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Abstract 

The effects of feeding mahseer barb male brooders with different levels of omaga-3 fatty acids (krill oil) on the 

sperm quality were investigated. All experimental fish at Initial body weight about 130.25±12.50 g bw  and Initial 

body length about 22.85±2.18 cm were randomly distributed in four treatments at stocking density of 3 fish m–2. 

During study from August to October, 2014, Fish were fed with commercial diet (3% g bw–1) which supplemen-ting 

omaga-3 fatty acids at 0.00, 0.08, 0.24 and 0.4 g (w v–1) kg–1diet  for Cont., Trt1, Trt2 and Trt3, respectively. At the 

end of culturing, ten fish from each group were randomly selected for milt and blood collection. The sperm 

quality of male brooders was evaluated by either traditional techniques or comet assay techniques. While, blood 

PGF2α levels were determined by RT-HPLC. The results were evaluated by the traditional techniques demonstrated 

that supplementing with 0.4 g kg–1diet of omaga-3 fatty acids (Trt3) had significantly different (p<0.05) milt volume, 

the total sperm counts, and percentages of abnormal sperm than the other groups. Besides the results observed 

comet assay techniques showed that supplemented with 0.4 g kg–1 diet of omaga-3 fatty acids had significantly 

lower (p<0.05) comet length, tail length, %DNA in tail, and tail moment than the other groups. The blood PGF2α 

levels were the highest in Trt3 and was not significantly different with other groups (p<0.05). This study showed that 

supplementing of 0.4 g kg–1diet of omaga-3 fatty acids together with commercial diet was found to be the best diet 

for male N. stracheyi brooders that provided adequate required nutrients for the formation of spermatogenesis.  

This knowledge can be used for enhance sperm quality of fish male brooders in captivity by manipulating proper 

types and levels of nutrition at the most appropriate times.  
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1. Introduction 

Mahseer barb or hill-stream fishes is one of domesticated freshwater fish species from the cyprinidae family [1]. 

Fish was reported as upstream or hill-stream fish that wide distribution from China to Indonesia [2]. The spawning 

season of this species ranges from early July to late November while the fecundity of female fish is very low 

compared to other mahseer group [3]. Today, the gonad quality, sperm quality, of freshwater fish male brooders 

from the natural stocks in reservoir of Thailand have declined by reason of environmental perturbations especially 

dumping of agro-chemicals and destructive fishing practices in the aquatic ecosystem [4]. In most vertebrates, 

during spermatogenesis affected by several factors especially nutrition changes due to the season and 

environmental variation for example, in common barbell [5] and Eurasian perch [6]. They were reported that dietary 

containing fatty acids affected sperm quality because of fatty acids are the major sources of the n-3 long chain 

PUFA, EPA, and DHA, and these fatty acids as precursor of reproductive hormones such as progesterone  

prostaglandins that reported in the study of male European eel [7]. Previous research in freshwater fish 

reproduction mostly were involved during final maturation and spawning in female fish while information about 

males gonadal development is less compared with those performed for oogenesis in fish [8] An understanding of 

this process remains still unknown, but it is as important as quality of sperm quality of males fish. To receive best 

male brooders, fish required nutrients is a key factor Controlling gonadal development and fecundity of male 

brooders in captivity [9]. Dahlgren [10] reported that increased dietary lipid Content also resulted in increased 

gonadal development and fecundity in the guppy. According to Alavi et al., [5] an external morphological 

examination (traditional techniques) of spermatozoa such as milt volume, motility and fertilizing capacity, as well 

as composition of the seminal plasma are use to assess sperm quality in fish. However, these traditional monitoring 

are not able to detect at DNA level of fish sperm. Comet assay, deoxyribonucleic acid quality examination, is 

generally a technique for DNA damage examination from pollutants impacts on organisms [11]. Today these 

techniques are increased in popularity as a standard technique for evaluation of DNA damage of aquatic animal 

[12]. Therefore, the objectives of present study aimed to determine the effects of omaga-3 fatty acids on sperm 

quality of N. stracheyi  male brooders reared into captivity, concrete tank. 

  

2. Materials and methods  

Experimental design 

The present study was carried out at Faculty of Sciences and Agriculture Technology, Rajamangala University of 

Technology Lanna, Nan province. One hundred and twenty of male N. stracheyi brooders (130.25±12.50 g.bw, live 

body weight of 2 year olds approximately and an average total length of 22.85±2.18 cm) were collected on June, 

2014 from earthen pond located in Amphoe Bo Kluea, Nan province.They were carefully collected by nylon net 

from earth pond which is cultured under polyculture system with the average water depth at 1.50 m and 20 ºC of 

the average water temperature. The aerated containers were used for transport fish sample to the experimental 

station. Before sample released into each experimental tank, total bodyweight and total length of fish were 

measured and recorded then transferring into the experimental take and allowed to feed with commercial diets for 
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a week. A complete randomized design was used in an experiment which consists of four treatments, with two 

replications per treatment. Twenty seven fish males were randomly distributed in four treatments at the stocking 

density of 3 fish m–2. Experimental diets enriched with krill oil with the dosage of 0.00, 0.08, 0.24 and 0.40 g kg–1 

diet for Cont., Trt1, Trt2 and Trt3 respectively. During study from August to October, 2014, fish were fed with diet at 

3% g bw–1 once a day (08.00 am). Water changes at the rate of one hundred percent of total volume weekly. 

 

Sample collection 

At the end of culturing, before sample collected, the fish were fasted for two days. Ten males fish of treatments 

were collected following anesthetized by 50 ppm peppermint oil. Milt was collected immediately for sperm 

evaluation and a blood sample of individual male fish was withdrawn from the caudal vein using a 24 Gx1 syringe 

(NIPRO) and stored at –80 ºC for PGF2α hormone extraction. Some of blood sample were centrifuged at 3,000 g for 

15 minutes following supernatant collection and stored at –30 ºC for protein concentration determi-nation according to 

the method described by the Bradford method [13]. The sperm quality of males fish were collected for use to 

evaluate the quality of spermatozoa. One milliliter of milt per fish was collected follow dilute to 105 cell ml–1 sperm 

density with 0.85% NaCl solution and stored at room temperature until further evaluate. 

 

Data collection and analytical methods 

Evaluation of sperm quality by an external morphological examination  

The gross examination was considered for one hundred spermatozoa per fish which were adaptations based on 

an external morphological observation includes : milt volume by pipetting milt in 1.50 microcentrifuge tube and 

the level was calculated in milliliters. The microscopic examination was carried out using light microscope (100x) to 

assess other parameters such as morphological feature (normal and abnormal sperm) and dead sperm cells 

according to the method described by Kime et al., [14] as follow : to determine the percentage of normal and 

abnormal sperm cells, cells were stained with a solution 0.40% Trypan blue at ratio of 1:10 (solution 0.40% trypan 

blue: calcium-free saline solution). After four hours, dead sperm (blue cells) was counted under light microscopy as 

well as gross morphology of live sperm was examined. Sperm with a spherical body were considered normal. 

Abnormal sperm were distinguished from normal by malformed bodies or by a bent, short, or missing tail. 

Evaluation of DNA quality by single cell gel electrophoresis analysis 

The deoxyribonucleic acid quality of fish spermatozoa were examined by comet assay techniques according to 

the method described by Singh et al., [12] as follow: step 1 : target cells were embedded by adding 250 µl of 1 x 105 cells ml–1 of 

sperm solution into the tube containing 250 µl of 1% low melting-point agarose in 1xPBS at 37 °C and mixed by 

tapping the tube, then 100 µl aliquot of warm mixture was dropped on coated slide, covered immediately by 

coverslip and left for 30 minutes at 4 °C to solidify. The coverslip was removed after solidification. Step 2 : the slide 

was transferred into a black chamber containing 50 ml of ice-cooled lysis solution for 30 minutes to allow DNA to 

unwind. Step 3 : 500 ml of electrophoresis buffer was added into an electrophoresis chamber. The solidified slide 

without coverslip was placed carefully into the chamber and electrophoresis is performed using volt constant at 25 
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V (300 mA) for 20 minutes. After electrophoresis, all slides were neutralized by rinsing 3 times in neutralization 

buffer and immersing in 70% ethanol for 30 minutes before staining with EtBr. step 4 : DNA damage was visualized 

using an Olympus BX 50 microscope epifluorescence, Japan, under excitation filter 510-560 nm UV light, barrier 

filter 590 nm (40x) using an ocular micrometer. Fifty comets cell per slide were randomly selected and subjected 

to head and tail measurements. Subsequently, five slides were considered per replication. The migration of DNA 

damage was used to determine the quality of sperm cell according to the method described by Singh et al., [12] as 

follow:  

 

Comet length: 

Comet length (µm)  = Tail Length + Head Length                                                          (1) 

Tail Length: 

Tail Length (µm)  = Tail Extent (Tail from Center) Tail Extent + Head Extent/2               (2) 

% DNA in tail: 

% DNA in tail   = 100 – Head % DNA.                                                                    (3) 

Tail moment: 

Tail moment = Tail Length (µm) x Tail DNA [%]                                                   (4) 

 

ProstaglandinF2α (PGF2α) extraction and analysis 

The blood PGF2α extraction and analysis were carried out in department of Aquaculture, Faculty of Fisheries, 

Kasetsart University, Bangkok. A blood samples of fish was extracted according to the method described by Tahara 

and Yano [15]. as follow : one milliliter of blood samples was extracted into glass homogenizer tubes containing 1 ml of 

extracted solution at ratio of 1:4 (DI water : ethanol solution, into 50 µl acetic acid). The homogenate was mixed 

and immediately centrifuged at 3,000 rpm for 5 minutes at 4 °C following supernatant collection. The blood PGF2α 

levels in an extract solution was quantified using a Sep Pak(C18) mini column (Alltech, USA). The eluted solution 

was evaporated under the vacuum dried drying and re-dissolved in twenty microliter of methanol. The supernatant 

was then injected onto a Prevail C18 column (4.60 mm x 15 cm I.D.) (Alltech, MD, USA) and run on an isocratic 

solvent of 30% acetonitrile (CH3CN) per 70% HPLC water (3:7, v v–1) (pH 2 by 17 mM phosphoric acid) at a flow rate 

of 1 ml min–1. The PGF2α peak of the sample was measured at 200 nm. The blood PGF2α levels was calculated and 

compared with the PGF2α standard curve. 

Statistical analyses 

All data was expressed as mean±standard deviation (S.D.). A statistical difference was estimated by one-way 

analysis of variance (ANOVA). The treatment analysis to determine the differences between group means was 

estimated by Duncan’s multiple range test at P<0.05. 
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3. Results 

Sperm quality evaluated of males N. stracheyi brooders by an external morphological examination 

Males bodyweight (g) and males bodylength (cm) between treatments were not significantly different. Milt 

volume was reported to be lowest in fish males fed only commercial fish diets control group (Cont.) and was 

significantly different from the other treatment groups (Trt1, Trt2 and Trt3) (Table 1). It was not significantly different 

between the treatment of 1, 2 and 3. Evaluation of the average total sperm counts of fish were presented as 

sperm cell g bw–1. It was demonstrated that fish of Trt3 had higher the average total sperm counts which was 

significantly different from other treatment groups (p<0.05) and it was lower in control group (Table 1). Percentages 

of dead sperm cells was found significantly higher in Cont. than other treatment groups (p<0.05) (Table 1). 

Moreover, percentages of dead sperm cells of fish in Trt3 showed significantly lower than other treatment groups 

(p<0.05) but not significantly different from Trt1 and Trt2 (p>0.05). In addition, percentages of abnormal sperm were 

not significant different between treatment groups (p>0.05) (Table 1). 

 

Table 1 Evaluation on some external morphological and some sperm quality characteristics of males N. stracheyi  

 brooders between groups of treatments (n = 10). 

Parameters Cont.  Trt1 Trt2 Trt3 

Males bodyweight (g) 172.15±15.36a 170.34±10.31 a 179.54±21.55 a 171.36±23.54 a 

Males body length (cm) 24.35±8.36 a 24.98±6.54 a 24.05±8.66 a 24.69±4.91 a 

Milt volume (ml.) 1.69±0.65b 3.92±0.91 a 3.58±0.12 a 3.85±0.54 a 

Total sperm counts (x104) (cell g bw–1)  12.65±5.44 b 28.45±9.32 a 32.65±7.34 a 38.66±10.66 a 

Percentages of dead sperm cells 78.26±12.88 a 21.54±8.33 b 15.95±2.02 b 15.22±2.66 b 

Percentages of abnormal sperm 29.44±8.99 a  25.79±5.31a 21.75±6.47 a 22.46±4.12 a 

Different letters in the same row indicate significant comparisons. Significant differences (P<0.05) in the value of all 

parameters (mean±SD, n = 10 fish, 50 sperm cells fish–1) of N. stracheyi brooders between treatment group and the control 

groups are indicated with letters (a, b and c).  

 

DNA quality evaluated of males N. stracheyi  brooders by comet assay techniques  

The result of DNA quality examination by comet assay techniques were shown in Table 2. The degrees of DNA 

damage of spermatozoa were estimated in the terms of comet length, tail length, % DNA in tail, and tail moment. 

The values of comet length  of control group had significant differences from other treatment groups (p<0.05). The 

values of tail length was highest in Cont. (89.36±24.55 µm) followed by Trt1 (73.14±37.01 µm)  and Trt2 

(54.46±19.60 µm). The values of tail length was lowest in Trt3 (32.64±16.28 µm). The values of % DNA in Tail were 

highest in Cont. (12.59±2.69%) and they were not significantly different between the treatment groups of 1, 2 and 

3. The values of tail moment was highest in cont. (13.48±2.87) followed by Trt1 (7.30±1.26)  and Trt2 (4.62±1.89). 

The values of tail length was lowest in Trt3 (2.64±1.13). 
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Table 2 Evaluation for sperm quality of males N. stracheyi brooders of Cont., Trt1, Trt2, and Trt3 by comet assay 

techniques. (n = 10 fish, 50 sperm cells fish–1). 

Parameters Cont.  Trt1 Trt2 Trt3 

Comet length (µm) 164.88±88.32a 123.26±83.23 b 109.16±46.44 b 86.74±19.69 c 

Tail length (µm) 89.36±24.55 a 73.14±37.01 a 54.46±19.60 b 32.64±16.28 c 

DNA in tail (%) 12.59±2.69 a 6.05±1.22 b 7.97±2.97 b 5.84±1.52 b 

Tail moment 13.48±2.87 a 7.30±1.26 b 4.62±1.89 c 2.64±1.13 c 

Different letters in the same row indicate significant comparisons. Significant differences (P<0.05) in the value of all 

parameters (mean±SD, n = 10 fish, 50 sperm cells fish–1) of the sperm cell between treatment group (Trt) and the control 

groups (Cont.) are indicated with letters (a, b and c).  

 

  

 

 

 

 

Fig. 1 Blood PGF2α levels of males N. stracheyi  brooders received fed with omaga-3 fatty acids diet represented in 

Cont., Trt1, Trt2, and Trt3, respectively. Different letters in the same bar indicate significant comparisons. 

Significant differences (P<0.05) in the value of blood PGF2α levels (mean±SD, n = 10 fish) of fish brooders 

between treatment groups and the control groups (Cont.) are indicated with letters (a, b, and c).  

 

The blood PGF2α levels of males N. stracheyi brooders 

The result of the blood PGF2α levels of males N. stracheyi brooders as shown in Fig. 1. The blood PGF2α levels 

were estimated in the terms of µgPGF2α mg–1protein. The blood PGF2α levels of Trt3 (950.67±153.91 µgPGF2α mg–1protein) 

has significant differences compared with cont. (271.62±85.15 µgPGF2α mg–1protein) (p<0.05) and Trt1  (755.28±95.33 

µgPGF2α mg–1protein), however, there are not significant different between Trt3 and Trt2 ( 886.88±108.82 µgPGF2α 

mg–1protein).  

 

4. Discussion 
An understanding of the nutrient requirements of male fish brooders during spawning season is important 

because it allow us to establish the reproductive tools for controlling the quality of sperm production. According to 

Kime et al., [16] gonadal development in male freshwater fish is affected by several factors such as water rise, 

temperature, rainfall and photoperiod as well as feeding. These factors are directly affected on male brooders 
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health which is resulted in the quality of sperm production. Considering the existing previous research, we found 

that dietary containing fatty acids directly affects on sperm quality for example; in common barbell, Barbus barbus, 

dietary containing fatty acids significantly affected sperm morphology (except for anterior and posterior parts of the 

mid piece) and sperm velocity (P<0.05) [14]. Based on the studied of African catfish, Clarias gariepinus, by Nyina-

Wamwiza et al., [17], the results suggest a positive impact of short chain n-6 fatty acids on androgen synthesis and 

sperm quality. In Eurasian perch, Perca fluviatilis, Henrotte et al., [6] reported that the dietary n-3/n-6 ratio affects 

the lipid composition of perch semen but not the indicators of sperm quality. Similar the study in European eel, 

Anguilla anguilla, Baeza et al., [7] demonstrates that the progression of spermiation is influenced by water 

temperature and demonstrate the importance of EPA, ARA and DHA in European eel reproduction. In the present 

study, the result has clearly shown that sperm of males N. stracheyi brooders gained better quality in the terms of 

milt volume, motility duration, percentage of sperm diameter (≥3 µm) and percentages of normal sperm when fed 

with commercial diet together with 0.40 g of omaga-3 fatty acids (Trt3). These fatty acids especially arachidonic acid 

function as precursor for reproductive hormones synthesis such as prostaglandins effect on gonad development of 

aquatic animal for example the study in African catfish, Nyina-Wamwiza et al. [18] reported that dietary plant 

products have a positive impact on sex steroid level production which is associated with a significant improvement 

of sperm quality. In an Indian major carp, Nandi et al., [19] studied on the effect of dietary supplementation of n-3 

and n-6 polyunsaturated fatty acids (PUFA) on reproductive performances in both sexes of an Indian major carp 

over a consecutive 2-year period. The result shown that sperm count and spermatocrit value were in the range of 

3.2 – 3.8 x 107 ml–1 and 80 – 82%, respectively in fish fed the PUFA- enriched test diet and significantly higher than 

in fish fed control diet (2.3 – 2.5 x 107 ml–1 and 64 – 70%. In contrast, our result of sperm quality of group 1 which 

fed with none supplementing of omaga-3 fatty acids had significantly lower than other groups. This result of an 

external morphological examination was related to the lower amount of omaga-3 fatty acids in commercial diet, 

because it has been demonstrated that omaga-3 fatty acids are not abundant in commercial diet. Previous research 

in freshwater fish reproduction, they were suggest that lower fatty acids in feeding are implicated in physiological 

functions linked to sperm activity by negative effect on membrane structure and also inducers of sex steroid, 

eicosanoid, and prostaglandins hormone synthesis [20]. In addition, one of the objectives of this study was to 

assess the quality of the sperm by single cell gel electrophoresis analysis which displayed in the terms of comet 

mean intensity, head mean intensity, tail mean intensity and tail length and tail moment. According to Speit et al., 

[21] the single cell gel electrophoresis performed on spermatozoa of a freshwater invertebrate, because of the 

highly compact structure of chromatin in spermatozoa, additional steps to allow migration of DNA are currently 

applied by authors working with sperm. In this study, values of all parameters were recorded from study by using 

the different techniques had lower in the Trt3 and were significantly different from cont., Trt1 and Trt2 (p<0.05). By 

the reason that the single cell gel electrophoresis analysis which is use to assess the DNA quality [12], this may be 

related to the function of fatty acids in membrane structure of spermatozoa when fed with commercial diet in 

conjunction with omaga-3 fatty acids [22]. Similar, the reported of Tinoco [23] that sperm phospholipids contain a 

high proportion of polyunsaturated fatty acids, and male reproductive tissue together with neural tissue has the 
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highest concentration of docosahexaenioc acid. These fatty acids requirements may be related to the formation of 

spermatogenesis and may be related to the formation of oxygen radicals during steroid hormone biosynthesis as 

observed in higher vertebrates [24]. Similar the animal fatty acids requirements, Am-in et al. [25] demonstrated that 

DHA and polyun-saturated fatty acids n−3 were positively correlated with boar sperm quality. Overall the study 

results suggest that feeding fish brooders with omaga-3 fatty acids have a positive impact on spermatogenesis. 
 

5. Conclusion 
Our results confirm the supplementing of omaga-3 fatty acids effect on sperm quality characteristics of fish 

reared in captivity. According to an external morphological examination and DNA quality examination data 

presented that, encouraging sperm quality of fish through the use of 0.40 g kg–1 diet (Trt3) is more dependable in 

male gonadal development potential. The study of males brooders diet is a better way of promoting fish males 

production with respect to male gonadal development potential in Thailand mahseer barb aquaculture. 
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