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Abstract: The Sperm Quality Index (SQl) is correlated with fresh broiler breeder semen quality. Our objective
was to determine if the SQI from semen pricr to storage is predictive of semen quality after storage. Prior to
semen dilution, sperm concentration, viability, and SQl were determined for each male's neat semen
sample. Each ejaculate was then diluted 1:1 with Beltsville Poultry Semen Extender and maintained at 4 C
on a rotary shaker for 16 h. After semen dilution, sperm concentration, viability, and SQI were obtained at 0,
2,4, 6 8, 10,12 and 16 h. The SQl increased from 0 to 4 h of storage then decreased in a quartic fashion
as storage time further increased (r*=0.83). There was a linear decrease in sperm viability as storage time
increased (’=0.87). There was a negative relationship for the SQI from fresh semen with percentage of dead
sperm over storage period yielding correlation coefficients ranging from r= -0.88 to -0.55. Over storage,
positive correlation coefficients for the SQI from fresh semen with live sperm concentration ranged from 0.47
to 0.61. There were also strong positive correlations for percentage of dead sperm and live sperm
concentration from fresh semen with their respective semen characteristic at each storage period (r=0.81
to 0.97 and r=0.80 to 0.96, respectively). There was a strong positive relationship for SQIl from fresh semen
with the SQI over storage (1=0.88 tc 0.94). In conclusion, the SQI from semen prior to storage is predictive

of chicken semen quality through 16 h of storage.
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Introduction

Today's selection for heavy, broad-breasted broiler
breeder strains has led to a continuous decline in fertility
using natural mating (McDaniel, 1978). Similar to the
turkey industry, if roosters become so large that they
cannot mate hens successfully, artificial insemination
(Al) will have to be applied to the broiler industry in the
future. In the broiler industry, to utilize Al successfully,
evaluation of semen quality before and after storage as
well as prior to insemination is very important (Reddy,
1995). There are several reasons why semen quality
should be examined prior to Al. For example, losses in
fertility would be avoided by inseminating hens with
semen that is of good quality. Therefore, an
improvement in long-term storage procedures for poultry
semen could have a significant impact on the poultry
industry. As a result, the evaluation of stored semen is
crucial to ensure a successful Al program.

Traditional methods used to determine fresh semen
quality include parameters such as semen volume,
color, concentration, and sperm moatility, viability, and
morphology (Donoghue and Wishart, 2000) as well as
metabolic activity (Chaudhuri ef al, 1988; Wishart, 1989).
However, all of these methods of semen evaluation are
based on a single sperm quality parameter and do not
consider other semen quality characteristics. One
method of semen evaluation that does include several
measures of semen quality in a single index number is
the sperm quality index (SQl).
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The SQI is a single number, obtained in 20 sec, that
provides an overall estimate of chicken and turkey
semen quality (McDaniel et al., 1998; Parker ef af., 2000;
Neuman et af., 2002a). For example, as sperm viability,
concentration, and motility increase from rooster and
tom semen, there is an increase in the SQI (McDaniel et
al., 1998; Neuman ef al., 2002a; Parker and McDaniel,
2003). The SQl is also positively correlated with broiler
breeder ferility and hatchability (Parker ef ai., 2000,
2002; Parker and McDaniel, 2002, 2003, 2004).
However, the previously mentioned research involving
the SQI was conducted on freshly ejaculated broiler
breeder semen only, not stored semen (Parker and
McDaniel, 2002, 2003, 2004). Dumpala et al (2006)
stored broiler breeder semen for 8 h in different diluents
at various temperatures and found that the SQI declined
as storage temperature and time increased. In turkeys,
the SQI accurately reflected declining semen quality with
prolonged storage (Neuman ef al, 2002b). Also,
research conducted on bovine spermatozoa revealed
that SQI values were highly correlated with sperm
motility of frozen-thawed semen (Zavos et af,, 1996).

It would be beneficial to poultry breeders if a method
was available that could use freshly ejaculated semen
to predict overall semen quality of stored semen. If such
a method existed, only males that responded favorably
to semen storage could be selected for breeding
purposes. Because the SQIl is capable of predicting
semen quality and fertility of freshly ejaculated chicken
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Fig. 1. The relationship of the sperm quality index
(5QI) with storage period. Each point
represents the mean of 20 individual males at
each time period. There was a quadratic
relationship for the SQI over storage (y = -
0.0128x* + 0.44%° — 5.00684x" + 18.97x + 414, 1*
=0.83, P < 0.0001).
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Fig. 2. The relationship of the percentage of dead

sperm with storage period. Each point
represents the mean of 20 individual males at
each time period. There was a linear increase
in the percentage of dead sperm as storage
time increased (y = 0.259x + 9.93, ¥ = 0.87, P<
0.0001).

semen, it is possible that the SQI of freshly ejaculated
semen can predict the semen quality of stored chicken
semen. Therefore, the objective of this study was to
determine if the SQI from freshly ejaculated semen prior
to storage is predictive of broiler breeder semen quality
when semen is stored up to 16 h.

Materials and Methods

Housing and environment: Twenty Ross broiler breeder
males, 68 wk of age, were obtained from a local
integrator. Roosters were housed in individual cages.
Broiler breeder males were fed a standard breeder diet
(1.55 MJ/d per bird) and feed-restricted according to the
primary breeder's recommendations. All males received
16 h cof light per day throughout the experiment and were
treated in accordance with the Guide for Care and Use
of Agricultural Animals in Agricultural Research and
Training.

Semen evaluation: Prior to the study, semen was
collected from each rooster every other day for a total of
3 collections to evacuate residual sperm from the bird's
body. Semen was collected using the method of
Burrows and Quinn (1937). Each male's ejaculate was
diluted 1:1 with Beltsville Poultry Semen Extender Il
(BPSE; CONTINENTAL PLASTIC CORP., Delavan, WI).
The diluted ejaculates were then maintained aerobically
at 4 C on a rotary shaker (Clay Adams, Division of
Becton, Dickinson and CO., Parsippany, NY.) for 16 h.
Sperm concentration, viability, and the SQl were
obtained at 0, 2, 4, 6, 8, 10, 12, and 16 h from the 1:1
diluted semen samples. Sperm concentration was
measured using an IMV  micro reader (IMV
INTERNATIONAL, Maple Grove, MN) at 540 nm (King
and Donoghue, 2000). Sperm viability was determined
using the fluorometric method of Biligili and Renden
(1984). A Sperm Quality Analyzer® (Medical Electronic
Systems Ltd, Migdal, Haemek, Israel) was used to
obtain the SQl from 1:1 diluted semen samples that
were further diluted 5-fold with 0.85% saline at 21°C.

Statistical analyses: Regression analyses were used
to examine the relationships of the SQI and sperm
viability over storage time. Pearson’'s correlation
coefficients were used to explore the relationship of the
SQl from fresh semen with semen quality characteristics
from each storage period. Correlation coefficients were
also obtained for the relationships of percentage of dead
sperm and live sperm concentration from fresh semen
with the same semen characteristics after storage
(Steele and Torrie, 1980).

Results

There was a quartic relationship for the SQI over 16 h of
storage (Fig. 1). The SQIl increased from 0 to 4 h of
storage then decreased and stabilized after 4 h of
storage. The relationship of the percentage dead sperm
over 16 h of storage is presented in Fig. 2. There was a
slight linear increase in the percentage of dead sperm
as the length of storage period increased. No linear or
curvilinear relationship existed for live sperm
concentration over storage as live sperm concentration
remained virtually constant over time (Fig. 3).
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Table 1: Correlation coefficients for the sperm quality index
(SQly from freshly ejaculated semen with the
percentage of dead spem at each storage period

Storage Fresh SQI vs % of Dead sperm

period (h)

Correlation coefficient

Fresh -0.79

2 -0.81

4 -0.54

6 -0.59

8 -0.44

10 -0.71

12 -0.59

16 -0.51

Table 2: Correlation coefficients for the sperm quality index
(SQl) from freshly ejaculated semen with live sperm
concentration at each storage period

Storage Fresh SQI vs live sperm concentration

period (h)

Correlation Coefficient

Fresh 0.50

2 0.57

4 0.49

6 0.58

8 0.52

10 0.51

12 0.51

16 0.51

The correlation of the SQI from freshly ejaculated semen
with the percentage of dead sperm at each storage
period is shown in Table 1. The correlation coefficients
were negative for the SQI obtained from freshly
ejaculated semen with the percentage of dead sperm at
each storage period (P < 0.03). There was a strong
negative correlation at 2 h (r = -0.81). However, after2 h
of storage the correlation coefficients became weaker
but remained better than r = -0.44.

The correlation of the SQI obtained from freshly
ejaculated semen with live sperm concentration at each
storage period is also shown in Table 2. The correlation
coefficients were positive for the SQI from freshly
ejaculated semen with live sperm concentration at each
storage period (P < 0.01). The correlation coefficients at
each storage period remained at approximately r = 0.50
throughout storage.

Very strong positive correlations existed for the
percentage of dead sperm, live sperm concentration,
and the SQI obtained from freshly ejaculated semen with
their respective sperm quality characteristics obtained
from stored semen at each storage period (Table 3; P <
0.0001). The correlation coefficients were highest for the
percentage of dead sperm from freshly ejaculated
semen with the percentage of dead sperm of semen
stored for 2 and 10 h (r 0.97). The correlation
coefficients were greater than r = 0.81 at each storage
period. For live sperm concentration of freshly ejaculated
semen with live sperm concentration of stored semen,
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high correlation coefficients of r = 0.91 to 0.96 were
obtained except for semen stored for 4 h (r = 0.80). The
correlation coefficient was highest for the SQI obtained
from freshly ejaculated semen with the SQI from semen
stored 8 h {r = 0.94). However, correlation coefficients for
the SQI obtained from freshly ejaculated semen with the
SQl obtained from semen stored were always r = 0.88 or
greater. Correlation coefficients for percentage of fresh
dead sperm versus stored dead sperm, and correlation
coefficients for fresh SQI versus stored dead sperm over
storage period are graphically presented in Fig. 4.
Directional changes over storage period in the
correlation coefficients for both the relationships of dead
sperm and the SQI from fresh semen with stored dead
sperm paralleled one another.

Discussion

Efficient storage and evaluation of semen quality prior to
storage and Al are important in order to take advantage
of modern Al techniques in the poultry industry
(Donoghue and Wishart, 2000). One method of semen
evaluation that is capable of providing a rapid and
precise assessment of overall fresh semen quality is
the SQI, because it is highly correlated with live sperm
concentration as well as sperm viability and motility
(McDaniel et af., 1998; Parker ef al., 2000, 2002; Parker
and McDaniel, 2003, 2004).

In the present study, the percentage of dead sperm
increased only 5 % over 16 h of storage and was
negatively correlated with the SQI from freshly ejaculated
sperm. Negative correlation for the S8QI with the
percentage of dead sperm is most likely due to the
immotility of dead sperm. Because dead sperm are
immotile they cannot interact with the internal light path
of the analyzer and therefore are unable to increase SQ
readings. For example, if a semen sample contains 40
% dead sperm, the SQl will be lower when compared to
the SQI from a sample with only 20 % dead sperm
(Dumpala et al., 2006). Even though the percentage of
dead sperm increased slightly from 9 to 14% as the
storage period increased in this study, the SQIl from
semen stored for 16 h was similar to that of fresh
semen. Dumpala et a/. (2008) reported that there were
no differences in the SQlI from semen samples
containing approximately 80 to 100% viable sperm, and
in the present study, the percentage of viable sperm only
ranged from 86 to 90%.

A strong negative correlation existed for the SQI obtained
from freshly ejaculated semen with the percentage of
dead sperm in the first 2 h of storage (r = -0.81), and the
correlation coefficients became weaker as the storage
period increased, but remained better than r = -0.44.
Apparently, the SQIl obtained from freshly ejaculated
semen is more predictive of changes in sperm viability
during the first 2 h of storage as opposed to the end of
storage. Also in this trial, there was a slight linear
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Fig. 3. The relationship of live sperm concentration
with storage period. Each point represents the
mean of 20 individual males at each time
period. Each individual males sperm
concentration was obtained from semen
diluted 1:1 with BPSE. No relationship
existed for sperm concentration over storage.
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Fig. 4. Correlation coefficients for the percentage of

dead sperm at time O with the percentage of
dead sperm over storage (¢#) and the sperm
quality index (SQI) at time O with the percentage
of dead sperm over storage (¢). Each data point
represents the r value obtained at each time
period from 20 individual males.

increase in the percentage of dead sperm as the length
of storage increased. Possibly due to this increase in
the percentage of dead sperm, a few of the males during
storage may have changed sperm viability rank position
in the population, yielding weaker correlation ceefficients
over time for the SQI from fresh semen with the dead
sperm percentage. In support of this reasoning, note
that directional changes over storage period mirrored
one another exactly in correlation coefficients for the
relationships of the SQI and percentage of dead sperm
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from fresh semen with percentage of dead sperm from
stored semen (Fig. 4). Therefore, as the ability of dead
sperm from fresh semen to predict sperm viability over
storage weakened, so did the ability of the SQl from
fresh semen to predict sperm viability over storage and
vice versa. For example, the lowest and highest
correlation coefficients occurred at 8 h and 2 h of storage
respectively, for both the relationship of the SQl and the
relationship of the percentage of dead sperm from fresh
semen with stored sperm viability. Apparently, even the
slightest change in sperm viability during storage that
alter a male's sperm viability rank in the population also
impacts the ability of the SQI from the fresh semen to
predict stored sperm viability. However, the SQIl from
fresh semen was always predictive of stored sperm
viability with an average correlation coefficient of r = -
0.60.

The lack of a dramatic reduction in sperm viability over
16 h of storage was most likely due to storage
temperature (4°C). For example, sperm stored at 5°C
showed a significant reduction in overall metabolic
activity, by lowering oxygen consumption and energy
production, as well as the metabolic by-products
(Wishart, 1989). Because the overall aerobic
metabolism of sperm is low at 4°C, there is less
production of toxic end products such as 3-carbon
glycolvtic intermediates, which subsequently form toxic
by-products (Riddle, 1968), oxygen-free radicals, and
malonaldehydes (Wishart, 1989). As a result of the 4°C
temperature used in this study, apparently toxic levels
were not achieved, hence preserving sperm viability.

In the present study, the SQI from diluted semen
increased 24 units in the first 4 h of storage and then
stabilized, yielding similar SQl readings up to 16 h of
storage. It is known that freshly ejaculated semen in its
neat state contains no free O, however, ample O, is
available from the diluent. As a result, sperm motility is
increased due to the addition of O, (Parker and
McDaniel, 2006). Wishart {1981) reported that aerobic
metabolism of fowl spermatozoa can be encouraged by
continuous introduction of air during storage. In this trial,
semen samples were agitated continuously during
storage using a rotary shaker. As a result of this
agitation, sperm were provided with the necessary
oxygen needed for aerobic metabolism to maintain
sperm motility (Sexton, 1974; \Wishart, 1981,
Huyghebaert ef af., 1984, Lake ef al., 1984).

Another factor that could explain this increase in the SQI
with storage time could be diluent composition. For
example, diluents which contain an energy source such
as fructose are known to stimulate motility in chicken
sperm (Sexton and Fewlass, 1978). Therefore, this initial
increase in the SQI is most likely due to the stimulation
of sperm motility because of the availability of oxygen as
well as fructose from the diluent. This increase in the
SQl is similar to what was reported by Dumpala ef al.
(2006). He noted a 37 unit increase when comparing the
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Table 3:

Correlation coefficients for the percentage of dead sperm, live sperm concentration, and the sperm quality index (SQI) from

freshly ejaculated semen with their respective semen characteristic at each storage period

Storage Fresh % dead vs Stored % dead Fresh live sperm concentration vs Fresh SQI vs Stored SQI
period (h) Stored live sperm concentration
Coarrelation Coefficients

2 0.97 0.91 0.89

4 0.84 0.80 0.88

6 0.92 0.95 0.93

8 0.81 0.95 0.94

10 0.97 0.96 0.88

12 0.93 0.96 0.92

16 0.88 0.95 0.89

SQl from time 0 h to the SQIl at 4 h of storage after
diluting semen with BPSE and storing it at 4°C. However,
in that study the SQI continued to increase from4to 8 h
of storage. In fact, when comparing the SQI from freshly
ejaculated semen to the SQI from semen stored for 8 h
in the present study, there was only a 7 unit increase in
the SQI as opposed to a 49 unit increase previously
reported (Dumpala et a/, 2006). This increase reported
by Dumpala ef a/. (2006) as compared to the plateau in
the SQI from 4 to 8 h of storage in the present study
might be due to the use of younger males (54 vs 68 wks
of age). Typically semen quality declines as the bird
ages (Rosenstrauch ef al, 1994; Weil et al, 1999).
Additionally, in the present study, similar SQI readings
were obtained from 6 h to 16 h of storage. It is known
that the SQl is highly correlated with live sperm
concentration, sperm viability and motility (McDaniel ef
af., 1998; Parker ef af., 2000, 2002; Parker and McDaniel,
2003, 2004). In the present ftrial, live sperm
concentration remained constant throughout 16 h of
storage and the correlation coefficients for the SQl
obtained from freshly ejaculated semen with live sperm
concentration at each storage period remained
approximately 0.5. Also there was only a negligible
increase in the percentage of dead sperm (11 to 14 %)
after 4 h of storage. Furthermore, holding semen at
lower temperatures such as 5 and 15 C, Clarke et al.
(1982) reported no significant reduction in the
percentage of progressively motile chicken and turkey
spermatozoa after 6 h of storage when compared to
fresh semen. These negligible changes in sperm
viability, motility, and concentration over storage could
explain why SQI values remained constant between 6
and 16 h of storage.

In the present study, strong positive correlations existed
for dead sperm percentage as well as live sperm
concentration of freshly ejaculated semen with their
respective sperm quality characteristics in stored
semen. These data indicate that an individual male’'s
rank in the population with regard to their semen
characteristics changed very little over semen storage
time. Very strong positive correlations also existed for
the SQI obtained from freshly ejaculated semen with the
SQIl obtained at each storage period in this trial,
suggesting that each male’s rank in the population with
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regard to the rate of sperm movement was also
maintained over storage. This reasoning is supported by
the fact that the SQI, which is also impacted by sperm
motility, and the other two semen characteristics that
influence the SQI, sperm viability, and concentration,
remained rather stable over storage in the present study
(McDaniel et af., 1998; Parker ef al, 2000). Therefore, if
a male's rank in the sperm motility population changed
over storage, one would expect lower correlation
coefficients for fresh semen SQI versus stored semen
SQl. Because the SQI obtained from freshly ejaculated
semen was strongly correlated with the SQI from each
storage period, it is apparent that the SQI from fresh
semen can predict sperm quality up to 16 h of storage.
Therefore, the SQI from freshly ejaculated semen could
be used to determine if a rooster will maintain superior
semen quality even after 16 h of storage or if his semen
quality will be poor following storage.

In conclusion, the results of this study reveal that the SQI
obtained from chicken semen prior to storage predicts
semen quality after storage. Therefore, roosters with a
high SQI prior to semen storage should have the best
semen quality after storage, and the converse is also
true for the rooster with a low SQI. As a result, the SQlI
may be a useful tool for selecting avian males with the
best semen storage capability.
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