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ABSTRACT

The aim of this study was to determine the relationships of udder surface temperature (UST) with
milk components, and somatic cell count (SCC) in dairy cows during the hot season. The study was
carried out with 115 lactating dairy cows (Holstein, Simmental, and Holstein x Simmental) at a
private dairy farm in Samsun, Turkey, with monthly visits. The UST was measured from the udder
surface before cleaning and milking. At the same time, a portable cell counter and an automatic
milk analyzer were used to determine the components and the SCC of the raw milk. The UST values
of the cows changed significantly. Increased UST had an adverse effect on milk solids-non-fat
(SNF), protein, lactose, and density levels. LogSCC values of cow groups with UST <35.0°C, 35.1-
36.0°C, >36.0°C were found to be 4.475+0.0803, 4.774+0.1244, and 4.981+0.1491 respectively.
The UST negatively correlated with SNF, protein, lactose, density, and freezing point, but positively
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Introduction

In recent years, intensification has rapidly increased in
dairy farms (Simitzis et al.,2022). This increases the
importance of udder health programs in dairy farms to
obtain high quality and hygienic milk (Schukken et al.,
2003; Zaninelli et al., 2018). It is well known that the udder
health of cows is determined mostly by the conditions of
their barn. In particular, the cleanliness of the cow is
associated with clean alleys and bedding material, along
with proper manure management (Koster et al., 2006;
Sant’ Anna and Paranhos da Costa, 2011). The cleanliness
of the cow can not only affect udder health, but also
indirectly the quality and quantity of milk produced
(Schreiner and Ruegg, 2003; Ellis et al., 2007; Erdem and
Okuyucu, 2019). In addition, milking location, fully
operable milking machines, and adherence to milking rules
are important environmental factors affecting udder health
(Aytekin and Boztepe, 2014).

Mastitis is an important udder disease that causes
physical, chemical, and bacteriological changes in milk
and economic losses (Kul et al., 2006; Sharma et al., 2011;
Yang et al., 2018). It is possible for cows raised in poor
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hygiene and unhealthy conditions to have mastitis. The
somatic cell count (SCC) is widely used to detect cases of
mastitis (Sharma et al., 2011; Rainard et al., 2018). The
cow's defense mechanism against mastitis is SCC in the
milk. The value of SCC in milk rises to very high levels as
a response to infection in the udder. High SCC in milk
indicates that the animals are unhealthy or the farm has
poor hygiene standards. This situation increases the risk of
contamination with pathogenic microorganisms and
presence of antibiotic residues in raw milk (Schukken et
al., 2003; Aytekin and Boztepe, 2014). If intra-mammary
infections occur some physiological changes (in rectal
temperature, heart, respiration rates, and udder surface
temperature) will possibly be observed in the cows
(Zaninelli et al., 2018). Researchers confirmed that the
increase in the temperature of the affected portion of the
udder is due to intra-mammary infection (Berry et al, 2003;
Polat et al., 2010; Bortolami et al., 2015). Moreover, the
udder surface temperature (UST) shows the status of tissue
and blood circulation in the entire udder of the cow
(Sathiyabarathi et al., 2016; Sathiyabarathi et al., 2018).

129


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
STBMYO-MUDUR
Textbox
https://orcid.org/0000-0001-5273-3925


Erdem and Okuyucu / Turkish Journal of Agriculture - Food Science and Technology, 10(2): 129-133, 2022

Nowadays, the UST is widely determined by infrared
thermography. This method is based on measuring the heat
radiating from the skin depending on the circulation and
metabolism. Since mastitis causes localized symptoms
such as swelling, pain, and fever in subcutaneous tissues,
these symptoms can be detected directly with this method
(Hovinen et al., 2008). Many study results revealed have
shown that UST values positively correlate with elevated
SCC and the California Mastitis Test (CMT) results (Colak
et al., 2008; Sathiyabarathi et al., 2016; Sathiyabarathi et
al., 2018). Considering that the UST is influenced by SCC,
it may be a better method for early detection of intra-
mammary infections in order to obtain high-quality milk
and reduce milk production losses in dairy herds. Although
many studies have focused on the relationship between
UST and SCC in dairy herds (Berry et al., 2003: Colak et
al., 2008; Polat et al., 2010; Bortolami et al., 2015). The
number of studies on the association of UST with milk
components and SCC is still limited. Our primary objective
was to investigate the effects of UST on SCC and milk
components in dairy cows.

Materials and Methods

The research was conducted with 115 lactating
multiparous cows (Holstein (n=32), Simmental (n=46),
and Holstein x Simmental (n=37)) at a private dairy farm
in Samsun, Turkey. This farm is located at 40° 50°— 41°
51° N, 37° 08’ —34° 25’ E and situated in the Black Sea
Region of Turkey. The farm was visited once a month
between June and September. The cows used in the study
were housed in closed barns with a concrete floor. They
were milked twice daily by a portable milking system
during the study period.

The UST was measured at a distance of 5 cm from the
udder by a calibrated non-contact infrared thermometer
(plusMED pm-8806H). Also, the measurements were
made while the cows were standing, prior to udder cleaning
and milking. The UST was taken separately for each
quarter of the udder. After determining the UST, the
average value was obtained by taking the arithmetic mean
of all quarters of the udder of each cow. The average UST
was classified into one of three groups (1. Group: <35.0°C;
2. Group: 35.1-36.0°C; 3. Group: >36.0°C).

Milk samples were collected at the morning milking.
From each cow, the samples (about 50 ml) were
homogeneously collected from milk buckets after
completing milking process. The samples were transferred
to the laboratory within two hours on ice for analysis of
SCC and milk components. To measure these, the samples
were heated up to the body temperature of cows (37-38°C)
in a hot water bath. Then fat, SNF, protein, lactose, density,
freezing point, and the mineral content of the milk were
analyzed by an automatic milk analyzer (Lactostar, Funke-
Gerber, Berlin, Germany). Additionally, a portable cell
counter (DeLaval, Tumba, Sweden) was used to determine
the milk SCC. All SCC values were transferred to log 10
base (LogSCC) to ensure homogeneity and uniformity of
variance.

In this study, the three genotype groups (1: Holstein,
2:Simmental and 3: HxS crossbred) and four test month
groups (1:June, 2:July, 3:August, and 4:September) were
used.

To evaluate the effect of UST on milk composition and
LogSCC, the following model was used:

Yij:ﬂ+ai+eij

where Yijj is the observation value (fat, SNF, protein,
lactose, density, freezing point, mineral, and LogSCC), u
is the overall mean, a; is the effect of UST (i= 1, 2 and 3),
ejj is a random error.

In addition, the following model was used to evaluate
the effects of genotype and test month on UST:

Yik = i + bi + Cj + €

where Yij is the observation value (UST), u is the
overall mean, bj is the effect of genotype (j = 1, 2 and 3), ¢
is the effect of test month (j = 1, 2, 3 and 4), and eji is a
random error.

Duncan's multiple comparison test was used to
compare the factors affecting the examined properties. In
addition, the relationship of UST with SCC and milk
components was analyzed using the Pearson correlation
test. SPSS 17.0 was used for the all statistical analyses.

Results and Discussion

As shown in Table 1, the average UST value was found to
be 35.39+0.08°C. The effects of the three different genotypes
on UST were determined to be insignificant. However, the
results revealed that effect of test month was significant
(P<0.01). The highest UST was found in June and August
(35.76+0.10°C and 35.66+0.14°C, respectively) as compared
to September (34.83+£0.16°C). There was no significant
difference between the average of July and other months. In
an earlier study, Berry et al. (2003) found the mean pre-
exercise UST wvalue (33.42°C) was lower than the post-
exercise UST value (34.46°C) in multiparous Holstein
Friesian cows. Poikalainen et al. (2012) reported that pre-
milking the surface temperatures of hind right and left udder
quarters were 32.4°C. In another study (Yang, et al., 2018),
the UST values before and after milking were determined to
be 35.79°C and 37.10°C for the right hind udder and 35.87°C
and 37.16°C for the left hind udder, respectively. An average
UST value of 34.04°C for Holstein (n=45) and Brown Swiss
(n=49) cows was also determined by Colak et al. (2008). In
this study, the UST values were higher compared to many
studies (Berry et al., 2003; Colak et al., 2008; Porcionato et
al., 2009; Poikalainen et al., 2012). However, the UST value
obtained in this study was lower than the UST values of cows
with healthy (37.1£0.08°C), subclinical (37.9+0.09°C), and
clinical mastitis (38.2+0.10°C) reported by Sathiyabarathi et
al. (2018).

SNF (P<0.05), protein, and lactose (P<0.01) were
affected by changes in UST, but fat was not (Table 2). The
percentage of milk SNF, protein and lactose decreased with
elevated UST. Besides, the highest SNF, protein, and
lactose percentages were measured in the <35.0°C group,
but the lowest in >36.0°C group.

It was determined that milk density and LogSCC were
affected (P<0.01) by UST (Table 2). A dramatic increase
in UST values was found in conjunction with elevated
SCC. Also, the LogSCC was higher in the third UST group,
as compared to the first group (4.475+0.0803).
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Table 1. Effect of genotype and test month on UST of cows (mean+SE)

UST (°C)
Genotype n mean+SE
Holstein 32 35.48+0.17
Simmental 46 35.39+0.12
Crosbred 37 35.31+0.12
Month n Fx
June 26 35.76+0.10°
July 32 35.33+0.16®
August 29 35.66+0.14°
September 28 34.83+0.16%
Overall 115 35.39+0.08

** P<0.01; a,b: Means within columns with different superscripts differ; UST: Udder Surface Temperature

Table 2. Effect of UST on milk components and logSCC (mean+SE)

UST Groups/n Fat (%) SNF (%) Protein (%) Lactose (%)
UST n * ** **
<35.0°C 53 3.44+0.14 8.47+0.06P 3.11£0.03° 4.3140.05°
35.1-36.0°C 33 3.45+0.21 8.28+0.08% 2.99+0.04% 4.14+0.06%
>36.0°C 29 3.62+0.19 8.10+0.172 2.91+0.072 4.02+0.108

UST Groups/n Density (mg/ml) Freezing Point (°C) Mineral (%) LogSCC
UST n ** **
<35.0°C 53 1.0273+0.0004° -0.485+0.0403 0.877+0.0110 4.475+0.08032
35.1-36.0°C 33 1.0255+0.0005% -0.555+0.0037 0.852+0.0129 4.774%0.1244%
>36.0°C 29 1.0245+0.0006% -0.577+0.0086 0.924+0.0392 4.981+0.1491°

* P<0.05; ** P<0.01; a,b: Means within columns with different superscripts differ

In this study, the LogSCC of the cows in the third UST
group was higher than those with <35.0°C and, the
LogSCC tended to rise as the UST increased (Table 2). In
contrast, Golzarian et al., (2017) reported no statistically
significant difference between healthy udder tissue (UST
35.70°C) and unhealthy udder tissue (UST 35.26°C)
values. In another study, Barth (2000) reported that the
UST of the cows with high SCC were higher than those
with low SCC. Similarly, Sathiyabarathi et al. (2016)
emphasized that the UST values of the infected intra-
mammary quarters were significantly higher than those
without infection. Also, Sathiyabarathi et al. (2018)
reported that the UST value of cows without mastitis
(37.1£0.08°C) was lower than those with subclinical
(37.9+0.09°C) and clinical mastitis (38.2+0.10°C).
Similarly, Silva et al. (2019) reported that cows with
subclinical (33.2-34.64 °C) and clinical mastitis (34.0—
37.5°C) had higher UST values than healthy ones. The
researchers reported that the average UST of healthy cows
ranged from 29.3+1.78 °C to 32.24+0.62 °C. Colak et al.
(2008) reported that the CMT score increased from 0 to +3
as the UST increased from 33.19 to 36.15°C. In another
investigation, the average UST values of cows with
negative CMT scores, +1, +2, and +3, were found to be
33.23, 34.64, 35.73, and 36.27°C (Polat, et al., 2010). The
results obtained in this study are consistent with the
findings of many studies (Barth, 2000; Colak et al., 2008;
Sathiyabarathi et al., 2016; Sathiyabarathi et al., 2018;
Silva et al., 2019). The origin of elevated UST can be
explained by an intra-mammary infection (Zaninelli et al.,
2018) because when an udder infection occurs, the body's
defense mechanism causes an increase in udder
temperature. In a review, Aytekin and Boztepe (2014)
emphasized that elevated SCC in milk causes damage to
the milk-secreting cells in the mammary glands.

As seen in Table 3, positive or negative correlation
coefficients were determined between UST and milk quality
parameters or LogSCC. The highest correlation coefficient
was determined between UST and density (r= -0.45). The
UST of cows negatively influenced SNF, protein, and
lactose percentage of milk except for fat and mineral content.
This study disagrees with the results of Porcionato et al.
(2009), who obtained insignificant relationship between
SCC and UST. However, this relation was found to be 0.73
and 0.93 in similar studies by Polat et al., (2010) and
Sathiyabarathi et al., (2016) respectively. The differences in
the research results may be caused by the herd management
or breed of the cows. As expected, these results showed that
an increase in UST negatively affected SNF, protein, lactose
and density in milk. It is thought that the increase in UST is
due to the increase in SCC, and therefore elevation of SCC
may adversely affect some milk components. In other words,
high SCC has a remarkable effect on milk components and
UST in dairy cows. Ayasan et al. (2011) reported that cows
with high SCC had lower SNF, lactose, and density in milk
than cows with low SCC. Also, Rekik et al. (2008)
emphasized that an increase in SCC caused a decrease in
milk fat and protein levels. Clear effects of SCC on some
milk components have been reported previously (Rekik et
al., 2008; Atasever and Erdem, 2008; Ayasan et al., 2011).
Aytekin and Boztepe (2014) emphasized that high SCC
causes the changes in milk enzymes and this may result in
the disruption of milk protein and fat. In particular, they
suggested that the increased level of plasmin due to the
increase in SCC may negatively affect the level of casein. It
is inevitable that this change in milk components will
negatively affect the conversion of milk to products such as
butter, cheese, and cream. For this reason, early detection of
mastitis will be beneficial for breeders in terms of reducing
economic losses and drops in the quality of dairy products.
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Table 3. Correlation coefficients of UST with milk
components and LogSCC

Milk components and LogSCC UST
Fat 0.08
SNF -0.30™
Protein -0.37™
Lactose -0.37™
Density -0.45™
Freezing Point -0.20
Mineral 0.18
LogSCC 0.40™

** P<0,01
Conclusions

The rapid increase in intensification and the widespread
use of cows with high milk production in dairy cattle herds
has indirectly increased the environmental sensitivity of
cattle. This particularly increases the risk of udder
infections resulting in economic losses. Consequently,
continuous monitoring of udder infections is an important
part of successful herd management. Early detection of
mastitis can minimize damage to udder tissues and reduce
veterinary costs. Therefore, fast and high accuracy
identification techniques for the early detection of mastitis
in dairy herds should be developed and deployed
extensively. The number of studies on continuous
monitoring of udder health and establishing appropriate
udder health programs has increased in recent years. In this
study, the increase in skin surface temperature of the udder
may indicate the risk of intra-mammary infection. This
situation dramatically affects the LogSCC and some of the
main components of milk. In summary, the increase of
UST indicates adverse effects on udder health, and hence
milk hygiene and quality. Determining the UST before
each milking may be beneficial for maintaining udder
health, obtaining high quality milk, and reducing milk
production losses. To obtain these benefits, more studies
are needed of the reliability of UST measurements and for
their practical use in dairy herds. For this purpose, the
widespread use of body temperature-sensitive thermal
cameras will increase success in early detection of mastitis.
In addition, detailed studies should be conducted on
environmental factors affecting UST.
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