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  INTRODUCTION 
The sheep industry has not been able to utilize many of the 
assisted reproductive technologies (ART) in general and AI 
in particular, as other livestock industries, due to inefficien-
cies in collecting, freezing and inseminating frozen ram 
semen (Soltanpour and Moghaddam, 2013). Ram semen is 
more sensitive to cold shock during freezing than other 
species such as bulls and rabbits (Taghilou et al. 2017).  
In particular, ram sperm are very sensitive to freezing due 
to their low phospholipid to cholesterol ratio (Juyena and 

Stelletta, 2012).  The plasma membrane of sperm is the 
main site of injury during the freezing and thawing process 
(Anand et al. 2017). The plasma membrane of sperm is 
very sensitive to lipid peroxidation due to its high content 
of polyunsaturated fatty acids (Sterbenc et al. 2014). Freez-
ing of the semen in liquid nitrogen enable long term storage 
of fertile spermatozoa from different animal species  
(Sterbenc et al. 2014) and controls the prevalence of many 
infectious diseases (Juyena and Stelletta, 2012), but it 
causes partial irreversible damage to the sperm cells. This 
has been attributed to sperm cold shock, oxidative stress, 

 

The adding gum of some fruit trees preserves the quality of semen during the freezing and thawing process. 
The aim of this study was to investigate the antioxidant effects as well as the sugars in apricot tree gum to 
increase the quality of ram semen during the freezing, storage and thawing process. In this study, 4 
treatments were used. The control group was without any apricot and the three treated groups were pure and 
sterilized apricot gum with concentrations of 10, 15 and 20 mg/mL in a tris-based diluent. Semen collection 
was performed twice a week during the breeding season using artificial vagina, and sampling was replicated 
5 times for each ram. After transferring the samples to the laboratory and diluting them to ensure that they 
meet the required standards. After cooling the straws in the refrigerator, they were placed in liquid nitrogen. 
Total motility, progressive motion, survival, abnormality and membrane integrity assessment were 
measured in the first, 15th, 30th, 45th and 60th days after freezing. Plasma malondialdehyde levels were also 
assessed after thawing on day 60. The three treated groups of 10, 15 and 20 mg/mL in diluent were 
significantly different from the control group in total motility, progressive motion, survival, abnormality, 
membrane integrity, and malondialdehyde levels (P<0.05). There was no significant difference among the 
treatments of 10, 15 and 20 mg/mL in diluent in all measured traits (P>0.05). However, the treatment of 20 
mg/mL had the highest total motility, membrane viability and integrity, and the lowest malignancy and 
malondialdehyde, and groups of 10 and 15 mg/mL had the highest progressive motion (P<0.05). 
Considering the results, use of apricot tree gum can improve the quality of sperm cryopreservation.  
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sperm membrane modification, cryoprotectant toxicity, 
intracellular ice crystal formation, and fluctuations in os-
motic pressure (Soltanpour and Moghaddam, 2013), and 
also cause reduction in motility and morphological integrity 
of spermatozoa. These changes may be contributed to the 
accumulation of the toxic products of metabolism, mainly 
of reactive oxygen species (ROS) formed through lipid per-
oxidation of the membranes of spermatozoa (Dolti et al. 
2016). Three regions of frozen semen in the python that are 
affected. The "ice front" zone results from rapid freezing, 
which occurs on the outer edge of the straw. The majority 
of sperm in this zone sustain damage. The "optimum" zone 
is a region of maximum sperm survival because the ice 
crystal-solute conditions are compatible with viability. The 
"solute" zone results from increasing concentration of salts. 
Spermatozoa in this area are damaged owing to dehydration 
(Morrow, 1986). Mammalian sperm is a redox active cell 
that spontaneously produces ROS. This production begins 
as soon as the sperm leaves the epididymis (Aitken, 2000). 
ROS attack and sperm dysfunction occur with a direct im-
pact on the sperm oxidative defense system and result in 
decreased motility, mitochondrial activity, decreased 
plasma membrane integrity and induction of sperm apop-
tosis (Mehdipour et al. 2016). The most common forms of 
ROS, which affect sperm survival and function, include 
hydroxyl radicals (OH), superoxide radicals (O2

-), hydrogen 
peroxide (H2O2), peroxide radicals (ROO), and hypochlo-
rite radicals (Makker et al. 2009). Hydrogen peroxide (OH) 
can cross the sperm membrane and enter its cytoplasm, 
inhibiting the activity of some enzymes, including glucose-
6-phosphate dehydrogenase. This enzyme controls the entry 
of glucose into the hexose monophosphate pathway. This 
pathway normally produces reduced nicotinamide adenine 
dinucleotide phosphate (NADPH) for reductive reactions in 
the cell. Inhibition of the monophosphate hexose pathway 
reduces the production of NADPH, as a reducing regulator 
in the cell. Glutathione peroxidase is a major antioxidant 
enzyme in sperm that uses reduced glutathione to reduce 
ROS. By reducing the level of NADPH, due to the inhibi-
tion of glucose-6-phosphate dehydrogenase, it reduces the 
activity of glutathione peroxidase, as an antioxidant de-
fense. Thus, the rate of peroxidation of sperm membrane 
phospholipids increases, resulting in a decrease in mem-
brane fluidity. The result of these changes will be a reduc-
tion in sperm motility. Several products are produced dur-
ing the lipid peroxidation process, the most important of 
which is malondialdehyde (MDA) (Khosrowbeygi et al. 
2004). Malondialdehyde (MDA) is an end-product of en-
zyme and free radical-catalyzed lipid peroxidation of poly-
unsaturated fatty acids including arachidonic acid.  

Circulating MDA is one of the commonly and widely 
used biomarkers of oxidative stress (Tsikas et al. 2016). 

MDA can react with biological macromolecules (such as 
proteins and nucleic acids), change the fluidity and perme-
ability of cell membranes and finally change the structure 
and function of the cell (Zhang et al. 2020). Diluents for 
freezing ram semen should have similar properties to dilu-
ents for fresh use of semen, they should be buffered against 
changes in pH and tonicity and contain an energy source 
(Soltanpour and Moghaddam, 2013). Natural mechanisms 
which protect spermatozoa against lipid peroxidation in-
clude various antioxidants and enzymes such as superoxide 
dismutase (SOD), catalase, glutathione peroxidase and glu-
tathione reductase (Sterbenc et al. 2014). Adding the sup-
plementation of anti-oxidants to enhance sperm characteris-
tics during the preservation of sperm cells is well known 
(El-Harairy et al. 2018).  

Addition of antioxidants to sperm diluents increases anti-
oxidant protection and improves sperm motility, mitochon-
drial activity and survival (Juyena and Stelletta, 2012). 
Herbal exudate gums normally secrete from bark, branch 
and fruit of trees due to their protection impact against me-
chanical damage or microbial attacks (Khorsha et al. 2016). 
Gums are a complex of polymeric structures contained 
mainly, as a monomer, pentose’s, hexoses and uronic acids 
(Saniewski et al. 2002). 

Apricot tree gum can be a good alternative to synthetic 
polysaccharides in various industrial aspects (Chichoyan, 
2011). The polysaccharide gums represent one of the most 
abundant industrial raw materials and have been intensively 
applied because of their biocompatibility, renewability, 
nontoxicity, biosafety, biodegradability, sustainability, and 
capability of easy chemical alterations (Iravani, 2020). Ac-
cording to Rosik et al. (1971) apricot gums formed by Cy-
tospora cincta sacc contained galactose, arabinose, xylose, 
mannose, glucuronic acid and 4-o-methyl-glucuronic acid. 
Polysaccharides of apricot gums contained two main carbo-
hydrates: galactose and arabinose, with xylose as minor 
component (Saniewski et al. 2002). The chemical composi-
tion and physicochemical properties of apricot gum culti-
vated in various regions of Central Asia were first studied 
by Umansky et al. (1946). Gum, according to its data, in-
cludes glucuronic acid - up to 16%, galactose - up to 44%, 
arabinose - up to 41%; a mixture of protein substances does 
not exceed 0.6% (Chichoyan, 2011). According to the re-
search of Samaei et al. (2017) apricot tree gum has a pH of 
1% solution (weight-volume) 7.87, moisture 9.5 ± 0.13%, 
protein 1.38 ± 0.29%, ash 3.43 ± 0.01%, carbohydrates 
85.69 ± 0 0.32% and no fat were obtained. Chemical analy-
sis of apricot gum has already been performed by Lluveras- 
Tenorio et al. (2012).  

They found total sugars (60%), galactose (43%), man-
nose (4%), arabinose (44%), xylose (7%) and rhamnose 
(1%) in apricot gum.  
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Also the results obtained in the research of Fathi et al. 
(2016) apricot gum contains carbohydrates 66/89%, uronic 
acids 10.47%, moisture 6.9%, protein 2.91%, ash 4%, fat 
1.59%, monosaccharides including L-arabinose, D-
galactose, xylose, mannose and rhamnose in molar ratios 
are respectively 41.52%, 23.72%, 17.82%, 14.40% and 
2.54%. The results of the research of Zitko et al. (1965), 
apricot gum has a dry matter content of 89.3% and the mo-
lar ratios of xylose, L-arabinose and D-galactose are 8: 8: 1, 
respectively. Also, the molar ratio of galactose, arabinose 
and xylose in apricot gum obtained by Saniewski et al. 
(2002) was 14: 10: 1, respectively. Simple phenols-derived 
compounds are also present in apricot gum. The maximum 
recorded values for phenols include catechol’s, hydro-
quinone’s and pyrogallols amounds of which are respec-
tively 7.58%, 4.27% and 5.69% (Babken et al. 2018). Phe-
nolic compounds are a class of antioxidant agents acting as 
free radical terminators (Mahmoudi et al. 2010). Sugars 
play different roles in diluents. They provide energy during 
incubation, maintain a dilute osmotic pressure, and act as a 
cryoprotectant. The beneficial effect of sugar supplementa-
tion of the extender on the post-thaw viability of mammal-
ian sperm cells have been reported in many studie (Yildiz et 
al. 2000). Preservatives used for cell freezing are classified 
into intracellular and extracellular preservatives. Internal 
protectors such as glycerol have low molecular weight and 
amphipathic properties and penetrate into the cell and are 
effective in reducing cell damage during slow freezing. 
Extracellular protectors work more by forming a coating 
around the cell and reducing the effect of dehydration dur-
ing the freezing process (Motta et al. 2014). Impermeable 
protectors are mainly monosaccharides, oligosaccharides 
and polysaccharides. Some sugars cannot cross the plasma 
membrane and cause osmotic pressure, which causes loss of 
intracellular water and reduces the formation of intracellu-
lar ice. These sugars react with phospholipids in the plasma 
membrane and increase the survival of frozen sperm (Dolti 
et al. 2016). Sariözkan et al. (2012) reported that the use of 
sugars has a beneficial effect on maintaining motility, 
healthy morphology and preserving the structure of rat 
sperm DNA against cooling damage. Phenol and its deriva-
tives are microbicidal or microbistatic depending on the 
concentration and temperature. Phenolic compounds pro-
duce proteins, and their main mode of action probably in-
volves disruption of the bacterial membrane (Singleton and 
Sainsbury, 1981), which indirectly prevents the formation 
of ROS. Apricot gum due to its sugars, especially mono-
saccharides such as arabinose, galactose, xylose and man-
nose can maintain sperm energy during storage and protect 
the formation of intracellular ice crystals by dehydrating 
sperm cells. Due to its phenolic compounds, apricot gum 
can have antioxidant properties, prevent the formation of 

ROS directly and also indirectly prevent the formation of 
ROS with its antimicrobial properties.  

 

  MATERIALS AND METHODS 
Preparation of apricot tree gum was collected from apricot 
trees located in Khalatpooshan research station of Tabriz 
University, East Azerbaijan province and stored in the re-
frigerator temperature. One gram of gum was solved in 10 
ml of sterile distilled water and was sterilized using auto-
clave. 
 
Apricot tree gum analysis 
The results obtained from the analysis of apricot gum in the 
Advanced Physiology and Animal Nutrition Laboratory of 
Tabriz University are as follows in Table 1. 
 
 
 
 
 
 
 
 
 

Table 1 Chemical compounds of apricot gum 

Chemical compounds Amount 

Carbohydrate (%) 77.06 

Uronic acids (%) 10.13 

Protein (%) 2.95 

Moisture (%) 5.9 

Ash (%) 3.96 

pH 7.39 

Preparation of apricot gum  
Apricot gum was ground by an electric grinder (model 
LM30214A, made in Iran) and the milled mixture was 
passed through a 50 mesh sieve to separate impurities and 
coarser grains. The resulting powder for purification steps 
inside the bag plastic zippers were placed. 3% suspension 
(weight-volume) of apricot gum was prepared in distilled 
water and stirred overnight at 25 ˚C with a magnetic stirrer. 
Then, to separate insoluble compounds and impurities, the 
suspension obtained from the fabric filter O was passed 
properly. Because the 3% (weight-volume) suspension of 
apricot kernel gum was not very thick, it was easily passed 
through a cloth filter. The filtered portion of the filter was 
dried by freezing dryer. To separate the polysaccharide 
portion of the gum, solution 2 percentage (weight-volume) 
was prepared from dried gum and three times its volume 
was added 96% ethanol. The resulting sediments were col-
lected and after dissolving in water, they were dried again 
by freeze drying. And after passing through a sieve with 50 
mesh to be stored in plastic bags for further testing. Purifi-
cation efficiency was calculated according to the following 
formula by measuring the weight of the purified sample 
relative to the weight of the raw material (Rahimi et al. 
2013). 
 
Purification efficiency= (purified sample weight of apricot 
gum (g)/weight of apricot gum prototype) × 100 
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Determination of chemical composition of apricot gum 
The moisture content of apricot gum samples was deter-
mined by AOAC method (AOAC, 1990) at 105 ˚C to ob-
tain a constant weight. Finally, the moisture content was 
determined as follows: 
 
Percentage of moisture (%)= (water weight in the sample/ 
the total weight of the wet sample) × 100 
 

The total carbohydrate content was analyzed using phe-
nol-sulfuric acid as the standard D-galactose. The content 
of uronic acids was measured using the carbazole method 
using D-galactose as standard. The absorbance was deter-
mined using a UV-vis spectrophotometer (Geneus 20, 
USA) at 490 nm and 535 nm for the total carbohydrate and 
uronic acid content, respectively. Ash and total fat content 
in apricot gum were measured based on AOAC method 
(AOAC, 1990). The crude protein content was measured 
using the Kjeldahl method and considering 6.25 as the con-
version rate of nitrogen to crude protein. All experiments 
were repeated four times and moderate values were re-
ported.  
 
pH measurement 
The pH of 1% solution (weight-volume) of apricot gum was 
measured at room temperature using a pH meter with glass 
electrode (Model A Z 86552, Azerbaijan). 
 
Collect and dilute semen 
This study carried out at the Agricultural Research Station 
of Tabriz University (38˚ 07´ N and 46˚ 29´ E) with altitude 
of 1567 m. At present study, 5 Ghezel rams (3-4 years old 
Native) were used for sperm collection. The rams were kept 
in an indoor hall during the research period and fed with the 
same diet. They were adapted to the sperm collection proc-
ess for two weeks before sampling. Sampling was per-
formed twice a week by an artificial vagina during the 
breeding season (from July 6 to the end of December) and 
were replicated 5 times for each ram. An artificial vagina 
filled with water at about 48 -50 ˚C was used for semen 
collection.  
An artificial vaginal cover was used to protect the sperm 
from light and cold shock. After transferring the samples to 
the laboratory, a series of initial evaluations such as the 
devoid of urine contamination, semen volume, wave mo-
tion, percentage of total mobility and progressive were 
measured in fresh semen using a phase-contrast microscope 
with a magnification of 400×. Viability rate and abnormal 
sperm percentage (using Eosin-Nigrosine staining and 
400×magnification phase-contrast microscope), and sperm 
concentration was determined using a tuma haemocytom-
eter under a phase-contrast microscope with 400 × magnifi-

cation. Semen pH was measured by paper strips of pH me-
ter. Samples that met the required standard indices (concen-
tration above 2.5 billion sperm, progressive movement 
above 70% and abnormal sperm less than 10%) were di-
luted. Tris-based diluent was prepared with 2.71 g of Tris 
(64271 merck, Germany), 1.4 g of fructose (0043 Dae jung 
chemical, Korea), 1 g of citric acid monohydrate (64291 
Appli chem Gmbh, Germany), 100000 IU of penicillin and 
100 mg of streptomycin in 100 ml of sterile distilled water. 
Then 73% of the prepared solution was mixed with 20% 
egg yolk and 7% glycerol (1094B56815 Arman sina, Iran) 
to prepare the diluent. Treatments consisted of a control 
group (without gum) and 3 treated groups were pure and 
sterilized apricot gum with concentrations of 10, 15 and 20 
mg/ml added to the Tris-based diluent. Semen was diluted 
with diluents in a ratio of 1 to 10, which was considered 2.5 
ml of diluent for each treatment and 6 straws (0.25 mL) to 
determine the sperm quality (total motility, progressive 
movement, survival, hypo osmotic swelling test and ab-
normality) and two straws (0.5 mL) for MDA measurement 
(Imv technologies, frence) were filled and the heads of the 
straws were closed with hematocrit paste. The straws were 
placed in screwed glass tubes in water at 37 ˚C and trans-
ferred to the refrigerator and refrigerated for 1.5-2 hours 
until the temperature slowly reached 5 ˚C (slow cooling 
method). Then, for freezing, they were kept in nitrogen 
vapor for 4 minutes at 4-5 cm above the nitrogen level and 
then immersed in liquid nitrogen. Frozen samples were 
stored for 2 months and thawing was performed on the first 
day (8 hours after freezing), 15, 30, 45 and 60. Defrosting 
of each semen sample diluted with apricot gum at concen-
trations of 10, 15 and 20 mg/mL in diluent and control 
treatment on each of the first days (8 hours after freezing), 
15, 30, 45 and 60 were performed after freezing process. 
The parameters of total motility, progressive movement, 
survival, hypo osmotic swelling test (HOST), abnormality 
on all days of defrosting and MDA were measured only on 
day 60 after freezing. 
 
Measurement of thawed sperm traits 
Sperm thawing was performed at 38 ˚C for 20 seconds and 
the thawed semen was poured into 1.5 mL microtubes and 
then placed in a 37 ˚C water bath for 5 minutes for adapta-
tion. To evaluate sperm total motility and progressive mo-
tility, 10 microliters of thawed semen was poured into a 
preheated slide (37 ˚C) and was spread evenly, and then 
using a phase-contrast microscope with Magnification 400 
×, and by examining 5 areas of the slide percentage of total 
motility was determined.  

Also, to determine the amount of progressive motility, 
the same sample is used that was placed on the 37 ˚C slide 
to determine the total motility sperm. To do this, 200 sperm 
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from several different points of the slide were counted us-
ing a phase-contrast microscope with a magnification of 
400× and the ratio of sperms with progressive motility was 
calculated. For example, if the total motility was 80% and 
180 sperm out of 200 sperm had progressive motility, the 
amount of progressive motility was calculated as follows 
(WHO, 2010). 
 
Progressive motility rate: (180×80) / 200 = 72% 
 

Sperm viability was assessed using staining with eosin 
nigrosin (1.67 g water-soluble eosin, 10 g water-soluble 
nigrosin, 2.9 g sodium citrate and distilled water up to 100 
ml). For this purpose, 10 microliters of semen at 37 ˚C with 
10 microliters of eosin nigrosin at 37 ˚C gently was speared 
on a clean and heated slide (37 ˚C). 200 sperms from 5 dif-
ferent areas of the smear were counted and evaluated by 
phase-contrast microscope with a magnification of 400×. 
Dead sperm are stained due to defects in the acrosome at 
the head of the sperm, but live sperm are not stained due to 
the health of the acrosome and remain colorless. Based on 
that, the viability rate was estimated. Also sperm abnor-
malities were determined in stained smear. Having a large 
head, small head, narrow head, no tail, no head, twisted tail, 
broken neck, broken middle, having abnormal acrosome 
and cytoplasmic droplets were known as abnormal sperm 
and the percentage of abnormal sperm was also determined 
(Evans and Maxwell, 1987). 

Hypo osmotic swelling test evaluation (HOST): The 
HOST test can be used to assess the functional integrity of 
sperm membranes because sperm swell due to water inva-
sion despite biochemically active membranes (Jeyendran et 
al. 1984). This is seen in the tail of sperm (Takahashi et al. 
1990) because the plasma membrane around the tail is 
looser than the membrane around the head (Jeyendran et al. 
1984). HOST is a simple, inexpensive and easy-to-use 
technique for testing of sperm membrane integrity (Correa 
et al. 1994). To evaluate the HOST test, 10 μL of thawed 
sperm was incubated with 100 μL of HOST solution (0.9 g 
fructose and 0.49 g sodium citrate in 100 mL sterile dis-
tilled water) at 38 ˚C for 30 minutes. Then 10 μL of the 
solution was spreaded on a warm slide at 37 ˚C. Sperms 
that were exposed to the hypoosmolar solution and the fluid 
entered the cell through the plasma membrane, healthy 
sperms that had an active membrane swollen from the tail 
area and the tail twisted and unhealthy sperms did not swell 
and the tail was straight and so on. The order of percentage 
of sperm plasma membrane integrity was determined.  
 
Measurement of malondialdehyde (MDA) concentration  
MDA is an important indicator of membrane damage and 
one of the toxic substances produced by the increase of 

reactive oxygen species. Malondialdehyde concentration 
was measured using reaction with thiobarbituric acid. Mix 1 
ml of thawed sperm with 2 mL of trichloroacetic acid in a 
sterile tube and then add 1 mL of butylated hydroxytoluene 
with 1 mL of EDTA to the solution and then sperm tubes 
for centrifuged at 1200 rpm for 15 minutes. After centrifu-
gation, 1 mL of the above clarified solution with 1 mL of 
0.67% thiobarbituric acid (TBA) was poured into the tubes 
and placed in 95 ˚C water for 20 minutes, then cooled. It 
was read at a wavelength of 532 nm by a spectrophotome-
ter.  
 
Statistical analysis 
This study was performed with 4 treatments and each in 5 
replications. The obtained data were analyzed in a com-
pletely randomized design using SAS (2004) software (9.4) 
with the help of mixed procedure. To determine the signifi-
cance of the effects of apricot gum, Tukey comparative test 
was used and a significant difference was reported at the 
level of 5%. The statistical model in this research is:  
 
Yijkn= μ + Di + Tj + Ramk + eijkn 
 
Where: 
Yijkn: each observation.  
μ: population mean.  
Di: effect of the type of diluent.  
Tj: effect of the duration after dilution.  
eijkn: effect of the residual model. 

 

  RESULTS AND DISCUSSION 
According to the results obtained in this study, it was 
shown that apricot gum has sperm-improving properties 
during storage in a Tris-based diluent. Analyzes performed 
after different days of thawing showed that apricot gum was 
diluted in all three treatments at 10, 15 and 20 mg/mL per 
mL, total motility, progressive movement, viability and 
integrity. Improved plasma membrane compared to the con-
trol group and a significant difference was observed at the 
level of 5%.  

It also significantly reduced the rate of sperm abnormali-
ties compared to the control group. The amount of free 
radical production of MDA, which was measured on day 60 
after thawing, was significantly reduced, which was a sig-
nificant difference of 5% compared to the control group. 
According to the analysis of apricot tree gum, we showed 
that apricot gum contains carbohydrates, uronic acids, pro-
tein, moisture and ash.  

Also, according to the results of previous research on the 
carbohydrate composition of apricot gum, it contains dif-
ferent proportions of monosaccharides including arabinose, 
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galactose, xylose, mannose, rhamnose and phenols of hy-
droquinone, catechol and pyrogallol. With these results, it 
can be said that carbohydrates have several functions in 
diluents. They provide an energy substrate for sperm cells 
during storage and maintain a dilute osmotic pressure 
(Yildiz et al. 2000), thereby reducing intracellular ice for-
mation and preventing sperm damage during storage in 
liquid nitrogen (Dolti et al. 2016).  
The collected semen samples were initially characterized in 
terms of their volume, percentage of viability, total motility 
and progressive motility percent, abnormal sperms percent, 
concentration and wave motion to assess their suitability for 
freezing (Table 2). 

Table 3 presents the effect of different levels of apricot 
tree gum with control treatment on total sperm motility. 
The results showed that treatments of 10, 15 and 20 mg/mL 
in diluent were significantly different from the control treat-
ment on each of the thawing days (P<0.05). But there was 
no significant difference between the three treatments of 10, 
15 and 20 mg/mL in diluent at each of the times. There was 
also a significant difference in comparison between differ-
ent thawing times within each of the treatments (P<0.05). 
Carbohydrates either provide a source of energy for the 
sperm cell or protect the sperm cell from the formation of 
intracellular ice crystals. Although only fructose is present 
in ram semen, spermatozoa can also metabolize glucose and 
mannose when these sugars are included in storage diluents 
and use as an energy source. Sugars which do not provide 
an energy source, but which act extracellularly to maintain 
osmotic pressure and membrane integrity, or even 'shrink' 
the sperm cell, may be of value for long-term liquid storage 
(Maxwell and salamon, 1993). Monosaccharides are more 
suitable than disaccharides to preserve motility of ram 
spermatozoa frozen in Tris-citrate extender (Yildiz et al. 
2000).  

Diluents containing arabinose are reported to give sig-
nificantly better motility scores than those containing fruc-
tose (Garcia and Graham, 1989). Polysaccharides of apricot 
gums contained two main carbohydrates: galactose and 
arabinose, with xylose as minor component (Saniewski et 
al. 2002). According to research on dog sperm, Yildiz et al. 
(2000) reported that monosaccharides, especially fructose 
and xylose, improved total motility, viability, and healthy 
acrosome rate (P<0.05). With these results, it can be con-
cluded that apricot gum monosaccharides such as arabi-
nose, mannose and xylose had an important role in main-
taining the motility of ram sperm during frozen storage in 
liquid nitrogen.In general, about 40-50% of the sperm 
population does not survive after freezing-thawing 
(Watson, 2000).  

 
 

In rams, frozen thawed semen can have a large propor-
tion (40-60%) of motile cells, although only 20-30% re-
mains in terms of biological function (Medeiros et al. 
2002).  

According to research by Kulaksız et al. (2010), after 
storing ram sperm frozen in liquid nitrogen for 2 months, 
they reported the highest motility percentage of 54% and 
the highest viability of 59%. Also, according to research 
conducted by Juyena (2011) on the effect of freezing and 
thawing on ram sperm, they concluded that sperm motility 
and survival after freezing and thawing are significantly 
reduced and a sperm survival of approximately 50% Ob-
served a 40% reduction in sperm motility and obtained 35-
45% motile sperm in the sample after thawing, which is 
consistent with our results. The amount of motility reported 
by D’Alessandro and Martemucci (2003) showed that they 
observed about 60% of motile sperm after thawing using 
Tris-based developer material. 

Table 4 shows a comparison of the percentage of pro-
gressive motility in different levels of apricot gum. Treat-
ments of 10, 15 and 20 mg/mL in diluent at the first days, 
15 and 30 of thawing were significantly different from the 
control treatment (P<0.05). On day 45 of thawing, treat-
ments of 10 and 15 mg/mL in diluent were significantly 
different from the control treatment (P<0.05), but there was 
no any significant difference between the treatment of 20 
mg/mL in diluent with the control treatment. Also, on the 
60th day of thawing, any significantly differences were not 
observed between the treatments of 10, 15, 20 mg/mL in 
diluent and control. 

Gums can be classified as pathological products consist-
ing of calcium, potassium, and magnesium salts of complex 
substances called "polyurionides" (Prajapati et al. 2013). 
Polyuronides are polysaccharides that contain uronic acids, 
for example, D-galacturonic acid or D-glucuronic acid. 
Uronic acids are always in the form of pyranose, giving 
macromolecules their acidic properties as well as their abil-
ity to store water and thus form gels. In general, all natural 
gums are heterogeneous and, by hydrolysis, produce simple 
sugar units such as arabinose, galactose, glucose, mannose, 
xylose, or uric acids (Rana et al. 2011). Gums are typically 
more or less sticky in nature and are translucent and amor-
phous substances, having high molecular weights, generally 
composed of monosaccharide units joined by glucosidic 
bonds (Khorsha et al. 2016). Perhaps due to the sticky of 
the gum, the rate of progressive movement was less than 
the total motility, but in the first days of thawing until day 
45, a significant difference was observed between the 
treatments of 10, 15 and 20 mg/mL in diluent with the con-
trol treatment (P<0.05). 
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Table 5 shows a comparison of viability rates at different 

levels of apricot gum with control treatment. There was a 
significant difference between treatments of 10, 15 and 20 
mg/mL in diluent with the control treatment (P<0.05). 
There is also a significant difference between the thawing 
times within each treatment (P<0.05). The addition of small 
quantities of some sugars like xylose or fructose to either 
yolk-citrate or milk diluents has been reported to increase 
the proportion of sperm that survive freezing and thawing 
(Garcia and Graham, 1989). According to this report, it is 
possible that the xylose in the gum was able to improve the 
survival rate of ram sperm during storage compared to the 
control group. 

Collecting semen in farm animal species is not an easy 
task and some bacterial infections cannot be prevented 
(Aurich and Spergser, 2007; Bielanski, 2007). In ram sperm 
collection, semen is usually collected through an artificial 
vagina, which can be infected in a variety of ways, such as 
dead penile surface bacteria, sperm collection sites, equip-
ment, and people. As a result, bacteria may compromise the 
quality of semen during storage. 

 

 
 
 
 
 
 
 
 
 
 
 

Table 2 Evaluation of the quantity and quality of ram sperm before dilution 

Trait N Mean SD Minimum Maximum 

Volume (mL) 25 1.08 0.165 0.8 1.5 

Wave motion (0-5) 25 4.9 0.307 4 5 

Total motility (%) 25 94.42 4.432 82.2 98.5 

Progressive motility (%) 25 91.69 7.022 71.9 97.9 

Viability (%) 25 96.801 2.261 91.29 99.38 

Concenter (×109) 25 6.36 1.947 2.7 9.634 

Abnormality (%) 25 3.76 0.859 2.45 5.39 

pH  25 6.99 0.194 6.6 7.3 
SD: standard deviation. 

 
 
 
 
 
 
 
 

Table 3 Comparison of the percentage of total motility between apricot gum groups and control group in different 
Thawing days  10 mg/mL  15 mg/mL  20 mg/mL  Control 

76.00Aa  75.95Aa  79.40Aa  64.55Bb  0 

68.10Ba  67.90Ba  72.25Ba 57.35Ab  15  

62.65Ca  62.40Ca  64.90Ca  52.30Db  30 

56.65Da  56.30Da  58.85Da  47.75Cb  45 

50.85Ea  50.65Ea  52.80Ea  44.30Fb  60  
A, B, C, D, E: in each column indicate a significant difference among the thawing days inside each group (P<0.05). 
a, b: in each row indicate a significant difference among groups at each of the thawing days (P<0.05). 

 
 
 
 
 
 
 
 
 

Table 4 Comparison of the percentage of progressive movement between apricot gum groups and control group on different days of thawing 

Thawing days 10 mg/mL 15 mg/mL 20 mg/mL Control 

69.07Aa 68.38Aa 69.65Aa 57.56Bb 0 

58.56Ba 56.43Ba 56.86Ba 43.82Ab 15 

50.12Ca 49.52Ca 46.69Ca 38.12Db 30 

39.63Da 41.23Da 38.31Dab 32.97Cb 45 

32.88Ea 34.29Ea 31.72Ea 26.94Ea 60 
A, B, C, D, E: in each column indicate a significant difference among the thawing days inside each group (P<0.05). 
a, b: in each row indicate a significant difference among groups at each of the thawing days (P<0.05). 

 
 

To reduce these side effects, antibiotics are incorporated 
into ram semen diluents to prevent bacterial growth 
(Maxwell and Salamon, 1993; Salamon and Maxwell, 
2000). According to research by Yániz et al. (2010) on the 
isolation of ram sperm bacteria, the most isolated bacteria 
were Escherichia coli, Proteus mirabilis, Enterobacter clo-
acae, Staphylococcus epidermis and Staphylococcus 
aureus. These 5 bacteria were present in 97% of infected 
samples. However, not all bacteria can be killed. Bacteria 
can directly affect the reproductive performance of males, 
reduce motile sperm, thereby reducing viability, reduce the 
ability of the acrosome to react and change cell morphol-
ogy, and indirectly, by producing reactive oxygen species 
(ROS) decreses the quality of sperm (Moretti et al. 2009). 
Phenol-derived compounds are also present in apricot gum, 
which include catechol, hydroquinone and pyrogallol 
(Babken et al. 2018). Polyphenols are a broad class of natu-
ral plant secondary metabolites, which are widely distrib-
uted in plants. Phenols are divided into many subgroups 
according to their chemical structures (including simple 
phenols, phenolic acids, flavonoids, lignans, flavonoligna- 
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ns, and tannins).  
Many of their other biological activities are powerful an-

tioxidants (Košinová et al. 2012). In the food industry, phe-
nolic compounds are used as antibiotics. In addition, they 
have antioxidant activity. The antioxidant properties of 
phenolic compounds are due to the presence of structural 
elements such as catechol groups and hydroxyl groups that 
are directly involved in antioxidant activity (Socrier et al. 
2019). It is possible that apricot gum, due to its phenolic 
compounds, kills bacteria that have not yet been killed by 
the addition of penicillin and streptomycin antibiotics, 
thereby reducing bacteria in the diluent medium as well as 
by its antioxidant activity to prevent the production of ROS. 

As shown in Table 6, the comparison of the percentage of 
abnormality among groups in the first day, 15 and 30 thaw-
ing, any significantly difference between each of the groups 
10, 15, 20 mg/mL in diluent and control group was not ob-
served, but on 45 and 60 days of thawing, a significant dif-
ference was observed between the treatments of 10, 15 and 
20 mg/mL in diluent with the control treatment (P<0.05). 

Also, in comparing the times in the two groups of 10 
mg/mL in diluent treatment and control treatment, a signifi-
cant difference was observed between all times (P<0.05). 
At 15 mg/mL in diluent treatment, no significant difference 
was observed between the first and 15 days of thawing and 
between the 45th and 60th days of thawing. There was a sig-
nificant difference between other thawing days (P<0.05). 
There was no significant difference in the treatment of 20 
mg/mL between 45 and 60 days of thawing, but a signifi-
cant difference was observed between the other thawing 
times in this treatment (P<0.05). Table 7 shows a compari-
son of membrane integrity among groups. There was a sig-
nificant difference between treatments of 10, 15 and 20 
mg/mL in diluent with the control treatment on each of the 
thawing days (P<0.05), but significantly difference was not 
within the gum treated groups. In comparison between 
thawing days, a significant difference was observed be-
tween each of the treatments in all thawing days (P<0.05). 

In general, exudate gums are complex and branched het-
erogeneous polysaccharides with a combination of minor 
components such as proteins and phenolic (Simas et al. 
2004). Studies conducted by Bashir et al. (2018) on the 
antioxidant properties of three exudate gums of apricot 
gum, gum arabic and almond gum showed that apricot gum 
at a concentration of 1 mg/mL inhibited the radical DPPH 
by 35.52% and at a concentration of 10 mg/mL inhibits 
hydroxyl radical (OH) by 58.31%. Apricot gum secretions 
have been used as medicinal drugs in Iran. In the chemical 
composition of this chewing gum, high content of potas-
sium, calcium, magnesium was found (Fathi et al. 2016). 

Hamdani et al. (2018) examined the properties of some 
exudate gums and they reported that the gum has a high 

antioxidant potential. Apricot gum showed higher antioxi-
dant potential than acacia and caraway gums. Considering 
that the antioxidant properties of apricot gum have been 
proven in several studies, in this study, the antioxidant ac-
tivity of apricot gum can be clearly observed, which has 
preserved more damage to the plasma membrane of sperm 
during storage than the control group. And all three treat-
ments of apricot gum have a significant difference with the 
control treatment (P<0.05). 

Comparison of MDA production between different levels 
of apricot gum treated groups and control group on day 60 
of thawing has been showed in Table 8. There was a sig-
nificantly difference between the treatments of 10, 15 and 
20 mg/mL in diluent with the control treatment (P<0.05), 
but any significant difference was not observed between the 
treatments of 10, 15 and 20 mg/mL in diluent. 

The presence of high concentrations of long chain poly-
unsaturated fatty acids within the lipid structure of sperm 
cells requires efficient antioxidant systems to defend 
against peroxidative damage and associated sperm dysfunc-
tion (Bucak et al. 2007). Furthermore, the process of semen 
cryopreservation produces significant amounts of ROS 
which may lead to impairment of sperm morphology, func-
tion, and ultimately male fertility (Khodaei et al. 2014). 

Adding antioxidant substances to the freezing extender 
can reduce the oxidative stress caused by excessive ROS 
formation, as well as maintaining normal sperm functions 
associated with ROS. Hence, it is important to choose a 
proper antioxidant level to preserve the natural balance that 
exists between ROS generation and scavenging activities 
during cryopreservation process (Mehdipour et al. 2016). 

Lipid peroxidation induced by reactive oxygen com-
pounds directly damages the phospholipid components of 
cell membranes and produce a stable compound called 
MDA, which has a genotoxic effect (a substance that dam-
ages DNA). As a result, they interfere with sperm motility 
(Sarlos et al. 2002). During recent years, use of herbal anti-
oxidants, has been gaining attention from several research-
ers.  

For instance, the plant species such as sage, oregano, and 
rosemary have been tested for development of the natural 
antioxidant formulations in the areas of medicine and nutri-
tion (Khodaei et al. 2014). Also, according to Abd El-
Hamid (2019) research, adding 0.1 and 0.2 mM caffeine as 
an additive antioxidant has a positive effect on total motility 
and quality of ram sperm. Khodaei et al. (2014) reported 
that the use of 4% and 6% levels of aqueous rosemary ex-
tract as an antioxidant compared to other groups showed a 
higher percentage of total motility and progressive move-
ment and plasma membrane performance (P<0.05). The 
highest viability was observed in the 6% group compared to 
the other groups.  
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Low concentrations of MDA in 4% and 6% groups of 

rosemary extract were 2.98 and 2.74 nmol/mL, respec-
tively, and the amount of MDA in the control group was 
3.61 nmol/mL. According to the research of Atessahin et al. 
(2008) on taurine and cysteine as antioxidants, the amount 
of MDA measured in taurine groups with concentrations 
(25, 50 and 75 mM) and control group were 5.54, 9.80, 4.46 
and 6.27 nmol/mL respectively and in the cysteine groups 
with concentrations (5, 10 and 15 mM) and the control 
group were 7.54, 9.02, 8.66 and 6.27 nmol/mL, respec-
tively. The amount of MDA measured for apricot gum 
treatments in this study was lower than the studies per-
formed on rosemary extract, taurine and cysteine as a hol-
low antioxidant, which indicates the presence of antioxidant 
properties in apricot gum. 

Apricot gum, due to its different carbohydrates, can pro-
vide the energy needed by sperm, as well as maintain a di-
lute osmotic pressure and reduce cell damage by reducing 

 
 
 
 
 
 
 
 

Table 5 Comparison of viability rate between apricot gum groups and control group in different days of thawing

10 mg/mL 15 mg/mL  20 mg/mL Control Thawing days 

85.52Aa  84.67Aa  88.19Aa  74.9Bb  0  

78.63Ba  76.91Ba  81.29Ba  67.85Ab 15  

72.04Ca  71.4Ca  75.44Ca  61.94Db  30  

65.77Da  65.68Da  70.49Da  56.5Cb  45  

60.56Ea  60.35Ea  63.1Ea  51.45Fb  60  
A, B, C, D, E: in each column indicate a significant difference among the thawing days inside each group (P<0.05). 
a, b: in each row indicate a significant difference among groups at each of the thawing days (P<0.05). 

 
 
 
 
 
 
 
 
 

Table 6 Comparison of the percentage of abnormality between apricot gum groups and control group in different days of thawing 

Thawing days  10 mg/mL 15 mg/mL  20 mg/mL  Control 

5.12Aa  5.20Aa  5.24Aa  5.73Aa  0  

7.51Ba  7.07Aa  7.38Ba  8.77Ba 15  

10.39Ca  10.22Ca  9.94Ca  12.10Ca  30  

13.00Da  12.79Da  12.24Da  15.97Eb  45  

15.63Ea  14.22Da  14.11Da  18.36Fb  60  
A, B, C, D, E: in each column indicate a significant difference among the thawing days inside each group (P<0.05). 
a, b: in each row indicate a significant difference among groups at each of the thawing days (P<0.05). 

 
 
 
 
 
 
 
 
 

Table 7 Comparison of the percentage of membrane integrity between apricot gum groups and control group on different days of thawing 

Thawing days  10 mg/mL  15 mg/mL  20 mg/mL  Control 

72.61Aa  73.28Aa  76.34Aa  61.67Bb  0  

64.51Ba  65.06Ba  68.32Ba  54.52Ab  15 

58.13Ca  59.18Ca  61.08Ca  49.35Db  30  

52.18Da  53.91Da  54.67Da  44.24Cb  45  

46.51Ea  47.8Ea  47.94Ea  39.34Fb  60  
A, B, C, D, E: in each column indicate a significant difference among the thawing days inside each group (P<0.05). 
a, b: in each row indicate a significant difference among groups at each of the thawing days (P<0.05). 

 
 
 
 
 
 
 

Table 8 Comparison of the production of malondialdehyde (nmol/mL) between different levels of apricot gum with control group on day 60

Treatment  Minimum Maximum   Mean SD 

4.612a Control 2.957 7.161 1.13 

2.215b 10 mg/mL 1.148 3.451 0.706 

2.199b 10 mg/mL 1.277 3.296 0.5009 

2.077b 20 mg/mL 1.058 3.709 0.659 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 

 
the formation of intracellular ice crystals. Apricot gum can 
also act as an antioxidant system due to its phenolic com-
pounds such as catechols, hydroquinone’s and pyrogallols. 
The antimicrobial properties of phenolic compounds are 
due to the presence of structural elements such as catechol 
groups and hydroxyl groups that are directly involved in 
antimicrobial activity. 

 

  CONCLUSION 

According to mentioned functional factors of apricot gum 
and obtained results from this experiment, the use of this 
gum in semen extender is recommended to improve the 
quality of frozen sperm. Apricot gum also has antioxidant 
activity that has been proven in several different studies and 
in this study has reduced the amount of free radical produc-
tion of MDA compared to the control group (without apri-
cot gum), which indicates its antioxidant activity. 
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