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Abstract: In order to obtain the better drying technology of red jujube chips, jujube slices were dried by heat pump drying (HPD), vacuum
freeze drying (FD) and instant controlled pressure drop (DIC) with hot air drying (HAD). The physicochemical and nutritional quality of red
jujube slices and dried red jujube chips (RJC) were evaluated and performed a comparative study. Results showed that moisture contents of RJC
after four drying methods were all around 4.5%. In terms of texture, HPD, FD and DIC significantly reduced the hardness of RJC and
significantly increased the brittleness (p<0.05). As for appearance, compared with HAD, the volume shrinkages of RJC dried by FD and DIC
were small, especially for DIC treatment, in which the volume of RJC increased by 3.57%. The least color difference (4E) value (1.24) of RJC
with brighter surface color was obtained by HPD. However, RJC dried by DIC presented attractive redder surface color even though had a larger
AE value of 7.19. In terms of nutritional properties, the polysaccharide and flavonoid contents of RJC with four drying treatments all decreased.
The highest polysaccharide retention rate was obtained by DIC, which was significantly different from other drying methods. The retention rate
of flavonoids in HPD and DIC was significantly higher than that of HAD and FD. In conclusion, DIC can significantly improve the appearance
and nutritional quality of RJC, and have a broad industrial application prospects.
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Table 1 Drying conditions of four drying methods of jujube

slices
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Fig.1 Inversion spectrums of transverse relaxation time T2 of
red jujube slices and chips
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Fig.3 Effect of four drying methods on scanning electron
micrographs of red jujube chips (x40)

JE: ar AACFEE, HAD; b: 2ok b, RJ; o #ARTIE,
HPD; d: AZA%TIR, FD; e: EEZNWATIH, DIC.
212 &%

PRI i R B AR —, SN
BRI, DU 7 20 08 R s an - 4
Fi7k. HPD MIZDENE R LHMERK, SO HIE
RN, a*EM b*ER/N, 5HAh 3 FhF1E77 0
P REZES (p<0.05), AEAEY 124, RilEE
N, B IEPTE AR T RS T L AR
TS T i B R BT DIC LA v
LU, a™E8 0w FD LAY -+ AL W& T HPD,
Pt R AT, X 52H% AP R R
AR TR BRI, X B ORI
N, BREUFIRRRIEA 5 DIC LA AL E
B, ARSI NRPRAL A,

165



MR BRI

Modern Food Science and Technology

2019, Vol.35, No.11

a 50r
45
40 -
35¢-
30
25+
20

a

L*

b
d I e c
I I 1 I 1 l
HAD HPD DIC FD
a ab
1451 b
14.0
13.5F Y
c

13.0F
1251
120
11.5 1 1 1 1

RJ HPD HPD DIC

FD
a
C
i I
HPD HPD DIC FD
HAD HPD

El4 4 W?k?ﬁﬁ‘ﬁi‘flﬁﬂfﬁééﬂ’lif

Fig.4 Effect of four drying methods on color of red jujube chips
213 R

BREPEAL, PRRAR A 2 T i AR I B E L
bR, ASKIGARR LAY v R AR S EEAR B AT T
4 PhHp 07 AR A AR 4 . B 5 ATRAE
HAD H1 HPD MIZLAG fy R AR AT B 12
;. DIC L0 v BT BN 5 3 P 58 e nie /s 4
AU v 32 BIAKAE I, 2R NS T g K,

166

a*

20l

b*
[ 5]
—
W

T

AE
S = N W A U O 9 ®©
T

KM HAR 3 Fprgy LA BEEZER
(p<0.05). DIC 1 FD [0 f JE AR B Bf
%, 1A 1.77%H1 1.36%. DIC HTBKEI Har®
[ UaT SR o = Rt rier e S 3 € kil WA RS SO &
Li*it DIC X3 T HHAT T4k, KILDIC W3R T
R BEEWAE, FD /K2y B3 vk 45 HOvK &
FHENIRR, JEREEATT DARRE R A AR

10

2 a R
8 (P83
b
6l b
. 4r
N
> 2+ [
= 0 |
® 2 F
4
6 c
8
HAD HPD DIC FD

&5 4 MFREARMNL AN RERFEENSZ0
Fig.5 Effect of four drying methods on Surface area and

thickness of red jujube chips
14
12+

S

a
el

—_
(=]
T
(>

B/ %
A bV o s~

T
C

HAD HPD DIC FD
& 6 4 FFIES LR AFRAGER
Fig.6 Volume shrinkage rate of red jujube chips in four drying
methods

H1Kl 6 ATEAE Y 4 o7 208 Ja 208 Fr i AR
A, BRI & HAD # HPD ML B
TRE SR, FD LA R LEN 7.61%,
DIC HIZLAE F AR 2/ NRITIR T 3.57%, A
BRI T LA A AR

22 BRER

HIE 7 A, AR 2 RS EN 17.93 mg/g.
RN 7.73 mg/g (CLFRETE, TED, F48m
TR AL 2 HEAN SR & S A PR o 2 hE L
DIC R A =N 14.50 mg/g, HPD Al DIC f#
{REE R B . HAD. HPD 1 FD £ & & ¥ T DIC
HAGBEMZER (p<0.05). ZEHRSEATIR TR
A7 5 T2 T2 S SR RN T E]



MK EmBHL

Modern Food Science and Technology

2019, Vol .35, No.11

Bk Z s S e, A7 DIC IAMIK T HAD M
HPD, DIC HIFf it Z W5 & & m: HAD A1 HPD K]
FURFEME, WE 2GS RELRENER, K55
H AR FT s AR — 3. SR TR S S5
BEARC P RE FH TV T3 R o 2 2 B 1 T TR P 2 K
BT, RSB B B, (2t TR THERAR
T EL A S B A AR A o T 8 T T ) A S )
WS EMEERNE, KR TEREES. DURhT5E
J7AH, B 7 AT40, HPD A1 DIC [Tt ) 52 i 2%
fit'T HAD #1 FD, HPD A1 DIC bR £ A i1 3%
FACR R R e H o 2 MR E RS, A
5 EE R L5 MR R L

200, 22

18F ] =

16 - b

i I
2 5| i i ¢
2
= 10+
W8 a
a c

4_

2_

o 1

E7 4 %FF:F?EUE‘U‘I%IBEH?H %ﬁfuﬁﬁﬂﬁzﬂ’lﬂf
Fig.7 Effect of four drying methods on the contents of
polysaccharide and flavonoids in red jujube chips

AT HAD. HPD. DIC Al FD %404
B A it SO AT 5% i R (1 520 o B 7 A B DIC AR
AR AR UG T LA B BRA  BANE 5R
iR, BARERIIA: DIC LA B e A i i
i (43.35 °C), HAET IR FRER b T-A2 € A,

BA R e seike e v fERJ7 T DIC FIZ0EHE
@me,%m LF T, BT DIC A bR s 2
SEEAENE R, I RE R T IR, A
il 7R RIS, BT TR )

ALt IR, mc%qﬁWH%M%%$
B, ZRESERERR HoAt T =5

%qmmﬁo%t%@,w$ﬁﬁﬁktﬁﬁﬂﬁ%
VO ) Z AT ER U, R ZE TN 28T 0T LLBH R
DG LL A IR i BT, 2 BRI Ty AR
0T =

(1] X%, F2REG, X, &5 A [ A 2= SR st & mr i it
JE[I].E 2 2447,2015,42(9):1683-1698

LIU Meng-jun, WANG Jiu-rui, LIU Ping, et al. Historical
achievements and frontier advances in the production and
research of Chinese jujube (ziziphus jujube) in China [J].
Acta Horticulturae Sinica, 2015, 42 (9): 1683-1698

TN AHIBE R BT S AR SR BE BT 7T (D). fR 7€ AT B A
Mk K2,2013
WANG Wei-wei. Study on sugar composition and
oligosaccharides in Chinese jujube [D]. Baoding: Agricultural
University of Hebei, 2013

A, B0 7 R 2 VR R AL A M ] AR 7 i Tl
B JET,2016,49:34-37

LI Chun-yan, LIAO Xiao-jun. Analysis on the development
of jujube industry in China [J]. Agrotechny, 2016, 49: 34-37
TLER B S e, 55 T 7 SO B B R it
SZRIT]. 8 Rl 52,2017,7:70-76

SHEN lJing, WEI Ting, JI Xiao-long, et al. Effect of drying
methods on eating and nutritional qualities of Chinese jujube
fruits (ziziphus jujuba mill. cv. dongzao) [J]. Food Science,
2017,7:70-76

BRUEHE, TR, 28, 5. =R T IRR AR R 20Ul Fr T Ak
FHE T REIR[T]. R THE4,2016,32(17):259-265
QIAN Jing-ya, ZHANG Qian, WANG Jun, et al. Effects of
three drying technologies on drying characteristics and
quality attributes of jujube crisps [J]. Transactions of the
Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2016, 32(17): 259-265

DL o e, B, S5 T 7 SO B A e A
FEMA[T]. A S RHE,2017,38(18):131-137

SHEN lJing, DU Ruo-xi, WEI Ting, et al. Effect of drying

AR

methods on aroma components of jujube fruits (ziziphus
jujube mill. cv. dongzao) [J]. Food Science, 2017, 38(18):
131-137

Wt 2B, Y, A AN R )5 2Oxk i i
SrIRISEMALT] B AH,2017,38(14):158-163
CHEN Kai, LI Qiong, ZHOU Tong, et al. Effects of drying

A R UK

conditions on aroma compounds of hami jujube from
Xinjiang [J]. Food Science, 2017, 38(14): 158-163

MrREmBE A2 R i, B S5, AN R 7 SO0 T2 i
Wi PRI FEI] A TR F41,1999,15(3):237-240

CHEN Jin-ping, MU Qi-yun, TIAN Cheng-rui, et al. Study

N

on the effect of the different heating processes on the quality
of the chinese date [J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 1999,
15(3):237-240

W73 PR BRI ] AP BB AR ,2012,3:124

167



MK EmBHL

Modern Food Science and Technology

2019, Vol .35, No.11

(11]

[12]

[15]

[16]

[19]

168

CHEN Wan-qing. Talking about the heat pump technology
[J]. China New Technologies and Products, 2012, 3: 124
B e SR, T, 55 B R TR e T2 S50
[T AR TRES4R,2017,33(13):296-302

JI Chang-ying, JIANG Si-jie, ZHANG Bo, et al. Heat pump
drying properties of chili and optimization of technical
parameters [J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2017,
33(13): 296-302

RN, 20528 B, 56 B VAR TR BORAE £ N L
PSS REL]. £ dh 5 HLK,2013,6:232-235

SONG Kai, XU Yang-li, GUO Yuan-ming, et al. Some key
issues on vacuum freezing technology in food application [J].
Food & Machinery, 2013, 6: 232-235

Bl mo R LR S B R T g R b i g AUE IR
JR A FE TP B R, 2017,33(5): 161-167

WEI Ting, GAO Cai-feng, SHEN Jing, et al. Changes in
nutritional properties of jujube fruits during different stages of
vacuum freeze-drying [J]. Modem Food Science and
Technology, 2017, 33(5): 161-167
R RGN A R 5
AR, 2013

LYU Jian. Research on the processing technology and quality

PRI D] AL 5 R E

evaluation for explosion puffing dried prach chips [D].
Beijing: Chinese Academy of Agricultural Science, 2013
Xiao Li, Jinfeng Bi, Qingin Chen, et al. Texture improvement
and deformation inhibition of hot air-dried apple cubes via
osmotic pretreatment coupled with instant control pressure
drop (DIC) [J]. LWT-Food Science and Technology, 2019,
101: 351-359

GB/T 5009.3-2016 £ 7K 73 (1 5E . [S]

GB/T 5009.3-2016 Determination of Moisture in Food [S]
Fang-fang Xu, Xin Jin, Lu Zhang, et al. Investigation on
water status and distribution in broccoli and the effects of
drying on water status using NMR and MRI methods [J].
Food Research International, 2017, 96: 191

A M Goula, T D Karapantsios, D S Achilias, et al. Water
sorption isotherms and glass transition temperature of spray
dried tomato pulp [J]. Journal of Food Engineering, 2008, 85
(1):73-83

Praveen Kumar Sappati, Balunkeswar Nayak, G. Peter van
Walsum. Effect of glass transition on the shrinkage of sugar
kelp (Saccharina latissima) during hot air convective drying
[J]. Journal of Food Engineering, 2017, 210: 50-61

Carolina Gumeta-Cha’'vez, Jose” Jorge Chanona-Pe'rez,

[22]

[23]

[24]

[25]

[26]

(28]

Jorge AlbertoMendoza-Pe’rez, et al. Shrinkage and

deformation of agave atrovirens karw tissue during
convective drying: Influence of structural arrangements [J].
Drying Technology, 2011, 29 (6): 612-623

J Wang, CL Law, PK Nema, et al. Pulsed vacuum drying
enhances drying kinetics and quality of lemon slices [J].
Journal of Food Engineering, 2018, 224: 129-138

Jian Peng, Jin-feng Bi, Jian-yong Yi, et al. Engineering
texture properties of instant controlled pressure drop (DIC)
dried carrot chips via modulating osmotic conditions [J].
Food & Bioprocess Technology, 2018, 11 (2):1-12

H B, 2 55, BV A AN R R S NS R SR T AR
RV B it BRI, ﬁnuﬂ'%,2017,38(9):53—58

XIAO Min, YI Jian-yong, BI Jin-feng, et al. Effect of sugars
with different degrees of polymerization on apple hot-air
drying behavior and physical characteristics of instant
controlled pressure drop dried apple chips [J]. Food Science,
2017, 38(9): 53-58

TURIR S e AR TR S AR AR O H S A 5
FIRIAT]. & S RH4,2011,32(16):108-112

DING Yuan-yuan, BI Jin-feng, MU Tai-hua, et al. Effect of
different drying methods on quality of sweet potato products
[J]. Food Science, 2011, 32(16): 108-112

Zhao Q, Dong B, Chen J, et al. Effect of drying methods on
physicochemical properties and antioxidant activities of
wolfberry
Carbohydrate Polymers, 2015, 127: 176-181

Wang C C, Chang S C, Inbaraj B S, et al. Isolation of

(Lycium  barbarum)  polysaccharide [J].

carotenoids, flavonoids and polysaccharides from Lycium
barbarum L. and evaluation of antioxidant activity [J]. Food
Chemistry, 2010, 120(1): 184-192

Sun L J, Zhang J B, Lu X Y, et al. Evaluation to the
extract from

Food and

antioxidant activity of total flavonoids
persimmon (Diospyros kaki L.) leaves [J].
Chemical Toxicology, 2011, 49(10): 2689- 2696
/N 2R TR, S5 AR AT AR LA A S TR T Z
HRK TR A ] A TR %4R,2014,30(14):322-330
XIE Xiao-lei, LI Xia, ZHANG Chun-hui, et al. Moisture
mobility mechanism of beef jerky during combined
mid-infrared and hot air drying [J]. Transactions of the
Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2014, 30(14): 322-330
FINGIHT R, I RO, 55 i TARI AL HEAT BAR BRI b
A R K RS AR B T[], i 24,2016,
16(5):252-257



MK EmBHL

Modern Food Science and Technology

2019, Vol .35, No.11

[29]

(30]

[31]

(32]

[33]

[34]

[35]

[36]

SUN Bing-xin, ZHAO Hong-xia, FENG Xu-qiao, et al.
Studies on the change of moisture state of fresh jujube during
storage base on LF-NMR and MRI [J]. Journal of Chinese
Institute of Food Science and Technology, 2016, 16(5): 252-
257

Lu Z, Seetharaman K. 'H Nuclear magnetic resonance(NMR)
and differential scanning calorimetry (DSC) studies of water
mobility in dough systems containing barley flour [J]. Cereal
Chemistry, 2013, 90(2): 120-126

sk eE 3 DU AR, FEAAE, 558 I RIAIZRE N MO R T
PRI FR ) PN K AR T]. ARk TFE2%4),2012,28(22):282-
287

ZHANG Xu-kun, ZHU Shu-sen, HUANG Jian-hua, et al.
Analysis on internal moisture changes of carrot slices during
drying process using low-field NMR [J]. Transactions of
the Chinese Society
(Transactions of the CSAE), 2012, 28(22): 282-287

Islam M Z, Kitamura Y Yamano Y, et al. Effect of vacuum

of Agricultural Engineering

spray drying on the physicochemical properties, water
sorption And glass transition phenomenon of orange juice
powder [J]. Journal of Food Engineering. 2015, 169:130-141
AR AL, By iR, A U TR PO B A AR IR
S AR e R AT I AR AT U 4K, 2014,45(2):215-219
SHI Qi-long, ZHAO Ya, MA Zhan-qiang, et al. Glass
transition temperature and storage stability of vacuum-dried
yacon powder [J]. Transactions of the Chinese Society for
Agricultural Machinery, 2014, 45(2): 215-219

Nadia Djendoubi Mrad, Catherine Bonazzi, Nourhéne
Boudhrioua, et al. Influence of sugar composition on water
sorption isotherms and on glass transition in apricots [J].
Journal of Food Engineering. 2012, 111, 403-411

R Bk R, 2R 38 55 R T 22 L AR IR 7K 7 MR B o e
BRI T] B fAF,2015,36(23):95-99

LIU Hua, ZHONG Ye-jun, LI Zi-lin, et al. Water sorption
characteristics and glass transition temperature of freeze-dried
cherry tomatoes [J]. Food Science, 2015, 36 (23): 95-99
T, B, TR, A5 AR TR T SO LA S TR
(IR 1] AR fRHE, 2011,27(6):610-614

YU Jing-jing, BI Jin-feng, DING Yuan-yuan, et al. Effect of
drying neatment methods on the quality properties of red
jujube [J]. Modermn Food Science and Technology, 2011,
27(6): 610-614

TR D ARt B AR TR S IE B KT T

[38]

[41]

[42]

[43]

(D] MR R ,2011

XU Cheng-fa. Studies on mass transfer model of tilapia fillets
during osmotic process and its dehydration characteristic
under osmotic and microwave [D]. Haikou: Hainan
University, 2011

2 I, R X R o, 5% S R AR TR BORAEA ™ ™ i
AEEE AR RN [9]. 40 T RE,2017,7(5):68-72

LOU Zheng, LIU Qing, ZHAO Yu-qiang, et al. Application
of air source heat pump drying technology in post-harvest
treatment of agricultural
Engineering, 2017, 7(5): 68-72

YiJ Y, Lyu J Bi, J F Zhou, et al. Hot air drying and freeze

products  [J].  Agdcuhural

drying pre-treatments coupled to explosion puffing drying in
terms of quality attributes of mango, pitaya, and papaya fruit
chips [J]. Journal of Food Processing & Preservation, 2017,
41(6): €13300

200, S e R, S5 AN R T I0 ZO A A ROH it o (14
FEMA[T]. A S RHE,2017,38(13):77-82

LI Wei, GAO Hai-yan, CHEN Hang-jun, et al. Effect of
drying methods on quality characteristics of bayberry powder
[J]. Food Science, 2017, 38(13): 77-82

Li Xiao, Bi Jinfeng, Chen Qingin, et al. Texture improvement
and deformation inhibition of hot air-dried apple cubes via
osmotic pretreatment coupled with instant control pressure
drop (DIC) [J]. LWT-Food Sci Technol, 2019, 101: 351-359
ZR PR, W 208 MR, S AN R TR 200 St BEE R &
B[R [C]. 4 A S B2 JO A A AR 2 1850
#2014

QIN Ying-rui, ZENG Yi-tao, YANG Juan, et al. The
influence of different drying methods on the hypoglycemic
components of mulberry-leaf [C], 2014

Fei Pei, Ying Shi, Xingyang Gao, et al. Changes in
non-volatile taste components of button mushroom (Agaricus
bisporus) during different stages of freeze drying and freeze
drying combined with microwave vacuum drying [J]. Food
Chemistry, 2014, 165, 547-554

ESRAEE J SO, P R, S5 AR T AR AT xR
T B A ] f e R #,2004, 25(11):154-157
GU Shu-qin, SHENG Wen-jun, LU Da-xin, et al. Study on
effects of forced-air drying and microwave drying on
flavonoids of the you jujube [J]. Food Science, 2004, 25(11):
154-157

169



