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Abstract: [ Objective]l The process to freeze-dry kiwifruits was optimized using an ultrasonic-assisted sugar osmotic
pretreatment to shorten the drying time and improve the product quality. [ Method] Single factor tests were conducted to
determine the ranges of sugar concentration as well as ultrasonic application time, temperature, and power for the pretreatment
prior to process optimization by a Box-Behnken response surface experiment. [ Result] The time required to freeze-dry
kiwifruits increased significantly when the treatment temperature was raised, especially, beyond 40°C. On the other hand, the
time was shortened as the ultrasonic power and sugar concentration increased. Prolonged ultrasonic application also reduced
the drying time to a leveled off minimum. The optimized pretreatment applied 200W ultrasound at 24°C for 50m on fresh
kiwifruits impinged with 45% (w/w) sugar. The freeze dehydration took 43.07h to yield kiwifruit pieces with a hardness
measurement of 14,616.01g, a chewiness of 7,795.61mJ, a vitamin C content of 0.19%, and a total sugars content of 62.82%.
The sensory evaluation rated the test product much superior to control without pretreatment. [Conclusion] The freeze-drying
process optimized with ultrasonic-assisted sugar osmotic pretreatment on kiwifruits required significantly shortened

dehydration time and produced products with superior quality in comparison with the conventional technology.
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Table 1| Sensory evaluation standards
T H it Eitipay
Items Score Description
1.6~2.0%> PG, 85—
. Score:1.6~2.0 Close to green, uniform
B
(2.04%) 0.9~1.5%" RIRG O, FAR—E
Color Score:0.9~1.5 Light green, almost uniform
Score:2.0 . .
( ) 0~08% BTN, P
Score:0~0.8 Near yellowish green, severe unevenness
2.0~3.0 4% FEEE S, TRk, HBRERb A [ Rk
Score:2.0~3.0 Moderate sweetness, no peculiar smell, the unique fruit taste of kiwifruit
kB ok P a
(3.04%) 1.0~1.9% HHEERE T, oSk, BRIEB I SRRANE B
Taste and smell Score:1.0~1.9 Moderate sweetness, no peculiar smell, the unique fruit taste of kiwifruit was not obvious
Score:3.0
( ) 0~09% SRS, AR
Score:0~0.9 Too sour or too sweet, smelly
1.6~2.0 4 TR T, T, WG
Score:1.6~2.0 Moderate hardness, no bubbles, suitable thickness
HETEA
2.043) 0.9~1.5% IAE AR, D EAGE, HERYA
Structure Score:0.9~1.5 Hard or soft, a few bubbles, uneven thickness
Score:2.0 e
( ) 0~08% P R (O, ARG, LR
Score:0~0.8 Severe soft or hard, lots of bubbles, too thin or too thick
2.0~3.0%% FURBRIE, &1
M Score:2.0~3.0 Crispy and palatability
(3.045) 1.0~1.9 4% FURERIRIE, Bod A
Mouthfeel Score:1.0~1.9 Almost crisp and palatability
Score:3.0 :
( ) 0~09% CUBRBRE, s
Score:0~0.9 Not crisp and palatability
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Data with different letters indicate significant differences at P<< 0.05.
Same for Figs. 3-5.
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Fig. 2 Effects of pretreatment temperature on kiwifruit weight
loss and drying time

A 2 ACRON B S L F hl ROBRSR L AT [T A
TET P4 I B2 A, T I ) i 98 5 v oA O
BRRE2E, WUMERRFH T, ¥R, AL AL

Ultrasonic power/W

B3 BENERINKRERRFIRERSZI
Fig. 3 Effects of ultrasonic power on kiwifruit weight loss and
drying time
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Fig. 4 Effects of sugar concentration on kiwifruit weight loss
and drying time
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Fig. 5 Effects of ultrasonic application time on kiwifruit weight
loss and drying time
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% 2 Box-Behnken {18 [E &K F
Table 2 Factors and levels of Box-Behnken experiment

*4 EARMEHNFESNERREZHRRE

Table 4 Analysis of variance and significance test

7KF Levels . N , PfH
: SR 5 e
% ECVIMCEE ST pe gy BEM
K Sumof J&  Mean o
Factor -1 0 1 Source squares df  square Fvalue P value Significance
q s (Pr>F)
U 5 97
As R 30 45 60 1\??1 5768 14 412 2371 <0.0001 wx
A:ultrasonic time/min ode
B WA 4 432 1 432 2486 030X10° *
B: ultrasonic power/W 120 160 200
B 26.40 1 26.40 151.96 <<0.0001 *k
C: AR
L 20 30 40
C: ultrasonic temperature/ 'C c 0.05 1 0.05 0.31 0.59
D: BHESTR ¥ 30 45 60
D: sugar concentration/% D 0.03 1 0.03 0.17 0.69
NN AB 0.20 1 0.20 1.17 0.30
%3 Box-Behnken i{ %It R &R
Table 3 Design and results of Box-Behnken experiment AC 0.04 1 0.04 023 0.64
A: HE B @A C: #HE D: FEWH AT
B OmHE TR R TR H i ji) AD 0.02 1 002 0.3 0.73
‘5 A:wultrasonic B: ultrasonic  C: ultrasonic D: sugar Freeze-
No.  time/ power/ temperature/ concentration/  drying BC 0.36 1 0.36 2.07 0.18
min w T % time/h
1 30 160 30 60 48.2 BD 0.06 1 0.06 0.36 0.56
2 60 160 40 45 45.1
CD 0.01 1 0.01 0.06 0.81
3 45 200 30 60 45.0
4 60 160 20 45 453
A 7.10 1 7.10 40.89  <<0.0001 *k
5 60 160 30 60 46.4
6 45 120 40 45 46.1 B 2.46 1 2.46 14.16 0.002 *
7 45 160 30 45 43.8 -
3 45 120 30 30 43.4 0.09 1 0.09 0.519 0.49
o 30 120 30 45 47.6 D’ 2196 1 2196 12639 <0.0001 *x
10 45 160 20 30 45.8
11 30 160 40 45 45.7 ﬁiﬁ 2.085 12 0.17
Residual
12 30 160 30 30 48.0
He ) I
13 60 160 30 30 46.5 R
Lack of 2.04 10 0.20 8.74 0.11
14 45 160 40 60 46.0 fit
15 45 160 30 45 44.1 N
aiiR %
16 45 200 40 45 439 Purc error 0052 002
1745 120 20 45 46.5 R'=0.965 1, R,;’=0.9244; P<0.000 INFiEGEE, %5,
18 45 200 20 45 43.1 P<0.05K3, H*"ER.
19 45 160 30 45 44.0 R*=0.965 1; R,,;°=0.924 4; Significant difference at P< 0.0001 is highly
20 45 120 30 60 483 significant, denoted by "**"; significant difference at P< 0.05 is significant,
21 60 200 30 45 430 denoted by "*".
22 45 160 40 30 459 ; - N : 327 =y
e mf e (4), BAIR (B), BARE (C)
23 60 120 30 45 46.5 e e — " ALY =) N N
FVBEWB BT 5350 (D) 5V R TR R Z 8] 1 5C & .
24 30 200 30 45 45.0
25 45 160 20 60 457 Hh R R ZR BRI, ) P IR ASE D R L g g w1 i T v
26 45 200 30 30 456 92.44% (1) AT AE PR, TN (B 5 E SR ) A H R G ER
27 30 160 20 45 45.5

1.154°+0.68B™+0.13C*+2.03D"
2 4 TR W SRV VR TR s (] 0 J7 25 i T 45 4R .
W74 AIE S, RISEAREESREERE (P<0.0001),
RAUTOAN B (P>0.05), [R5 F2E 68 05 1R b b i

PEo A H R FAA, A PR BRI R T 0 i )
FIFZMRA Ty B>A>C>D. #75 R B R %
T R s 18] 5 0 =5 B i (P<<0.00011 )5 A 7 Asf ] X
BRIV VR T 1R ) S 3% (P<<0.05). 47, D’
X ARG ¥ T B ) B S, B XA A
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P, BIET S8 RAERM: BAEE 50 min,
PR R 200 W, 7R IR E 24 C, BT R B
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RN Bk A Ak R 7 75 T2 S PR O LA B A
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G3HT LA B
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FRIREAVE N 28 O R, 5 AR B B AR i 2%
T fifs JOT 4 b SORCE PEE S5 R AT AL ik S =
P X R 2L 1) 45 300 5 o DL 3% S

=5 MRERAETE BT &R

Table 5 Quality indicators of kiwifruits freeze-dried with and
without process optimization

HEBTRE b L ATE R
Sample produced Sample produced
without the assistance by ultrasonic-assisted

TS
Sample name

of ultrasonic sugar osmotic process

TR 1)
Freeze-drying time/h
Y& on 4
Moisture content/%

Vitamin C content/%

EESY
Sensory evaluation score
HHEEE
Total sugar content/%
MREH
Total acid content/%
BERR LL
Sugar-acid ratio

Tz
Hardness/g

WL g
Chewiness/mJ

64.00£0.08 a 43.07£0.02 b

5.924+0.06 a 5.83+0.04a
0.13+0.03 a 0.19£0.04 b
8.06+0.39b 8.29+043a
68.57+0.25a 62.82+0.22b
2.13+0.01b 2.24+0.01a
32.16x£0.01 a 28.07+0.01 b

17650.291+1247.39a  14616.01+981.81b

8851.401+1025.83 a 7795.61+£1019.65b

R EERE ARG TR R ZREE (K%, P<0.05) .
Date with different letters on same row indicate significant differences at

P<<0.05, using the ¢ test.
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