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ABSTRACT

Bioactive compounds are natural antioxidants essential for the normal functioning of a body.
The main sources of antioxidants are fruit and vegetables. Bioactive compounds are essentially
stable during the storage of raw material, but their processing leads to significant changes in
the content of these compounds, which continue during the storage of end products. A substan-
tial proportion of biologically active compounds is destroyed during technological processing as
well as long-term storage of products in unsuitable conditions. Hence the aim of the study was
to determine the effect of the winemaking process on the antioxidant potential and content of
phenolic compounds (anthocyanins and tannins), vitamin C, minerals and catalase activity in
wines obtained from black currant, red currant, strawberry, grape and raspberry. While grape
wines are very popular because of their flavour and other health-promoting effects, wines pro-
duced from berry fruits are a source of numerous valuable natural antioxidant compounds that
are beneficial for health. Wine made from black currants was found to contain the greatest qu-
antity of antioxidants. Among the berry fruits analyzed, black currant proved to have the hi-
ghest antioxidant properties, which was linked to its high content of polyphenolic compounds,
vitamin C and mineral nutrients. Similarly, wine obtained from the fruit of black currant had
the highest capacity to scavenge free radicals.
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INTRODUCITION

Fruit and vegetables are a rich source of antioxidants, and according to
much research are the most easily assimilated and most available sources of
these compounds. These compounds are mainly represented by polyphenols
(phenolic acids and a large group of flavonoids, including anthocyanins), vi-
tamins — A, C, as well as organic acids and mineral nutrients (JIMENEZ-GAR-
c1a et al. 2013).

Among these substances, phenolic compounds play a particularly impor-
tant role. Owing to their presence in berries and stone fruits, which are typi-
cal fruit plants grown in central Europe, the antioxidant activity of these
fruits is two- or three-fold higher than that of citrus fruits (Rouserr, NAGY
1994). It has also been demonstrated that procyanidins have greater capacity
to neutralize free radicals than quercetin derivatives or vitamins C, which
determine the antioxidant potential of citrus fruits (Rice-Evans et al. 1997).

Bioactive compounds are essentially stable during the storage of raw
material, but their processing leads to significant changes in the content of
these compounds, which continue during the storage of end products. A sub-
stantial proportion of biologically active compounds is destroyed during tech-
nological processing as well as long-term storage of products in unsuitable
conditions (JIMENEZ-GARCIA et al. 2013). It should be emphasized, however,
that depending on the type of raw material, all technological operations and
properly conducted preliminary processing can have a beneficial effect and
increase antioxidant activity. This may be associated with the extraction of
polyphenolic compounds from inedible parts of fruit. Beneficial changes also
include the transformation of antioxidant particles into a more active form,
such as the conversion of the glycoside form to the aglycone form (RicE-Evans
2004). Antioxidant properties are also exhibited by products of chemical
changes in fruit (e.g. non-enzymatic browning) generated during technologi-
cal processes (VisioLI et al. 2000).

Among fruit products, wines are characterized by high antioxidant po-
tential (HowaArD et al. 2002). Currently, owing to the fact that wines have
become an integral part of the culture of many countries, they are produced
not only from grapes, but also from many other fruit, including mangos
(KumaAR, Prakasam 2009), bananas (AKUBOR et al. 2003), and cacao (Di1as et al.
2007). In Poland, the most popular fruits for wine production are the antioxi-
dant-rich berry fruits mentioned above, i.e. raspberries, strawberries and
currants.

Despite numerous studies, knowledge about differences in the content of
biologically active compounds in raw plant materials, and especially in pro-
cessed food products, is still insufficient, so further research in this area is
needed. It is assumed that antioxidants present in berries are not entirely
extracted in the winemaking process. Hence the aim of the study was to de-
termine the influence of the winemaking process on the antioxidant potential
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and content of phenolic compounds (anthocyanins and tannins), vitamin C,
minerals and catalase activity in wines obtained from black currant, red cu-
rrant, strawberry, grape and raspberry.

MATERIAL AND METHODS

Chemicals and reagents

All reagents were purchased from Sigma-Aldrich (Germany). All chemi-
cals and solvents were analytical grade.

Samples - plant material and wine

All berries (Ribes nigrum, Ribes rubrum, Fragaria ananassa, Vitis cali-
fornica and Rubus idaeus) were purchased from 15 local farms near Lublin,
Poland, during the 2013 season (three samples of each berry of 11 kg). For
laboratory assays of the content of antioxidant compounds and minerals, 0.5 kg
was taken from each sample and frozen until analysis. Wine was made from
the remaining quantity of fruit. About 10 L of each wine was prepared.
Berries were crushed before fermentation and sugar was added to 23°Bx.
Fermentation was carried out in 30 L glass carboys, adding a yeast inoculum
of 0.25 g L' Madeira (Biowin Polska). The first fermentations were carried
out at a controlled temperature of 23°C for 8 weeks. Then, the wine was de-
canted into clean carboys and the second stage of alcohol fermentation was
carried out. After 6 months, the wine was bottled in 750 ml dark glass bot-
tles and the wines were stored at 16°C until analysis. Each wine was pre-
pared three times.

Determination of anthocyanins, polyphenols, tannins and vitamin C

Compounds were extracted from fruit samples (1 g) in aqueous ethanol
(10 mL, 50% v/v) and sonicated for 20 min. Then, the samples were centri-
fuged (10 min at 4,000 g) and the supernatant was removed for analysis.
Anthocyanins were determined by the pH differential method (LEE et al.
2005). The total polyphenol content was determined using the Folin-Ciocal-
teu method (Tsao, YANG 2003) and calculated as amount of gallic acid equiv-
alent (GAE) in g Li! or g kg! of sample. Tannins were determined by the
method of RIBEREAU-GAYON et al. (2006). The amount of vitamin C was deter-
mined using the Folin-Ciocalteu method according to norm PN-A-04019/98.

Determination of microelements

Content of copper, zinc, iron and manganese were determined using
atomic absorption spectrometry with flame atomization (FAAS). All experi-
ments were carried out in a UNICAM SOLAR 939 spectrometer.
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Determination of antioxidant activity based on the DPPH reagent

The extraction procedure was based on methods reported by Musa et al.
(2011). A DPPH radical scavenging assay was performed according to the
method reported by BRanD-WILLIAMS et al. (1995) with some modifications. A
50 uLi volume of sample or methanol (control) was added to 1.95 mL of a
methanolic solution of DPPH (20 mg L!). The mixtures were shaken vigor-
ously and left to stand in the dark at room temperature for 12 min, and then
absorbance was read at 515 nm. Results are presented as mmol Trolox L.

Catalase activity assay

The berry material (2 g) was homogenized with 0.1 mol L' potassium
phosphate buffer, pH 7.0. Extracts were centrifuged at 12,000 g for 30 min
and the supernatant was removed for analysis. Catalase activity was mea-
sured according to Lunova et al. (2003).

Statistical analysis

At least three analyses were run for each wine and berry for polyphe-
nols, anthocyanins, ascorbic acid, tannins, catalase activity, iron, copper,
zinc, manganese and antioxidant activity. Each analysis consisted of triplica-
te measurements of each sample and data were averaged over three measu-
rements. Parameters were expressed as mean and standard deviation. Signi-
ficant differences between raw berry fruits and wines were calculated by
Independent ¢-test. Significance of differences between means was determi-
ned by the Duncan’s multiple range test for significance levels of P < 0.05.
Single-metabolite analysis of variance (Anova) was performed using Statistica
software.

RESULTS AND DISCUSION

Berry fruits and the wines made from them are characterized by a high
content of bioactive compounds with antioxidant activity. The results obtai-
ned during the determination of polyphenolic compounds and vitamin C in
the berries and the wines are shown in Table 1. The highest content of bio-
active compounds was noted in the fruit of black currant. Similar observa-
tions were made by BENVENUTI et al. (2004), who found the highest total con-
centration of polyphenolic compounds (8.885 g kg') in black currants, and
the lowest one in raspberries (1.406 g kg™?).

Although raspberries are the least abundant in bioactive compounds,
their extraction by wine is the highest, which may be related to the thick-
ness of the skin (PAREDES-LOPEZ et al. 2010). This is also implicated by the
lowest percentage of extraction of bioactive compounds from currants, whose
skin is the thickest among all the tested berries.



875

LTw S ¢66°0 Arraqdsed pue rquw S L,00° T odeaS ‘W S 6860 ALIOqMBIIS | FTW S 8GE"() IUBLIND PaX ‘.fTW S g0 T JUBLIND
Joe[q 10J A[eAT30adsad sem sauim Jo AJsus(] ‘%0071 - (A118q Ul punoduiod Jo JU8jU0d/AUIM Ul PUNOAUIOd JO JUSJU0D) SB PIJB[NI[BI SBM UOIIIRIIXD 9 ,
‘G0°0 > d 1B APpueoyTudts Jop1p sydurosiadns JUaISJIp YITM SUWN[0D UIYIIM SUBSW — PO‘Q‘D

vE€'CF ¥¢0'0F | LVOOF T0°T+ TG00 F | 9900 F LvV1+ 690°0F | 1600F VOl F ¥900F | 1600 F

. . . . . . . . . . . . Lazaqdsey
79'9¢% »6ET°0 »86¥%°0 706°0% «1GT°0 99¢L°0 wl 968 »988°0 »09G'C 966°€E »§L0°T BLT'E
GL'CF ¥w0'0F | GI00F 12T+ TI00F | 6L00F 8€'0F ¢90'0F | 0STO+ GO'T+F SIT'0F | €160+ odein
49€°LC »EV1°0 »619°0 4€0°C% eGG1°0 »09¢°0 »I1°GE WGET'T »108°€ wl¥'LG 19661 2LG0°S
66'¢c F 6100F | LVOOF €0'TF 1200 F | LVO'OF 7’0+ 000+ | VOT'0OF 80°0 F 9v0'0F | TSTO0F £110qmeng

G0 V1 »9L0°0 ANV »60°0€ 7030 aL89°0 »00°GE AI8T'T JLIV'E 480°T€ a989°T 2LGT'G
IL0+ GT0'0F | 8G0'0F €L OF 0TO'0F | 8300 F L6°0F 9G¢0°0F | 9800 F LTS+ €ET0F | €ET0+
»GL'8T »LTT°0 »765°0 oGV TT «L0T°0 29€6°0 »0%'€€ »9€6°0 99C8°C »8€°GC »690°T WWSL'Y
(e LGO'0F | LEOOF a8'0F 860°0F | 68T°0F Iv'ec+ I€T0F | TITOF €90+ 660°0F | €020+
0T7E a19€°0 7600°T »8C°TT a183°0 »E06°T 106 7Y 26691 2€6E°E »86°8% 2G¥8'T pGVC9

jue.LIns poy

jueLIno yoelq

. 3
Luoroery TS Sy g) | xU0TORT) TS Sy g) | xU0TORIY TS gy g) |xU0TORI) (a1 (8%
s 18 | (8X38) e 18 | (3X38) s 18 | (838) | ave 8 | mvo 9
(%) autm mel (%) oum el (%) oum e (%) e e ser1Ieg
0 UTWEYTA SUIUBA0 YUy suruue, spunodwod dT[ousyJ

(S F %) soulm puB SOLLId( MBI Ul SPUNOdUWO0d 9AIIOBOIQ JO UOTJBUTWIOIOP O] JO sInsal [ejuswirodxe ayJ,
T 998 L



876

Differences in the content of bioactive compounds, mainly polyphenols,
are caused by numerous factors, including the variety of fruit and environ-
mental factors such as insolation, temperature, degree of ripeness and stora-
ge after harvest. These factors also affect the colour of fruit (Wang, LiN
2000), which is significantly associated with the total content of anthocy-
anins and the proportions of individual compounds of this group. Among the
fruits tested, grapes, with the lightest skin, had the lowest content of antho-
cyanins. The literature data give a very wide range of concentrations of these
compounds in grapes, from 0.3 to 7.50 g kg! (Wanc et al. 1997). According to
Wane et al. (1997), the content of anthocyanins in raspberries ranges from
0.2 to 0.6 g kg!, which was confirmed in the present study. A high anthocy-
anin content is also linked to a high content of tannins. In fruit with a large
quantity of anthocyanins they are stabilized by the formation of copolymers
with tannins, which give the fruit, and in particular the wine, its characteri-
stic flavor (CHEYNIER et al. 2006).

Wines produced from black currants had significantly higher concentra-
tions of bioactive compounds than the other wines. Only the content of an-
thocyanins was similar in the wines made from black currants and from
strawberries (Table 1). The content of bioactive compounds in wine is influ-
enced by winemaking technology (ViLLaNo et al. 2006). The processes of fer-
mentation and maceration that the fruit undergoes during wine production,
as well as the storage of wine decrease the content of polyphenolic compo-
unds. Polyphenols are oxidized by reactive oxygen species, first to semiquio-
nes and then to quinones. The rate of this reaction largely depends on pH —
an increase in wine pH of one unit causes an increase in the concentration of
phenolate ions, i.e. acceleration of the oxidation of polyphenols (DANILEWICZ
2003). According to D1 MaJo et al. (2008), the presence and arrangement of
OH and OCH, groups also influence the antioxidant activity of polyphenols.
The vitamin C present in fruits and passed on to wine prevents oxidation of
polyphenols by free radicals, thereby preventing the browning of wine.

Apart from bioactive compounds, enzymes, including catalase, are also
involved in the antioxidant defense of an organism. The highest catalase
activity was found in the fruit of grapevine (Table 2), but the results were
considerably lower than those presented by Rani et al. (2004), probably be-
cause the grapes were of a different variety. The production process of wine
from blackcurrant or raspberry led to an over 30% inhibition of catalase ac-
tivity.

Besides catalase, other enzymes also participate in antioxidant defense.
These are built from protein units bound to ions of transition metals such as
zinc, copper, manganese and iron (CuZn-SOD, Mn-SOD, Fe-SOD). Mineral
elements are natural antioxidants but, on the other hand, Fe(I) and Cu(I)
ions catalyze the Fenton reaction generating hydroxyl free radicals (Zaco,
OtEIzA 2001). Table 3 presents the content of selected mineral elements in
the berry fruits and wines produced from them. As in the case of polypheno-
lic compounds, the black and red currant fruit had a higher content of min-
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Table 2

Catalase activity (U g') and DPPH (mmol Trolox L!) radical scavenging activity of berries
and wines (x = SD)

Catalase DPPH
Berries . (%) . (%)
raw WIR€ | inhibition* raw wine inhibition

Black currant 32.35¢ 20.51¢ 36.60¢ 15.82b 11.21° 29.14¢
+3.85 +2.62 +0.56 +1.02 £0.78 +0.36
Red currant 50.02¢ 47.06¢ 5.92¢ 9.43¢ 9.08¢ 3.71°
+£5.12 +1.89 +£0.53 +£0.69 +0.55 +0.39
Strawherr 58.78¢ 47.06¢ 19.94° 13.63° 9.244 32.21¢
y +3.25 +2.92 +0.54 +£0.86 +0.59 +0.05
Grane 64.71¢ 52.94¢ 18.19° 11.249 9.26¢ 17.62¢
P +4.34 +1.99 +2.42 £0.77 +£0.63 +0.04
Rasoberr 47.05¢ 32.35¢ 31.23¢ 9.09° 9.01¢ 0.88¢
poerry +1.97 +3.74 +5.08 +0.60 +£0.71 +0.06

a,b,c,d — means within columns with different superscripts differ significantly at p < 0.05,
* 9% inhibition was calculated as 100% (activity/content of compound in wine/activity/content
of compound in berry) - 100%);

eral elements, including copper, zinc and iron, than the other berry fruits.
The values obtained were consistent with the research by Gasiot, DoOMAGALA-
-SWIATKIEWICZ (2012). Based on our results, an interaction between the min-
eral content (except zinc) and the efficiency of their extraction was observed.

Owing to its high content of polyphenols and vitamin C, black currant
exhibits high antioxidant activity expressed as the capacity to scavenge
DPPH free radicals (Table 2). With respect to the other fruits, their antioxi-
dant activity increased with the content of polyphenols. The antioxidant ac-
tivity of black currant has been confirmed by the results of studies conducted
in both in vitro and in vivo conditions. Anthocyanins isolated from black
currants have been shown to inhibit the production of ROS in HL-60 and
SH-SY5Y cells (GosH et al. 2006). A consequence of the antioxidant activity
of the components of black currant is their ability to counteract oxidative
modifications of biologically important cell components, such as DNA, lipids
and proteins (GosH et al. 2006, Faromsi et al. 2004).

Among the berry fruits analyzed, black currant proved to have the high-
est antioxidant properties, which was linked to its high content of polyphe-
nolic compounds, vitamin C and mineral nutrients. Similarly, the wine ob-
tained from the fruit of black currant had the highest capacity to scavenge
free radicals. Although raspberry fruit are the least abundant in polyphenols
and vitamin C, their extraction by wine i1s highest. While grape wines are
very popular owing to their flavor and their other health-promoting effects,
wines made from berry fruits are a source of numerous valuable natural an-
tioxidant compounds that are beneficial for health.



878

w8 666 0 Arraqdsed pue qu S 00 T odeiS ‘W S GRG0 ALIOqMRBIIS |rTW 8 8GE"() IUBLIND POI ‘,.rTW 8 (' JUBLIND
JoB[q 10] A[0AT}00dSOT SBM SOUTM JO AJISUS(] %001 - (AL119q UI [BISUIW JO JUSIUOI/OUIM UL [BISUIW JO JUSIUOJ) SB POIB[NO[BD SBM UOIJOBIIXS % ,
‘G0°0 > d 1B APuedoyrudts Jof1p syduosiodns JUaIsjjIp YITM SUWN[0D UTYIIM SUBOW — PO‘Q‘D

€I'ec+ I80°0 F | 0ZT°0F 68°0 I¥T°0F | 19°0F 16T+ ¥8T'0F | €8T0F LGV F I¥0°'0F | OT0O0F

. . . . . . . . . . . Lazaqdsey
289°GT a€97°0 71€6°C 966 €6 »L30°% €€T°9 48€°C8 WIV1'G 619G 016V 46080 a€L9°0
6¥°0 F 1600 F | TI¥E0F 18T+ €020F | 16T°0F 6V'CcF 0GT'0F | I8T0F ¥9'€ F ¢e0’0F | GIO0F oden
299V »6EG0 >190°G »99'81 »EEL'T »1GC6 BY'16 2GVL'T »168°T »98°L9 1920 »G68€°0
80°0 F 000+ | OIg 0+ 16T+ ¢ET0F | T¢I 0+ 9€'€ F Sv1'0+ | 1620+ L0V ¥ T1€00F | TIOOF AL10qMEDG

GGL'TT 20¥9°0 2G1G°G oLLLY 26981 »066°€ 2G1°L6 aLE0'G »061°C a7 1°0€ »£02°0 7189°0

9L°0F EV0'0F | GLTOF €00 F 0ET'0F | T6E0F c6'0 F TET'0F | 0STOTF 90°€ F I¥0°'0 F | 9000 F

. . ; . . . . . ; JUBLIND POY
JAL'GT | #8380 | 490G | (BO'EE | (3S0E | 1986 | »L90L | (LBET | (BELTG | 400% | 5010 | .GOT'T

60°0 1600 F | TIG0F QLY ¥ I89°0F | I8G°0F 6€'C F G6T0F | TLTOF ST'T+F 060°0F | OV0O'0F

. . . . . . . . . . . . JUBLIND Noelq
€TET a107°0 9666°C »66°19 20LE°S 26678 »GG'EL 2600°C qLL9°C 966G »118°0 »106°0

uoroRT uoroRI uoroRI #UOHIEH
HHOBR medx FHOBR S m meda FOOBR mea -Xo aum medx
X0 % ' X9 % ' X0 % ’ o ) soLLIog
(]
asouBSUBIA uoay oury, JTaddo)
(177 Swr) seutm pue (JYSTem [sad] .5¥ SUWI) SOLLIOQq MBI Ul SIUSUWIS[80IITWI JO JUIUO))
€ °l9eL



879

REFERENCES

AxuBor P.I., Osio S.0., NwapomiRE K.A., OBioman E. 2003. Production and quality evaluation of
banana wine. Plant Food Hum. Nutr., 58: 1-6.

BenveNuTI S., PELLATI F., MELEGART M. 2004. Polyphenols, anthocyanins, ascorbic acid, and radi-
cal scavenging activity of Rubus, Ribes, and Aronia. J. Food Sci., 69: 164-169.

Branp-WiLLiams W., CuvieLier ML.E., Berser C. 1995. Use of a free radical method to evaluate
antioxidant activity. Lebens.-Wissen. Technol., 28: 25-30.

CHEYNIER V., DUENAS-PATON M., Saras E., MAURY C., SouqQuET J.M., SARNI-MANCcHADO P., FULCRAND
H. 2006. Structure and properties of wine pigments and tannins. Am. J. Enol. Vitic., 57:
298-305.

DantLewicz J.C. 2003. Review of reaction mechanisms of oxygen and proposed intermediate re-
duction products in wine: central role of iron and copper. Am. J. Enol. Viticult., 54: 73-85.

D1 MaJjo D., La Guarpia M., GiamMmanco S., La Neve L., Giammanco M. 2008. The antioxidant ca-
pacity of red wine in relationship with its polyphenolic constituents. Food Chem., 111: 45-49.

Dias D.R., Scuwan R.F., Frere E.S., SErODIO R.D. 2007. Elaboration of a fruit wine from cocoa
(Theobroma cacao L.) pulp. Int. J. Food Sci. Tech., 42: 319-329.

Faromsr E.O., Hansen M., RavN-HAREN G., MoLLER P., DrRacsTED L.O. 2004. Commonly consumed
and occurring dietary substances affect biomarkers of oxidative stress and DNA damage in
healthy rats. Food Chem. Toxicol., 21: 1315-1322.

Gastor M., DoMAGALA-SWIATKIEWICZ 1. 2012. Comparative study on mineral content of organic
and conventional apple, pear and black currant juices. Acta Sci. Pol. Hort. Cult., 11: 3-14.

GosH D., MccHiE T.K., ZHANG J., ADAIM A., SKINNER M. 2006. Effect of anthocyanins and other
phenolics of boysenberry and blackcurrant as inhibitors of oxidative stress and damage to
cellular DNA in SH-SY5Y and HL-60 cells. J. Sci. Food Agricult., 86: 678-686.

Howarp A., CHOPRA M., THURNHAM D.I., STRAIN J.J., FUHRMAN B., Avikam M. 2002. Red wine con-
sumption and inhibition of LDL oxidation: What are the important components? Med. Hy-
poth., 59: 101-104.

JIMENEZ-GARCIA S.N., GUEVARA-GONZALEZ R.G., MIRANDA-LOPEZ R., FEREGRINO-PEREZ A.A., TORRES
-Pacuico 1., Vazquez-Cruz M.A. 2013. Functional properties and quality characteristics of
bioactive compounds in berries: Biochemistry, biotechnology, and genomics. Food Res. Int.,
54:1195-1207.

Kumar Y.S., Prarasam R.S. 2009. Optimization of fermentation conditions for mango (Mangifera
indica L.) wine production by employing response surface methodology. Int. J. Food Sci.
Technol., 44: 2320-2327.

LeE J., Durst R.W., WroLsTtap R.E. 2005. Determination of total monomeric anthocyanin pig-
ment content of fruit juices, beverages, natural colorants, and wines by the pH differential
method: Collaborative study. J. AOAC Int., 88: 1269-1278.

Lunova L., LEBepa A., HEDEREROVA D., PEc P. 2003. Activities of amine oxidase, peroxidase and
catalase in seedlings of Pisum sativum L. under different light conditions. Plant Soil
Environ., 49: 151-157.

Musa K.H., AspuLLaH A., JusoH K., SuBramaNIAM V. 2011. Antioxidant activity of pink flesh gu-
ava (Psidium guajava L.): Effect of extraction techniques and solvents. Food Anal. Meth., 4:
100-107.

PAREDES-LOPEZ O., CERVANTES-CEJA M. L., ViIcNA-PEREZ M., HERNANDEZ-PEREZ T. 2010. Berries: Im-
proving human health and healthy aging, and promoting quality — A review. Plant Food.
Hum. Nutr., 65: 299-308.

Rant P., MEenA Unnt K., KARTHIKEYAN J. 2004. Evaluation of antioxidant properties of berries.
Ind. J. Clin. Biochem., 19: 103-110.

RiBEREAU-GAYON P., GLORIES Y., MAUJEAN A., DuBorDIEU D. 2006. Handbook of enology (2" ed.).
Chichester: John Wiley & Sons Ltd.



880

Rice-Evans C.A. 2004. Flavonoids and isoflavones: absorption, metabolism, and bioactivity.
Free Rad. Biol. Med., 36: 827-828.

Rice-Evans C.A., MiLLER N.J., Pacanca G. 1997. Antioxidant properties of phenolic compounds.
Trends Plant Sci., 2: 152-159.

Rouskrr R.L., Nacy S. 1994. Health and nutritional benefits of citrus fruit components. Food
Technol., 11: 125-132.

Tsao R., Yanc R. 2003. Optimization of a new mobile phase to know the complex and real poly-
phenolic composition: towards a total phenolic index using high-performance liquid chro-
matography. J. Chromatogr. A, 1018: 29-40.

ViLano D., FERNANDEZ-PACHON M.S., TRoNcoso A.M., Garcia-PArriLLA M.C. 2006. Influence of
enological practices on the antioxidant capacity and total polyphenols. Food Chem., 95: 394-404.

Visioul F., Borsant L., Garur C. 2000. Diet and prevention of coronary heart disease: The poten-
tial role of phytochemicals. Cardiovasc. Res., 47: 419-425.

Wane H., Guonua C., Prior R.L. 1997. Oxygen radical absorbing capacity of anthocyanins.
dJ. Agricult. Food Chem., 45: 304-309.

Wane S.Y., Lin H.S. 2000. Antioxidant activity in fruits and leaves of blackberry, raspberry,
and strawberry varies with cultivar and developmental stage. J. Agricult. Food Chem., 48:
140-146.

7Zaco M.P, Oteiza P.I. 2001. The antioxidant properties of zinc: Interactions with iron and
antioxidants. Free Rad. Biol. Med., 31: 266-274.



