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Abstract

Seasonal variations in environmental conditions and forage availability can substantially influence milk composition and udder
health, yet information from dairy production systems in the Southern Highlands of Tanzania remains limited. This study
evaluated the effects of season on physicochemical milk quality parameters and somatic cell count (SCC) in Friesian crossbred
cows managed under a semi-intensive production system at the Tanzania Livestock Research Institute (TALIRI) Uyole Dairy
Farm. A total of 640 milk samples were collected from 20 cows during the rainy and dry seasons of 2024 and analyzed using an
ultrasonic Lactoscan milk analyzer. Linear mixed-effects models were used to assess the effect of season while accounting for
repeated measurements on individual cows. Milk fat content and freezing point were significantly higher during the dry season,
whereas electrical conductivity and log-transformed SCC were significantly higher during the rainy season, indicating poorer
udder health and reduced milk hygiene during periods of increased moisture. Protein, lactose, and solids-not-fat contents did not
differ significantly between seasons. These findings demonstrate that seasonal environmental conditions substantially influence
milk quality and udder health in semi-intensive dairy systems and highlight the importance of season-specific management
strategies to improve milk quality and reduce the risk of subclinical mastitis in tropical dairy production.
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1. Introduction

Milk is one of the most important foods of animal origin, Globally, the quality of raw milk is a critical determinant of
providing high-quality protein, essential fatty acids, lactose, vit-  public health, dairy productivity, and economic returns to farm-
amins and minerals necessary for human nutrition and health. ers and processors [1, 2]. In Tanzania, milk consumption is
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about 2.4 to 3 billion liters per year and is expected to increase
to 4 billion liters due to rapid urbanization, an increase in the
human population and income [3, 4]. Despite this high demand
for milk, only 60-70% of the total milk produced within the
country is collected, processed and marketed due to inadequate
and inefficient collection and processing infrastructure, which
compromises milk quality along the value chain [5, 6]. To nar-
row the gap between the current milk production and consump-
tion, the dairy sector’s capacity, which outsources its supply
from about 1.2 million dairy cows, highlights the critical need
for better dairy infrastructure, improving productivity, milk
quality and safety management [7, 8].

Milk quality is shaped by a complex interaction of biologi-
cal, managerial and environmental factors, including animal
breed, stage of lactation, feeding system, udder health, milk-
ing hygiene, environmental conditions and post-harvest han-
dling practices [9-11]. Physicochemical parameters, including
fat, protein, lactose, solid-not-fat (SNF), density and freezing
point, are widely used indicators of milk composition and au-
thenticity and play a critical role in determining its nutritional
value and processing performance, particularly in the manu-
facture of fermented products, cheese and butter [12].

Deviations from normal physicochemical ranges may indi-
cate adulteration, inadequate feeding regimes, or physiologi-
cal stress in dairy cows. The freezing point of milk is widely
used as an indicator of added water, while density and SNF
content provide complementary information on milk solids
and authenticity [12]. In addition to compositional parameters,
hygienic and health-related indicators such as somatic cell
count (SCC) and electrical conductivity are essential for as-
sessing raw milk quality. Somatic cells are primarily leuko-
cytes that increase in milk in response to intramammary infec-
tions such as mastitis. Elevated SCC is associated with re-
duced milk yield, altered milk composition, decreased shelf
life and inferior processing performance [13, 14]. Electrical
conductivity and salt concentration are also closely linked to
udder health, as inflammation alters the permeability of the
mammary epithelium, leading to increased sodium and chlo-
ride ions in milk [15, 16].

Rapid and reliable analytical techniques are increasingly re-
quired for routine milk quality monitoring at farm and milk
collection centers. The Lactoscan milk analyser is a widely
used ultrasonic-based instrument capable of simultaneously
measuring multiple milk quality parameters within a short
time. Previous studies have demonstrated its applicability for
routine assessment of fat, protein, lactose, SNF, density, freez-
ing point and conductivity in raw milk, particularly in re-
source-limited settings where conventional laboratory anal-
yses may be costly or time-consuming [10, 17].

Despite the importance of the dairy sector in Tanzania, par-
ticularly in the Southern Highlands where dairy production is
expanding, there is limited published information on the com-
bined effects of seasonal variation on physicochemical milk
quality and udder health indicators under semi-intensive pro-
duction systems. Previous studies have largely focused on
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milk production, value chain challenges, or isolated milk qual-
ity parameters, while comprehensive evaluations integrating
physicochemical characteristics and somatic cell count in
Friesian crossbred cows remain scarce. Furthermore, evidence
from institutional dairy farms, such as the Tanzania Livestock
Research Institute (TALIRI) Uyole Dairy Farm, is limited de-
spite their important role in dairy research and technology dis-
semination. This lack of locally generated evidence constrains
the development of season-specific management strategies to
improve milk quality and reduce the prevalence of subclinical
mastitis. Therefore, this study evaluated the effects of seasonal
variation on physicochemical milk quality parameters and so-
matic cell count in Friesian crossbred cows managed under a
semi-intensive dairy production system at TALIRI Uyole in
the Southern Highlands of Tanzania.

2. Materials and Methods

2.1. Study Area

The study was conducted at TALIRI Uyole Dairy Farm, sit-
uated between 08.9244' — 08.92<11' S and 33.54%3' —
33.53%3' E, at an elevation of 1824 m above sea level; in
Mbeya region, in the Southern Highlands of Tanzania. The re-
gion experiences a mean annual temperature of 23<C; mean
monthly temperatures range from a minimum of 6<C in July
to a maximum of 26 <C in December. The area receives an av-
erage annual precipitation of 1200 mm, characterized by a uni-
modal rainfall pattern occurring between November and May.

2.2. Farm Management and Animals

The study was conducted in March and April 2024 (rainy
season) and July and August 2024 (dry season), using Friesian
crossbred dairy cattle at the TALIRI Uyole Dairy Farm. The
animals were managed under a semi-intensive system, grazing
daily from 07:30h to 15:30h on mainly natural grasss and
partly on established pastures consisting of Rhodes grass
(Chloris gayana) and Greenleaf Desmodium (Desmodium in-
tortum). In addition to grazing, each animal was supplemented
with 1kg of concentrate feed daily. Potable water was pro-
vided ad libitum via troughs located within the paddocks.

2.3. Milk Sample Collection and Handling

A total of 20 Friesian crossbred cows in early to mid-lacta-
tion (2" to 4™ parity) were included in the study and moni-
tored during both the rainy season (March—April 2024) and
the dry season (July—August 2024). The same cows were fol-
lowed throughout the study to allow repeated measurements
across seasons.

Milk samples were collected twice per week for four con-
secutive weeks during each season. On each sampling day,
milk was collected from each cow at both the morning (05:00
h) and evening (16:00 h) milking sessions. Thus, each cow
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contributed 16 milk samples per season (2 sampling days =<2
milkings per day x4 weeks), resulting in 320 milk samples
per season (20 cows = 16 samples) and a total of 640 milk
samples across the two seasons.

Before sample collection, the first three streams of foremilk
were discarded to minimize contamination. Approximately 50
mL of composite milk, representing the total milk yield from
each cow at each milking session, was collected into sterile
food-grade plastic containers. Immediately after collection,
milk temperature was measured using a calibrated digital ther-
mometer. Samples were protected from direct sunlight and
transported in insulated cool boxes maintained at approxi-
mately 4 <C to the laboratory. All laboratory analyses were in-
itiated within 2 hours of sample collection to preserve the
physicochemical characteristics and ensure sample integrity.

2.4. Biological/Physiological and
Physicochemical Analysis using Ultrasonic
Milk Analyzer

Milk quality parameters were determined using a Lactoscan
(Milkotronic Ltd, Bulgaria), an automated ultrasonic milk an-
alyzer. The instrument was reset daily using standard refer-
ence solutions provided by the manufacturer. Prior to analysis,
milk samples were gently inverted to ensure homogeneity and
allowed to equilibrate to the analyzer's required operating tem-
perature (204+1°C) to ensure measurement accuracy. The ana-
lyzer provided direct quantification of the following parame-
ters: fat (%), SNF (%), protein (%), lactose (%), and salts (%).
Additionally, biological or physiological indicators of milk
quality particularly SCC (cells/mL) and physical properties
including freezing point (<) and electrical conductivity
(mS/cm) were recorded. To minimize cross-contamination be-
tween samples, the analyzer was automatically rinsed with
distilled water and a specialized alkaline cleaning solution af-
ter every five measurements. All samples were analyzed in
triplicate, and the mean values were used for subsequent sta-
tistical evaluation.

2.5. Quality Control and Data Management

All analytical procedures were performed in accordance
with the standard operating protocols provided by the equip-
ment manufacturer. To ensure measurement precision and
prevent sample carry-over or cross-contamination, the ultra-
sonic analyzer was automatically flushed with deionized wa-
ter and a specialized cleaning solution (LactoClean) between
each sample. Data were digitally recorded and cross-verified
for consistency prior to being exported for statistical analysis.

2.6. Ethical Statement

The researchers did not perform any invasive procedures or
experimental manipulations on live animals. Milk samples
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were obtained from the cows’ milking routine, scheduled farm
milking operations. As the study involved the use of non-in-
vasive collection of animal products within standard agricul-
tural practices, formal ethical approval was not required.

2.7. Statistical Analysis

Statistical analyses were performed using R software (ver-
sion 4.5.1; R Foundation for Statistical Computing, Vienna,
Austria). Descriptive statistics were summarized as estimated
marginal means (EMMSs) #standard error (SE). Seasonal dif-
ferences in physicochemical milk quality parameters were
evaluated using linear mixed-effects models fitted with the
Ime4 package. Season, week of sampling, and milking time
(morning or evening) were included as fixed effects, while
cow identity was included as a random effect to account for
repeated measurements obtained from the same cows. So-
matic cell count (SCC) data were log10-transformed before
analysis to satisfy model assumptions of normality and homo-
scedasticity. Estimated marginal means and pairwise compar-
isons were computed using the emmeans package. Statistical
significance was declared at P < 0.05.

3. Results

3.1. Physicochemical Composition of Milk

The physicochemical profile of raw milk showed signifi-
cant seasonal variations across several key parameters (Table
1). The fat content was significantly higher (P = 0.01) during
the dry season (3.2240.20%) compared to the rainy season
(2.6440.17%). Similarly, the freezing point was significantly
lower (more depressed) during the dry season -0.4740.06 <C)
than in the rainy season (-0.4340.07<C) at P = 0.03. While
protein, lactose, and SNF percentages were numerically
higher during the dry season, these differences did not reach
statistical significance (P > 0.05), suggesting a relatively sta-
ble synthesized milk composition across seasons at TALIRI
Uyole.

3.2. Physical Properties and Milk Hygiene

The electrical conductivity was significantly elevated dur-
ing the rainy season (6.3940.02mS/cm) compared to the dry
season (5.7840.25 mS/cm P = 0.02) (Table 1). This trend in
conductivity aligned with the SCC, which was significantly
higher (P = 0.01) during the rainy season (L0g:1o(SCC) =
5.6740.05) than in the dry season (Log10(SCC) = 5.5540.04).
Furthermore, milk temperature at the time of collection was
significantly higher during the rainy season (25.540.6 C; P =
0.03). Moreover, the fat percentage content was significantly
higher during the dry season compared to the rainy season (P
=0.01).
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Table 1. Estimated Least Square Means *Standard Error (£SE) of physicochemical milk quality parameters by season obtained from linear

mixed-effects models.

Parameter

Temperature (°C)

Fat (%)

SNF (%)

Protein (%)

Lactose (%)

Freezing Point (°C)
Conductivity (mS/cm)
Salt (%)

Log10(SCC)

Rainy Season (March-April)

25.540.6
2.6440.17
7.4510.14
3.1240.10
4.2240.14
-0.430.07
6.3940.02
0.4140.11
5.6740.05

Dry Season (July-August) P-Value
24.440.5 0.03
3.2240.20 0.01
7.6040.16 0.12
3.2340.12 0.07
4.2840.15 0.31
-0.4740.06 0.03
5.7840.25 0.02
0.3540.09 0.05
5.5540.04 0.01

Values are estimated least square means (+=SE) from linear mixed-effects models with season as a fixed effect and cow identity as a random
effect. Somatic cell count (SCC) was analyzed after logio transformation. Statistical significance was declared at P < 0.05.

3.3. Distribution of SCC

The distribution of SCC across the sampled population is
summarized in Table 2. Only 15% (n=3) of the cows main-
tained an SCC below 100,000 cells/mL, indicating excellent

SCC (Cell/mL)

< 100,000
100,000-200,000
200,000-400,000
> 400,000

udder health. However, a significant proportion of the herd
(35%, n=7) exhibited SCC levels exceeding 400,000 cells/mL,
suggesting a high prevalence of subclinical mastitis. Collec-
tively, 65% of the cows exceeded the 200,000 cells/mL
threshold, which is widely recognized as the physiological
limit for a healthy mammary gland.

Table 2. Distribution of SCC among the study cows (N=20).

Intrepretation

Healthy /Normal
Threshold / Low Risk
Subclinical Mastitis

Significant Infection

3.4. Seasonal Distribution of SCC

The seasonal distribution of SCC categories is illustrated in
Figure 1. During the rainy season, a substantial proportion of
the sampled population (45%) exhibited SCC levels indicative

Number of Cows (n) Percentages (%)
3 15%
4 20%
6 30%
7 35%
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of significant infection (> 400,000 cells/mL). In contrast, the
dry season showed a higher prevalence of cows in the healthy
(< 100,000 cells/mL) and early infection (100,000-200,000
cells/mL) categories, collectively representing 45% of the
herd compared to only 25% during the rainy season.
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Seasonal Distribution of Somatic Cell Count (SCC) Categories

B Rainy Season
Dy Season

Percentage of Cows (%)

=100.000

(Healthy) (Early Infection)

100,000-200,000

45%

200,000-400,000
(Subclinical Risk)

SCC Range {cells/mlL) and Health Interpratation

=400,000
(Mastitis)

Figure 1. Distribution of cows across somatic cell count categories during the rainy and dry seasons. Percentages are based on the 20 cows

sampled in each season.

4. Discussion

4.1. Physicochemical Composition of Milk

Seasonal variation significantly influenced several physico-
chemical characteristics of milk produced by Friesian cross-
bred cows managed under a semi-intensive dairy production
system in the Southern Highlands of Tanzania. The linear
mixed-effects model demonstrated significant seasonal effects
on milk fat, freezing point, electrical conductivity, milk tem-
perature, and log-transformed somatic cell count, whereas sol-
ids-not-fat (SNF), protein, and lactose contents remained rel-
atively stable. These findings indicate that seasonal environ-
mental conditions primarily affected milk constituents associ-
ated with nutritional status and udder health rather than com-
ponents under tighter physiological regulation.

Milk temperature was significantly higher during the rainy
season than during the dry season. This difference is likely as-
sociated with higher ambient humidity and reduced efficiency
of heat dissipation during the rainy season, resulting in slightly
elevated body and milk temperatures. Elevated milk tempera-
ture may also accelerate bacterial multiplication when milk is
not cooled immediately after milking, thereby compromising
milk quality. Similar observations have been reported in trop-
ical dairy production systems, where elevated environmental
temperature and humidity increase bacterial proliferation and
accelerate deterioration of raw milk quality when cooling is
delayed [18, 19].

Milk fat content was significantly higher during the dry sea-
son. This observation is most likely attributable to seasonal
changes in feeding management and rumen fermentation.
During periods of limited pasture availability, dairy cows are
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commonly supplemented with conserved forages and concen-
trate feeds to maintain nutrient intake. Such dietary adjust-
ments increase the proportion of structural carbohydrates in
the diet, promoting ruminal acetate production through fiber
fermentation. Acetate is the principal precursor for the synthe-
sis of short- and medium-chain fatty acids in the mammary
gland and therefore plays a central role in milk fat synthesis
[20, 21]. Similar relationships between feeding management
and milk fat concentration have been reported in Ethiopian
dairy herds, where nutritional management significantly influ-
enced milk composition across production systems [22].

In contrast, seasonal differences in SNF, protein, and lac-
tose contents were not statistically significant. These milk
components are generally regulated more tightly than milk fat
because they are closely associated with osmotic regulation
and mammary gland metabolism[9]. The relatively stable val-
ues observed throughout the study suggest that the feeding re-
gime at TALIRI Uyole maintained adequate nutrient supply
despite seasonal fluctuations in forage availability. Compara-
ble findings have been reported in Ethiopian dairy farms,
where breed, parity, and lactation stage explained a greater
proportion of variation in protein and lactose content than sea-
sonal effects[22].

Milk freezing point was significantly lower during the dry
season. This parameter is primarily determined by the concen-
tration of dissolved constituents, particularly lactose and min-
eral salts, and therefore reflects changes in the osmotic pres-
sure of milk rather than direct environmental effects [9, 23].
Although the seasonal difference observed in the present study
was relatively small, it suggests subtle changes in milk com-
position associated with seasonal feeding practices and water
intake, both of which have been reported to influence the
freezing point of milk[23]. Routine monitoring of milk freez-
ing point remains important for quality assurance because it
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serves as a reliable indicator of milk authenticity and the pos-
sible addition of water during milk handling or processing[24,
25].

Electrical conductivity was significantly higher during the
rainy season, indicating reduced udder health during this pe-
riod. Increased rainfall and humidity create favorable condi-
tions for the proliferation of environmental mastitis pathogens,
while muddy housing conditions increase bacterial contami-
nation of the teat surface [26, 27]. During intramammary in-
fection, inflammatory damage to mammary epithelial cells
disrupts the integrity of the blood—milk barrier, allowing so-
dium and chloride ions to diffuse into milk while potassium
concentration decreases, thereby increasing milk electrical
conductivity [28, 29]. The positive association between ele-
vated electrical conductivity and somatic cell count observed
in this study is consistent with recent findings from Ethiopian
dairy herds, where increased somatic cell scores were moder-
ately correlated with electrical conductivity and reduced milk
quality [22].

The slight increase in milk salt concentration during the
rainy season further supports the occurrence of inflammatory
changes within the mammary gland. Increased sodium and
chloride concentrations in milk are characteristic responses to
compromised mammary epithelial integrity during subclinical
mastitis [28]. Together, the observed changes in electrical
conductivity, salt concentration, and somatic cell count sug-
gest that udder health was more adversely affected during the
rainy season than during the dry season.

4.2. Effect of Season on Somatic Cell Count

Season had a significant effect on log-transformed somatic
cell count (logio SCC), with higher values observed during the
rainy season than during the dry season. The use of a linear
mixed-effects model strengthened this inference by account-
ing for repeated measurements obtained from the same cows
throughout the study, thereby providing more reliable esti-
mates of seasonal effects than analyses assuming independent
observations.

The higher somatic cell count observed during the rainy
season is consistent with previous studies conducted in Tan-
zania. For example, [30] reported a high prevalence of sub-
clinical mastitis among smallholder dairy farms in Mvomero
and Njombe districts, demonstrating that poor udder hygiene
and environmental contamination substantially compromise
milk quality. Similarly, [31] observed that mastitis remains
one of the major constraints affecting milk quality in tradi-
tional dairy systems in Tanzania, with bacterial contamination
and poor hygienic practices contributing to reduced milk qual-
ity. These findings support the present study, suggesting that
increased rainfall, muddy housing conditions, and greater en-
vironmental exposure during the rainy season increase the
likelihood of intramammary infections, leading to elevated so-
matic cell counts and reduced milk quality.

The elevated SCC recorded during the rainy season is most
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likely attributable to increased exposure of dairy cows to en-
vironmental mastitis pathogens under wet and humid condi-
tions. Rainfall promotes the accumulation of mud and manure
in animal resting and walking areas, increasing bacterial con-
tamination of the teat surface and the risk of intramammary
infection [32]. Once infection occurs, leukocytes migrate into
the mammary gland as part of the innate immune response,
resulting in increased SCC. Consequently, elevated SCC is
widely recognized as one of the most reliable indicators of
subclinical mastitis and declining milk quality.

The concurrent increase in SCC and electrical conductivity
observed in this study further supports the presence of inflam-
matory changes within the mammary gland during the rainy
season. Similar relationships have been reported in Tanzania,
Kenya, Ethiopia, Rwanda, and Uganda, where higher SCC
and increased prevalence of subclinical mastitis have consist-
ently been associated with periods of increased rainfall and
poor environmental hygiene [31, 33, 34]. These findings em-
phasize the importance of maintaining clean housing condi-
tions, improving drainage around dairy facilities, and imple-
menting effective teat hygiene before and after milking to re-
duce seasonal mastitis risk.

4.3. Implications for Dairy Management in
Tropical Production Systems

From a practical perspective, the observed seasonal differ-
ences indicate that dairy farmers in the Southern Highlands of
Tanzania should adopt season-specific management strategies
to maintain milk quality throughout the year. During the rainy
season, priority should be given to improving housing sanita-
tion, drainage around dairy facilities, and pre- and post-milk-
ing teat hygiene to reduce exposure to environmental mastitis
pathogens. Strategic monitoring of electrical conductivity and
somatic cell count could facilitate early detection of subclini-
cal mastitis before clinical signs become evident. During the
dry season, maintaining adequate nutritional supplementation
is essential to sustain milk composition, particularly milk fat
content, despite seasonal reductions in pasture availability.
Such interventions are likely to improve milk quality, reduce
economic losses associated with mastitis, and enhance the sus-
tainability of semi-intensive dairy production systems in Tan-
zania.

Overall, this study provides locally generated evidence that
seasonal variation affects both milk composition and udder
health in Friesian crossbred cows managed under semi-inten-
sive tropical production systems. These findings contribute to
the limited body of literature available for Tanzania and pro-
vide practical information to support dairy farmers, extension
services, and policymakers in developing targeted interven-
tions aimed at improving milk quality, animal health, and the
sustainability of dairy production under changing climatic
conditions.

This study was conducted using 20 Friesian crossbred cows
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from a single research farm, which may limit the generaliza-
bility of the findings to other dairy production systems in Tan-
zania. Furthermore, observations were limited to one rainy
and one dry season within a single year. Future studies involv-
ing multiple farms, larger sample sizes, and longer monitoring
periods across different agroecological zones are recom-
mended to validate and extend these findings. The findings of
this study also highlight the potential value of implementing
Hazard Analysis and Critical Control Point (HACCP)-based
management practices in semi-intensive dairy production sys-
tems. Seasonal identification of critical control points, such as
milking hygiene, udder sanitation, milk cooling, and housing
cleanliness, may help reduce microbial contamination and the
incidence of subclinical mastitis. Adopting HACCP principles
alongside routine monitoring of physicochemical milk quality
parameters and somatic cell count could improve milk safety,
product quality, and animal health throughout both the rainy
and dry seasons.

5. Conclusion

Overall, this study provides important baseline evidence on
the influence of seasonal variation on physicochemical milk
quality and udder health in Friesian crossbred cows managed
under a semi-intensive dairy production system in the South-
ern Highlands of Tanzania. By applying linear mixed-effects
models that accounted for repeated measurements from indi-
vidual cows, the study provides robust estimates of seasonal
effects on milk quality traits. The findings contribute to the
limited body of published information on seasonal milk qual-
ity in Tanzania and emphasize the need for integrated nutri-
tional and udder health management strategies tailored to trop-
ical production systems. These results may assist dairy farm-
ers, extension services, and policymakers in developing evi-
dence-based interventions aimed at improving milk quality,
reducing subclinical mastitis, and enhancing the productivity
and sustainability of the Tanzanian dairy sector.
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