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Effects of Different Pretreatment Methods on Quality Characteristics and Antioxidant Activity of Jujube
Drying by Combined Hot-air—-microwave Drying
LIU Qi-ling', WANG Qing-wei', CUI Sheng—wen*
(1. Zhengzhou University of Industry Technology, Xinzheng 451100, Henan, China; 2. Luohe Vocational
College of Food, Luohe 462300, Henan, China )

Abstract: In order to improve the quality of dried jujube, four different pretreatment technologies (ultrasonic,
hot water, alkaline ethyl oleate emulsion and freezing) were applied to the pretreatment of jujube drying. The
hot —air —microwave combined drying technology was used to dry the jujube to explore different treatment
methods. The contents of phenols, soluble sugars, organic acids, triterpene acids, vitamin C, total phenols and
total flavones in jujube were compared, and their antioxidant capacity was compared. The results showed that
eight phenolic compounds, four soluble sugars, four organic acids and four triterpenoids were identified in four
different pretreatment groups. Catechin and chlorogenic acid were the main phenolic substances, sucrose was
the main soluble sugar, citric acid, succinic acid and fumaric acid were the main organic acids, betulinic acid
and ursolic acid were the main triterpenoid.Compared with other treatment groups, the jujube dried with hot—
air—microwave drying after pretreatment with ultrasound had higher contents of major phenols, soluble sugars,
organic acids and triterpenoids. Vitamin C, total phenols and total flavonoids were higher and resistant to the
strong oxidative activity indicated that ultrasonic treatment was an excellent pre—drying method for jujube.
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159 Fang Shuzeng 55"z FH I HXUAY2H A T8 =X
B A R S WY o 2 G T 7= T v e 2
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FFE M LR 2 A S TR I s e,
AR T S O (LKA [ Ak B N FH B 4T
AR TR A5 1 v R LT aok AR A OC it BT 1Y)
TR D o AT GENEE P IR B T R 2T
FLW . Y2 UR 4 R IsUab 275 =0 F 20 o - PR 5 1
PRrh, WO R FAh By 2T R 20 A A i 2K ) o
FIPENE AHLRR = ihR AR C B RS
T NPT RRE T, DA R i £ 1A A T it o 4 A
WA

1 MP5FE
11 ARSI

LUV 2 (R i 35 75 /K3 224.32% ) R A LT
BRI PR 3857 WA RS R T F AR SR 5 Bt
B PSR, S s TR KAE A (IR
(0+1) °C,HHXHEE 90%].

IS IR IR LR RIRER B TR MR R
e C YRR AR AR AR LR R
RE T HR INHERR BTERER (SRR A SR L
T BRI A PR PR ) 5 FIHERR TR L AERER 5T
BIOR TR AR SRR AR SRR | B IR

R IR TT (levetiracetam , c AMP ) bR i 13 (28 25 )
HABR/A A ; DPPH XK Trolox &M : Sigma 2%
Alo DAL R o prati

1.2 U 5E%

SB-500DTY Y 5 i fAMH VEHL : T 2 LE W)
FHEE 0 A RN 7] s HH=S6 X1 7S FL 7Y B oK ¥ 58 -
L RMEAT B 5] DHG-9070A 75U i, AV 5 6 X145
R VR 2 L A A BN R NJO7-3 AU 1545
R AN I B4 A PR 7] 5 ALC-210.3 B HL T3 #r
K2 TR RN F] 5 UV-mini1240 B 28 5h-1]
WA EREH \LC-2010AHT B (A H A Ky
N
1.3 Jiik
1.3.1  TAbH A

AT VKA HH BB 2T, P 34950 SR S ki I 482
+ AR FAL FRZH VEHR 2 000 g A4 , R ik B 45
2 2% B SCRCE DI O 1k BB AR R 40 kHz B S 5[]
40 min M) 350 W; BUK AL HL 25142 % Ade Omowaye
AU % - B KR 90 s 5 BB M TR £ BR LI AL B4
527 Zhu Baomeng "I JT 1 : 2% IR £ TR 5
5% R FRET AR A AL FE 10 min, ¥ ZEACFRA 2%
B IR THAE A )k B 2 AU E T - 18 CCUKAR P
Z12 h, JE R R E IR (25 °C) , &AL HE S b B S
FEATVREI IR T, AR IR S 11l 45 T A #1451
5 A SCHRAE 1 A AL B A% A
132 FHR&M

S IR AR TF S0y ik B TR A
PN 60 W, PR 45 °C, 55— BRI B A 4(5 s/
15 s) KA EEHR S 1 ofg A5 T BEMIEK I 6(5 s/
25 s)o B AR EIKSF L MR=0.3 224511,

1.3.3 M2 Esille

ST Ry TR R ) R RS A 22 SR (15]
WA B, DI TR S5 B 3R bR i o 4 &
PRI B 2 A RS TN .

PR B I E - I = O €35 (high
performance liquid chromatography, HPLC ) Il % 21 %
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FE Symmetry C18 354 (4.6 mmx250 mm, 3 pwm), izl
MR A R, B:pH 2.5 B H FR/KEW, A : B=90 : 10,
WL M 0.8 mL/min, 15% ;30 °C, K% K 285 nm,
FEE 10 wlo
1.3.4 AR e

D) AT PERE B B AL AL 8 o IS SJ3E, N
A 50 mL ZE /KGR 75 4 B AL 30 min, S5 FHAGIER B0
HLTF 9 000 r/min FE5.L> 10 min BT, 988 842 12
3 A IT BV, 0.45 pm FOZK R IR S 1570

2) AT S R A . I RO £ 1k
(HPLC )W 5 £1 A ] i A i 35 17,
1.3.5 AHLRE I

WEFIFRBCE IR 2.5 ¢, T 5 H B T =
AR 100 mL ZE487K, #7554 H 30 min,
i 6 000 v/min FIGIER B COALES O 15 min, PCAE B0
JE W IEWL IRBCERER 3 K, e At LIE R
EZEE T, BaZERKERZE 15mL, i 045 pm J§
HEE, R FH e B0 R A Ty 2 A WL 15 ko

3 HE : Symmetry C18 35 (4.6 mmx250 mm,
3 wm); FEIA A HEE, B pH 2.6 #EIR — SEA
W, A :B=97 : 3, Vi N 0.5 mL/min, JiJF :30 °C, PEFE
#:20 pLo
1.3.6 =il & il

1) =il R A E I MERR PRI 1 g RN WS f5
JIA 30 mL 85% 1) £ BE7s W, i 7 il B $2 HL 45 min
J& LA 5 000 r/min B 0> 20 min, B3 0, 32 B 2D B
HE 3 W, GIF LIEWREESZEEE T, 5 ik
FERAE 25 mL, 1T 045 pm JEME

2) S =l R R E - 27 SCRR[ I8 AT ek Bl

PR PR 5 s R T OO €835 (HPLC) 22 5243
Br, €35 : Symmetry C18 354 (4.6 mm x250 mmx
5 wm); TR A HEE, B:pH 3.0 FUBEER /KWL A -
B=90 : 10, i 4 0.6 mL/min, #&J¥ :25 °C, Kl 3 K .
210 nm, #HEE:5 L,
1.3.7 4 C e

HAE GB 5009.86-2016 (£ i 4= E ZAnfE &b
AT IR 43000 2 )2, 6~ G i o 10 o A 1 R
C &,

1.3.8 P fbae i

B s g AR LA AFEE 5 20 mL 80% H B R
7 B R E 30 min, 5 000 t/min B0 20 min Y4 FiE
W, w3 W, A1 LIS WROIT H 80% e 25
£ 100 mL, JH THUAALRE T AE -

27 AL A AL RR 1 I R B SR R
(DPPH ) J %k 25 i Ji 35 (ferric —reducing/antioxidant
powe, FRAP) , HLU&J7 1427 SCilik[19], DPPH [ i L7
[ BE 7 %2 1 FH Trolox VE MARUEXT IR 5, 255 L1 mmol
TE/LDW 27K, FRAP ik Ji fig g iyl s i 4 A= = C
VE R FRUERT IR 5, 455 2L mgAAE/100 gDW 7R .

1.4 HdEsr

B EE 3 YK, A Minitab 16.2.3 #4847
GEITAbBR, RIS R o M 64T 25 55 b B R O i
BAEALL x2s Fom,p<0.05 Fnze R %,

2 ZRE5HH
2.1 ANRIARFREA: T B2 5 5

AT T A B 2% T 05 A 5 11 T 2 ) 5
F 1R,

x1 ARMLEEFHTTFRERNBEY RS ELE

Table 1 Comparison of phenolics in dried jujube fruit under different preteatment conditions

mg/100 gDW

Lb PR RS FILER TEIR P25 SRR X SR e T
firf A 45.5+1.2* 12.9+1.1° 9.8+1.4° 18.8+2.1° 44.5+2.3* 8.220.6" 6.7+0.2* 10.9+0.8°
KAbH 28.8+0.7° 5.840.9¢ 6.8+1.3" 11.5+1.2¢ 27.3+1.4 5.8+0.7" 4.8+0.2° 5.6£1.1°
AR 37.220.4" 10.520.5" 7.5£1.7 14.8+0.8" 38.2+0.9" 6.3+0.4" 5.5+0.3" 7.5+0.3°
PR Ab B 21.10.5 8.5+0.2¢ 7.4£0.9" 8.6+0.8" 35.2+1.4° 5.5+0.7" 5.6+0.7" 8.5+0.5"
Tl T TR 2 PR A 38 18.1+0.2° 9.7+0.4" 3.4£0.3° 7.3+1.8" 22.6+0.4° 4.10.5¢ 5.8+0.7 6.8+0.3"
R AT 30.320.7¢ 10.2+0.8" 8.11.1" 12,412 26.120.5 5.60.9" 4.5+0.4° 7.540.2¢

TE : [FFRBRA NG FBE R A 34 25 57 (p<0.05 ).

LA I I R R A I X
B E R AE D BE B A 2 ™, 3R 1 T A8
MR R, LR R SRR S A, O R Ay
KYFi. Toil e Gad Fah B JE R Ab BRET A8 S
M I o AR T AL DA Ak
B THRILER . SR &SRS OLRRTES

37.2 mg/100 gDW, ZxJ5E2 % &4 38.2 mg/100 gDW ),
i PR Ay P A PR B W TR P A T s K Gy
B oy NN B K i T RN, By 2R B
AR T V) A, R B AR AR ) 2T A P i PR
TR A B 45 79 ol 32 S P S ) o e A AR (L
ZXE RN 18.1 mg/100 gDW, LRIFIR & HEH 22.6 me/
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100 gDW ), X 1] B2 R Tl P 7R £ 1 PR A 2 A
R B TR A R B fie ol P, B IS R UK 4
S A e T P2 AL R, RIS AT AR S F 5 1 o 7 b 3
5 I TR £ TR Ak BT A J4 i HL T B i R o
AN [ A S DAL SR R R £ S PR A v A AL A7) A
PHAC SR Bz i S5 SR S M BER P L, DA R 2 )
VAR IR AR g T T I P A PSR P T R £ T Ak B
Py 24 0y o B 3 5 ) it DR T Dy SR B W R 2 A
BEEIRAR XA, LBy 2 ) v i e R /0, P R g
AR T RACR IS TR R], P 2R R
A . AAUREVRACBIS T AR & i i (8.1 mg/
100 gDW ), FA7K Ab B 5 AR (4 7 T 35 1 i 51 (8.5 mg/
100 gDW ), iX i] g2t TA4eRAb B R fe it 1T e
RYIR AL
2.2 N[A)FAL B LT AT PR A i B R

A TR FAd B AR AR R AR B T MR
2R,

K2 FEMLEFHTFRERNUTAIEESELER
Table 2 Comparison of soluble sugar in dried jujube fruit under

different preteatment conditions
mg/100 gDW

Qb ZH Fom TR HiERE  IiAEE
fif AL 258.5+24.2" 1432.9+55.1° 152.8+12.4° 38.9+2.8"
RAbPE 132.3+9.7  724.6+41.9°  98.8+7.3' 16.6x2.1e
PRI 216.3+£24.4° 1 1255+42.2" 128.5+9.7" 28.5£3.2
POKAFE  118.1£8.27 1108.7£35.4" 77.4+83°  20.3+2.2°
TRPEIMR . 156.1+11.5¢  945.5+47.1¢  113.4+8.9% 18.5+1.5%
firAb 34
BURALE  1753£10.7° 1 008.9+25.8° 103.1+7.1°  32.5+1.6"

T : RSB R AR NG FRERA R E2E 57 (p<0.05)

FH e 2 WA, REWE ROBE A L T B
AT IPEE , H o A e e A b R A S A E T
432.9 mg/100 gDW, ALAT AT Zb BT M2 0 21 4 ] 5 Pk
AR AT i RSB A A e S o S S S L
SRR, SERIAE SN AR T S g ™ 3 A
TR AT AR G Y 75 A 3 ROK A B S TR
21 AT Bt i GRS AR EE A 1125.5 mg/100 gDW
POKAEFE S 1 108 mg/100 gDW ), B 1k 1 11k 2 g 4b 33
Ji TR 2T A B TR i IR (945.5 mg/100 gDW ), I
M IRAE IR LT TS B R W LI 5 6,
X AT AR B ROV R AL PR VK AR IR 1 2T R AR 4 4
TR B T LAY EEE A R
2.3 A[E|FAL T A LR o A

ANE AL PR T TR AR A A MR & B a3k 3
PR

R3 FEPAEBEFHTTFREERNEINBRISLR
Table 3 Comparison of ascorbic acid content in dried jujube fruit

under different preteatment conditions

mg/100 gDW
LbBEZH iR R SRR WER
i 4 53.5+22°  5.9+0.2° 34.8+1.4° 31.9+2.8
ARALFR 323+1.7"  3.6£03° 18.820.3° 16.620.5°
Ry Gt 46.3+2.4"  55+02° 30.5+1.7" 23.5+0.2"
Pk b 38.1+2.2°  5.7+04" 224+1.3" 20308
BRPEIMAR CERAL P 34.122.5°  4.5£0.2°  30.4+1.1" 18.5+0.5°
BRI 36.3+2.7°  4.9+0.3" 25.1x1.1° 19.5+0.6"

TE : [RIFRFR AR NG FRERA 322 53 (p<0.05 ).

A HLIR 2 A o ) E KU SR 5, ] AR
ML R G 3), BCE B, IR ER TR A WL AE i T
T RE R AR AL O e R T2 AT T A R R
XL T HA w3 3 TR |
BEFR W DN B E AR, X5 Gao S5
(IR SE 25 AN TR] , 3222 I PR OA o 22 S e o, Hovp
it AT R AGER S i e e (53.5 mg/100 gDW) , SRR
(5.9 mg/100 gDW ) . £1 AHE A 2 FAb B 5 18
HEERA PR &2 W E R B A2 5 R A 3
YUAH L A AL & i A R S (MR & R T
433%, BEIFR & B4R T 62.2%, & SRS RS T
41.6%) , BB 75 AL B 5 TR 202 5 o p A 32 T p et
AR LA LR & B , LD R G HOK AL B A R A B
BRPE VIR £ B A 3 s T LA R & i AR AL AN i
AL 2 PR A BT 1 LB EA R O A e A B
11 (22.4 mg/100 gDW ).,

2.4 R[ETAL PR =5 RR & B S

ZIATH 4 B =GR AE TN T R B i AR Ak a2k
4 IR

F4 FRAFRABEEHTFRERNSHERIBLE
Table4 Comparison of triterpenic acids content in dried jujube

fruit under different preteatment conditions

mg/100 gDW

szt FIMEIRRR  REARLR  RHEICRR IR
i 58.543.2° 459+22° 24.8+1.4' 8.9+0.8'
R4 67.3+3.7"  55.6+3.3" 28.8+2.3" 12.6+0.5
RS A2 76.3+2.4"  69.742.2* 38.5+1.7" 18.5+0.9°
Pokab 50.1+1.2°  47.642.4° 264+1.3°  9.3:0.8"
BRI C FRALHE  65.1+3.5"  59.5+2.2"  26.4+1.1° 11.5+0.5°
B URAbFE 67.945.7° 57.9+1.3" 29.1x1.3" 19.6+0.8"

V< B RS AR RING FREALA 3522 5 (p<0.05).
Fi 4 AT, 2020 rh ) AR IR | BR AR R STICR

TR S By, ML A R =K IR , AF S A HE
NEWR & B M 58.5 mg/100gDW , I AMA KGN HY T %5
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DB LA R (8.9 mg/100 gDW ) , 21 48 o b F - i
J& SRR B R R, BEE RO R S B R
JE T 5 T W R 2 A ) i R AR I AR T
B 2T AL 7 T S R A P AT R i R
RS (MR & T 13.4%, BER R4 = T

WAL, 254 =05 R JC A AR W VR F R K
B RGN O BR S5 R RIS HL MR R 5
RERIR o AR LA B3 TRl b S T
PRILAE IR B i (RS AR FRZH R 18.5 mg/100gDW
B URALBRZH K 19.6 mg/100gDW ) {3 2% N i 35

25.4% , FFEURTRIRE T 33.7%, IWMEBR 7 T 46.8%) (p>0.05).
HBA A AR =R S E R Em T HEAR 25 Vo Bl SRR S AP e e

LA, SR IR T BE S A AL PR 3 T S B A &
A TR TR ) A 2, 1 G R, £ UK BAL B
Ja TR A =R S AR, EEER TR B4
AL, T PR AT RE S et BE R 1A DG Tl 0 45 A (G
i, H =Y R 5 i i T HOK, B AR &

ARSI T R P 4EAE R C RO B R
T B R AR, deA R C Ol RO U, 8
o R BE T 48 B i B K , R KSR it o,
NGRS E S o A W I E AR = e T W P E A= LS
TN 5 s .

£S5 FRETFREGTATHEFESRASNLEYE

Table 5 Nutrient composition and antioxidant activity of jujube at different drying conditions

e Y% Cf S SAFET/ DPPH [ 3635 BRfE 1/ FRAP/
(mg/100 gDW ) (mg/100 gDW ) (mg/100 gDW ) (mmol TE/L, DW) (mg AAE/100 gDW)

fitf AL 855.5+11.2" 1556.7+21.3 658.6+10.8" 0.95+0.03* 985.6+20.3"
Hehb 242.1+8.7° 889.8+11.2¢ 457.4£11.9" 0.54+0.02° 614.2+17.5°
R AL R 449.2+19.4" 1282.6+19.8" 586.3+10.7" 0.86+0.02" 779.8+18.5"
POK b3 58.4+4.5¢ 1212.5+20.4¢ 526.5+12.2° 0.25+0.02¢ 388.4+12.2¢
B PETMER  Bg Ak 2 358.346.1° 817.5+26.4° 439.5+18.2° 0.59+0.01° 638.4+22.2°
Y2 URAL 2 367.7+15.7° 830.8+20.3° 451.5+19.5" 0.61+0.02° 602.5+18.6°

T [FFRBR/ NG TR R 2R 22 53 1% (p<0.05 ).

He 5 n i, AR A B S T A C
i PR, TS R A R C R RO R
(1) 28.3%, LI WIS TR C & &
T (449.2 mg/100 gDW ), 55 7 b P HE 20 A L 45
T 85.5%, I DK AT RE Ry 48t AL B T AR AR R
L i T 5 RS R R iR 2R C AR AT
TREE s ZHOKA LS TR AR A R C S ek
(58.4 mg/100 gDW ), 5 K A2 2 C XWHEER N
UK, = AL PRRE A IR A A R C Sl LR i 1
ZEIHTR O BRSA HRAL BE S TR e AR 3R C AR fh
AN L8 BN A PR B 2T 8 Y K C Al
TR HT AL T =

LA E SRR, KB Y S AR PR
AR — D EENE, SRS T
S B i B S BRI R 7 PRI T 42.8% , R
il & B T 30.5% ) , AR LB A 5 R | B BT
B iR B A A v RV 7 1A 1 2826 mg/100gDW,
ST ARl 5863 mg/100 gDW ), X115 i B
Py 2 o 1 A8 AR Dl — 30, TE S UK b B 5 A )
(A LI R B T et K T P A B 2T, R
KT B AR AR PR i IR T 2 S A B )05

{6 280 ST E A B 5 B S R £ iR AL P 504 v Ah P
HATA TS B E T R . PR R b P
AR T HABAN F T A B T B 2K B A DR B 32 2 i K]
SR RE P AL FE G e T R S A S R
A o TR e, Y R B R R B R

AR FALH S T AR B s A 9 DPPH
HHFEIE R H B 5ERE Ty, SR B S DPPH H i 2
THERAE 77(0.95 mmol TE/L DW ), 28 75 4b BR s A 5 11
DPPH [ H1 535 B2 BE 77 (0.86 mmol TE/L DW )4k T-fif
B pE R THEAA X5 0l 44K C it
A —3, SHOKIEIE A DPPH H M AR5 BRAE
73(0.25 mmol TE/L DW )i fik, 322 Ji A S FAoK &b 340
LR R C 5 R BT B MR TR
SRR B AR 5 DPPH [ i 3Ei5 BRAE 11281k
AN

AR IR )R RE ) 5 HDPPH B i AEEBRE
TS, B R iR A A S TR S
77(985.6 mg AAE/100 g W) , AU 28 18 J5 Bk 125 140
AE ) B B RAG, PUKALFRA T4 5 AR AR TiE R
fit 11 (388.4 mg AAE/100 g DW ), iX L5 i 254 it
AR C R BEARRA G B A AR & T 5
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HAK A U BE 7 5 (779.8 mgAAE/100 gDW ), &% R Ab
HRZ T 30.0%, 33X 3 WY P AL F TR S AR [
Hpab sy A BRI BT RE T

3 g

PSR AL B GEE 75 HROK Bt TR 2l 2 7R
I FH B LT A PR e S TR, X T e AR
M2 BT | PTVE M A LR iR (AR R G
1y S BE A B e AL RE J AT o0 BT LA AT 4 4 RO ]
AEFRLRLTAYEE 8 R (4 Rl EvE 4 Fih
BLRR 4 Fh =58, Horb LR R VBRI IR Oy 202K
Yy, A R AT AR AR BRIIR L R
J FERAHLIR , FIMERTR (BRI N T 20 =5 TR

7 TAL B LD AR e AR - TR A TR S S
H e AL B AR b, H 32 B S T T P
A HUER WL & R s A 3 C OB R
s (YA R C & 449.2 mg/100 gDW, B &5
1282.6 mg/100 gDW, Gl BT & 4 586.3 mg/100 gDW ),
HEABEAPUEMEYE (DPPH B R EERRGET N
8.6 mmol TE/100 gDW , k2 T8 S5 HE J1°h 779.8(mg AAE/
100 gDW ) , ik SR R 7 2 — AL B A 21414 i Ak 3
T, AT AT Ry SR A: PR R AR

Sk
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Study on the Factors Affecting the Color Stability of Red Heart Pitaya Wine
DUAN Qiu-xia'?, LI Ding—jin', DUAN Zhen—hua'*", CHEN Yan"?, TANG Mei-ling"*
(1. Institute of Food Science and Engineering, Hezhou University, Hezhou 542899, Guangxi, China;

2. School of Food, Dalian Polytechnic University, Dalian 116034, Liaoning, China)
Abstract: In order to explore the factors that affect the color stability of red heart pitaya, and then determine its
optimum storage conditions, using the self —brewed red heart pitaya wine as test object, the effect of
temperature, light, pH value and nitrogen on the color stability and taste of fruit wine were researched. The
results showed that the higher the ambient temperature, the faster the color of red heart pitaya color fades, and
the worse the taste of fruit wine. Light could accelerate the decomposition of beet red pigment in pitaya wine.
With the extension of light time, the wine tasted becomes weak and the wine was incongruous. Different pH
values had a significant effect on the color and tasted of red heart pitaya wine. Under the premise of not affecting
the taste, the beet red pigment in red heart pitaya wine was stable at pH 4.Filling with nitrogen could slow the
degradation of pigments, while contact with air could accelerate the degradation of pigment. During the storage

of red heart pitaya wine, it should be kept refrigerated and protected from light, sealed and stored at a suitable
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