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Abstract

Objective: Apricots are mostly consumed in dried form worldwide. Studies are reporting some allergic
effects of dried apricot because of its content of sulfur, which is used in the drying process. Therefore, sulphur
content has been limited by many countries. This study was conducted to determine the effects of sun-dried
apricots with different sulfur contents on nitric oxide (NO), malondialdehyde (MDA) and glutathione (GSH)
that are among the markers of oxidative stress.

Methods: A total of 84 Wistar albino rats were divided into groups as control, sun-dried apricot, 1000, 2000,
3000 and 4000 ppm sulfured groups. At the end of the 12th week, rats were sacrificed under general
anesthesia. NO, MDA and GSH levels were studied at the end of the experiment from the ovarian and
testicular tissues of the rats.

Results: No statistically significant differences were found among the groups in terms of NO, MDA and
GSH in the ovarian and testicular tissues removed from the rats

Conclusion: We claim that sulfur amount of dried apricots is not affect on reproductive system. This study
is guiding further studies that will be conducted against the restrictions in sulfur used in the drying process
of dried apricots, which is economically very important for dried fruits sector.

Key words: Sulphur dried apricot, Oxidative stress, Rat, Ovary, Testes

Suggested Citation: Kiran TR, Otlu O, Karabulut E, Ozcan N. Investigation of the effects of sun-dried apricot with different sulfur
levels on oxidative stress markers. Middle Black Sea Journal of Health Science, 2019; 5(3):239-245

Introduction
Address for correspondence /reprints: Today studies conducted on herbals that can
potentially replace medical drugs are important
Tugba Raika Kiran because of the wide range of side effects. Apricot is
one of the fruits investigated for alternative or
Telephone number: +90 (532) 326 74 52 complementary treatments of various diseases.
Apricot, which belongs to the Rosaceae family is a
E-mail: traika kiran@iste.edu.tr medical plant with reported contents polyphenol,
polysaccharides, fatty acid and carcinogenic
DOI: 10.19127/mbsjohs.654240 glycosylase, vitamin A and vitamin C. Apricot also

contains basic flavonoids such as chlorogenic acids,
catechins and quercetin (Chan et al.,, 2008).
Parlakpinar et al. found that feeding with apricots
reduces ischemia-reperfusion damage in rats
(Parlakpinar et al, 2009). Antimicrobial,
cardioprotective,  antimutagenic = and  anti-
inflammatory activities and hepatoprotective effects
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of apricot have been reported (Raj et al., 2016; Ruiz
et al., 2005; Yilmaz et al., 2015).

Apricot is most commonly used in dried form.
Philippi reported that nutrients, and thus calorie
concentration are higher in dried apricot (Zamboni
et al., 2011). Dried apricot is one of the important
traditional export products of the dried fruit sector,
and Turkey is the leading country of fresh and dried
apricots production worldwide. In Malatya
province, which meets more than half of the apricot
production of Turkey, the production is more
commonly wide with dried apricots and 90% to 95%
of dried apricots are exported (TCEB, 2017).

The drying process aims to prolong shelf life by
reducing physical, chemical, microbiological and
enzymatic reaction rates through the removal of the
water content, to decrease costs of packaging,
warehouse and transportation, and to protect
nutritional value (Jayaraman and Das Gupta, 1992).
Another drying method, drying by sulphurization is
preferred to protect the natural color of apricots and
to prolong shelf life (Bayram et al., 2007).

It has been proven that sulfur dioxide (SO)
which is used in the drying process may lead to
oxidative stress and DNA damage in various organs
(Meng and Liu, 2007). Also, it has been reported
that SO, /sulfide may cause biological damage by
commencing peroxidation of polyunsaturated fatty
acids (PUFA), DNA synthesis accompanied by
mutations, cellular division and inhibition of mitosis
(Shapiro, 1977). Again, it has been underlined that
sulfide-based preservatives, especially in apricots
and some dried fruits, may cause allergic reactions
or asthma exacerbations in susceptible persons.

Based on these studies, it has been proposed that
the content of the sulfur used in drying foods should
be reduced. The legal limit of SO, content in dried
apricot has been accepted as 2000 mg/ kg in
European Union, 2500 mg/kg in Canada and 3000
mg/ kg in the United States (Asma, 2007; Codex,
1981).

Estimated amounts of daily intake of inorganic
food additives per person are reported 1.629 mg (as
50 kg body weight) for sulfur dioxide (Ishiwata et
al., 1998). It is important to establish the balance
between sulfur level used in the dried fruits to
protect natural color and prolong shelf life, and
biochemical reactions caused by this agent. The
number of studies in the literature on this issue is
not sufficient. Because oxidative stress that has
been proposed to be increased by sulfur, which is
used in the drying process of apricots plays an
important role in the pathophysiology of many
diseases, we thought that investigation of the effects
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of sulfur levels used in the drying process of apricot
on the markers of oxidative stress will clarify this
issue. Therefore, based on this information, in this
study, we aimed to investigate the effects of sun-
dried apricot with various sulfur levels on NO,
MDA and GSH that are among the markers of
oxidative stress.

Methods

Chemicals, animals and diets

A total of 84 Wistar albino rats used in this study
(42 female and 42 male) were supplied from the
Inonu  University = Experimental  Animals
Reproduction and Research Center. The principles
of the Inonu University Experimental Animals
Ethics Committee was followed during the study.
18-weeks old rats weighing 205 + 13 g were kept in
standard cages until the day of the experiment.
Throughout the experiment, the drinking water was
changed daily, and the standard cage cleaning was
done. The rats were housed in rooms with air
conditioner in 24-27 °C room temperature with 12
hours of light and 12 hours of dark.

Female and male rats were kept in separate cages
and divided into 6 groups. Each group included 7
rats to provide statistical significance. The rats were
distributed into the cage to provide a maximum of
two rats in each cage to provide homogenous feed
intake. Only control groups were fed with
commercial pellet feed.

The rats used in this study were divided into
groups as follows.

Group 1: Control Group (n=14; 7 males, 7
female): Rats were fed with commercial pellet feed
and sacrificed in the 12th-week.

Group 2: Sun-Dried Apricot Group (n=14; 7
males, 7 female): Rats were fed with feed prepared
with (w/w) 10% dried apricot ad libitum and
sacrificed in the 12th-week

Group 3: 1000 ppm Sulfured Apricot Group
(n=14; 7 males, 7 female): Rats were fed with feed
prepared with (w/w) 10% dried apricots containing
1000 ppm sulfur ad libitum and sacrificed in the
12th-week.

Group 4: 2000 ppm Sulfured Apricot Group
(n=14; 7 males, 7 female): Rats were fed with feed
prepared with (w/w) 10% dried apricots containing
2000 ppm sulfur ad libitum and sacrificed in the
12th-week.

Group 5: 3000 ppm Sulfured Apricot Group
(n=14; 7 males, 7 female): Rats were fed with feed
prepared with (w/w) 10 % dried apricots containing
3000 ppm sulfur ad libitum and sacrificed in the
12th-week.
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Group 6: 4000 ppm Sulfured Apricot Group
(n=14; 7 males, 7 female): Rats were fed with feed
prepared with (w/w) 10 % dried apricots containing
4000 ppm sulfur ad libitum and sacrificed in the
12th-week.

Determination of Sulfur Amount of Apricots

The sulfur amount in the apricots was
determined according to the Turkish Standard
no:8131. The apricots were classified according to
the sulfur content, ground and stored at +4°C in
portions.

Preparation of Pellets Containing Sun-Dried
Apricots and Sulfur-Containing Apricots

During the experiments, sun-dried and sulfur-
containing apricots were mixed with pellets at 10%.
In order to minimize the decrease of sulfur ratio due
to waiting for the prepared pellets, the pellets were
prepared as 3 kg at every turn. For this purpose, 300
g of the apricots that were previously ground and
kept at +4 ° C were weighed and powder pellet was
added until 3 kg pellet was obtained (approximately
2700 g). Some water was added to the mixture,
which was then worked until it became thoroughly
homogenized and then made pellet again utilizing a
pellet machine.

Obtaining Ovarian and Testicular Tissues and
Preparing for Analyzes

At the end of the 12th-week, rats were sacrificed
under general anesthesia. Ovarian and testicular
tissues from rats were wrapped in aluminum foil and
stored at -70 °C in deep freezing until the day when
biochemical tests were to be carried out.

Tissue Homogenization and Tampons

Tissues weighed approximately 200 mg were
homogenized at a rate of 16000 rpm by adding 2 mL
of Tris - HCl tampon (pH: 7.0). After
homogenization, the tubes were centrifuged at 4000
rpm for 10 minutes at +4 °C. Supernatants formed
after centrifugation were taken into Eppendorf tubes
and kept in the freezer until the day of operation. All
chemicals and reagents used were of analytical
grade and were purchased from Sigma-Aldrich
(Saint-Quentin-Fallavier, France). Bidistilled water
was used in all the studies.
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Estimation of Oxidative Stress Markers

Measurement of Nitric Oxide

NO formed in the medium by nitric oxide
synthase (NOS) activity was reduced from nitrate to
nitrite with cadmium granules, and the colored
compound formed following reaction with Griess
reactive was measured at 545 nm with a
spectrophotometer (Cortas and Wakid, 1990).

Measurement of Lipid Peroxidation

The measurement of MDA, which is a product
of lipid peroxidation was performed using the
Uchiyama and Mihara method (Mihara and
Uchiyama, 1978). This method is based on
spectrophotometric evaluation of the absorbance of
pink-red color formed as a reaction of tissue MDA
with 2-Thiobarbituric acid (TBA) at 95°C. For the
standard measurement, the standard graphic was
drawn with solutions prepared by serial dilution of
the 10 mmol/L NaNOj stock solution (5-200 uM).

Measurement of Reduced Glutathione

This method is based on spectrophotometric
evaluation of the absorbance of yellow product
formed as a reaction of sulthydryl groups found in
glutathione with Ellman’s reagent 5,5'-Dithiobis (2-
nitrobenzoic acid) (DTNB), at 412 nm (Tietze F,
1994).

Statistical analysis

In the statistical analysis of the data obtained
from this study, normality of the variables was
tested with the Shapiro-Wilks method and it was
found that the variables were non-normally
distributed. Thus, the variables were evaluated
using non-parametric tests. Kruskal Wallis test was
used in the comparison of groups and Mann-
Whitney U test for paired comparisons. p<0.05
values were considered statistically significant. The
statistical analysis was performed using IBM SPSS
Statistics version 23.0 package software.

Results

A Total of 84 Wistar albino rats were included
in the study with 42 being female and 42 males. The
mean age of the rats was 18 weeks and the mean
weight was 205 + 13 g. Ovarian and testicular
tissues obtained from the sacrificed rats at the end
of the 12-week experimental period were subjected
to biochemical analysis with the spectrophotometric
method.

When oxidative stress markers were examined in
the ovarian tissues obtained from the female rats
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were examined; median NO values were found as
38.95 umol/g in Group 1, 41.51 pmol/g in Group 2,
44.25 umol/g in Group 3, 37.89 pmol/g in Group 4,
4470 pmol/g in Group 5 and 43.33 pumol/g in
Group 6. In the Kruskal Wallis test, no significant
difference was found among the groups in terms of
NO values (p=0.733) (Figure 1).

Median MDA values were found as 43.43
nmol/g in Group 1, 41.14 nmol/g in Group 2, 43.18
nmol/g in Group 3, 42.02 nmol/g in Group 4, 44.42
nmol/g in Group 5 and 43.37 nmol/g in Group 6. No
statistically significant difference was found among
the groups in terms of MDA values (p=0.975)
(Figure 1).

Median GSH values were found as 39.82 umol/g
in Group 1, 38.34 umol/g in Group 2, 36.19 umol/g
in Group 3, 32.85 pmol/g in Group 4, 31.98 umol/g
in Group 5 and 31.19 pmol/g in Group 6. No
statistically significant difference was found among

the groups in terms of GSH values (p=0.659)
(Figure 1).

When oxidative stress markers were examined in
the testicular tissues obtained from the male rats
were examined; median NO values were found as
35.99 umol/g, 40.87 umol/g in Group 2, 43.10
umol/g in Group 3, 41.72 umol/g in Group 4, 44.70
umol/g in Group 5 and 42.42 pmol/g in Group 6. In
the Kruskal Wallis test, no significant difference
was found among the groups in terms of NO values
(p=0.365) (Figure 2).

Median MDA values were found as 45.65
nmol/g in Group 1, 43.34 nmol/g in Group 2, 45.93
nmol/g in Group 3, 43.78 nmol/g in Group 4, 45.10
nmol/g in Group 5 and 44.08 nmol/g in Group 6. No
statistically significant difference was found among
the groups in terms of MDA values (p=0.679)
(Figure 2).
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Figure 1. NO, MDA and GSH values in ovarian tissues obtained from the groups.
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Figure 2. NO, MDA and GSH values in testicular tissues obtained from the groups
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Table 1. Comparison of oxidative stress markers.

MDA (nmol/gr wet
tissue)
Median (min.-max.)

GSH (pmol/gr wet
tissue)
Median (min.-max.)

43.43 (32.01-63.07)
41.14 (38.72-48.95)
43.18 (34.24-62.05)
42.02 (34.28-63.43)
44.42 (38.72-61.60)
43.37 (34.47-65.18)
0,975

39.82 (21.56-45.47)
38.34 (35.05-45.07)
36.19 (28.33-42.17)
32.85 (27.81-46.08)
31.98 (30.09-49.38)
31.19 (27.62-48.81)
0,659

Tissue  Groups NO (umol/gr wet
Tissue)
Median (min.-max.)
Control 38.95 (31.08-46.83
Sun-dried 41.51 (36.19-51.62)
= 1000ppm 44.25 (34.67-52.06)
§ 2000ppm 37.89 (33.93-65.28)
= 3000ppm 44.70 (37.86-56.05)
4000ppm 43.33 (34.41-63.86)
P 0,733
Control 35.99 (31.22-45.23)
Sun-dried 40.87 (33.43-48.43)
z 1000ppm 43.10 (36.72-50.51)
= 2000ppm 41.72 (32.21-58.75)
= 3000ppm 44.70 (37.04-49.93)
4000ppm 42.42 (33.81-55.56)

p 0,365

45.65 (41.36-54.63)
43.34 (36.49-53.46)
45.93 (38.98-52.80)
43.78 (38.24-62.04)
45.10 (42.02-52.50)
44.08 (38.44-56.43)
0,679

35.64 (22.28-41.80)
39.53 (32.85-43.12)
34.38 (30.01-44.70)
31.35 (28.31-42.35)
33.73 (27.89-42.90)
31.04 (21.48-49.17)
0,572

Median GSH values were found as 35.64 umol/g
in Group 1, 39.53 pmol/g in Group 2, 34.38 umol/g
in Group 3, 31.35 umol/g in Group 4, 33.73 umol/g
in Group 5 and 31.04 pumol/g in Group 6. No
statistically significant difference was found among
the groups in terms of GSH values (p=0.572)
(Figure 2). A comparison of oxidative stress
parameters within groups was given in Tablel.

Discussion

Apricot consumption is predominantly in dried
form worldwide. Sulphurization process is
performed in drying apricots to provide fruit supply
and prolong shelf life. According to the results of
the study by Davis et al., dried fruits suppliers
should target 3000 ppm SO content for an
acceptable fruit supply from one season to another
(Davis et al., 1973).

On the other hand, the sulphurization process has
been reported to affect many body mechanisms,
especially oxidative stress. Lizada et al.
demonstrated that sulfur initiates linoleic acid
peroxidation through a free radical mechanism
(Lizada and Yang, 1981). It has been shown that
sulfides lead some health problems such as
asthmatic reactions when inhaled or intaken to the
body in susceptible persons (Miranda et al., 2009).
Besides, sulfur causes allergic reactions in
susceptible people. These allergic reactions are in a
wide range from mild reactions such as urticaria to
severe reactions such as difficulty in breathing and
potential anaphylactic shock. Also, low blood
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pressure, abdominal pain and diarrhea can be seen
in susceptible persons.

Therefore, the sulfur content in dried fruits,
including apricots has been restricted in many
regions of the world. Sulfur content in dried fruits
has been limited between 1000-3000 ppm in many
countries. While the Australia government has a
limited amount of sulfur in foods with 3000 ppm,
England has determined this limit as 2000 ppm. In
Turkey, which is among the largest apricots
suppliers worldwide, one of the most important
problems for the dried fruit sector is a limited
amount of sulfur in terms of export.

According to the CODEX General Standard for
Food Additives, the maximum sulfur level allowed
for dried apricot is 2000 ppm. This rate is also 2000
ppm in the Europe Union directive 95/2/EC
(Codex). The amount of sulfur and duration of
sulphurization are the effective parameters on sulfur
content due to these limitations (Turkyilmaz et al.
2013). Research on alternative drying methods is
continuing.

On the other hand, studies are reporting that a
large part of sulfur absorbed during sulphurization
losses during drying and again there is a slow loss
in sulfur content during shelf life (McBean, 1967).

There is no study in the literature investigating
the effects of sun-dried apricots with various sulfur
levels on body mechanisms. There are only few
articles that investigate the effects of sulfur
exposure in workers. Koksal et al. found significant
decrements in FEV1, FEV1/FVC%, and FEF 25 —
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75% in study of pulmonary function in 69 workers
revealing that SO, exposure on the airways of the
workers gas may be the causative agent of asthma-
like syndrome (Koksal et al., 2003). In a vivo study
by Koksal et al., found that cytokines such as TNF-
a, IL-1h, IL-6, IL-8 and NO may play a role in the
pathogenesis of SOs-induced bronchoconstriction
in the asthma-like syndrome caused by high
concentration of SO, exposure during apricot
sulfurization processes (Koksal et al., 2003a).
Unlikely these results, in an in vivo study Knorst et
al. found that high amount of sulfur dioxide induced
a significant decrease in spontaneous and
lipopolysaccharide-stimulated ~ tumor  necrosis
factor-a and lipopolysaccharide-stimulated
interleukin-1P release (Knorst et al., 1996) But in
our study, no statistically significant differences
were found between NO, MDA and GSH levels that
are among oxidative stress markers in the ovarian
and testicular rats that were fed with non-sulfured
and 1000, 2000, 3000 and 4000 ppm sulfured sun-
dried apricots over 12 weeks (Tablel). Given
significant economical losses about dried apricots
supply and export, our results indicate an important
lack of studies to be conducted on this issue. We
could not compare our results with other studies
since there is no study on the same issue.

As aresult, we haven’t seen any significant changes,
even in 4000 ppm group, in oxidative stress
parameters of rats’ ovarian and testicular tissues.
We claim that sulfur amount of dried apricots is not
affect on reproductive system. This study is guiding
in the literature against the restrictions in the drying
process of dried apricots, which is economically
very important for the dried fruits sector. We
believe that the results of our study are encouraging
for furthermore comprehensive studies that will be
performed in the future.
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