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Abstract

In vitro inhibition of microsomal lipid peroxidation (MLP) by the major South African red (Cabernet Sauvignon, Ruby Cab-

ernet, Pinotage, Shiraz, Merlot) and white (Sauvignon blanc, Chenin blanc, Chardonnay, Colombard) commercial cultivar wines is

presented for the first time. Of the red wines, Merlot was the most effective MLP inhibitor, with Ruby Cabernet and Pinotage being

the least effective. Of the white wines, Chenin blanc and Chardonnay were the least and most effective MLP inhibitor, respectively.

The mean antioxidant potencies (AP) of the red and white wine total phenols were 14.25 and 4.19, respectively. Ascorbic acid,

present in some white wines, counteracted their ability to inhibit MLP. Inhibition of MLP significantly (P < 0:001) correlated with

the total phenol content of red (r ¼ 0:90) and white (r ¼ 0:73) wines, as well as the flavanol content (r ¼ 0:88) of red wines and the

flavanol (r ¼ 0:79) and tartaric acid ester (r ¼ 0:73) contents of white wines. The MLP inhibitory activities of selected flavonoids

were in the order: Quercetin> procyanidin B3>malvidin> cyanidin� ())-epicatechin> (+)-catechin� delphinidin.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

The increasing evidence that free radical-mediated
damage to membranes, other lipid-containing structures,

DNA and protein contributes to ageing and chronic

diseases, such as cancer and coronary heart disease

(Halliwell & Gutteridge, 1989; Rice-Evans & Packer,

1998; Wiseman, 1996), has focussed attention on natural

free radical scavengers such as polyphenols. Wine, as a

good source of polyphenols (Macheix, Fleuriet, & Billot,
1990), has received attention, largely due to its in vitro

inhibitory effect on low-density lipoprotein (LDL) oxi-

dation (Frankel, Waterhouse, & Teissedre, 1995).

Several methods are used to assess the in vitro anti-

oxidant activity of wines, including free radical-scav-

enging and lipid peroxidation assays. Methods, such as

the 2,20-azino-di-(3-ethylbenzothialozine-sulphonic acid)

(ABTS) radical cation (De Beer, Joubert, Gelderblom,
& Manley, 2003; Landrault et al., 2001; Pellegrini et al.,

2000; Simonetti, Pietta, & Testolin, 1997; Soleas,

Tomlinson, Diamandis, & Goldberg, 1997) and 2,2-

diphenyl-1-picrylhydrazyl (DPPH) radical (Arnous,

Makris, & Kefalas, 2002; De Beer et al., 2003; S�anchez-
Moreno, Larrauri, & Saura-Calixto, 1999) scavenging

assays have gained popularity for analysis of wines due

Abbreviations: ABTS, 2,20-azino-di-(3-ethylbenzothialozine-sul-
phonic acid); AP, antioxidant potency; CAE, caffeic acid equivalents;

CE, catechin equivalents; DPPH, 2,2-diphenyl-1-picrylhydrazyl;

EDTA, ethylenediaminetetraacetic acid; GAE, gallic acid equivalents;

IC50, concentration (M) of antioxidant required to inhibit MLP by

50%; LDL, low-density lipoproteins; MLP, microsomal lipid peroxi-

dation; Mv-3-glc, malvidin-3-glucoside; PUFA, polyunsaturated fatty

acid; TBA, thiobarbituric acid; TCA, trichloroacetic acid; QE,

quercetin equivalents.
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to their speed and simplicity. These methods, however,

only assess free radical-scavenging activity. Lipid

peroxidation assays, on the other hand, incorporate

different effects, such as free radical-scavenging, metal

chelation and partitioning of compounds into the lipid
phase (K€ahkon€en & Heinonen, 2003; Macheix et al.,

1990; Saija et al., 1995; Van Acker, Van Balen, Van den

Berg, Bast, & Van der Vijgh, 1998). Due to the associ-

ation of LDL peroxidation with atherosclerosis (Ester-

bauer, Dieber-Rotheneder, Striegl, & Waeg, 1991;

Steinberg, 1997) and the ‘‘French Paradox’’ theory

(Renaud & De Lorgeril, 1992), the in vitro LDL oxi-

dation assay has become popular for assessing the an-
tioxidant activity of wines (Frankel et al., 1995). Other

lipid-containing substrates, such as erythrocytes (Tede-

sco, Russo, Nazarro, Russo, & Palumbo, 2001), primary

hepatocytes (Morel, Abal�ea, Sergent, Cillard, & Cillard,

1998), microsomal membrane preparations (Daglia,

Papetti, Gregotti, Bert�e, & Gazzani, 2000; Mora, Pay�a,
R�ıos, & Alcaraz, 1990; Plumb, Chambers, Lambert,

Wanigatunga, & Williamson, 1997; Van Acker et al.,
1996) and micelles (Roginsky & Barsukova, 2001; Shi,

Noguchi, & Niki, 1999) can also be used to evaluate the

in vitro antioxidant activity of foods and phenolic

compounds. These test systems contain either intact

cellular membranes or simulate a membrane environ-

ment. Lipid peroxidation in membranes is associated

with ageing (Halliwell & Gutteridge, 1989) and methods

using membranal substrates could therefore provide
information complementary to that obtained using the

in vitro LDL peroxidation method. At present, no in-

formation is available about the ability of red and white

wines to inhibit lipid peroxidation when utilising an in

vitro microsomal membrane system.

The present study investigated the inhibitory activity

of the major red and white South African cultivar wines

(Anon, 2002) against rat liver microsomal lipid perox-
idation (MLP). This is an extension of a previous in-

vestigation during which the free radical scavenging

activity of South African cultivar wines was monitored

using ABTS radical cation and DPPH radical species

(De Beer et al., 2003). The inhibitory effects of a se-

lection of major wine flavonoids, as well as the mod-

ulating role of ascorbic acid, present in some white

wines, on microsomal lipid peroxidation were also
investigated.

2. Materials and methods

2.1. Wines

The wines used in the present study were the same as
those used in a previous investigation (De Beer et al.,

2003). Wines comprised of five red cultivars (46 wines) of

the 1998 vintage and four white cultivars (40 wines) of the

1999 vintage were randomly obtained from wineries in

the Western Cape region of South Africa. The red culti-

var wines were Pinotage (a unique South African culti-

var), Cabernet Sauvignon, Merlot, Shiraz and Ruby

Cabernet, while Chenin blanc, Colombard, Sauvignon
blanc and Chardonnay were chosen as white cultivar

wines. Only the red wines were matured in wood for

unspecified periods. The addition of up to 25% of another

cultivar wine, while still labelling the wine as a single

cultivar wine, is allowed in South Africa (Liquor Prod-

ucts Act No. 60 of 1989). In addition, two experimental

wines, a Pinotage and a Chardonnay, prepared according

to a standardised procedure for small-scale winemaking
at the experimental winery of Nietvoorbij (ARC Infrui-

tec-Nietvoorbij, Stellenbosch, South Africa), were also

included to test the linearity of microsomal lipid peroxi-

dation inhibition by red and white wines.

2.2. Chemicals

The following chemicals were used: Ascorbic acid
enzymatic test kit (Boehringer Mannheim GmbH,

Mannheim, Germany), 2-thiobarbituric acid (TBA)

(Aldrich Chemical Co., Gillingham, Dorset, UK), bo-

vine serum albumin, 2,[6]-butylated hydroxytoluene

(BHT), (+)-catechin, ())-epicatechin and gallic acid

(Sigma Chemical Co., St. Louis, USA), Folin–Ciocal-

teau’s phenol reagent and quercetin (Merck, Darmstadt,

Germany), 4-dimethylaminocinnamaldehyde (DAC)
and caffeic acid (Fluka AG, Buchs, Switzerland), and

malvidin chloride, cyanidin chloride and delphinidin

chloride (Extrasynthese, Genay, France). Dr. D. Ferre-

ira (National Centre for Natural Products Research,

University of Mississippi, USA) kindly supplied procy-

anidin B3. The water was purified and de-ionised with a

Modulab water purification system prior to use (Sepa-

rations, Cape Town, South Africa).

2.3. Sample preparation

Aliquots of each wine were frozen at )18 �C in plastic

screw-top sample holders (40 ml) to preserve the phenolic

compounds until analysis. The wine samples were

defrosted and sonicated to dissolve precipitates prior to

use.

2.4. Determination of the phenolic composition of wine

Spectrophotometric methods were used to determine

the total phenol (Singleton, Orthofer, & Lamuela-Ra-

vent�os, 1999), anthocyanin (Burns et al., 2000), flavanol

(McMurrough & McDowell, 1978), flavonol (Mazza,

Fukumoto, Delaquis, Girard, & Ewert, 1999), and
tartaric acid ester (measure of hydroxycinnamic acids

esterified with tartaric acid) (Mazza et al., 1999) con-

tents of the wines. Results were expressed as mg gallic
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