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Table 1 Experimental design of microwave

freeze—drying characteristics of blueberry

ag  ReE R A
Bk hRIW JE P EH Bl

! 1 300 100 120
2 400 100 120

3 500 100 120

4 600 100 20

2 5 400 50 0
6 400 100 120

7 400 150 120

8 400 200 20

. 9 400 100 o
10 400 100 120

11 400 100 180

12 400 100 "
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Table 2 Factors and levels of response surface test
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Fig.1 Drying characteristics curve of blueberry under different microwave power
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Fig. 2 Drying characteristics curve of blueberry under different vacuum degrees
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Table 3 Fitting results of Page model under different drying conditions
N A AR . A8 AT
FRAH nez A
K N R? RSS
T F W 300 0.02011 1.2519 In(=InM;) =1.2519Int-3.9066 0.9982 0.0177
400 0.02773 1.2076 In(=InMy) = 1.20761n:-3.5853 0.9974 0.0191
500 0.04488 1.1282 In(=InMy) = 1.1282In:-3.1037 0.9975 0.0140
600 0.04972 1.1317 In(=InMy) = 1.13171n-3.0009 0.9958 0.0196
A% B /Pa 50 0.00105 1.4166 In(=InMy) = 1.41661n1—6.8582 0.9656 0.1753
100 0.00068 1.5375 In(=InMy) = 1.5375In-7.2961 0.9642 0.1759
150 0.00048 1.6311 In(=InMy) = 1.6311Int-7.6327 0.9648 0.1540
200 0.00120 1.4106 In(=InMy) = 1.4106In-6.7257 0.9622 0.1914
R Ee 60 0.00319 1.2337 In(=InMy) =1.2337Int-5.7462 0.9981 0.0049
120 0.00152 1.3402 In(=InM;) =1.3402Int—6.4902 0.9980 0.0073
180 0.0007 1.4557 In(=InMy) = 1.4557Int-7.2658 0.9972 0.0140
240 0.00052 1.4663 In(=InMpy) = 1.4663In:-7.5676 0.9979 0.0122
g UEAST AL RS P, 2 ORI A5 R T 10 \
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Fig.7 Comparison of experimental values and

predicted values under the same conditions
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Table 4 Effective water diffusion coefficient of blueberry under different drying conditions

TR E A EREACREEUE R? H A5 F A Dyl (m¥s)
B T FIW 300 InMy, = -0.0098:+0.2398 0.9872 3.593x10°®
400 InMy = -0.0111¢+0.2195 0.9815 4.045x10®
500 InMy = -0.0126¢+0.1398 0.9947 4.614x10®
600 InMy, = -0.0140:+0.1374 0.9946 5.110x10°®
F % )% /Pa 50 InMy, = -0.0110:+0.2227 0.9682 4.012x10®
100 InMy, = -0.0124:+0.2445 0.9713 4.534x10®
150 InMy = -0.0137:+0.2872 0.9642 4.997x10®
200 InMy =-0.0121¢+0.1885 0.9862 4.428x10®
EHElg 60 InMy, = -0.0118:-0.3270 0.9634 4.308x10°®
120 InMy = -0.0112¢-0.1182 0.9595 4.056x10®
180 InMy = -0.0105¢+0.0183 0.9678 3.819x10°®
240 InMy, = -0.0092¢+0.1456 0.9306 3.341x10°®

H 4= (12), 7K 53 b B SR X0 InMy, 5 855 [R] ¢
BAMER, XHMETEMERIA IR R RS A
BOKY TR E Doge B3R 4 0T AS TR T4 5518
T W InMy B AL A &R RP ¥ KT
0.95, WA HEAR L, 15 1 1A BOK 539 TR 2L D
7E 3.341x107%~5.110x10° m¥s Z [a] . [A)if Al &
Wi 5 U ) SR I 1 KRN 3 /N, K A K
PHCER BB KA 3 3 PR Ry U ) 3
KAFEAG YR P R FL B 9 45 25 # RO T i, A T
IR 24 R K LA AR R WA ) BRI i
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Table 5 Effect of different drying conditions on the color of blueberry
FakA : L mEREL
L a b AE
Bk o B IW 300 78.54 + 0.86° .11 +0.13 -3.59 £ 0.04* 8.86 + 0.56*
400 77.27 +1.21° 1.70 £ 0.03* -4.12 +0.14* 11.36 £ 0.23"
500 75.85 +0.92" 2.04 + 0.09" -4.10 £ 0.23* 12.76 + 1.02¢
600 7333+ 1.17* 1.66 +0.21¢ -3.73 £0.79" 14.05 £ 0.08"
A= JE/Pa 50 75.05 + 1.25¢ 1.13 £0.16 -3.53+£0.42" 16.24 +0.78"
100 76.94 £ 0.47" 1.09 + 0.24* -3.46 £ 0.27* 13.61 £0.22"
150 78.04 £ 0.62" 1.37 £0.17° -3.88 £0.38" 12.48 £0.18"
200 80.68 +2.01° 1.46 +0.18" -3.42 +0.25° 10.62 + 1.23¢
FRE/g 60 75.60 = 1.34* 1.22 + 0.06° -3.26 + 1.02° 11.13 £1.0°
120 77.65 +0.78* 1.05 +0.14" -3.42 + 0.46" 13.18 £ 0.09*
180 74.67 £ 1.51" 0.92 +0.16* -3.07 £0.43" 10.17 £ 0.98"
240 71.65 +0.49¢ 0.77 £ 0.07" -3.05 £ 0.57* 7.24 +0.22¢

T AR R T M 2 A ) — S AS [ /NG 57 R 3R m A7 7 i 35 22 5 (P<0.05)
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Fig.8 Effect of different drying conditions on the
rehydration ratio and shrinkage of blueberry
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Table 6 Effect of different drying conditions on the textural properties of blueberry

TP ‘ TR AR 4 P A A :

A JEIN 3 M /mm Fb MM /m]) wH % P /m]

P T FIW 300 6.01 £0.12° 1.77 £ 0.03 0.30 £ 0.02 1.20 £ 0.05"
400 7.50 + 0.09" 1.47 £ 0.02* 0.10 + 0.03* 1.40 = 0.06

500 8.37 +£0.23" 1.64 = 0.04 0.09 +0.02* 0.91 +0.03"

600 8.53+0.17 1.84 +0.02 0.12 £0.01" 1.12 £ 0.06

J = JE/Pa 50 3.53 +0.24° 1.84 +0.08° 0.06 £ 0.04" 3.72 £0.10°
100 5.78 +0.13" 1.53 £ 0.04* 0.02 £0.01° 7.01 £0.07°

150 9.77 £0.32 2.28 +0.06" 0.05 + 0.02* 17.50 = 0.14°

200 3.12+0.16° 3.06 £ 0.03" 0.03 £0.01° 3.90 £ 0.06°

ERE/g 60 7.46 +0.14° 9.67 £ 0.12 1.10 £ 0.03 3.02 +0.08"
120 9.25 £ 0.06 2.57 £0.05° 0.51 +£0.02" 1.90 + 0.04¢

180 10.90 + 0.15¢ 1.64 = 0.08* 0.33 +0.01° 340 +0.12°

240 8.93+0.13" 6.66 + 0.06" 0.29 +0.02° 2.90 £ 0.09

TE AR R T 55 1 R R — S0 RN TR R A7 A6 3 02 5% (P<0.05) .
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Fig.9 Effect of different drying conditions on the

retention of vitamin C and anthocyanins in blueberry
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PRSP IR AL T R RO WL 9, BEE
PO TR B, W R A 2 Y B e B Ak
BUARRE , TR T & e RS MY L AR
O AR T RO RN s Y 400 W
1) 78.35% ., ZEALLHh , 5 %5 Tl i A AL 75 R AR B %
B A EL2S B R3S /N, FE A5 B 50 Pa B
H R RIK 80.49% , 1M E.25 & 200 Pa T A 4L
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Table 7 Response surface design and experimental results
Y, Ye
! oo rme - Y SRNCE T I
A5 (ks (A=E) (R&RE) (&2 (Ok®md) (VC # & (% 4%
)/ o/ (FAk) "G &)/
F)IW /Pa /g AE) 1% /% %)
(g-h)] %o
1 -1 1 0 1.572 6.88 29.35 2.46 68.24 62.89 0.546
2 0 0 0 1.345 11.51 25.58 2.34 72.06 77.89 0.859
3 0 0 0 1.364 11.21 25.21 2.51 71.25 77.98 0.865
4 0 -1 1 1.753 10.93 23.31 2.34 71.63 77.73 0.807
5 0 0 0 1.354 11.36 24.65 2.48 71.14 78.36 0.861
6 1 0 1 1.644 11.25 28.31 2.49 69.77 71.98 0.716
7 1 -1 0 1.637 8.92 27.56 243 65.68 65.73 0.610
8 0 -1 -1 2.023 14.26 23.42 247 70.73 76.25 0.811
9 0 1 -1 1.875 12.71 23.98 2.29 71.42 74.42 0.844
10 1 1 0 1.754 10.21 27.92 2.57 66.76 64.11 0.626
11 0 0 0 1.289 11.23 24.72 2.53 71.00 78.54 0.871
12 0 0 0 1.327 11.47 23.98 242 69.87 78.63 0.846
13 -1 -1 0 1.363 7.68 29.07 2.36 63.26 64.15 0.505
14 -1 0 -1 1.618 10.13 23.17 242 69.24 67.27 0.669
15 0 1 1 1.582 9.24 24.02 2.25 71.86 76.25 0.820
16 -1 0 1 1.446 9.89 29.45 2.33 71.10 70.15 0.658
17 1 0 -1 1.716 11.27 22.76 2.54 68.13 68.05 0.706
252 EIHRBENESN LG IR E TR RURHE [ A B, R 3R (C) X 45 SR WA A 2 3

g LR 8 AR, Jr 22 40 A R W BERLAE OC R 4L
R*=0.9938 , izl A B U A i 3% (P<0.01) , 2k $DLT50
A3 (P=0.0949>0.05) , BB AIAL IE RECH R%, =
0.9838 , fiE fife B AR 43 By vl 107 A A2 Ak 158 W A

=

(P>0.05) , Tl T3 (A ) FV L 25 B (B) ¥ %t 45 L 5
i) i 2, JELHR BRI ) 3R (A ) &5 SR 5 i A e 3 (P=
0.0002<0.01), H1 F K56 7] 15 H 25 P X255 75
SR ) STRRSFAR YN SO T3> BL2S ST it

®8 HZATSEEARBFTESNRBERRE
Table 8 Variance analysis and significance test of regression model for comprehensive scores
7 ERIR T e B W % F 1 P1a B3
BEA 0.2343 9 0.026 124.63 < 0.0001 ok
A 0.0098 1 0.0098 46.92 0.0002 ok
B 0.0013 1 0.0013 6.35 0.0398 *
Cc 0.0001 1 0.0001 0.5034 0.501
AB 0.0002 1 0.0002 0.7481 0.4157
AC 0.0001 1 0.0001 0.5279 0.4911
BC 0.0001 1 0.0001 0.4788 0.5113
A? 0.1874 1 0.1874 897.14 < 0.0001 ok
B 0.0254 1 0.0254 121.71 < 0.0001 ok
c 0.006 1 0.006 28.81 0.001 ok
xE 0.0015 7 0.0002
& R 0.0011 3 0.0004 4.35 0.0949 EN
YR £ 0.0003 4 0.0001
¥ 0.2357 16

R ROR 22 AR B3 (P<0.01) ;%" FoR 2 7 B3 (P<0.05),
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Fig.10  Microstructure of dried blueberry products

under different microwave power (x200)
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Analysis of Microwave Freeze—drying Characteristics and Quality of Blueberry

Yuan Di, Li Yang’, Chen Feng, Zhang Xinshuo, Huang Jiwei
(College of Civil Engineering and Transportation, Northeast Forestry University, Harbin 150040)

Abstract In order to investigate the microwave freeze—drying characteristics and quality changes of blueberries, this pa-
per explores the effects of different microwave power (300, 400, 500, 600 W), vacuum degree (50, 100, 150, 200
Pa) and material loading (60, 120, 180, 240 g) on the drying characteristics of blueberries and their quality. A Box—
Behnken central combination experimental design was carried out on the basis of a one—way experiment, and the com-
prehensive scores of drying rate, color difference, shrinkage, rehydration ratio, Vitamin C preservation rate, and antho-
cyanin retention rate of blueberries were used as evaluation indexes. The results showed that: the drying rate of blueber-
ries in the pre—drying period was larger and became larger with the increase of microwave power, the R? of Page model
were all greater than 0.95, which could better predict the moisture changes in the drying process of blueberries, and the
effective moisture diffusion coefficient of blueberries ranged from 3.341x10® to 5.110x10®* m%s, and was significantly af-
fected by the microwave power and loading capacity (P<0.05). The chromatic aberration AE increased with the increase of
microwave power and decreased with the increase of vacuum. The microwave power and vacuum degree had a greater in-
fluence on the rehydration performance, the VC retention rate decreased rapidly with the increase of microwave power,
and increased slowly with the increase of vacuum degree and loading capacity, and had a maximum value at 400 W;
whereas the anthocyanin content showed an overall rapid decreasing trend with the increase of microwave power and vac-
uum degree. According to the results of the response surface test, the contribution of each factor to the overall score of
blueberry drying was: microwave power > vacuum degree > loading capacity. When the drying parameters of dried blue-
berry products were microwave power of 400 W, vacuum degree of 100 Pa, and loading capacity of 120 g, the microwave
freeze—drying effect of blueberries was the best, at which time the blueberry color and luster, rehydration ratio, textural
characteristics, vitamin C and anthocyanin content and internal pore distribution were relatively the best, and the quality
was the best.

Keywords blueberry; microwave freeze—drying; drying characteristics; comprehensive score; quality



