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Objective: The aim of study was to investigate the effects of season and single layer centri
fugation (SLC) before cryopreservation on post-thaw bull sperm quality in Thailand.
Methods: Semen was collected from 6 bulls (Bos indicus) in summer, rainy season and winter
2014 through 2016. Semen characteristics, sperm morphology, sperm kinematics, viability,
chromatin structure and mitochondrial membrane were evaluated. Meteorological data
were available from the local meteorological station;
Results: Season had an effect on semen characteristics in the raw ejaculate, with higher
proportions of normal spermatozoa and lower abnormalities in winter than in the other
two seasons. Sperm kinematics, viability, DNA fragmentation index, and mitochondrial
membrane potential were not different between seasons. Sperm samples selected by SLC
had greater normal morphology and a lower proportion with bent tails than controls and
higher values of progressive motility (PRO), beat cross frequency, linearity, straightness,
wobble (WOB), and lower values of slow motility, velocity average path (VAP), velocity
curved line, and amplitude of lateral head displacement than controls. In addition, SLCselection had a favorable effect on PRO, VAP, and WOB that differed among seasons.
Conclusion: Our results suggested that these bulls were well adapted to their location, with
season having an effect on sperm morphology. Moreover, SLC could be used prior to cryo
preservation, regardless of season, to enhance normal morphology and kinematics of bull
sperm samples without adversely affecting other parameters of sperm quality. However,
there was considerable variation among bulls in DNA fragmentation index, mitochondrial
membrane potential and sperm viability. In addition, SLC had a positive effect on sperm
morphology and sperm kinematics, which could be expected to influence fertility.
Keywords: Temperature; Humidity; Bovine Semen Quality; Colloid Centrifugation;
Frozen Semen

INTRODUCTION
Many factors, including genetics and environment, can affect semen quality [1]. Season is
one of these factors, as reported in many studies [2-4]. Season has an impact on reproduc
tive performance through macro- and micro-climatic factors such as temperature, humidity,
rainfall and photo-period [5,6] and may depend on geographic location. However, the re
ported effects of season are not always consistent. The sperm quality of bulls housed in
northern Spain was affected by season, with sperm quality being better during spring than in
other seasons [2]. In contrast, a study in Brazil showed that ambient temperature, humidity
and season did not affect sperm production and semen quality [7]. Breed can also affect
sperm quality in different seasons. Studies in Bos taurus showed that ejaculate volume and
total sperm differed among seasons in different breeds [1] whereas a study in southeastern
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Brazil showed that ejaculate volume, sperm concentration,
gross-motility, progressive sperm motility, vigor and mor
phological sperm defects were significantly affected by season
and genotype between Bos indicus and Bos taurus [8].
Independently of any seasonal effect, bull sperm quality may
need to be improved for artificial insemination (AI). Colloid
centrifugation has been used to improve sperm quality in
different species, especially single layer centrifugation (SLC)
using one layer of a species-specific colloid, e.g. stallion [9],
bull [10]. This method has been shown to improve bull sperm
quality [11,12].
Thailand is located in South East Asia and has a tropical
climate. A seasonal effect on sperm quality has been reported
in swamp buffalo [13-16] and boar [17,18] but not in bull in
Thailand. The objective of the present study, therefore, was
to investigate the effects of season, and SLC before cryopreser
vation, on post-thaw bull sperm quality in Thailand.

MATERIALS AND METHODS
Bovine semen collection and preparation
The collection of the material needed for this study did not
require ethical approval in Thailand or Sweden. The animals
were housed and kept under national and international guide
lines. The animals were privately owned by the breeding
station; permission was granted by the breeding station to
use the ejaculates they provided for research purposes.
Semen was collected from 6 Bos indicus bulls: American
Bhraman (n = 4) and Sahiwal (SW; n = 2), which were used
for routine semen collection at the North Eastern bull center,
Department of Livestock Development, Khon Kaen, Thailand.
Their body condition score on a scale of 1 to 5 was 3.50 to 3.75.
The age of bulls at the start of semen collection was 8.0±2.60
years (mean±standard deviation) range 4 to 11 years). The bulls
were fed on grass (Panicum maximum and Brachiaria ruziziensis), commercial concentrate and minerals supplement. They
were housed in an open barn, as described previously [16].
Semen extender
The semen was extended in egg yolk tris medium, consisting
of 30.28 g tris(hydroxymethyl)aminomethane (tris), 17 g citric
acid, 12.5 g fructose, 80 mL glycerol and 920 mL deionised
water, with egg yolk (250 mL), penicillin (1,000,000 interna
tional units) and streptomycin (1,000 mg). The chemicals
were reagent grade, purchased from Sigma.
Metereological data
Semen was collected in three seasons: summer (May to June
2014), rainy season (September to October 2015), and winter
(January to February 2016). Data on the ambient tempera
ture (°C), humidity (%), and rainfall (mm) for the study period
were accessed from the North Eastern Meteorological center
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(upper part), Khon Kaen, Thailand, which is located adjacent
to the bull center [16]. The meteorological data were used to
calculate a thermal humidity index (THI) following a stan
dard formula from the National Research Council [19], as
follows:
THI = (1.8×T+32)–[(0.55–0.0055×RH)×(1.8×T–26)],
Where T = temperature and RH = relative humidity.
Experiment 1
Semen was collected approximately once per week according
to routine husbandry procedures, using the first ejaculation
of each bull. Macroscopic evaluation was carried out as fol
lows: volume, concentration (Spectro 22RS, LaboMed, Inc.,
Los Angeles, CA, USA; million/mL), pH (IQ Scientific ISFET
Handheld pH/mV Meter; IQ Science Instruments, Col-Parmer,
IL, USA) and subjective sperm motility before processing
(%MO) (Figure 1). Subsequently the ejaculate was extended
in warm (35°C) egg yolk tris medium to achieve a final sperm
concentration of 80×106 spermatozoa/mL. The sperm sam
ples were cooled to 4°C over 4 h, packed into straws and frozen
according to the protocol at the semen center. The straws were
kept in liquid nitrogen until thawing at 37°C for 12 seconds
for evaluation. Sperm kinematics, sperm morphology, mem
brane integrity (MI), chromatin integrity and mitochondrial
membrane potential (MMP) were assessed.
Experiment 2
After macroscopic evaluation, the ejaculate was split: one
part (control) was prepared following the standard proce
dure at the bull center. The other part was used for SLC with
Bovicoll [20] and was then frozen using the same protocol
as control (Figure 1). The SLC with Bovicoll (patent applied
for, J. M. Morrell), was carried out according to Nongbua et
al [11]. The ejaculate was extended in warm (35°C) egg yolk
tris medium (50×106 spermatozoa/mL) and 15 mL was lay
ered over 15 mL of Bovicoll in a 50 mL conical centrifuge tube.
The preparation was centrifuged at 300×g for 20 min at room
temperature. After centrifugation, the supernatant was aspi
rated, the sperm pellet was harvested from beneath the last 1
to 2 mL colloid and resuspended in egg yolk tris medium.
Freezing, thawing and post-thaw analyses were performed
as for experiment 1.
Sperm morphology
After thawing, an aliquot of each sample was fixed in formal
saline and a further aliquot (10 μL) was used for the prepa
ration of an air-dried smear. The fixed samples were used for
evaluation of 200 spermatozoa in wet preparations [21] using
a phase-contrast microscope (Leica Microsystems, Wetzlar,
Germany) at 1,000× magnification. The air-dried smears were
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Figure 1. Experimental design.

stained with carbolfuchsin-eosin according to Williams [22]
for evaluation of head shape in 500 spermatozoa. Sperm mor
phology was classified as described by Söderquist [23] as shown
in Figure 2. The proportion of abnormal spermatozoa was
subtracted from 100 to give the mean proportion of morpho
logically normal spermatozoa. All samples were evaluated
by skilled personnel in the Swedish Sperm Reference Labo
ratory, Swedish University of Agricultural Sciences [24].
Computer assisted sperm analysis
Motility analysis was performed on (5 μL) aliquots using a
CEROS II Version 1.7 (Beverly MA, USA) connected to a
microscope (Zeiss, Axiolab A1, Jena, Germany) with a heated
stage (38°C). The following sperm kinematics were evaluated:
total motility (a spermatozoon that moves more than its head
length from its original position during the acquisition; MOT,
%), progressive motility (a spermatozoon moving with STR
>80 and VAP >50; PRO, %), slow motility (a spermatozoon
moving with VSL <30 or VAP <20; SLOW, %), static motility
(a spermatozoon moving with VSL <1 or VAP <4; STAT, %),
velocity average path (VAP, μm/s), velocity curved line (VCL,
μm/s), velocity straight line (VSL, μm/s), amplitude of lateral
head displacement (ALH, μm), beat cross frequency (BCF;
Hz), linearity (LIN, VSL/VCL; %), straightness (STR, VSL/
VAP; %), and wobble (WOB, VAP/VCL; %).

Plasma membrane integrity
Plasma MI was analysed by flow cytometry after staining with
SYBR14 and propidium iodide (PI) [12]. Briefly, the samples
were diluted with buffer B (patent applied for; J. M. Morrell
and H. Rodriguez-Martinez) to a final concentration of 2×106
sperm cells/ mL (300 μL). The diluted samples were stained
with 0.6 μL of 20 μM SYBR14, 3 μL of 24 mM PI (Live-Dead
Sperm Viability Kit L-7011; Invitrogen, Eugene, OR, USA)
and incubated at 37°C for 10 min before evaluation using a
FC500 flow cytometer (Beckman Coulter, Brea, CA, USA).
Excitation was obtained by an argon-ion laser (488 nm). Red
fluorescence was detected via a FL3 band-pass filter (610 nm)
and green fluorescence was evaluated via fluorescence channel
(FL1) band-pass filter (525 nm). In total, 50,000 spermatozoa
cells were analysed. After gating to include only spermatozoa,
they were classified as living (%) (intact membrane, SYBR14positive/PI-negative), dead or dying (%) (damaged membrane,
SYBR14- negative/PI-positive; or SYBR14-positive/PI-posi
tive, respectively).
Sperm chromatin structure
Sperm chromatin integrity was evaluated according to the
method of Evenson [25] with slight adaptations [14]. Briefly,
the sperm samples were mixed 50:50 μL with Tris-sodium
chloride-EDTA (ethylenediaminetetraacetic acid) (TNE) buf
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Figure 2. Contrast micrographs (differential interference) of fixed bull spermatozoa from wet preparations (×1,900 magnification). a: normal head; b. giant head with
abaxial midpiece; c. underdeveloped head; d. pear shaped head; e. short head with knobbed acrosome and distal cytoplasmic droplet; f. tapered head with “diadem” defect
and proximal cytoplasmatic droplet; g, Detached heads; h. nuclear pouches (“diadem” defect), i. nuclear pouches; j. tapered head with knobbed acrosome + spermatozoa
with normal head shape, k. knobbed acrosome, 1. flat acrosome; m, abnormal midpiece; n. defective midpiece with mitochondria1 disarray; o. filiform midpiece; p, double
tail; q, accessory vestigial midpiece; r, single bent tail with distal cytoplasmic droplet; s, double folded tail; t, coiled tail under the head; u. coiled tail around the head,
possibly underdeveloped (modified from [23]).

fer (0.15 mol/L NaCl, 0.01 mol/L Tris-HCl, 1 mmol/L EDTA,
pH 7.4) and snap-frozen in liquid nitrogen vapor before stor
age at –80°C. The samples were thawed on ice approximately
20 minutes before analysis and 10 μL were diluted with 90 μL
of TNE buffer. Partial DNA denaturation in situ was performed
by mixing with 0.2 mL of a low pH detergent solution con
taining 0.17% Triton X-100 (0.15 mol/L NaCl, and 0.08 mol/L
HCl; pH 1.2). After 30 s the denatured sperm were stained
with 0.6 mL of acridine orange (6 μg/mL in 0.1 mol/L cit
ric acid, 0.2 mol/L Na2HPO4, 1 mmol/L EDTA, 0.15 mol/L
NaCl; pH 6.0) and were evaluated by flow cytometry within
5 minutes of acridine orange staining. The standard optical
equipment of a FC500 flow cytometer (Beckman Coulter,
USA) was used and forward scatter, side scatter, green (FL1,
525 nm band-pass filter) and red (FL3, 610 nm band-pass
filter) fluorescence for 10,000 cells was collected. A gate restrict
ing the analysis to spermatozoa was placed in the FSC-SSC
dot-plot. The data were analysed using FCS express version
2 (Denovo Software, Thornhill, ON, Canada) to calculate
the DNA fragmentation index (%DFI) by placing regions
in the histogram of the alpha-t-distribution (alpha-t = red/
www.ajas.info
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red+green fluorescence) for each analysed spermatozoon.
Mitochondrial membrane potential
The MMP of sperm cells was evaluated using the cationic
probe 5,5’,6,6’-tetrachloro-1,1’,3,3’-tetraethyl-benzimidazo
lylcarbocyanine iodide (JC-1) [12,26]. Briefly, the samples
were diluted to a final concentration 2.5×106 sperm cells/mL
with buffer B. The diluted samples were stained with 1.2 μL
of 3 mM JC-1 and incubated at 37°C for 40 min. After incu
bation, the stained samples were analysed with a FC500 flow
cytometer (Beckman Coulter, USA) using an argon-ion laser
(488 nm). Emitted fluorescence was collected using both
FL1 (525 nm) and FL2 (575 nm) filters. Green fluorescence
was analysed in FL1 and orange in FL2, with compensation
between these parameters. Spermatozoa were gated on the
FSC-SSC dot-plot and 30,000 cells were classified as having
high respiratory activity (%) (orange fluorescence) or low
respiratory activity (%) (green fluorescence).
Statistical analysis
In all response variables, residuals were examined for nor
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mality and homoscedasticity using diagnostic plots. The data
analysis was performed using the mixed procedure of SAS,
version 9.3 (Proc Mixed, SAS, Cary, NC, USA).
The effects of meteorological data was analysed as follows;
the fixed part of the model was of type y = seasons, x = time
between season as a random factor, where y is the response
variable meteorological data (temperature, humidity, and
rainfall).
Experiment 1, mean values for sperm quality parameters
after thawing were analysed as follows; the fixed part of the
model was of type y = seasons, x = bull and interaction be
tween season as a random factor, where y is the response
variable (sperm characteristic, sperm morphology after thaw
ing and sperm quality after thawing).
Experiment 2, the effects of SLC in different seasons on
sperm quality after thawing were analysed as follows; the fixed
part of the model was of type y = seasons, SLC and interac
tion between them, x = bull and interaction between season
as a random factor, where y is the response variable (sperm
morphology after thawing and sperm quality after thawing).
Post-hoc comparisons were adjusted for multiplicity using
Tukey’s method in the both experiments. All values are pre
sented as least squares means±standard error of the mean. A
p value of <0.05 was considered statistically significant.

RESULTS
Meteorological data
Temperature was significantly different between the seasons
(p<0.001). The highest temperature occurred in summer (29.7
±0.5) and differed from rainy season (27.6±0.5) (p<0.05) and
winter (25.4±0.5) (p<0.001). The temperature was higher in
the rainy season than in winter (p<0.05). The humidity also
differed significantly between seasons (p<0.05). The rainy
season (80.9±1.8) had the highest humidity and differed sig
nificantly from winter (73.6±2.4) (p<0.05) but there was no
significant difference between the rainy season and summer
(78.3±2.9). Furthermore, there was a trend for rainfall to be
higher in the rainy season (151.4±34.3) than in winter (17.4
±34.3) (p = 0.05) but there was no significant difference in
rainfall between summer (79.4±34.3) and winter.
The THI was significantly different between the seasons
(p<0.01). The lowest THI occurred in winter (74.8±1.4) and
differed from the rainy season (80.5±0.8) (p<0.01) and sum
mer (82.7±0.5) (p<0.001). There were no significant differences
in THI between the rainy season and summer (Table 1).
Experiment 1
Semen characteristics: Semen characteristics in different sea
sons are shown in Table 1. There was a significant difference
in pH among seasons (p<0.0001), being lower in winter than
in the rainy season (p<0.05) and summer (p<0.0001). The

Table 1. LSMEAN±SEM of semen characteristics before freezing (n = 91) in 3
seasons
Sperm parameter
Volume (mL)
Concentration (109/mL)
pH
MO (%)
Normal morphology (%)
Acrosome defects1) (%)
Abnormal acrosomes (%)
Proximal droplet1) (%)
Detached head (%)
Bent tail (%)

Summer
(n = 26)

Rainy
(n = 33)

Winter
(n = 18)

7.5 ± 0.7
1.2 ± 0.2
6.2 ± 0.1a
54.8 ± 4.7
60.7 ± 4.9a
3.4 ± 1.9ab
15.6 ± 2.9
13.8 ± 4.5a
3.7 ± 1.5
5.0 ± 2.9ab

6.7 ± 0.8
1.4 ± 0.1
5.8 ± 0.1b
51.2 ± 5.4
57.4 ± 4.9a
3.6 ± 1.9a
18.8 ± 2.9
10.5 ± 4.5ab
3.4 ± 1.5
7.9 ± 2.9a

6.1 ± 0.8
1.1 ± 0.1
5.5 ± 0.1c
39.0 ± 5.3
70.1 ± 4.9b
0.6 ± 1.9b
16.3 ± 2.9
3.4 ± 4.5b
3.8 ± 1.5
3.6 ± 2.9b

LSMEAN ± SEM, least squares means ± standard error of the mean; MO, subjective
motility.
1)
Acrosome defects and Proximal droplet were treated with log transformation.
a-c
Different superscript letters within a row indicate significant difference (p < 0.05).

pH was higher in summer than in the rainy season (p<0.01).
There were no significant differences in volume, concentra
tion or sperm subjective motility among seasons.
Sperm morphology: Normal morphology (Table 1) was
higher in winter compared to summer (p<0.05) and the rainy
season (p<0.01). Furthermore, acrosome defects were lower
in winter than in the rainy season (p<0.05), proximal drop
lets were lower in winter than in summer (p<0.01) and bent
tails were lower in winter than in the rainy season (p<0.05).
Sperm kinematics, plasma membrane integrity, DNA fragmentation, and mitochondrial membrane potential: There were
no significant differences in sperm kinematics (Table 2), MI,
Table 2. Post-thaw sperm kinematics (n = 91), viability, DNA fragmentation
index and plasma membrane integrity (n = 72) in bull semen in different seasons
in Thailand (LSMEAN±SEM)
Sperm parameter
MOT (%)
PRO (%)
SLOW (%)
STAT (%)
VAP (μm/s)
VCL (μm/s)
VSL (μm/s)
ALH (μm)
BCF (Hz)
LIN (%)
STR (%)
WOB (%)

Summer
(n = 26)

Rainy
(n = 33)

Winter
(n = 32)

59.9 ± 4.6
22.7 ± 2.9
15.3 ± 1.5
40.1 ± 4.6
68.7 ± 4.8
121.7 ± 9.6
53.2 ± 3.7
6.9 ± 0.5
23.8 ± 0.8
45.8 ± 1.6
77.1 ± 1.3
58.0 ± 1.1

56.6 ± 4.4
19.8 ± 2.8
14.9 ± 1.5
43.4 ± 4.4
70.7 ± 4.7
129.1 ± 9.4
53.9 ± 3.6
6.7 ± 0.5
24.6 ± 0.8
44.7 ± 1.6
76.5 ± 1.3
56.9 ± 1.1

59.9 ± 4.4
19.5 ± 3.0
17.0 ± 1.5
40.0 ± 4.4
68.9 ± 4.7
127.7 ± 9.4
51.5 ± 3.6
6.9 ± 0.5
24.3 ± 0.8
43.2 ± 1.6
74.7 ± 1.3
56.3 ± 1.1

LSMEAN ± SEM, least squares means ± standard error of the mean; MOT, total
motility; PRO, progressive motility; SLOW, slow motility; STAT, statistic motility; VAP,
velocity average path; VCL, velocity curved line; VSL, velocity straight line; ALH,
amplitude of lateral head displacement; BCF, beat cross frequency; LIN, linearity;
STR, straightness; WOB, wobble.
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Table 3. Viability, DNA fragmentation index and plasma membrane integrity (n
= 72) in bull semen in different seasons in Thailand (LSMEAN±SEM)
Sperm parameter
Viability (%)
%DFI (%)
High MMP (%)

Summer
(n = 24)

Rainy
(n = 26)

Winter
(n = 22)

30.9 ± 5.8
5.6 ± 1.5
35.5 ± 5.1

33.7 ± 5.8
5.5 ± 1.5
34.9 ± 5.1

39.1 ± 5.8
5.2 ± 1.2
40.8 ± 5.2

LSMEAN ± SEM, least squares means ± standard error of the mean; %DFI, DNA
fragmentation index; MMP, mitochondria membrane potential.

DNA fragmentation (%DFI) and MMP among seasons (Table
3).
Experiment 2
Sperm morphology: The SLC samples had higher normal mor
phology (p<0.05) and lower bent tails than controls (p<0.05)
(Table 4). There were no significant differences in other sperm
abnormalities between SLC and control (p>0.05), nor was
there an interaction between treatment and seasons.
Sperm kinematics: The SLC samples showed greater values

Table 4. Comparison of post-thaw sperm morphology in bull semen between
control and SLC selected sperm in Thailand (LSMEAN±SEM) (n = 54)
Sperm morphology
Normal (%)
Acrosome defects (%)
Abnormal acrosomes (%)
Proximal droplet (%)
Detached head (%)
Bent tail (%)

Control

SLC

65.2 ± 3.3a
2.6 ± 1.5
16.9 ± 1.4
9.3 ± 3.8
3.6 ± 1.0
5.5 ± 2.2a

68.6 ± 3.3b
2.6 ± 1.5
15.9 ± 1.4
8.3 ± 4.5
3.9 ± 1.0
3.6 ± 2.2b

SLC, single layer centrifugation; LSMEAN ± SEM, least squares means ± standard
error of the mean.
a,b
Different superscript letters within a row indicate significant difference (p < 0.05).

for PRO (p<0.001), BCF (p<0.0001), LIN (p<0.0001), STR
(p<0.001), and WOB (p<0.001) than control, whereas they
showed lower values for SLOW (p<0.01), VAP (p<0.0001),
VCL (p<0.0001), and ALH (p<0.0001) than control (Figure
3). There were no significant differences in MOT and STAT
between SLC and control (p>0.05). The interaction between
the season and treatment was significant for PRO (p<0.05),

Figure 3. Sperm kinematics after thawing for control (C, white bar) and single layer centrifugation (SLC, gray bar) (LSMEAN±SEM) (n = 79 each for control and SLC;
summer; n = 19, rainy; n = 29, and winter; n = 31). LSMEAN±SEM, least squares means±standard error of the mean; PRO, progressive motility (%); BCF, beat cross
frequency (Hz); LIN, linearity (VSL/VCL, %); STR, straightness (VSL/VAP, %); WOB, wobble (VAP/VCL, %), SLOW, slow motility (%); VAP, velocity average path (μm/s); VCL,
velocity curved line (μm/s); ALH, amplitude of lateral head displacement (μm). ** p<0.01, *** p<0.001.
www.ajas.info
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VAP (p<0.05), and WOB (p<0.05). The SLC-samples had a
greater PRO than control in the rainy season (p<0.05) and
winter (p<0.0001) but were not different from control in
summer (p>0.05). The SLC had a lower VAP than control
in summer and the rainy season (p<0.05) but there was no
effect of treatment in winter. The SLC samples had higher
WOB than control in summer and winter, although there
was no significant effect on WOB in the rainy season (Figure
4).
Plasma membrane integrity, DNA fragmentation, and mitochondrial membrane potential: There were no significant
differences in MI (living spermatozoa; 31.7±4.2, 33.4±4.2),
%DFI (6.5±1.2, 5.8±1.2) or MMP (high MMP; 36.1±4.4, 36.1
±4.7) between SLC and control respectively (p>0.05). Further
more, there were no effects of treatment, and no interaction
between season and treatment for MI (living spermatozoa,
SLC and control respectively; summer, 23.4±5.1, 30.3±5.1;
rainy season, 34.9±5.2, 33.3±5.2; winter, 36.7±5.0, 36.6±5.0),

%DFI (summer, SLC and control respectively; summer, 6.9
±1.8, 6.0±1.8; rainy season, 5.5±1.9, 5.7±1.9; winter, 7.0±1.8,
6.0±1.8) or MMP (high MMP, SLC and control respectively;
summer, 30.5±4.5, 34.9±4.5; rainy season, 36.6±4.5, 34.4±4.5;
winter, 41.2±4.4, 39.1±4.4).

DISCUSSION
The objectives of this study were to determine the effect of
season and SLC on post–thaw bull sperm quality. Previous
studies on the effects of season on sperm quality vary con
siderably, with some studies showing a negative effect of high
temperatures and humidity whereas other studies do not show
effects of season on sperm quality. Thailand has a tropical
climate, which might be expected to have an adverse effect
on sperm quality. Sperm quality can be improved by select
ing certain sub-populations with SLC; thus, one of the aims
was to see if there was an interaction between season and the

Figure 4. Post-thaw sperm kinematics for control (C, white bar) and single layer centrifugation (SLC, gray bar) in different seasons (LSMEAN±SEM) (n = 79 each for
control and SLC; summer, n = 19; rainy, n = 29; and winter, n = 31). LSMEAN±SEM, least squares means±standard error of the mean; PRO, progressive motility (%); VAP,
velocity average path (μm/s); and WOB, wobble (VAP/VCL, %). ns, no significant difference; * p<0.05, *** p<0.001.
www.ajas.info  1417
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ability of SLC to select robust spermatozoa.
Temperature and humidity were different, and rainfall
tended to be different among seasons. However, during the
period of the study, there were few differences between sum
mer and the rainy season, which may be a confounding factor
in the interpretation of our results. The results of experiment
1 indicated that there were differences in semen pH and sperm
morphology among seasons. There were higher proportions
of normal spermatozoa and fewer morphological abnormal
ities in winter than in the rainy season and summer. However,
sperm kinematics, viability, %DFI and MMP were not dif
ferent between seasons. Although 21 months elapsed between
starting sampling in summer and finishing sampling in win
ter, there is no suggestion that the increasing age of the bulls
affected the results. The differences were seen in the rainy
season, with only pH and normal morphology being dif
ferent between summer and winter. These parameters were
not related to the age of the bull in these individuals.
The effects of season on sperm quality have been reported
in several studies. However, the factors involved, such as breed
or age of bulls, the geographic locations of study, meteoro
logical data, and species, varied in different studies. Our
observations of a seasonal effect on morphology (although
there was no difference in sperm kinematics, viability, %DFI
and MMP with season) are in partial agreement with a study
in Simmental bulls in Brazil in which a higher proportion
of major sperm defects was seen during the summer than
in winter; breed and season affected minor sperm defects,
whereas season affected total defects [27]. However, another
study in Brazil indicated that neither ambient temperature,
humidity nor season affected sperm production and semen
quality. Nevertheless, the genotype or age of bulls can affect
total number of spermatozoa and viability, and varies in
different years [7]. Our results are also in partial agreement
with previous studies on swamp buffalo in Thailand, wherein
ejaculate volume, pH, sperm concentration, total sperm num
ber and initial sperm motility did not differ between seasons.
However, in the latter study, MI and the proportion of mor
phologically normal spermatozoa were greatest in summer
and lowest in winter [14], in contrast to our results. In a study
in boars in Thailand, housed in either a conventional open
air system or housing with an evaporative cooling system,
there were minor differences in temperature and humidity
between seasons, and differences in the seasonal pattern of
sperm production between the two housing systems. High
temperature and high humidity had unfavorable effects on
sperm production [17] and on sperm morphology [18].
In contrast to our results that sperm kinematics, viability,
%DFI and MMP were not different between seasons whereas
morphology differed, a study in SW bulls found that sperm
quality was affected by season although there was individual
variation between bulls [4]. In Holstein bulls in northern
www.ajas.info
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Spain, sperm quality was best in spring, although sperm
morphology and %DFI were not different among seasons
[2]. A similar study on dairy bulls in Sweden indicated that
%DFI was lowest in spring. In Thailand, effects of season on
sperm quality were reported in different species. In swamp
buffalo, %DFI was lower in the rainy season than in winter
or summer, whereas MI and stability were higher in winter
than in the rainy season or summer [16]. In boars, a seasonal
effect was found on sperm morphology, sperm volume and
total sperm production with high temperatures and high
humidity having negative effects on sperm quality [17,18].
Factors such as environment, housing, age and breed have
been shown to influence sperm quality [1,7,17]. Although the
bulls were kept in an open barn in our study there was only
a slight effect of season on sperm quality. There was a ten
dency for breed and age of bulls to affect sperm quality but
these factors could not be included in the statistical model
due to the small sample size. The lack of a difference in cli
mate between summer and rainy season during sampling in
the present study could explain why there was not a more
obvious difference in sperm quality. Alternatively, it could
indicate that the bulls are well adapted to their environment
with very little effect of seasonal changes in climate on sperm
quality. In our study, the THI was very similar in summer and
the rainy season, differing only from winter. However, other
studies in which THI has been linked to milk production or
conception rates in dairy cows, have set the threshold at which
heat stress occurs at a lower level than those calculated here.
Therefore, our bulls would have been subjected to heat stress
in all seasons unless they were accustomed to such conditions.
In experiment 2, SLC-selected samples showed higher nor
mal morphology and a lower proportion with bent tails than
uncentrifuged controls, in partial agreement with previous
studies. Since SLC can improve the proportion of normal
spermatozoa and remove head and tail defects [28], fertility
may be improved compared to controls. Sperm kinematics
were improved in the SLC samples compared to controls.
Since sperm kinematics might be indicative of fertility in
vivo, [29-31] the SLC-selected bull sperm samples might
have better fertility than controls, since total motility, pro
gressive motility or BCF may be predictive of high fertility,
whereas VCL was previously linked with low fertility [32].
Certainly, SLC-selected stallion spermatozoa produced a
higher pregnancy rate after AI than controls [33]. However,
pregnancy rates were not investigated in our study. Previous
studies have shown differences in quality between SLC-select
ed and unselected bull spermatozoa [12,4]. However, there
are several differences between the studies: with regard to
timing of SLC (after 24 h in [14], compared to immediately
after semen collection in [12] and in the present study).
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CONCLUSION
Our findings showed that season had an effect on sperm
morphology, with ejaculates collected in winter having a
higher proportion of normal spermatozoa than in the rainy
season or summer. No effect of season was found on sperm
kinematics, sperm viability, %DFI or MMP. These results
suggest that these bulls were well adapted to their location.
However, there was considerable variation among individ
ual bulls in %DFI, MMP and sperm viability. Furthermore,
SLC had a positive effect on sperm morphology and sperm
kinematics, which could be expected to influence fertility.
Our results suggest that SLC could be used prior to cryo
preservation regardless of season to enhance normal sperm
morphology and sperm kinematics of thawed bull sperm
samples without adversely affecting other parameters of sperm
quality. Further studies are needed to investigate other fac
tors involved e.g. breed of bull, age and different husbandry
conditions.

AUTHOR CONTRIBUTIONS
TN and AU carried out sample collection and prepared the
sperm samples prior to freezing; TN, AJ, NA and JS analysed
the samples; TN and AJ collected data; TN, AU, AJ, and JMM
designed the study; TN carried out the data analysis and
interpretation; TN drafted the manuscript; JMM and AJ
corrected the manuscript and were responsible for general
supervision of the research group; JMM acquired the fund
ing. All authors read and approved the final manuscript.

CONFLICT OF INTEREST
We certify that there is no conflict of interest with any financial
organization regarding the material discussed in the manu
script. JM is the inventor and one of the patent holders of the
colloid and buffer used in this study.

ACKNOWLEDGMENTS
We are grateful to the staff in the barn and laboratory at Khon
Kaen bull center for providing us with semen the semen
characteristics and material used in this study, as well as for
freezing the samples. Furthermore, the National Institute
of Animal Health, Khon Kaen, Thailand for supported lab
oratory equipment to process the samples. Mr. Teerawut
Nedumpun, Professor Padet Tummaruk and the personnel
at Chulalongkorn University, Thailand for helping us and
allowing us to use the flow cytometer. We also thank Karin
Selin-Wretling of the Sperm Laboratory at SLU for doing
the sperm morphology analysis. TN is funded by Mahasara
kham University, Thailand. JMM and AJ were funded by

the Swedish Research Council for the environment, agri
cultural sciences and spatial planning (FORMAS), project
number 221-2010-1241.

REFERENCES
1. Snoj T, Kobal S, Majdic G. Effects of season, age, and breed
on semen characteristics in different Bos taurus breeds in a
31-year retrospective study. Theriogenology 2013;79:847-52.
https://doi.org/10.1016/j.theriogenology.2012.12.014
2. Sabés-Alsina M, Johannisson A, Lundeheim N, Lopez-Bejar
M, Morrell JM. Effects of season on bull sperm quality in
thawed samples in northern Spain. Vet Rec 2017;180:251.
http://dx.doi.org/10.1136/vr.103897
3. Valeanu S, Johannisson A, Lundeheim N, Morrell JM. Seasonal
variation in sperm quality parameters in Swedish red dairy
bulls used for artificial insemination. Livest Sci 2015;173:1118. https://doi.org/10.1016/j.livsci.2014.12.005
4. Bhakat M, Mohanty TK, Raina VS, et al. Effect of age and
season on semen quality parameters in Sahiwal bulls. Trop
Anim Health Prod 2011;43:1161-8. https://doi.org/10.1007/
s11250-011-9817-1
5. Mandal DK, Nagpaul PK, Gupta AK. Seasonal variation in
seminal attributes and sexual behaviour of Murrah buffalo
bulls. Indian J Dairy Sci 2000;53:278-83.
6. Bhakat M, Mohanty TK, Gupta AK, Raina VS. Effect of season
and management on semen quality of breeding bulls-a review.
Agric Rev 2009;30:79-93.
7. Brito LFC, Silva AEDF, Rodrigues LH, Vieira FV, Deragon
LAG, Kastelic JP. Effects of environmental factors, age and
genotype on sperm production and semen quality in Bos
indicus and Bos taurus AI bulls in Brazil. Anim Reprod Sci
2002;70:181-90. https://doi.org/10.1016/S0378-4320(02)
00009-X
8. Koivisto MB, Costa MTA, Perri SHV, Vicente WRR. The
Effect of season on semen characteristics and freezability in
Bos indicus and Bos taurus bulls in the southeastern region
of Brazil. Reprod Domest Anim 2009;44:587-92. https://doi.
org/10.1111/j.1439-0531.2008.01023.x
9. Morrell JM, Johannisson A, Dalin A-M, Rodriguez-Martinez
H. Single-layer centrifugation with Androcoll-E can be scaled
up to allow large volumes of stallion ejaculate to be processed
easily. Theriogenology 2009;72:879-84. https://doi.org/10.1016/
j.theriogenology.2009.05.015
10. Thys M, Vandaele L, Morrell JM, et al. In vitro fertilizing capa
city of frozen‐thawed bull spermatozoa selected by single‐
layer (Glycidoxypropyltrimethoxysilane) silane‐coated silica
colloidal centrifugation. Reprod Domest Anim 2009;44:3904. https://doi.org/10.1111/j.1439-0531.2008.01081.x
11. Nongbua T, Johannisson A, Edman A, Morrell JM. Effects
of single layer centrifugation (SLC) on bull spermatozoa prior
to freezing on post‐thaw semen characteristics. Reprod Domest
www.ajas.info  1419

Nongbua et al (2020) Asian-Australas J Anim Sci 33:1411-1420

Anim 2017:52:596-602. https://doi.org/10.1111/rda.12954
12. Goodla L, Morrell JM, Yusnizar Y, Stålhammar H, Johannisson
A. Quality of bull spermatozoa after preparation by singlelayer centrifugation. J Dairy Sci 2014;97:2204-12. https://doi.
org/10.3168/jds.2013-7607
13. Koonjaenak S, Pongpeng P, Wirojwuthikul S, Johannisson
A, Kunavongkrit A, Rodriguez-Martinez H. Seasonality
affects post-thaw plasma membrane intactness and sperm
velocities in spermatozoa from Thai AI swamp buffaloes
(Bubalus bubalis). Theriogenology 2007;67:1424-35. https://
doi.org/10.1016/j.theriogenology.2007.02.010
14. Koonjaenak S, Chanatinart V, Aiumlamai S, Pinyopumimintr
T, Rodriguez-Martinez H. Seasonal variation in semen quality
of swamp buffalo bulls (Bubalus bubalis) in Thailand. Asian
J Androl 2007;9:92-101. https://doi.org/10.1111/j.1745-7262.
2007.00230.x
15. Koonjaenak S, Chanatinart V, Ekwall H, Rodriguez-Martinez
H. Morphological features of spermatozoa of swamp buffalo
AI bulls in Thailand. J Vet Med A 2007;54:169-78. https://doi.
org/10.1111/j.1439-0442.2007.00895.x
16. Koonjaenak S, Johannisson A, Pongpeng P, Wirojwuthikul
S, Kunavongkrit A, Rodriguez-Martinez H. Seasonal Variation
in Nuclear DNA Integrity of Frozen–Thawed Spermatozoa
from Thai AI Swamp Buffaloes (Bubalus bubalis). J Vet Med
A 2007;54:377-83. https://doi.org/10.1111/j.1439-0442.2007.
00946.x
17. Suriyasomboon A, Lundeheim N, Kunavongkrit A, Einarsson
S. Effect of temperature and humidity on sperm production in
Duroc boars under different housing systems in Thailand.
Livest Prod Sci 2004;89:19-31. https://doi.org/10.1016/j.
livprodsci.2003.12.008
18. Suriyasomboon A, Lundeheim N, Kunavongkrit A, Einarsson
S. Effect of temperature and humidity on sperm morphology
in Duroc Boars under different housing systems in Thailand.
J Vet Med Sci 2005;67:777-85. https://doi.org/10.1292/jvms.
67.777
19. National Research Council. A guide to environmental research
on animals. Washington, DC, USA: National Academy of
Sciences; 1971.
20. Morrell JM, Johannisson A, Strutz H, Dalin AM, RodriguezMartinez H. Colloidal Centrifugation of stallion semen:
changes in sperm motility, velocity, and chromatin integrity
during storage. J Equine Vet Sci 2009;29:24-32. https://doi.
org/10.1016/j.jevs.2008.11.006
21. Lagerlöf N. Morphological studies on the change in sperm
structure and in the testes of bulls with decreased or abolished
fertility. Acta Pathol Microbiol Scand 1934;19:254-67.
22. Williams W. Technique of collecting semen for laboratory
examination with a review of several diseased bulls. Cornell
Vet 1920;10:87-94.
23. Söderquist L, Janson L, Larsson K, Einarsson S. Sperm mor

www.ajas.info
1420  

phology and fertility in A.I. bulls. J Vet Med A 1991;38:53443. https://doi.org/10.1111/j.1439-0442.1991.tb01045.x
24. Morrell JM, Johannisson A, Dalin A-M, Hammar L, Sandebert
T, Rodriguez-Martinez H. Sperm morphology and chromatin
integrity in Swedish warmblood stallions and their relation
ship to pregnancy rates. Acta Vet Scand 2008;50:2. https://doi.
org/10.1186/1751-0147-50-2
25. Evenson DP, Larson KL, Jost LK. Sperm chromatin structure
assay: its clinical use for detecting sperm dna fragmentation
in male infertility and comparisons with other techniques. J
Androl 2002;23:25-43. https://doi.org/10.1002/j.1939-4640.
2002.tb02599.x
26. Cossarizza A, Baccarani-Contri M, Kalashnikova G, Franceschi
C. A new method for the cytofluorimetric analysis of mito
chondrial membrane potential using the J-aggregate forming
lipophilic cation 5,5',6,6'-tetrachloro-1,1',3,3'-tetraethylbenz
imidazolcarbocyanine iodide (JC-1). Biochem Biophys Res
Commun 1993;197:40-5. https://doi.org/10.1006/bbrc.1993.
2438
27. Nichi M, Bols PEJ, Züge RM, et al. Seasonal variation in semen
quality in Bos indicus and Bos taurus bulls raised under tropical
conditions. Theriogenology 2006;66:822-8. https://doi.org/
10.1016/j.theriogenology.2006.01.056
28. Morrell JM, Johannisson A, Dalin AM, Rodriguez‐Martinez
H. Morphology and chromatin integrity of stallion spermatozoa
prepared by density gradient and single layer centrifugation
through silica colloids. Reprod Domest Anim 2009;44:5127. https://doi.org/10.1111/j.1439-0531.2008.01265.x
29. Al-Makhzoomi A, Lundeheim N, Håård M, RodríguezMartínez H. Sperm morphology and fertility of progenytested AI dairy bulls in Sweden. Theriogenology 2008;70:
682-91. https://doi.org/10.1016/j.theriogenology.2008.04.049
30. Farrell PB, Presicce GA, Brockett CC, Foote RH. Quantifi
cation of bull sperm characteristics measured by computerassisted sperm analysis (CASA) and the relationship to fertility.
Theriogenology 1998;49:871-9. https://doi.org/10.1016/S0093691X(98)00036-3
31. Michos I, Basioura A, Boscos C, Tsakmakidis I. Proper use
and impact of computer assisted semen analysis' technique
on semen evaluation of farm animals. J Hellenic Vet Med
Soc 2013;64:267-74. https://doi.org/10.12681/jhvms.15506
32. Oliveira LZ, de Arruda RP, de Andrade AFC, et al. Assessment
of field fertility and several in vitro sperm characteristics follow
ing the use of different Angus sires in a timed-AI program
with suckled Nelore cows. Livest Sci 2012;146:38-46. https://
doi.org/10.1016/j.livsci.2012.02.018
33. Morrell JM, Richter J, Martinsson G, et al. Pregnancy rates
after artificial insemination with cooled stallion spermatozoa
either with or without single layer centrifugation. Theriogenology
2014;82:1102-5. https://doi.org/10.1016/j.theriogenology.2014.
07.028

