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Quality Characteristics and Antioxidant Activity of
Immature Citrus unshiu Vinegar
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!Biotechnology Regional Innovation Center, “Dept. of Biology, and
‘Dept. of Food Bioengineering, Jeju National University, Jeju 690-756, Korea

ABSTRACT To develop vinegar with immature Citrus unshiu (IC), bacterial strains with high acetic acid-producing
capabilities were isolated and identified, after which their quality characteristics, total phenolic and total flavonoid
contents, and antioxidant activities were measured. Five bacterial strains were isolated from naturally fermented C.
unshiu, and three were identified as Acetobacter fabarum (A. sp. RIC I) and 4. pomorum (A4. sp. RIC II, V). 4.
sp. RIC V showed the highest acetic acid-producing capability and was thus chosen as the candidate strain for further
acetic fermentation using IC juice. Vinegars made with 30, 35, and 40% IC juices showed acidities of 5.38, 5.38,
and 5.32% and fermentation efficiencies of 73, 72, and 70%, respectively. The fermentation periods required to reach
greater than 5% acidity were 11, 9, and 9 days for vinegars containing 30, 35, and 40% IC juices, respectively.
Fructose and glucose contents of the vinegars increased along with total organic acid contents including acetic acid,
with increasing IC juice contents. Total phenolics were 1,546.6 and 230.9 pg GAE/mL, whereas total flavonoids were
1,004.7 and 175.1 pg QE/mL in vinegars made with IC and mature C. unshiu (MC) juices, respectively. DPPH free
radical scavenging activities were 29% and 5%, ABTS radical scavenging activities were 62.0% and 17.9%, SOA
scavenging activities were 60.9% and 41.7%, and XO scavenging activities were 32.5% and 5% in vinegars made
with IC and MC juices, respectively. Therefore, vinegars made with 35% and 40% IC juices using 4. sp. RIC V
as the acetic acid fermentation strain showed potent antioxidant activities with greater total phenolic and flavonoid

contents, promoting their use as functional vinegars.
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Table 1. Chemical composition of immature and mature Citrus
unshiu juice

. . Immature Mature citrus

Chemical composition . .. ..
citrus juice juice

Moisture (%) 90.05+0.21 89.57+0.19
Crude protein (%) 3.50+0.29 0.67+0.13
Crude lipid (%) 0.18+0.06 0.05+£0.02
Crude ash (%) 0.85+0.13 0.36+0.23
Total acidity (%) 1.87+£0.06 0.91+0.10
Sugar (°Brix) 7.80+0.05 11.40+0.10
pH 3.70+0.02 3.74+0.02

L& g vEdEe] 7.8°Brix® gk
5o 11.4° aniv} wotth pHE oF 3.72 &2 Aol7}
A TE Ko 5(25)2 94 (A= vy 129(3& 9%
el Ehek 507t AbwrE 747 1.649F 0.70%, S%
7} Z¥7} 7.249F 11.50°Brixel 9o pH7F 72+7F 2.529
3.292}aL kGl 1—194 Agolls 2 AT Aol fA13
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N @_?ED} ok 0.21~0.23% & seks
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(A) Acetobacter cerevisiae LMG 1625T(AJ419843)
Acetobacter malorum LMG 1746T(AJ419844)
Acetobacter farinalis G360 1T(AB602333)
Acetobacter orleanensis LMG 1583T(AJ419845)
i is NRIC 0313T(AB032356)
Acetobacter orientalis 21F 2T(AB052706)

is 4H 1T(AB052710)
Acetobacter senegalensis CWBI-B418T(AY883036)
Acetobacter tropicalis NRIC 0312T(AB032354)

Acetobacter oeni B13T(AY829472)

Acetobacter aceti NCIMB 8621T(X74066)

RG1T(AY669513)
is LMG 1626T(AJ419838)

Acetobacter pasteurianus LMG 1262T(X71863)

Acetobacter pomorum LHT2458T(AJ001632)
peroxydans IFO 13755T(AB032352)
Acetobacter syzygii 9H 2T(AB052712)
Acetobacter ghanensis 430AT(EF030713)
Acetobacter lovaniensis LMG 1617T(AJ419837)

75! Acetobacter fabarum 985T(AM905849)

NBRC 12467T(AB178431)
100 IFO 12388T(X75617)
84 Gluconacetobacter sacchari SRI 1794T(AF127407)
49 TF2T(Y14694)
AC04T(AB303366)
95 T NBRC 103193T(AB304087)

Asaia astilbes T-6133T(AB485740)

Asaia krungthepensis AA0OBT(AB102953)
Asaia bogorensis 71T(AB025928)

Asaia lannensis BCC 15733T(AB286050)
Asaiaprunellae T-153T(AB485741)

Asaia spathodeae GB23 2T(AB511277)
60 Asaia platycodi T-683T(AB485739)
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3, 23 [I-oh(Fig. 1(A)&= 99.42%7 A X8t
Acetobacter pomorum(A. sp. RIC II, GenBank ac-
cession no. KC535068)2. 2 FA TN oW, ¥4 V-oh
(Fig. 1(A)E 99.56%7F LAt Acetobacter pomo-—
rumlA. sp. RIC V, GenBank accession no. KC535065)2.
2 FAEHALE. E24 [l-ohe} #2]7 [V-oh(Fig. 1(B)+
717} 99.66%2F 99.86%% FAIE=S X Lactobacillus
pentosus(L. sp. RIC III, IV, GenBank accession no.
KC535067, KC535066)% 574 % .
L. sp. RIC 1lI¢} Ve & ﬁﬁOl 7] Wl A E o
Ak FHA A9, A. sp. RIC 1, 11, Vi= ZAMT o]
e S 7FE *43‘0}71 Qs A A w et
AR AEE st glth AFEE 724 vk 3 A sp.
RIC V¢} A. sp. RIC 117} 22 2.00%9}F 1.10%°1 2L A.
sp. RIC [ 0.12%= 2Ftth. Al M) b A3 3 79 o)
WloFS Sholt A, sp. RIC 18] 94 wjepel e 2bx wisprt
fASith kA Al sp. RIC V7F 24F A4 5ol 7H -8t
of g W%IEe 2AE #EE HF Ao

_ZLIU N

Lactobacillus senmaizukei L13T(AB297927)
Lactobacillus hammesii TMW 1.1236T(AJ632219)
Lactobacillus brevis ATCC 14687T(EF 120367)
100 L Lactobacillus brevis ATCC 367(CP000416)
Lactobacillus parabrevis LMG 11984T(AM158249)
’( Lactobacillus koreensis DCY 50T(FJ904277)
%8 L TMW1.1424T(FN185731)
Lactobacillus spicheri LTH 5753T(AJ534844)
L LMG 23584T(AM259119)
88 Lactobacillus zymae LMG 22198T(AJ632157)
99 L Lactobacillus acidifarinae LMG 22200T(AJ632158)
L illus rapi YIT 11204T(AB366389)
L illus leiae S1L19T(JQ086550)

L illus kimchicus DCY51T(EU678893)
100 Lactobacillus odoratitofui(AB365975)
Lactobacillus similis JCM 2765T(AJ282889)
Lactobacillus paracollinoides DSM 15502T(AJ786665)
Lactobacillus collinoides JCM1123T(AB005893)
1007 L LMG 9215T(AJ621556)
L Lactobacillus suebicus KCTC 3549T(BACO01000094)
i CRL 776 T(AM709786)
i ATCC BAA-344T(CP003137)
100 ,7 Lactobacillus tucceti R 19cT(AJ576006)

L is KCTC 3814T(BACR01000055)

L i { 3.1.1T(HM443954)

m L i DSM21115T|(
1
L‘ Lactobacillus paraplantarum DSM 10667 T(AJ306297)
69
OH3

78| Lactobacillus pentosus JCM 1558T(D79211)

(B)

DKO0 22T(AJ640078)
ATCC 14917T(ACGZ01000098)

23— L subsp.

631 L subsp.

A
0.005

Fig. 1. Neighbor-joining phylogenetic trees based on 16S rRNA region gene sequences of isolated bacteria. (A) I-oh, II-oh, V-oh;

(B) IIl-oh, IV-oh.
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g g5l Ut 5o 772 FaA A7 (Fig.
3, 2teE E TE11Y) F S "7E30, 35,
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UE &8 I 2192 Wiy
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g g8S s, ol g S50E A9 Abwv)
0.91%<%1 ¥k 7+ v 3F AA Y AdEE 1.87%2 =o}
(Fig. 1) ZAMA 759 249 2t A58 59 AL
2 FAHAL Lee 5(26) 23} dgate] i 59
F z27] A% 1% AldTel 0.5%¢ ATt Ee

Acidity (%)
S

0 1 2 3 4 5 6 7 8
Fermentation period (day)
Fig. 2. Acidities of the vinegars made with different ratios of

immature Citrus unshiu juice added during 13 days of the fer-
mentation period at 30°C.

——30%
—a-35%
6 - —>-40%

Acidity (%)
D

0 1 2 3 4 5 6 7 8 9 10 11
Fermentation period (day)

Fig. 3. Acidities of the vinegars prepared with different ratios
of mature Citrus unshiu juice added during 11 days of the fer-
mentation period at 30°C.
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oo FS nHS AR FAHJATH28)

v &g A7 g wEl BE S0 E o7} 9%

=ul(Fig. 2), 35 H7M& 30% A xE a3 119509,
5 H7ME 35, 40% A2 HaE 99l 5% o]
abe] meete] 55 H7HES 35%F 40%2 & 45l
= Ao 2 AAH ). Kang

AEE 2%% 2

o =]
Al HER 2748 BA oy o el A
& A7k ghob Ahert 5% o) mEE 4 gl
s 7

Kol 35 H7ME 35%7F Z2Ahdae] A

s HMJH[20 M2 Alxo| Kaletnt F7|AF &t

v &S A7HES 30, 35, 40%= 2Elsle] A. sp.
RIC V& o] &3l 13Uxt Xl eF st Alxsk Az &
2 d 3 F714k gk Table 2 2 33 29t} fEdo=
fructose, glucose % sucrose’} AZE¥A+=H, Kang
(1)¢] 7= v &350l A fructose, glucose 2 sucrose
7F AEEH QU= Barel X5} Fructose?} glucose
v 45 AP Sl 8545 =2 TS JEdden

i
L
p=N
[e)

Table 2. Contents of free sugars (mg%) in the vinegars made
with different ratios of immature Citrus unshiu juice added

Ratio of

juice (%) Total

Fructose Glucose Sucrose

30 220.8+1.0°" 273.5£0.4° 264.1£0.2° 1,516.6+2.2°
35 237.0£0.1° 284.6+0.5 264.4£0.5" 1,572.0+1.9°
40 251.8+1.4° 291.5+0.8° 265.4+0.4° 1,617.5+4.7°

YMeans with different superscripts in the same column are sig-
nificantly different at P<0.05 according to Duncan's multiple
range test.
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Table 3. Contents of organic acids (mg%) in the vinegars made with different ratios of immature Citrus unshiu juice added

Ratio of juice (%) Oxalic acid  Tartaric acid Malic acid Lactic acid Acetic acid Citric acid Total
30 5.2+0.4*) 16.5+0.9* 16.5+9.3% 5,344+12° 2,958+14° 83+17° 8,424+37"
35 4.5+0.5° 19.9+1.1° 21.442.3° 5,517+13° 3,358+14° 106+4° 9,02849°
40 7.6+0.3° 27.6+1.8° 36.246.8° 5,74326° 3,990+31° 156+28° 9,961+22°

"Means with different superscripts in the same column are significantly different at P<0.05 according to Duncan's multiple range

test.
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Table 4. Total phenolics and flavonoids contents in the vinegars

made with immature and mature Citrus unshiu juices

Total phenolics Total flavonoids

Vinegar (ug GAE/mL) (ng QE/mL)
Immature 1,546.6+0.1° 1,004.749.7°
Mature 230.9+1.5° 175.14.2°
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Table 5. DPPH and ABTS radical scavenging activities in the vinegars made with immature and mature Citrus unshiu juice

DPPH ABTS'

Vinegar Scavenging activity (%) o Scavenging activity (%) o

at 2% (V/v) ICso (%) at 2% (vIv) 1Cso (%)
Immature 29.0£1.6 - 62.0+0.1 1.36+0.1
Mature >5 - 17.9+0.1 -
Reference At 12.5 pg/mL ICso (pg/mL) At 12.5 pg/mL ICso (png/mL)
Ascorbic acid 59.0+0.6 9.5+0.1 28.4+0.1 12.9+0.1
BHA 70.1£7.1 6.8+1.3 96.1+0.1 5.940.1
Trolox 45.1£1.2 13.0£0.5 47.5+£0.5 12.6+0.1




256 ol FET - 2 H

.0
=

ot

4 g

Table 6. Superoxide anion radical and xanthine oxidase inhibitory activities in the vinegars made with immature and mature Citrus

unshiu juices

Superoxide anion

Xanthine oxidase

Vinegar Inhibitory activity (%) Inhibitory activity (%)
at 0.5% (v/v) 1Cso (%) at 2% (v/v) ICso (%)

Immature 60.9+3.8 0.41+0.03 32.5£2.7 -
Mature 41.7+1.4 0.65+0.01 <5 -
Reference At 12.5 pg/mL ICso (png/mL) At 100 pg/mL ICso (pg/mL)
Ascorbic acid 1.6£8.1 - 9.0+0.4 -
BHA - 29.0+0.1 -
Trolox 14.743.7 18.8+0.9 -

e msatel ekt Az SOA 278437 XO A
d 2otk SOA 2AEAS Ha s
Z9F $h& 3 A 27F 47F 60.9%9F 41.7%= w53 A%
th XO oAGAHE g vsd A x7F 32.5%%0
Fe STl A 2E 5% ol3tR I &y A%}
2z F He 9 F ZdErolE %Y SOA
O A& 1ty FHAFE Axtst 243,
T TP o= T SOA &A% 1+
HAGFE 22 0.8459) 0.8280]1R o % & gk 2
ZEH o= 7%L%ﬁjr XO AGA 7o A= 44
0.929¢} 0.9402.2 vj$- &< 7‘]_~§ Eo}, OA 27A53}
XO gAEd 2 45_ 9 T H= ZEtH ol =9
sty dgs BAVE e A= _%xgg]giu}_

Cejudo Bastante 5(39)& 7F&o] Wo| gfFuo] 9=
naringin % neohesperidin®} 22 flavonoids: SOA A7
A o] AAASFIE 0.9329 0.7322 %21, Russo
S(40)e & vsIe k-5 o] 9+ rutin naringin<
X009 oAl &gde] Holyrka B skl

oo A2 HE A sp. RIC VE o] &3}e] gk 5%,
% 5%, 30°C, 150 rpmel| A = v 535S 359 40%

?

g
Al
-
7}
|
= o}
3T
E

&
ul

a>< m

=
o
3

o)
%
s 2
His ek o

= =

&,
1‘>1

e o ol

i~

>

o}ll
“

>{EI

Hrvekol s W AR art 7 skl e, 7 v|s
Az 5 F Ed & FURrols o <l
F& s S vedo] Ve AxE 488 F s
Ao FAHAT

5 gL
ol 3, kst @S SAsGT AEEEA A
daE2 5y o/ o785 Yo, OF g o R
Acetobacter fabarun(A. sp. RIC D3} A. pomorun(A. sp.
RIC II, V)o] A==, A. sp. RIC V7| Z2AF A -59]
7V skl g vsaEe] 2hdtE 7R AASS
th A sp. RIC VE o] &3t FHa HsaFe] A7 &s
30, 35, 40%= 2dsi3ls o ¢E 13d F A== 4

I~

5.38, 5.38, 5.32%, @& a8 22t 73, 72, 7T0%°] T
&g 2P0 E Al ST 5% EEEE Ve B
7M1 Eo] 30%Y We 119, 359 40%Y W= 9Y oAt
F2. =2 fructose®} glucose™ IF M7 &) =
=2 ek S YJER oY sucroses G H 7MY
Rlo] BT H]/\O}oﬂﬂr Fr714ke] A5l w5
7ha] 0] =&5F acetic acidE ¥ E3I £ #7]
kde=e U]jrﬁr B B

7} 1,546.67 230.9 ng GAE/mLel%lat, =
Zehyco|= She 247t 1,004.73) 175.1 ug QB/mLo]]
t}. DPPH A-feft)Zd AL e v vhe) g} 24
Z7V 237y 29%¢}F 5%ollaL, ABTS 2452 242 62.0%
9} 17.9%%th. SOA AL e n53) 2 9 g3
21 Z27F 247 60.9%F 41.7%°1 A 3L, XO A &AL 27t
32.5%%F 5%°]Jtt. o] A2 HE A sp. RIC VE ©]

N
A
N

g3tol 4@ MEAEL 359+ 10% BAENGE ) 2APeE
RV e, 4 g} AEE we § At
Feheo)s o s 016}04 Fo e 29L e

= R
HM e AxE 28d 7 s Aotk

B A= 20129 %
A+ (C0028212)° <] 3l

Ta7I9A el TETlevd A9

TP o ofo] A= H

REFERENCES

1. Kang YJ, Yang MH, Ko WIJ, Park SR, Lee BG. 2005.
Studies on the major components and antioxidative proper-
ties of whole fruit powder and juice prepared from pre-
mature mandarin orange. Korean J Food Sci Technol 37:
783-788.

2. Jun IS, Yoon JY. 2013. Analysis of the competitiveness fac-
tors of the citrus industry of Jeju. Korean J Food Mark
Econ 30: 23-42.

3. Oh TH. 2011. A study on the cosmetic ingredients from
immature citrus and Eurya emarginata makino. PhD Disser-
tation. Jeju National University, Jeju, Korea.

4. Park GH, Lee SH, Kim HY, Jeong HS, Kim EY, Yun YW,
Nam SY, Lee BJ. 2011. Comparison in antioxidant effects
of four citrus fruits. J Fd Hyg Safety 26: 355-360.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Kim YD. 2009. Study on the composition of flavonoids and

biological activities from Jeju citrus fruits. PhD Dissertation.
Jeju National University, Jeju, Korea.

. Lee DW. 2004. Antioxidant and antimicrobial effects of

Citrus flavonoids and limonoids. MS Thesis. Yonsei Univer-
sity, Seoul, Korea.

. Son HS, Kim HS, Ju JS. 1991. Effects of rutin and hesper-

idin on total cholesterol concentration, transaminase and al-
kaline phosphatase activity in CCls treated rats. J Korean
Soc Appl Biol Chem 34: 318-326.

. Jeoung SH, Gim SB, Choi HJ, Kim DH. 2012. Study of

anti-microbe activity of essential oil purified from Citrus
unshiu S. Marcov. Daejeon Univ Traditional Korean Med
Res Instit J 20: 67-78.

. Choi SY, Ko HC, Ko SY, Hwang JH, Park JG, Kang SH,

Kim SJ. 2007. Correlation between flavonoid content and
the NO production inhibitory activity of peel extracts from
various citrus fruits. Biol Pharm Bull 30: 772-778.

Park SY, Chae KS, Son RH, Jung JH, Im YR, Kwon JW.
2012. Quality characteristics and antioxidant activity of
Bokbunja (black raspberry) vinegars. Food Eng Prog 16:
340-346.

Cho JH. 2012. Letter: Balsamic vinegar improves high
fat-induced beta cell dysfunction via beta cell ABCA-1.
Diabetes Metab 36: 388-389.

Sakanaka S, Ishihara Y. 2008. Comparison of antioxidant
properties of persimmon vinegar and some other commer-
cial vinegars in radical-scavenging assays and on lipid oxi-
dation in tuna homogenates. Food Chem 107: 739-744.
Nakamura K, Ogasawara Y, Endou K, Fujimori S, Koyama
M, Akano H. 2010. Phenolic compounds responsible for the
superoxide dismutase-like activity in high-brix apple vinegar.
J Agric Food Chem 58: 10124-10132.

Kang SK, Jang MJ, Kim YD. 2006. Isolation and culture
conditions of Acetobacter sp. for the production of citron
(Citrus junos) vinegar. Korean J Food Preserv 13: 357-362.
Kim ML, Choi KH. 2005. Sensory characteristics of citrus
vinegar fermented by Gluconacetobacter hansenii CV1.
Korean J Food Cookery Sci 21: 243-249.

Kim YT, Seo KI, Jung YJ, Lee YS, Shim KH. 1997. The
production of vinegar using citron (Citrus junos Seib) juice.
J East Asian Dietary Life 7: 301-307.

Food Code. 2010. Korea Foods Industry Association, Seoul,
Korea. p 301-316.

Zhang Q, Zhang J, Shen J, Silva A, Dennis D, Barrow ClJ.
2006. A simple 96-well microplate method for estimation
of total polyphenol content in seaweeds. J App! Phycol 18:
445-450.

Chang C, Yang M, Wen H, Chern J. 2002. Estimation of
total flavonoid content in propolis by two complementary
colorimetric methods. J Food Drug Anal 10: 178-182.
Blois MS. 1958. Antioxidant determinations by the use of
a stable free radical. Nature 181: 1199-1200.

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M,
Rice-Evans C. 1999. Antioxidant activity applying an im-
proved ABTS radical cation decolorization assay. Free Radic
Biol Med 26: 1231-1237.

Liu F, Ooi VEC, Chang ST. 1997. Free radical scavenging
activities of mushroom polysaccharide extracts. Life Sci 60:
763-771.

Osada Y, Tsuchimoto M, Fukushima H, Takahashi K,
Kondo S, Hasegawa M, Komoriya K. 1993. Hypouricemic
effect of the novel xanthine oxidase inhibitor, TEI-6720,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

257

in rodents. Eur J Pharmacol 241: 183-188.

. Lee SH, Park HJ, Back OH, Chun HK, Rhee SG, Lee GS.

2005. Comparison of the nutritional composition of 3 kinds
of citrus produced on Jeju island, Korea. Korean J Community
Living Sci 16: 15-20.

Ko JS, Yang SH, Yang YT, Jwa CS. 1998. Physicochemical
properties of early cultivar of Satsuma mandarin sampled
at different harvested dates in Cheju. J Korean Soc App!
Biol Chem 41: 141-146.

Lee JC, Han WC, Lee JH, Jang KH. 2012. Quality evalua-
tion of vinegar manufactured using rice and Rosa rugosa
Thunb. Korean J Food Sci Technol 44: 202-206.

Mo HW, Jung YH, Jeong JS, Choi KH, Choi SW, Park
CS, Choi MA, Kim ML, Kim MS. 2013. Quality character-
istics of vinegar fermented using omija (Schizandra chi-
nensis Baillon). J Korean Soc Food Sci Nutr 42: 441-449.
Kim YD, Kang SH, Kang SG. 1996. Studies on the acetic
acid fermentation using maesil juice. J Korean Soc Food
Sci Nutr 25: 695-700.

Park SK, Kang SG, Chung HJ. 1994. Effects of essential
oil in astringent persimmon leaves on Kimchi fermentation.
Kor J Appl Microbiol Biotechnol 22: 217-221.

Choi SH, Kwak EJ. 2012. Volatile flavor compound and
sensory properties of Yakju fermented with different con-
tents of Meoru (Vitis coignetiae). J East Asian Diet Life
22: 642-648.

Song EY, Choi YH, Kang KH, Koh JS. 1998. Free sugar,
organic acid, hesperidin, naringin and inorganic elements
changes of Cheju citrus fruits according to harvest date.
Korean J Food Sci Technol 30: 306-312.

Hong SK. 2010. Study on quality properties of mulberry
vinegar with different addition ratios of mulberry fruit. MS
Thesis. Sunchon National University, Sunchon, Korea.
Woo CH, Park CH, Yoon HH. 2000. Production of acetic
acid from cellulosic biomass. Korean J Biotechnol Bioeng
15: 458-463.

Yoon SR, Kim GR, Lee JH, Lee SW, Yeo SH, Jeong Y],
Kwon JH. 2010. Properties of organic acids and volatile
components in brown rice vinegar prepared using different
yeasts and fermentation methods. Korean J Food Preserv
17: 733-740.

Lee SO, Kim MJ, Kim DG, Choi HJ. 2008. Antioxidative
activities of temperature-stepwise water extracts from /no-
notus obliquus. J Korean Soc Food Sci Nutr 34: 139-147.
Wang MF, Shao Y, Yi JG, Zhu NQ, Rngarajan M, Lavoic
EJ. 1998. Antioxidative phenolic compounds from sage
(Salivia officinalis). J Agric Food Chem 46: 4869-4873.
Stella SP, Ferrarezi AC, dos Santos KO, Monteiro M. 2011.
Antioxidant activity of commercial ready-to-drink orange
juice and nectar. J Food Sci 76: 392-397.

Kahkonen MP, Hopia AI, Vuorela HJ, Rauha JP, Pihlaja
K, Kujala TS, Heinonen M. 1999. Antioxidant activity of
plant extracts containing phenolic compounds. J Agric Food
Chem 47: 3954-3962.

Cejudo Bastante MJ, Duran Guerrero E, Castro Mejias R,
Natera Marin R, Rodriguez Dodero MC, Barroso CG. 2010.
Study of the polyphenolic composition and antioxidant
activity of new sherry vinegar-derived products by maceration
with fruits. J Agric Food Chem 58: 11814-11820.
Russo A, Acquaviva R, Campisi A, Sorrenti V, Di Giacomo
C, Virgata G, Vanella A. 2000. Bioflavonoids as anti-
radicals, antioxidants and DNA cleavage protectors. Cell
Biol Toxicol 16: 91-98.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


