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Effects of immersion treatment with glucose and citric acid solutions on the

quality of freeze-dried apple slices

WANG Hai-ou', WANG Qian-ju’®, JIANG Ying’, YAN Qiu-ju’, HUA Chun"*, ZHOU Feng"*

(1.School of Food Science, Nanjing Xiaozhuang University, Nanjing 211171, China; 2.School of Food Science , Shenyang Agricultural University, Sheny-
ang 110161, China; 3.College of Life Sciences, Nanjing Normal University, Nanjing 210046, China; 4. Jiangsu Provincial Key Construction Laboratory of
Special Biomass Waste Resource Utilization, Nanjing 211171, China)

Abstract: In order to study the effects of immersion treatment with glucose and citric acid solutions on the quality of
freeze-dried apple slices, the main quality indicators of freeze-dried apple slices were analyzed by single factor test. The com-
bination of glucose and citric acid in immersion treatment was optimized by response surface methodology. The results of single
factor test showed that immersion treatment with high mass fraction(25%) of glucose solution could contribute to higher chro-
matic aberration, yield rate, deformation rate and hardness of freeze-dried apple slices. The freeze-dried apple slices obtained
relatively higher chromatic aberration, rehydration ratio and deformation rate, showed relatively lower yield rate and hardness
after immersion treatment with high mass fraction(4% ) of citric acid solution. In the experiment of central composite design

combined with response surface methodology, the comprehensive index was calculated by the four indicators such as chromatic

aberration, deformation rate, yield rate and hardness
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through using the weighted coefficient method. The results
indicated that the higher mass fraction of glucose and the

lower mass fraction of citric acid resulted in the higher com-
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and 1% citric acid. Under this condition, the chromatic aberration, deformation rate, yield rate and hardness of the freeze-

dried apple slices were 9. 67, 14.82% , 17.26%, 4.43 N, respectively. The determination coefficient (R*) for the regression

model of the comprehensive index was 0.95, which showed good ability in quality prediction.
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Table 1 Coded levels and corresponding actual levels of independ-

ent variables used in response surface design
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Table 2 Effects of immersion treatment with different mass frac-
tions of glucose and citric acid solutions on the color of

freeze-dried apple slices
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Fig.1 Effects of immersion treatment with different mass frac-
tions of glucose solutions on the yield rate of freeze-dried

apple slices
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Fig.2 Effects of immersion treatment with different mass frac-
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tions of citric acid solutions on the yield rate of freeze-

dried apple slices
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Fig.3 Effects of immersion treatment with different mass frac-
tions of glucose solutions on the deformation rate of

freeze-dried apple slices
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Fig.4 Effects of immersion treatment with different mass frac-
tions of citric acid solutions on the deformation rate of

freeze-dried apple slices
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Fig.5 Effects of immersion treatment with different mass frac-
tions of glucose solutions on the rehydration ratio of

freeze-dried apple slices

5r a a
——
41 b b +
C
2 3b
%
] ol
lk
0

0 1 2 3 4
Fr TR o B 70 B (%)
AT b BB AT AN RN TR )RR 28 5 1 (P<0. 05) .
E6 AREREFHITEBRARRRLENETERFEKE
o]
Fig.6 Effects of immersion treatment with different mass frac-
tions of citric acid solutions on the rehydration ratio of

freeze-dried apple slices
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Fig.7 Effects of immersion treatment with different mass frac-
tions of glucose solutions on the hardness of freeze-dried

apple slices

T AT 2 T 222 1) T2, A0
oS P4 T A LA 2R
AL, 55 0T B 41 S — s R A
e,

3-
a a
~ ot ab
Z b
Fid
S Wk
0

FrRR o &5 4 (%)
ARV AL BB BR A A [F) /NG SRR R R 25 57 3 (P<0.05)
E8 AEREAVTERBRERLENFTERREEN
#m
Fig.8 Effects of immersion treatment with different mass frac-
tions of citric acid solutions on the hardness of freeze-

dried apple slices

2.2 MRz ER IR 45 R

221 "AR@RBAAXIT S LR BIEPOH
AR TR R A 2 IR 3 K (£ 1) 3L 13 4>
R G, D22 E B3 7 3 R % 454
b, BEIAE EE 3 W BOPIE, 25 R LK 3,
222 AR (LRI R E) REE
AN 22 5B AR AT RE i 7 R R R R R
TR B S BEK O T X 4 AR PR, AR
SRR B BT bR A ol 25 A 35 b ik
(B TIEZ =  < N i h R/ (1



FIR RS AT - R R BT AL BN VR T30 2Rl B S 483

yi,:(yi_yimi">/(yi,,m,(_yi,m"> (5)

Q=A3y3"+Ay, =Xy, = Ay, (6)

Ay, (i=1,2,3,4) st R G2 TEAR =
A FUEIE 4 A8 B sy, o 5 BEAL RS By,
#*3 mMEEAKRAES5ER

Table 3 Experimental design and results for response surface analysis
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Table 4 Regression equations and variance analysis of different indicators
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Fig.9 Response surface and contour plots showing the interactive effect of glucose and citric acid on the comprehensive index of freeze—

dried apple slices
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Table 5 Predicted values and measured values of the indicators under the optimal combination of glucose and citric acid
S 4/ EiELY (] 1A Y mE SEE
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Fig.10 Scanning electron microscopy photographs of freeze-dried apple slices in the control group and the optimal combination group (100x)
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