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Abstract

This study was conducted to investigate the changes in chemical components and antioxidant activities of
dried jujube (Zizyphus jujuba Miller) with different aging temperatures (60°C, 70°C, and 80°C) and durations
(5 days, 10 days, 15 days, 30 days, and 50 days). The browning index increased from 0.124 to 1.998 with increased
aging temperature and duration. As aging duration increased, fructose, glucose, and sucrose content decreased
from 24.96% to 4.96%, from 22.23% to 4.41%, and from 18.41% to 0%, respectively. Reducing sugar content
decreased from 351.52 mg/g to 155.96 mg/g as aging temperature and duration increased. Total acidity slightly
increased from 1.61 to 3.13%. 5-Hydroxymethyl-2-furaldehyde increased from 0.002 mg/g to 38.84 mg/g,
respectively. As aging temperature and duration increased, total polyphenol content increased from 15.98 mg/g
to 38.61 mg/g. DPPH and ABTS radical scavenging activities increased from 4.03 mg trolox eq/g to 22.22 mg
trolox eq/g, and from 2.11 mg ascorbic acid eq/g to 13.39 mg ascorbic acid eq/g, respectively. Reducing power
increased rapidly in the first stage and then slowly increased afterward.
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Table 1. Reducing sugar, free sugar content and total acidity of jujube extracts with different aging temperatures and periods

Aging Aging periods Reducing sugar Free sugar (%) Total acidity
temp. (°C) (days) (mg/g) Fructose Glucose Sucrose (%)
Control 351.52+1.96"" 24.96+2.00" 22234359 18.41+0.58" 2.05""
5 479.2042.17" 33.8040.31* 29.65+1.20™ 6.49+0.52" 161>
10 412.36+1.25™ 28.040.04 2347091 ND” 1.97°"
60 15 372.67+1.83° 26.38+4.60™ 20.59+1.31" ND 179
30 363.45+1.57 18.06+0.67 18.1946.34™ ND 2.14%%
50 332.29+1.09% 11.5540.29™ 7.19+0.58C" ND 2.23%
5 451.17+821"" 30.73+2.76™ 29.49+0.78™ ND 197"
10 390.43+2.11™ 24.38+0.35" 22.24+1.33™ ND 2.057
70 15 358.2243.77°" 21.59+0.30"" 15.36+0.07" ND 1.97¢
30 286.34+6.82"" 17.73+1.58 12.4140.47™ ND 2.32%
50 259.36+4.74" 8.64+0.19™ 5.37+0.16E" ND 2.77%
5 403.66+3.18" 32.92+£0.77* 25.03+1.32" ND 2.41°%
10 336.47+0.60™ 20.4240.26™ 19.64+3.39™ ND 232
80 15 263.19+1.38 15.93+0.11¢" 15.13+0.66"" ND 268"
30 219.84+2.76™ 10.37+0.02"" 12.60+2.60" ND 286"
50 155.96+0.80" 4.9640.72% 4.41+0.17" ND 3.13%

UDifferent capital letters in the same items indicate a significant difference (p<0.05) among different aging periods. Different small
letters in the same items indicate a significant difference (p<0.05) among different aging temperatures.
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Fig. 1. Browning index of jujube extracts with different aging
temperatures and periods at concentration of 10 mg/mlL.
UDifferent capital letters in the same items indicate a significant
difference (p<0.05) among different aging periods. Different small
letters in the same items indicate a significant difference (p<0.05)
among different aging temperatures.

A LEHEE HusE 9, 60°CAAME L=} 0.37491]
A %4 509 -} L4547H ) %4 713k Z7}§—rﬂ CECR

70°Cell 1— =73 162274 A] Skttt 1 o]
= Hehl e, 80°ColM= =

= o, 1 o] Fo= & Wt
ATk Lee 5(31)el 9]3}‘?1 EAlY &&=} ARte] F
7vel, Alge] Bl EAA 2R

B
N
o
il
b
2
olN
R
lm
iR ru

kel dUEE 3 Ay
o] QojuAY ©5alE Sl ARo] 2w EE 39 ol
Weh25) 44 L& B 7IRte] F7tl weh guEs) $7)

3 Aoz waHEh
4 25 3 71k wE tiFe] 5'-HMF &2 32
<1 0002 mg/g@ ¥lwate] 7h2&/d e FoA froFH e
2 Z7F9HFig. 2). 54 227} F71skel wel 5'-HMF
ke oA 5U Rt A 1.792 mg/gol A 18.563 mg/g7}HA
Z7VeR AL, &4 156Y 2Fol A= 11.81 mg/gol A 32.89 mg/g

45

060C mM70C D80T Aa Aa

Ba

40 1

35 1
c Ab|

a
30 1 Bb| Bb|

25 1

Ac

20 1 Da Bc
15 cd

10 1 D

5-HMF concentration (mg/g)

5 1 Dc

Fd"
0 A ||

control 5 10 15 30 50

Aging periods (Days)

Fig. 2. 5'-HMF contents of jujube extracts with different aging
temperatures and periods. UDifferent capital letters in the same
items indicate a significant difference (p<0.05) among different
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Fig. 4. DPPH radical scavenging activity of jujube extracts
with different aging temperatures and periods. UDifferent
capital letters in the same items indicate a significant difference
(p<0.05) among different aging periods. Different small letters in
the same items indicate a significant difference (p<0.05) among
different aging temperatures.
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Fig. 5. ABTS radical scavenging activity (AEAC) of jujube
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difference (p<0.05) among different aging periods. Different small
letters in the same items indicate a significant difference (p<0.05)
among different aging temperatures.

0.5
0J60 C m70 Cc @80 C
— 0.4
o
N Aa Aa Ba
< ABb Ca Bb oo Da
= 0.3 b Cb
g Ac Be Ac Bc
o Ch|
Q.
2 02
S Dd"
©
&
0.1
0 - L
control 5 10 15 30 50

Aging periods (Days)
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a significant difference (p<0.05) among different aging temper—
atures.

e gt

o
g

AU
oot
5o

24

tesAdes B 7z g2 3o ddE s 5
I &4 54 AlB A SAE7F S71Ee w
ghol 0.267911 4 035074 S 7kt gdg o] F7sla,
gz} A B AE 0257904 0333 283 =4 5093} A8
A= 0254914 030322 SAF A 4= S7Hl o
2} S o] fojHor Frlste AEdS HATHFig. 6).
A 7|7k WE HEZ e ] o AAFHOo 7 (1449
&

BE s Hole FA T HludE v 52 Y S
YeFd At} Pasko 5(37)3 Dlamini 5(38)% & &k
o] BEFE E2 itst o] YEdt Bty ed
2 A9EY & ZEHs §Fo] 22 ATl =2 Fd
2& etk 7HEAE 34 Al AAEE dF 2HEF
o] A B S ST 8Qlo] Ho(39) 2 &
ZoA ksl Edo MR Q13 Yy o FUbE

ST} 7|t e tFo] JERs B ksl
HEE 243 Ax} 2HEE T2 T vls) 7F25A A
grolA dAH oz Zrtstdon, &7 309 9 509 A}
M= o Zashe FATFS Rtk 83U, fructosest
glucoseF#F2 7S A TN = P

I~

v, H4eE 9
7130l Z7hgel wet folH o astarh 5-HMEF @
Fe SHLE D 7I7e] FAF mek S7kstel 4 502
A BCAA AGE G & FelslE G 54
25} 71310] Z7Hgel wheh $75k91 0P, DPPH 2hel
&A% B ABTS 302 &A% E 7hesgAe T4 ¥
srov, g e S4ewst S7heel Wb 759X
B 5AQ50 de WEs A yERd. 54 eE
712ke] F7htel e} A HA3Ee S Qe
8 B4E St gon, tEe PRRBYE B &
HAHAEAE TCAAN 15~302 BT, o]
shof AuFel G5 BHL FYAA Az 477
HE2AZ 0§75, olo] wet thFe] FEE A

2 RIS £ ¢ e o= addEn

i yo o
Rloox ot rlr rx W

off

ZHA LS

s

1. Abbas MF, Al-Niami, Al-Ani RF. 1998. Some physiological
characteristics of fruits of jujube different stage of maturity.
J Hort Sci 63: 337-339.

2. Song J, Lee KS, Kang HA, Chang KS. 1998. Storage stabil—
ity of fresh jujube frutis (Zizyphus Jujuba Miller). Korean
J Food Sci Technol 30: 272-177.

3. Lee HB. 1987. Studies on the change of chemical compo—
nents of dried jujube Zizyphus Jujube Miller during storage.
PhD Dissertation. Chungnam National University, Daejeon,
Korea.

4. Yook CS. 1972. Screening test on the components of the
genus Zizyphus in Korea. Korean J Pharmacog 3. 27-29.

5. Yagi A, Koda A, Inagaki N, Haraguchi Y, Noda K, Okamura
N, Nishioka I. 1981. Studies on the constituents of Zizyphi
fructus. 1V. Isolation of an anti-allergic component, ethyl
a-D-fructofuranoside from EtOH extract of Zizyphi fructus.
Yakugaku Zasshi 101: 700-707.

6. Okamura N, Yagi A, Nishioka I. 1981. Studies on the con—
stituents of Zizyphi fructus. V. Structures of glycosides of
benzyl alcohol, vomifoliol and naringenin. Chem Pharm
Bull 29: 3507-3514.

7. Bal JS, Jawanoda JS, Singh SN. 1979. Development physi-



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

tesAdEs 7130 e

ology of ber (Zizyphus mauritina) var. urman. IV. Change
in amino acids and sugar (sucrose, glucose and fructose)
at different stages of fruit ripening. /ndian Fd Pckr 33:
3335-3337.

. Zryaev R, Irgasheve T, Israilov IA, Abdullaev ND, Yunusov

MS, Yunusov S. 1977. Alkaloids of Ziziphus jujuba struc—
ture of yuziphine and yuzirine. Khim Prir Soedin 2: 239-
243.

. Okamura N, Nohara T, Yagi A, Nishioka [. 1981. Studies

of dammarane-type saponin of Zizyph fructus. Chem
Pharm Bull Japan 29: 675-683.

Korobkina ZV. 1968. Ascorbic aicd and carotene content
during storage of fresh and processed fruits. 7r Uses
Semin Biol Aktiv (Leck) Veshchestvam Plodov Yagod 3.
384-388.

Yagi A, Okamura N, Haraguchi Y, Noda K, Nishioka I.
1978. Studies on the constituents of Zizyphi futus. 1.
Structure of three new pcoumaroylates of alphitolic acid.
Chem Pharm Bull 26: 1798-1802.

Bae KH, Lee SM, Lee ES, Lee JS, Kang JS. 1996. Isolation
and quantitative analysis of betulinic acid and alphitolic acid
from Zizyphi fructus. Yakhak Hoeji 40: 558-562.

Cyong JC, Takahashi M. 1982. Identification of guanosine
3":5'-mono phosphate in the fruit of Zizyphus jujuba.
Phytochem 21: 1871-1874.

Tomoda M, Takahashi M, Nakatsuka S. 1973. Water—solu—
ble carbohydrates of Zizyphi fructus. 1I. Isolation of two
polysaccharide sand structure of an arabinan. Chem Pharm
Bull 21: 707-711.

Lee YG, Sho SY. 1995. Effect of jujube methanol extract
on benzo(a)-pyrene induced hepatotoxicity. J Korean Soc
Food Nutr 24: 127-132.

Rhee YK, Kim DH, Han M]. 1998. Inhibitory effect of
Zizyphi fructus on B-glucuronidase and tryptophanase of
human intestinal bacteria. Korean J Food Sci Technol 30:
199-205.

Choi Y, Lee SM, Chun ], Lee HB, Lee ]. Influence of heat
treatment on the antioxidant activities and polyphenolic
compounds of Shiitake (Lentinus edodes) mushroom. Food
Chem 99: 381-387.

Cho KJ, Cha JY, Yim JH, Kim JH. 2011. Effects of aging
temperature and time on the conversion of garlic (Allium
sativum L.) components. J Korean Soc Food Sci Nutr 40:
84-88.

Knudsen IM. 1986. High-performance liquid-chromato—
graphic determination of oligosaccharides in leguminous
seeds. J Scir Food Agric 37 560-566.

Choi EJ, Jung JJ, Lee JW, Kang ST. 2010. Effect of UV
sterilization on quality of centrifuged Takju during storage.
J Korean Soc Food Sci Nutr 39: 461-466.

Lee JH, Koh JA, Hwang EY, Hong SP. 2002. Quantitative
determination of 5-hydroxymethyl-2-furaldehyde in the
Rehmanniae radix Preparata samples at various processing
stages. Korean J Her 17: 145-149.

Leong LP, Shui G. 2002. An investigation of antioxidant
capacity of fruits in Singapore markets. Food Chem 76: 69—
75.

Hwang IG, Woo KS, Kim TM, Kim D], Yang MH, Jeong
HS. 2006. Change of physicochemical characteristics of
Korean pear (Pyrus pyriolia Nakai) juice with heat treat—
ment condition. Korean J Food Sci Technol 38: 342-347.

24.

25.

26.

21.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

AET grtstgy wst 597
Mau JL, Lin HC, Song SF. 2002. Antioxidant properties of

several specialty mushrooms. Food Res Int 35: 519-526.
Shim DW. 2011. Studies on the process method and quality
of black jujube. MS Thesis. Daegu Haany University,
Daegu, Korea.

Aida TM, Tajima K, Watanave M, Saito Y, Kuroda K,
Nonaka T, Hattori H, Smith Jr RL, Arai K. 2007. Reactions
of D-fructose in water at temperature up to 400°C and pres-
sures up to 100 MPa. J Supercrit Fluid 42: 110-119.
Lee SH, Hwang IG, Lee YR, Jeong EM, Jeong HS, Lee HB.
2009. Physicochemical characteristics and antioxidant ac—
tivity of heated radish (Raphanus sativus L.) extracts. J
Korean Soc Food Sci Nutr 38: 490-495.

Park CK, Jeon BS, Kim SC, Chang JK, Lee JT, Yang JW,
Shim KH. 2003. Changes of chemical compositions in chico—
ry roots by different roasting processes. Korean | Med
Crop Sci 11: 179-185.

Seog HM. 1987. The effects of the roasting temperature
on the formation of volatile compounds in the malted naked
barley. PhD Dissertation. Chung—Ang University, Seoul,
Korea.

Woo KS, Hwang IG, Kim HY, Jang KI, Lee JS, Kang TS,
Jeong HS. 2011. Thermal degradation characteristics and
antioxidant activity of fructose solutions with heating tem-—
perature and time. J Med Food 14: 167-172.

Lee JW, Lee SK, Do JH, Shim KH. 1998. Characteristics
of the water soluble browning reaction of Korean red gin—
seng as affected by heating treatment. J Ginseng Res 22:
193-199.

Woo KS, Lee SH, Noh JW, Hwang IG. 2009. Optimization
of extraction conditions for dried jujube by response surface
methodology. J Korean Soc Food Sci Nutr 38: 244-251.
Dewanto V, Wu X, Adom KK, Liu RH. 2002. Thermal proc—
essing enhances the nutritional value of tomatoes by in—
creasing total antioxidant activity. J Agric Food Chem 50:
3010-3014.

Turkmen N, Sari F, Velioglu YS. 2005. The effects of cook—
ing methods total phenolic and antioxidant activity of se—
lected green vegetables. Food Chem 93: 713-718.
Hwang CR, Oh SH, Kim HY, Lee SH, Hwang IG, Shin YS,
Lee JS, Jeong HS. 2011. Chemical composition and anti—
oxidant activity of Deoduk (Codonopsis lanceolata) and
Doragi (Platycodon grandiflorum) according to temper—
ature. J Korean Soc Food Sci Nutr 40: 798-803.

Yang SJ], Woo KS, Yoo JS, Kang TS, Noh YH, Lee ]S,
Jeong HS. 2006. Change of Korean ginseng components
with high temperature and pressure treatment. Korean J
Food Sci Technol 38: 521-525.

Pasko P, Barton H, Zagrodzki P, Gorinstein S, Folta M,
Zachwieja Z. 2009. Anthocyanins, total polyphenols and an—
tioxidant activity in amaranth and quinoa seeds and sprouts
during their growth. Food Chem 115: 994-998.

Dlamini NR, Taylor JRN, Rooney LW. 2007. The effect of
sorghum type and processing on the antioxidant properties
of African sorghum-based foods. Food Chem 105: 1412-
1419.

Namba T, Yoshizaki M, Tomimori T, Kobashi K, Matsui
K, Hase J. 1974. Fundamental studies on evaluation of the
crude drugs. 1. chemical and biochemical evaluation of gin—
seng and realted crude drugs. Yakugaku Azsshi 94: 252—
258.

(2012 29 149 A< 20129 4€Y 249 A9)



