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Optimization of vacuum freeze-drying process for blueberry
with ultrasonic pretreatment and its effect on quality

NIE Meimei'?, YANG Huizhen', LI Dajing">" ,XIAO Yadong'”’,
YANG Yiwen®,YU Rui’,LIU Chunju®,NIU Liying”,JIN Peng'

(1.College of Food Science and Technology,Nanjing Agricultural University , Nanjing 210095, China;
2.Institute of Agro-product Processing, Jiangsu Academy of Agricultural Sciences,Nanjing 210014, China)

Abstract ; [ Objectives ] The paper aimed to improve the vacuum freeze-drying rate and product quality of blueberries. [ Methods ] The
ultrasound treatment was used as a pretreatment method to study the effects of ultrasound temperature(45,55,65,75 °C) , frequency
(45,80,100 kHz) , power(600,700,800,900,1 000 W) ,and time(25,30,35,40 min) on the drying characteristics , texture, color,
nutrient retention rate, and antioxidant activity of blueberries. Then a four factors and three levels response surface optimization
experiment was conducted using drying rate , anthocyanin content, color, and brittleness as indicators to select the optimal ultrasonic
pretreatment process and parameters. [ Results ] Ultrasound temperature had a significant impact on the anthocyanin content of
blueberries (P<0.001). The effect of ultrasound frequency on the drying rate,anthocyanin content,and brittleness of blueberries was
significant( P<0.05). The effect of ultrasound power on blueberry brittleness was significant (P<0.05). The effect of ultrasound
conditions on the AE value of blueberries was not significant( P>0.05) . The optimize process conditions for ultrasonic pretreatment
of blueberries were obtained as follows ; ultrasonic temperature 55 °C , frequency 80 kHz, power 700 W ,and time 30 minutes. Under
these conditions, the drying rate of blueberries was 1.69 g-g”' -h™" | anthocyanin content 0.55 mg-g™" | brittleness 2 770.00 g,and AE
value 6.16. [ Conclusions ] Ultrasonic pretreatment could improve the quality of blueberry vacuum freeze-drying. The results provide
the basis for the research and product development of blueberry vacuum freeze-drying.

Keywords : blueberry ; vacuum freeze-drying ; ultrasound ; drying rate ;response surface
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Fig.1 Effects of ultrasonic temperature on moisture content of dry basis( A)and drying rate( B) of blueberry
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Table 1 Effect of ultrasonic temperature on texture of blueberry

EE/C Witk W/ HHE/ mm BESE P/ m]
Temperature Brittleness Hardness Flexibility Cohesion Chewiness
CK 422.67+21.39¢ 1 170.67+89.76° 0.51+0.13" 0.06+0.03? 0.33+0.15"

45 841.33+87.37* 1389.33+111.00° 0.67£0.22% 0.05+0.03° 0.37+0.40"

55 664.00£66.30" 1 236.00+100.48° 0.67£0.02* 0.05+0.02° 0.43+0.12"

65 881.33+5.03 2261.33+131.72" 0.85+0.07* 0.09+0.03° 1.40+0.44°

75 776.67+63.54" 3 414.00+331.91° 0.83+0.09* 0.04+0.01° 1.20+0.10°

®2 BERBEVESEFNZN

Table 2 Effect of ultrasonic temperature on the color of blueberry

IR JE/C Temperature L* a® b* AE
CK 31.05+0.18" 0.15£0.03" -2.30+0.35°
45 33.0120.46° -0.29+0.08° -2.5420.12° 2.03+0.42"
55 30.15+0.78" 0.35+0.11" -1.61£0.14" 1.25+0.53¢
65 28.36+0.32° 1.57+0.42° -0.68+0.21° 3.46+0.42°
75 27.92+0.59° 1.38+0.15° -0.42+0.01° 3.86+0.51°
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Fig.3 Effects of ultrasonic frequency on moisture content of dry basis( A)

and drying rate(B) of blueberry



%3 SR A5 P TR B A LS VO VR TR T A BN i B 5 ) 555
F3 BEMRNEERANEIN
Table 3 Effect of ultrasonic frequency on texture of blueberry
B/ kHz Jatk/ g TRE/ g B/ mm R MELIEH/ m]
Frequency Brittleness Hardness Flexibility Cohesion Chewiness
CK 928.67+27.01°¢ 1 001.67+24.79" 1.88+0.06" 0.53+£0.03* 13.07+0.91"
45 1017.33+27.15" 1 048.00+27.50" 2.08+0.09" 0.51+0.10* 11.53£0.97°¢
80 1 032.67+15.01" 1075.33£61.78" 2.37+0.26* 0.56+0.02° 13.57+0.59*
100 1 375.33+75.22*% 1 510.00+40.15* 2.02+0.28% 0.50+0.05* 14.87+0.86*
F4 BEARNEFEEFENZIN
Table 4 Effect of ultrasonic frequency on the color of blueberry
$i %/ kHz Frequency L* a’ b* AE
CK 31.15+0.34* 2.77+0.17% -3.25+0.41°¢
45 22.64+0.77° 2.45+0.28" -0.22+0.06" 9.05+0.69"
80 24.61+0.60" 3.59+0.73* 0.33+£0.04° 7.54+0.50¢
100 20.98+0.81¢ 3.30+0.35% 0.64+0.13* 10.91+£0.64*
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Fig. 4 Effect of ultrasonic frequency on

nutritional quality of blueberry

R TR, O 1.87 geg ™ b7t 5 T HAE S D) R AN B

2 —— 600 W;
8 8F —— 700 W; —
o o —— 800 W; =
&2 A —+— 900 W; T 2
Jtaj. = —— 1000 W @ 5
LIRS 4t +ﬁé
I 2 °
v :

8 2_

=

0 L \ |

0 2 4 6 8§ 10 12 14 16
TR E)/h - Drying time

S

2.0 r

B
S-S
==
C
I
d
[§]
CK 600 700 800 900 1000

#AHII#/W  Ultrasonic power

BEDENESTESKE(A) RTREE(B) KT

Fig. 5 Effects of ultrasonic power on moisture content of dry basis( A)and drying rate(B) of blueberry
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Table 5 Effect of ultrasonic power on texture of blueberry
YR/ W it/ g T/ o #PE/mm B NEL U4/ m]
Power Brittleness Hardness Flexibility Cohesion Chewiness
CK 1 710.00+86.28¢ 1 766.00+76.63¢ 2.15+0.32° 0.56+0.08" 18.70+1.64"
600 1 662.67+86.12¢ 1 809.33+93.60¢ 2.06+0.17* 0.56+0.01° 19.77+2.31"
700 2 735.33+278.44* 2 927.33+216.37* 1.96+0.03* 0.50+0.01* 27.17+3.16*
800 2 261.00+79.99" 2 448.33+100.25" 1.97+0.08* 0.52+0.04* 20.50+0.82"
900 2 364.67+32.08" 2 540.67+126.81" 1.94+0.02* 0.45+0.03" 21.47+0.67"
1 000 2 045.33+99.45¢ 2 168.00+102.53¢ 2.05+0.13" 0.51+0.03* 22.23+1.40"
%6 BANENESEFHHM
Table 6 Effect of ultrasonic power on the color of blueberry
R/W  Power L* a” b* AE
CK 31.15+0.34* 2.77+0.17" -3.25+0.41¢
600 24.26+0.59" 3.36+0.30" 0.27+0.11% 7.78+0.31°
700 25.17+0.47" 2.4420.37" 0.25+0.06" 6.99+0.45¢
800 22.6420.77¢ 2.45+0.28" -0.22+0.06" 9.05+0.69"
900 19.29+0.60¢ 1.82£0.19¢ 0.58+0.33" 12.52+0.46*
1 000 19.54+0.28¢ 0.40+0.10" -0.15+0.07" 12.26+0.32°
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Table 7 Effect of ultrasonic time on texture of blueberry

B [E]/min - Time Hstt/¢ Brittleness i /¢ Hardness #ifk/mm  Flexibility P ZRAE Cohesion NI/ m]  Chewiness
CK 1 710.00+86.28° 1 766.00+76.63° 2.15+0.32° 0.56+0.08" 18.70+1.64°
25 1 638.67+33.01° 1 694.67+15.01° 0.60+0.01" 1.93+0.23¢ 18.63+0.91°
30 1 912.00+60.10" 1 942.00+75.02" 0.61+0.03" 2.12+0.07" 20.63+1.26°
35 2 062.67+7.57° 2 098.00+12.17° 0.62+0.09" 2.21+0.20% 20.80+0.82°
40 1 989.33+61.78% 2 008.67+63.57* 0.65+0.06" 2.48+0.09" 20.83+1.17°

®8 BEMENESEFHNHM

Table 8 Effect of ultrasonic time on the color of blueberry

IF[E]/min - Time L* a” b* AE
CK 31.15+0.34° 2.77£0.17% -3.25+0.41¢
25 22.23£0.56° 1.18+0.16" -0.04+0.02" 9.64+0.51*
30 27.76+1.02" 1.71+0.33" -0.88+0.03¢ 4.37+0.90°
35 26.96+0.30" 2.72+0.67* -0.34+0.07" 5.16+0.44"
40 27.05+0.30" 3.46+0.43" 0.4420.23° 5.59+0.24"
FEIHEI A 30 min B SRR L7 (H K, AE {H e/, 90
MR S AL B RO AE S S 6 BB 2 R 22 R BN, R g 80T = b . 2
7525 min BEERAY LA a” LN, AE (RCK, e 1 N
> e i s = b
P P 8 T 2600« A P S )Xo 3 S R i O 1) S T A g 5 b
—hd S S e LD , lz
S, MAE RSN, SRR C R R < 0
N s NEN . g . s 30
SeRIR /. HEFEIE] Y 30 min B, 5 AE1E 7 2 ALk e
MR C AR RE S, N 78.8% Fl 61.14% ; 4 75 I [A] =50
40 min FiF | W5 REHT AL I VAR BRI, O 76.02%, 45 075 30 3 4@

BRI TR R BCE USSR R LA R e
fF1E] 4 30,35 .40 min,
2.5 MEERLRIEERS S

LA PR 0 1 45 TR S S ml, %o R A BRUS W A Y
TR etk AE (EFET = & 14T e b e ik Ak
ORI MEE R IR 9,

O
O

Fig.

F9 RWEITRER
Table 9 Test design and results

# i [A]/min - Ultrasonic time

1E7 & Anthocyanin; [ 4423 C Vitamin C;
P LIt Antioxidant activity

E8 BERENESEFMRHZN
8 Effect of ultrasonic time on nutritional

quality of blueberry

F5 o RE/C HiZR /kHz IR/ W it 5]/ min H’J'ig%/ ﬁ“jﬁaiﬁ,ly Jitt/ g
No.  Temperature Frequency Power Time (g g ™) (mg 8 ) Brittleness AE
Drying rate Anthocyanin content
1 55 45 800 35 1.59 0.46 2024 3.70
2 75 45 800 35 1.67 0.29 1724 4.23
3 55 100 800 35 1.58 0.41 2784 3.83
4 75 100 800 35 1.51 0.16 2 486 4.04
5 65 80 700 30 1.58 0.33 2 888 4.16
6 65 80 900 30 1.59 0.38 2232 3.66
7 65 80 700 40 1.57 0.32 2 604 6.43
8 65 80 900 40 1.54 0.39 2 570 4.37
9 55 80 800 30 1.55 0.44 2120 3.72
10 75 80 800 30 1.42 0.19 2 546 4.72
11 55 80 800 40 1.49 0.32 2292 3.45
12 75 80 800 40 1.64 0.21 2 654 4.15
13 65 45 700 35 1.68 0.38 2294 4.86
14 65 100 700 35 1.52 0.36 2 878 4.53
15 65 45 900 35 1.58 0.32 2128 4.83
16 65 100 900 35 1.52 0.34 2214 4.61
17 55 80 700 35 1.64 0.28 2 426 4.22
18 75 80 700 35 1.65 0.19 2 642 4.03
19 55 80 900 35 1.64 0.36 2 076 3.59
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ZER 9 Table 9 continued

<t g A

FEOREC BRAH IR B R A Wkt

No.  Temperature Frequency Power Time (g g, b7 (mg g ) Brittleness AR

Drying rate Anthocyanin content

20 75 80 900 35 1.65 0.20 2 424 4.49
21 65 45 800 30 1.52 0.39 2 260 6.77
22 65 100 800 30 1.44 0.30 2 596 6.47
23 65 45 800 40 1.51 0.38 2 356 6.99
24 65 100 800 40 1.46 0.28 2 428 6.80
25 65 80 800 35 1.64 0.20 2 034 6.72
26 65 80 800 35 1.65 0.21 1972 7.44
27 65 80 800 35 1.61 0.17 1974 6.50
28 65 80 800 35 1.64 0.23 2198 7.44
29 65 80 800 35 1.65 0.18 2 184 6.14

XF e 9 RIS BT AL B, A Design Expert 8.0 5443 Mr 04 | 45 101 [0 5 22 B0 A AL i 40 41 L

22 10, #5108 PR 2850 g 1 AL 19 52 M o] R B [l S R s
TR HE R =1.65+0.0114-0.044B-0.015C+6.364x107°D-0.0384B—1.925% 10 AC+0.069AD +
0.029BC+0.011BD-0.012CD-4.037x10°A*~0.077B>+0.012C*-0.093D* ;
HH R & H=0.200-0.0834-0.032B8+0.010 8C-0.010 0D-0.020 0AB-0.017 5AC+0.035 0AD+
0.010 0BC+0.001 0BD+0.002 5CD+0.020 24%+0.088 9B>+0.062 7C*+0.071 4D*;
et =2 001.86+52.724+216.67B-154.02C+31.38D+55.65AB+33.00AC-16.00AD-109.91BC-
52.53BD+155.50CD+86.634>+153.92B>+233.88C*+255.13D°;
AE {5 =6.91+0.274-0.092B-0.22C+0.21D-0.055AB+0.27AC-0.075AD-0.034BC+0.048 BD -
0.39CD-2.104°-0.47B°-1.39C*-0.41D*,

KA B C.D 53 iR IR B 5 A8 R P D) 5 R0 75 R D7 R v B 25 IR BT DL RN A IR
X RER BT RO ETE AE B2 mTE O

TR _E AR RS Ty 25 0T Ky BRI RE . FER 10 FIHL 4 AR ARG RL Y 2 [l
Ti BRRAUIR A 2, 3R B2 5 R B o0 a5 a0 65 B e, 32 i 7 T MR 3 AR I/ N )
MU AR PR D) R L R P ST ] A P T 4R X W A R Y S ) I 2 (P <0.05) ;5
WERFALTT 2 i R BN DR 2RO A 7o e B R P T3 8 7 g o e s (], SR v 7 YL X i g A
e AL E I e TR SON R YIa  aes il AL e A iR X e Y e NS R g
FETIAE R P D AR R R I | P S () A R ) R W A M %) 5 e I S S e R A AE {E K E
/N DR ZE AR Ay 7 L R P Ty R PR N () R R R IR R B[] D SR AR X AE S N
W,

N

F10 ERRBETESH

Table 10 Regression coefficient and variable analysis

FEOR TR (g ) HEAR (e ) T/ g "
Coefficient term Drying rate Anthocyanin content Brittleness
Model <0.000 1"~ 0.000 4 *** 0.0137* 0.0117°
Intercept 1.65 0.200 2 001.86 6.91
A 0.01 0.083 """ 52.72 0.27
B 0.04 " 0.032* 216.67 ** 0.09
C 0.02 0.010 8 154.02 0.22
D 6.36x1073 0.010 31.38 0.21
AB 0.04* 0.014 55.65 0.06
AC 1.93x1073 0.018 33.00 0.27
AD 0.07 """ 0.035 16.00 0.08
BC 0.03 0.018 109.91 0.03
BD 0.01 0.001 52.53 0.05
cD 0.01 0.005 155.50 0.39
A? 4.04x1073 0.020 86.63 2.10"""
B? 0.08 “** 0.087 *** 153.92 0.47
c? 0.01 0.063 ** 233.88 " 1.39**
D? 0.09 *** 0.071*" 255.13** 0.41
KA 0.117 7 0.081 3 0.1025 0.166 5

Note: * P<0.05, ** P<0.01, *** P<0.001.
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Fig. 9 Effect of the interaction of various factors on drying rate
H15% 10 FIIE 10 RIS 25 Z A RS AR XN AR AL T R S A i3, (BT R & i
PR BRI SE el N 38, Bt LS 8 I/ 5 W P 0 R A 08 I G D/ S 44 I S L )
ST
H13R 10 FPE 11 A1 B 25 PR Z 180 A 38 B FHOOE 0 A e s i A 0 2 A TG e B 7 43 4R

~ 0.5 ~
"o 5 o, "o 5 EX:
W a2 o B
£ 3 03 E £s
= = = < = =
i = H 2 i =
Hi: % 0. E‘E § ﬁﬁ %
k2 & kR S
g1 " £ =2
X< N < R <
i 0 ~ =
5 e 5 o, » 8
=)
< 28, E S
- S s = £
&o EE fﬂ s
% @ s w 2
g S = B =
# ®2o ¥r
IS fir =
N < » <
40 )
\ 89 100 JEr /4507
0! S ) S 800
"&?& 34 2 67 AN o @ﬁ;\ 34 32 750 W
Uty M1, %% 30450 %\%ﬁ" G Ultrg, iz, 307700 ,&&‘5‘ &
oy, iy o e “oni.,.. i ¥ el
lp, e 0\“2@0 e 0\\@5

E10 SERRXEEANETRSENZM

Fig. 10 Effect of the interaction of various factors on anthocyanin content
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Fig. 11 Effect of the interaction of various factors on brittleness of blueberry
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JE R T ORI e 5 A 50 R Ay e P T B EE AN AR A, AR DAL JE) R R A L
TR AEHF R Witk R, AE (8 e/ ME AR E, 215 88 P b P 5 o5 A4 2% 08 09 B0 A . 8 75 TR
55 °C , 4% 73.83 kHz, LI 700 W, Bsf[A] 30.03 min, &5 & 2 PRA= 7= 0 5 200 18 W5 A5 A AL BE T 2452
B AR 55 °C MK 80 kHz, HJ*K 700 W, A ] 30 min, B FiR 045 2 A 25 AN 11 i, BRIE(ERY
T pR AR e PE 5 TR E A BAEE ZSM AE 5 5 T E AR 22580k, % 8 3 SR A [FAE 5 22 [ (Y
2251 A Rl ARE A RS B F00M0 53 B 75 55 1 5 W A TR R S BT G R . R M A Ab B
WEREFE S TR RN (1.19£0.05) g-g ™" - ™", 20 o 1P A0 A% 145 21 B RE A i, TR H0R 32 /) 42.02%, 17
T ZR R RIE 92.21% , 4E2E 2 C AR ARIK 72.15% , 2 W8 75 T4 B 4 38 oA 3 1 265 L 28 V8 U T i 5
i
F 11 WIEEFERHIE

Table 11 Validate regression model data

i H WEE/C o WiE/kHz  TWFE/W BFE/min PHGER/ (gog7' b)) EHFEEE/(mg-g)) Mtk AE
Item Temperature Frequency  Power Time Drying rate Anthocyanin content Brittleness
IS {E Theoretical value 55.00 73.83 700.00 30.03 1.62 0.46 2832.62 2.56
YOUF{H Validation value 55.00 80.00 700.00 30.00 1.69 0.55 2770.00 6.16
AJ \A
3 Wig

ASMIFFT I, W 785 205 ¥ VR T i 3% o e 7 A L 18 e n S T i 5 R AT 3 DR Ay v T 1) Y A
FHRT A 5 2 20 M ZE 20, 338 o 40 S 1 30 a7 P i v o ER B el i 2 S B B N V0 i 1, BELRSH:
B SN el O A G o A1 o 0 e S e R R ) I T TR 4 N [ 2D (= A I AR et At
SRR R R SE R BERE I N s R DI B2 8 W s ) i Y RS v R )3 800 W
I 5 5 1) AR AR A i PRI B P ) S ) 9 0 R 7 A B BILAMC B 1 22, % 1 46 1A 08 200 L 1900 B DA P e
K, M — R, 8% R, A kA, TR R AW 5T b, s i
30 min B 45 ) TR AR AR R, TE — i B R] 50 1 PN I 7 Ak S s [ ) 498 i 2 B 25 08 R T M 3R 4 Wi
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