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A B S T R A C T  A R T I C L E  I N F O   

In this study, it was aimed to determine antioxidant enzyme activity in apricot fruit. The 
antioxidant property of this fruit is quite high. Its structure contains many vitamins, minerals 
and enzymes. For this purpose, it is aimed to determine the activity of superoxide dismutase 
(SOD) which is one of the enzyme activities thought to be present in apricot fruit. Furthermore, 
oxidative stress indicator and the level of malondialdehyde (MDA) were determined. SOD and 
MDA values of the apricot samples were determined to be 0.076 U/ml and 1.579 mmol/l, 
respectively ((p ≤0.05). In this study, antioxidant enzyme activity and lipid peroxidation were 
determined by spectrophotometric method. Then, the results obtained were analyzed by using 
multidimensional statistical methods and the results were discussed in a multidimensional 
manner. 
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1. Introduction 

The reactive molecules formed during the transformation of 
nutrients into energy form provided that they use oxygen are 
called free radicals. Oxygen is a quite necessary molecule for 
the maintenance of life and also forms intermediates that act 
as sources of free radicals and are highly reactive. These 
molecules formed cause damage to protein, lipid and DNA-
like cell groups. Antioxidant defense systems have been 
developed to control the formation of free radicals in aerobic 
structures and to prevent the bad effects of these molecules 
[1,2]. Sometimes, antioxidant defense systems cannot 
completely prevent the harmful effects of free radicals, which 
results in oxidative stress [3]. In some studies that have been 
recently carried out in pathogen-plant interaction, it has been 
shown that catalase, ascorbate peroxidase, superoxide 
dismutase-like enzymes that destroy the toxic side effects of 
reactive oxygen molecules have effects [4]. 

In this study, the fact that the antioxidant properties of the 
above-mentioned enzymes are quite high is clearly seen in our 
analysis results. The inoculation of plants with pathogens or 
the application of microbial signals of cell culture leads to the 
rapid generation of hydrogen peroxide, which is one of the 
reactive oxygen species [5]. The organism structure tries to 
keep free radicals occurring as the normal product of the 
physiological activities of plants at a level as the oxidant-

antioxidant balance with a very sensitive structure that the 
plant first gain. The disruption of this balance structure leads 
to oxidative stress. The biggest barrier to oxidative damage is 
the big difference between the oxygen concentration in the 
atmosphere (150mmHg) and the oxygen concentration in the 
tissue structure (30mmHg). In addition to this advantage, 
endogenous antioxidant systems and antioxidants which are 
called exogenous are also available [6,7]. 

Fruits are a rich source of phenolic and polyphenolic 
compounds that are responsible especially for their protection 
against oxidative stress. The close interest in the possible 
protective effects of dietary antioxidants against human 
degenerative diseases has led to the investigation of food 
components [8]. Apples, blueberry and apricot are the 
members of ericaceae family. Apricot that can be very easily 
distinguished from other fruits with the help of its different 
colors is grown in many regions in Turkey and in many regions 
in America and northern Europe in the world. That's exactly 
for this reason apricot fruit with many different species is 
called by different names according to its types in different 
regions. It is also of great importance to distinguish well 
according to this type of fruit which is called by the names 
Şekerpare, Iğdır, Malatya, Hacıhaliloğlu, Kabaaşı and Soğancı 
apricot to take advantage of its benefits. Some of the other 
apricot varieties grown in Turkey are Hasanbey, Çataloğlu, 
Çöloğlu, Alyanak, Şalak (Aprikoz), Şekerpare, Tokaloğlu-
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Erzincan, Tokaloğlu-Yalova, Tokaloğlu-Konya Ereğli, Şam, 
Turfanda İzmir, İri, Bitirgen, İmrahor, Karacabey, Çiğli, Sakıt 
2, Mahmudun Eriği, Adilcevaz-5, Turfanda Eskimalatya, 
Çekirge 52, Hacıkız, İsmailağa, Ethembey, Kuru Kabuk 
varieties. There are also some foreign apricot varieties which 
can be listed as Paviot, Canino, Stark Early Orange, Hungarian 
Best, Cafona, Precoce de Colomer, Polonais, San Castrese, 
Boccuccia, Wilson Delicious, Luizet, Fracasso, Royal, 
Perfection. Furthermore, apricot fruit contains antioxidants 
that fight cancer. Strong antioxidants in apricot fruit decrease 
the risk of developing various types of cancer. Antioxidants 
protect your cells against the damage of free radicals and 
environmental pollutants. This is very important to prevent the 
growth of tumors. Apricot fruit also contains folic acid.  They 
are nutrients that help repair and synthesize DNA and also 
prevent the mutation of malignant cells. They strengthen the 
bones and teeth, protect the heart health, and in addition to 
these, they are also perfect for improving circulation and 
oxygenation of cells. They are also known to be good for 
diabetes, eye health and kidney disorders. When all these 
characteristics are taken into consideration, apricot fruit is a 
very important plant for human health. [9,10] 

Superoxide dismutase (SOD, EC 1.15.1.1) is an enzyme that 
catalyses the conversion of the superoxide (O2−) radical to 
oxygen (O2) and hydrogen peroxide (H2O2). Superoxide is a 
by-product of oxygen metabolism and, if not regulated orderly, 
leads to formation of cell damage [11]. H2O2 is also harmful 
for living cells and can be degraded by other enzymes. 
Therefore, SOD is an important antioxidant defense in nearly 
all living cells.  One exception is Lactobacillus plantarum and 
related lactobacilli, which use a different mechanism to 
prevent damage from reactive O2−. Irwin Fridovich and Joe 
McCord at Duke University discovered the enzymatic activity 
of superoxide dismutase in 1968. SODs were previously 
known as a group of metalloproteins with unknown function; 
for example, CuZnSOD was known as erythrocuprein (or 
hemocuprein, or cytocuprein) or as the veterinary anti-
inflammatory drug "Orgotein". Likewise, Brewer (1967) 
identified a protein that later became known as superoxide 
dismutase as an indophenol oxidase by protein analysis of 
starch gels using the phenazine-tetrazolium technique [12].  

Free radicals that occur during normal metabolism or 
pathologically cause many damages in cells and tissues. Since 
oxidative damage caused by free oxygen radicals affects 
biomolecules such as protein, lipid and nucleic acid, some 
clinical tests for oxidative products of these biomolecules are 
used to demonstrate oxidative stress [13]. Hydroperoxides are 
the first stable products formed during the peroxidation of 
unsaturated lipids. The decomposition of lipid hydroperoxides 
forms a complex mixture of secondary peroxidation products 
such as hydrocarbon gases (ethane, pentane) and aldehydes 
(malondialdehyde, MDA). It is reported that MDA increases 
the permeability of cell membranes, affects ion exchange of 
membranes, disrupts intracellular ion balance, causes enzyme 
activities to deteriorate, breaks DNA structure. It is known that 

it may cause endothelial dysfunction and consequently 
atherosclerosis, causing disruption between antioxidants and 
free radicals [14,15]. 

In this study, superoxide dismutase (SOD), the antioxidant 
enzyme of apricot fruit and the level of malondialdehyde 
(MDA), which is the end product of lipid peroxidation, were 
examined. 

2. Material and method 

In this study, fruit samples were taken for the processes 
performed to determine antioxidant enzyme activity, and for 
the methods and antioxidant enzyme activities. Then, the 
processes of obtaining extracts were performed for antioxidant 
enzyme analyses. Apricots samples (Prunus armeniaca) were 
collected in Van region from Turkey. 

2.1. Preparation of Apricot Extracts; 

Apricot samples were cut into small pieces, frozen in liquid 
nitrogen and crushed in a blender. The apricot samples 
obtained were subjected to extraction with three different 
solvents (diethyl ether, ethanol, water) with different polarities 
(4,3; 24,3; 78,5 dielectric constant, respectively). For this 
purpose, 10 g of fruit samples was taken and extracted for 400 
minutes with 250 mL diethyl ether in soxhlet apparatus. After 
extraction, diethyl ether was removed at 40 °C’ in a rotary 
evaporator (ether extract). After the fruit residues obtained at 
the end of diethyl ether extraction were treated for eight times 
with 150/min revolution in the stirrer and one hour periods 
until the solution became colourless with 50 mL ethanol in the 
dark, they were filtered, and the filtrates were combined. 
Ethanol in the sample was removed at 40 °C’ in a rotary 
evaporator (ethanol extract). Fruit residues from ethanol 
extraction were dried and then boiled for 10 minutes by mixing 
with distilled water (200 mL) with a volume of up to 20 times 
of it, and the filtrate was frozen after the filtration process. The 
frozen samples were kept in freeze dryer at 0.04 mbar -50 °C 
for 96 hours, and then the water was removed (water extract). 
Furthermore, after 10 grams of crashed fruit samples were 
boiled with distilled water (200 mL) with a volume of up to 20 
times of them for 10 minutes and filtered, they were frozen and 
lyophilized (hot water extract). All extracts obtained were 
stored at +4 °C. The samples were preserved at -18 °C in cases 
where they were not used for a long time.  

2.2. Determination of Superoxide Dismutase (SOD) 
Activity (Manual Method) 

To determine the SOD activity of the apricot samples, the 
reactive solution sample was prepared according to literature 
[16]. The sample volume and blind volume were adjusted as 
indicated Table 1. After it was waited at a room temperature 
of 25˚C for 20 minutes, 50 µl of blind and 50 µl of samples 
from CuCl2 were added to it. After pipetting was performed as 
indicated in 1, blind and sample tubes were read 
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spectrophotometrically against bidistilled water at 560 nm. 
The SOD activity of the sample was calculated accordingly to 
equation given below: 
 

Inhibition, %: [(Blind OD – Sample OD) / Blind OD] x 100 
1 Unit SOD: is the enzyme activity inhibiting Nitroblue 
tetrazolium reduction by 50%. 
Activity = (inhibition, %) / (50 x 0.1) 
Activity was calculated in U/ml  [16]. 

Table 1. SOD Activity Determination Method: 

 Blind Sample 
Reactive  1.425 µl 1.425 µl 
Sample - 50 µl 
Bidistilled  - 100 µl 
Xanthine oxidase 25 µl 25 µl 

2.3.  Determination of Malondialdehyde (MDA) Level 

To determine the MDA level of the samples, the reactive 
solutions were prepared according to published procedure [17] 

2.4. Experimental Procedure 

200 ul of sample was taken in a tube. 800 µl of phosphate 
buffer and 25 µl of BHT solution    and 500 µl of 30% TCA 
were added to it. The tubes were mixed in vortex and  kept in 
the ice bath for 2 hours after their caps were closed. The tubes 
were cooled to room temperature. Then, after the caps of the 
tubes were removed, they were centrifuged at 2000 rpm for 15 
minutes. 1 ml of the supernatant obtained from centrifugation 
(filtrate) was taken and transferred to other tubes. 75 µl EDTA, 
25 µl TBA were added to filtrates 1 ml of which was taken. 
The tubes were mixed in vortex and kept in hot water bath at 
(70˚C) for 15 minutes. Then, it was cooled to room 
temperature, and their absorbance was read in UV/Vis 
spectrophotometer at 532 nm.  
 
 Calculation of Malondialdehyde (MDA) level: 
 C= F x 6.41 x A 
 C= concentration  
 F= dilution factor  
 A= absorbance 
 Level calculation; it was calculated as µmol/L [18]. 

3. Results 

The experimental results for SOD and MDA are given in the 
Table 2. The trials were given according to statistical value as 
a result of 5 different groups and 3 repeated analyses (p ≤0.05). 
Duncan and ANOVA statistical methods were used. Based on 
these results obtained, it was observed that apricot fruit had 
quite high values in terms of antioxidant enzyme activity 

compared to many other fruits (Apple, Pear, Quince 
Cranberry. Strawberry, etc.). 

Table 2. In this study, SOD activity values, the antioxidant enzyme 
apricot contains, and MDA values, which are the lipid peroxidation 
products, are given below. 

 Result 
SOD (Superoxide Dismutase) 0.060 U/mI 
MDA (Malondialdehyde Acid) 1.579 mmol/I 

4. Discussion 

The active oxygen derivative has at least 4 different roles in 
the plant. 
 

1. Active oxygen first causes hypersensitive cell death.  
2. Active oxygen has a direct lethal effect against the 

disease factor.  
3. It plays a role in lignification. It is important for 

strengthening the cell wall. 
4. Active oxygen acts as a stimulant molecule in the plant 

[19].  
 
Hydrogen peroxide formed in the plant cell after the infection 
of the cause of disease or other active oxygen species have the 
signal effect on the plant's endurance mechanism. 
 
Antioxidant groups are divided into two groups as enzymatic 
and non-enzymatic. We can define the substances that can 
prevent or delay the oxidation of substances with oxidization 
potential such as lipid, protein, DNA and carbohydrate, which 
are contained in the living cell, as antioxidants. They are 
present in fewer amounts in the tissues compared to oxidizable 
substrates [20,21]. In this study carried out on apricot fruit, it 
was found that antioxidant enzyme SOD (Superoxide 
Dismutase) was 0.06 U/mI and MDA was 1.579 mmol/I. The 
systems that prevent the formation of ROS may be different. 
The antioxidants that capture and neutralize ROSs such as 
mitochondrial cytochrome oxidase, which reduces ROSs are 
the systems detoxifying radicals such as flavonoids, alpha 
tocopherol, ascorbic acid, methionine, uric acid, beta carotene, 
reduced glutathione, mucus [22]. In accordance with these 
explanations in this study, it is seen that the increase in the 
consumption of apricot fruit according to  the values of 
SOD and the values of the lipid peroxidation product MDA 
will be beneficial (due to high antioxidant enzyme activities) 
with respect to decreasing oxidative stress and removing 
radicals from the body or reducing their harmful effects for 
human health.   
 
In apricot fruit, it was determined that SOD (Superoxide 
Dismutase) was 0.06 U/ml and MDA (Malondialdehyde acid) 
was 1.579 mmol/I. These values mean that the antioxidant 
values of apricot fruit are quite high compared to many other 
plants and fruits. This also shows the richness of the fruit in 
terms of the antioxidant which is effective in the removal of 
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radical compounds resulting from metabolic activities in living 
creatures, and that it is also an important factor especially in 
reducing the risk of cancer. On the other hand, it is also known 
to be effective on the prevention of the formation of 
Alzheimer's disease, which has a significant effect on brain 
function [23]. In the literature studies carried out, it is seen that 
apricot fruit protects the body against high levels of oxidative 
stress when it is considered that the DPPH Radical removal 
activity of blueberry is 52.5% and its reducing power value 
that is an indicator of antioxidant activity is 0.170 [10]. 
Recently, the tendency to the use of plant-derived natural 
antioxidants has gained importance in the treatment of many 
diseases [24]. In another study, total antioxidant capacity in 
apricot juice was determined by using FRAP method and it 
was reported to have higher antioxidant properties than orange, 
peach and cherry. In the literature studies, in both plant and 
human studies, it was reported that superoxide dismutase 
(SOD) enzyme activity increased in some plants, however, it 
decreased in various diseases in people [25]. 

5. Conclusion 

In conclusion, it is seen that the  investigation of apricot 
samples in Turkey in terms of the antioxidant substances, they 
contain natural nutrition in terms of human health are 
important and will help in fighting against diseases and adding 
value to national economy. 
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