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Comparison of sperm freezability and fertility among Hmong
Black-Bone, Barred Plymouth Rock and Thai Native

(Pradu Hang Dam) chickens
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Abstract

Semen cryopreservation is the most useful method for the long-term storage of chicken genetic resources. The
objective of this study was to compare post-thaw semen quality of Hmong Black-Bone to Barred Plymouth Rock and
Thai native (Pradu Hang Dam) chickens in terms of sperm motility, viability and fertility. A total of 9 males of each
breed were used; semen collected from each cock was subsequently evaluated under a microscope. Semen samples
were diluted with Schramm diluent, cooled down from 20—25°C to 5°C and diluent plus DMF (dimethylformamide)
was added (6% DMF of final volume when the sperm concentration was 1,200 x 106/mL). Semen was loaded into 0.5
mL straws, frozen at -35°C for 12 mins and at -135°C for 5 min in nitrogen vapor, and then plunged into liquid nitrogen.
After thawing the straws in cold water (5°C), sperm motility characteristics were analyzed by computer-assisted sperm
analysis and viability was assessed by staining with SYBR-14 and propidium iodide and observing under a fluorescent
microscope (400x). Fertility tests of frozen semen were carried out by artificial insemination of layer hens. There was
no significant difference in motility and viability between breeds. The fertility rates for frozen semen of Hmong Black-
Bone, Barred Plymouth Rock and Thai native (Pradu Hang Dam) chickens were 74.96, 69.75 and 80.59%, respectively,
which showed no significant difference between breeds (P>0.05). The results show that semen cryopreservation in
Hmong Black-Bone chickens achieved acceptable freezing ability and fertility for use in ex situ conservation.
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Introduction

At present, more than 13% of avian species
are threatened with extinction ( IUCN, 2015). For
domestic chickens, 35% of breeds are currently
considered to be at risk of extinction (Pym, 2013) for
various reasons, mainly related to modern agriculture,
commercial needs and exposure to health risks.

Indigenous chickens have long played an
important role in smallholder farms and among local
people. Black- Bone chicken, a type of indigenous
chicken, reportedly has dietary health benefits that
include reducing fatigue, and anxiety, stimulating the
metabolism; controlling blood sugar and blood
pressure, and helping to strengthen the immune
system (Li et al., 2012). Hmong Black-Bone chicken is
one of the varieties of Black- Bone chicken. These
indigenous chickens have been raised for food and
used in traditional medicine by the Hmong people, an
ethnic group living in the mountainous regions of
South China, Vietnam, Laos and Thailand, and, hence,
are an economically important animal for these hill
tribe communities. Bouahom and colleagues (2007)
reported that populations of this local high land
chicken breed in Laos face the risk of extinction.

In relation to biodiversity, indigenous
chickens are a reservoir of genes which may be
important for future use. Currently, frozen semen
preservation methods are the most practical way to
maintain long-term storage of poultry semen (Blesbois
et al., 2007); however, the tolerance of sperm to
cryopreservation varies among chicken breeds (Long,
2006; Siudziiska and Lukaszewicz, 2008b). Many
studies have shown satisfactory fertility rates of
cryopreserved chicken semen (Tselutin et al., 1999;
Woelders et al., 2006; Thananurak et al., 2016). To our
knowledge, there is limited information available on
the cryopreservation of semen from Hmong Black-
Bone chicken. The objective of the present study was to
determine the freezability and fertility of Hmong
Black-Bone frozen semen compared to Barred
Plymouth Rock and Thai native (Pradu Hang Dam)
chicken frozen semen cryopreserved using a simple
vapor method. The result of this study allow for the
optimization of semen cryopreservation of highland
indigenous chicken genetic resource.

Materials and Methods

Amnimals and Their Management: Two- year-old males
of three breeds of domestic fowl (Hmong Black- Bone,
Barred Plymouth Rock and Thai Native (Pradu Hang
Dam) chickens) were used in this study. The Hmong
Black-Bone roosters were purchased from farmers in
the high lands, 700 m above sea level, in Kek-noi sub-
district, Phetchabun province, Thailand, one year
before starting the experiment. Barred Plymouth Rock
is an exotic breed introduced into Thailand more than
40 years ago, while Pradu Hang Dam is a Thai native
chicken breed kept by small farm holders for both meat
and also as fighting cocks. The Pradu Hang Dam has
black feathers, beak and leg, and white skin. Each
breed was represented by 9 healthy cocks. The animals
were housed in individual pens at the Animal Farm,
Faculty of Agriculture, Khon Kaen University. Cocks
were offered commercial feed (Balance 924, Lot No. I

Somtaw S. et al. / Thai | Vet Med. 2018. 48(4): 595-602.

160728014, Batagro Agro Industry Co Ltd Thailand)
120-130 g/day and water was provided ad libitum.

For fertility testing, 162 commercial layer
hens (Romann Brown, Batagro Agro Industry Co Ltd
Thailand) were used when they were 40 weeks old and
hen day production was approximately 85% at the
beginning of the experiment. The animals were reared
under natural environmental conditions throughout
the experimental period, July to September 2016. This
experiment was carried out at the Livestock Research
Farm, Faculty of Agriculture, Khon Kaen University,
located at 16°26’N latitude and 102°50°E longitude,
Thailand. The experiment was approved by the
Animal Ethics Committee (Approval No. 33/2015) of
Khon Kaen University, Thailand.

Semen collection: Semen was collected two times a
week throughout the study period using the dorso-
abdominal massage technique (Burrows and Quinn
1937). Care was taken to avoid contamination with
cloaca products. Semen samples were collected into a
1.5 mL micro tube containing 0.1 mL Schramm diluent
(Schramm, 1991), composed of 0.07 g magnesium
acetate, 2.85 g sodium glutamate, 0.5 g glucose, 0.25 g
inositol and 0.25 g potassium acetate dissolved in 100
mL double-distilled water. To maximize semen quality
and quantity, semen collection was always performed
by the same person. Semen samples were transported
to the laboratory for microscopic evaluation of the
mass motility score, ranging from 0-5 (0 = no sperm
movement; 5 = very rapid waves and whirlwinds
visible, more than 90% of sperm showing forward
movement). Semen samples having good motility (at
least a score of 4) were used in this study.

Freezing Procedures: Semen collected from each cock
was subsequently evaluated under a microscope.
Semen samples were diluted with Schramm diluent
(Schramm, 1991) cooled down from 20-25°C to 5°C and
diluent plus DMF (dimethylformamide) was added 6%
DMF of final volume when the sperm concentration
was 1,200 x 106mL). Semen was loaded into 0.5 mL
straws, frozen at -35°C for 12 min and at -135°C for 5
min in nitrogen vapor, and then plunged into liquid
nitrogen. (Vongpralub et al.,, 2011) Before frozen semen
assessment, straws were thawed in an iced water bath
at 2-5°C for 5 mins. Three frozen semen straws from
each cock were used for post- thaw motility
characteristics evaluation. Sperm motility (total motile
and progressive motile) was determined using a
computer- assisted semen analyzer ( CASA) (IVOS
12.3D; Hamilton Thorne, Beverly, MA, USA). Briefly, 5
uL samples of post-thaw semen and diluent at a ratio
of 1:15 were loaded on close cover dual slides for
sperm analysis. The temperature of the sample
influences sperm motility (Iguer-ouada and Verstegen,
2001) since spermatozoa move more slowly at lower
temperature. The optimal temperature for analysis of
sperm motion is body temperature, 37- 38°C
(Verstegen et al., 2002). A customized CASA system
was assembled, with a microscope fitted with a
warming stage, negative phase- contrast optics and
video camera interfaced with a computer to digitize
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and analyze the images (Lange- Consiglio et al., 2013).
For each sample, multiple microscope fields were
analyzed. Some parameters were measured directly on
the digital images while others were calculated from
measurements of the percentage of motile and
progressive motile cells.

The percentage of sperm viability was assessed
by staining with SYBR-14 and propidium iodide (PI).
Since SYBR- 14, a green- fluorescent cell membrane
counterstain, does not penetrate dead cells, it is
commonly used to identify live cells in a population;
while PI, a red-fluorescent nuclear and chromosome
counterstain, does not penetrate live cells and is
commonly used to identify dead cells in a population.
The protocol of two types of fluorescent staining was
as follows: 2 uL. SYBR-14 was added to 150 uL post-
thaw semen and incubated for 10 min; next, 2 uL. Pl was
added and incubated for 5 min; then samples were
evaluated under a fluorescent microscope ( 400x)
( Olympus 1X71, Tokyo, Japan), as described by
Partyka et al. (2010). For sperm viability assessment,
three frozen semen straws from each male were used.

Artificial Insemination: Assessment of the fertilizing
ability of frozen semen was carried out by single intra-
vaginal insemination of layer hens. A total of 162 hens
were divided into 27 groups of 6 hens, and each group
was assigned to be inseminated once by frozen semen
pooled from six ejaculates of each cock. Artificial
insemination was performed using a tuberculin
syringe containing 0.4 mL of frozen semen ( the
insemination dose was about 480 million
spermatozoa/ artificial insemination) inserted into the
vagina (about 4 cm). The fertilizing ability of sperm
cells was estimated from eggs collected on day 2-8
post- insemination. Fertility rates ( fertilized eggs /
incubated eggs x 100) were determined by candling
eggs on day 7 of incubation.

Statistical Analysis: The percentages of sperm
motility, viability and fertility were examined by
randomized complete block design; statistical analysis
of data used the generalized linear model procedure of
SAS (1996). The means of the treatment effects were
compared using Duncan’s multiple range test (P<0.05).

Results

Fresh Semen Parameters: Fresh semen quality was
determined from the pooled ejaculates of each breed,
six times per breed, during the collection period. Mean
semen volume, motility score ( 0—5) and sperm
concentration for Hmong Back-Bone, Barred Plymouth
Rock and Thai native (Pradu Hang Dam) chickens,
respectively, were: 0.311.11 + 24.84 mL, 4.68 + 0.05 and
3,054.63 +108.34 million cells/mL; 0.366.67 + 25.15 mL,
4.73+0.02 and 3,112.96 + 143.44 million cells/mL; and
0.320.37 £22.86 mL, 4.70£0.03 and 3,199.07 £ 171.92
million cells/mL (data not shown in tables).

Post-Thaw Sperm Characteristics: Mean total motility
and progressive motility parameters of thawed
spermatozoa are shown in Table 1. There were no
differences among breeds (P>0.05). There also was no
statistically significant difference (P>0.05) in the
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percentage of sperm viability of thawed sperm from
Hmong Black-Bone, Barred Plymouth Rock and Thai
native ( Pradu Hang Dam) chickens. Significant
(P<0.05) differences between individual males in each
breed were found for all post- thawed sperm
parameters.

Fertility of Cryopreserved Semen: The effect of breed
on fertility of frozen semen is shown in Table 2. There
were no statistically significant differences (P>0.05)
among breeds in fertility. Significant (P<0.05)
differences were found within breeds regarding
fertility.

Discussion

The present study was undertaken to
investigate the sperm freezing ability and fertility of
Hmong Black- Bone chickens compared to Barred
Plymouth Rock and Thai native (Pradu Hang Dam)
chickens, under a suitable protocol for chicken semen
cryopreservation which could pave the way for ex situ
conservation of this highland chicken.

It is generally accepted that the ability of
spermatozoa to survive under cryopreservation is
different in different avian species (Blanco et al., 2008;
Blanco et al., 2012) and in different breeds or strains
( Hammerstedt, 1995; Siudzinska and Lukaszewicz,
2008a; Makhafola et al., 2009; Purdy et al., 2009; Long
etal., 2010); intra-species variations in freezability have
also been reported (Blesbois et al., 2007; Kowalczyk
and Lukaszewicz, 2015).

Massip and colleagues (2004) reported that
the quality of frozen semen of chickens and ganders
was superior to most other poultry. A study by
Blesbois and colleagues (2005) also found that post-
thawed fowl semen showed significantly higher
percentages of viable and morphologically normal
spermatozoa compared to the semen of turkeys and
guinea fowl. Numerous studies have reported on the
effect of breed on the freezability of domestic fowl
semen. In relation to freezability, Siudziriska and
Lukaszewicz (2008a) found that post-thawed semen
quality was significantly different among four fancy
fowl breeds; this was in agreement with a previous
study by Tselutin and colleagues (1995), in which the
cryopreserved semen of four fancy fowl breeds was
assessed. Peters and colleagues (2008) compared the
quality of frozen semen of 7 chicken breeds and found
differences in post-thawed semen quality, although the
same processing method was used. Similarly, Blesbois
and colleagues (2007) and Wishart (2009) reported that
the quality of frozen semen depends on differences
between breeds. Long and colleagues (2010) also
reported that there was significant variability in the
frozen semen quality of eight poultry lines, which
supported the results of previous studies.

The present experiment indicated that there
was similar post- thawed semen quality of Hmong
Black- Bone chickens and the two other breeds
mentioned above. This is in accordance with previous
reports: Mosenene (2009) showed that there were no
significant differences between breeds in the frozen
semen quality of Rhode Island Red, Potchefstroom
Koekoek, New Hampshire and White Leghorn
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chickens; and Makhafola and colleagues ( 2009)
reported that there was no difference in sperm
survivability immediately after thawing between
Potchefstroom Koekoek and Ovambo breeds. Recently,
Sonseeda (2013) studied three Thai native chicken lines
(Leung Hang Khao, Pradu Hang Dam and Chee) to
determine differences in cryopreserved semen quality;
the results showed that the line of Thai native cocks
had no effect on post-thaw semen quality.

In the present study, a significant variation of
intra-breed post-thawed semen quality was obtained
(Table 1), even though good raw semen samples were
used. Many biological and biophysical factors may
affect the ability of sperm cells to prevent damage
caused by the freezing/thawing procedure (Holt, 2000).
These factors include membrane permeability, lipid
composition and fluidity (which affect motility), and
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different  metabolic  factors, including ATP
concentration in spermatozoa post- cryopreservation
( Wishart and Palmer, 1986). The determination of
sperm membrane permeability in various avian
species under different osmotic conditions indicates
that spermatozoa fluidity differs between species of
poultry (Blesbois et al., 2005). These differences partly
reflect differences in cholesterol content and may be
related to species differences in semen freezability. In
chickens, intra- species variations in
cholesterol/phospholipid content were also found to be
related to semen freezability ( Ansah and Buckland,
1982). The intra-breed differences in freezability in the
present study may depend on variations in the
cholesterol/phospholipid content of sperm membranes
in semen from individual cocks.

Table 1 Sperm freezability of Hmong Black-Bone, Barred Plymouth Rock and Thai native (Pradu Hang Dam) chickens
Motility parameters (%)
Breed Male # Viability
Motile Progressive VCL VSL VAP LIN ALH
1 64.00 16670 135,074 57 57abe 7710abe 43,002 587a 44,274b
2 55.67b 14.33bcd 118.77¢ 4683 6647 40,674 530qb 41.46>
3 40,670 14.000<d 130.534b¢ 54 ()0abed 70,670 42,000e 56340 44 867
Hmong 4 62334 14.67bed 1353720 59.272b 78.874b 44,0090 563 452670
Black- 5 59.33ab 19,3330 141.072 6433 83,93 4567 593 47.92a
Bone 6 50.672 13.33bcd 1342730 61.002 78.101bc 4533 597 434712
7 32.67¢ 10.00¢ 124.93bc 50,63bed 69870 4133 5674 46,222
8 60,672 23009 106.63¢ 43334 56,674 4233pc 4670 4599ab
9 51672 10,67 1357720 54 43abed 71570 4133¢ 5632 47812
+ + + + +
g/]lzean 53074351 15114136 129164357 54 60+2.77 72584269 12855060 559t013 =041 060
1 54 67abe 1033¢ 127.83be 55834 74.00qb 44,00 5770 42 690
2 67.67 19.67 143774 60432 80.53 4267 6.13qb 42 89be
3 643340 166740 13210 59,874 75874b 45009 520¢ 45290
4 50.674bc 9.670 137,604 60.00 7923a 43330 6.672 4058¢
IBDT;;iguth 5 42330 10,000 113.00¢ 49,600 63.70¢ 45672 5.50¢ 5057
Rock 6 46.00abe 11330 1386740 5893 77 5740 43000 6474 45420
7 40.67¢ 16.002 11693 5290ab 69130 45330 547 4598p
8 6733 10.330 138,230 51.400 72.002be 38330 6434 44,27
9 59 33abe 15.002 126070 529020 68800 43000 523¢ 51.78
g/]lgean t cy781950 9 002122 130474348 55764139 73431184 4337073 5874019 4eciiq01
1 59,002 20,67 1358340 66700 840740 4933a 5.83ab 4535be
2 66.00 156740 1422340 58 20abe 80.3020 42,000 5934 4427¢
3 71334 21674 143,974 6770 86.50 47,00 6100 40424
4 6433 18339 144000 63.73abe 83.83qb 4433qb 6.07 46170
;r:‘:; 5 48,000 14.00% 1279300 55730 72930 44,0000 5632 39914
Dam 6 58 672b 1533 1367000 581 7abe 7593 42330 5502 48574b
7 57 674 1933 126500 58 (7abe 72870 46672 5030 5019
8 6567 22000 1325000 60.97abe 77 402 463300 5632 4894a>
9 30.00¢ 14.330 126.87° 5413¢ 72300 44,673 530qb 51.83
g/}lzean £ orgsi413 17374140 135174239 60384158 7846181 4518+0.79 567+012 10,119

Different superscripts within a column indicate significant differences (P<0.05)

The results of this study indicated that the
fertility ranges were 58.54-92.31% for Hmong Black-
Bone, 46.34-87.5% for Barred Plymouth Rock and
41. 18- 100% for Thai native ( Pradu Hang Dam)
chickens, respectively; high intra-breed variation and
significant differences (P<0.05) among cocks within
breed were obtained. These results are contradictory to
previous findings, where the fertility of frozen semen

of inbred chickens was different among groups (Bacon
etal., 1986; Kirby et al., 1998). Blesbois and colleagues
(2005) also reported that post-thawed native chicken
semen had lower fertility compared with commercial
breed chickens. In poultry, genetic selection for sperm
freezability has the ability to improve the frozen semen
quality of chickens ( Siudziriska and Lukaszewicz,
2008; Long et al., 2010), geese (Lukaszewicz, 2010) and
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turkeys (laffaldano et al., 2008; Long et al., 2014). This
suggests that random breeding conserved biodiversity
and resulted in a variation of fertility rates of
cryopreserved semen. We propose that in the present
study the high individual within- breed variation
caused non-significant differences in fertility among
breeds. This result is in accordance with a previous
report by Hammerstedt (1995), who showed that the
range of frozen semen fertility in chickens was 0—90%
(mean fertility 60%), and also the results of Blesbois
and colleagues (2008), which showed that the fertility
rate of chicken frozen semen was from 9 to 94%, a
wider range compared with fresh semen (34-94%). The
high variation in cryopreserved semen fertility of
individual chickens may be related to many biological
and biophysical factors, including a loss of sterols from
membranes and a depletion of membrane rafts
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( Ushiyama et al., 2016) , that affect individual
differences in semen freezability.

In summary, fertility rates were not
significantly different among Hmong Black-Bone,
Barred Plymouth Rock and Thai native (Pradu Hang
Dam) chicken breeds. The present study showed high
individual intra-breed variation in post-thawed semen
quality and fertility. The fertility rates, obtained after
one-time artificial insemination with frozen semen, of
all breeds were superior to the fertility standard (60%)
of chicken cryopreserved semen. The fertility results of
74.96% for Hmong Black-Bone chicken cryopreserved
semen, achieved using a simple vapor freezing
procedure, suggest the feasibility of establishing a
sperm bank for the conservation of Hmong Black-Bone
genetic resources.

Table 2 Fertility rates of frozen semen of Hmong Black-Bone, Barred Plymouth Rock and Thai native (Pradu Hang Dam) chickens

Breed Male # Number of eggs Fertility (%)

1 39 84.62%

2 42 73.81b¢

3 40 65.00%

4 35 68.57¢
Hmong Black-Bone 5 38 92112

6 39 92317

7 41 58.54¢

8 42 71.430¢

9 41 65.85%

Mean + SE 74961403

2 41 7561

3 37 7297

4 42 83.33°
Barred Plymouth Rock 5 40 65.00°¢

6 41 46.34¢

7 40 87.50°

8 42 73.81%

9 38 71.05%

Mean + SE 69.75+4.48

1 34 4118°

2 40 100.00*

3 39 64.10%
Pradu Hang Dam 4 42 95232

5 41 85.37%

6 40 100.00°

7 42 85.71%

8 37 81.08%

9 41 68.29¢

Mean + SE 80.59+6.44

Different superscripts within a column indicate significant differences (P<0.05)
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