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A B S T R A C T

The objective of this study was to evaluate the effects of the ingestion of different white grape juices: organic,
conventional and conventional grape juice with 5% lemon juice during adolescence on biochemical serum
profile and oxidative stress level in liver of adult Wistar rats. The phenolic and vitamin C composition of the
juices were evaluated. During 32 days the rats were treated with the juices or oral water (gavage) for at a dose of
7 μL/g body weight. The animals were divided into 4 groups (n=16/each). In the end, half of the animals
received an intraperitoneal CCl4 injection of 3.0mL/kg; the other ones received mineral oil. After euthanasia,
biochemical parameters were evaluated in serum and oxidative stress in the liver. It is possible to emphasize that
the juices have different phenolic and vitamin C contents. The juice consumption didn’t alter the weight body
and biochemical parameters in adult life.

1. Introduction

Grape juice has an important role in the economy of Rio Grande do
Sul. The consumption of grape juice has increased considerably
throughout Brazil, the commercialization of this drink in the last
10 years has increased from 15.832.130 L in 2005 to 90.253.143 L in
2014, an increase of 570% (IBRAVIN, 2015)

The main varieties of grape juice in Brazilian production originate
from grapes known as American and hybrid grapes from Vitis labrusca
grapes such as Rose (goethe), Bordeaux and Concord (red), White
Niagara and Moscato (white), varieties rich in phenolic compounds
(Dani et al., 2007; IBRAVIN, 2015). There are two types of grapevine
cultivation in Brazil. The organic, where no pesticides are used and the
conventional style, with the presence of pesticides in the cultivation of
the vine. According to a study by Toaldo et al. (2015), it was evidenced
that organic grape juices have a higher concentration of phenolic
compounds when compared to conventional juices (Toaldo et al.,
2015).

The phenolic compounds have a chemical structure that lends them
antioxidant properties (Tabeshpour, Mehri, Shaebani Behbahani, &
Hosseinzadeh, 2018). Thus, these compounds have antioxidant,

antimutagenic, anticancer, anti-teratogenic activity and assists in the
immune response (Miglio et al., 2014).

Grapes stand out in the market because it is one of the fruits with
the most phenolic compounds when compared to other fruits (Toaldo
et al., 2015). Compared with wine, grape juice becomes the best al-
ternative for the use of phenolic compounds, due to the absence of al-
cohol, allowing consumption by children, the elderly and pregnant
women. A study carried out in animal model showed that grape juice
performed its antioxidant and hepatoprotective activity against the
oxidative damages resulting from the consumption of a high fat diet.
Among the observed benefits, the reduction in fat accumulation within
hepatocytes was identified (Buchner et al., 2014).

It is known that the role of food goes beyond the supply of nutrients
and energy, they can promote beneficial physiological effects. The
choice of polyphenol-rich food will bring benefits to human health and
therefore must be consumed from adolescence to adulthood (Passos
et al., 2017). Guaranteeing a diet rich in phenolic compounds from
childhood can bring many benefits such as prevention of diseases such
as cancer, obesity, cardiovascular diseases, among others (Di Daniele
et al., 2017).

Phenolic compounds are not the only ones confer benefits to fruits
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and their derivatives, fruits also carry vitamins, notably vitamin C,
which is characterized by being a natural antioxidant, obtained through
diet (Liu, 2013). It is found primarily in citrus fruits such as tangerine,
orange and lemon and acts as an antioxidant bringing great benefits to
human health. Vitamin C, or ascorbic acid, acts as antioxidants on re-
active oxygen species (ROS) and reactive nitrogen species (RNS) in
biological environments. Acting directly on cell membranes preventing
lipid peroxidation and indirectly on vitamin E regeneration, bringing
many benefits due to its antioxidant potential (Vasconcelos et al.,
2007).

To date, there are few studies in the literature that demonstrate the
benefits of white grape juice to health. The search for alternatives that
can enrich this benefit is a current market trend, and in this context, we
see the introduction of white grape juice with the addition of lemon, in
an attempt to increase its benefits by enriching it with vitamin C. In this
way, the present study aims to evaluate the effects of the ingestion of
different kinds of white grape juice, organic, conventional and con-
ventional with the addition of lemon (Vitis labrusca) during adolescence
on biochemical parameters and oxidative stress in liver of adult Wistar
rats on carbon tetrachloride-induced damage.

2. Materials and methods

2.1. Juices

All the white grape juice were offered by Vinícola Sinuelo, located
in the municipality of São Marcos, RS, Brazil. The conventional grape
juice with lemon had 5% lemon juice added. Periods of validity were
observed, and the same brands were used for the entire study. The juice
was manufactured in 2015.

2.2. Analysis of phenolic compounds

The juice samples were diluted 1:100 in water for Folin-Ciocalteau
analysis and 1: 2 in 40% ethanol for total flavonoids. For HPLC analysis,
the pure samples were filtered on 45 μm pore Nylon membranes. The
total content of phenolic compounds of the grape juices were measured
using the colorimetric modification of Folin-Ciocalteau method
(Singleton, Orthofer, & Lamuela-Raventós, 1999). Two hundred mi-
croliters of grape juice was assayed with 1000 μL of Folin-Ciocalteu
reagent and 800 μL of sodium carbonate (7.5%, w/v). After 30min, the
absorbance was measured at 765 nm, and the results were expressed as
mg/L catechin equivalent.

The analyzes of phenolic compounds were performed on HP model
1100 HPLC equipment, Lichrospher RP18 column (5 μm) equipped with
a 210 nm UV detector and quaternary pump system. The reverse phase
analysis consisted of: solvent A – water with 1% phosphoric acid and
solvent B – Acetonitrile. The pumping system of the mobile phase was
gradient, with 90% of solvent A from 0 to 5min, 60% of A from 5 to
40min and 90% of A from 45 to 50min. The standard flow was
maintained at 0.5 mL/min according to the literature (Lemos Lima
Morelli Engenheira de Alimentos Doutor Marcelo Alexandre Prado
Orientador, n.d.). The samples were filtered on Nylon membranes
0.45 μm in pore diameter. The phenolic compounds were identified
according to their elution order and by comparing their retention time
with those of their pure standards. The quantification was performed by
the external standardization method, by correlating the area (mAU*s)
of the compound peak to the standard curve performed with each
standard evaluated (gallic acid, catechin, chlorogenic acid, epicatechin,
rutin, ferulic acid, naringin, hesperidin, myricetin, resveratrol, quer-
cetin and vitexin).

2.3. Animals

In our study, we used 80 male Wistar rats at 21 days of age,
weighing about 200 g, coming from the Centro Universitário Metodista

– IPA. They were maintained at 22 ± 1 °C, on a 12-h light dark cycle.
The animals received the commercial feed. It was composed of 20,5%
protein – predominantly soy, 54% carbohydrate, 4% lipid, 4.5% fiber,
7% ash and 10% moisture.

2.4. Treatment

Wistar rats were treated daily (once daily) with conventional, con-
ventional organic white grape juice with addition of 5% lemon juice or
water fed orally (gavage) for 32 days at the dose of 7 μL/g body
weight. The animals were initially distributed in four experimental
groups (n=16 each), being: control, organic grape juice, conventional
grape juice and conventional grape juice with the addition of lemon
juice. All animals were kept 7 days in the adaptation phase, being fed
with water and feed. When they were 28 days old, the treatment was
started until 60 days of age, the rats received the juices orally (gavage).
Body weight gain were evaluated weekly. After the end of the treat-
ment, prior to the injections, they were subdivided into another 8
groups (n= 8 each) and each group received single dose injections of
tetrachloride or mineral oil according to the designated group, in a
single dose of 3.0 mL/kg body weight intraperitoneally (Gabardo et al.,
2015). After 4 h of the injection, the animals were immediately eu-
thanized with halothane, associated with exsanguination. Blood was
collected by cardiac puncture and afterwards centrifuged and stored.
The liver was removed and homogenized in KCL solution, the samples
(liver and blood) were collected and stored for further testing. We
evaluated biochemical parameters and the oxidative stress levels in the
plasma (TBARS, Carbonilas, SOD, CAT and Sulfhydriles). These proce-
dures adopted for these animals complied with the “Principles of care of
laboratory animals of NIH” and Law 11.794/2008, according to
guidelines of CONCEA and CEUA. The approval number of the research
project at CEUA was 003/2016.

2.5. Biochemical parameters

The assays were performed in plasma by automation (Bioclin-
BS120). To evaluate the lipid profile, total cholesterol (CT) (mg/dL),
triglycerides (TG) (mg/dL) and high-density lipoprotein (HDL) (mg/dL)
were used. Hepatic function was assessed by aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) analysis. Urea (mg/dL) and
creatinine (mg/dL) were used as parameters for the evaluation of renal
function.

2.6. Evaluation of oxidative stress parameters

2.6.1. Thiobarbituric acid reactive substances (TBARS) measurement
TBARS was used to determine lipid peroxidation. Trichloroacetic

acid (10% w/v) was added to the homogenate to precipitate proteins
and to acidify samples (Wills, 1966). This mixture was then centrifuged
(1000 g, 3 min). The protein-free sample was extracted, and thio-
barbituric acid (0.67% w/v) was added to the reaction medium. Tubes
were placed in a water bath (100 °C) for 30min. Absorbance was read
at 535 nm in a spectrophotometer (T80 UV/VIS Spectrometer, PG In-
struments). Commercially available malondialdehyde was used as a
standard. Results were expressed as mmol/mg of protein.

2.6.2. Carbonyl assay
Carbonyl assay was used to determine oxidative damage to proteins.

Homogenates were incubated with 2,4dinitrophenylhydrazine (DNPH
10mmol/L) in 2.5mol/L HCl solution for 1 h at room temperature, in
the dark. Samples were vortexed every 15min (Levine et al., 1990).
Then 20% TCA (w/v) solution was added in tube samples, left in ice for
10min and centrifuged for 5min at 1000g, to collect protein pre-
cipitates. Another wash was performed with 10% TCA. The pellet was
washed 3 times with ethanol: ethyl acetate (1:1) (v/v). The final pre-
cipitate were dissolved in 6mol/L guanidine hydrochloride solution,
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left for 10min at 37 °C, and read at 360 nm (Reznick, Packer, 1994)
(T80 UV/VIS Spectrometer, PG Instruments).

2.6.3. Sulfhydryl assay
This assay is based on the reduction of 5,5′-dithio-bis(2-nitrobenzoic

acid) (DTNB) by thiols, generating a yellow derivative (TNB) whose
absorption is measured spectrophotometrically at 412 nm (Aksenov &
Markesbery, 2001). Briefly, 0.1 mM DTNB was added to 120 μL of the
samples. This was followed by a 30min incubation at room temperature
in a dark room. Absorption was measured at 412 nm (T80 UV/VIS
Spectrometer, PG Instruments). The sulfhydryl content is inversely
correlated to oxidative damage to proteins. Results were reported as
nmol/mg protein.

2.6.4. Determination of antioxidant enzyme activities
Superoxide dismutase (SOD) activity, expressed as USOD/mg pro-

tein, was based on the inhibition of the ratio of autocatalytic adreno-
chrome formation at 480 nm (T80 UV/VIS Spectrometer, PG
Instruments) (Bannister & Calabrese, 1987). Catalase (CAT) activity
was determined by following the decrease in 240 nm absorption of
hydrogen peroxide (H2O2). (T80 UV/VIS Spectrometer, PG Instru-
ments). It was expressed as UCAT/mg protein (Aebi, 1984).

2.6.5. Dosage of proteins
Protein concentrations were determined by the method of Lowry,

Rosebrouh, Lewis-Farr, and Randall (1951), using bovine serum al-
bumin as standard (Lowry et al., 1951).

2.7. Statistical analysis

The results were expressed as mean and standard error of the mean.
The normality of the data was expressed by the Kolmogorov-Smirnov
test. The analysis of the phenolic composition and vitamin C were
performed by one-way ANOVA, followed by Tukey’s post-test. For the
other analyses the differences between the groups were examined by
two-way ANOVA followed by Tukey's test post, considering a statistical
difference when p < 0.05. All analyzes were performed using
SigmaPlot 11.0 statistical software (Systat Software, San Jose, CA,
USA).

3. Results and discussion

The total phenolic compounds of the white grape juice Vitis Labrusca
L. were quantified by Folin-Ciocalteau and identified individually by
high efficiency chromatography (HPLC) (Table 1). We observed that the
concentration of total phenolic compounds (TPC) and catechin was
higher in the organic juice when compared to the conventional variety
and the conventional juice+ lemon (p < 0.05). In relation to resver-
atrol, we observed that conventional juice presented higher con-
centration when compared to the organic and the

conventional+ lemon juice. When the concentration of vitamin C was
higher in the organic juice (Table 1).

The phenolic compounds present in the grape can act as natural
antioxidants (Dani et al., 2007). In our study we observed that the
concentration of total phenolic compounds and of catechin in organic
white grape juice was higher compared to the other grape juice var-
ieties. Studies have identified that organic grape juice made from white
and red grapes of the Vitis labrusca variety showed a significantly higher
concentration of phenolic compounds when compared to grape juice
obtained through conventional cultivation (Dani et al., 2007; Rodrigues
et al., 2012). In the study by Toaldo et al. (2015), when analyzing the
phenolic composition of organic and conventional red grape juices and
conventional white juice, the concentrations of anthocyanins, flavo-
noids and phenolic acids were significantly higher in red organic juice
(Toaldo et al., 2015).

In our study, resveratrol was present in higher concentration in
conventional juice followed by organic and conventional+ lemon. A
similar result was also observed in the study by Freitas, Detoni,
Clemente, & Oliveira (2010), where the concentration of resveratrol in
red grape juice was higher in conventional juice (32,5 mg L1) than in
organic juice (25,9 mg L1). In contrast, another study observed a higher
concentration of resveratrol in organic red juice when compared to
conventional red juice and conventional white juice (Toaldo et al.,
2015). Resveratrol is a non-flavonoid with great antioxidant potential,
found in large concentrations on the peel of the grapes, mainly of the
bordeaux variety of Vitis labrusca L and in smaller concentration in the
white grapes (Rauf et al., 2017).

When analyzing concentration of vitamin C (ascorbic acid), the
highest concentration was organic grape juice and finally the conven-
tional juices. Our results are in accordance with Rodrigues et al. (2012),
where organic grape juice presented higher concentration of ascorbic
acid compared to conventional grape juice. Vitamin C promotes re-
generation of the membrane-bound alpha-tocopherol radical and re-
moves the radical for the aqueous phase, protecting the tissues from
lipid peroxidation both in vivo and in vitro (Oudemans-van Straaten,
Spoelstra-de Man, & de Waard, 2014; Pari & Suresh, 2008). In a study
by González-Molina and colleagues (2012), aiming to analyze new
drinks rich in polyphenols, such as grape juice or elderberry con-
centrate combined with 5% lemon juice, the phytochemical composi-
tion and antioxidant capacity of these juices was analyzed. It was ver-
ified that grape juice and elderberry concentrate had higher antioxidant
activity with addition of lemon juice, as well as a higher concentration
of anthocyanins (González-Molina, Gironés-Vilaplana, Mena, Moreno,
& García-Viguera, 2012).

In the five weeks of treatment in our study, all animals had weight
gain, but there was no statistical difference in weight gain between the
groups (Fig. 1). Similarly, in a study with rats submitted to organic and
conventional red grape juice consumption during twelve weeks of
treatment, no significant change in rodent body weight between the
groups studied was identified (Hollis, Houchins, Blumberg, & Mattes,

Table 1
Content of total phenolic compounds, isolated phenolic compounds and vitamin C content in white grape juice.

Phenolic compound (mg/L) Organic Conventional Conventional+ Lemon

Total Phenolic Compound 475.49 ± 2.450*a 460.88 ± 6.50 436.27 ± 6.48
Catechin 0.610 (0.610–0.617)*b 0.310 (0.310–0.318) 0.310 (0.310–0.318)
Epicatechin 0.610 (0.610–0.625) 0.630 (0.623–0.630) 0.620 (0.613–0.620)
Resveratrol 0.560 ± 0.025 0.817 ± 0.012* 0.673 ± 0.029
Vitexin 1.20 ± 0,039 2.66 ± 0.030 2.16 ± 0.026
Hesperidin NE 37.47 (36.87–37.88) 35.26 (35.18–35.36)
Flavonoids Total 6.26 ± 0.14 8.08 ± 0.18 9.17 ± 0.15
Chlorogenic Acid NE 3.89 ± 0.024 3.75 ± 0.14
Ferulic Acid NE 13.66 ± 0.03 11.6 ± 0.05
Vitamin C (mg/dL) 19.23 ± 0.32* 4.80 ± 0.17 5.70 ± 0.17

(a) Results expressed as mean ± standard error of the mean. (b) Results expressed in median (25–75). NE: Not Found. *Statistical difference with the other juices
according to ANOVA, followed by Tukey test post, p < 0.05.
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2009). However, in the study by Buchner et al. (2014) the body com-
position of rats was evaluated after 12 weeks of treatment with a hyper-
lipidic diet, conventional red grape juice and/or organic grape juice,
and it was observed that the animals treated with a hyper-lipidic diet
associated with conventional or organic grape juice presented lower
body weight, with the most significant reduction being associated to
organic juice group (Buchner et al., 2014). According to other studies in
the literature, maintaining a daily intake of grape juice, a polyphenol-
rich drink, associated with a balanced diet does not cause significant
increases in body weight (Krikorian, Nash, Shidler, Shukitt-Hale, &
Joseph, 2010). This fact is very important because some studies are
showing the soft beverages consumption during the childhood have
contributed to the obesity in the adult life, but the 100% juice, without
sugar added could protect this scenario (Eshak et al., 2013).

We observed alterations in the lipid profile regarding the animals
that consumed the juices (Table 2). Regarding total cholesterol (CT),
levels presented an increase in the oil group (60.53 ± 1.50mg/dL) in
relation to the CCl4 group (54.26 ± 1.57mg/dL). In relation to HDL, it
was observed that levels decreased in the groups that received con-
ventional juice and conventional+ lemon juice (CCl4) when compared
to the respective oil group. There were no statistical differences be-
tween groups as far as triglyceride levels were concerned. When we
analyzed hepatic function through AST and ALT, we observed that
animals receiving the dose of CCl4 (220 ± 9.95 U/L) had higher AST
levels than the oil group (113.646 ± 8.828 U/L); the same happened
with ALT, where we observed that animals that received CCl4
(73.28 ± 2.65 U/L) presented higher levels than the oil groups
(56.93 ± 2.62 U/L). For both enzymes we observed that the juices did
not protect the damage induced by CCl4 (Table 2). In relation to crea-
tinine, it was observed that the levels decreased in the CCl4 group
(0.165 ± 0.012mg/dL) compared to the oil group

(0.272 ± 0.012mg/dL), the juices failed to protect against the damage
caused by CCl4. No significant differences were observed between the
groups in relation to urea on these same experimental groups.

When evaluating the biochemical profile, it is possible to observe
that the CT, levels remained the same, except for animals that con-
sumed lemon juice associated with CCl4. In a study with leaf extract of
the Bordo grape variety, it was also observed that the daily intake of the
extract via gavage for thirty days did not alter the levels of CT in dia-
betic rats (Lacerda et al., 2014). On the other hand, HDL levels de-
creased in the groups that received conventional and conven-
tional+ lemon juice in our study associated with CCl4. In contrast to
our study, certain studies (however analyzing the consumption of red
grape juice) demonstrated significant increases in HDL (Ahmadi & Sk,
2014; Aminian, Aminian, & Hoseinali, 2006). There was no statistical
difference the triglyceride (TG) levels in the groups. This is in agree-
ment with a study by Aminian and collaborators (2006), where the
consumption of red grape juice in hypercholesterolemic rabbits did not
alter TG and HDL levels. The AST and ALT markers were used to
evaluate hepatic function in rats (Aminian et al., 2006). The hepatic
changes caused by CCl4 were evidenced by the increase in activity of
these enzymes. These results are in line with those of Hermenean and
collaborators (2017) where twenty-four hours after administration of
CCl4 an increase in the activity levels of AST and ALT was verified in a
study with chrysin, a natural flavonoid extracted from the honey of
plants (Hermenean et al., 2017).

Although in this study, the juice did not protect against liver da-
mage caused by CCl4, there are several other studies which demon-
strated the hepatoprotection offered by grapes and its by products, in-
cluding grape juice, both in vivo and in vitro (Buchner et al., 2014; Dani,
Pasquali, et al., 2008; Lacerda et al., 2014; Oliboni, Dani, Funchal,
Henriques, & Salvador, 2011; Rodrigues et al., 2013). The process of

Fig. 1. Weight gain over treatment. Results expressed as measure/g weight of male Wistar rats treated with different white grape juices.

Table 2
Determination of biochemical parameters, hepatic and renal markers in plasma of adult Wistar rats treated with conventional, conventional organic grape juice with
addition of 5% lemon.

Group Parameters

Beverage Ag. Cholesterol (mg/dL) Triglycerides (mg/dL) HDL (mg/dL) AST (U/L) ALT (U/L) Urea (mg/dL) Creatinine (mg/dL)

Control Oil 61.37 ± 3.32 88.90 ± 10.12 36.41 ± 1.51 127.37 ± 19.46 64.62 ± 5.78 58.26 ± 4.35 0.276 ± 0,027
Organic Oil 55.00 ± 3.32 80.31 ± 10.12 34.23 ± 1.51 126.12 ± 19.46 58.62 ± 5.78 56.16 ± 4.35 0.224 ± 0.026
Conventional Oil 59.37 ± 3.32 82.15 ± 10.12 37.08 ± 1.51 111.00 ± 19.46 59.37 ± 5.77 60.46 ± 4.35 0.261 ± 0.027
Conv+ Lemon Oil 61.62 ± 3.32 89.11 ± 10.12 38.46 ± 1.51 109.87 ± 19.46 54.62 ± 5.78 59.35 ± 4.35 0.295 ± 0,027
Lemon Oil 65.28 ± 3.55 96.31 ± 10.82 40.13 ± 1.61 93.86 ± 20.81 47.43 ± 6.18 58,30 ± 4.65 0,304 ± 0,0288
Control CCl4 51.71 ± 3.55 83.84 ± 10.82 30.44 ± 1.61 198.57 ± 20.81* 72.57 ± 6.18* 51.57 ± 4,65 0.123 ± 0.028*

Organic CCl4 49.28 ± 3.55 91.03 ± 10.12 30.04 ± 1.51 225.87 ± 19.46* 77.62 ± 5.78* 66.41 ± 4.35 0.140 ± 0.027*

Conventional CCl4 51.75 ± 3.32 78.11 ± 10.12 31.83 ± 1.51* 225.87 ± 19.46* 71.75 ± 5.78* 54.30 ± 4.35 0.169 ± 0.027*

Conv+ Lemon CCl4 52.14 ± 3.55 83.27 ± 10.12 31.53 ± 1.51* 225.87 ± 19.46* 83.50 ± 5.78* 63.44 ± 4.35 0.184 ± 0.027*

Values expressed as mean ± standard error of the mean.
* Statistical difference when comparing with the same group with other agent according to two-way ANOVA, followed by Tukey test post, p < 0.05. HDL: high-

density lipoprotein, AST: aspartate aminotransferase and ALT: alanine aminotransferase.

E.S. Kovaleski, et al. Food Chemistry 291 (2019) 110–116

113



oxidative stress is characterized when there is an imbalance between
excess free radical production versus the antioxidant defense mechan-
isms (Tromm et al., 2012). According to Tromp and collaborators
(2012), oxidative stress alters the physiological functioning of several
organs, such as the liver and heart, causing alterations in liver and heart
cells, causing diseases such as hepatitis C, atherosclerosis and hepatic
steatosis.

Regarding the levels of lipid peroxidation (TBARS) in the liver, no
significant differences were observed between the treated groups
(Fig. 2). In relation to protein oxidation (Carbonil), it was observed that
the CCl4 group (34.67 ± 4.26 nmol/mg) had higher values than the oil
group (18.20 ± 4.45 nmol/mg). In the CCl4 group, conventional and
conventional + lemon juice presented high carbonyl values in relation
to the control. These same juices showed high carbonyl levels when
compared to their respective ones in the oil group (Fig. 2). There were
no statistically significant differences between the groups treated with
white grape juice with or without CCl4.

In our study, a few markers of oxidative stress were measured using
Carbonil and TBARS techniques in the liver of adult Wistar rats. We
observed that in the liver the levels of protein oxidation in the group
that received the damage inducer did not present significant differences
in relation to the oil group. In the CCl4 group, the conventional and
conventional + lemon juices failed to prevent the damage caused by

CCl4, but the organic juice group we didn’t see this increase. In contrast,
Buchner et al. (2014) observed a protection, however with organic and
conventional red juices, in a model of obesity (Buchner et al., 2014).
When evaluating the levels of lipid peroxidation (TBARS) no statistical
differences were observed in the liver of the evaluated groups. How-
ever, in a study of the group, it was found that organic and conventional
grape juice was able to reduce the levels of TBARS, providing protection
to the liver tissue of Wistar rats (Lacerda et al., 2014).

When evaluating the enzymatic activity of SOD in the liver we ob-
served no statistical difference between the oil and CCl4 groups.
However, within the CCl4 group, all juices increased the activity of the
SOD enzyme when compared to the control (Fig. 3). In addition to
evaluating SOD activity, we evaluated the antioxidant enzymatic de-
fenses through CAT. However, no statistical differences were observed
in the liver of the evaluated groups (p > 0.05) (Fig. 3).

When there is an overproduction of free radicals in the body, the
antioxidant system is triggered. Our body has an efficient antioxidant
system that can control and reestablish balance (Vasconcelos et al.,
2007). The accumulation of free radicals in our body can be avoided
through the enzymatic defenses of SOD and CAT (Pari & Suresh, 2008).
In our study in the CCl4 group, there was an increase in the SOD enzyme
activity with all juices when compared to the control. This agrees with
the literature when they observed the protective effects of hesperidin, a

Fig. 2. Levels of TBARS (nmol/mg) and Carbonyl (nmol/mg), expressed as mean ± standard error of the liver mean of male Wistar rats treated treated with different
white grape juices. *Difference of CCl4 group with their respective in the oil group. **Difference oil group with your control. #Difference of group CCl4 with your
control. Statistical difference according to two-way ANOVA, followed by Tukey test, p < 0.05.
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flavonoid with antioxidant action over oxidative stress, dyslipidemia
and histological alterations due to hepatic and renal toxicity induced by
iron in rats (Pari & Suresh, 2008). In this study the association of iron-
associated hesperidin increased the levels of enzymatic antioxidant
enzymes (superoxide dismutase, catalase, glutathione peroxidase) in
liver and kidney. In another study, consumption of organic and con-
ventional red grape juice inhibited induced reduction by PTZ in enzy-
matic antioxidant defenses SOD and CAT in liver and serum (Rodrigues
et al., 2012). In the CAT activity, no statistical differences were ob-
served in the liver of the evaluated groups. However, in a study with
rats treated with organic and conventional red juice induced to CCl4
damage, there was an increase in CAT activity in liver and serum of
Wistar rats (Dani, Oliboni, et al., 2008). In the present study, sulfhydryl
levels had no significant change between groups. This fact was also

evidenced in a study where there was no statistical difference in the
levels of sulfhydryl in the serum and liver of Wistar rats (Farias
Wohlenberg et al., 2015).

4. Conclusion

Our results reinforce the evidence that white grape juices present an
important concentration of phenolic compounds, albeit in a different
concentration depending on juice type. The white grape juice con-
sumption, with or without lemon juice, during the adolescence didn’t
alter the weight body in the rat’s adult life. The organic grape juice
consumption didn’t alter the carbonyl level different from the other
grape juices, this fact could be explain by the phenolic content level. We
believe grapes receive this merit for presenting a high concentration of

Fig. 3. Levels of SOD (U SOD/mg), CAT (U CAT/mg) and Sulfhydryl (nmol/mg), expressed as mean ± standard error of the liver mean of male Wistar rats treated
with treated with different white grape juices.*Difference of group CCl4 with its respective in the oil group. **Difference oil group with your control. #Difference of
group CCl4 with your control. Statistical difference according to two-way ANOVA, followed by Tukey test, p < 0.05.
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phenolic compounds that bring many health benefits, from adolescence
to adulthood in experimental model. This study provides results in a
Wistar rats model, to obtain a complete approach on the hepatic ben-
efits of grape juice, further studies are needed.
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