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Table 1 Design and parameters for experiments
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Fig.1 Drying curves of jujube slices at different drying
technologies
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Table 2 InMR linear regression formulas and effective moisture diffusion coefficients of jujube slices

AR SRR AR Yo R ADA R BARM
. . . . N Effective diffusivity coefficient/
Drying technology Linear regression formula Coefficient of determination (10° m>s ™)
ARG T Air impingement drying InMR=-9.57x10"*-0.0308 0.9967 1.55
RAE % 41445 Medium and short infrared wave drying InMR=-6.34x10-0.0224 0.9934 1.03
FA kS T4 Pulsed vacuum drying InMR=-5.52x10"+0.4517 0.9911 0.89

TE: MR TR ¢ 2R IROK S, ¢ TR, s.

Note: MR represents the moisture ratio of jujube slices at time ¢, ¢ represents drying time, s.

R3 FRETFBREAMLAERR @FSHMRBROEM

Table 3  Effects of different drying technologies on color parameters and qualities of jujube slices

B PE2 40 Color parameters

S IHERR Quality indexes

RS ESZN —— =
Drying technology L 4 AE HiEF C PRI K Jifa 5
Vitamin C content/(mg-g") Rehydration ratio Crispness/N
KT8 Non-dried 70.78+0.07° -3.76£0.01° 23.11£0.03* 0.00+0.00° 5.91+0.30° - -
ARG T4 Air impingement drying  89.70£0.12° -2.33+0.16* 13.60+0.02° 21.23+0.15 2.97+0.18° 4.05+0.10° 8.64+0.31°
R & sk i . "
. LTSN TR . 92.17+0.07° -2.30+0.03" 12.29+0.11¢ 24.02+0.15° 2.85+0.10° 4.20+0.05° 8.77+0.25
Medium and short infrared wave drying
B k) T4 Pulsed vacuum drying 88.01+£0.04° -4.23+0.04° 17.8440.19" 18.03+0.14° 3.85+0.12° 475£021°  11.38+0.49

TE: LRGN, o MR OESONTEHE, b HF RGO OMTEE, AE YOG EEIRR. F—FRRERF YRR EREER (P>0.05) ,

PREAN PR BEZESR (P<0.05) .

Note: L represents the brightness value, a*represents the range of red to green, b represents the range of blue to yellow, AE'is the comprehensive evaluation index of
chromatic aberration. Values followed by the same alphabet in the same column are not significantly different (P>0.05) by Duncan’s ANOVA test.
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technologies

Hil 3 ATBUE AT REAR T2 A RON 46 1)
HAW 2R =M TR e A7 RO A 22 454
HEERARARZERCR . W DA BT R A G R
1115 T3 5 (K0 AP BT I IR AL o AR i o T
AP UL AN G54, LIRS HASN s R i
LUANTIR AT G BT 2, W] BN A 1
I, AH KRR SRR LEAL U B ksl TR T
AP MA L GRS, AT 2 (BT A
PALA K 2 i LI, i HLALIR 5 R B . )
b 2 AR AT A A ol IO A5 R T D (195, Aol &
FE) LI ELIE T 225 K 3 T 45 £ S5 R 1% o032 AR oW &
Ha, RPPPRRE B RA Y R AN IR ACR A AT R
Jfe 10 0 Jgk e B v ¥ SRR A e o

3 & &

1) =R 5 5O R [ e e 1 A 3
Wi, AR TR R TS TR 105 min, P34
THEEZ N 0.039 g/(grmin), 5 PRI L0 AMRIEL A ik sh T
RS WS AH LUFE I B, T3 TR b . BLAS ik
TR AR A SRS b i« o R I L0 AT AR T 4 531 SiE
KT 46.7%FH01 28.3%.

2) SRS R . PR LA A ks = R

TR AR I ERAT BF M (P<0.05) , LA ka1
BRI SRR O 22 E /), IR TR

3) R EE =T AN 4R R C R ERAT £ A
SOKECANERME T A B, AHEE T AR PR 3, 122 k)
TR IR 2 U 3R C I AR B L 1M LRI 52K
PEE-

4) AR AR IO S5 A AR, LR
HL, FPRLILLANTHR T IR W] BN B0 7 A
AW R KA TR A R AR ] (K KT
LR GH , IXBE— 2 AR T AN ) T4 07 200 7 i AK
PERE ST IR S o

5) 3 PRI ST A L0 T (o Pe . iR SR C IR
K BOKTEREMUBUHLE) LS ik ash fet, Al AR ARG
P R LA, B RS T AR SIS T L0
R L, T B AR thZe 7 A n] %
FRRKE TR TR, TR T 20t — Dtk

(& % x #l

[1] Wojdylo A, Carbonell-Barrachina A A, Legua P, et al.
Phenolic composition, ascorbic acid content, and antioxidant
capacity of Spanish jujube (Ziziphus jujube Mill.) fruits[J].
Food Chemistry, 2016, 201(12): 307—314.

[2] Guo S, Duan J A, Zhang Y, et al. Contents Changes of
Triterpenic Acids, Nucleosides, Nucleobases, and Saccharides in
Jujube (Ziziphus jujuba) Fruit During the Drying and
Steaming Process[J]. Molecules, 2015, 20(12): 22329 —
22340.

[3] Gao Q H, Wu C S, Wang M. The jujube (Ziziphus jujuba
Mill)) fruit: a review of current knowledge of fruit
composition and health benefits[J]. Journal of Agricultural &
Food Chemistry, 2013, 61(14): 3351 —3363.

[4] ZouK, Teng J, Huang L, et al. Effect of osmotic pretreatment
on quality of mango chips by explosion puffing drying[J].
LWT-Food Science and Technology, 2013, 51(1): 253 —259.

[5] Garcia-Segovia P, Urbano-Ramos A M, Fiszman S, et al.
Effects of processing conditions on the quality of vacuum
fried cassava chips (Manihot esculenta Crantz)[J]. LWT-Food
Science and Technology, 2016, 69: 515—521.

[6] Mariscal M, Bouchon P. Comparison between atmospheric
and vacuum frying of apple slices[J]. Food Chemistry, 2008,
107(4): 1561 —1569.

(71 o, RAEE, BRER, S5 BN HEA T 2R
F it BAHRT]. BUR TSR, 2010, 26(9): 987—990.
Zhang Yan, Wu Jijun, Tang Daobang, et al. Effects of
processing conditions on the quality and texture of the
vacuum-fried banana chips[J]. Modern Food Science and
Technology, 2010, 26(9): 987 — 990. (in Chinese with
English abstract)

[8] ki, HLfh, AQskul, &5 e ARG R

FRPE AT R[], RME TR, 2011, 27(84 T 1):
382—388.
Zhang Qian, Xiao Hongwei, Dai Jianwu, et al. Air
impingement drying characteristics and drying model of
Hami melon flake[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2011,
27(Supp.1): 382—388. (in Chinese with English abstract)

91 it S5, ek, 55 hRBLLANRIHR AN
AR PR R T LR D], BRAR & B, 2015,
31(2): 190—195.

Gao He, Yi Jianyong, Bi Jinfeng, et al. Drying characteristics
and quality of Carica Papaya Linn under med- and



264

BNV TREZAR Chttp://www.tcsae.org)

2016 4F

[10]

[11]

[12]

[16]

[17]

[18]

(19]

short-wave infrared radiation and hot air drying[J]. Modern
Food Science and Technology, 2015, 31(2): 190—195. (in
Chinese with English abstract)

HE, M4, EW4, . MBS i
S M T BTN ) [T]. ARk T R4, 2014, 30(1):
262—269.

Zheng Xia, Xiao Hongwei, Wang Lihong, et al. Shorting
drying time of Hami-melon slice using infrared radiation
combined with air impingement drying[J]. Transactions of
the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2014, 30(1): 262 —269. (in
Chinese with English abstract)

Chua K J, Chou S K. On the experimental study of a pressure
regulatory system for bioproducts dehydration[J]. Journal of
Food Engineering, 2004, 62(2): 151—158.

FPRIL, SEFR, SRR, S5 RFEAFCE RS TR B
I AMLHUAER, 2010, 41(3): 113—116.

Gao Zhenjiang, Wu Dingwei, Zhang Shuge, et al. Design of
pulsed vacuum drum dryer[J]. Transactions of the Chinese
Society for Agricultural Machinery, 2010, 41(3): 113—116.
(in Chinese with English abstract)

Dueik V, Marzullo C, Bouchon P. Effect of vacuum inclusion
on the quality and the sensory attributes of carrot snacks[J].
Food Science and Technology, 2013, 50(1): 361 —365.

GB/T 6195-1986. H148 N [GHLANE [ bR KR . BSR4t
FEFE C R 2 1(2,6-— BRI 72 VR[S,

K, HAfh, Wi, S ALEEN B ARG
TR R BRI SR [T]. AR TREA%3R, 2012, 28(1):
276—281.

Zhang Qian, Xiao Hongwei, Yang Xuhai, et al. Effects of
pretreatment on air impingement drying characteristics and
product color for line pepper[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the
CSAE), 2012, 28(1): 276—281. (in Chinese with English
abstract)

i/, BRIRBE, TFE, S AR ELE k) TR
TSR] AR TRE2EHR, 2016, 32(10): 287—295.
Fang Xiaoming, Zhang Xiaolin, Wang Jun, et al. Vacuum
pulsed drying characteristics and quality of lotus pollen[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2016, 32(10): 287 —
295. (in Chinese with English abstract)

HIRSC, EH58, M, 55 5T Weibull J3Ai %L1
T R R S N 0], AR TRE AR, 2013,
29(16): 278—285.

Bai Junwen, Wang lJiliang, Xiao Hongwei, et al. Weibull
distribution for modeling drying of grapes and its
application[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2013,
29(16): 278 —285. (in Chinese with English abstract)
TEHE, @i, BT, & SRR RN R
R BURF Y], Ak TRE2EH, 2015, 31(12): 275—
281.

Wang Xueyuan, Gao Kun, Chen Qingin, et al. Medium and
short wave infrared drying characteristics and color changing
of apple slices[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE),
2015(12): 275—281. (in Chinese with English abstract)

Xiao H W, Pang C L, Wang L H, et al. Drying kinetics and
quality of Monukka seedless grapes dried in an
air-impingement jet dryer[J]. Biosystems Engineering, 2010,
105(2): 233 —240.

SR, mdRil, L, 5% 5T Weibull BEANA T
P05 R AR TR RN, AR TR, 2015, 31(5):
317—324.

Zhang Weipeng, Gao Zhenjiang, Xiao Hongwei, et al. Drying

[21]

[22]

[23]

[24]

characteristics of poriacocos with different drying methods
based onWeibull distribution[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the
CSAE), 2015, 31(5): 317—324. (in Chinese with English
abstract)

SR, MR, SIRIL, AE. PRLRALAMNBS TR
TR IS SR [T, R TR, 2015, 31(10):
269—276.

Zhang Weipeng, Xiao Hongwei, Gao Zhenjiang, et al.
Improving quality of Poriacocos using infrared radiation
combined with air impingement drying[J]. Transactions of
the Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2015, 31(10): 269 —276. (in Chinese with
English abstract)

MM, sk, BRI, AF A TR USRI R
FEPE[D]. ARk TREZA4R, 2010, 26(7): 318—323.

Xiao Hongwei, Zhang Shixiang, BaiJunwen,et al. Air
impingement  drying  characteristics of  apricot[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2010, 26(7): 318 —
323. (in Chinese with English abstract)

Wang D, Dai ] W, Ju HY, et al. Drying kinetics of American
ginseng slices in thin-layer air impingement dryer[J].
International Journal of Food Engineering, 2015, 11(5): 701—
711.

Xiao H W, Law C L, Sun D W, et al. Color change kinetics
of American ginseng (Panax quinquefolium) slices during air
impingement drying[J]. Drying Technology, 2014, 32(4):
418—427.

Xiao H W, Gao Z J, Lin H, et al. Air impingement drying
characteristics and quality of carrot cubes[J]. Journal of Food
Process Engineering, 2010, 33(5): 899—918.

B, NI, T, . ZEERO BT TR
R[] R TSR, 2016, 32(9): 233—240.
Zhao Haiyan, Fang Xiaoming, Wang Jun, et al. Effect of
ethanol dipping pretreatment on drying characteristics and
quality of eggplant slices[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the
CSAE), 2016, 32(9): 233—340. (in Chinese with English
abstract)

Yedpld, Ui, TWREE, G WEARERRERATRITZ
ALT]. Ak TREAH, 2009, 25(10): 334—339.

Bi Jinfeng, Fang Lei, Ding Yuanyuan, et al. Optimization of
explosion puffing drying for pineapple at variable
temperature and pressure difference[J]. Transactions of the
Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2009, 25(10): 334 —339. (in Chinese with
English abstract)

FEde, T VPR, A XTI AR BN 4
LaR ). AL TREAR, 2016, 32(7): 244—251
Wei Yulong, Yu Ning, Xu Mingqiang,et al. Effect of hot air
drying temperature on microstructure of Chinese jujube[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2016, 32(7): 244—
251. (in Chinese with English abstract)

B, Hath, AR, 4 ERRRh RN TR
FEPE R FT[T]. RHUZEIR, 2013, 44(S2):
186—191.

Ju Haoyu, Xiao Hongwei, BaiJunwen, et al.Medium and
short wave infrared drying characteristics and color changing
of apple slices[J]. Transactions of the Chinese Society for
Agricultural Machinery, 2013, 44(S2): 186 — 191. (in
Chinese with English abstract)

BaiJ W, Sun D W, Xiao H W, et al. Novel high-humidity hot
air impingement blanching (HHAIB) pretreatment enhances
drying kinetics and color attributes of seedless grapes[J].



517 3

BRIPHESS . — B TR BN £ R~ P A b 0 52 )

265

[31]

Innovative Food Science and Emerging Technologies, 2013,
20:230—237.

Vega-Gélvez A, Scala K D, Rodriguez K, et al. Effect of
air-drying temperature on physico-chemical properties,
antioxidant capacity, colour and total phenolic content of red
pepper (Capsicum annuum, L. var. Hungarian)[J]. Food
Chemistry, 2009, 117(4): 647—653.

treatment methods on the quality properties of red jujube[J].
Modern Food Science and Technology,2011, 27(6): 610—
614. (in Chinese with English abstract)

Xiao H W, Bai J] W, Xie L, et al. Thin-layer air impingement
drying enhances drying rate of American ginseng (Panax
quinquefolium L.) slices with quality attributes considered[J].
Food and Bioproducts Processing, 2015, 94(2): 581 —591.

[32] Uddin M S, Hawlader M N A, Zhou L W. Kinetics of [37] Xiao H W, Gao Z J. Chapterl1: The application of scanning
ascorbic acid degradation in dried kiwifruits during storage[J]. Electron Microscope (SEM) to Study the microstructure
Drying Technology, 2001, 19(2): 437—446. changes in the field of agricultural products drying[M].

[33] Bai J W, Gao Z J, Xiao H W, et al. Polyphenol oxidase Rijeka, Croatia, INTECH Press, 2012: 213 —226.
inactivation and vitamin C degradation kinetics of Fuji apple [38] H&m, ST, Ml BERESkahETEAE b T
quarters by high humidity air impingement blanching[J]. RIGHIFII]. &AL, 2009, 34(3): 81—85.
International Journal of Food Science and Technology, 2013, Cao Zhixiang, Gao Zhenjiang, Lin Hai. Experimental
43(6): 1135—1141. investigation of roller vacuum pulsating pressure carrots

[34] Xiao H W, Bai J W, Sun D W, et al. The application of drying[J]. Food Science and Technology, 2009, 34(3): 81—
superheated steam impingement blanching (SSIB) in 85. (in Chinese with English abstract)
agricultural products processing-a review[J]. Journal of Food [39] Dai J W, Rao J Q, Wang D, et al. Process-based drying
Engineering, 2014, 13 29 )i3 9—47. o temperature and humidity integration control enhances drying

[35] T, Sedl, TG ANFITRTT SO 20 R

kinetics of apricot halves[J]. Drying Technology, 2015, 33(3):

fsgmI]. AR E SR, 2011, 27(6): 610—614. 365—376.

Yu Jingjing, Bi Jinfeng, Ding Yuanyuan. Effect of drying

Effects of three drying technologies on drying characteristics and quality
attributes of jujube crisps

Qian Jingya', Zhang Qian?, Wang Jun®, Fang Xiaoming'?, Zhang Weipeng’,
Gao Zhenjiang, Liu Yanhong', Xiao Hongwei"*

(1. College of Engineering, China Agricultural University, Beijing 100083, China;
Shihezi University, Shihezi 832000; 3. Bee Research Institute of Chinese Academy of Agricultural Sciences, Beijing 100094, China)

2. College of Mechanical and Electric Engineering,

Abstract: With rich contents of vitamin C, various amino-acids, polysaccharide and phytochemicals, jujube is widely planted
and consumed in China. Seasonality and perishability of fresh jujube demand to apply preservation technologies, such as
vacuum-fried, but the favored product after this processing has the potential risk on our health because of its higher oil content
and low nutrient retention. To realize product diversification and satisfy requirements of novel-health products for human
beings, it is essential to exploit new processing method of jujube. In order to reduce the oil content of jujube crisps, improve
the retention rate of vitamin C and explore new drying techniques for jujube crisps production, fresh jujube slices (thickness of
4 mm) in crisp ripe stage were dried with 3 new types of drying technologies, namely air impingement drying (temperature of
70 °C, air velocity of 8 m/s), medium and short infrared wave drying (temperature of 70 C, air velocity of 8 m/s) and pulsed
vacuum drying (temperature of 80 ‘C, vacuum and normal pressure retention time of 10 and 2 min, respectively). Effects of the
3 drying technologies on the drying characteristics, color parameters, retention of vitamin C content, crispness, rehydration
ratio and microstructures were investigated. Results showed that: 1) All drying process of the three drying methods showed the
falling rate period without constant speed stage, and the shortest drying time was obtained under air impingement drying
technology, which the drying time was only 105 min. 2) Effective moisture diffusivities were 1.55x10”, 1.03x10”, and
0.89x10” m?*/s for air impingement drying, medium and short infrared wave drying, and pulsed vacuum drying, respectively. 3)
Drying methods had a significant impact on the color of dried samples, and the color of jujube crisps under pulsed vacuum
drying was very similar to that of the fresh ones. 4) Pulsed vacuum drying could keep more vitamin C content compared to the
other two drying technologies. The retention rates of vitamin C were 51.5%, 49.0%, 66.6% for the samples dried by air
impingement drying, medium and short infrared wave drying, and pulsed vacuum drying, respectively.5) Compared with air
impingement drying and medium and short infrared wave drying, jujube crisps dried by pulsed vacuum drying had the highest
crispness. 6) Microstructure detection indicated that all the 3 drying technologies could make a porous structure and thus
change the properties of jujube slices. The pulsed vacuum drying led to a more uniform porous structure, which probably
contributed to the higher crispness and rehydration ratio of the samples dried by pulsed vacuum drying. In conclusion,
although pulsed vacuum drying technology took a relatively long drying time to get the same moisture ratio, the qualities of
jujube crisps by pulsed vacuum drying were much better than those by air impingement drying and medium and short infrared
wave drying. The findings of current work can provide theoretical basis and technical support for the practical application of
pulsed vacuum drying to produce jujube crisps.

Keywords: drying; quality control; models; jujube crisps; color; vitamin C; crispness
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