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This study investigated the effect of organic and conventional orange juice consumption on
biochemical parameters of Wistar rats. Eighteen rats were divided into 3 groups: Control Group
(CG), receiving a balanced diet and water; Organic Juice Group (OJG), receiving a balanced
diet, water, and organic orange juice (15 mL/day), and; Conventional Juice Group (CJG),
receiving a balanced diet, water, and conventional orange juice (15 mL/day). After 30 days, the
animals were anesthetized and sacrificed. Blood was collected to obtain plasma for analysis.
The Folin-Ciocalteu reagent method was used to determine the content of soluble polyphenols
of the juices. Organic orange juice exhibited a significantly higher concentration of soluble
polyphenols compared with conventional juice (p<0.0001). After the intervention, there were
no statistical differences in glucose levels, total and LDL cholesterol, and triglycerides among
the groups. There was a significant higher HDL-cholesterol in OJG compared to GC (p=0.04).
It is suggested that the higher HDL levels in the group receiving the organic juice is related to
the greater concentration of polyphenol found in our results.
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Introduction
Fruits and vegetables are an important part
of a balanced diet, since they not only provide
a wide assortment of vitamins, minerals and
phytochemicals, but also have fewer calories than
other foods. Furthermore, fruits are a rich source of
a variety of biologically active compounds called
phytochemicals that can have complementary
or overlapping mechanisms on lipid metabolism
(Pereira et al., 2014).
The most common phytochemicals in vegetables
and fruits are flavonoids. They have antioxidant
and anti-inflammatory properties that protect LDL
from oxidation, preventing the development of
atherosclerosis (Aptekmann and Cesar, 2010).
*Corresponding author.
Email: manudolinsky@gmail.com

Increasing scientific evidence shows that flavonoid
consumption is associated with the reduction of lowgrade inflammation and mortality for cardiovascular
and neurodegenerative diseases, although the
molecular mechanisms underlying such an effect
are still to be clarified, since most of the data comes
from animal and tissue culture testing (Aptekmann
and Cesar, 2010; Cerletti et al., 2015). Previous
studies have shown that flavonoids from citrus fruits,
as orange, can reduce LDL-C and triglycerides
in animals and humans, and increase HDL-C in
hypercholesterolemic individuals (Aptekmann and
Cesar, 2010; Hyson, 2015; Crowe-White et al.,
2017). As already known, orange juice also has
significant concentrations of vitamin C and folate, as
well as potassium. Those levels of vitamin C could
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protect LDL and endothelial cells against intra- or
extracellular oxidant stress and may reduce risk of
atherosclerosis (Aptekmann and Cesar, 2010).
The term “organic” refers to the way agricultural
products are grown and processed (Robinson et
al., 2016). It involves avoiding artificial fertilizers
and pesticides, crop rotation, and other forms of
husbandry to maintain soil fertility, weeds and
diseases control (Bradbury et al., 2014). Statista had
shown that organic food sales have been growing
in United States since 2000. In 2012, organic food
sales generated 31.32 billion dollars in U.S. (Statista,
2015).
Organic foods nutrient content varies with the
soil, weather conditions, and season. According to
the literature, organic produce have significantly
higher amounts of vitamin C, iron, magnesium
and phosphorus when compared to non-organic
counterparts. In addition to these micronutrients,
organic produce have higher concentrations of
phytochemicals (Worthington, 2004; Lairon, 2010;
Crinnion, 2010; Hallmann, 2012). The aim of this
study was to evaluate soluble polyphenol content in
conventional and organic orange juice and the effects
of organic versus conventional orange on lipid profile
and glucose levels of Wistar rats.
Materials and Methods
Selection of samples
‘Pera’ sweet orange (Citrus sinensis (L.) Osbeck)
is the most largely planted variety of citrus in Brazil,
with more than 40% of the area cultivated with
sweet oranges in that country (Salibe et al., 2002;
Cardoso et al., 2010). For the experiment organic
and conventional varieties of the fruit in natura and
at commercial maturity stage were selected and
purchased at one moment in a local market during
their crop season (July-November) for a timely
analysis.
Extraction of soluble polyphenols
The extraction of soluble polyphenol (SP) was
performed according to the method described by
Vinson et al. (2001). The SP extraction solution
consisted of deionized water and methanol (1:1
v/v). Aliquots of 100 μl of orange juices were
added to microtubes and combined with 500 μl of
extraction solutions. The samples were placed in
a water bath at 90°C for 3 hours. After this period,
the samples were left at room temperature and the
volume was filled up with absolute methanol to 1000
μl and centrifuged at 5000 rpm for 5 minutes. The
supernatant, called polyphenol extract (PE), was used

for the quantification of SP. The SP extract contains
polyphenols mainly in the aglycone form and/or
dissociated to cellular structures, being soluble in
hydroalcoholic solutions.
Quantification of soluble polyphenols
The organic and conventional oranges were
rinsed in cold running water, dried with paper towel
and cut in half to obtain the juices. A centrifugal
juicer (Walita Phillips®) was used to obtain 500 mL
of juice from each type of orange. Immediately after
the extraction the samples were stored at -22°C in a
freezer (Sanyo® MDF-U537) until analysis.
The quantification of SP was conducted using
the Folin–Ciocalteau’s method, according to the
methodology described by Karou et al. (2005),
in which 75 μL of the Folin reagent was diluted
in distilled water (1:1 v/v) and added to 30 μL of
polyphenol extract and left at room temperature for
5 minutes in ELISA 96 well plates. Then, 75 μL of
20% sodium carbonate were added and kept at room
temperature for 30 minutes in test tubes. The reading
was made in spectrophotometer (Biochrom Anthos
zenyth 200st microplate reader) at 750 nm. The SP
content was expressed as milligrams of gallic acid
equivalent per 100 milliliters of juice (mg GAE/100
mL). The Folin–Ciocalteau assay was performed
twice, each in triplicate, and an average result taken.
Animals and diet
Eighteen adult (70-day-old) female Wistar
albino rats (Rattus norvegicus), weighing 200-230
g, were housed individually in polypropylene cages
in a controlled environment kept at 24ºC ± 2ºC, on
a 12 h light/dark cycle (07:00-19:00 h). The study
protocol was approved by the Ethics Committee for
Animal Experimentation of the Federal Fluminense
University (protocol number CEUA 507/2014) and
was performed according to its guidelines. The
animals were divided into 3 groups of 6 each: Control
Group (CG), receiving a balanced diet and water;
Organic Juice Group (OJG), receiving a balanced
diet, water and organic orange juice (15 mL/day),
and; Conventional Juice Group (CJG), receiving a
balanced diet, water and conventional orange juice
(15 mL/day). Standard diet and water were provided
ad libitum. The diet was prepared according to
AIN-93M recommendations and the orange juice
dosage was calculated based on the observation of
the average liquid consumption (mL/rat/day) of the
group. Juice consumption was monitored daily in
order to guarantee that all subjects were ingesting the
whole dosage. Food intake and body weights were
monitored weekly.
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Data and Sample Collection
The experiment was terminated after 30 days,
at which point all rats were anaesthetized and
sacrificed. Overnight fasting blood was collected into
a heparinized tube after the animals were killed, in
order to obtain plasma samples for analyses.
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Table 1. Soluble polyphenol content in organic (OOJ)
and conventional orange juices (COJ).

The values are expressed as mg GAE/100mL of juice and shown
as averages ± SD. (*) p < 0.05.

Biochemical blood analysis
Blood glucose, triglycerides, total cholesterol,
HDL and LDL fractions were measured using
commercial assay kits (Bioclin, Belo Horizonte,
Brazil), as in Jatsa et al. (2016) and Bernardes et al.
(2016), among others.
Statistical analysis
Values were expressed as mean ± standard
deviation (SD). Student’s t-test or Mann-Whitney
test was used whenever appropriate for comparison
of means between organic and conventional fruits.
For comparison of means between groups, data were
analyzed by one-way analysis of variance (ANOVA)
with Duncan’s post-test. The GraphPad Prism 5.0
software was used to conduct the analyses and
significance was considered at p<0.001.
Results
Organic orange juice was found to have a
significantly higher concentration of total polyphenols
compared to conventional juice (Table 1). During the
study, there were no significant differences in weight
gain (Figure 1A), food intake (Figure 1B) or juice
consumption (Figure 1C) among groups. Finally, as
shown in Table 2 there were no statistical differences
in glucose, total cholesterol, LDL and triglycerides
levels among groups. However, there was a
significantly higher HDL level in OJG in comparison
to the CG.
Discussion
Nowadays organic farming is presented in the
literature as an economically sustainable venture,
capable of contributing to the development of small
farmers (Delbridge et al., 2011), besides being also
a way of minimizing food production exposure to
carcinogens (Mendoza et al., 2004; Helmfrid et al.,
2012; Nath et al., 2013; Wallace, 2015). The results
obtained in this study indicate a significantly higher
content of polyphenols in organic orange juice in
comparison to conventional orange juice (p<0.001).
Johansson and colleagues (2014) suggest that this
high polyphenol content found in organic farming
systems is related to the response to pathogens, as a

Figure 1. Body weight (A), food intake (B) and juice intake
(C) in control group (CG), organic juice group (OJG) and
conventional juice group (CJG). The values are shown as
averages ± SD.

form of natural plant defense.
Regarding polyphenol content in conventional
fruits and vegetables, Faller and Fialho (2009)
observed in a group of 12 food items that ponkans
(Citrus reticulate) yielded the highest contend,
followed by bananas (Musa acuminata), and
oranges (Citrus sinensis). The results furthermore
corroborate the findings of Buena et al. (2014) and
Dani et al. (2007) when compared the content of
total polyphenols in different varieties of grapes
grown in organic and conventional system. Dani et
al. (2007) also observed that the grapes from organic
farms have higher antioxidant capacity compared to
conventional grapes.
Oliveira et al. (2013) noted an increase in the
amount of the enzyme phenylalanine ammonia
lyase, an enzyme involved in flavonoids biosynthesis
in organic tomatoes, which may explain the
significantly higher content of polyphenols in this
group of food compared to conventional tomatoes.
These data suggest that organic farming has the
ability of modifying transcripts or enzymes activities
levels of controlling intermediary steps of phenolic
compounds biosynthetic pathway.
Despite the food and drinks have been offered
ad libitum during the experiment, there was no
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Table 2. Biochemical analysis of Control Group (CG),
Organic Juice Group (OJG) and Conventional Juice
Group (CJG).

All parameters are expressed in mg/dL. The values are shown
as averages ± SD. (*) p < 0.05 when compared with the control
group (CG).

significant difference in their consumption, and
hence, no differences in final body weight. The
analysis of glucose concentration is presented in
Table 2. As can be seen, no significant differences
between the groups were found. Dong et al. (2016),
in a study comparing different orange juices effects
on blood glucose and insulin levels after a high-fat
diet supply, observed a better glycemic control and
postprandial insulinemia after consumption of the
juice with higher fiber amount (plus the pulp of the
orange). On the other side, in the present study the
drinks were whole and made moments before offering
to the animals, what could have yielded, or at least,
contributed to, the different results, since we found
no differences on those parameters, compared to CG.
On the other hand, all animals received a balanced
diet and were healthy, so it was not expected any
glucose metabolism disregulation.
Concerning total cholesterol concentration, there
was no significant difference among groups, although
hesperidins, a component present in all orange
varieties, have a known hypocholesterolemic effect
(Morand et al., 2011). Unfortunately, in the present
study there was no data regarding this component.
However, the OJG showed significantly higher
levels of HDL (p<0.05) than CG, but no difference
compared to CJG. Kurowska et al. (2000), in a study
with humans, found higher levels of HDL in the
group that received orange juice, when compared
to the control group. These results are similar to the
present ones, where groups receiving orange juice
had higher HDL levels. In another study, Baba et
al. (2007) suggest that content of total polyphenols
contributes not only to increase in HDL, but also
LDL oxidation prevention, reinforcing polyphenols
importance in a cardioprotective diet. Higher HDL
levels found in organic juice group may be related to
highest concentration of polyphenol found in organic

orange. Notwithstanding, orange juice, organic and
conventional as well as control group did not display
any differences concerning LDL levels.
No differences were observed on triglycerides
in the present study. Cerletti et al. (2015) observed
reduction on triglycerides after fat diet and orange
juice consumption, as a result of hesperidins effects on
hormone sensitive lipase action. Those contradictory
results may be a result of differences in diet
composition. Finally, we must underline a relevant
limitation of the study that must be overcome before
we can further generalize its results: since all animals
used were from the start healthy, with a balanced
diet, it is possible that a larger time span – and, thus,
a larger exposure to the organic and conventional
juices – could be necessary in order to reinforce their
effect and make the results more robust.
Conclusion
In conclusion, results show the importance of
encouraging orange juice consumption, especially
organic, due to its high polyphenol content compared
to conventional orange juice. Furthermore, data
suggest a possible cardioprotective effect due to
higher HDL levels.
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