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ABSTRACT. This study aims to evaluate the oxidative stress during hot summer season using

serum oxidative stress biomarkers and elucidate the effects of serum antioxidant vitamin levels

in dairy and beef cows in a daytime grazing system. Blood samples were collected once a month

from eight Holstein Friesian (HF) and 10 Japanese Black (JB) cows from November 2013 to October

2014. Serum values of derivatives of reactive oxygen metabolites (d-ROMs) tended to be higher

in March in both breeds and those in HF cows were kept at higher (P<0.001) levels than those in

JB cows during the study period. Serum levels of biological antioxidant potential (BAP) in both

breeds were maintained at almost the same values during study period. The OSI [(d-ROMs/BAP)

% 100] values in both breeds showed similar seasonal changes, i. e. increase from December

J. Vet. Med. Sci. to March and decrease from March to August or September. In addition, the OSl values in HF

) cows were kept at higher (P<0.01) levels than those in JB cows during the study period. Serum

80(1): 20-27, 2018 concentrations of a-tocopherol, 3-carotene, blood urea nitrogen and total cholesterol showed

doi: 10.1292/jvms.17-0321 similar seasonal changes in both breeds, low in the winter and high from spring to summer,

which may be attributed to the pasture grass intake. Opposite changes in OSI values and serum

concentrations of a-tocopherol and B-carotene indicated that antioxidant vitamin levels could
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The production of a lactating dairy cow is negatively affected by heat stress and heat stress is among the most important factors
that affects farm profitability during the warm season [8, 20, 45]. Economic losses due to decreased performance (e.g. feed intake,
growth and milk yield), increased mortality and decreased reproduction averaged USD 897 million per year in the United States
dairy industry over a decade ago [43]. The decline in milk production depends on the temperature humidity index (THI) and the
average milk yield decreases more quickly as THI increases [10]. In addition, the conception rate and pregnancy rate in dairy
cattle decrease above THI 72 [19]. Heat stress reduced performance and is a significant animal welfare concern in feedlot cattle
during the final phase of the feeding period [28]. Japanese Black (JB) cows showed a decrease in the total number of inseminations
and conceptions in the summer season [39]. The conception rates of beef cows decrease when the ambient temperature during
the summer breeding season is high compared with the winter breeding season [3]. Also, an elevated ambient temperature during
the summer season can affect beef cows by increasing their respiratory rate and rectal temperature [9]. Feed intake and milk
production decrease during summer heat stress as a result of increased body temperature and respiratory rate [12, 17].

On the other hand, the total antioxidant status concentrations in serum of heifers were lower in the summer than winter in peri-
and postpartum periods [48] and summer hottest period increased plasma values of reactive oxygen metabolite substances (ROMs)
and decreased those of total carotenes and vitamin E in mid-lactating cows [13]. Increased oxidant parameters and decreased
antioxidant parameters in blood during the hot summer season have been reported in dairy [44] and buffalo cows [37]. In addition,
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heat stress increases antioxidant enzymes activities, namely superoxide dismutase, catalase and glutathione peroxidase in response
to increased reactive oxygen species (ROS) levels [5].

As some regions in the western part of Japan experience hot summer conditions, the occurrence of heat stress in livestock needs
to be evaluated. The derivatives of reactive oxygen metabolites (d-ROMs) test exhibits good accuracy as well as linearity and
is a simple, reliable and cheap test for the measurement of endogenous hydroperoxides. In addition, it can be easily applied on
an automated analyser [46] and is a particularly suitable biomarker for evaluating oxidative stress in different clinical conditions
[49]. The plasma biological antioxidant potential [the capacity of a plasma sample to reduce iron from its ferric (Fe3") to ferrous
(Fe?") form] is measured by the biological antioxidant potential (BAP) test. This test is a photometric test which provides a global
measurement of many antioxidants, including uric acid, ascorbic acid, proteins, a-tocopherol and bilirubin [6].

Therefore, it has been hypothesized that heat stress in the summer affects serum values of oxidative stress biomarkers, i.e.
d-ROMs and BAP and the abundant grazing from spring to summer also influences them through the alternation in serum
antioxidant vitamin levels in cattle in a daytime grazing system. However, studies that have evaluated heat stress by measuring
serum d-ROMs and BAP in cattle remain limited. The purpose of this study was to evaluate the oxidative stress during hot summer
season using serum oxidative stress biomarkers and elucidate the effects of serum antioxidant vitamin levels in dairy and beef cows
in a daytime grazing system.

MATERIALS AND METHODS

Experimental animals

Eight Holstein Frisian (HF) cows [age, 4.95 £ 0.78 years (mean £ SE); number of calving, 2.5 + 0.5; body weight, 569.8 & 29.0
kg; body condition score, 2.93 £ 0.16] and 10 JB cows (age, 5.2 + 0.9 years; number of calving, 3.6 + 0.7; body weight, 468.7 +
12.7 kg) raised on the Sumiyoshi Livestock Science Station, an experimental farm of the University of Miyazaki (total area = 50 ha,
latitude 31° 59° north, longitude 131° 28’ east), were enrolled in the experiment from November 2013 to October 2014. HF and JB
cows were pastured separately in all seasons from 09:00 to 16:00 hr, on 0.5 to 3.2 ha of Bahia grass (Paspalum notatum Fluegge) and
Centipede grass (Eremochloa ophiuroides) pasture, depending on the quantity of available grass, and kept in a freestall barn (19.1
m?/head) from 16:00 to 09:00 hr. During the winter season from November to April, JB cows were fed with wrapped bale silage of
Guinea grass or Rhodes grass (13—15 kg/head/day). In addition, they were given wheat bran (2-3 kg), soybean meal (0.2-0.3 kg)
and steam rolled corn (0.2—0.3 kg) from one week before the anticipated calving day through seven weeks after calving. HF cows
in lactation period were fed with steam rolled barley (3.3 kg), wheat bran (1.7 kg), soybean meal (1.7 kg), steam rolled corn (1.7
kg) and beet pulp (2.5 kg), while those in dry period were given steam rolled barley (1.3 kg), wheat bran (0.7 kg), soybean meal
(0.7 kg), steam rolled corn (0.7 kg) and beet pulp (1.0 kg). Additionally, they were fed with corn silage (15.3 kg) from November to
April and wrapped bale silage of Italian ryegrass, Guinea grass or Rhodes grass (7.6 kg) all year round. All HF calves were separated
from their dams during the first or second days after birth, while all JB dams nursed their calves for nearly four months. On average,
the HF cows were dried off 20 weeks before calving. Five HF cows calved in December, January, March, April and June. Two HF
cows calved in October. The remaining one HF cow calved in December 2014 after the study period. Figure 1 shows the monthly
individual average milk production, the number of milking animals and the average number of calving in milking animals. Four and
Five JB cows calved in December and January, respectively. In addition, one JB cow calved in February. None of the enrolled cows
experienced any accidents at parturition and also showed no clinical signs during the study period. All the protocols were approved
by the Institutional Review Board for animal experiments of the University of Miyazaki (Approval number: 2013-035).
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Fig. 1. Monthly individual average milk production (£ SE) in HF cows. *The number and the number in parenthesis indicate the number of
milking animals and the average number of calving in milking animals for each month, respectively.
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Blood collection

Individual blood samples were collected from the jugular vein into 10 m/ vacutainer tubes once a month and brought to the
laboratory in chilled ice boxes soon after collection, and centrifuged at 3,000 x g for 15 min to separate the serum from packed
erythrocytes. Blood serum was stored at —80°C until d-ROMs, BAP, blood urea nitrogen (BUN), total cholesterol (T-Cho) and
vitamin analyses. Additionally, blood samples were collected from five HF and seven JB cows four weeks prepartum, at calving as
well as one and four weeks postpartum in order to evaluate the peripartum changes in serum oxidative biomarker values.

Measurement of serum d-ROMs, BAP and biochemical values

The serum was thawed and then stirred thoroughly with a vortex mixer. The d-ROMs and BAP were measured using a free
radical analyzer system (FREE carpe diem, Wismerll Co., Ltd., Tokyo, Japan). In addition, an oxidative stress index (OSI) was
estimated using the ratio of d-ROMs/BAP multiplied by 100. Celi [15] proposed that when oxidative stress was evaluated using
ROMs and BAP, the information of oxidative stress level was more accurate when combining ROMs and BAP data than using
them separately. For measurements of serum BUN and T-Cho, a blood biochemistry automatic analyzer (Fuji Dri-Chem 7000V,
FUJI FILM Medical Co., Ltd., Tokyo, Japan) was used.

Measurement of vitamin concentration

Serum concentrations of retinol, a-tocopherol and B-carotene were analyzed by high-performance liquid chromatography
(HPLC) following the method of Katamoto ez al. [33] with some modification. Briefly, 0.5 m/ of serum was placed into a
centrifuge tube together with 0.5 m/ of an ascorbic acid solution (1 mg/m/ ethanol) and 0.5 m/ of a-tocopherol acetate solution
(8 ug/ml ethanol) as an internal standard and mixed. After 5 m/ of hexane was added to the tube, the samples were vigorously
shaken for 10 min. The mixture was centrifuged at 1,000 X g for 5 min and the hexane layer was removed and filtered through a
syringe filter (pore size 0.45 ym, Whatman Inc., NJ, U.S.A.). The filtrate was evaporated under nitrogen at 37°C and the residue
was dissolved in 0.5 m/ of methanol/chloroform (85:15, v/v) by sonication and 20 u/ was injected into the HPLC column. The
instruments used in this assay were as follows: the HPLC equipment was a Shimadzu LC-9A (Shimadzu Co., Ltd., Kyoto, Japan)
with a COSMOSIL 5C4-MS-II, 4.6 1.D. x 150 mm column (Nacalai Tesque, Inc., Kyoto, Japan). The eluent was methanol/
chloroform (90:10, v/v) and the flow rate was 0.9 m//min. Retinol, a-tocopherol and B-carotene were detected at wavelengths of
325, 292 and 450 nm, respectively, with a Shimadzu SPD-10AV programmable multi-wavelength detector.

Calculation of THI

THI, which is an indicator of heat stress, was calculated by the formula [0.8 T + 0.01 H (T—14.3) + 46.3] where T: temperature
(°C) and H: humidity (%). THI was calculated using monthly average maximum temperature and humidity in Miyazaki prefecture
from November 2013 to October 2014.

Statistical analysis

All statistical analyses were conducted using R version 3.3.2. Two-way repeated measures analysis of variance (ANOVA) was
used to determine the effects of breed and month. When the sphericity was not assumed, Greenhouse-Geisser’s adjustment was
conducted. Simple effects for interaction between breed and month were also estimated. If significant interaction was not observed
though both breed difference and monthly difference, Welch’s #-test and one-way repeated measures ANOVA were used to compare
HF and JB in each month and to compare monthly variables in each breed, respectively. Multiple comparison was performed with
Holm’s correction. In addition, peripartum variables in each breed were analyzed using one-way repeated measures ANOVA. To
investigate the effect of lactation on OSI level, generalized linear mixed model was used. Results are expressed as the mean + SE
(standard error). A P value <0.05 was considered significant.

RESULTS

Figure 2 presents THI values from November 2013 to October 2014. The THI was >72 from May to October 2014. The
breed x month interactions (P<0.05) were observed for serum d-ROMs, BAP, a-tocopherol, B-carotene and BUN. Serum levels
of d-ROMs, a biomarker of oxidative stress, were highest in December in HF cows and also tended to be higher in March in both
breeds (Fig. 3A). The d-ROMs values in HF cows were kept at higher (P<0.001) levels than those in JB cows during the study
period. Serum levels of BAP in both breeds were maintained at almost the same values during study period except in December,
January and February (Fig. 3B). Although there was no breed x month interaction, the breed effect (P<0.001) was observed on
OSI. The OSI values increased (P<0.05) from December to March in JB cows (Fig. 3C). Both breeds of cows showed similar
seasonal changes, i. e. increase from December to March and decrease from March to August or September. The OSI values in HF
cows were kept at higher (P<0.01) levels than those in JB cows during the study period. Table 1 shows serum values of oxidative
stress biomarker during peripartum period. There was no significant difference among the mean values in each breed. The results of
generalized linear mixed model analysis showed no effect of lactation on OSI level in HF cows.

There was no breed x month interaction for serum retinol. Serum retinol concentrations were almost constant and were
maintained at the lower reference range limit (83.3-200 [U/d/) [23] in both breeds during the study period (Fig. 4A). Serum
a-tocopherol concentrations tended to decrease from November to February and then increased (P<0.05) to May in HF cows (Fig.
4B). Similarly, serum o-tocopherol concentrations tended to decrease from November to March and then tended to increase to July
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Fig. 2. Monthly mean temperature and humidity index (THI) from November 2013 to October 2014. Dashed line represents the THI value of 72.

Table 1. Serum values of oxidative stress biomarker during peripartum period in HF and JB cows

Weeks relative to calving

Animal Parameter Units

-4 W 0 1W 4 W
HF (n=5) d-ROMs U. CARR 85.6 6.1 89.6 + 14.1 772+134 101.6 £ 6.8
BAP umol/l 3,055.9+294.4 2,506.8 + 150.4 2,906.4 +£275.9 2,906.3 £ 166.6
OSI 2.89 +0.32 3.75+£0.86 2.86 +0.59 3.53+£0.26
IB (n=7) d-ROMs U. CARR 46.6 £ 8.6 44.1+£7.7 56.6+12.0 56.1+7.8
BAP umol/! 2,641.3 £105.5 2,755.7+102.7 2,746.1 £ 88.1 2,7349+142.9
OSI 1.83 £0.38 1.62 £0.30 2.11 £0.47 2.10£0.31

Data are expressed as mean + SE.

in JB cows. Both HF and JB cows showed a tendency to decrease in a-tocopherol concentrations in August. Serum B-carotene
concentrations tended to decrease from December to February and then increased (P<0.05) to May in HF cows (Fig. 4C). Similarly,
serum f-carotene concentrations tended to decrease from December to March and then tended to increase to June in JB cows.
Similar to serum o-tocopherol concentrations, both HF and JB cows showed a tendency to decrease in B-carotene concentrations

in August. The BUN values were low from November to May and increased (P<0.05) to June followed by a decrease (P<0.05) to
August in HF cows (Fig. 5A). The BUN concentrations in JB cows decreased (P<0.05) from November to March and increased
(P<0.05) from May to June followed by a decreased tendency to July. No breed x month interaction was observed for serum
T-Cho. Serum T-Cho concentrations tended to decrease from November to April and then tended to increase to May in HF cows
(Fig. 5B). Similarly, serum T-Cho concentrations tended to decrease from November to March and then tended to increase to May
in JB cows. In addition, serum T-Cho concentrations tended to decrease from May to August in both breeds.

DISCUSSION

The THI has been developed as an indicator of a heat load index, and heat stress is defined as a THI =72 [40]. A value of <70 is
considered comfortable, 75-78 stressful and >78 causes extreme distress with lactating cows unable to maintain thermoregulatory
mechanisms or normal body temperature [32]. The monthly mean THI in May (73.6), June (77.4), July (88.4), August (90.0),
September (81.6) and October (74.4) were >72; therefore, animals were considered to be exposed to heat stress during these
months.

Abuelo et al. [1] found statistical differences in the values of oxidative stress index (reactive oxygen substances/serum antioxidant
capacity) between foregoing and subsequent parturition stage, suggesting that dairy cows experienced an oxidative challenge after
parturition. In this study, no significant difference was found in serum values of oxidative stress biomarker during peripartum period.
This discrepancy could be attributed to the differences in climate condition and diet composition. Additionally, although almost
all JB cows (9/10) calved in December or January, OSI values and concentrations of vitamins, BUN and T-Cho exhibited similar
seasonal changes in both breeds. Thus, it was considered that parturition did not significantly affect their seasonal changes.

The results of our study showed that serum d-ROMs and OSI values were maintained at higher levels in HF cows compared
to JB cows during the study period, suggesting higher levels of oxidative stress. The JB and HF breeds used in this study were
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Fig. 5. (A) Mean concentrations (= SE) of BUN and (B) serum T-Cho in HF and JB cows pastured during the daytime from November 2013 to
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respectively. *, ¥* *** Sjonificantly differs from the value in JB cows within a sampling period at P<0.05, P<0.01 and P<0.001, respectively.

bred for different purposes. JB cows are raised as breeding cows for beef cattle, while HF cows are bred as dairy cattle. High milk
productivity can be associated with oxidative stress due to the increased cellular metabolism involved [14, 35]. The mean 26 weeks
cumulative milk yield was 854 kg for JB cows with single calves [42]. Thus, milk productivity in JB cows was supposed to be
lower than that in HF cows. However, statistically significant effect of lactation on OSI level was not observed in this study. In Fig.
1, the individual average milk production in milking animals was highest in April (31.6 + 4.4 kg) and lowest in December (16.5 +
1.5 kg). These changes were considered to be due to the different stages of lactation, because three of five and one of seven cows
were categorised into early lactation stage in April and in December, respectively. Feeding high levels of starch in the diet to early
lactation cows increased oxidative stress due to cellular metabolism probably shifted towards oxidative phosphorylation [24]. HF
cows were fed concentrate in all stages including lactation and dry periods, while JB cows were fed concentrate only in peripartum
period for eight weeks. Therefore, concentrate feeding in all stages might be the reason for higher oxidative stress in HF cows.
Seasonal heat stress is more prominent in HF cows than in other European dairy breeds [25]. Furthermore, high yielding cows
are more sensitive to a hot environment than low yielding cows, and body heat production is higher in high producing dairy cows
[31, 50]. In addition, Sakatani et al. [41] reported that since the body mass of a HF cow is heavier than that of a JB cow, their heat
emission efficiency from their body surface could be lower than in JB cows. Thus, these may be other reasons for higher oxidative
stress in HF cows.

Seasonal and nutritional factors can influence oxidative stress biomarker values [7, 22]. In our study, serum d-ROMs and
OSI values were higher in March in both breeds. On the other hand, serum a-tocopherol and B-carotene concentrations were
lower in February or March. The reason for higher d-ROMs and OSI values could be due to the decrease in serum a-tocopherol
and P-carotene concentrations. These observations can be attributed to seasonal dietary changes. Around the winter season, the
availability of fresh forage is low and the diet is mostly supplemented with silage which has a poor antioxidant content [4]. In
addition, cows are fed with conserved forage and cereal grains during the winter season. According to Kay et al. [34], these kinds
of feed have a low a-tocopherol concentration compared to fresh pasture. Descalzo et al. [21] reported that pasture diet contributed
to natural antioxidants in sufficient amounts and B-carotene levels in plasma were significantly higher for pasture-fed than for
grain-fed animals. Besides that, concentrates and stored forages (hay, haylage and silage) are generally low in vitamin E [38].

Vitamin A, E and selenium are known antioxidants that play important roles in animal health and production. Fresh forage
is typically capable of supplying adequate levels of antioxidants for dairy cattle [15]. In the present study, serum o-tocopherol,
B-carotene and T-Cho concentrations showed similar seasonal changes; an increase from spring to summer and a dramatic decrease
in August in both breeds. An increase in serum a-tocopherol, -carotene and T-Cho concentrations could be attributed to grazing
in a rich pasture and feeding on fresh forage. A pasture-based system could improve the oxidative status of animals due to the
elevated antioxidant content of green grass compared with stored fodder [21, 26]. Several studies indicated that grass-based diets
were rich in precursors for vitamin A and E [18]. Marino et al. [36] reported that milk a-tocopherol and B-carotene concentrations
were significantly higher in the spring and summer compared to the fall. In addition, grass-fed significantly increased a-tocopherol
and B-carotene concentrations in the fresh beef of cattle compared to grain-fed [21]. On the other hand, the relationship between
cholesterol and vitamin values observed in this study has been documented before. Bouwstra et al. [11] showed that vitamin
E supplementation increased blood vitamin E concentrations in HF heifers and blood vitamin E concentrations were strongly
correlated to blood cholesterol concentrations. Cholesterol is a component of lipoproteins, and its concentration in serum is an
indication of overall lipoprotein concentrations and vitamin E is transported in the very low density lipoproteins. Serum cholesterol
concentration has been associated with DMI in healthy transition dairy cows [27]. In addition, BUN is an indicator of protein status
and the BUN level has been highly correlated to dietary protein levels under the same level of energy intake [30]. The BUN level
also decreased in August or July in both breeds. Therefore, a decreased feed and grass intake due to summer heat stress might be
the reason for dramatic decreases in serum a-tocopherol, B-carotene and T-Cho concentrations in August when the THI was at
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its highest. Cincovic et al. [16] reported that glucose, non-esterified fatty acid and cholesterol levels decrease during heat stress
periods. Similar changes in the concentrations of serum retinol and a-tocopherol, low in the summer and high in the winter, were
reported by Katamoto et al. [33]. Furthermore, they reported that decreased serum concentrations of retinol and a-tocopherol may
be related to a decreased feed intake due to the high ambient temperature in the summer. Although a-tocopherol and (3-carotene
exhibited seasonal changes in the current study, Trout ez al. [47] reported no effect of short exposure to a hot environment on the
concentrations of lipid-soluble antioxidants, such as a-tocopherol, B-carotene, retinol and retinyl palmitate, and that heat stress did
not appear to increase lipid peroxidation or decrease lipid-soluble antioxidant concentrations in the blood. The reduced production
performances in livestock during heat stress were traditionally thought to be due to a decreased feed intake. However, it has
recently been recognised that heat stress can enhance ROS production and induce oxidative stress, resulting in both cellular and
mitochondrial oxidative damage [5]. Serum a-tocopherol concentrations >400 ug/d/ have been considered to indicate adequacy
in adult cattle [23] and desirable blood B-carotene concentrations are considered to be in excess of 300 xg/d/ in dairy cattle [29].
Serum antioxidant vitamin concentrations in both breeds were above the desirable value in August when the THI was at its highest.
In serum a-tocopherol concentrations, HF cows showed decrease in February (421.4 + 47.8 ug/dl) and August (435.2 = 42.3 ug/
d/), and JB cows showed decrease in March (321.8 + 27.1 ug/d/) and August (506.8 + 46.5 ug/dl). While in serum p-carotene
concentrations, HF cows exhibited decrease in February (299.3 + 25.5 ug/d/) and August (376.6 £ 67.6 ug/d/), and JB cows
exhibited decrease in March (151.9 + 21.2 ug/d/) and August (412.2 + 45.8 ug/dl). Although the values of OSI increased from
December to March, those did not change in August in both groups. The reasons for this may be higher vitamin concentrations in
August than in February or March in addition to their desirable blood concentrations. The other reason may be that the decreases in
both a-tocopherol and f-carotene concentrations were tentative in August. Endogenous antioxidants consist of three major groups:
enzymatic antioxidants including superoxide dismutase and glutathione-peroxidase, non-enzymatic protein antioxidants such as
sulthydryl (SH) groups of albumin, I-cysteine and homocysteine, as well as low-molecular weight antioxidants such as glutathione,
a-tocopherol, B-carotene and uric acid [15]. Therefore, other antioxidants except a-tocopherol and B-carotene might affect the
levels of oxidative stress biomarkers in the current study. Opposite changes in OSI values and concentrations of a-tocopherol and
B-carotene indicated that antioxidant vitamin levels could affect oxidative stress status. Supplementation with a-tocopherol acetate
during dry period has been found to reduce oxidative stress during peripartum period in cows [2].

In conclusion, this study indicated that the degree of oxidative stress biomarkers was higher in HF than JB cows. The higher
oxidative status in HF cows was considered to be due to concentrate feeding in all stages leading to an increase in metabolism.
The concentrations of a-tocopherol, B-carotene, BUN and T-Cho showed similar seasonal changes in both breeds, low in the winter
and high from spring to summer, which may be attributed to the pasture grass intake. Opposite changes in oxidative stress and
antioxidant vitamin levels may show a compensatory regulatory response. It was also found that oxidative stress biomarkers did not
change in the hottest period of summer. Further studies are needed to confirm whether sufficient levels of antioxidant vitamin in the
blood reduce the acceleration of oxidative stress in the hot summer months.
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