
Introduction

Most sheep show a seasonal pattern in reproductive
activity that is shaped by seasonal changes in their
habitats. Biochemical estimates of blood serum are used
for semen evaluation, since using semen characteristics
alone is not completely satisfactory for semen appraisal in
the current practice of commercial artificial insemination
(1-4). However, the biochemical evaluation of ram blood
and its relationship with semen characteristics are
completely unknown. With better knowledge of ram
reproductive physiology a more accurate andrological
evaluation could be conducted, which would improve

reproductive efficiency and enhance breeding schemes
and the rate of genetic gain. The present study is
concerned with investigating some major biochemical
constituents of blood serum and their relationship with
hormonal levels and some reproductive parameters in
Akkaraman and Awassi rams during the breeding season
under Afyonkarahisar province conditions.

Materials and Methods

This work was carried out in the breeding season
(September-October 2001) at the Research and
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Abstract: The objective of the present study was to describe some reproductive parameters, hormonal levels and some biochemical
properties of blood serum in rams under the Afyonkarahisar province conditions. Semen (via an artificial vagina) and blood were
collected five times during the breeding season from a total of 10 mature and healthy fat-tailed rams (Akkaraman and Awassi) in
Afyonkarahisar. Breed effects were significant for relative testes volume, sperm concentration, percentage of abnormal
spermatozoa, triiodothyronine (T3), albumin/globulin ratio, total lipid (P < 0.05) and cholesterol (P < 0.01). Some reproductive
parameters and biochemical properties of Akkaraman and ‹vesi rams indicated that the values were recorded in the optimum range
during the breeding season under Afyonkarahisar conditions. In addition, some reproductive parameters of rams show a correlation
with some biochemical and enzymatic properties. 
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‹vesi ve Akkaraman Koçlarda Baz› Reprodüktif Parametreler ve Biyokimyasal Özellikler

Özet: Afyonkarahisar koflullar›nda yetifltirilen koçlarda baz› reprodüktif parametreler ve hormon miktarlar› ile kan serumu
biyokimyasal özelliklerin araflt›r›lmas› amac›yla yap›lan bu çal›flmada, afl›m sezonu esnas›nda, ya¤l› kuyruklu ve sa¤l›kl› toplam 10
koçtan (Akkaraman ve ‹vesi) befler numune kan ve sun’i vagen yard›m›yla da sperma topland›. Relatif testis hacmi, spermatozoa
yo¤unlu¤u, anormal spermatozoa oran›, triiodothyronine (T3) miktar›, albumin/globulin oran›, toplam lipid miktar› (P < 0,05) ve
kolesterol miktar› (P < 0,01) yönünden koçlar aras›ndaki farkl›l›klar›n önemli oldu¤u gözlendi. Afyonkarahisar koflullar›nda afl›m
sezonu esnas›ndaki ‹vesi ve Akkaraman koçlar›n baz› reprodüktif de¤erlerinin ve baz› biyokimyasal özelliklerinin optimal s›n›rlar
içerisinde oldu¤u ve ayr›ca koçlar›n baz› reprodüktif parametrelerinin baz› biyokimyasal ve enzimatik özellikler ile iliflkileri oldu¤u
gözlendi.

Anahtar Sözcükler: Biyokimyasal özellik, hormon, koç, sperma.
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Manipulation Livestock of the Faculty of Veterinary
Medicine, University of Afyon Kocatepe located in
Afyonkarahisar province (L: 1021 m, 38° 45´ N, 30° 32°
W), Turkey. Semen evaluation was carried out at the
Faculty of Veterinary Medicine, Afyon Kocatepe
University. Hormonal and biochemical analyses were
carried out at the Medicine School of Afyon Kocatepe
University.

Animals and management

In a factorial randomized complete-block design
experiment, 10 sexually mature and healthy rams were
used. Each of five Akkaraman and Awassi were used to
study the relationship between reproductive parameters
and biochemical constituents of blood serum in rams
groups during the breeding season. All animals were aged
3-4 years. Animals were offered rough and concentrate
supplement according to their body weight requirements
(5).

In terms of sexual performance, scrotal sac volume
was measured by the water displacement method
described by Demirci (6) and was then divided by body
weight to calculate the relative testes volume. Sexual
behavior of rams was recorded by using the reaction time
criterion. The time elapsed between introducing the ram
to a female ewe at estrous and semen collection was
measured using a stopwatch.

Semen evaluation

Total 5 ejaculates were collected weekly by using an
artificial vagina. Ejaculates were placed in a water bath at
38 °C. Progressive motility (%) was subjectively
estimated at 400 X magnification using a light
microscope. Sperm concentration was measured by a
haemocytometer slide. Percentages of abnormal
spermatozoa were assessed by fluid fixation method
according to Demirci (6).

Blood Collection

Total 5 blood samples were collected weekly from
each animal via the jugular vein. Serum was separated by
centrifugation at 3000 r.p.m. for 15 min. and it was
collected and stored at –20 °C until analysis. 

Hormonal assay and determination of blood
serum constituents

The concentration of triiodothyronine (T3) and
testosterone in the blood serum was measured by using
commercial Chemiluminescent kits (ADVIA Centaur

Competitive Immunoassay System, Bayer Diagnostic
Corporation, U.S.) according to Fernandez-Ullao and
Maxon (7) and Spratt et al. (8).

Total blood serum protein was measured by the
Biuret method and total albumin (A) concentration was
determined by the method of Doumas et al. (9). Total
globulin (G) concentration was calculated as the
difference between blood serum total protein and blood
serum albumin, then A/G ratio was calculated. Total lipids
and cholesterol concentrations were measured by a
colorimetric method (10). Aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) activities were
measured in a Hitachi 917 Clinical Chemistry Analyzer by
using commercially available diagnostic kits supplied from
Roche Diagnostics GmbH (D-68298, Mannheim,
Germany). Both enzyme activities were determined
photometrically in which the decrease in NADH levels
were directly proportional to enzyme activities and
AST/ALT ratios were calculated (11).

Statistical analysis

The groups were compared by Student’s t-test and
the partial correlation coefficients and probabilities
among different parameters were worked out (12). 

Results

Overall mean values of some reproductive parameters
and biochemical and enzymatic properties of blood serum
in rams during the breeding season are presented in the
Table. The partial correlation coefficients and
probabilities among different parameters were worked
out. Relative testes volume from reproductive
parameters were negatively correlated with sperm
concentration (P < 0.01) and sperm motility (P < 0.05)
in all rams. Reaction times were positively correlated with
testosterone levels in Akkaraman (P < 0.01) and Awassi
(P < 0.05) rams. Percentages of abnormal spermatozoa
were negatively (P < 0.01) correlated with testosterone
levels and sperm motility but positively correlated (P <
0.01) with sperm concentration in all rams. Total protein
from biochemical properties of blood serum were
positively (P < 0.01) correlated with albumin, globulin
and ALT activity but negatively (P < 0.01) correlated with
total lipid, cholesterol and AST activity. Total lipids were
positively (P < 0.01) correlated with cholesterol and ALT
activity but negatively (P < 0.01) correlated with AST
activity and AST/ALT ratio. AST activity was negatively (P
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< 0.01) correlated with cholesterol and ALT activity and
positively (P < 0.01) correlated with AST/ALT ratio in all
rams.

Total protein and globulin were positively (P < 0.05)
correlated with sperm motility, sperm concentration and
testosterone level in all rams. Total lipid levels were
negatively (P < 0.01) correlated with sperm motility and
concentration and positively (P < 0.05) correlated with
percentage of abnormal spermatozoa in all rams. In
addition, total lipids and cholesterol were positively (P <
0.01) correlated with T3 levels and negatively (P < 0.05)
correlated with testosterone levels in all rams. Percentage
of abnormal spermatozoa was negatively (P < 0.01)
correlated with alanine amino transaminase (ALT) activity
but were positively (P < 0.05) associated with aspartate
amino transaminase (AST) activity and AST/ALT ratio in
all rams.

Discussion

Relative testes volumes were lower than the findings
of Taha et al. (13) in Awassi rams and similar to those in
Barki rams. The mean reaction times were lower than the

findings of Taha et al. (13). The differences might be due
to breed, age, feeding and season. In addition, because of
the farm conditions the rams and sheep were maintained
closely therefore the effects of sheep could be concerned.
The percentage of motile spermatozoa were higher than
the findings of Taha et al. (13) (68.91% and 64.3%) in
sexually mature Awassi and Barkies, lower than that of
Gündo¤an et al. (14) (80.9%) in 16 month old
Akkaramans, of Kaya et al. (15) (85.7%) and Pirinçci et
al. (16) (96%) and similar to the findings of Aral and
Tekin (17), Ataman et al. (18) and Gündo¤an (19). The
spermatozoa concentrations were lower than the findings
of Taha et al. (13) (5.2 x109/ml in Awassi), higher than
those of Aral and Tekin (17) (3.1x109/ml), Gündo¤an
(19) (3.8x109/ml) and Kaya et al. (15) (3.6x109/ml) and
similar to those of Ataman et al. (18) in 15 month old
Merino rams, Pirinçci et al. (16) (4.6x109/ml for 2 year
old Akkaramans) and Taha et al. (13) (4.7 x109/ml in
Barkies). Percentages of abnormal spermatozoa rates
were similar to the findings of Aral and Tekin (17)
(3.3%), Gündo¤an (19) (3.5%) and Kaya et al. (15)
(3.6%), lower than those of Pérez et al. (4) (9.4%) and
Taha et al. (13) (14.2%) and higher than those of
Ataman et al. (18) (1.6%) and Pirinçci et al. (16) (2.7%).
Breed effect was significant (P < 0.05) for sperm
concentration and percentage of abnormal spermatozoa.
The differences in the spermatological parameters might
be due to breed, age, feeding and management,
evaluation technique, semen collection time and season.

Blood serum testosterone levels were similar to the
results of Pirinçci et al. (20) and Taha et al. (13) in
Awassi (Imported), higher than those of Gündo¤an (19)
(2.7 ng/ml) and lower than those of Pérez et al. (4) (19.7
nmol/l =12.85 ng/ml) and Taha et al. (13) (13.41 ng/ml)
in Barki rams. Triiodothyronine levels were lower than
the findings of Taha et al. (13) in Awassi (Imported) and
Barki rams and similar to those in Awassi (locally born)
rams. The differences in hormonal levels might be due to
breed, age, feeding and management, sample collection
time and evaluation procedure.

The biochemical and enzymatic properties of blood
serum in rams were in the optimum range and in
accordance with the references (21-24). In addition,
breed effect was significant for A/G ratio, total lipid (P <
0.05) and cholesterol (P < 0.01) and relationships
between some biochemical and enzymatic properties of
rams’ blood serum were observed.
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Table. Overall mean values of some reproductive parameters, some
biochemical and enzymatic properties of blood serum in
rams during the breeding season in Afyon province
conditions (X ±  s.e.m.) (n:25).

Akkaraman Awassi

Rel. testes volume (ml/kg) 10.6 ± 0.34* 10.9 ± 0.32*

Reaction time (s) 6.8 ± 0.35 6.6 ± 0.40

Motility (%) 77.8 ± 0.73 75.4 ± 1.00

Sperm concentration (x109/ml) 4.7 ± 0.08* 5.0 ± 0.07*

Abnormal sperm (%) 3.9 ± 0.12* 3.5 ± 0.10*

Testosterone (ng/ml) 4.7 ± 0.46 4.8 ± 0.64

T3 (µg/100ml) 1.22 ± 0.10* 0.87 ± 0.07*

Total  protein (g/100ml) 7.2 ± 0.23 7.5 ± 0.08

Albumin (A) (g/100ml)) 3.3 ± 0.05 3.3 ± 0.08

Globulin (G) (g/100ml) 3.9 ± 0.20 4.3 ± 0.19

A/G 0.85 ± 0.04* 0.77 ± 0.02*

Total lipid (mg/100ml) 69.7 ± 2.24* 73.7 ± 2.07*

Cholesterol (mg/100ml) 28.9 ± 1.41** 33.6 ± 1.24**

AST 116.7 ± 4.03 115.8 ± 4.11

ALT 15.7 ± 0.65 14.6 ± 1.89

AST/ALT 7.4 ± 0.62 7.9 ± 0.32

*P < 0.05 
**P < 0.01



Many studies have shown that the low content of
seminal plasma proteins is associated with poor seminal
quality (1,2,25-28). In the present study, it was found
that there were positive relationships between sperm
motility, sperm concentration, testosterone level and level
of total proteins and globulin (P < 0.05) but there were
negative relationships between percentage of abnormal
spermatozoa and albumin and A/G ratio (P < 0.05) in all
of rams’ blood serum. 

Kelso et al. (29) reported that reductions in sperm
concentration and motility were associated with a
decrease in seminal plasma lipids content and also with
sperm aging (poor semen quality). In the present study,
total lipid levels were negatively (P < 0.01) correlated
with sperm motility and concentration and positively (P <
0.05) correlated with percentage of abnormal
spermatozoa in all rams.

The blood cholesterol level drops before the metabolic
rate rises (30,31). In the present study total lipids and
cholesterol were positively (P < 0.01) correlated with
triiodothyronine levels and negatively (P < 0.05)
correlated with testosterone levels in all rams. The
differences between rams may be due to breed and
genetics.

The assay of transaminase enzyme activity (AST and
ALT) is a good indicator of semen quality because it
measures sperm membrane stability (32,33). In the
present study, positive relationships were found between
percentage of abnormal spermatozoa and AST activity
and AST/ALT ratio (P < 0.05) and negative relationships
between ALT activity (P < 0.01) in ram blood serum and
negative correlations were observed with sperm
concentration, AST activity and AST/ALT ratio (P < 0.05)
in the two ram breeds.

In conclusion, some of the reproductive parameters
and biochemical analyses of rams’ blood serum indicated
that the values were recorded in the normal range during
the breeding season under Afyonkarahisar province
conditions. Some reproductive parameters of rams show
a correlation with some biochemical and enzymatic
properties and could be used to evaluate the reproductive
performance of a ram. In addition, total protein, total
lipid, cholesterol, AST activity and AST / ALT ratio from
biochemical and enzymatic properties of blood serum
could be used to evaluate the reproductive performance
of an Akkaraman and Awassi ram.

Some Reproductive Parameters and Biochemical Properties in Akkaraman and Awassi Rams

598

1. Ashworth, P.J., Harrison, R.A., Miller, N.G., Plummer, J.M.,
Watson, P.F.: Survival of ram spermatozoa at high dilution:
protective effect of simple constituents of culture media as
compaired with blood serum. Reprod. Fert. Dev., 1994; 6: 173-
180.

2. Barrios, B., Perez-Pe, R., Gallego, M., Tato, A., Osada, J., Muino-
Blanco, T., Cebrian-Perez, J.A.: Blood serum proteins revert the
cold-shock damage on ram sperm membrane. Biol. Reprod.,
2000; 63: 1531-1537.

3. Lincoln, G.A., Lincoln, C.E., McNeilly, A.S.: Seasonal cycle in the
blood plasma concentration of FSH, inhibin and testosterone, and
testicular size in rams of wild, and domesticated breeds of sheep.
J. Reprod. Fert., 1990; 88: 623-633.

4. Pérez, C.R., López, A., Castrillejo, A., Bielli, A., Laborde, D.,
Gastel, T., Tagle, R., Queirolo, D., Franco, J., Forsberg, M.,
Rodriguez-Martinez, H.: Reproductive seasonality of corriedale
rams under extensive rearing conditions. Acta Vet. Scand., 1997;
38: 109-117.

5. Church, D.C.: Digestive physiology and nutrition of ruminants.
3th ed., O. and B. Books Inc., Oregon. 1983.

6. Demirci, E.: Evcil hayvanlarda reproduksiyon, sun’i tohumlama ve
androloji ders notlar›.  F.Ü. Vet. Fak. Ders Teksiri, No: 53, Elaz›¤.
2002.

7. Fernandez-Ullao, M., Maxon, H.R. 1989. Thyroid. In: Kaplan, L.A.
and Pesce, A.J. Eds. Clinical chemistry: theory analysis, and
correlation. 2nd ed. St. Louis: CV, Mosby. 1989; 620-638.

8. Spratt, D.I., Bigos, S.T., Beitins, I.: Both hyper and
hypogonadotropic hypogonadism occur transiently in acute
illness: bio and immunoactive gonadotropins. J. Clin. Endocrinol.
Metab., 1992; 7: 1562-1570.

9. Doumas, B.T., Wastson, W.A., Biggs, H.G.: Albumin standards
and the measurement of serum albumine with bromocresol
green. Clin. Chim. Acta., 1977; 31: 87-96.

10. Kaneko, J.J.: Clinical biochemistry of domestic animals. 3rd ed.
Academic Press, New York. 1980.

11. Reitman, S., Frankel, S.: Grand wohl’s clinical laboratory methods
and diagnosis. 7th ed. C.V. Mosby Company, St. Louis. 1970.

12. Anonymous: SPSS, 5.0.1. for windows release, standard version.
Sterling Technologies, Inc., 444 N., Michigan Avenue, Chicago, IL,
60611. 1992.

13. Taha, T.A., Abdel-Gawad, E.I., Ayoub, M.A.: Monthly variations in
some reproductive parameters of barki and awassi rams
throughout 1 year under subtropical conditions. 1- Semen
characreistics and hormonal levels. Anim. Sci., 2000; 71: 317-
324.

References



M. GÜNDO⁄AN, M. SERTESER

599

14. Gündo¤an, M., Demirci, E., Bozkurt, T., Sönmez, M.: The
changes before, during and later the breeding season in the
semen characterstics of the rams. Yüzüncü Y›l Üniv. Vet. Fak.
Derg., 1997; 8: 40-42.

15. Kaya, A., Y›ld›z, C., Lehimcio¤lu, N.C., Ergin, A., Aksoy, M.:
Konya merinosu koçlar›nda sperma kalitesi, testis ölçüleri ve kan
testosteron düzeylerine iliflkin mevsimsel de¤iflikliklerin
araflt›rlmas›. Hay. Arafl. Derg., 1999; 9: 1-5.

16. Pirinçci, I., Karahan, I., Bozkurt, T., Güler, O.: Koçlarda
prostaglandin  F2α, furosemid ve indometasinin sperma özellikleri
üzerine etkilerinin araflt›r›lmas›. Vet. Bil. Derg., 2001; 17: 83-88.

17. Aral, F., Tekin, N.: Koçlarda sperma kalitesi üzerine mevsimin
etkisi. Hay. Arafl. Derg., 1996; 6: 15-20.

18. Ataman, M.B., Kaya, A., Karaca, F., Y›ld›z, C., Çoyan, K., Ergin,
A., Aksoy, M.: Toklularda testisin sezon içi ve sezon d›fl›
morfometrik ölçümleriyle spermatolojik özellikler aras›ndaki
iliflkinin belirlenerek dam›zl›k seçiminde kullan›labilirli¤inin
araflt›r›lmas›. Hay. Arafl. Derg., 1996; 6: 1-7.

19. Gündo¤an, M.: Koçlar›n testis ölçülerinin spermatolojik özellikler
ve kan serumu testosteron miktarlar› ile iliflkisi. Hay. Arafl. Derg.,
1999; 9: 49-52.

20. Pirinçci, I., Karahan, I., Gürsu, F., Bozkurt, T., Güler, O.: Koçlarda
prostaglandin F2α, furosemid ve ›ndometasinin serum testosteron
düzeyleri üzerine etkilerinin araflt›r›lmas›. Vet. Bil. Derg., 2001;
17: 5-12.

21. Alonso, A.J., Teresa, R., Garcia, M.J.R.,Vallejo, M., De-Teresa, R.:
The effects of age and reproductive status on serum and blood
parameters in Merino breed sheep. J. Vet. Med. A., 1997; 44:
223-231.

22. Jelinek, P., Illek, J., Helenova, I., Frais, Z.: Biochemical and
hematological values of the blood in rams during rearing. Acta
Vet. Brno., 1984; 53: 143-150.

23. Pavlovic, O., Vitic, J.: Proteins and lipoproteins of sheep blood
serum. Acta Vet. Yugoslavia, 1979; 29: 147-154.

24. Prabhaharan, S.K., Rao, R.G.: Total proteins, albumin, globulin
and A/G ratio in Madras red sheep. Cheiron, 1994; 23: 62-64.

25. White, I.G., Goh, P., Voglmayr, J.K.: Effect of male reproductive
tract fluids and proteins on the metabolism and motility of ram
spermatozoa. Arch. Androl., 1987; 19: 115-125.

26. Zedda, M.T., Bini, P.P., Pav, S., Sbernardori, U.: Constituents of
blood serum and blood serum of the ram. Bull. Soc. Ital. Biol.
Sper., 1996; 72: 227-230.

27. Paz, G., Lewin, L.M.: Chemical composition of seminal fluid as a
diagnostic aid in clinical andrology. Harefuah, 1992; 123: 328-
330.

28. Georgiev, G.S.: Biological and biochemical studies of the sperm
and blood serum of rams with degraded sperm production. Vet.
Med. Nauki, 1983; 20: 99-104.

29. Kelso, K.A., Redpath, A., Noble, R.C., Speake, B.K.: Lipid and
antioxidant changes in spermatozoa and blood serum throughout
the reproductive period of bulls. J. Reprod. Fert., 1997; 109: 1-
6.

30. Marai, ‹.F.M., Daader, A.H., Mekkawy, M.Y., Gabr, H.A., ‹brahim,
H.: Effect of housing system, season of year and age on some
physiological and hematological parameters and blood
constituents of  Ossimi sheep. J. Arid. Environ., 1992; 22: 277-
285.

31. Ramos, J.J., Verde, M.T., Marca, M.C., Fernandez, A.: Clinical
chemical values and variations in Rasa  Aragonesa /Aragonese/
ewes and lambs. Small Rum. Res., 1994; 13: 133-139.

32. Corteel, J.M.: Effects of blood serum on the survival and fertility
of spermatozoa kept in vitro. Reprod. Nutr. Dev., 1980; 20:
1111-1123.

33. Khokhar, B.S., Mehar, S., Chaudhary, K.C.: Transaminases in
cattle and buffalo (Bubalis bubalis) semen in relation to fertility
and seminal characteristics during moderate and colder seasons.
Anim. Reprod. Sci., 1987; 13: 177-182.


