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Introduction 

DNA fragmentation analysis is a crucial tool 

for assessing sperm DNA damage and serves 

as a predictor of fertilization success, 

implantation, pregnancy outcomes, and 

normal embryo development [1]. However, a 

survey of 37 respondents (73% andrologists 

and 27% clinical laboratory analysts) in 

Indonesia revealed that 54.1% were unable to 

perform DNA fragmentation testing due to the 

unavailability of testing kits (62.5%). 

Nevertheless, 87.5% of respondents 

expressed willingness to send semen samples 

to laboratories capable of performing the test, 

provided that adequate transportation 

facilities are available [2].  
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DNA fragmentation analysis is essential for evaluating sperm 
DNA integrity, which affects fertilization, embryo development, 
and pregnancy outcomes. However, many Indonesian 
laboratories lack access to this testing due to limited availability 
of commercial kits. This study aimed to assess the effects of 
storage temperature and duration on sperm DNA fragmentation 
by comparing fresh semen samples with those stored under 
various conditions. This post-test-only experimental study was 
conducted at the Biomedical Laboratory, Faculty of Medicine, 
Universitas Airlangga, Surabaya, from March to October 2023. 
Semen samples were collected from ten normozoospermic men 
aged 20-35 years. The samples were divided into four groups: 
fresh samples (P1), samples stored in a cool box (7-8 °C) for 3 
hours (P2), and samples stored in a freezer at -16 °C for 3 days 
(P3) and 7 days (P4). DNA fragmentation was assessed using the 
Sperm Chromatin Dispersion (SCD) method. The Shapiro-Wilk 
test was used for normality. Depending on data distribution, 
paired t-tests or Wilcoxon signed-rank tests were applied. No 
significant differences were found in DNA fragmentation index 
between fresh and stored samples: P1 vs. P2 (p = 0.257), P1 vs. 
P3 (p = 0.705), and P1 vs. P4 (p = 0.102), indicating DNA 
stability. Sperm DNA fragmentation remains stable under the 
tested storage conditions. Semen samples can be stored at 7-8 °C 
for 3 hours or frozen at -16 °C for up to 7 days without 
compromising DNA integrity. 
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     Fertility and andrology laboratories in 

Indonesia generally lack sufficient facilities for 

genetic and epigenetic analyses of 

spermatozoa, including DNA fragmentation 

analysis [2]. Spermatozoa are highly sensitive 

to temperature fluctuations, making optimal 

transportation and storage conditions crucial 

[3]. 

     Studies indicate that air-drying methods 

and storing semen samples at -22 °C can 

maintain DNA stability for up to one month 

[4]. In contrast, the freeze-drying method 

followed by storage at 4 °C for seven days has 

been shown to increase DNA fragmentation 

[5]. 

     Basic semen analysis often fails to 

distinguish between fertile and infertile men, 

with 15% of infertile men exhibiting normal 

semen parameters. This highlights the 

significane of nuclear and subcellular factors, 

including DNA integrity, in evaluating male 

infertility [1,4]. An increased DNA 

fragmentation index is associated with 

decreased pregnancy success rates, a 

decreased likelihood of live birth, and a higher 

risk of miscarriage [6]. Various methods, such 

as the Sperm Chromatin Structure Assay 

(SCSA), Comet assay, TUNEL assay, and SCD, 

have been developed for assessing DNA 

fragmentation. Among these, the SCD method 

offers simplicity, low cost, and high accuracy 

[7].  

     This study aims to analyze the impact of 

varying temperatures and storage durations 

on DNA fragmentation in semen samples by 

comparing fresh samples with those stored in 

cooled transport media and refrigerated for 

several days. 

Experimental 

Subjects and methods 

This study employs an experimental post-test-

only design with a single population. The 

objective is to compare the DNA 

fragmentation index of spermatozoa in fresh 

samples with those subjected to specific 

treatments. 

     The study population consists of semen 

samples from men of reproductive age (20-35 

years) attending the Andrology Clinic at Dr. 

Soetomo General Academic Hospital, 

Surabaya, between August and October 2023. 

Samples were collected from men who met 

the inclusion criteria and provided informed 

consent for their participation.  

     The inclusion criteria required men aged 

20-35 years with two to seven days of 

ejaculatory abstinence, semen analysis results 

indicating normozoospermia, and consent to 

participate. The exclusion criteria included 

semen volume <2 mL or incomplete collection 

of ejaculate samples. Sample collection was 

performed using a consecutive sampling 

method. 

Materials and instruments 

The study utilized the following materials: a 

DNA fragmentation kit (SpermFunc®, BRED 

Life Science Technology Inc.), phosphate 

buffer solution (pH 6.8; Merck), ethanol (70%, 

90%, and 100%; Merck), safranin solution 

(Merck), aquabides (WIDA WITM UNICAP), 

diluent solution (NaCl + Ortho-toluidine + 

H2O2), and crystal violet solution (Merck). 

     The instruments used included semen 

collection containers, glass slides, cover slips, 

micropipettes, disposable tips, microtubes, a 

microscope (Olympus CX 31), a cell counter, 

an Improved Neubauer hemocytometer, a 37 

°C incubator, a thermometer, test tubes, a 

water bath, a refrigerator (7-8 °C), a freezer (-

16 °C), a cool box, ice packs, a slide barrel, a 

timer, and trays. 

Location and ethical approval 

The present study was conducted at the 

Biomedical Laboratory, Faculty of Medicine, 

Universitas Airlangga, Surabaya, from March 

to October 2023. Ethical approval was 

obtained from the Health Research Ethics 
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Committee of the Faculty of Medicine, 

Universitas Airlangga (No. 

252/EC/KPEKFKUA/2023). 

Data collection procedure 

Prospective participants were provided with 

detailed information about the study's 

objectives. Participants who consented to the 

study provided their signatures on an 

informed consent form. Sample collection was 

conducted via masturbation into sterile, 

labeled containers, and the time of ejaculation 

was recorded. Semen volume was determined 

by measuring the weight difference of the 

container before and after sample collection. 

Samples were allowed to liquefy completely at 

room temperature before undergoing basic 

semen analysis in accordance with the 2010 

WHO guidelines. 

     The semen samples were assigned into four 

groups: 

 P1: Samples analyzed immediately after 

complete liquefaction. 

 P2: Samples stored in a cool box (7-8 °C) 

for three hours. 

 P3: Samples mixed with a preservative 

solution and preserved in a freezer (-16 °C) 

for three days. 

 P4: Samples mixed with a preservative 

solution and preserved in a freezer (-16 °C) 

for a week. 

DNA Fragmentation Measurement 

DNA fragmentation was measured using the 

Sperm Chromatin Dispersion (SCD) method 

by analyzing 500 spermatozoa. The DNA 

fragmentation percentage was calculated 

using Equation (1): 

𝐷𝐹𝐼 =
𝐹𝑟𝑎𝑔𝑚𝑒𝑛𝑡𝑒𝑑 𝑆𝑝𝑒𝑟𝑚𝑎𝑡𝑜𝑧𝑜𝑎+𝐷𝑒𝑔𝑟𝑎𝑑𝑒𝑑 𝑆𝑝𝑒𝑟𝑚𝑎𝑡𝑜𝑧𝑜𝑎 

𝑇𝑜𝑡𝑎𝑙 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑆𝑝𝑒𝑟𝑚𝑎𝑡𝑜𝑧𝑜𝑎
 × 100%           (1) 

     

Assessments were conducted by three 

independent observers in a random and non-

sequential manner. The average DNA 

fragmentation results from the three 

observers were statistically analyzed. 

Data analysis 

Data analysis was performed using SPSS 

version 25.0 in two stages. Univariate analysis 

was conducted to evaluate sample 

characteristics, while bivariate analysis was 

used to compare DNA fragmentation indices 

between groups. Data normality was assessed 

using Shapiro-Wilk test. For data that follow a 

normal distribution (p > 0.05), a paired t-test 

was applied, whereas for data that do not 

follow a normal distribution (p < 0.05), 

Wilcoxon signed-rank test was applied.  

 

Results 

The study involved ten semen samples from 

men aged 20-35 years attending the 

Andrology Clinic at Dr. Soetomo General 

Academic Hospital, Surabaya, from August to 

September 2023. Samples were collected 

through masturbation in a designated 

collection room and left at ambient 

temperature to fully liquefy before semen 

analysis. Normozoospermic samples were 

divided into four groups: P1 (DNA 

fragmentation analysis immediately after 

liquefaction), P2 (analysis after preserving the 

samples in a cool box with ice packs at 7-8 °C 

for three hours), P3 (analysis after preserving 

the samples in a freezer at -16 °C for three 

days), and P4 (analysis after preserving the 

samples in a freezer at -16 °C for a week). 

Table 1 summarizes the characteristics of the 

study samples. 
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TABLE 1 Characteristics of the study samples 

Characteristics 
Mean ± SD 

(n = 10) 
Median (Q1–Q3) 

(n = 10) 
Age (years) 29.40 ± 3.06  

Ejaculatory Abstinence (days) 3.2 ± 1.14  
Liquefaction Time (minutes) 36.00 ± 9.07  

pH  7.35 (7.20-7.55) 
Volume (mL)  2.60 (2.30-4.43) 

Concentration (10-1/mL) 98.01 ± 32.90  
Total Sperm Count (10-1/ejaculate)  330.50 (165.75-397.00) 

Progressive Motility (%) 52.80 ± 9.10  
Non-progressive Motility (%) 20.00 ± 7.07  

Immotility (%) 27.20 ± 11.60  
Total Motility (%) 72.80 ± 11.60  

Normal Morphology (%)  4.00 (4.00-5.00) 

 

The mean spermatozoa DNA fragmentation 

indices across the groups were similar, as 

presented in Table 2. 

 

TABLE 2 Spermatozoa DNA fragmentation results 

Group Mean ± SD (%) 

P1 12.30 ± 7.53 

P2 12.00 ± 6.91 

P3 12.50 ± 7.53 

P4 12.70 ± 7.00 

 

     To ensure data normality, the Shapiro-Wilk 

test was applied before analysis. For groups 

P2 and P4, where the data distribution was 

not normal, the Wilcoxon signed-rank test was 

employed. Meanwhile, the data for groups P1 

and P3 followed a normal distribution. 

Therefore, a paired t-test was used for 

statistical analysis. 

 

TABLE 3 Comparison of DNA fragmentation indices between groups 

Group 

Comparison 

N Median 

(Q1–Q3) 

Mean ± SD Mean ± SD 

Difference 

P-value 

P1 10 9.00 (5.75–20.25)   0.257 

P2 10 9.50 (5.75–19.25)   

P1 10  12.30 ± 7.53 -0.20 ± 1.62 0.705 

P3 10  12.50 ± 7.53   

P1 10 9.00 (5.75–20.25)   0.102 

P4 10 9.50 (6.75–19.5)    

 

The statistical analysis revealed no 

significant differences in spermatozoa DNA 

fragmentation between fresh samples (P1) 

and the other treatment groups. The Wilcoxon 

signed-rank test revealed no substantial 

difference between P1 and samples stored in a 

cool box with ice packs at 7-8 °C for three 

hours (P2), with a p-value of 0.257 (Table 3). 

Similarly, the paired t-test indicated no 

significant difference between P1 and samples 

preserved in a freezer at -16 °C for three days 

(P3), with a p-value of 0.705 (Table 3). 

Furthermore, Wilcoxon signed-rank test also 

revealed no substantial difference between P1 

and samples preserved in a freezer at -16 °C 

for a week (P4) shown in Figure 1, with a p-

value of 0.102 (Table 3). 
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FIGURE 1 Visualization of spermatozoa DNA fragmentation results for fresh samples (P1), samples 

preserved in a cool box with ice packs for three hours (P2), samples preserved in a freezer at -16 °C for 

three days (P3), and samples preserved in a freezer at -16 °C for a week (P4). *(A), halo (B), large halo (C), 

small halo (D), and without halo (E)  

 
  

Discussion 

This study analyzed the impact of 

temperature and storage duration on 

spermatozoa DNA fragmentation. Samples 

were divided into four groups: the baseline 

group (fresh samples analyzed immediately 

after complete liquefaction), samples 

preserved in a cool box at 7-8 °C for three 

hours, samples preserved in a freezer at -16 °C 

for three days, and samples preserved in a 

freezer at -16 °C for a week. The methodology 

was selected based on previous studies 

demonstrating that temperature changes 

affect spermatozoa DNA degradation [4-5,8]. 

Given its superior sensitivity and suitability as 

a standard procedure, the SCD method was 

employed for detecting DNA fragmentation 

[9]. 

     Participants in this study had a mean age of 

29.4 years, consistent with findings indicating 

that semen quality begins to decline after the 

age of 35, with increased DNA fragmentation 

reported in men aged 26–30 years [10,11]. 

Semen characteristics, including total motility 

(72.8%), total sperm count (330.5 

million/ejaculate), and sperm concentration 

(98.01 million/mL), were within the normal 

range according to the 2010 WHO guidelines. 

Studies show that higher levels of sperm DNA 

damage are correlated with both 

asthenozoospermia and morphological 

abnormalities in sperm, which can affect DNA 

methylation in specific genes [12].  

     This study revealed no substantial 

differences in the mean DNA fragmentation of 

spermatozoa across all groups, with minimal 

variation. This is likely due to the study 

participants being men aged 20-35 years with 

normozoospermia. Men over the age of 35 

tend to experience a decline in semen quality, 

including reductions in ejaculate volume, 

sperm count, morphology, motility, vitality, 

and chromatin stability. This decline is 

attributed to sperm damage from oxidative 

stress, limited antioxidant defense 

mechanisms in spermatozoa, and increased 

reactive oxygen species (ROS) production. 

DNA fragmentation in older men is also 

associated with disruptions in DNA 

remodeling mechanisms, leading to reduced 

chromatin packaging and impaired DNA 

repair capabilities [13].  
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     This study revealed no substantial 

difference in spermatozoa DNA fragmentation 

among samples stored in a cool box at 7-8 °C 

for three hours and fresh samples (p = 0.257). 

This aligns with findings indicating that semen 

storage at room temperature for four hours or 

on wet ice for 24 hours does not significantly 

affect DNA fragmentation results [14]. Wet ice 

is recommended as a simple and economic 

short-term storage method. Similarly, studies 

have reported that storing ejaculates at 4 °C 

for 48 hours does not result in significant 

differences compared to fresh samples [15]. 

Conversely, reports indicate higher DNA 

fragmentation in semen analyzed after one 

and two hours at 37 °C compared to the 

prompt analysis [3,16]. Other research has 

revealed that temperature reduction can 

damage spermatozoa membranes, while high 

temperatures (37 °C) can cause membrane 

protein denaturation, impair membrane 

integrity, and alter spermatozoa morphology 

[3]. 

     This study revealed no substantial 

difference in spermatozoa DNA fragmentation 

in samples preserved in a freezer at -16 °C for 

three days (p = 0.705). This supports findings 

that semen storage using methods such as 

snap freezing, cryopreservation, or wet ice is 

more effective than ambient temperature 

storage for 24 hours, which results in higher 

DNA fragmentation [14]. Additionally, other 

recommendations suggest storing and 

transporting ejaculates at temperatures less 

than 4 °C or freezing them at -20 °C to -70 °C 

for one to two days as an adequate method for 

evaluating spermatozoa DNA fragmentation 

[15].  

     This study revealed no substantial 

difference in spermatozoa DNA fragmentation 

in samples preserved in a freezer at -16 °C for 

a week (p = 0.102). However, other studies 

have shown that storage at higher 

temperatures, such as 24-25 °C or 4 °C, can 

increase DNA fragmentation due to oxidation 

during storage [5,17]. Another study reported 

that spermatozoa viability and motility 

remained more stable at 4-6 °C compared to 

25 °C during five to seven days of storage, 

with the optimal temperature for maintaining 

motility being 20 °C [18]. Research also 

indicated that storing mouse spermatozoa at 

4-6 °C for up to 20 days did not increase DNA 

damage [19]. Similarly, dog semen stored at 5 

°C showed no DNA damage for up to 14 days 

[20]. In forensic DNA analysis, studies have 

concluded that -20 °C is the optimal 

temperature for preserving DNA integrity, 

while storage at ambient temperature or 4 °C 

leads to significant degradation due to 

microbial activity. These findings highlight the 

significance of low temperatures in 

maintaining DNA integrity for both clinical 

and forensic applications [21]. 

Conclusion 

This study concludes that the DNA 

fragmentation index of spermatozoa in 

samples stored in a cool box at 7-8 °C for three 

hours, a freezer at -16 °C for three days, and a 

freezer at -16 °C for seven days showed no 

significant differences compared to fresh 

samples. Based on these findings, andrology 

practitioners without in-clinic DNA 

fragmentation testing facilities are advised to 

transport semen samples using a cool box 

with ice packs if the laboratory can be reached 

within three hours. Additionally, clinical 

laboratories without access to -22 °C freezers 

can use -16 °C freezers to store semen 

samples for up to seven days prior to DNA 

fragmentation analysis. Further research is 

necessary to determine the optimal storage 

duration for maintaining spermatozoa DNA 

integrity at temperatures above -22 °C. 

Ethical Issues 

Ethical approval was obtained from the Health 

Research Ethics Committee of the Faculty of 

Medicine, Universitas Airlangga (No. 

252/EC/KPEKFKUA/2023). 

 



P a g e  | 827  The effect of temperature and storage time off …  
  

Acknowledgments 

The authors would like to express their 

gratitude to the Department of Biomedical 

Science, Faculty of Medicine, Universitas 

Airlangga for providing the essential facilities 

to support this study.  

Funding 

There was no specific funding from 

governmental, commercial, or non-profit 

entities for this study. 

Authors’ Contributions 

WSP and JN; researched, designed, and 

conducted the study, and also analysed and 

interpreted data; JN prepared and revised the 

manuscript; ND, PN, IGNP, and MI MT 

reviewed the manuscript and provided critical 

input. 

Concflict of Interest 

The authors declared that they do not have 

any conflict of interest regarding this study. 

Orcid:   

Jennifer Nathalia:  
https://orcid.org/0009-0009-5278-7195  
Wanly Syahrizal Pasaribu:  

https://orcid.org/0000-0002-6392-509X  
Ninik Darsini *: 
https://orcid.org/0000-0001-6331-8866  
Pety Narulita:  

https://orcid.org/0000-0001-9904-1336  
I Gusti Ngurah Pramesemara:  
https://orcid.org/0000-0003-3377-2966  
Mohd Islahuddin Mohd Tamrin:  

https://orcid.org/0000-0001-6208-4885  

References 

[1] a) S. Ramalingam, R. Saravanan, 

Cumulative effect of inorganic salts extracted 

from cleome gynandra leaves against MCF-7 

cell lines, Asian Journal of Green Chemistry, 

2024, 8, 427-440. [Crossref], [Google Scholar], 

[Publisher]; b) M.K.P. Selvam, A. Agarwal, A 

systematic review on sperm DNA 

fragmentation in male factor infertility: 

Laboratory assessment, Arab Journal of 

Urology, 2018, 16, 65-76. [Crossref], [Google 

Scholar], [Publisher] 

[2] B. Hamidah, A. Sa'adi, R. Yudiwati, Human 

Sperm Cells After Purification Using SCLB Can 

Be Stored at 4o, -20o, or-80oC Before Small 

RNA Isolation. Indonesian Journal of Clinical 

Pathology and Medical Laboratory, 2020, 26, 

134-137. [Crossref], [Google Scholar], 

[Publisher] 

[3] J. Mohamed, M.N. Ismail, T.Y. Chou, S.R. 

Louis, S.B. Budin, A study of sperm quality 

characteristics changes in different storage 

temperatures above freezing point, Int J Collab 

Res Intern Med Public Health, 2012, 4, 736-

743. [Google Scholar], [Publisher] 

[4] a) O.E. Eje, F.A. Oluwafemi, C.S. Onoyima, 

J.O. Uzoechina, G.J. Oni, C.V. Ogbonna, C.J. 

Onyiriuka, S.N. Ozioko, Molecular mechanisms 

and pathological effects of strain specificity in 

prion infection, Journal of Chemical Reviews, 

2024, 6, 379-402. [Crossref], [Google Scholar], 

[Publisher]; b) A. McEvoy, P. Roberts, K. Yap, 

P. Matson, Development of a simplified 

method of human semen storage for the 

testing of sperm DNA fragmentation using the 

halosperm G2 test kit, Fertility and Sterility, 

2014, 102, 981-988. [Crossref], [Google 

Scholar], [Publisher] 

[5] M.B.D. Pramesti, Human sperm 

preservation using freeze-drying: An 

experimental laboratory study, Folia Medica 

Indonesiana, 2009, 45, 185. [Google Scholar], 

[Publisher] 

[6] a) M.S. Jabar, A.L. Wadood, Cytotoxicity 

and anticancer effect of chitosan-Ag NPs-

doxorubicin-folic acid conjugate on lungs cell 

line, Chemical Methodologies, 2023, 7, 1-14. 

[Crossref], [Google Scholar], [Publisher]; b) A. 

Pacey, Is sperm DNA fragmentation a useful 

test that identifies a treatable cause of male 

infertility?, Best Practice & Research Clinical 

https://orcid.org/0009-0009-5278-7195
https://orcid.org/0000-0002-6392-509X
https://orcid.org/0000-0001-6331-8866
https://orcid.org/0000-0001-9904-1336
https://orcid.org/0000-0003-3377-2966
https://orcid.org/0000-0001-6208-4885
https://doi.org/10.48309/ajgc.2024.449124.1486
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Cumulative+Effect+of+Inorganic+Salts+Extracted+from+Cleome+Gynandra+Leaves+against+MCF-7+Cell+Lines&btnG=
https://www.ajgreenchem.com/article_198770.html
https://doi.org/10.1016/j.aju.2017.12.001
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B1%5D%09M.K.+Panner+Selvam%2C+A.+Agarwal%2C+A+systematic+review+on+sperm+DNA+fragmentation+in+male+factor+infertility%3A+Laboratory+assessment%2C+Arab+J+Urol%2C+2018%2C+16%2C+65%E2%80%9376&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B1%5D%09M.K.+Panner+Selvam%2C+A.+Agarwal%2C+A+systematic+review+on+sperm+DNA+fragmentation+in+male+factor+infertility%3A+Laboratory+assessment%2C+Arab+J+Urol%2C+2018%2C+16%2C+65%E2%80%9376&btnG=
https://www.sciencedirect.com/science/article/pii/S2090598X17301523
https://doi.org/10.24293/ijcpml.v26i2.1530
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B2%5D%09B.+Hamidah%2C+A.+Sa%E2%80%99adi%2C+R.+Yudiwati.+Human+Sperm+Cells+After+Purification+Using+SCLB+Can+Be+Stored+at+4o%2C+20o%2C+or+-80oC+Before+Small+RNA+Isolation%2C+www.indonesianjournalofclinicalpathology.org&btnG=
http://www.indonesianjournalofclinicalpathology.org/index.php/patologi/article/view/1530
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B3%5D%09J.+Mohamed%2C+M.N%2C+Ismail%2C+T.Y.+Chou%2C+et+al.+A+Study+of+Sperm+Quality+Characteristics+Changes+in+Different+Storage+Temperatures+above+Freezing+Point%2C+2012&btnG=
https://www.researchgate.net/profile/Santhana-Raj-2/publication/268011464_Study_of_Sperm_Quality_Characteristics_Changes_in_Different_Storage_Temperatures_Above_Freezing_Point/links/546f4ac70cf2d67fc0310974/Study-of-Sperm-Quality-Characteristics-Changes-in-Different-Storage-Temperatures-Above-Freezing-Point.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail&__cf_chl_rt_tk=TcVSKTCFsqbenDD0jQ1qKTl7F0xcUoUfB3rwbG_f32w-1753096682-1.0.1.1-d730oKGqc6u2dfo72yhhE28mFCuyE6h8lbEm9CBplWA
https://doi.org/10.48309/jcr.2024.455936.1327
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Molecular+Mechanisms+and+Pathological+Effects+of+Strain+Specificity+in+Prion+Infection&btnG=
https://www.jchemrev.com/article_200250.html
https://doi.org/10.1016/j.fertnstert.2014.07.737
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B4%5D%09A.+McEvoy%2C+P.+Roberts%2C+K.+Yap%2C+et+al%2C+Development+of+a+simplified+method+of+human+semen+storage+for+the+testing+of+sperm+DNA+fragmentation+using+the+Halosperm+G2+test+kit.+Fertil+Steril%2C+2014%2C+102%3A+981%E2%80%93988&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B4%5D%09A.+McEvoy%2C+P.+Roberts%2C+K.+Yap%2C+et+al%2C+Development+of+a+simplified+method+of+human+semen+storage+for+the+testing+of+sperm+DNA+fragmentation+using+the+Halosperm+G2+test+kit.+Fertil+Steril%2C+2014%2C+102%3A+981%E2%80%93988&btnG=
https://www.sciencedirect.com/science/article/pii/S0015028214013648
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B5%5D%09M.P.+Budyandini%2C+D.+Pramesti.+Human+Sperm+Preservation+Using+Freeze-Drying%3A+An+Experimental+Laboratory+Study%2C+2009&btnG=
https://journal.unair.ac.id/download-fullpapers-03%2007074%20DianP%20FMI%20edit.pdf
https://doi.org/10.22034/chemm.2023.359769.1604
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Cytotoxicity+and+Anticancer+Effect+of+Chitosan-Ag+NPs-Doxorubicin-Folic+Acid+Conjugate+on+Lungs+Cell+Line&btnG=
https://www.chemmethod.com/article_158118.html


P a g e  | 828 J. Nathalia et al.  
 
 

 

 

Obstetrics & Gynaecology, 2018, 53, 11-19. 

[Crossref], [Google Scholar], [Publisher] 

[7] B. Wiweko, P. Utami, Predictive value of 

sperm deoxyribonucleic acid (DNA) 

fragmentation index in male infertility, Basic 

and Clinical Andrology, 2017, 27, 1. [Crossref], 

[Google Scholar], [Publisher] 

[8] J. Gosálvez, E. Cortés-Gutierez, C. López-

Fernández, J.L. Fernández, P. Caballero, R. 

Nuñez, Sperm deoxyribonucleic acid 

fragmentation dynamics in fertile donors, 

Fertility and Sterility, 2009, 92, 170-173. 

[Crossref], [Google Scholar], [Publisher] 

[9] J.L. Fernández, L. Muriel, V. Goyanes, E. 

Segrelles, J. Gosálvez, M. Enciso, M. 

LaFromboise, C. De Jonge, Simple 

determination of human sperm DNA 

fragmentation with an improved sperm 

chromatin dispersion test, Fertility and 

Sterility, 2005, 84, 833-842. [Crossref], 

[Google Scholar], [Publisher] 

[10] J. Gao, R. Yuan, S. Yang, Y. Wang, Y. Huang, 

L. Yan, H. Jiang, J. Qiao, Age-related changes in 

human conventional semen parameters and 

sperm chromatin structure assay-defined 

sperm DNA/chromatin integrity, Reproductive 

BioMedicine Online, 2021, 42, 973-982. 

[Crossref], [Google Scholar], [Publisher] 

[11] J.J. Wang, S.X. Wang, Tehmina, Y. Feng, 

R.F. Zhang, X.Y. Li, Q. Sun, J. Ding, Age-related 

decline of male fertility: Mitochondrial 

dysfunction and the antioxidant interventions, 

Pharmaceuticals, 2022, 15, 519. [Crossref], 

[Google Scholar], [Publisher] 

[12] B. Song, Y. Chen, C. Wang, G. Li, Z. Wei, X. 

He, Y. Cao, Poor semen parameters are 

associated with abnormal methylation of 

imprinted genes in sperm DNA, Reproductive 

Biology and Endocrinology, 2022, 20, 155. 

[Crossref], [Google Scholar], [Publisher] 

[13] A. Rosiak-Gill, K. Gill, J. Jakubik, M. 

Fraczek, L. Patorski, D. Gaczarzewicz, R. 

Kurzawa, M. Kurpisz, M. Piasecka, Age-related 

changes in human sperm DNA integrity, Aging 

(Albany NY), 2019, 11, 5399. [Crossref], 

[Google Scholar], [Publisher] 

[14] R.E. Jackson, C.L. Bormann, P.A. Hassun, 

A.M. Rocha, E.L. Motta, P.C. Serafini, G.D. 

Smith, Effects of semen storage and 

separation techniques on sperm DNA 

fragmentation, Fertility and Sterility, 2010, 94, 

2626-2630. [Crossref], [Google Scholar], 

[Publisher] 

[15] D. Tataru, E. Markova, L. Osadchuk, E. 

Sheina,A. Svetlakov, The optimal conditions of 

storage of spermatozoa for analysis of DNA 

fragmentation, Klinicheskaia Laboratornaia 

Diagnostika, 2015, 60, 52-56. [Google 

Scholar], [Publisher] 

[16] A. Nabi, M. Khalili, I. Halvaei, F. Roodbari, 

Prolonged incubation of processed human 

spermatozoa will increase DNA 

fragmentation, Andrologia, 2014, 46, 374-379. 

[Crossref], [Google Scholar], [Publisher] 

[17] A.R.S. Silalahi, Pengaruh Suhu dan 

Periode Penyimpanan Spermatozoa Manusia 

yang Telah Dilakukan Pengeringbekuan 

(Freeze-Drying) Terhadap Konsentrasi, 

Morfologi Normal, dan Integritas DNA, 

Universitas Airlangga, 2020. [Google Scholar], 

[Publisher] 

[18] F. Golshan Iranpour, Z. Nateghian, R. 

Henkel,G. R. Dashti, Effects of temperature and 

storage time on the motility, viability, DNA 

integrity and apoptosis of processed human 

spermatozoa, Andrologia, 2020, 52, e13485. 

[Crossref], [Google Scholar], [Publisher] 

[19] F.G. Iranpour, M.R. Valojerdi, The 

epididymal sperm viability, motility and DNA 

integrity in dead mice maintained at 4-6oc, 

Iranian Journal of Reproductive Medicine, 

2013, 11, 195. [Google Scholar], [Publisher] 

[20] A.K.M. Shahiduzzaman, C. Linde-

Forsberg, Induced immotility during long-

term storage at+ 5 c does not prolong survival 

of dog spermatozoa, Theriogenology, 2007, 68, 

920-933. [Google Scholar], [Publisher] 

https://doi.org/10.1016/j.bpobgyn.2018.09.003
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B6%5D%09A.+Pacey.+Is+sperm+DNA+fragmentation+a+useful+test+that+identifies+a+treatable+cause+of+male+infertility%3F%2C+Best+Practice+and+Research%3A+Clinical+Obstetrics+and+Gynaecology%2C+2018%2C+53%2C+11%E2%80%9319&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1521693418301743
https://doi.org/10.1186/s12610-016-0046-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B7%5D%09B.+Wiweko%2C+P.+Utami%2C+Predictive+value+of+sperm+deoxyribonucleic+acid+%28DNA%29+fragmentation+index+in+male+infertility%2C+Basic+Clin+Androl%2C+27.+https%3A%2F%2Fdoi.org%2F10.1186%2Fs12610-016-0046-3&btnG=
https://link.springer.com/article/10.1186/s12610-016-0046-3
https://doi.org/10.1016/j.fertnstert.2008.05.068
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B8%5D%09J.+Gos%C3%A1lvez%2C+E.+Cort%C3%A9s-Gutierez%2C+C.+L%C3%B3pez-Fern%C3%A1ndez%2C+et+al%2C+Sperm+deoxyribonucleic+acid+fragmentation+dynamics+in+fertile+donors%2C+Fertil+Steril%2C+2009%2C+92%2C+170%E2%80%93173&btnG=
https://www.sciencedirect.com/science/article/pii/S0015028208011801
https://doi.org/10.1016/j.fertnstert.2004.11.089
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B9%5D%09J.L.+Fern%C3%A1ndez%2C+L.+Muriel%2C+V.+Goyanes%2C+et+al%2C+Simple+determination+of+human+sperm+DNA+fragmentation+with+an+improved+sperm+chromatin+dispersion+test%2C+Fertil+Steril%2C+2005%2C+84%2C+833%E2%80%93842&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0015028205027780
https://doi.org/10.1016/j.rbmo.2021.02.006
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B10%5D%09J.+Gao%2C+R.+Yuan%2C+S.+Yang%2C+et+al%2C+Age-related+changes+in+human+conventional+semen+parameters+and+sperm+chromatin+structure+assay-defined+sperm+DNA%2Fchromatin+integrity%2C+Reprod+Biomed+Online%2C+2021%2C+42%3A+973%E2%80%93982&btnG=
https://www.sciencedirect.com/science/article/pii/S1472648321000638
https://doi.org/10.3390/ph15050519
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B11%5D%09J.J.+Wang%2C+S.X.+Wang%2C+Tehmina%2C+et+al.+Age-Related+Decline+of+Male+Fertility%3A+Mitochondrial+Dysfunction+and+the+Antioxidant+Interventions%2C+Pharmaceuticals%2C+2022%2C+https%3A%2F%2Fdoi.org%2F10.3390%2Fph15050519+&btnG=
https://www.mdpi.com/1424-8247/15/5/519
https://doi.org/10.1186/s12958-022-01028-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B12%5D%09B.+Song%2C+Y.+Chen%2C+C.+Wang%2C+et+al%2C+Poor+semen+parameters+are+associated+with+abnormal+methylation+of+imprinted+genes+in+sperm+DNA%2C+Reproductive+Biology+and+Endocrinology%3B+2022%2C+20%2C+https%3A%2F%2Fdoi.org%2F10.1186%2Fs12958-022-01028-8+&btnG=
https://link.springer.com/article/10.1186/s12958-022-01028-8
https://doi.org/10.18632/aging.102120
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B13%5D%09A.+Rosiak-Gill%2C+K.+Gill%2C+J.+Jakubik%2C+et+al%2C+Age-related+changes+in+human+sperm+DNA+integrity%2C+Aging%2C+2019%2C+11%2C+5399%E2%80%935411&btnG=
https://pmc.ncbi.nlm.nih.gov/articles/PMC6710060/
https://doi.org/10.1016/j.fertnstert.2010.04.049
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B14%5D%09R.E.+Jackson%2C+C.L.+Bormann%2C+P.A.+Hassun%2C+et+al%2C+Effects+of+semen+storage+and+separation+techniques+on+sperm+DNA+fragmentation%2C+Fertil+Steril%2C+2010%2C+94%2C+2626%E2%80%932630&btnG=
https://www.sciencedirect.com/science/article/pii/S0015028210006709
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B15%5D%09D.A.+Tataru%2C+E.V.+Markova%2C+L.V.+Osadchuk%2C+et+al%2C+The+Optimal+Conditions+of+Storage+of+Spermatozoa+for+Analysis+of+DNA+Fragmentation%2C+Klin+Lab+Diagn%2C+2015%2C+60%2C+52A%E2%80%9356&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B15%5D%09D.A.+Tataru%2C+E.V.+Markova%2C+L.V.+Osadchuk%2C+et+al%2C+The+Optimal+Conditions+of+Storage+of+Spermatozoa+for+Analysis+of+DNA+Fragmentation%2C+Klin+Lab+Diagn%2C+2015%2C+60%2C+52A%E2%80%9356&btnG=
https://europepmc.org/article/med/26189292
https://doi.org/10.1111/and.12088
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B16%5D%09A.+Nabi%2C+M.A.+Khalili%2C+I.+Halvaei%2C+et+al%2C+Prolonged+incubation+of+processed+human+spermatozoa+will+increase+DNA+fragmentation%2C+Andrologia%2C+2014%2C+46%2C+374%E2%80%93379&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1111/and.12088
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B17%5D+A.R.S.+Silalahi%2C+Pengaruh+Suhu+dan+Periode+Penyimpanan+Spermatozoa+Manusia+yang+Telah+Dilakukan+Pengeringbekuan+%28Freeze-Drying%29+Terhadap+Konsentrasi%2C+Morfologi+Normal%2C+dan+Integritas+DNA%2C+Universitas+Airlangga%2C+2020&btnG=
https://repository.unair.ac.id/97604/
https://doi.org/10.1111/and.13485
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B18%5D%09F.+Golshan+Iranpour%2C+Z.+Nateghian%2C+R.+Henkel%2C+et+al%2C+Effects+of+temperature+and+storage+time+on+the+motility%2C+viability%2C+DNA+integrity+and+apoptosis+of+processed+human+spermatozoa%2C+Andrologia%2C+2020%2C+52%2C+https%3A%2F%2Fdoi.org%2F10.1111%2Fand.13485+&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1111/and.13485
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B19%5D%09Golshan+Iranpour+F%2C+Rezazadeh+Valojerdi+M.+The+epididymal+sperm+viability%2C+motility+and+DNA+integrity+in+dead+mice+maintained+at+4-6+o+C.+2013.&btnG=
https://pmc.ncbi.nlm.nih.gov/articles/PMC3943216/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B20%5D%09A.K.M.+Shahiduzzaman%2C+C.+Linde-Forsberg%2C+Induced+immotility+during+long-term+storage+at+%2B5+%C2%B0C+does+not+prolong+survival+of+dog+spermatozoa%2C+Theriogenology%2C+2007%2C+68%2C+920%E2%80%93933&btnG=
https://www.sciencedirect.com/science/article/pii/S0093691X07003901


P a g e  | 829  The effect of temperature and storage time off …  
  

[21] A. Badu-Boateng, P. Twumasi, S.P. Salifu, 

K.A. Afrifah, A comparative study of different 

laboratory storage conditions for enhanced 

DNA analysis of crime scene soil-blood mixed 

sample, Forensic Science International, 2018, 

292, 97-109. [Google Scholar], [Publisher] 

 

 

 

 

 

 

 

How to cite this article: Jennifer Nathalia, 

Wanly Syahrizal Pasaribu, Ninik Darsini, Pety 

Narulita, I Gusti Ngurah Pramesemara, Mohd 

Islahuddin Mohd Tamrin, The effect of 

temperature and storage time off semen 

samples on the spermatozoa deoxyribonucleic 

acid (DNA) fragmentation. Journal of Medicinal 

and Pharmaceutical Chemistry Research, 2026, 

8(4), 821-829. Link: 

https://jmpcr.samipubco.com/article_226137

.html 

 

 

 

Copyright   © 2026 by SPC (Sami Publishing Company) + is an open access article distributed 

under the Creative Commons Attribution License (CC BY), which permits unrestricted use, 

distribution, and reproduction in any medium, provided the original work is properly cited. 

 

https://scholar.google.com/scholar?q=%5B21%5D+A.+Badu-Boateng,+P.+Twumasi,+S.P.+Salifu,+et+al,+A+comparative+study+of+different+laboratory+storage+conditions+for+enhanced+DNA+analysis+of+crime+scene+soil-blood+mixed+sample,+Forensic+Sci+Int,+2018,+292:+97%E2%80%93109&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/pii/S037907381830728X
https://jmpcr.samipubco.com/article_226137.html
https://jmpcr.samipubco.com/article_226137.html
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

