1 7.57 12.35
10 1 0 0 -1 7.85 11. 40
11 -1 0 0 1 4.36 10. 83
12 1 0 0 1 4.75 9.56
13 0 -1 -1 0 8.23 10. 16
14 0 1 -1 0 7.16 8.99
15 0 -1 1 0 7.77 9.32
16 0 1 1 0 2.36 10.75
17 -1 0 -1 0 6.11 10. 02
18 1 0 -1 0 5.25 9.39
19 -1 0 1 0 4.89 11.28
20 1 0 1 0 4.96 10. 89
21 0 -1 0 -1 9.02 10. 33
22 0 1 0 -1 7. 40 10. 35
23 0 -1 0 1 6.62 8.43
24 0 1 0 1 3.78 9.01

25 0 0 0 0 6.04 11.36
26 0 0 0 0 6.38 11.25
27 0 0 0 0 5.99 12.01
28 0 0 0 0 5.89 11. 46
29 0 0 0 0 6.79 10.95
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Fig.2 Response surface plots for the effects of any two variables on moisture

2 IR VIR TS BE JRLBE 206 0] T 55 0 43 (1]
X KR EAE . B H Al LU

KRB V)R VR E B3 N T o X ] R
DR DAy JE B2 3, ek A B 2 T ARk b, HLA% T A% BB
TI3GR, W RN BT KR T

KR B A U B T v R AR . X AT R A

i € By, Wk PR K 23 Bz Sl i £ R
P, PR S K R FRAR

KR A T 58 PR 38 DR TR AR . 3 AT B TR A
e 55 AR R, R 0 S8 R AR, AR B A R gk o
Getg W N IS KRB . B 9 38 K, vk i1 T
e R, R 5 K R AR



) A A BT RN RERE TR T Z Mk 405

KA A MR I TR] A3 R AR . X R A
PR D SR T I, 3 TR IR i L 22 Ok oy 1
oz g, 68 E AR AR

3 IR VIR IS BE JRLBE 268 6] JTs 55 0 48 ) (1]
XK EAE R . B Rl LU

SR ECRED) TR B A 3 i ek /) o 3 AT g2
O JEEJEE SN, i IR 14 e 3 T AR | B2 K I AR S OK
I F 3 AWPREAE BE S R, BOK U REAR

SZOK BB B A T B R R I . X T fE
Je PR L 23 8 R T R R I 22 T 2R R 2 i A Al i
i, AL S A AL N AT o R AR N, T A
T TR A TR AR G B, Bk PR UKk BT AR Y

EAXBR L, WA R s 2 AL M . BE T e,
THAE AR, S K LIS O o (Hl B, PR
W T2 TR AT B B, W N R IR G oK e
SRS K, R & B IR, T B OK I FE K BE )
R o

SN L It A TS 5 P 38 R S 3 R e i)y o 3 T
JeE IR O R O, TH e R R  (H R SR IR R T
LT R, S oK R AL, R W A B A
SR EEIE

SR B BB T M A ] A 39 TRk /) o 3 AT RE 2
DRI Sy R F [ 354, Kk 4 A A ] 22 1, 0k
HYUSZ BIBIR SR LI/

122007 — 12200 /T\\ﬁ‘ 124 r// T
11,3754 ’ 11475, - } 1161

2107501 \ 22 10.8¢

;fg 10.025! E 10.0]

93001

11.2754

|
2103501
E{ 94251

S.SOOT / >~ ‘I

‘/ = S
2 %90
10 60

P 3 A A X A2 UK L e i 7 T

Fig.3 Response surface plots for the effects of any two variables on rehydration ratio
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