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Summary

The aim of this study was to determine the serum oxidative status, antioxidant capacity, and oxidative stress
index, as well as aspartate aminotransferase (AST), alanine aminotransferase (ALT) and creatinine profiles, of
dairy cows fed rumen-protected choline during the transition period. A total of thirty dairy cows allotted to one
control and two experimental groups (10 animals per group) were fattened from 3 weeks prior to the expected
calving date until 3 weeks postpartum. The control group was fed a basal diet, and treatment groups 1 and 2,
were fed a basal diet containing 60 g/head/day and 120 g/head/day or rumen-protected choline, respectively.

Serum total antioxidant status (TAS) levels for the control group and treatment groups 1 and 2 at the time of
parturition were 0.56 £ 0.0292*, 0.45 + 0.028", and 0.59 + 0.036%, respectively. The differences between the groups
were statistically significant (P < 0.05). Rumen-protected choline supplementation did not have a significant
effect on TAS levels in the third week before parturition and in the first and third weeks of lactation. There
were no significant differences (P> 0.05) between the groups in terms of total oxidative status (TOS), oxidative
stress index (OSI) or creatinine levels. Serum ALT levels were significantly different (P < 0.05) between the
groups at parturition and in the first week of lactation, but not significant (P > 0.05) for the other periods. In
addition, the serum AST level was significantly different (P < 0.05) between the groups in the first and third
weeks of lactation, but not significantly different (P > 0.05) for the other periods. After removing the effect of
groups, time-dependent changes were significant (P < 0.001) for all parameters. The highest values for TAS,
TOS and OSI were obtained in the third week before parturition. The values for these parameters decreased
during parturition and after the postnatal period. The lowest values for serum ALT and creatinine occurred
at parturition.

Rumen-protected choline supplementation did not have a significant effect on serum TAS and TOS levels
during the transition period. There is a need for further studies of animals with known metabolic profiles,
malnourished animals, and those with high milk yields or metabolic disorders.
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Cows in the transition period are exposed to physi-
ological, metabolic and nutritional changes. Both the
rapid growth of the fetus and the postnatal onset of
lactation substantially increase the nutritional require-
ments of cows. Energy, vitamin and mineral intake by
dairy cows during the transition period are generally
much lower than their requirements. This condition
leads to a physiologically negative energy balance
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status of the animal (17, 19). Energy metabolism in
the periparturient period is associated with elevated
rates of production of reactive oxygen species (ROS)
(11). The proper balance between oxidants and anti-
oxidants plays an essential role in the maintenance
of the health and performance of dairy cows. The
total antioxidant capacity can act as a natural defense
system in transitioning dairy cows and can neutralize
and prevent damage caused by free radicals, which can
reduce oxidative stress (20). A decrease in the antioxi-
dant levels in serum and tissues can cause oxidative
stress and free radical damage. Oxidative stress can be
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monitored with several markers, and a number of meth-
ods have been developed to assess total antioxidant
capacity by measuring each antioxidant component
separately (9).

Choline, an essential component of cell membranes,
has a role in the synthesis of phosphatidylcholine,
which is necessary for very-low-density lipoprotein
synthesis and secretion from the liver. Choline is
also a methyl donor for the synthesis of carnitine
from methionine and lysine (16). Choline deficiency
decreased carnitine concentration in the liver. Choline
supplementation resulted in a significantly increased
carnitine concentration in the liver and significantly
lower urinary carnitine excretion. Choline indirectly
enhanced fatty acid oxidation and carnitine concentra-
tion in the liver, which may reduce the accumulation
of lipids in the liver (2). Choline, used separately as an
antioxidant (8), provides substantial protection to cells
(24). Only a small amount of dietary choline escapes
degradation in the rumen (6). Dietary choline in cattle
is rapidly and extensively degraded in the rumen (up
to 99%). Therefore, there is need to protect choline in
the rumen environment.

The objective of the present investigation was to
determine the effects of rumen-protected choline on
the oxidative status, antioxidant capacity and oxidative
stress index, as well as on AST, ALT and creatinine
profiles, of dairy cows during the transition period.

Material and methods

The use of all experimental protocols was approved by
The Ondokuz Mayis University Local Ethics Committee
on Animal Experiments.

Animals and experimental design. The animal feed-
ing experiment was conducted at the Gokkale Agriculture
and Livestock Company Limited facility in Devrekani,
Kastamonu, Turkey. A total of thirty Friesian-Holstein
dairy cows were allotted to one control and two experimen-
tal groups (10 animals per group) and then fattened from
3 weeks prior to the expected calving date until 3 weeks
postpartum. The research was conducted from 15 March to
20 May 2014. The control group was fed the basal diet, and
treatment groups 1 and 2 were fed a basal diet containing
60 g/head/day and 120 g/head/day of rumen-protected
choline, respectively. The rumen-protected choline was
provided by YEM-VIT Vitamin Feed Additives Inc. in
Kemalpasa, [zmir.

Biochemical analysis. Blood samples were taken in the
third week before parturition, at the time of parturition, and
in the first and third weeks of lactation. The samples were
taken from the coccygeal vein into 10 ml non-heparinized
tubes and stood at room temperature for up to 30 min to
facilitate clotting. Serum was removed by centrifugation at
1150 g for 10 minutes in a refrigerated centrifuge at 4°C.
Serum samples were stored at —20°C until analysis.

Serum ALT, AST and creatinine levels in the cows were
measured with commercial autoanalyzer test kits (Audit
Diagnostics, Ireland) in a biochemistry autoanalyzer (Auto-
lab, AMS srl, Autoanalyzer, Netherlands).
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Serum total antioxidant status (TAS) was measured with
Rel Assay commercial kits by the colorimetric method.
This method of measurement is based on decolorization
in proportion to the total concentration of the antioxidant
molecules of the coloring radical as a result of reduction
of 2,2’-azino-bis 3-ethylbenzthiazoline-6-sulfonic acid
(ABTS) cationic radicals by the antioxidant molecules. The
results were expressed as mmol Trolox equivalent/L (10).

Serum total oxidative status (TOS) was measured with
Rel Assay commercial kits by the colorimetric method. In
this method, the oxidant molecules within a sample are
based on the oxidation of the ferrous ion-o-dianisidine
complex to the ferric ion. The results were expressed as
umol H, O, Equivalent/L (9).

The TOS-to-TAS ratio was also calculated as the oxi-
dative stress index (OSI) value (Erel, 2005). The results
were expressed as Arbitrary Units (AU) (9). OSI = (TOS/
TAS) x 100.

Statistical analysis. The data were analyzed using the
one-way ANOVA procedure of SPSS software (IBM SPSS
Version 20 software package, Ondokuz Mayis University,
Samsun, Turkey). Data were checked for normality with
the Kolmogorov-Smirnov Test and for homogeneity of
variance with the LeveneTest. Differences were considered
significant at P < 0.05. All variables were expressed as the
mean and standard error (SE).

Results and discussion

During the transition period, dairy cows undergo
a variety of physiological and metabolic changes.
These occur in the blood plasma due to metabolic
changes. Antioxidants play an important role in con-
trolling oxidative reactions; this activity is related to
the reactivity of the antioxidants with free radicals
(25). Mean values of TAS, TOS, OSI, ALT, AST and
creatinine activities in dairy cows during the third week
before parturition, during parturition, and during the
first and third weeks of lactation by groups within the
periods are given in Table 1. Mean values of TAS, TOS,
OSI, ALT, AST and creatinine activities in dairy cows
by periods are shown in Table 2. In the present study,
serum TAS levels for the control group and treatment
groups 1 and 2 at parturition time were 0.56 + 0.029%,
0.45+0.028% and 0.59 + 0.036%, respectively. The dif-
ferences between groups were significantly different
(P <0.05) for the TAS levels in serum at parturition.
The TAS levels of cows administered 120 g/head/day
of rumen-protected choline were significantly higher
at parturition, and thus would be expected to have
improved antioxidant status and reduced oxidative
stress. Rumen-protected choline supplementation
did not have a significant effect on TAS levels in the
third week before parturition and in the first and third
weeks of lactation. The TAS concentration was only
significantly higher at three weeks before calving, thus
indicating a lower antioxidant status and higher oxida-
tive stress at weeks one and three after calving. The
TAS levels indicated a reduction in overall antioxidant
potential at parturition time and in the early lactation



Med. Weter. 2017, 73 (8), 483-487

485

Tab. 1. Mean values of TAS, TOS, OSI, ALT, AST and creatinine activities in dairy cows during the third week before partu-
rition, during parturition, and during the first and third weeks of lactation by groups within the periods (n = 10)

Parameters Groups Periods
Third week before parturition Parturition First week of lactation | Third week of lactation

TAS, mmol Trolox Control 0.70 £ 0.021 0.56 + 0.029* 0.40 £ 0.023 0.35+0.033

equivalent/L Treatment Group 1 0.68 + 0.029 0.45 + 0.028" 0.42 +0.049 0.45 + 0.067
Treatment Group 2 0.71 £ 0.022 0.59 + 0.036° 0.49 +0.043 0.38 + 0.056
P NS * NS NS

TOS, pmol H,0, Control 30.79£3.217 8.67 = 0.574 16.80 £ 1.573 10.32 £1.439

equivalent/L Treatment Group 1 26.02 + 3.974 7.72£0.158 14.35 + 0.846 12.96 + 1.060
Treatment Group 2 34.64 + 5.086 9.69 +1.223 15.12 £1.045 14.47 £1.294
P value NS NS NS NS

08I, Au Control 0.44 £0.043 0.16 £ 0.011 0.42 £ 0.045 0.32 £ 0.052
Treatment Group 1 0.38 + 0.053 0.18 £ 0.012 0.39 + 0.065 0.35+0.079
Treatment Group 2 0.48 + 0.061 0.16 £ 0.013 0.33 £0.029 0.45 + 0.066
P value NS NS NS NS

ALT, IU/L Control 10.22 +1.412 5.67 £ 0.471> 3.67 £ 0.527" 13.11£1.438
Treatment Group 1 8.75 +1.031 4.38 + 0.532" 14.25 + 2.094° 14.50 + 1.669
Treatment Group 2 11.11 £1.882 6.33 + 0.6012 7.11 £0.920° 15.44 £1.119
P value NS * * NS

AST, IU/L Control 63.89 +3.743 68.22 + 6.778 41.78 + 4.146° 28.67 +4.500
Treatment Group 1 66.00 + 2.686 54.13 + 6.096 42.13 +5.740° 69.00 = 6.030°
Treatment Group 2 56.89 +4.188 54.00 +4.031 22.22 +2.943" 45.67 +5.094"
P value NS NS * *

Creatinine, mg/dL Control 2.11 £ 0.0906 1.40+0.219 1.32+0.138 1.60 + 0.204
Treatment Group 1 1.97 £ 0.0697 1.18 £ 0.076 1.41£0.245 1.93 £ 0.237
Treatment Group 2 2.03 £ 0.0792 1.29+0.120 1.18 £ 0.040 1.32 £0.105
P value NS NS NS NS

Explanations: NS: non-significant; means within the same column with a different letter are significantly different (P < 0.05)

Tab. 2. Mean values of TAS, TOS, OSI, ALT, AST, and creatinine activities in dairy cows by periods (n = 30)

Parameters Periods

Third week before parturition Parturition First week of lactation Third week of lactation P
TAS, mmol Trolox Eq/L 0.70 +0.013° 0.54 + 0.021* 0.44 +0.023 0.39 + 0.030° *
TOS, pmol H,0, Eq/L 30.65 + 2.420° 8.73 + 0.480° 15.46 + 0.706" 12.57 + 0.796" *
0sl, Au 0.44 + 0.030° 0.16 + 0.007° 0.38 +0.027° 0.37 +0.038° *
ALT, IUL 10.08 = 0.861" 5.50 + 0.339° 8.12 £ 1.120" 14.35 + 0.804° *
AST, IUL 62.12 + 2.174 58.96 + 3.450* 35.12+3.037* 46.96 + 4.345" *
Creatinine, mg/dL 2.05 + 0.046° 1.30 + 0.088° 1.30 + 0.089° 1.59 +0.113" *

Explanations: means within the same row with a different letter are significantly different (P < 0.05)

period. Castillo et al. (3) reported that serum TAS
levels were not significantly different between the first
weeks of the early lactation period and the late lactation
period. They further reported that serum TAS levels
fluctuated markedly during the first weeks of the early
lactation period, a finding which is supported by our
study. Jian Gong and Min Xiao (13) determined that
serum TAS in early-lactation cows was significantly
higher than in dry and peak-lactation cows. This finding
is not consistent with the results of the present study.

In addition, Aydilek et al. (1) reported that the estrous
cycle affected TAS values in dairy cows, which were
higher than in our study.

The TOS and OSI indices are important param-
eters for monitoring the health of dairy cows during
the transition period. The OSI index is based on the
ratio between reactive oxygen substances and serum
antioxidant capacity. An increase in the ratio indicates
risk of oxidative stress because of the increase in ROS
production or defensive antioxidant consumption (5).
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In the present study, the serum TOS levels for the
control group and treatment groups 1 and 2 at the time
of parturition were 8.67 = 0.574, 7.72 + 0.158, and
9.69 + 1.223, respectively. The serum OSI values for
the control group and treatment groups 1 and 2 at the
time of parturition were 0.16 = 0.011, 0.18 = 0.012,
and 0.16 £0.013, respectively. However, there was no
statistically significant difference between the control
and treatment groups for TOS and OSI status. The
TOS level at parturition was significantly lower than
in the third week before parturition and in the first and
third weeks of lactation. In Table 2, the main effects
of the periods without group effects in the model were
highly significant (P < 0.001) for all parameters. The
highest values for TOS and OSI were obtained in the
third week before parturition. These values decreased
during parturition.

The results of the present study therefore evidence
significant changes in the indicators of the oxidative
stress and antioxidant status of dairy cows during the
transition period. Our results suggest more oxidative
stress and lower antioxidant defense capacity just
after parturition or during early lactation than during
advanced pregnancy, which may contribute to the
incidence of many metabolic diseases (27). Therefore,
regular monitoring of the antioxidant profile and
supplementation with antioxidants could help to reduce
the incidence of these diseases in transition cows. The
levels of serum TOS in the colostrum period of cows
were between 4.98 and 6.52 (22). These findings are
consistent with results for parturition in the present
study on dairy cattle.

Serum creatinine gives an insight into the renal
health of cows during the transition period. The
serum creatinine concentration, which is an indicator
of renal function, is affected by the dietary intake of
proteins. In this study, serum creatinine levels were not
significantly different (P > 0.05) between the groups.
However, the level decreased during the calving period
and in the first and third weeks of lactation when com-
pared to the third week before the calving period. In the
present study, serum creatinine levels were not affected
by the physiological period and rumen-protected
choline administration. Castillo et al. (3) reported that
creatinine levels at 1 and 2 weeks after calving were
1.35+0.07 and 1.14 + 0.03 mg/dL, respectively, which
were similar to those in the present study. In Table 2,
serum creatinine levels of the periods without group
effects were significantly lower (P < 0.05) in the third
week before calving and in the calving period than in
the first and third weeks of lactation.

ALT activity shows difference in cows during the
transition period. In this study, there was a significant
(P < 0.05) difference in the serum ALT level between
the groups at parturition and the first week of lacta-
tion, but no significant difference (P > 0.05) between
three weeks before parturition and the third week of

Med. Weter. 2017, 73 (8), 483-487

lactation. ALT activity in cows during the transition
period reached its highest level during the third week of
lactation, although there was no significant (P > 0.05)
difference between the groups. Specifically, ALT activ-
ity in the third week of lactation was 260% more than
at parturition (Tab. 2). Stojevi¢ et al. (29) reported
a mean of 8.91 U/L of ALT between days 10 and 45
days of lactation. For the same period in the present
study, serum ALT levels were within the range of 8.12
and 14.35 U/L. Serum ALT levels in cows differ during
certain periods. The serum ALT levels in the current
study were similar to those found by some research-
ers (12, 21) but different from those found by others
(18, 26). The authors of the present study believe that
this difference may be due to the animal’s production
capability, clinical healthy status, and the composition
of rations in the dry and lactation periods.

Serum AST levels were significantly different
(P < 0.05) between the groups at the first and third
weeks of lactation, but not significantly different
(P> 0.05) for the other periods. Aspartate aminotrans-
ferase (AST) can be used to assess liver function. Its
activity is mostly related to fatty liver syndrome in
dairy cows (4). Furthermore, it is also associated with
the lack of appetite and the appearance of ketosis in
dairy cows during early lactation (28). Gonzalez et
al. (14) stated that hepatic lesions can occur when the
AST value is above 100 U/L. The present study showed
a decrease in the serum AST values in the first week
of lactation in cows administered rumen-protected
choline. Serum AST levels in treatment groups 1 and 2
were higher than in the control group in the third week
of lactation. The negative energy balance that can occur
in early lactation in high-producing dairy cows may
cause cellular damage in the liver as a result of lipid
mobilization. Choline that is protected from rumen
degradation in this period may reduce the accumulation
of liver lipid, enabling very-low-density lipoprotein
synthesis and secretion from the liver (15). Djokovié¢
et al. (7) stated that the serum AST level of cows in
early lactation was higher (P < 0.05) than that of cows
in late pregnancy, which was different from the find-
ings of the present study. Separately, Ogiin et al. (23)
reported that AST levels increased during parturition
and in the postpartum period. These levels were much
higher than the ones in the current study. This may be
due to cellular damage in the liver caused by the nega-
tive energy balance in cows during parturition and in
the early postpartum period.

Overall, the present study demonstrated that admin-
istering rumen-protected choline at 120 g/head/day
enhanced antioxidant capacity at parturition in dairy
cows. Rumen-protected choline supplementation did
not have a significant effect on serum TAS and TOS
levels in the third week before parturition and in the
first and third weeks of lactation. To better understand
the effectiveness of rumen-protected choline, there
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is a need for further studies of animals with known
metabolic profiles, malnourished animals, and those
producing large volumes of milk or with metabolic
disorders.

References

1. Aydilek N., Varish 0., Selek S., Korkmaz 0., Ath M., Taskin A.: The effect of
estrous cycle on oxidant and antioxidant parameters in dairy cows. Kafkas
Univ. Vet. Fak. Derg. 2014, 20, 703-709.

2. Carter A. L., Frenkel R.: The relationship of choline and carnitine in the choline
deficient rat. J. Nutr. 1978, 108, 1748-1754.

3. Castillo C., Hernandez J., Valverde I., Pereira V., Sotillo J., Alonso M. L.,
Benedito J.: Plasma malonaldehyde (MDA) and total antioxidant status (TAS)
during lactation in dairy cows. Res. Vet. Sci. 2006, 80, 133-139.

4.Cebra C. K., Garry F. B., Getzy D. M., Fettman M. J.: Hepatic lipidosis in
anorectic, lactating Holstein cattle: a retrospective study of serum biochemical
abnormalities. J. Vet. Intern. Med. 1997, 11, 231-237.

5. Celi P.: Biomarkers of oxidative stress in ruminant medicine. Immunopharmacol.
Immunotoxicol. 2011, 33, 233-240.

6. Dawson R., Grime D. W., Lindsay D. B.: On the insensitivity of sheep to the
almost complete microbial destruction of dietary choline before alimentary-
tract absorption. Biochem. J. 1981, 196, 499-504.

7.Djokovi¢ R., Kuréubic¢ V., 1li¢ Z., Cincovi¢ M., Petrovi¢ M., Fratri¢ N.,
Jasovi¢ B.: Evaluation of metabolic status in Simmental dairy cows during
late pregnancy and early lactation. Veterinarski arhiv. 2013, 83, 593-602.

8. Elsawy G., Abdelrahman O., Hamza A.: Effect of choline supplementation on
rapid weight loss and biochemical variables among female Tackwondo and
Judo athletes. J. Hum. Kinet. 2014, 40, 77-82.

9.Erel O.: A new automated colorimetric method for measuring total oxidant
status. Clin. Biochem. 2005, 38, 1103-1111.

10. Erel O.: A novel automated method to measure total antioxidant response
against potent free radical reactions. Clin. Biochem. 2004, 37, 112-119.

11. Gaal T, Ribiczeyne-Szabo P, Stadler K., Jakus J., Reiczigel J., Kovér P,
Mezes M., Siimeghy L.: Free radicals, lipid peroxidation and the antioxidant
system in the blood of cows and newborn calves around calving. Comp.
Biochem. Physiol. B Biochem. Mol. Biol. 2006, 143, 391-396.

12. Gilbert O. R., Gyles C. L., Perry T. W.: Metabolic disorders, [in]: Aiello S. E.,
Mays A. (eds): The Veterinary Merck Manuel, Whitehouse Station, NJ, USA
1998, p. 723-747.

13. Gong J., Xiao M.: Selenium and Antioxidant Status in Dairy Cows at Different
Stages of Lactation. Biol. Trace Elem. Res. 2016, 171, 89-93.

14. Gonzalez F. D., Muiiio R., Pereira V., Campos R., Benedito J. L.: Relationship
among blood indicators of lipomobilization and hepatic function during early
lactation in high-yielding dairy cows. J. Vet. Sci. 2011, 12, 251-255.

487

15. Goselink R., Van Baal J., Widjaja H., Dekker R., Zom R., De Veth M., Van
Vuuren A.: Effect of rumen-protected choline supplementation on liver and
adipose gene expression during the transition period in dairy cattle. J. Dairy
Sci. 2013, 96, 1102-1116.

16. Griffith O. W.: Mammalian sulfur amino acid metabolism: an overview.
Methods Enzymol. 1987, 143, 366-376.

17. Grummer R. R., Mashek D. G., Hayirli A.: Dry matter intake and energy
balance in the transition period. Am. Food Anim. Pract. 2004, 20, 447-470.

18. Hoffmann W. E., Solter P. F: Clinical biochemistry of domestic animals.
Kaneko, Harvey, Bruss (Editors), Academic Press, USA 2008, p. 351-378.

19. Ingvartsen K. L., Boisclair Y.: Leptin and the regulation of food intake, energy
homeostasis and immunity with special focus on periparturient ruminants.
Domest. Anim. Endocrinol. 2001, 21, 215-250.

20. Kankfer M., Lipko J.: The relationship between lipid peroxidation in tensity
and total antioxidant capacity in cases of spontanously released and retained
bovine placenta. Vet. Med. 2006, 157, 405-409.

21. Kauppinen K.: ALAT, AP, ASAT, GGT, OCT activities and urea and total bili-
rubin concentrations in plasma of normal and ketotic dairy cows. Transbound.
Emerg. Dis. 1984, 31, 567-576.

22.Kaya I., Karapehlivan M., Kukurt A.: Investigation of Serum Oxidative Stress
Index and Paraoxonase Activity Levels in Colostrum Period of Dairy Cows.
Int. J. Livest. Res. 2016, 6, 1-7.

23. Ogiin M., Merhan O., Kukurt A., Kuru M., Karapehlivan M.: The Effect of
Borax on Some Energy Metabolites in Dairy Cows during the Transition
Period. Kafkas Univ. Vet. Fak. 2016, 22, 437-442.

24. Pisoschi A. M., Pop A.: The role of antioxidants in the chemistry of oxidative
stress: a review. Eur. J. Med. Chem. 2015, 97, 55-74.

25. Roginsky V., Lissi E. A.: Review of methods to determine chain-breaking
antioxidant activity in food. Food Chem. 2005, 92, 235-254.

26. Seving M., Basoglu A., Birdane F., Gok¢en M., Kiigiikfindik M.: The changes
of metabolic profile in dairy cows during dry period and after. Turk. J. Vet.
Anim. Sci. 1999, 23, 475-478.

27. Sordillo L. M., Aitken S. L.: Impact of oxidative stress on the health and immune
function of dairy cattle. Vet. Immunol. Immunopathol. 2009, 128, 104-109.

28. Steen A.: Field study of dairy cows with reduced appetite in early lactation:
clinical examinations, blood and rumen fluid analyses. Acta Vet. Scand. 2001,
42,219.

29. Stojevié Z., Pirsljin J., Milinkovic¢-Tur S., Zdelar-Tuk M., Ljubié¢ B. B.: Activities
of AST, ALT and GGT in clinically healthy dairy cows during lactation and
in the dry period. Vet. Arhiv. 2005, 75, 67-73.

Corresponding author: Mustafa Salman, Assoc. Prof. Dr., University of
Ondokuz Mayis, Department of Animal Nutrition and Nutritional Diseases,
Kurupelit Campuse, 55139, Atakum-Samsun, Turkey; e-mail: msalman@
omu.edu.tr



