
ABSTRACT: The phenolic compounds of Thompson grape
bagasse were extracted using a 95:5 (vol/vol) ethanol/water
mixture. Measurement of the antioxidant activity in refined soy-
bean oil of bagasse grape extract was performed by using two
different methods, the Rancimat method and the Schaal oven
method in conjunction with peroxide value determination. The
antioxidant activity of the extract was compared to the tertiary
butyl hydroquinone (TBHQ) and butylated hydroxyanisole
(BHA) activity. The bagasse grape extract showed similar an-
tioxidant activities in both methods employed. At all concentra-
tions tested [0.1, 0.3 and 0.5% of total phenols (TP)] the extract
exhibited appreciable activity, which exceeded the activity of
BHA. At some concentrations (0.3 and 0.5% TP) the extract ex-
hibited activity comparable to that of TBHQ. Bagasse is a by-
product with a high content of phenolic compounds and is a
good source of natural antioxidants.
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Antioxidant addition during industrial food formulations is
one of the most effective means to retard fat oxidation. It is a
popular method for increasing the shelf life of lipids and
lipids-containing foods (1). Synthetic antioxidants, such as
butylated hydroxytoluene, butylated hydroxyanisole (BHA)
and tertiary butyl hydroquinone (TBHQ) are widely used in
many foods. However, their use has been questioned because
of issues related to toxicity and carcinogenicity (2,3). For this
reason, considerable attention has been given to the applica-
tion of natural antioxidants in foods, because of their poten-
tial nutritional and therapeutic effects (1).

Flavonoids and other phenolic compounds have been re-
ported to have multiple biological effects and antioxidant ac-
tivities (4–6). Grapes are a major source of phenolic com-
pounds among different fruits and vegetables (7). Phenolic
compounds have been found at concentrations as high as
260–920 mg/kg in grapes and 1,800–3,200 mg/L in wines (6).

Bourzeix (8) quantified the content and distribution of phe-
nolic compounds in grape (Carignan noir variety), showing
that 95% of these compounds are present in the bagasse.
Presently, this by-product is discarded in Mexico. Therefore,
the purpose of this study is to test the antioxidant activity of
an extract obtained from the bagasse from Thompson seed-
less grapes, the main grape variety produced in Sonora, Mex-
ico, as measured on the basis of the stability of refined soy-
bean oil containing the extract.

EXPERIMENTAL PROCEDURE

Materials. Catechin, BHA, and TBHQ were obtained from
Sigma Chemical Co. (St. Louis, MO). Ethanol and Folin-Cio-
calteu’s phenol reagent were obtained from Merck (Darm-
stadt, Germany). All chemicals and solvents used throughout
the present work were reagent grade.

Sample preparation. Green Thompson grapes, purchased
directly from the local market, were mechanically pressed in
the laboratory in order to collect the bagasse. The bagasse was
then dried at room temperature until the moisture content
reached 12% or less. Dried bagasse was ground in a Wiley
laboratory mill (Arthur N. Thomas Co., Philadelphia, PA) to
pass a mesh 30 sieve (600 µm), then stored at 4°C. 

Alcoholic extraction. Phenolic compounds from the
bagasse were extracted according to the procedure suggested
by Onyencho and Hettiarachchy (9). The bagasse grape sam-
ple powder (10 g) was extracted with 50 mL of ethanol/water
(95:5 vol/vol) during 2 h of continuous stirring using a wrist
action shaker (Burrel model 75; Burrel Corporation, Pitts-
burgh, PA). The mixture was then centrifuged at 5000 rpm
(2990 × g) in a Damon/IEC B-20A centrifuge (Damon
IEC/Division, Needham Heights, MA). The supernatant was
concentrated in a Yamato RE-47 rotatory evaporator (Yamato
Scientific Co. Ltd., Tokyo, Japan) at 40–45°C under vacuum.
Finally, the extract was dried at 60°C in a National 3640 vac-
uum oven (National Appliance Company, Portland, OR).

Analysis of phenolic compounds. Total phenols (TP) were
assayed colorimetrically using the Folin-Ciocalteu method
(10) as follows. An aliquot (1 mL) of the extract was mixed
with 5.0 mL of 10-fold diluted Folin-Ciocalteu reagent and
15 mL 20% sodium carbonate solution. After 5 min at room
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temperature, the absorbance was measured at 750 nm (PE
UV-vis Lambda 2S; PerkinElmer de Mexico, Mexico City,
Mexico). The content of phenolics was expressed as catechin
equivalent (11).

Prooxidative elements quantification. Metallic compounds
were analyzed in the bagasse extracts using the following pro-
cedure. The extracts (0.5 g) were digested with concentrated
nitric and perchloric acids in a micro-Kjeldahl digestion ap-
paratus (Labconco, Kansas City, MO). Aliquots were then
taken for analysis. Phosphorus was analyzed using AOCS of-
ficial method Ca 12-55 (12) with a spectrometer set at 650 nm
(PE UV-vis Lambda 2S, PerkinElmer de Mexico). Copper
and iron ions were determined by atomic absorption spec-
trometry (PE3100; PerkinElmer de Mexico). Wavelengths
used for copper and iron were 324.7 and 248.3 nm, respec-
tively. All experimental work was carried out in all-glass
equipment to minimize metal contamination.

Antioxidant activity evaluation. Samples for the antioxi-
dant activity evaluation were prepared by mixing the extract
with the oil at three different concentrations of TP [0.1, 0.3,
and 0.5% (w/w)] with the aid of monoglycerides as emulsi-
fier. TBHQ and BHA at 0.02% (w/w) were used for compari-
son. Two methods were employed: the Rancimat method and
the Schaal oven method in conjunction with peroxide value
(PV) determination.

(i) Rancimat method. A model 679 Rancimat (Metrohm,
Herisau, Switzerland) was used. A 3.0-g portion of each test
sample was loaded into the reaction vessel. Measurements of
three different samples were conducted in one batch. The air
supply was maintained at 20 L/h and the heating temperature
at 110 ºC throughout the experiment (13–15). Induction time
for the test samples was determined by measuring the elapsed
time from the beginning to the moment when a sudden
change of conductivity occurred. The control was soybean oil
with no additives. 

(ii) Schaal oven method. A 50-g portion of each sample
was placed in a glass jar and heated in a gravity convection
oven set at 60 ± 1°C (16). The PV in the samples were mea-
sured in duplicate following the AOCS official method Cd 8-
53 (12), at periods of 0, 7, 14, and 21 d.

Statistical analysis. All analytical values represent means
of three replicates done on at least two different experiments.
Data obtained were subjected to one-way analysis of variance
and Tuckey’s test analysis. Significance was declared at P <
0.05. Statgraphic software computer was used for statistical
analysis (Statistical Graphics Corp., Rockville, MD).

RESULTS AND DISCUSSION

Total phenolic contents. Total phenolic compound concentra-
tion in the green grape (Thompson variety) bagasse was 4.27
mg/g. The extract had a green-brown color, viscous texture,
and iodine odor. Total phenolic content in the extract was
26.56 mg/g (Table 1). Larrauri et al. (17) reported higher lev-
els of phenolic compounds for dried red grapes. According to
Kanner et al. (6), red grape varieties have higher levels of

phenolic compounds than green ones. Many solvents can suc-
cessfully be used for the extraction of phenolic compounds;
however, the extract yield increases as the polarity of the sol-
vent increases (18). In this study, the concentration of pheno-
lic compounds increased sixfold using ethanol. 

Prooxidative elements content. Some of the antioxidant ac-
tivity of the phenolic compounds depends on the presence of
metal catalysts such as copper (19). The levels of copper and
iron in the bagasse were significantly higher (P < 0.05) than
those found in the extract; however, copper was not detected
in the processed extract (Table 1). 

Antioxidant activity. The grape bagasse extract showed
similar antioxidant activities when measured using both
methods of analyses.

(i) Rancimat method. The induction times of the grape
bagasse extract are shown in Table 2. At all concentrations
tested (0.1, 0.3, and 0.5% of total phenols), the extract exhib-
ited activity significantly higher than that of BHA (P < 0.05).
The highest induction period was achieved with the extract at
0.5% TP; this activity exceeded significantly (P < 0.05) the
antioxidant activity of both synthetic antioxidants. 

(ii) Schaal oven method. The grape bagasse extract was
tested for antioxidant activity in soybean oil at concentrations
of 0.1 and 0.3% TP. Results are shown in Figure 1. At each test
day, stronger antioxidant activities (P < 0.05) are indicated by
lower PV with respect to the control. Although not significant,
overall the antioxidant activity of grape bagasse extract was
higher than that of BHA, but slightly lower than that of TBHQ. 
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TABLE 2
Antioxidant Activity (Rancimat test) of Thompson Grape Bagasse 
Extract and Synthetic Antioxidantsa

Treatment Induction timeb (110°C)

Soybean oil (control) 6.24 ± 0.20a

Soybean oil + extract, 0.1% TP 15.20 ± 0.56b

Soybean oil + extract, 0.3 % TP 29.10 ± 1.84c

Soybean oil + extract, 0.5 % TP >48.00d

Soybean oil + BHA, 0.02 % w/w 8.56 ± 0.37e

Soybean oil + TBHQ, 0.02 % w/w 21.70 ± 0.28f

aTP, total phenol; BHA, butylated hydroxyanisole; TBHQ, tertiary butyl
hydroquinone.
bValues are mean + SD (n = 2). Means with different superscript letters
(a–f) are significantly different (P < 0.05).

TABLE 1
Total Phenolic Contents and Prooxidative Elements 
of Thompson Grape Bagasse and Extracta

Bagasse Bagasse extract

Total phenolb (mg/g) 4.27 ± 0.60a 26.56 ± 3.78b

Copper (ppm) 19.76 ± 1.09 ND
Iron (ppm) 101.40 ± 11.22c 25.25 ± 2.79d

Calcium (ppm) 45.59 ± 1.51e 39.55 ± 1.48f

Magnesium (ppm) 67.95 ± 10.38g 30.53 ± 4.66h

Phosphorus (ppm) 0.0042 ± 0.00 ND
aValues are mean ± SD (n = 2). Means within a row with different su-
perscript roman letters (a–h) are significantly different (P < 0.05). ND,
not detected.
bCatechin equivalents.



This work suggests that the ethanolic extracts from
Thompson grape bagasses have a strong antioxidant activity.
The bagasse, which is a by-product of the wine industry, has
a high content of phenolic compounds that could be a good
source of natural antioxidants.
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FIG. 1. Peroxide values of soybean oil with added ethanolic antioxi-
dant extracts from Thompson grape bagasse during storage at 60 ± 1°C
(Schaal test). TP, total phenol; BHA, butylated hydroxyanisole; TBHQ,
tertiary butyl hydroquinone.


