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Effect of Different Heating Temperatures and Treatment Methods on
the Active Compounds and Antioxidant Activities of
Ziziphus Jujuba cv. Huizao

GUAN Dong, CHEN Dan, CUI Mengdi, HUANG Aiyun, KANG Shufang, LI Mei’, XU Huaide’

(College of Food Science and Engineering, Northwest A&F University, Yangling 712100, China)

Abstract: Five heat treatment methods including hot-air drying at 60 °C, pasteurization at 80 °C, four kinds of baking
(110~140 C), steaming at 100 °C and boiling at 100 °C were used to treat Ziziphus jujuba cv. Huizao. The effect of
different heating temperatures and heat treatment methods on total phenol content, total flavonoid content, total procyanidin
content, phenolic compounds content, triterpenic acids content and antioxidant capacities of jujube were analyzed. The
results showed that the active compound contents and antioxidant activities of jujube decreased after hot-air drying at 60 °C,
pasteurization at 80 °C, steaming at 100 °C and boiling at 100 °C. And the active compound contents in baked jujube at
110~140 °C showed an upward trend with the increasing of temperature. After baking at 140 °C, the contents of total
phenol, total flavonoid, total procyanidin and total triterpenic acids reached 341.3, 473.8, 659.3 and 560.4 mg UAE/100 g m,.
Baking treatment enhanced the antioxidant activities of jujube. After baking at 130 °C, the DPPH- scavenging capacity of
jujube reached 62.97 mmol TE/100 g m,, and the ABTS"- scavenging capacity reached 47.96 mmol TE/100 g m,. After
baking at 130 and 140 °C, the contents of active compound in jujube were higher than other groups and the antioxidant

activities were stronger than other groups, so baking would be a suitable heat treatment methods for Ziziphus jujuba cv.
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Fig.1 Effects of different heating temperatures and treatment

methods on total phenol content of Ziziphus jujuba cv. Huizao
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Fig.2 Effects of different heating temperatures and treatment
methods on total flavonoid content of Ziziphus jujuba cv. Huizao
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S, SRR & IS, o~ 0.64 F11 0.52 mg/kg m.
XTRBA A TR S N 6.42 mg/kg my, XTS5



543 % 5 20 4] KR, G ARy 2O A PR AT R AT PR <117 -

F 1 ANEANEARE AR By 3O A R 5 B R

Table 1

Effects of different heating temperatures and treatment methods on content of phenolic compounds of

Ziziphus jujuba cv.Huizao

PR (mg/kg my)
Py =
(GE s XA R i BETm Wi & BT LR FRILER

payiit 4.0240.045¢ 1.82+0.060°  0.80+0.005° 6.42+0.191° 0.63+0.002° 32.20+£0.851¢  14.15+4.023% 6.11£0.418%
60 °C Tk 5.83+0.009° 1.57£0.100°  0.90+0.026° 5.77£0.121° 0.72+0.017*¢  43.95+3.823° 14.94+0.372¢ 4.25+0.755%
80 CAbH 2.18+0.076b* 1.49+£0.152°  0.88+0.004° 6.51+£0.209° 0.63+0.016° 27.45+3.096° 13.55+0.137% 2.17£0.634°
110 CHEKE 2.53+0.070"  0.80+0.125°  0.70+0.025° 6.44+0.181° 0.5240.012°  26.25+1.358° 9.61£0.217° 6.35+0.323%
120 CHLKE 1.38+0.072" 1.22+0.013°  0.87+0.041° 9.68+0.332° 0.62+0.018°  21.67+2.468"  10.93+0.130"™ 9.66+0.713¢
130 “CHLKE 1.21+0.118" 0.74+0.097°  0.87£0.042°  15.89+3.346°  0.68+0.005¢  14.07£0.293*  21.27+0.060° 7.33£0.215%
140 CHtkE 0.99+0.102° 0.87+0.063*  0.90£0.007°  19.46+0.623°  0.78+0.014° 11.50+£1.043*  25.62+3.764" 3.36£0.023"

ZE 3.81+0.060% 0.75+0.073*  0.64+0.011° 3.98+0.699" 0.69£0.008™  20.44+0.757" 9.23+1.363° 5.27£1.120%

il 2.09+0.036™ ND 0.52+0.014 0.65+0.106" 0.54+0.061° 12.38+0.107* 5.23+0.326" 2.58+0.200°

TE: R Al =SB AR FEAR RNG FREFOR 22 5 .35 (P<0.05), “ND” FR A i %20

TR 5.77 mg/kg my, USRS &SN 6.51 mg/kg myo
25 110~140 C BB S, I E TR S E 47708 6.44,
9.68. 15.89 1 19.46 mg/kg my, Y& Tl & 5L E0kE
e YH T i e ) AR A A

Xof R 2 Mt EZ 227 o 0.63 mg/kg my, FAUXUT45:
JEHE B W E T (P<0.05) & 0.72 mg/kg my, R T
AE SRR I T S Bz A i 24 A 2k A5
PRI, £8 110~140 °C & )a, Wi 2 5T,
TR 0.52, 0.62, 0.68 11 0.78 mg/kg my. 7%
il S, AR S 0.69 FT 0.54 mg/kg my.
Xf REZH 2T & i A 32.20 mg/kg my, L IGSR TR L Mk
1 | ZETIRE IS O B RN (P<0.05), 28 110~
140 °C #lE )5, 2T &80 26.25. 21.67., 14.07
FI111.50 mg/kg m, 5230 FEMERE IR RE T Ry 22
oA, T S e RS S WS PR (P<0.05), S A
SR TR S B Y SR AR . T RRZHLAS RS
oM 14.15 mg/kg my, ST R [CR WG & i
T 22 R (P>0.05) . £ 110~140 C L5, JL
FETESN 9.61,10.93,21.27 Fl125.62 mg/kg my,
JUZS 3R ik 22 Bt A i B T o i T e 9 AR bk
B, PEZZER. ZHE, JILASR SR> 34.8%
1 63.0%. XfHEZHKRILASER &4l 6.11 mg/kg my.
PRBEAEL AT L LGS . ZR A, 3=
JLBES RSN 4.25.2.17.5.27 F112.58 mg/kg my.
25 110~140 C HIE S5, RILFIRZ =5 500 6.35.
9.66. 7.33 Fll 3.36 mg/kg m,, bl & BEFE 1R E T, 2
JUASTR & e B eI R BRI Bt a3

AN R B A A 3 Ty S iy 2 A5 4 A
FERCIN o FRXUT IR KA BT B0 . SR . ke 22 AN
P eI, XEER BRETFRMEBRILSESE
FEAIR, LS & C i 578k (P>0.05) . IREFIRAN
FILFER IS EAC S ETARERY A[F]. Gao &
WFFEHE H, TR SRR TS B BRI A= T & B
%, Zeak ARG 21 AP 2% & 5L Ty, 3X S5 ASHE
TN BB I 25 5 AN ] o L CCAS BT iy A )

BRIR . X R . T IR LS R S R, SRR
TrEThE, WE TR R LAR S EITCNEAR
f(P>0.05) . IRASLHNE 5, BIBRAR . Xob 75 o
T &R RAR, SER . I TR MR LESE M
FILZE A RIS, S BT A R T SRR TG
TR ST ERARCT . RS SR ST B R RN H 22
B R E AL (P>0.05) Zh, HAh A RSB A%
. TR AR o B IRAR, A5 P H e v
T PR o B R, TR R PR AG H . Ihib s
W) L LS T RAFAE, 5 AN RE S AR % , Pk B
AR THSEEIHSAA PR
2.5 AREMPBEEFLGIES X RER =GRS 2/
=20

ZHFIRSE R B BUEAL . PR S L T
RO S e Rd 20 i A= K 25207, e T 4 TR, X

HEA KA =G R & A 450.9 mg UAE/100 g mo
IRALLZE 60 °C PR TS B =R & Bk Bl m, 1k

F 611.3 mg UAE/100 g my, £8P [CAS T . MEEE FnzE
T R AL S = 1 1 e [R5 T 1 (P<0.05), 3X
TE— 0 Tt BE Y8 [ P9 5 R b AW ) SR 485 14 =i 12
TERGFIIVE R T RAE MBS A OGP, £ 110~140 °C 4k
S5 S, AL R = TR e 56T BEAH Le A S 3 T
6.3%. 14.6%. 24.3% Fl1 18.6%, £ 130 C HLiZ 4k ¥
JRAL G —EER 5 &L~ 560.4 mg UAE/100 g my. 28
140 °C HLKE 5 = iR & BRI, I ) G2 o = iy
TR RE e PR DG il () 5 AR A LI P, i
Yy A R AR P IS T UK R AR TR, DRl K
AL IR S e I T (P<0.05) %o R ZH A H B
AbFRZH o 27 TR, BT LGSR | B RN ZE
Tl b PRI HEMS AL UELE G = R A i 25 FILEL —mE R &
A TR, BUE KA R 130 °C AP A R o
R o
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Fig.4 Effects of different heating temperatures and treatment
methods on total triterpenic acid content of
Ziziphus jujuba cv. Huizao

P AR IR, HIH DL HEIEIR & i AN
JInFAEL R A AL FR Dy A = i P AR B i
2 . XTRR4H HMERR IR & B 251.65 mg/kg
my, REIRFL TN 48.39 mg/kg my, STHEURML & &
3.11 mg/kg myo SXTHEZHAALL, m%éiﬁsﬂﬂﬂ;k =
B . ML FNZEhl e, —Fh =i sk & SETE 3
FHE (P<0.05), H 4 60 °C FRTHR)S El*p“ﬂﬁ@&ﬂl
RESRAR Er iR B R, 430N 534.39 F1 83.59 mg/kg
my, & A S R B & Y I 2 BRI (P<0.05) .
ptdes RS r = i TR B P R B R R B
BN FRAR A28 A a3y, 130 °C fhis I 34 P HEE iR
TN 465.66 mg/kg my, RERELZ S EA 79.41 mg/kg
my, FEECREE SN 5.19 mg/kg my. AS[EIINEE)E
AL FH T 2 4% =S R PR & B A 52 S R = TR
M) 2 R AR R AR A A

# 2 AR EAGELEE AL BTy 3O A =GR SR S BRI
Table 2 Effects of different heating temperatures and treatment
methods on triterpenic acids contents of Ziziphus jujuba

cv.Huizao

HUbE A Fz&ﬁﬂﬁﬁ%‘ﬁ RESRLR & & FEEURR & i
mg/kg my) (mg/kg m) (mg/kg my)
payilit 251.65+6.15" 48.39+1.66" 3.11£0.07¢
60 CT 4 534.39+3.42" 83.59+0.24¢ 4.16+0.11¢
80 CAbH 464.10+3.92f 71.21£0.56° 4.02+0.12¢
110 CHLKE 350.60+6.38° 64.18+1.77° 4.11£0.28¢
120 CHLKE 445.86+3.88¢ 74.00+£1.57% 4.54+0.05¢
130 CHLE 465.66+1.89% 79.41+2.12f 5.19+0.09°
140 CHLE 449.83+7.06% 76.58+4.52¢ 4.09+0.15¢
7 443.93+3.80¢ 62.02+3.23¢ 2.42+0.09
e 136.25+1.76" 37.95+3.37° 1.70+0.05°
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& 5A A%, X IEZE DPPH-IEERTETE N 53.40
mmol TE/100 g my. 130 °C LI A4S /K34 DPPH-
T8 B 0 PE B, ik F) 62.97 mmol TE/100 g my, 48
130 °C #higab PRIR AW DPPH - V5 B I5 e fe o, A

HiETERY

JEIKALE 130 °C WLk /5 2s . BEANIFAET 2= &5
e PR ELECREA L ZEHIFIE K DPPH-
W R IE M B 3 R (P<0.05), 2l K4 DPPH 1% %2
1P A (25.76 mmol TE/100 g my), = E 5 A K
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Fig.5 Effects of different heating temperatures and treatment
methods on antioxidant activities of Ziziphus jujuba cv. Huizao

& 5B AT F, X AR 4l ABTS™ ¥ B U6 1 N
39.28 mmol TE/100 g my. RAZHIELNIEG ABTS
T BRIE RS SE, 28 130 °C BB IKHE ABTS 1
%7 P i, 15 %1 47.96 mmol TE/100 g my, iX [AlFE
H5HARNWZE, ST E S EA R XL
T LIRS . ZE RN K ABTS - VE R T
W T RE(P<0.05), KA ABTS - IR G PR AR
(26.60 mmol TE/100 g my), iX 55 3 JSFi i i 2 ) Joi
FREE i PR A O

H & 5C nJ %, XFREZE Fe* IS JFLAE /14 0.93 mmol
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TE/100g my. MAZLHRTHEFN 110 °C HLE/S Fe'*
R JERE T 5 %) BEAHE L JE W 2 AR (P>0.05), £& 120~
140 °C BUEALHRS Fe* A JRHE s, Hidh4: 140 °C
HLEs b B S KA Fe? iR IR HE J1 ik, 5% 2.25 mmol
TE/100 g my. LIRS RE KA Fe''if 5t iE 11 B AR,
{2~ 0.44 mmol TE/100g my. Fe* i 5 HE J7 il 2 4%
S5 DPPH-FIl ABTS - IEBRIE M 8 G5 1A A], A
AT HEEAN R CAEATG PRI a2 2 S AR ]
TR A BT i BT A AT P[RR 5 S hpl
A B PR TR PR R Bl P o, SERIfER
R PIAIIRNBE, Z PR FAVR R G- A 7224 S Fil
WA RE N, F=it— S Zad di G5 R ROV IE I Z
2 RS o, P I R B L S M B
CEONENEEE O Oy NN Pa Ps s M= R SRR iy IO
{FHAENSE G IES R, L8 LrR, #URTE . B
FCASTA . MHE | 28T RN i - b 37 SR I T
EALIE I BA B (P<0.05), B ab By fEfig it
FHRAIPTEALTENE . 28 130 °C HLRE LB KA B
AR MPUEALNETE . 5% REAE L, 2 K A Y
DPPH- il ABTS"- 7% % 7% 4 ok 28 R 1K (P<0.05) , {0
Fe>' b JFRE /1 2T (P<0.05) . KASZE 4.
QAR . ZEHI AN HI K DPPH- 1 ABTS - 7&K
P i FRAIR (P<0.05) , I e 25 5 55 iy . BN 155 dk
AR Tk AHTE]
2.8 REFFMRS S EMMENIEEZ BIHEXME DT
F 2 3 A, KRR AET 3R & i 5 DPPH-FII
ABTS" 15 % 7% M = (0] ¥ B W 2540 25 M (DPPH-
R?>=0.725, P<0.05; ABTS" R?>=0.760, P<0.05), iX 5
Min 504 (it g 48 RAH R, AL T 20— Fh e 2
RERPUEAT . W BAADUELRIETE, A Hreds

SRR By . BOEER & S DPPH- ERTE M
Ma] B o AR e P AT R?=0.924, P<0.01; & EE il
R*=0.670, P<0.05), B\l & = [FIET S ABTS ™ IE BTG
T =2 ra] EL A % e 25 A et (R?=0.894, P<0.01), iX 5
BIAMIFSED 7 458 —34 . 5 DPPH- G RIE LR
A 0 25 R M I A5 SRR I L TR TR B TR (R°=0.849,
P<0.01) F1JLEE 2 (R?>=0.721, P<0.05); 5 ABTS" ¥4
IS 1 P AT FE S 5 AH S PR 1 A SRR I L FR I B T IR
(R*=0.855, P<0.01) f1 JLAS #E (R*=0.712, P<0.05)
RS T R B B A IE M, BRARSCHE ST A
SRATH, SFEURIR &85 DPPH-F1 ABTS -G IRIE
¥IHEA A (DPPH- R>=0.712, P<0.05; ABTS"
R*=0.762, P<0.05).
3 ZEip

IRAEA 20y . B0 AT 3 = E R A
JRGT, PRI LIRS B . 28 B0 M . B
JFEAETE 2R O S FEATOR =G R & B s, B e soRae
ZWy . IR JRAETT M G A I, R AL
K, HUBy . BN BT B ALE EER S 5
Y, £ 140 °C HEEE RS A% 341.3 mg GAE/
100 g my. L 53k 2] 473.8 mg RE/100 g mg,
130 °C HUEESEEE RS AT 652.1 mg CE/100gmy,
S =R S ik F) 560.4 mg UAE/100 g my. 1E4%
AT H FEAGI HH BRSO —Fh = TERR, [ZR
iz, T TR JLASE L RILE R I EE R
By, FAMENGIR S T2 =518 . P HI SR T R T
EALTEME, 28 130 C B 5 K& DPPH-I5 ki 1
S 62.97 mmol TE/100 g my, ABTS"-7# B& 76 £ M
47.96 mmol TE/100 g my. AHSCH: S HT 45 SRR BT K
ALy BB SRR R & a5 DPPH - VE BRI

3 RAEER R R AR AT 8] B R R O 2R

Table 3 Pearson's correlation coefficients among active compounds content and antioxidant activities of Ziziphus jujuba cv. Huizao

S R SRR R S R BUAR X GRR GEIR MR T WE TR LAE RILAFE MR AR FTECRIR DPPH ABTS FRAP

g 1

MR 07937 1
BIFAEH R 0.772° 0.599 1
SRR 0384 07017 0.387 1

PIEARR  —0.483 —0.162 —0.608  0.145 1

MEGMR -0366 0.143  —0.633 0.132  0.522 1

ZREFR 0.605 0.8657 0459  0.885 —0.052 0.390 1
MR 0.548 0758 0.590 0.609 0.102 —0.054 0612 1

MT -0325 0072 —0.575 0.436 0.844 0.745" 0321 0.018
HETMR 08987 0.806™ 0.935" 0512 —0.552 —0.411 0.680" 0.626
JLEZE 07627 08717 0.843™ 0.613 —0.280 —0.157 0.751" 0.775
FILEE 0482 0060  0.150 0.124 —0.150 —0.187 0.209 —0.119
FIHERRRR  0.049 0254 0356 0.676"  0.027 —0.235 0444 0.555
0.337 0479  0.561 0.8147 —0.113 —0.253 0.690" 0.563
FECRR 0598 0.618  0.576 0.808" —0.270 —0.158 0.838" 0.308
DPPH  0.924” 0.670"  0.725 0.384 —0.408 —0.324 0593 0.367
ABTS  0.894™ 0.623  0.760" 0.418 —0.422 —0.434 0579 0.344
FRAP —0.073 -0.392  0.168  —0.625 —0.228 —0.670 —0.669" 0.071

1
-0.383 1

-0.158 0.925" 1
0.012 0223 -0.011 1
0.073 0275 0310 -0.114 1

0.088 0.566 0.562 0.091 0896 1
0.137 0.704" 0.633  0.467
-0.204 0.849" 0.721"  0.623
-0.216 0.855" 0.712° 0.629 0015 0393 0.762° 0.988" |
—0.699" —0.096 —0.187 —0.173

0.426 0.748° 1
-0.069 0306 0.712° 1

—0.023 —-0.268 -0.634 —0.237-0.231 1

TE: 7 FRORHME B (P<0.05); T FORASCHEA B3 (P<0.01).
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PR i AH G (P<0.05), B & i 5 ABTS™
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BA WA (P<0.05) o
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