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Effects of Vacuum Pulsation Drying on Drying Characteristics
and Quality of Apple Slices

MIAO Huan, HOU Liyuan, GENG Yahui, LIU Xinhan, JU Haoyu"

(College of Biological Science and Engineering, Hebei University of Economics and Business,
Shijiazhuang 050061, China)

Abstract: To improve the drying efficiency and quality of apple slices, we applied vacuum pulsation drying technology to
the apple slice drying processes and explored changes in indicators such as drying characteristics, rehydration ratio, color,
vitamin C (V) content, and total flavonoid content under different drying temperatures (55, 60, 65, and 70 “C), normal
pressure holding times (2, 4, 6, 8, and 10 min), and vacuum holding times (5, 10, 15, 20, and 25 min). The apple slice
drying time decreased with an increase in the drying temperature, increased with an increase in the normal pressure time,
and first decreased and then increased with increasing vacuum holding time. The effective moisture diffusion coefficient
was 1.69x10"'~3.63x10"" m%s. During the drying process, the internal temperature of the apple slices fluctuated in a
stepwise manner, increasing rapidly during the normal pressure stage and then decreasing owing to heat absorption from
water evaporation during the vacuum stage. The drying temperature, vacuum holding time, and normal pressure holding
time had significant effects (P<0.05) on the rehydration ratio, color, total flavonoid content, and V. content. The
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rehydration ratio and V. content exhibited gradually decreasing trends with increasing drying temperatures. The

comprehensive score was the highest (0.73+£0.01) at a drying temperature of 60 “C, normal pressure holding time of 2 min,

and vacuum holding time of 10 min. Under these process conditions, the drying time, total flavonoid content, rehydration
ratio, V. content, and AE were 288 min, 9.21+0.48 mg/g, 2.23+0.07, 1.36+0.02 mg/g, and 24.65+1.94, respectively. This
study provides a theoretical basis for optimizing the process parameters of the drying of apple slices via vacuum pulsation

and aids in improving their production quality and efficiency.

Key words: apple slice; vacuum pulsation drying; drying characteristics; quality; material temperature
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Table 1 Experimental design and parameters

Ly PREEEE(C)  FSHE(min)  F RIS (min)
1 55 10 6
2 60 10 6
3 65 10 6
4 70 10 6
5 60 10 2
6 60 10 4
7 60 10 8
8 60 10 10
9 60 5 6
10 60 15 6
11 60 20 6
12 60 25 6
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Fig.2 Effect of different drying temperatures on the drying
characteristics of apple slices
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Table 2 Effective diffusion coefficient of moisture in vacuum
pulsation drying of apple slices

TR RAEIRATR g O EARD.
1 InMR=—1.950x10"*t+0.3033  0.9827 1.98
2 InMR=—1.667x10"*t+0.0982  0.9963 1.69
3 InMR=—3.585x10"*t+0.8474  0.8596 3.63
4 InMR=-3.270x107*t+0.5324  0.9617 3.31
5 InMR=-2.554x10"*+0.3164  0.9741 2.59
6 InMR=-2.971x107*+0.7147  0.8875 3.01
7 InMR=-2.370x10"*t+0.4066  0.9738 2.40
8 InMR=-2.243x10"*t+0.4123  0.9682 228
9 InMR=—1.845x10"*t+0.2541  0.9813 1.87
10 InMR=-3.322x10"*+0.8160 0.8825 3.37
11 InMR=-2.525x10"*t+0.4277  0.9739 2.56
12 InMR=-2.327x10"*+0.3509  0.9837 2.36
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Fig.6 Multi-parameter changes in apple slices drying
experiment from 79 to 113 min
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Table 3 Effect of different test conditions on the color
of apple slices

SRS L a b AE
1 43.67+0.81%  14.31£0.38"  55.76£1.77"  33.04+1.92"
2 45.96+1.83%  15.14+0.65®  51.31£1.09® 28.95+1.34"
3 44.35+0.16"  15.26£1.72"  52.50+2.85"  30.70+1.39"
4 42.57+0.748  15.93£1.90°  54.11+4.10°  33.14%1.78"
5 50.16£1.07¢  12.43£2.23%  49.57+320°  24.65+1.94°
6 47.06£1.12°  16.57£0.48"  50.38+0.08"  28.49+0.80"
7 44.43£1.90"  16.36£2.52"  55.40+2.28"  33.38+1.44"
8 42.84+0.128  19.74+2.52"  57.34+0.73"®  37.10£1.85"
9 57.74+0.53° 9.41+0.02°  53.75+0.01"  25.37+0.05"
10 53.65+1.42°  13.13£3.01™  49.34+2.86°  23.61+4.24°
11 50.71£1.70°  15.62£1.10°  51.97+0.22%  27.87+1.24"
12 47.98+0.24%°  16.30£0.47"  59.50£1.51°  35.21+0.99"

1 FAEARING FREANR #0825 57 5.3 (P<0.05), R4,

7N, TR | Eas CRRRRR] 55 R AR TR X S AR
FOBHZERE LA 2EAE YIF7EAE i 3 520 (P<0.05) .
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FORIFSESEAL, 2YIREE IR 70 °C I, AE (H B2 R (P<
0.05), I E A 60 °C 2= /N(P<0.05), B & i
K, AE N 28.95+1.34, L™ N 45.96+1.83, Bl (0 321K
FTEESPEIRL, SCE R A BRI S o T 3R 32 [
HEANG TR B, B F 8 32 B4, SEmsids T
FARASFREE . T 70 °C P IR AT AR BESF SR 5 rh
IS5 2 P AR R AT RIZIA A N, DA™
AP, B2

TEH ARSI ] B R R SC I 25, AE {HREE
Hy FEAR RS (8] (g B4 0 2 B O i) a3, 3 SRl 1y
BFFEIEALL, 248 TERTE] 2 10 min B, AE {EAN b (H %
K (P<0.05), AE }y 37.10+1.85, b™ly 57.34+0.73, 3
RS SIR T, 2 min IHA.25 5/ (P<0.05), AE N
24.65+£1.94, L"N 50.16+1.07, B30T #0355 53X
A RESE T W R AR, BHEER, SERZ 4R
el o2 b G WA b, SFEE R IR, (4
ZEHRT

LA ARFER R B E R SR 254 T, AE (BB EC
23 AR 18] ) 2R 2 SN S Ua N i A AR AL R
B, X5 IR BIRFgR2SR, A B A AR TR]
Sk 25 min B, AE {HAN b HA I (P<0.05), OiFH NS
Y85, ELESARFRAE] S 15 min i), AE {5 F1 b™ BB/
(P<0.05), AE 2N 23.61+4.24, b"{H } 49.34+2.86, {4,
BRI RS, M RER A P EAS A aLad K S g i gt
IR, (A ZR 53 UL, IX BRI I SRR B AS LR ARERT TR],
Fe IR e e T SRR Sy pige
2.3.2 ANFERREE KX R oK kil sgm &2
TR EE SR PR 4R = i AN IR 25 2 R RE T B S S
PR AN [R] B R 3 S A RS Ay oK e an
B 7 iR, T 25008, TR . B R AR RRRT
(] R0 B 28 LR AFET T X 352208 7 2 oK LU fE A T 355
i (P<0.05) . Bl TR B B J, SRR =K b2
PR BE#aF, Hidh, 55 °C & /K Fb e K (3.07+0.07),
i 70 °C &K HH/N(2.58+0.07) (P<0.05) . X 5
Fel') BUIFFT A, HAFSE & B0 TR R s, Moo 2
IK LEARAIR . ATRESE Tl SR PR i 7k mi Ui
gt fh, Rt BRI H R g5, S EUK TR FL
T8 W4 FE YR, BHASE KT K thashis H
JE I ELas i [a] A9 ZE K S B0 S B TS T RS,
X5 B PIAER [y a et — s, TR R RS e BT
SIS ) AR R Ta] A B 7K AP s, T Basipa 19
TOREEAE, BT 5222 7K, Wi ELAS B Al A1 E R Ak
KT REEP RIS R sl B eE b, FEIREKBETT . W
JEBTEI2A 6 min, JLASETE] 2 10 min B & 7K i R
(2.88+0.26) (P<0.05)
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of apple slices

e NG FRERRI R 22 5 8 3 (P<0.05), & 8~ 9 [al,

2.3.3 ANERRE SRR T Ve TR R
(W) B PRI 2R S SR AR TR IS SR 1Y Ve 2 an(& 8
JT7s, TRRREE | LA PRASRI [a] 5 5 H PR AR TR] X
WA Ve & EAAIE R EFEI(P<0.05) . BiE T4
LTS Ve i S, 55 °C BF v &
s 1.17+0.03 mg/g(P<0.05), X5 Yeasmin 55
P SARL, ISR SS RRWIBEAE TR IR T, 15
B YA 2R C AL B SR 0 T ka3, 1R X ik
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bh Vo BERE R 2E, SR T A T AN R E B A 5
Wi sk FHE, S50 Vi 53 Ve bl & R Ta]
A LSRR S B g s, AT ]2 10 min A
Ve & B i 1.58+0.01 mg/g, 8 min B Vi & & fix
I 0.88+0.01 mg/g(P<0.05), Al GEJ& N A FE B [a] 4k
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Fig.8 Effect of different test conditions on V
content in apple slices
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Fig.9 Effect of different test conditions on total flavonoids
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2 min B SR8 5% B A s 9.21+0.48 mg/g, 4 min B
ST R S i A 4.88+£0.60 mg/g(P<0.05); bl Bl &
i fH S FL S B[R] Y 36 < 2 S R IR S 1 I 09 a3
B ZS AT E] 2 25 min B8 & i & 10.59+1.84 mg/g,
15 min BFEBHAK 5.25+0.65 mg/g(P<0.05), X 5iff
Fe I FESE B2, S5 B B s (R dERs TRl G D & &
W m] g2 R K Eas iRl iAe &= Hh 9 Sl
—EHHES, AR E] T B IR Y A A R R, R G
T AR LARRE IR LGN, ik mT W, 55 S AU E
JFEBH AR B A B[R] AT LA R 35 e B i 5

235 LRGP SER A TS LRG TR UER 4 7
7R, FHER 4 AIEIY TR 60 °C, ARSI R,
2 min, ELASRERRE] N 10 min PSSP B =, N
0.73+£0.01. FHSEHEG T, 3R A iesc Bl = Uit
IK, PR B 28 IR Y, (i S i K IR B B
5. BN R (A Rk e T 3SR A R R ] A2
s B B IR AR FIAIFE AR 60 °C MITEEERERE
PRUIETERCR, BB e RS R B L UG5 A
JRARA BT 117 10 min A ELAS I E] W) 7850 4% T HAs

x4 AFEE A TR MZE G TR
Table 4 Comprehensive scores of apple slices under different
test conditions

SE LEGTESY SE LEETESY
1 0.26+0.05° 7 0.32+0.02%
2 0.42+0.05% 8 0.28+0.01¢
3 0.62+0.03* 9 0.43+0.03
4 0.64+£0.01® 10 0.57+0.05"
5 0.73+0.01° 11 0.52:+0.04%
6 0.54+0.04" 12 0.2140.03¢

IRBEAEATR IR T s T i e 34, wei b Bt il o34
I, FRAGEAF T
3 #5ig

AWFFE R FLA5 WK S TR R A PRSP R , &
Gedh s AT T TR | ST AR A A bR h A
AT, R BRI | LS I AR RS e B ) X 52
IR A R SR Ve S (P<0.05) A
Mg . SRR TR TR BE S T i
TIARSE, B R PR () 2B B, Bifi 5 B B[R] 1) 4k
KRB Sedn fo e B ke TR IR R s
MENE R e Bl e e B Y R C R SR e i)
JryER B, PR IR RS R R . AE TR IR Sy
60 °C, H JEA-FEF ] A 2 min, BLZ5 (R FEEF A R
10 min By Z5G PF 5 B mr, T 20 R 45 F8 An R B 4
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B3 SSTI DI} AU IS S SRV e o 2w o & WP /e 23
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