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Abstract

The aim of our research was to determine the
influences of some environmental factors on somatic
cell count (SCC) and chemical composition of cow
bulk tank milk. A total of 428 bulk tank milk samples
of Brown Swiss cows were collected between
January and October 2016 from family dairy farms
located in Kirsehir province of Turkey. To evaluate
the effect of farm scale, daily total bulk tank milk
production was classified in three groups (small: <20
It/d; medium: 20-40 1t/d and large: >40 It/d). Also,
three groups were designed according to average
SCC values as low (<200x103 cells/ml), medium
(200-500x103 cells/ml) and high SCC (>500x103
cells/ml). SCC was transformed according to the
base of log10, because it did not show normal
distribution. The results showed that sampling
season was significantly affected fat content
(P<0.05), logSCC, solids-not-fat (SNF), protein,
lactose and pH (P<0.01). SCC was the highest in
large-scale farms, while the highest fat content was
determined in small-scale farms (P<0.01). Also, the
lowest pH was found in large-scale farms compared
to small and medium-scale farms (P<0.01). Of all
bulk tank milk composition, SCC only affected fat
content (P<0.05), and the lowest fat content was
determined in bulk tank milk with high SCC
(>500x103 cell/ml). As a result, it was concluded that
season was primarily responsible among the most
important environmental factor to increase bulk
tank milk quality.

Key words: Tank bulk milk, Somatic cell count, Milk
composition, Bovine milk

inek tank siitiinde somatik hiicre sayis1 ve siitiin
kimyasal bilesimi iizerine baz1 c¢evresel
faktorlerin etkileri

0z

Arastirmamizin amaci, somatik hiicre sayis1 (SHS) ve
inek tank siitiiniin kimyasal bilesimi iizerine bazi
cevresel  faktorlerin  etkilerini  belirlemektir.
Tirkiye'de Kirsehir ilinin bulunan aile tipi siit sig1ir1
isletmelerinden Ocak ve Ekim 2016 tarihleri
arasinda Esmer ineklerden toplam 428 adet tank
inek siitii 6rnegi toplanmistir. Isletme 6lceginin
etkisini degerlendirmek icin, glnliik tank siitii
tiretimi ti¢ grupta smiflandirildr (kiigiik: <20 It/g;
orta: 20-40 1t/g ve biiylik: >40 1t/g). Ayrica, ortalama
SHS degerlerine gore diisiik (<200x103 hiicre/ml),
orta (200-500x103 hiicre/ml) ve yiiksek SHS
(>500x103 hiicre/ml) olarak ii¢ grup
olusturulmustur. SHS normal dagilim goéstermedigi
icin logl0 tabanina gore transforme edilmistir.
Sonuglar, drnek alma mevsiminin yag orani (P<0.05),
logSHS, yagsiz kuru madde (YKM), protein, laktoz ve
pH1  (P<0.01) o6nemli olcide etkiledigini
gostermistir. SHS biiyiik o6lgekli isletmelerde en
yliksek iken, en yiiksek yag orani kiiciik olgekli
isletmelerde belirlenmistir (P<0.01). Ayrica, en
disik pH kigiik ve orta olgekli ciftliklere kiyasla
biiytik 6lcekli isletmelerde bulunmustur (P<0.01).
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Tim tank siitii bilesimlerinden, SHS yalnizca yag
oranini etkilemis (P<0.05) ve en diisiik yag orani
ylksek SHS (>500x103 hiicre/ml) olan tank siitiinde
belirlenmistir. Sonu¢ olarak, mevsimin tank siit
kalitesini artirmak icin oncelikle en 6nemli ¢evresel
faktorlerden biri oldugu sonucuna varilmistir.

Anahtar Kkelimeler: Tank sitii, Somatik Hiicre
say1sl, Siit bilesenleri, Inek siitii

Introduction

Milk is a unique biological fluid with high nutritional
value. The quality of dairy products largely depends
on the composition of raw milk. Therefore, the
factors responsible for the variations in the
composition and physico-chemical properties of raw
milk are of paramount importance for milk
processors (Ivanov et al, 2017). The recording of
milk composition is essential for the dairy industry
and the management of dairy farms (Najafi et al,
2009). Composition refers to the milk’s content of
major nutrients such as fat, protein, lactose and total
solids and somatic cell count (SCC) which is an
indicator of udder health status (Guo et al, 2010)
and milk quality (Sert et al., 2016).

The increase in milk SCC has also been associated
with changes in bovine milk components (Garcia et
al,, 2015; Macedo et al,, 2018). Due to the increase of
SCC of milk in response to intramammary infection,
milk quality is reduced because of change in the
chemical composition of milk by lowering casein,
lactose, calcium, and an increase of sodium, chloride
and serum proteins (Pitkala et al., 2004).

Milk composition is affected by breed, age, number
of lactations, the phase of lactation and other
environmental factors. Therefore, all factors should
be considered when we search the reasons for
changes in milk composition. The effects of seasonal
variation on milk yield and composition have been
investigated by many researchers (Roma Junior et
al, 2009; Yang et al,, 2013; Maha et al,, 2016). Ozrenk
and Inci (2008) determined that fat and protein
content have been influenced by the sampling
seasons. Pavel and Gavan (2011) reported that the
amount of milk fat and protein in milk were
negatively affected by environmental temperature.

Accurate estimates of changes in milk composition
due to increase in SCC can be an incentive for
breeders to consider the effects of such disorders in
selection index by allocating appropriate economic
weights. At this context, controlling mammary

infections in dairy cows may be seen to be essential
to achieve quality milk. In Turkey, the effect of
different factors affecting the composition and
quality of bulk tank milk have not been detailed
investigated. Therefore, the aim of this study was to
determine the influence of some environmental
factors on SCC and the composition of bulk tank
cow’s milk.

Materials and methods

The milk samples were collected four times with
three-month intervals during morning milking
between January and October 2016 from Brown
Swiss cows raised at family dairy farms in situated
central of Kirsehir province. This region is located at
38 °©50'-39 ° 50 ' north latitudes and 33 ° 30'- 34 °
50" east latitudes and situated in the Middle
Anatolian region of Turkey. The average altitute is
approximately 985 meters above sea level. The
winters are cold and hard, and the summers are
generally hot and dry. Annual temperature average
was 11.3 °C and ranged from 0.8 to 21.8 °C during in
winter and summer.

The dairy cows in studied area were mainly fed
roughages-dry straw and silage and drank ground
water. All animals received the total mixed ration
(TMR) and the herds were milked twice a day. In this
study, cows were housed in tie stall. Additionally,
farms had a mobile milking machine. In farms, cows
had access to pasture during summer.

Daily raw bulk milk was measured with electronic
flow milk meters. The samples were collected in
sterile bottles of 50 mL without preservative and
kept in +4°C until transported to the laboratory, then
analyzed within 5-6 h of collection. The SCC was
performed with the portable DeLaval Cell Counter
DCC (DeLaval, Tumba, Sweden). The bulk milk
components (fat, solids non-fat (SNF), protein and
lactose) were determined by using the Lactostar
auto milk analyzer (Funke-Gerber, Labortechnik,
Article No 3510, Berlin, Germany). A total of 428 raw
milk samples were analyzed. The actual SCC was
transformed by using a logl0 transformation to
ensure homogeneity and normality of the variance.

The fixed effects of the model were sampling season,
farm scale and SCC level. Sampling procedure was
repeated four times in same condition at four
seasons. Four sampling season subgroups were
formed according to test date: 1=Autumn (October);
2= Winter (January); 3= Spring (April); 4= Summer
(July). The dairy farm scale on SCC and milk
components in experimental days were investigated
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by categorizing daily total bulk tank milk production
into three groups; small: <20 1t/d, medium: 20-40
It/d and large: >40 1t/d. Milk samples were assessed
into three groups according to their average SCC
values: low (<200x103 cells/ml), medium (200-
500x103 cells/ml) and high SCC (>500x103 cells/ml).

Data were analyzed by using SPSS 17 packet
program. Differences among the subgroups were
performed using Duncan’s Multiple Range Test.

Results and Discussion

Descriptives of the collected milk quality parameters
are seen in Table 1. Wide variations between the
thresholds of the parameters especially for SCC was
found to be attractive. Therefore, SCC were
transformed by using a logl0 transformation.
Besides, the overall of untransformed SCC was
calculed to be 624224 cells/ml and this value might
be assumed as unsuitable to EU directives because of
higher than limits in many other countries including
the European Union (400x103 cells/ml) (Hillerton
and Berry, 2004) and the threshold value specified
by the Turkish Food Codex is >500x103 cells/ml
(Anonymous, 2000). The results of ANOVA are given
in Table 2.

In this study, the season had significant effect
(P<0.01) on logSCC (Table 2). LogSCC was the
highest in summer and the lowest in winter (Table
3), which is consistent with previous studies (EIl-
Tahawy and El-Far, 2010; Pavel and Gavan, 2011;
Maciuc et al, 2017). The authors attributed the
higher average in the summer to stress due to high
temperatures and humidity exposing animals to a
greater number of pathogens and increasing

Table 1. Description of the milk quality parameters

susceptibility to infections and occurrence of
mastitis (Simioni et al., 2014; Ribas et al., 2014).
Also, according to Harmon (1994) some stressors,
especially heat, may increase SCC in milk. However,
Vasconcelos et al. (1997) found no difference in SCC
between milk samples collected in summer and
winter.

In the present study, fat content of bulk tank milk
was significantly higher in autumn and the lowest in
spring and summer. Significantly higher protein
content was observed in spring and winter
compared with autumn and summer (P<0.05).
Similar to present study, Simioni et al. (2014)
determined that the autumn season had the highest
fat content, while the winter season showed the
highest protein content. Similar finding was also
reported by Maciuc et al. (2017) who determined
that protein and fat in milk were higher during cold
months. Chandan (2006) found 10% variation for
both fat and protein in milk with lowest levels in
summer. Also, Maha et al. (2016) detected that
protein content was constantly lower during autumn
compared to spring and winter. This was probably
due to lower intake of feed energy with in-door
feeding and may reflect the feeding regime used for
herds (Maha et al,, 2016). Another factor that could
explain the lower concentration of fat and protein
content in the summer would be the presence of
lipases leukocyte metabolizing fatty acids in milk
and leukocyte proteases that could cause a
significant reduction on casein (Simioni et al.,, 2014).
Besides, spring grass or pasturing may have a
specific transient and beneficial effect on milk
protein (Agabriel et al., 1993).

Mean SD Min Max

SCC, cells/ml 624224 819747 22000 4856000
LogSCC 5.53 0.49 4.34 6.69
Fat, % 3.68 0.63 2.07 5.81
SNF, % 8.90 0.43 7.0 9.99
Protein, % 3.27 0.18 2.56 3.90
Lactose, % 4.84 0.25 4.14 5.69
pH 6.63 0.22 5.85 6.97

LogSCC: logarithmic somatic cell count; SNF: solids-not-fat

SD: Standard Deviation; Min: minimum value; Max: maximum value
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Table 2. The ANOVA of milk quality parameters

Season Farm scale SCC levels
LogSCC Hok *k *
Fat, % * *k ns
SNF, % ok ns ns
Protein, % ok ns ns
Lactose, % ok ns ns
pH *ok *k ns

**P<0.01; *P<0.05; ns: non-significant

logSCC: logarithmic somatic cell count; SNF: solids-not-fat

Table 3. Effects of sampling season and farm scale on somatic cell count and milk composition

Season n LogSCC Fat SNF Protein Lactose pH
Winter 108 5.38¢ 3.67ab 8.962b 3.29a 4.87ab 6.762
Spring 123 5.50p 3.61b 8.99a 3.31a 4.90a 6.33¢
Summer 90 5.77a 3.63b 8.77¢ 3.22b 4.77¢ 6.73ab
Autumn 107 5.50b 3.83a 8.850bc 3.24b 4.87bc 6.71b

Farm scale
Small 139 5.45b 3.842 8.89 3.26 4.83 6.662

Medium 166 5.52b 3.66P 891 3.27 4.84 6.67a

Large 123 5.632 3.53b 891 3.27 4.85 6.54b

a<Differences between different superscript in the same column is significant

LogSCC: logarithmic somatic cell count, SNF: solids-not-fat
Small: <20 It/d; Medium: 20-40 1t/d and Large: >40 1t/d

In the current study, both SNF and lactose were the
highest in spring, but the lowest in summer. Our
results also are consistent with the findings reported
by Dobrani¢ et al. (2008), who determined that
lactose was the highest in spring and winter while
SNF was significantly lower in the summer. Noro et
al. (2006) found higher levels of protein and lactose
in the winter, attributing this result to feeding with
temperate grasses. Decline of lactose content can be
accompanied by reduction of solids, which could be
observed in this study. On contrary to our results,
Roma Junior et al. (2009) observed higher values for
protein during autumn. Pavel and Gavan (2011)
explained that the change of main milk components
in different seasons caused by different ingestible
diets. pH was significantly different between the
seasons (P<0.001). As seen in Table 3, pH was the
highest in winter, and the lowest pH was in spring.
Kul et al. (2018) reported that the highest pH was
determined in spring, but lowest in autumn season
(P<0.01). These results are disagree with those of
Ozrenk and Inci (2008) and Syridion et al. (2012)
who emphasized that effect of seasons on pH was no
significant.

Duncan’s multiple comparisons of farm scales (Table
3) indicated that logSCC in the bulk tank milk
obtained from in large-scale farms was lower than in
small and medium-scale farms. This is an indication
of poor udder hygiene controlling and preventing
mastitis due to a lack of labor investment and limited
training of employees in large-scale farms (Vu et al,,
2016). Therefore, the milking management and
sanitary conditions in large farms were should be
improved. This result was not in accordance with
result of Ivanov et al. (2017) reported that SCC are
significantly higher in the bulk milk obtained in
small-scale farms than in the milk from large-scale
farms.

In present study, fat content was determined to be
higher in small-scale farms than medium and large-
scale farms (P<0.01) probably due to the different
feeding regyme. pH was the lowest in large-scale
farms. No statistically significant difference was
found in SNF, protein and lactose contents in the
bulk tank milk obtained from different scale farms.
This might be related to the rearing similar cow
breed in the evaluated farms.
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Table 4. Effects of SCC levels on milk composition

SCC levels n Fat SNF Protein Lactose pH
Low 131 3.663 891 3.27 4.85 6.61
Medium 151 3.78a 8.92 3.27 4.84 6.65
High 146 3.60b 8.88 3.26 4.83 6.63

ab Differences between different superscript in the same column is significant; SCC: somatic cell count; SNF: solids-not-fat; low:
SCC<200x103 cells/ml, medium: SCC=200-500x103 cells/ml, high: SCC>500x103 cells/ml

Fat content was significantly affected by SCC level
(P<0.05). Fat content decreased with increasing SCC,
and fat content was the lowest in bulk tank milk with
SCC>500x103. However, effect of SCC levels on pH,
SNF, protein and lactose content were not
significantly important (Table 4). When the SCC
increased, it was seen that fat content decreased
(P<0.05), whereas pH, SNF, protein and lactose milk
protein, milk fat and total solids decreased, though
these differences were not significant. Our results
revealed that fat content decreased with increase in
SCC, which were similar with the results of Najafi et
al. (2009). Also, the changes in fat with different SCC
have been reported (Noro et al., 2006; Garcia et al,,
2015; Macedo et al,, 2018). This could be related to
the decrease of fat synthesis by epithelial cells in
mammary gland (Fernandes et al., 2004). In contrast,
some researchers determined no significant
reduction in fat with high SCC (Moslehishad et al.,
2010; Cinar et al, 2015). No relationship between
protein content with SCC was similar to earlier
studies (Albenzio et al., 2005; Sun et al., 2009; Garcia
et al, 2015). However, the result of present study
was not in agreement with the findings of Jaeggi et

al. (2003), who determined the lowest protein
content observed in bulk tank milk with highest SCC.
On contrary to our results, Garcia et al. (2015) and
Sobczuk-Szul et al. (2015) reported that lactose with
increasing SCC in milk decreased. Different result
was reported by Ribas et al. (2014), as they observed
SNF with increasing SCC increased. Macedo et al.
(2018) also found that SNF were higher in herds
with SCC threshold higher than 250x103 cells/ml.
Variation in the diffrent results may be due to
differences in diet, parity and season of the
experiment, management, etc.

The acceptable SCC value for high quality fresh milk
is <400x103 cells/ml. However, in present study, the
overall SCC of bulk tank milk was calculated to be
higher than 500x103 cells/ml (Table 4). The high
bulk tank milk SCC in these farms is the result of
inadequate hygiene and management practices to
reduce SCC. Therefore, dairy farmers should improve
environmental and management factors, such as
feeding strategies, housing conditions and milking
procedures to gain more quality raw milk.

Table 5. Correlations coefficients among investigated parameters

Fat SNF Protein Lactose pH
scc -0.138 0.003 0.018 0.003 0.057
Fat 0.061 0.031 0.018 0.114
SNF 0.964 0.938 -0.151
Protein 0916 -0.169
Lactose -0.191

SCC: somatic cell count, SNF: solids-not-fat

From shown results (Table 5), the correlation (r=-
0.138) between SCC and fat content was determined
as negative. However, positive correlations were
found between SCC with SNF, protein and lactose
contents and pH. The negative correlation between
SCC and fat content was well documented by many
authors (Najafi et al., 2009; Guo et al, 2010).

Differently, Kuczaj (2001) determined no significant
correlation (0.130) between SCC and fat content.
Also, several studies reported a positive correlation
between SCC and fat (RajCevic et al., 2003; Macedo et
al, 2018). Further, results of this study were
consistent with those of Kuczaj (2001) and Macedo
et al. (2018), who reported positive correlation
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between SCC and protein content. pH had positive
correlation between fat content (r=0.114), while
negatively correlations with protein content (r=-
0.169) and lactose (r=-0.191). High correlations
between SNF with protein (r=0.964) and lactose
content (r=0.938) were positively. Positively and
high correlation (r=0.916) between protein and
lactose were observed.

Conclusions

The results showed that the season had a significant
effect on SCC and bulk tank milk composition. The
present study has strongly indicated that logSCC was
higher in summer, fat content was higher in autumn,
pH was higher in winter, and SNF, protein and
lactose content showed the highest in spring. The
highest 1ogSCC was determined in bulk tank milk
obtained from large-scale farms, while the highest
fat content was determined in small-scale farms.
Also, the lowest pH value was found in large-scale
farms compared to other farm scales. High SCC was
negatively affected only milk fat content. The lowest
fat content was determined in bulk tank milk with
SCC higher than 500x103 cells/ml. It was concluded
that season is primarily responsible among the
evaluated environmental factors to increase bulk
tank milk quality.
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