Kirkuk University Journal for Agricultural Sciences L%' h A
ISSN:2958-6585

https://kujas.uokirkuk.edu.iq

RESEARCH ARTICLE https://doi.org. 10.58928/ku25.16329

Impact of Somatic Cell Count on Milk Yield and Composition in

Simmental Cows Under Semi-Arid Conditions of Erbil .

Shireen lhsan lzzadeen® Ali KAYGISIZ?
!Department of Animals Resource, Agricultural Engineering College, Salahaddin University-Erbil, IRAQ.
2Animal Resource Department , Agriculture College, Kahramanmaras Siitcii imam University, Kahramanmaras, TURKIYE.

*Corresponding Author: shireen.izzadeen@su.edu.krd.

Received: 21/06/2025 Revised:30/07/2025 Accepted: 17/08/2025 Published: 01/09/2025

ABSTRACT

The aim of this study was to evaluate the effects somatic cell count on milk yield and composition in Simmental dairy
cows. The cows were milked by machine twice a day during the period. Milk samples were taken at monthly intervals
from each cow during the evening milking between September 2024 and April 2025. Monthly variation significantly
affected milk yield and composition (P < 0.001), whereas somatic cell count did not show a statistically significant effect
(P =0.1315). The ratio of fat, protein, solid not fat, lactose, density, salt, freezing point, water, milk temperature and milk
electrical conductivity no statistical difference was observed in the level of somatic cell counts (P>0.05). The somatic cell
count increased (P<0.001) in milk with high levels of somatic cell count. Milk fat percentage was significantly higher in
cows with ketosis (P < 0.001), whereas protein levels increased significantly in cows with acidosis (P = 0.003). This study
indicates that high somatic cell counts negatively affect not only milk composition but also milk yield and quality.
Keywords: somatic cell count, milk yield, milk composition, acidosis, ketosis.
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Introduction

Monthly difference in milk composition and milk yield is a critical indicator in dairy science, providing insights for
optimizing animal performance, feed resource planning, and overall milk quality. Simmental cattle, known for their dual-
purpose capabilities, exhibit notable fluctuations in these traits across the lactation cycle and under varying environmental
conditions [1]. Understanding such temporal dynamics is essential for developing feeding strategies that align with both
seasonal nutrient availability and physiological demands. Recent research by [2] reported that feed variability, shaped by
management systems and seasonal shifts, significantly influences milk yield and environmental performance in high-
yielding Simmental herds raised in mountainous regions. Moreover, milk composition parameters particularly fat, protein,
and somatic cell count serve as important biomarkers for metabolic health and udder condition [3, 4]. Monthly monitoring
of these indicators enables early disease detection and supports long-term genetic selection. Studies have also linked somatic
cell count with milk yield and quality, underscoring the role of nutritional management in regulating these parameters [5, 6,
7, 8,9,10,11,12 and 13]. In recent years, a growing body of research has investigated the dynamics of milk yield and
composition in Simmental cattle, highlighting the combined influence of genetic potential and environmental management.
[14], focusing on Simgoud crossbreeds Simmental Goudali observed that concentrate supplementation led to marked
improvements in milk yield as well as in fat and protein content. Its composition is influenced by a variety of factors,
including age, breed, stage of lactation, nutrition, milking interval, and seasonal variation [15]. Among the key indicators of
milk quality and udder health, somatic cell count (SCC) is widely used in dairy science as a diagnostic and management
tool. Somatic cells primarily consist of leukocytes white blood cells produced as part of the immune response to mammary
gland infections such as mastitis, a prevalent intramammary condition. A smaller proportion of somatic cells include
epithelial cells sloughed from the mammary epithelium during the lactation process. Elevated SCC levels are commonly
associated with impaired milk quality, reduced yield, and increased risk of clinical or subclinical mastitis. Raised somatic
cell count (SCC) levels are strongly associated with intramammary infections, particularly subclinical mastitis [16].
Although affected cows may not display visible clinical symptoms, a high SCC indicates an ongoing inflammatory response
within the udder tissue. Many dairy payment systems worldwide incorporate SCC thresholds into their pricing structures,
imposing financial penalties for high SCC values and offering bonuses for herds maintaining low counts. As such,
maintaining low SCC levels is not only essential for animal health and milk quality but also for ensuring economic
sustainability in dairy operations. Elevated SCC levels have been associated with reduced milk yield [3, 5, 6, 7, 8, 9, 10, and
17] and with a decline in the quality of dairy products [11, 12, and 13]. Taking cow milk as an example, when SCC >2 x 103
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cells.mL—1, the udder is considered to be infected, and when SCC >4 x 102 cells.mL—1, the milk is deemed unfit for human
consumption in the European Union (EU) [18]. In summary, SCC is a non-invasive, cost-effective, and widely adopted tool
to evaluate udder health, milk hygiene, and overall dairy herd performance. Reducing SCC through proper management,
hygiene practices, and selective breeding contributes to improved animal welfare, milk quality, and economic efficiency.
Somatic cell count (SCC) in milk is widely recognized as a critical indicator of both udder health [19] and an animal’s
resistance or susceptibility to mastitis [4]. Mastitis remains one of the most prevalent and economically damaging health
issues in high-producing dairy breeds [20]. It is defined as the inflammation of the parenchyma of the mammary gland,
characterized by physical, chemical, and typically bacteriological changes in milk, alongside pathological alterations in
glandular tissues [21]. Somatic cells in milk are composed primarily of milk-secreting epithelial cells shed from the
mammary lining and white blood cells (leukocytes) that infiltrate the gland in response to infection or tissue injury [22]. An
increase in somatic cell count (SCC) is known to negatively affect milk composition, yield, and quality [23, 24]. The impact
of somatic cell count on milk composition has been the subject of many studies. [25] reported both negative and positive
correlations between log-transformed SCC and lactose and protein levels. Similarly, [26] found that elevated SCC was
associated with increased protein content. Conversely, [27] observed no significant change in milk fat content in relation to
SCC levels. Seasonal variation in somatic cell count has also been documented. [28] noted significantly higher somatic cell
count levels during autumn and winter, which may be attributed to housing conditions, environmental stressors, and changes
in animal immunity during cold months. The protein and fat content of milk are essential indicators of metabolic health and
nutritional balance in dairy herds. These parameters not only reflect management efficiency but also help detect conditions
such as acidosis or ketosis, and provide insight into dietary energy and protein utilization [29]. Therefore, the aim of this
study was to investigate the effects of somatic cell count on milk composition, yield and metabolic disease in Simmental
dairy cows.

Materials and methods

A total of 34 Simmental cows were used in the study: 13 in their first lactation and 21 in their second and third lactations
combined. The cows were milked by machine twice a day during the period. Milk samples were taken at monthly intervals
from each cow during the evening milking between September 2024 and April 2025. Milk samples were transferred to 50
ml plastic sterile tubes on icebox at 4°C until analyzed. Milk composition parameters (fat, protein, solids-not-fat (SNF),
lactose, density, salt, freezing point, milk water, milk temperature and milk electrical conductivity) were analyzed by (Master
Classic LM2, Bulgaria), and the SCC (cells/mL) was analyzed using Lactoscan, Bulgaria).
Mathematical model used in statistical analysis
In Model-1, the effects of sampling month on milk yield or composition were analyzed.
In Model-2, the effects of somatic cell count classes on milk yield or composition were analyzed.
In Model-3, the effects of metabolic diseases on milk yield and composition were examined.
Yij = u + ai + ejj (model-1)
Yij = n + bi+ ej (model-2)
Yij =utcCitej (model—3)
and the terms in this model are; Y;; represents any yield trait, u = population mean, a; = i. sampling month effect size, b;i = i.
somatic cell count class effect size, , ¢; = i. metabolic diseases class effect size, ejj = normal, independent and chance error.
Duncan's multiple range tests was used to compare the means of different subgroups. Statistical analyses were carried out
by using SAS packet program [30].

Results and Discussion

Table 1 presents the effect of different lactation months on milk composition, milk yield, and somatic cell count in
Simmental dairy cows. Most milk composition parameters including density, lactose, protein, fat, electrical conductivity,
milk temperature, and salt content showed significant variation across months (P < 0.001), except for SNF (Solid-Non-Fat)
(P =0.3555) and water percentage (P = 0.3897), which were not significantly affected. The highest fat content was observed
in January (Month 5) at 7.807%, significantly higher than other months (P < 0.001), indicating a seasonal rise potentially
due to changes in forage availability or environmental conditions. Milk yield varied significantly across months (P < 0.001),
with peak yields in February (26.375 kg) and April (25.777 kg). These months align with early to mid-lactation and likely
favorable feeding and temperature conditions. No statistically significant differences were found in SCC or Logio SCC
across months (P = 0.1315, P = 0.1229), indicating that seasonality alone may not significantly effect SCC levels in this
herd. A statistically significant increase in milk fat percentage was observed during the March month of lactation
(7.807 £0.4045%; P <0.001) compared to other months. Similarly, the highest values for protein, lactose, and milk density
were recorded in the November month (3.466+0.0410%, 5.252+0.0611%, and 33.672 +0.5878%, respectively), all
statistically significant (P <0.001). The highest solid-not-fat (SNF) content was detected in the December month
(12.152 £ 1.0585%), while the lowest was in the April month (8.778 +0.9594%). However, the difference in SNF was not
significant (P = 0.3555). Salt content and freezing point showed significant differences across months, with the highest salt
percentage in the November month (0.740+0.0103%; P =0.0025) and the lowest freezing point in the April month (-
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0.582+0.0076°C; P=0.0355). Milk temperature and electrical conductivity were also significantly affected in the
September and April months (P <0.001). These findings are consistent with previous studies [15, 31 and 32]. [33] observed
that increases in milk yield are often accompanied by a reduction in milk component percentages. This inverse relationship
may be explained by the negative correlation between dry matter content and milk volume, as well as energy balance deficits
during the early postpartum period. Regarding somatic cell counts, the December month showed relatively high SCC and
L0g10SCC values (1138.407 +243.2168 x 10? cells/mL and 2.624 + 0.1602, respectively); however, these differences were
not significant (P =0.1229 and P =0.1315). Some studies report higher somatic cell count values during winter months [34,
35], while others, such as [31], observed lower SCC levels during early and mid-lactation stages. The observed elevation in
SCC during late lactation may be attributed to a higher incidence of mastitis, normal physiological remodeling of the udder,
and reduced milk output, which limits dilution of leukocytes in the milk [36].

As presented in Table 2, the effect of somatic cell count on milk yield and composition was found to be statistically
insignificant (P > 0.05). Despite noticeable differences across SCC classes, none of the milk composition traits showed
statistically significant variation with SCC levels (all P > 0.05). For instance: Fat %: Ranged from 5.216% to 5.830% (P =
0.8651). Protein %: Very stable across groups, around 3.29-3.35% (P = 0.6128). Lactose, SNF, Salt, and Conductivity: Also
non-significant differences. However, the SCC values themselves varied significantly between groups (P < 0.001), validating
that the classification was appropriate: SCC increased sharply from 47.55x103 cells/mL in the lowest class to 1154.60x103
cells/mL in the highest class. Corresponding Logio SCC values ranged from 1.566 to 2.867. Although higher SCC is often
associated with mastitis and milk quality deterioration, no significant changes were observed in milk yield or composition
in this study, suggesting subclinical mastitis may not immediately influence all milk parameters. The overall mean SCC was
calculated as 447.567 +78.294 x10? cells/mL (Logio SCC: 2.252). This value is higher than those reported by [24, 8], who
documented SCC values of 437.9 x103% and 291.072 x103 cells/mL, respectively (P < 0.001). However, it remains lower than
the SCC values reported by [37] at 1.510 x103 cells/mL and by [38], who noted a Logio SCC of 5.73. Somatic cell levels in
milk are influenced by numerous factors, among which herd management practices play a critical role. Given the strong
association between management and SCC [39], particular attention should be paid to milking hygiene and the application
of precise milking procedures to maintain optimal udder health and milk quality.

Data presented in Table 3 illustrate the impact of metabolic diseases on milk composition, milk yield, and somatic cell counts
(SCC) in dairy cows. In a state of ketosis, caused significant increases in fat (7.275%) and electrical conductivity (5.1016
mS/cm) (P < 0.001), indicating elevated milk fat mobilization and udder permeability. Associated with reduced lactose
(4.898%) and protein content (3.250%), likely due to negative energy balance. In a state of ketosis; Significantly increased
lactose (5.122%), milk protein (3.392%), density, and salt content, and showed the highest milk temperature (14.515°C) (P
values < 0.001-0.0016). Showed lowest fat content (2.085%), consistent with rumen dysfunction affecting fat synthesis. In
a normal Cows, had moderate values across most parameters and lower SCC (not significant, P = 0.0985). SCC was highest
in normal cows (716.1x103 cells/mL), followed by ketosis and acidosis groups. Although differences were non-significant
(P = 0.0985 for SCC and P = 0.0707 for Logio SCC), the data hint at unexpected elevations even in cows without visible
disease, which may suggest subclinical infections or sampling variation. Notably, cows affected by ketosis exhibited
significantly higher levels of milk fat (7.275+0.137%) and milk electrical conductivity (5.1016+ 0.040 mS/cm), with
statistical significance at P <0.001 and P =0.0005, respectively.

Table 1. Variation of milk composition according to factors in Simmental cows

n. Fat (%) Protein (%) SNF (%) Lactose (%) Density (mg/ml)
Overall 20 5.568+0.1871 3.297+0.0153 9.453+0.3579 4.974+0.0231 29.516+0.2597
2
P value P<0.001 P<0.001 P=0.3555 P<0.001 P<0.001
Month
Septem 21 5.728+0.4500b 3.252+0.0447d 8.971+1.1078 4.904+0.0667c 28.861+0.6414b
ber
October 26 2.642+0.4045¢ 3.380+0.0402a 9.338+0.9956 5.096+0.0599ab 32.969+0.5764a
b
Novem 25 3.004+0.4125¢ 3.466+0.0410a 9.600+1.0153 5.252 +0.0611aa 33.672+0.5878aa
ber a
Decemb 23 5.617+0.4300b 3.282+0.0427¢c 12.152+1.0585 4.930 +0.0637¢ 29.169+0.6129b
er
January 26 7.807+0.4045aa 3.250+0.0402d 8.980+0.9956 4.919 +0.0599¢c 27.150+0.5764c
Februar 24 6.875+0.4210ab 3.325+0.0418c 9.170+1.0362 5.012 +0.0624b 28.666+0.6000b
y
March 29 6.431+0.3830b 3.251+0.0380d 8.951+0.9427 4.903 +0.0567¢ 28.237+0.5458b
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April 28 6.321+0.3897b 3.185+0.0387d 8.778+0.9594 4.792 +0.0577¢ 27.628+0.5555h
n. Salt (%) Freezing Water (%) Milk Conductivity (mS/cm)
point(°C) temperature(°C)
Overall 202 0.702+0.0037 -0.599+0.0029 0.034+0.0346 13.284+0.136 5.001+0.0321
P value P=0.0025 P=0.0355 P=0.3897 P<0.001 P<0.001
Month
September 21 0.695+0.0112b -0.591+0.0088 0.000+0.1073 16.542+0.2717a 5.061+0.0924ab
ab
October 26 0.715+0.0101ab - 0.00+0.0964 14.653+0.2442b 4.723+0.0830c
0.596+0.0079ab
November 25 0.740+0.0103aa -0.615+0.0081b 0.00+0.0983 14.052+0.2491b 4.860+0.0847c
December 23 0.695+0.0107b -0.594+0.0084 0.00+0.1025- 12.456+0.2597d 4.952+0.0883c
ab
January 26 0.684+0.0101b -0.607+0.0079b  0.000+0.0964  12.007+0.2442d 4.800+0.0830c
February 24 0.712+0.0105ab -0.615+0.0082b  0.291+0.1004  12.270+0.2542d 5.091+0.0864ab
March 29 0.696+0.0095b -0.595+0.0075 0.000+0.0913 11.551+0.2312¢ 5.224+0.0786aa
ab
April 28 0.685+0.0097b - 0.000+0.0929 13.410+0.2353c aa5.264+0.0800
0.582+0.0076aa
n. SCC (x10°) (cellymL) Logio SCC n. Milk yield (kg)
Overall 130 447.567+78.294 2.252+0.0515 201 21.995+0.4523
P value P=0.1229 P=0.1315 P<0.001
Month
September 20 315.495+196.0876b 2.244+0.1292ab 21 19.714+1.278c
October 20 212.150+196.0876b 1.995+0.1292b 26 20.153+1.1491c
November 16 358.162+219.2326b 2.217+0.1444ab 25 18.680+1.1719c
December 13 1138.407+243.2168aa 2.624+0.1602aa 23 19.434+1.2218c
January 16 373.350+£219.2326b 2.120+0.1444b 26 21.038+1.1491c
February 16 279.162+219.2326b 2.271+0.1444ab 24 26.375+1.1960aa
March 16 646.031+219.2326ab 2.292+0.1444ab 29 23.896+1.0881ab
April 13 486.4846+243.2168b 2.421+0.1602ab 27 25.777+1.1276aa

a, b, ¢; d; The differences between means represented by different letters in the same column are significant (P<0.05).

Table 2. Variation of milk content according to somatic cell counts in Simmental cows

CC Class Overall <100x103 100-200x10° 200-300x10° >300x 103 P value
Item N=166 N=37 N=30 N=23 N=40
Fat (%) 5.52+0.206 5.216+0.445 5.466+0.494 5.830+0.564 5.487+0.428 P=0.8651
Protein (%) 3.315+0.016 3.343+0.034 3.351+0.038 3.308+0.044 3.292+0.033 P=0.6128
SNF (%) 9.574+0.434 9.221+1.036 11.643+1.150 9.095+1.314 9.090+0.996 P=0.3064
Lactose (%) 4.997+0.025 5.043+0.053 5.063+0.059 4.973+0.068 4.957+0.051 P=0.4792
Density 29.722+0.285 +0.60230.305 30.116+0.668 29.308+0.763 29.557+0.579 P=0.6857
(mg/ml)
Salt (%) 0.706+0.004 0.713+0.008a +0.0097160. 0.700+0.010 +0.0080.690 P=0.3343
Freezing -0.602+0.003 -0.607+0.006 -0.610+0.007 -0.602+0.008 -0.598+0.006 P=0.6686
pointe (°C)
Water (%) 0.042+0.042 0.000+0.101 0.000+0.112 -0.000£0.128 +0.0970.175 P=0.5269
Milk 13.415+0.153 13.89+0.337 13.226+0.375 13.3740.428 13.59+0.324 P=0.5269
temperature
(°C)
Conductivity 4.997+0.035 +0.0774.972 5.030+0.085 4.865+0.098 5.000+0.074 P=0.6219
(mS/cm)
N=165 N=37 N=30 N=23 N=39
Milk yield 22.15+0.499 +0.946621.51 22.40+1.0513 22.95+1.2007 22.461+0.922 P=0.7955
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(kg) 0

N=130 N=37 N=30 N=23 N=40
SCC (x109) 447.56+78.29 47.55+£125.424  152.30+139.2  246.57+159.08 1154.60+120.6 P<0.001
(cells/mL) b 9b b 2a
Logi SCC 2.252+0.0515 1.566+0.049d +0.05¢2.17 2.38+0.06b 2.867+0.047a P<0.001

a, b, c; d; The differences between means represented by different letters in the same column are significant (P<0.05).

However, other milk components were generally lower in cows with ketosis. Interestingly, milk yield was higher in cows
diagnosed with ketosis. Conversely, acidosis was associated with significant increases in milk protein (P =0.0003), lactose
(P=0.0001), density (P<0.001), salt content (P =0.0016), and milk temperature (P <0.001). Somatic cell counts were
slightly elevated in healthy cows compared to those with ketosis or acidosis, though this difference was not statistically
significant (P = 0.0985). Ketosis is recognized as a critical metabolic disorder in dairy cows, particularly during the transition
period [40]. [41] reported that milk fat content was significantly lower in cows experiencing acidosis (P < 0.05), while protein
content was reduced in Brown Swiss cows suffering from ketosis (P <0.05). Subclinical ketosis, in particular, is
acknowledged as a major production disease that contributes to substantial economic losses in the dairy industry [42]. It
typically occurs in high-producing cows, where energy balance challenges are most pronounced [40].

Table 3. Variation of milk content according to metabolic diseases in Simmental cows

Metabolic Diseases Acidosis Ketosis Normal P value
Item N=40 N=122 N=40
Fat (%) 2.085+0.240c 7.275+0.137a 3.845+0.240b P<0.001
Protein (%) 3.392+0.033aa 3.250+0.019b 3.348+0.033a P=0.0003
SNF (%) 9.382+0.797ab 8.952+0.456b 11.055+0.797aa P=0.0753
Lactose (%) 5.122+0.050aa 4.898+0.028b 5.057+0.050a P=0.0001
Density (mg/ml) 33.622 +0.417a 27.485+0.239c 31.607+0.417b P<0.001
Salt (%) 0.725+0.008aa 0.692+0.004b 0.712+0.008ab P=0.0016
Freezing pointe (°C) -0.595+0.006 -0.601+0.003 -0.597+0.006 P=0.6761
Water (%) 0.000+0.077 0.000£0.044 0.175+0.077 P=0.1320
Milk temperature (°C) 14.515+0.291a 12.853+0.166b 13.367+0.291b P<0.001
Conductivity 4.825+0.069b 5.1016+0.040a 4.875+0.069b P=0.0005
(mS/cm)
N=40 N=121 N=40
Milk yield (kg) 20.825+1.0039 22.884+0.5772 20.475+1.0039 P=0.0514
N=30 N=77 N=23
SCC (x10%) 189.696+161.290b 467.825+100.675ab 716.100+184.206aa P=0.0985
(celly/mL)
Logio SCC 2.044+0.105b 2.295+0.066ab 2.380+0.120aa P=0.0707

a, b, ¢; d; The differences between means represented by different letters in the same column are significant (P<0.05).

Conclusion

These findings suggest that proactive management of metabolic disorders is essential not only for improving milk
quality but also for enhancing herd productivity. Future studies should focus on longitudinal monitoring of SCC in relation
to nutritional interventions and disease management practices. This study highlights the significant influence of metabolic
disorders, particularly ketosis and acidosis, on milk composition and production parameters in dairy cows. Ketosis was
associated with elevated milk fat content and electrical conductivity, alongside increased milk yield, while most other
compositional traits were reduced. In contrast, acidosis led to higher levels of milk protein, lactose, density, salt, and
temperature, indicating distinct metabolic effects on milk traits. Although somatic cell counts were slightly higher in
healthy cows compared to those with metabolic disorders, the difference was not statistically significant. These findings
reinforce the complex interplay between metabolic health and milk quality, underscoring the need for early detection and
effective management of subclinical metabolic conditions. Proactive nutritional strategies and herd monitoring are
essential to mitigate the negative impacts of ketosis and acidosis, improve udder health, and sustain both milk quality and
economic productivity in dairy herds.
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