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fie F7 5 5 E (P<0.05);  $0 I T b F88 20 4B AR P B I (P<0.05), 21 B) 0 TE W S 22 53 (P>0.05) 0 IRIMIEST, i R 48 A0 B e
B0 BE BRI RS A AT — P s R, BEARMIE LA FR T, HF I AR e SR L mk 23
KR IR ML SRR, R TR, HRIABRMESSART R

doi: 10.11975/j.issn.1002-6819.2017.07.034
HFESZES: TS255.36 XERPRERD: A

FHRA, KREW, T 1§ /MR, R4 FACEWIIARS R ESBEEES AR FRFERRRIZMJ]. KT
¥Rk, 2017, 33(7): 261—267. doi: 10.11975/4.issn.1002-6819.2017.07.034 http://www.tcsae.org

Luo Dongsheng, Zhu Yuli, Wang Mei, Hu Xiaosong, Wu Jihong. Effects of pretreatment on characteristics and qualities of Chinese
jujube drying by segmented intermittent microwave coupled with hot air[J]. Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2017, 33(7): 261 — 267. (in Chinese with English abstract) doi :

XEHRS: 1002-6819(2017)-07-0261-07

http://www.tcsae.org

10.11975/j.issn.1002-6819.2017.07.034

0 3

2L (Zizyphus jujuba Mill.) , {54 K&, T45%,
AR, BN, B ERSE LM EY.
R TS EME— (20 A C1 [, BIAETIAUA 100 277 hm?,
RPN 450 J7 t, HHFURT R 99%, HATHCK R
WAHER s PR SRR R, RS EAE . BRI
W REHME, TERLAEP R RS Hik, &5
LLAF A AN 7 R e TSR .

T TR R AT AR DAL, T2 N TR
Tl AELH PR A ) RO TR, e DR D A R
Kol “Hoi” sUEERIELS . B, BT RS THREOR
C TR, B Tk T PR RRIIG Zh S A i A8 B il
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AR, AEIHET 23— R, 13T
43 BEIA)BRCGL3 # A #OXT 48 (segmented  intermittent
microwave coupled with hot air drying , IM&AD) K,

TH I R AEAN R B B (R BR L, IR S D 2R R,k
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IR, GERA SRR, BT R R A B T
DACKAR LT AR B 4k, e TR AR 5 O, W T
WEER R AR BRI . A, R, m RS, o
fein . AR — e L R TR B 12 105 R T Ak 2
B, o T e ARk A TR T %SO SL N H
TR TR TRAC R, i o 20 AR IR 26 17 5 400 5 1) T 45
iR

WM TC LA 53 B R R Rl A #A R R O 4K,
PRICLL AT b R 1) T 2045 At B AN [ () Ptk B 7 <000
BEAL S 2 A T s, O Tl B Pt ar
Rt s%,

1R T

L1 ' OH

Grez /A, RN, ORI . i L AR BT
AR, PR T AT TR IX
1.2 R F

i, S5, Wi, B, BETR, &
gk, MRy, srbral, dbfslmAE; o, H
fir, failal, 35[E MREDA AF]; 1,1- - FRFE-2-Z 3R
JBE, 4EEZ C, KEHELYEZEZR B (Trolox) , Frifkdlh (4l
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1.3 UE5EEF

&k CO, % #% , CAU-HPCD-1 ( & f] 5 .
71.200520132590.X) , HrEARMORAE H EB A B
PR G AR Bw%, BRT D)% 700W, e #UXGR
[ 60°C, fem M 5 m/s, HERM K [ BT R
CR2IGII B! midtva VR 2 0L, HA HITACHI 2 #];
LC-20A Bl i, HAX SHIMADUZU A F];
DZF-6050 FYEZFHl4f, ¥ Veolia Water Technologies
23 F]; CM-3700d 24 430Gl 4%, H A KONICA MINOLTA
YNGR
1.4 REHZE
4.1 B8 BRBOEAS &M R T 2L

IV 200 g fFAC (FHEEKEN 1.75 glg) , ATl
B, W RN DO, 2 AU Th A Ty 2
Wige LA GKEESE 02 g/g I, HIETH. SKE
W(g/g) 552 K FHY

QP

P M e RN U, g; M TR, go

Z M Fang M50, BIRIhER 60 W, UG E
45°C, Wik 2m/s, PARIEKLE 1. /K FEH S (LS KR
FKon) KIalEREE 2 hsgmiil g, DAl Reke. 4E
Az C R ECN M NAE R ARG . AR P 4
B, WK I A Y W2 1. MR Estirk 25091
I, WEERIER: Contton)/tons ton L FFSE T, s,
tore ST 452 1 8], s

1 WEELREESKE

Table 1 Factors and levels of response surface
[X1 % Factors
ity s
Code KL 1 IR L 2

Transition point of

moisture X/ (g-g'l) Intermittent ratio 2 X3

Intermittent ratio 1 X;

-1 3.8 (55/14 s, ton/tosr) 0.5 5.4 (5/22 s, ton/totr)
0 4.4 (5 8/17 s, tonltofr) 1.0 6.0 (5 5/25 s, ton/totr)
1 5.0 (5 5/20 s, ton/totr) 1.5 6.6 (5 5/28 s, ton/totr)

e ton ATHBESATING,  toge A ALEAS 1IN R]
Note: #o, is the runtime of microwave oven, #. is the stand-by time of microwave
oven.

1.4.2 TR %
s AR AL BE (high pressure carbon dioxide,
HPCD) Z IR SR26 i U ARG 24 4K o 200 g BfACE
F20°C. 5MPa {5k CO, W28, 4K 20 min,
JEJE, BB H .

PIZAFE S I Ade-Omowaye 21558 24 %5 1Y
200 g fAL, TEMKPER 90s, BULUT, R 25 C,
LB

TR L Hs 45 & T Ab #E Calkaline ethyl oleate, AEEO+
i) S8 Zhu SUEEE S L. B 200 g fFR, 1F
35°C 1R L BG4I 10 min. VEVERIHIMEE, 7E-18 C
NVRIK 12 he 25 CEVE, 5.

1.4.3 FRREFHNZE
DAL AP 8 A0 A S B I N 2%, AR AN )
ToUAL R T5 2O 1538 2 1) 5 0 PR} 7K 00 i 2
DR, TR (gl (gs) TS AR TR
y=279 2
L—4
K o, 6 MR TEFEANZ], ss 015 0, 70 Hl#&
TN 45 WNZIN R TR KR, g,
1.4.4 FRRAEFEM T

SAEFER IR 200 g SF AT 5K 0.2 g/g MY
FEMIHAE, HALN K.

B BEFE RN 25 R AT LK 4y AR K L REN T, o
NN

N=E/G 3
X N RALRERE, Kl/gs E WERARERE, kI; G TRt
o LBRAK R, g.
1.4.5 FRSRMNZ

WASRE: BRRE (T3 g, BER S o) SRR
95%1 LRG3, EARE 50 mL. B 10 mL &0 )5 &
THWS 10 mL 95 %[¥ LR A, Lh 420 nm ARG R R
Mg

AR KARE (TR 9 g, A 15 g) HARMK
VKB FIREAIHR, EA% 30 mL. S Zhao 25714
I E W) L (FEE), a" (LLEROE) , b IO E)
Ktz AE'H.

YerE R C B B (T3 g, BFRS5 g)
5D 25% M MRk TIREGA K, eRR
50 mL. Z M Liu P55 e 2505 FiEm b 4ede 2 C
T fE A, LU omg/(100g) i, 4EAEE C ArdE A
y=34 137x—101 345, R’=0.998 6.

SR U A KA (T3 g, RS )
BRI 4 80% (1 B A2, B4 % 25 mL.{E 20 C
TR 30 min, ¥4 20y, B RIS . SR Folin-Ciocalteu
Pe vk I s i R B, SR DB TR R RN
mg/g, HPEETBRIEAE ML y=2.134x+0.0401,
R*=0.997 8; K] NaNO,-AI(NO;);-NaOH 33l 5 j5 i J5i 5
SE, GRS T RN me/g, PR T RRMERZE
y=0.004 3x—0.054 7, R’=0.993 8.

PUAALRE T AR A RS, Rk A
% (ferricyanide reducing power, FRAP) 5 [ fi &1 ik
(2,2-diphenyl-1-picrylhydrazyl, DPPH) L4 A ik
fE 4112 FRAP W5 45 S LL4EAE 3 C i /0 Bk me/g,
b4 % C FpuEIZE h 1=0.005 7x+0.032 3, R*=0.995 1;
DPPH il 5 45 5L A Trolox Jii 5 43 #0327k mg/g, H: Trolox
FrifE 24 1=0.006 9x+0.023, R*=0.9963 .

1.5 BURFEIT S

DL FAREGIE AL 3 IR W TH 40 HT K ] Design expert
v8.0.6 A ZESMES TR SPSS v17.0 B, Hrp
P>0.05 I, RIRZEFALE; P<0.05 B, FnEREE;
K Origin v8.5 S AFHET B b BEFN 2 14
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2 HRESR
2.1 MMEEREERS ST

LM 1 O, K (X, g/g) K
BREE 2 (XD T A6 — 22 UK AR
Y1=—694.67+31.5X1+80.38X2+124.63.X5—

AR W0 1T 4% Box-Benhnken 578 1 hty 2 , R , @
£ IR Y R R 4 AT 7 2 A B 4R 02500+ 431747 + 8342, + 71424,
% 2, Y>=152+0.05X1+0.08X2+0.13.X5—
(5)
FiI Design Expert %X 5 EAT 2 SE Il B4, 0.05.X +0.05.X; +0.08.X;
LRSI AW NAE TR (Y, min) , TR Y3=449.34-34.67X1-60.96 X~ 71.17.X 35~
REAE (Yo, kDD KHEA C i sr# (Ys, mg/(100 g)) 53.25X7 —53.05X; —129.09.X7 ©
%2 [EIVAREFESH
Table 2 Variance analysis for the regression model
T4 tf ) THRAERE YirEF C iR
NN Drying time Y, Energy consumption Y Vitamin C content Y3
E?o%jiﬁe Degree[;s| Si%eedom E;%_%I FAi Uﬂ%.‘ﬁ FAi Uﬂ%.‘ﬁ F{A
Regresglon F value Regresslon F value Regresslon F value
coefficient coefficient coefficient
B model 9 105.66%** 41.85%* 14.41%*
X, 1 31.5 35.14%* 0.05 25.96* -34.67 7.70%
X5 1 80.38 228.80%** 0.08 85.43%* -60.96 23.80%**
X; 1 124.63 550.07*** 0.13 201.75%** -71.17 32.44%*
XXz 1 3.45 2.18 0 0 5.06 0.08
Xi1.X3 1 -20.25 7.26* -0.03 4.66 43.06 5.94
X X3 1 4.72 3.26 0.00 0.04 -6.69 0.14
X|2 1 43.17 30.46* -0.05 13.80* -53.25 8.38*
Xzz 1 43.42 30.81* 0.05 15.27* -53.05 8.32*
X’ 1 71.42 83.37%* 0.08 37.83%* -129.09 49.25%*
5% 7 Residual 5
KAUMH Lack of fit 3 10.30 7.54 17.58
4lii% % Pure error 2
AR Cor total 14
YERE R 0.990 0.987 0.963
BRFBCNV. /% 1.931 1.581 1915

FE(Note): * P<0.05, ** P<0.01, *** P<0.001.

HHER 2 J7 22 A nl 0, (RIS (4) , (5) Al (6)
B (P<0.0D) , RULIIARE (P>0.05) , ER
IR T 096, FKMBIRIATEE, BRI/, SEMMEFI T
fE R EARDC, 3 AN Ret A 0 25 ARk . ik 2
WEETES AT, 3 MBS — kI W (P<0.05)
FKIMEKLE 1 (X)) 5 K EH S (X)), [EKEE 2 (XD
XPFEEITE] (YD), TERRERE (o) R4EER C e o4
(Y3 el 2, Hmss TR Xa>X>X . ARIE Y,
Y, BN, [FIRT Vs ek, 3 AN abs IR A [ 4 B 22,
LN RS, s T 2ZHAGRM: X 8 4
(58/15s) , X, M lglg, X386 (5525s) , WY, 4
623 min, Y, A 5148KkJ, Y3k 425 mg/(100g). &K%
Wk, {8 Y, & 62527 min, Y, A 5128 kI, Y3 A
419 mg/(100 g), 5 HRMAE R ZERI/INT 5%, 15t B W )3 [ L
WAL T ZSHT 5, Get N H 2 TAL 3RS o
2.2 FREARIFIRFE M

K 1a A %0, 6T 100 min N, JEALFRAIAITIAL
FRA[R) RT3 2 S AN B35 (P>0.05) o AT 913,
AR 7 WA 1 e A 5 4 S e ey L i B
AR FELAENINERNE N ZE S ZE, ATk

IR . BRI, 3R R G50 K 4 K 6 BELRS A FH AR /DN
BT R AT o T8 100 min Ji5, BEAE LA K5
80D B TR R R3O, BERIEE Ak S IR SR BRI, K9 76
RN TIAN 203K 7 S5 R BT RE ARG IG5, 21 )+
Mg R = R B (P<0.05) . TIACBRAL ) T R ¥ K+
JCACERAL, HA R 2 e, RUIHACEIRR, GE5 ok
AL AR R IR GG, P T A, (H i TR LB
AN, S0k i S 6 () S R AN P 1b KR,
TR ETHE PR, RIaBEE . TR LT
S DR A A A 7K a0 R AR A ) B B I, AR T3
THT g R s B TR N KR AL, fE
i e T i 4T AR 28 R Ky P, R RS K KRR
1.0 g/g W, T TR, JRIERE I 7T Tk A Bk
L3R5 S ARG, KAZERITTE R D; 48N
R TS B o K K2 T 5T DA R A O KT 1k
ELK 99535 s BELES K 23 1) 26 Je 47 i
2.3 LIRS R AT T AR AEFE RY S0

M 2 a5, AES KRS g/g I, 20BN REFEAR
A (P>0.05) o DRI H AR SRR,
REFE EZH Tk 2Kk, Ubnb4dlm 2z 7t AR %
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(P>0.05) o fE TG, SAAIReFEIE B, dn) 2
B . BERE_ LTRSS B SR R A
Bl BT RE A S BE A ROR BRAR B K K9y 7
o 51 =B B RN A ERPY . Tk B 41 REFESI
TRAEE4L, LA ABEO+TARAL AT REFER AR (P<0.05) .
DAL Ok AL 31 6 08 AR UK 21 A SR B R R 5 40, 1 i 0 i 3 55
Pk, JkAMETREE 7, FITF K YHEG RIS AEEO+Tlid Ak
HE ] HE N L1 AR R A R ™ L, X S TR R AR
BT
= JCAREE Control

° 1% Heat treatment
i E LB HPCD

18pg==- . N .
%., Vv RS, A TR AEEO+prefreezing

—~16¢8% N
N w 1.8
O &17
< l4h 3, S16
= [ B 515
S2p vy TE 14
£ 12f T <514
3 1 Vo <HI B
2 1.0 ==, 212
k= Ve o 211
4 e ", ‘5 1.0
5 08 . 5]
g Yo "e. € 702040 60 80 100,
% 06 v.%e, "u . TR EIDrying time/min

" L]
% vvvf.“ ey, .
G 04r 'vv"”ﬁn.-'ll.

L] L
02 . . . h . ,
0 100 200 300 400 500 600 700

T8 (8] Drying time/min

a. PKE
a. Moisture content
—=— JLAb# Control
—v— iR 45 45 Tl AEEO+prefreezing
144 - —e— #i 7 Heat treatment [ 4
—a— 5 R G HPCD Lt

108

721

361

834 % Drying rate/(10° g-(g-s)™)

1 1 1 1 1
0.2 0.4 0.6 0.8 1.0 1.2 1.4 16 18
T 545 7K % Moisture content/(g-g™)

b, TR
b. Drying rate
B 1 TR XA R REfo TRk £ 0 #h
Fig.1 Effect of different pretreatments on moisture content and
drying rate of Chinese jujube

—a— JCALEE Control

—v— IMIRE 45 45 Tk AEEO+prefreezing

150 o —e— #iZHeat treatment
—A— JE AL HPCD 50
T
o)
a0
B8y 35
100 - =583
E“»‘é £ 25
237 20
=
3 15 L ! : *
© 08 1.0 12 14 16

7K # Moisture content/(g-g™)

W
(=}
T

_____________________________

FLAZfEFE Unit energy consumption(kJ-g™)

1 1 1 1
02 0.4 0.6 0.8 1.0 1.2 1.4 1.6 18
K Moisture content/(g-g")

B2 aRFREGRALN A
Fig.2 Drying unit energy consumption of Chinese jujube

2.4 FAALIRTT R LA SR A NG
2.4.1 TR XABEE T A

AREEZW. 2. 2R, 445 C g,
RS iR VER S R AERRIE SRR AR, % 3
A, EEARR MY, RWIRAE T BT . T AL
AR B TR (P<0.05) , R TR, T
PR FE R 2 R AR AR AR . AL HE AR IR TS
ARRA, HAR 2R BE (P<0.05) , KOG TALEEn] LA$R
TR, D LI T R), PR A AR
AELAN [ 90 Ak B0 21 4T e 5 TR AN ), 25 4L TR
BrEF R, RS TR RS DA G, AT
JIN [R)8¢ HPCD Fl ABEO+TURALK:, #7AR JEHIRAR, nf
REFH TR0 T B IR, 1 i TR A R B 454
5 R, It AR
2.4.2 TR EFH X3 EN "

M2 3 %0, THRATEE (LMD IR TEREA, Tkt
PR T 2w T IO FRA] (P<0.05) o IXR W T 1)
ey AR 2 N e A 4T A0 AR G, LTk N ) e K e B
TRALERA [A) 7 5 25 SRR 5L (P>0.05) , RIASEEARL
5 BRI, 5T A O R AR . TR
IBRE (o i) B R TR (P<0.05) , JFH-T84
B 2252 (P<0.05) o IXn[Rg T A, Bk
i FERERENL, R amEE RSP, A
AR S T (M 2 DIAROC . T 208 6% (AE D
By AR A DY, Al B 5 0 Ab B 4R 2= R
(P<0.05) , {HIRALIRA AL AR (P>0.05) , &M
TG R], SRR R AR B N X 4L A B A — R R S
HFREIEA TR,

2.4.3 FAREFXATELEE CRENIHN TR

2 3 ngn, HEEARMALL, TG4 % C R
HO BB 80%. M, HPCD 414E4:% C i s>
g, ABEO+TURZIEAK. Kok HPCD AbHE Al 4
FiBE NGB, PRI A0 IR, SR dE 35 C e ik,
WD AR BY . AEEO+FA A FE A pige: st e A bl 2
TR e ey, SEYEE R C KRR, Rzt
L2 FECT O AR, (H5 BT &% HPCD AbFE41AH
b, 423 C i r BUFECRELES (P>0.05) XK,
CAIYEAESR C i 7 50 R 2 R 3R A B, TR
Do MRFELEE SR C IR FEE, ATLAHEN, ZEANRI A
JiH, ABEOHTIANZN A 2 MR Je ™ o, X5 4580
DI FORERE T TR OAHRN o
2.4.4 TRAEFH X3t B B4 S B2 54098

MRIER 3 Eon, TEIG, 20 A SRR
ORI R W Horh HPCD 41 P9 (1 S i R0 i 9y o 40 4
e (P<0.05) , ROM#GZ . IR LG5V VR AE il ik
FEP SRR LRSS K, B RN AR A B
RPN, i HPCD AbH ] LARRARAN M P pH {8, 2 i
FNBY AT TP, $Z Je AEEO+THA 4RI I Ab 3
L, USRS WA, (HEZ R B
Wy 2R R BER AR (P>0.05) o IXEH, AZHK
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(1) P A AN 248 Lb A B il AR IR IR 2, I Hy R A
T8 BRORT L2821 B A
2.4.5 TR XA B RA

Wk 3 fion, AR TG, HPCD Ayt Lie
A, B, X5 TG &4 B0 SR
HORGEAIEF T, USRI R B R

R PUEAARE )5 S, R A S L o U DIAR G .
RN RPEHEFMNgEAEER C. g4 FR B LORSH
AALHE, S e WA LI SR AT A P L RE
J1o TR 5 28 i LR ) (FRAP 5 DPPH [
HIEERR ) 3R, mTRe T T R Bid sl
RO B AR A IR AR B ST

R3 FEFAIET LI R AR08
Table 3  Effects of different pretreatments on quality of Chinese jujube

P/EE CIIRE o o s o

o s Bith 58 ¥ SR S TR N s
AL ERTT A BT—%EEHE Color parameters ﬁj\é& Ketone Phenolic @;ﬁ? H HHD%}{’T{%jJ

Pretreatment method dw 8 Vitamin C content/ content/ B Bl

egree content/ (mg-g’ o) (mg-g™) (mg-g™)

L* a* b* AE (mg:(100g)") mgg) (mg-g
¥ Fresh samples  0.08+0.01e 37.44+1.52a 1.04+£0.21d 10.54+0.66a 836.23+28.63a  4.13+0.15a 4.66+0.18a 11.05+0.13a  26.76+0.17a
JoALEE Control  0.65+0.02a 30.01+0.62¢  3.38+0.20a 7.65+0.64b 8.33+0.23a 39.424+2.37bc  1.68+0.03d 1.92+0.02¢  3.68+0.14d  2.75+0.04¢
i B 446 % HPCD 0.40+0.01b 32.88+0.15b 2.79£0.07b  9.70+£0.04a 4.97+0.16b 56.17£1.39bc  2.57+0.12b  2.24+£0.08b  7.93+0.10b  13.04+0.11b
#37% Heat treatment  0.32+£0.02d 32.85+0.80b 2.9440.15ab 9.57+0.88a 5.11+0.13b 41.35£2.45bc  1.81%0.05cd 1.85+0.03¢ 5.04+0.13¢  6.14+0.11d
TR LR 4S5 TR

0.36+0.01c 33.18+0.36b 2.16+0.32c 9.56+0.34a 4.53+0.08b 22.86+1.27c 1.92+0.04¢ 1.87+0.03¢c 5.29+0.22¢  6.49+0.09¢

AEEO+prefreezing

VE: [ SIRPREEAT ¢ xS, RD FSIA R T RER R 2 7 57(P<0.05).

Note: The data in the same column were analyzed by #-test and different letters mean the significant difference (P<0.05).

3 & it

220 IS [T DA A HH 93 B 1) BT e il G X T e
Sy TREREE 1R 4 (58/15 ) K HER S N 1 g/g.
WBAELE R 6 (5 /25 s) , BRI TR IR R R A
625.27 min, REFEIRAR N 5 128 kI, #EiER C IR EZ A
419 mg/(100 g), £ UF, BIRITOMI R ZE/E<5%, 45k
WA,

KHMZ . R A (HPCD) [l iR 4 1
(AEEOQ) A RITIALH 7 KBRS B AE T T2, LA
[ Ak B 7 O 20 TR TR A L R RERE DA R T 52
W WFSE AL, AEEO+TIA AL EE 5 FF Sl T 155 2 e e
(P<0.05) . AEFERIT (P<0.05) , (HHTAZRY (44
= CHmMIE, M kAN, TG LS T %
HPCD AbF g feE LR N YEA 28 C 2R R 2R A5 14y
DRI AT HA AL BEAL, %20 W8 JE R B R 2 9T L
PrEAL R (P<0.05) , SRR (P<0.05) . #ZAb
B 5 24T R S BEFERL Ry (P<0.05) , HTRar
o s ZE (P<0.05) 5 (HAAZ AL HE O] DLl 118 5 40 A4
AREIE . &7 b, R AEEO+TIZ AL B G 21 A5 R
THRAEREMR, /2 AEEO+TRALBERE S i . 25
Z BT R AL PR R, HPCD Al 4 k) —Fh i S 4L
AR AL BRI A .

(& % x ¥
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Effects of pretreatment on characteristics and qualities of Chinese jujube
drying by segmented intermittent microwave coupled with hot air

Luo Dongsheng'??, Zhu Yuli**?, Wang Mei*, Hu Xiaosong“ 3, Wu Jihong*%**
(1. College of Food Science & Nutritional Engineering, China Agricultural University, Beijing 100083, China;
2. National Engineering & Technology Research Centre for Fruits & Vegetable Processing, Beijing 100083, China;

3. Key Laboratory of Fruits and Vegetables Processing, Ministry of Agriculture, Beijing 100083, China;
4. Hami Vocational and Technical College, Hami 100875, China)

Abstract: This research was aimed to explore the optimal drying process of Chinese jujube by segmented intermittent
microwave coupled with hot air drying (IM&AD) and to study the influence of different drying pretreatment technologies on
drying rate, unit energy consumption and quality of jujube. The drying pretreatment technologies included dipping in alkaline
emulsion ethyl oleate solution followed by slow freezing at -18 ‘C (AEEO + freeing), high pressure carbon dioxide (HPCD),
and hot water blanching (HWB). Firstly, to obtain the best drying process, intermittent ratio in the first drying stage (IR1),
transition point in moisture content between the 2 stages of drying (TPMC), and intermittent ratio in the second drying stage
(IR2) were set as the independent variables, and the drying time, unit energy consumption and vitamin C content after drying
were set as the dependent variables. According to central composite design of the response surface technology, the obtained
optimal process parameters were IR1 of 4 (the ratio of runtime to stand-by time of microwave oven was 5 s : 15 s), TPMC of 1,
and IR2 of 6 (5 s : 25 s). On this condition, the drying time was the shortest (625.27 min), the unit energy consumption was the
minimum (5 128 kJ) and the vitamin C content after drying was the maximum (419 mg/(100 g)). Then, to know the effect of
drying pretreatment technologies on quality, Chinese jujube samples were dried respectively by 3 pretreatment technologies
combined with the best drying process. The results implied that the special epidermis structure of Chinese jujube may be
damaged during drying pretreatments, and especially the method of AEEO + freeing led to the moisture in Chinese jujube
much more easily diffused and evaporated. So the drying rate was obviously improved and the energy consumption was
reduced. Correspondingly, with regard to drying rate, the AEEO + freeing groups were the maximum, followed by the HPCD
groups and the HWB groups, and the control groups were the minimum. The unit energy consumption was different: The
AEEO + freeing groups were the minimum and the HWB groups were the maximum. There were rich amino acids, saccharides,
vitamin C and polyphenols in Chinese jujube. So the browning occurred easily during pretreatment and drying process
including enzymatic browning and non-enzymatic browning. The results showed that the HWB groups could inhibit enzyme
activity and reduce the enzymatic browning degree, while the AEEO + freeing and HPCD groups would enhance enzymatic
browning degree by breaking the cell membrane. So the browning degree of HWB groups was the minimum (P<0.05). In
addition, a closely positive correlation was observed between the browning and drying time. The brightness of Chinese jujube
changed obviously after drying process compared with the control group, but there were no significant differences between the
3 pretreatment groups (P>0.05). The red was the characteristic color of Chinese jujube, and it became darker with drying time
continuing due to oxidation reaction. The HPCD pretreatment resulted in the highest vitamin C content, total flavonoids and
phenolics retention, and oxidation resistance value. It was mainly due to the acidic condition provided by carbon dioxide in
HPCD, which could make vitamin C, flavonoids and phenolics more stable than others. Meanwhile, these components had a
potent antioxidant activity, so the HPCD groups had a stronger antioxidant ability. The results show that the IM&AD
combined with the HPCD is advanced technology to dry Chinese jujube, and the data in this study can promote this technology
to be applied widely.

Keywords: drying, optimization; quality control; Chinese jujube; pretreatment; segmented intermittent microwave coupled
with hot air drying
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