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S1 Bovine sperm DNA fragmentation assessment methods 
Table S1 shows the assessment methods that used in bovine sperm DNA fragmentation. 
 
Table S1 Assessment methods of bovine sperm DNA fragmentation 
Assessment methods/ 
microscopic 
interpretation 

Advantages (+) and 
disadvantages (-) 

Variations 
between authors 

Number of 
articles 

Breed/Authors 

Toluidine blue staining 
 
Interpretation:  
Bright blue sperm heads 
signify normal DNA; dark 
blue indicates fragmented 
DNA. 

(+) simple, suitable for small 
sperm samples, and 
compatible with a light 
microscope 

(-) Lower accuracy from 
difficulty in distinguishing 
intact and damaged 
chromatin. 

minor differences 
in fixation and 
incubation times 

7  Brahman, Simental, Limousin, Ongole (Priyanto 
et al. 2018a) 

 Simmental (Susilowati et al. 2021) 
 Bali, Madura (Safitri et al. 2022) 
 Brahman cross (Pardede et al. 2020b) 
 Indonesian local bulls (Pardede et al. 2020a) 
 Bali (Dwinofanto et al. 2018; Ardhani et al. 

2020) 
Acridine orange staining 
 
Interpretation:  
Damaged DNA appears 
yellowish-green to reddish-
orange, and intact DNA 
appears green. 

(+) Simple and offers clear 
colour contrast for easy 
distinction. 

(-) requires a fluorescence 
microscope 

Incubation times 
range from 
overnight to 5 
minutes 

17  Bali, Simmental (Adiputra et al. 2022; 2023) 
 Limousin (Arif et al. 2020) 
 Bali (Fatmila et al. 2024; Hasbi et al. 2024) 
 Donggala (Gunawan et al. 2024) 
 Polled Bali (Gustina et al. 2024) 
 Holstein, Bali, Limousin (Handayani et al. 2021) 
 Polled Bali, Horned Bali (Hasbi et al. 2023) 
 Limousin, Holstein Friesian, Peranakan Ongole 

(Pardede et al. 2021; 2022) 
 Madura (Rosyada et al. 2023a; 2023b) 
 Holstein Friesian (Said et al., 2020) 
 Pasundan (Rasad et al. 2020; Santoso et al. 

2022) 
 Indonesian local bulls (Kusumawati et al. 2023) 

Sperm-Bos-Halomax kit 
 
Interpretation:  
Large halos indicate 
fragmented DNA, while 
small halos indicate intact 
DNA. 

(+) Simplifies sperm head 
differentiation and 
microscope compatibility. 

(-) Complex, costly, and 
requires a larger sperm 
sample for reliable analysis. 

Staining techniques 
include Wright's 
eosin methylene 
blue (Satrio et al., 
2022), Propidium 
iodide (Pardede et 
al., 2022), and 
Fluogreen (Baity et 
al. 2024). 

12  Simmental (Satrio et al. 2022b) 
 Indonesian local bulls (Kusumawati et al. 2023; 

Pardede et al. 2023; 2024) 
 Brahman, Simmental, Limousin, Ongole 

(Priyanto et al. 2018a) 
 Brahman (Priyanto et al. 2018b, 2019a, 2019b) 
 Bali, Madura, Aceh (Prabowo et al. 2023) 
 Limousin, Ongole, Holstein (Pardede et al. 

2022) 
 Bali (Indriastuti et al. 2020; Baity et al. 2024) 

TUNEL Assay 
 
Interpretation:  
Lacks detailed 
interpretation 

(+) Highly sensitive to single-
cell DNA strand breaks 
across species. 

(-) expensive, complex, and 
time-consuming 

Lacks detailed 
evaluation 
procedures. 

1  Ongole Grade (Prihantoko et al. 2020) 
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