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Abstract

Milk quality and nutritional value are strongly influenced by its
physicochemical properties and chemical composition, which vary
among animal species. This study aimed to comparatively evaluate
the physicochemical characteristics and chemical composition of
fresh raw cow, goat, and sheep milk collected from farms in Tocra,
Libya. A total of 30 raw milk samples (10 from each animal species)
were collected during the spring season. The samples were analyzed
for pH, titratable acidity (expressed as lactic acid), protein content,
ash content, and starch adulteration, total solids (TS). The measured
values ranged from 0.13 to 0.20% for titratable acidity, 6.57 to 6.75
for pH, 2.96 to 6.20% for protein, 0.62 to 1.05% for ashe, and 11.14
to 16.90% for TS. No starch adulteration was detected in any of the
samples analyzed. The results demonstrated species-dependent
variations in the physicochemical properties and chemical
composition of the milk samples, reflecting differences in their
nutritional characteristics. These findings provide baseline
information on the quality of fresh milk produced in the Tocra
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region and may contribute to quality assessment and future dairy
research in Libya. Further microbiological and storage studies are
recommended to evaluate the shelf-life stability of these milk
samples. The higher protein, ash, and titratable acidity values
observed in sheep milk highlight its favorable compositional
characteristics for cheese production.

Keywords: Raw milk, Physicochemical analysis, Milk quality,
Titratable acidity, Protein content, Ash.
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Introduction

Milk is one of the most important natural foods consumed
worldwide due to its high nutritional value and balanced
composition. It is a complex biological fluid secreted by the
mammary glands of mammals after parturition to provide essential
nutrients for the growth and development of their offspring. Beyond
its biological role, milk constitutes a fundamental component of the
human diet and serves as a major raw material for the dairy industry.
It contains a wide range of nutrients, including water, proteins,
lipids, carbohydrates (primarily lactose), vitamins, and minerals, all
of which contribute to human health, growth, and overall well-being
(Dror, & Allen; 2018 and Samuel et al; 2020).

The chemical composition and physicochemical properties of milk
vary considerably depending on several factors, including animal
species, breed, feeding regime, stage of lactation, environmental
conditions, health status, and post-harvest handling practices.
Among the different types of milk consumed worldwide, cow, goat,
and sheep milk are the most important, each possessing distinct
compositional characteristics that influence their nutritional value,
technological properties, processing behavior, and shelf-life
(Rosati, & Aumaitre; 2004 and Kourkouta, 2021). These
compositional differences also affect the suitability of milk for
manufacturing various dairy products and contribute to differences
in consumer preference and nutritional quality.

Evaluation of milk quality is primarily based on its physicochemical
characteristics and chemical composition. Parameters such as pH,
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titratable acidity, protein content, ash content, and the absence of
adulterants are widely recognized as important indicators of milk
freshness, hygienic quality, nutritional value, and suitability for
processing and consumption (Yalew et al; 2024, Lim et al; 2023
and Lu ef al; 2025). Fresh milk normally exhibits a pH ranging
from approximately 6.6 to 6.8, while deviations from this range may
indicate microbial activity, contamination, or improper storage
conditions. Similarly, titratable acidity reflects both the natural
buffering capacity of milk and the accumulation of lactic acid
resulting from bacterial fermentation, making it an important quality
control parameter in the dairy industry (Lim, 2023 and Libyan
National Center for Standardization and Metrology 2000).
Milk proteins, particularly caseins and whey proteins, represent one
of the most valuable nutritional and technological components of
milk. They provide essential amino acids required for growth, tissue
repair, and numerous physiological functions, while also playing a
crucial role in the manufacture of dairy products such as cheese and
yogurt (Gaucheron; 2020, Lucey; 2002 and Pyne 1932).
Likewise, ash content provides an estimate of the total mineral
content of milk, which is important for evaluating its nutritional
quality. In addition, routine screening for adulterants, including
starch, remains an essential aspect of milk quality assessment,
especially in regions where fresh, unpasteurized milk is widely
marketed. The detection of such adulterants is important for
ensuring product authenticity, maintaining consumer confidence,
and complying with food quality standards (Marshall; 2017).
Several studies have demonstrated that the physicochemical
properties and chemical composition of milk differ among animal
species and geographical regions because of variations in genetics,
feeding systems, environmental conditions, and management
practices. Park et al. 2007 conducted a review comparing the
physicochemical properties of goat, sheep, and cow milk. They
found that sheep milk has higher concentrations of total solids and
nutrients than both goat and cow milk. The study highlighted that
variations in fat, protein, minerals, and casein micelle characteristics
among these species influence technological properties such as
coagulation behavior and cheese yield. In another study, Park
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reviewed the rheological characteristics of goat and sheep milk,
noting that viscosity is influenced by factors such as fat and protein
concentrations, temperature, pH, and milk age. Average viscosities
were about 2.12 cP for goat milk and 2.48 cP for sheep milk,
compared to approximately 1.70 cP for cow milk. The higher
viscosities in sheep and goat milk correlate with differences in
composition and structural characteristics, indicating that
rheological properties are valuable for comparing milk from various
animal species (Park; 2007).

Li et al., 2022 investigated seasonal variations in the composition
and physicochemical characteristics of sheep and goat milk in New
Zealand, assessing factors like macronutrients, minerals, and
viscosity. They found notable differences attributed to animal
species and seasons, with sheep milk showing more pronounced
seasonal variations. Specifically, late production season sheep milk
exhibited greater increases in casein micelle size and viscosity after
heat treatment, highlighting the influence of species and
environmental factors on milk properties.

Several investigations in Libya have evaluated the physicochemical
and nutritional quality of milk and dairy products. A study by
Elbagermi et al., 2020 analyzed pasteurized and long-life cow milk
in Misurata, assessing parameters like moisture, ash, non-fat solids,
total solids, protein, fat, lactic acid, pH, and total sugar in 11
samples. Results showed protein levels between 2.43 to 3.50%, fat
from 0.25 to 3.50%, total acidity from 0.13 to 0.18%, and total
sugars from 2.96 to 4.39%, generally conforming to Libyan
standards (Elbagermi ez al., 2020). In another study, Elbagermi ez
al., 2020 evaluated essential and heavy metals in pasteurized and
long-life cow milk from supermarkets in Misurata, analyzing
samples for various elements using microwave plasma atomic
emission spectrometry. Potassium was the most abundant essential
element, while zinc was the highest among heavy metals. Cobalt and
cadmium were below detection limits in all samples. The study
highlights the importance of assessing mineral composition in
commercially available milk alongside traditional physicochemical
properties.
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Elsherif et al., 2017 investigated major and minor elements in dairy
products from local companies in Misurata, analyzing 15 samples.
Zinc had the highest concentration among minor elements, while
potassium was more abundant than sodium among major elements.
Significant differences in heavy-metal concentrations were noted
among dairy products, with fresh milk generally exhibiting lower
concentrations than buttermilk, yoghurt, and yoghurt drinks.
Despite the available studies on milk quality in Libya, a clear
research gap remains regarding the comparative characterization of
fresh raw milk from different animal species under local production
conditions. Most previous investigations have focused on
commercially processed cow milk or specific dairy products, with
limited attention given to fresh milk obtained directly from farms.
Moreover, comparative data on the physicochemical properties and
chemical composition of cow, goat, and sheep milk produced within
the same geographical region are scarce. In particular, information
on milk produced in the Tocra area is limited, making it difficult to
establish representative baseline values for locally produced raw
milk. Addressing this gap is important for evaluating species-related
differences in milk quality and nutritional composition and for
assessing the potential suitability of different milk types for dairy
processing applications.

Accordingly, the present study aimed to compare the
physicochemical properties and chemical composition of fresh raw
cow, goat, and sheep milk collected from farms in the Tocra region
of Libya. The parameters investigated included pH, titratable
acidity, protein content, ash content, and starch adulteration. The
findings of this study are expected to provide baseline information
on the quality characteristics of locally produced milk and
contribute to future research and quality control programs for the
Libyan dairy sector.

2. Materials and methods

2.1. Sample collection

This study focused on the three most commonly consumed types of

fresh milk in the Tocra region, Libya, namely cow, goat, and sheep

milk. The selection of these milk types was guided by a preliminary

survey conducted among 22 local farmers to identify the types of
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milk commonly produced and consumed in the region. Based on the
survey findings, cow, goat, and sheep milk were selected for
comparative evaluation. A total of 30 fresh raw milk samples were
collected from different farms in the Tocra area during the spring
season, comprising 10 samples each of cow, goat, and sheep milk.
Immediately after collection, the samples were labelled according
to animal species as cow (C), goat (G), and sheep (S), and each
sample was assigned a unique identification code (C1-C10, G1—
G10, and S1-S10). The samples were transported to the laboratory
under refrigerated conditions and stored at 6 = 1°C until analysis.
2.2 Reagents and Chemicals

All reagents used in this study were of analytical grade. Sodium
hydroxide (0.1 N) and phenolphthalein indicator were purchased
from BDH Ltd. (Poole, UK) and Riedel-de Haén AG (Germany),
respectively, and used without further purification. Deionized water
(18.2 MQ-cm) was obtained from a Milli-Q water purification
system (Millipore, Bedford, MA, USA) and was used throughout
the study. Before use, all glassware and polyethylene containers
were soaked in 10% (v/v) nitric acid (HNO:s) for at least 24 h, rinsed
thoroughly three times with deionized water, and air-dried. Reagent
blanks containing only the analytical reagents were prepared and
analyzed together with the samples to verify the absence of
contamination.

2.3 Determination of pH

The pH of the milk samples was determined according to the AOAC
method [19] using a digital pH meter (pHs-2F, Harris, England).
Prior to measurement, the instrument was calibrated using standard
buffer solutions of pH 4.0, 7.0, and 10.0. Approximately 50 mL of
each milk sample was transferred into a clean beaker, and the pH
was recorded after the reading had stabilized.

2.4 Determination of Titratable Acidity

Titratable acidity (TA) was determined according to AOAC Official
Method 947.05 (AOAC International; 2023). A known volume of
milk was titrated with 0.1 N sodium hydroxide using
phenolphthalein as the indicator until a persistent pale pink endpoint
was obtained. The titratable acidity was expressed as percentage
lactic acid and calculated using Equation (1).
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SXNX90x100

% titrable acidity = VX 1000

(1)
where V is the volume (mL) of 0.1 N NaOH consumed, N is the
normality of NaOH, and S is the volume (mL) of milk analyzed. The
molecular weight of lactic acid was taken as 90 g mol ™.

2.5 Detection of Starch Adulteration

Starch adulteration was determined qualitatively using the iodine
test. Briefly, 5 mL of each milk sample was boiled and allowed to
cool to room temperature. Subsequently, 1 mL of 1% iodine solution
was added and mixed thoroughly. The appearance of a blue
coloration indicated the presence of starch, whereas the absence of
color change indicated that no starch adulteration had occurred.

2.6 Determination of Protein Content

Protein content was determined using the formol titration (Pyne's)
method (Marshall; 2017). In this method, formaldehyde reacts with
amino groups in milk proteins, and the liberated hydrogen ions are
titrated with standardized sodium hydroxide solution. The protein
content was calculated using Equation (2).

% total protion = (V — V) x 1.7 (2)

where V is the volume (mL) of 0.1 N NaOH used for the sample, Vy
is the volume (mL) consumed for the reagent blank, and 1.7 is the
conversion factor.

2.7 Determination of Ash Content

Ash content was determined according to the standard gravimetric
method (Marshall; 2017). A known quantity of milk was first dried
and subsequently incinerated in a muffle furnace at 600°C until a
constant weight was obtained. The ash content was calculated using
Equation (3).

% ash =< x 100 3)
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where A is the initial weight of the milk sample and C is the weight
of the ash residue.

2.8 Determination of Total Solids (TS)

Total solids (TS) were determined gravimetrically according to
previously reported methods (Javaid et al; 2009 and Bradley; 2017).
Approximately 5 g of each milk sample (A) was heated at 70°C for
1 h, followed by drying at 120°C for 6 h until constant weight. The
dried residue (B) was weighed, and the TS percentage was
calculated using Equation (4).

%TS == X 100 4)

where A is the initial sample weight and B is the weight of the dried
residue.

2.9. Statistical analysis

All measurements were performed on ten independent samples for
each milk type (n = 10), and the results are presented as mean +
standard deviation (SD). Statistical differences among cow, goat,
and sheep milk samples were evaluated using one-way analysis of
variance (ANOVA), followed by Tukey's honestly significant
difference (HSD) post hoc test. Statistical analyses were performed
using IBM SPSS Statistics version 21 (IBM Corp., Armonk, NY,
USA), and differences were considered statistically significant at P
<0.05.

3. Result and Discussion

3.1 Physicochemical Properties of Fresh Cow, Goat, and Sheep
Milk

The physicochemical characteristics of fresh cow, goat, and sheep
milk are summarized in Table 1, while the individual analytical
results for each sample are presented in Table 2. Significant
differences (P < 0.05) were observed among the three milk types for
all measured parameters, indicating that animal species had a
marked influence on milk composition and quality.
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TABLE (1): Mean (£ SD) values of the physicochemical properties
and chemical composition of fresh cow, goat, and sheep milk samples

(n=10).

Parameter Cow Goat Sheep p-value
Titratable 0.145+£0.013 0.166+0.010 0.192+0.006 <0.001
acidity (%)
pH 6.693 £ 0.035 6.643 +0.038 6.641 £ 0.037 0.005
Protein (%) 3.310£0.193  3.715+0.205 5.651 £0.381 <0.001
Ash (%) 0.694 £ 0.035 0.717£0.039  0.952 + 0.065 <0.001
TS % 11.243 + 11.343 + 14.570 + <0.001

0.092 0.080 1.333

Values are presented as mean = SD (n = 10). The p-values indicate the overall
statistical significance among the three milk species as determined by one-way
ANOVA. A p-value < 0.05 was considered statistically significant

As shown in (Table 1), titratable acidity differed significantly
among the milk samples (P < 0.001), with cow milk exhibiting the
lowest mean value (0.145 + 0.013%), whereas goat and sheep milk
showed higher acidity (0.166 £ 0.010%). Conversely, cow milk had
the highest mean pH (6.693 + 0.035), followed by goat (6.643 +
0.038) and sheep milk (6.641 + 0.037), although the differences
were relatively small but statistically significant (P = 0.0049). These
results demonstrate the expected inverse relationship between pH
and titratable acidity.

Protein content varied markedly among the three milk types (P <
0.001). Sheep milk contained the highest protein concentration
(5.651 £0.381%), followed by goat milk (3.715 + 0.205%) and cow
milk (3.310 £ 0.193%). A similar trend was observed for ash
content, with sheep milk exhibiting the highest mineral content
(0952 £ 0.065%), whereas cow and goat milk contained
significantly lower ash concentrations. Likewise, total solids (TS)
were significantly higher in sheep milk (14.570 + 1.333%) than in
cow (11.243 £+ 0.092%) and goat milk (11.343 £ 0.080%) (P <
0.001), reflecting its higher concentration of solids, particularly
proteins and minerals.

The observed interspecies differences are primarily attributed to
variations in milk composition, including protein, mineral, and
buffering constituents, in addition to genetic background, breed,
feeding regime, stage of lactation, and environmental conditions.
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Overall, these findings demonstrate that sheep milk possesses a
more concentrated composition than cow and goat milk, whereas
cow milk is characterized by lower acidity and lower concentrations
of total solids. The individual values presented in Table 2 further
confirm the consistency of these compositional differences among
the analyzed samples.

TABLE 2: Total acidity, % titratable acidity, pH, % Protein, %
Ash, and % TS in various types of fresh milk samples.

Code of Type Titratable pH Protein% Ash% TS%

Sample of acidity
Milk (%)
Cl 0.13 6.73 3.42 068  11.16
C2 0.16 6.65 2.97 062 11.14
C3 0.14 6.70 3.30 070  11.26
C4 0.13 6.75 3.35 0.69  11.20
Cs 0.13 6.72 3.47 072 1132
C6 Cow 0.15 6.67 3.42 071  11.30
C7 0.14 6.69 3.40 072  11.33
C8 0.16 6.64 2.96 068  11.18
C9 0.16 6.68 3.50 0.75  11.40
C10 0.15 6.70 3.31 067 11.14
Gl1 0.15 6.70 3.55 0.66  11.20
G12 0.16 6.65 3.63 073 1135
G13 0.16 6.67 3.76 0.69 1131
Gl4 0.17 6.63 3.80 074  11.39
Gl15 Goat 0.17 6.65 4.10 0.70 11.28
G16 0.17 6.69 3.49 077 1142
G17 0.18 6.63 3.65 0.67  11.18
G18 0.18 6.62 3.59 0.71 11.31
G19 0.16 6.57 4.02 078  11.47
G20 0.16 6.62 3.56 072  11.36
S21 0.18 6.65 5.16 087 1321
S22 0.19 6.60 6.02 085  13.18
S23 0.19 6.58 5.83 096  14.20
S24 0.20 6.62 5.50 094  14.00
S25 0.20 6.61 6.20 099  15.10
S26 Sheep 0.20 6.66 5.60 1.05 16.90
S27 0.19 6.69 5.10 0.97  14.05
S28 0.19 6.65 5.30 089  13.96

11 ISTJ — Volume 39-1 1 - 39 2aall - Al 5 o slall 23] gal) Alaall


http://www.doi.org/10.62341/istj-vol39-1-NA52

International Science and ~ YOlume 39 axml) igan y o gt g Lad )
_Technology Journal Part 1 N > i) (SRR SN — «
A1) glall 44t gal) el IST.JA /\

Comparative Evaluation of the Physicochemical Properties of Fresh
Cow, Goat, and Sheep Milk from Tocra Farms, Libya
http://www.doi.org/10.62341/istj-vol39-1-NAS52

Code of Type Titratable pH Protein% Ash% TS%

Sample of acidity
Milk (%)
S29 0.19 6.68 6.00 0.98 14.23
S30 0.19 6.67 5.80 1.02 16.87

3.2 Titratable Acidity of Fresh Cow, Goat, and Sheep Milk
Titratable acidity is an important quality parameter used to evaluate
milk freshness, compositional characteristics, and suitability for
dairy processing. Unlike pH, which represents the concentration of
free hydrogen ions, titratable acidity reflects the total amount of
acid-reactive components present in milk, including lactic acid,
casein, phosphate salts, dissolved carbon dioxide, and other weak
acid systems (Kourkouta; 2021 and Gashu et al; 2010).
Therefore, variations in titratable acidity among different milk types
are influenced not only by microbial acid production but also by the
intrinsic buffering capacity of milk.

The titratable acidity values of the analyzed milk samples are
presented in Table 1 and Table 2. Significant differences were
observed among the three milk types (P < 0.001), with the highest
acidity recorded in sheep milk (0.192 £+ 0.006%) then goat milk
(0.166 + 0.010%) followed by cow milk (0.145 £+ 0.013%). The
individual sample values ranged from 0.13-0.16% for cow milk,
0.15-0.18% for goat milk, and 0.18-0.20% for sheep milk, showing
the following general trend: sheep milk > goat milk > cow milk.
The higher titratable acidity observed in sheep milk can be attributed
to its higher concentrations of proteins, particularly casein,
minerals, and total solids, which contribute to the buffering capacity
of milk and increase the amount of alkali required during titration.
Similar trends have been reported in previous studies, where sheep
milk generally exhibited higher titratable acidity than cow milk,
while goat milk showed intermediate or relatively elevated values
depending on breed, feeding conditions, and lactation stage.
Although increased titratable acidity is often associated with
microbial fermentation and lactic acid production, the higher values
observed in sheep and goat milk do not necessarily indicate
deterioration or poor quality. Instead, they may reflect differences
in the natural composition of small ruminant milk, particularly the
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higher protein and mineral content. The relationship between
titratable acidity and milk quality should therefore be interpreted
together with pH values and other compositional parameters.
According to the permissible limits reported by the Libyan National
Centre for Standardization and Metrology (LNCSM) [8], the
observed acidity values showed variation among the analyzed
samples. However, species-related differences should be considered
when evaluating milk quality because natural compositional
variations can influence acidity measurements. The variation of
titrable acidity among raw milk samples is presented in (Figure 1).
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Fig. 1.: Titratable acidity (%) of fresh cow, goat, and sheep milk samples

3.3 pH Characteristics of Fresh Cow, Goat, and Sheep Milk
The pH values of the analyzed milk samples are presented in (Table
1 and Table 2), while the comparison among different milk types is
illustrated in Figure 2. Significant differences were observed among
cow, goat, and sheep milk samples (P = 0.0049). The pH values
ranged from 6.64 to 6.75 for cow milk, 6.57 to 6.70 for goat milk,
and 6.58 to 6.69 for sheep milk, indicating that all samples were
within the typical range reported for fresh milk.
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Fig. 2.: pH values of fresh cow, goat, and sheep milk samples collected
from Tocra, Libya.

The mean pH values followed the order: cow milk (6.693 + 0.035)
> goat milk (6.643 £ 0.038) = sheep milk (6.641 +0.037). Although
milk acidity and pH generally show an inverse relationship, these
parameters describe different aspects of milk acidity. Titratable
acidity reflects the total concentration of acid-reactive components,
including weak acids, proteins, and mineral salts, whereas pH
represents the activity of free hydrogen ions in the aqueous phase.
Therefore, differences in protein content, mineral composition, and
buffering systems may result in variations in titratable acidity
without causing proportional changes in pH.

The slightly lower pH values observed in goat and sheep milk
compared with cow milk may be associated with differences in their
protein and mineral composition, particularly the casein fraction and
calcium—phosphate equilibrium system. Casein and phosphate salts
contribute significantly to the buffering capacity of milk by resisting
changes in hydrogen ion concentration. Consequently, milk
composition plays an important role in controlling pH stability.

All analyzed samples were within the pH range specified for fresh
milk according to the Libyan National Centre for Standardization
and Metrology (LNCSM) standard (pH 6.4—6.8) (Libyan National
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Center for Standardization and Metrology; 2020). However, pH
alone should not be considered a definitive indicator of milk
freshness, as microbial activity, storage conditions, temperature,
and handling practices may also influence milk acidity. Therefore,
pH evaluation should ideally be combined with other quality
parameters, including titratable acidity and microbiological
analysis.

3.4 Qualitative Detection of Starch as a Milk Adulterant

The presence of starch adulteration in fresh milk samples was
evaluated using the iodine test. No color change was observed after
the addition of iodine solution to any of the analyzed samples, with
the iodine color remaining yellow—brown. This result indicates the
absence of detectable starch in all cow, goat, and sheep milk samples
collected from the Tocra region. The absence of starch suggests that
none of the analyzed samples had been adulterated with starch-
based additives. Starch detection represents an important quality
control measure because starch is sometimes added fraudulently to
milk to increase apparent solids content and mask dilution.
However, the iodine test is specific for starch detection and does not
exclude the presence of other possible adulterants.

3.5 Protein Content of Fresh Cow, Goat, and Sheep Milk

Milk proteins represent one of the most important nutritional and
functional components of milk. They provide essential amino acids
required for human growth and tissue maintenance and contribute
significantly to the technological properties of dairy products. Milk
proteins consist mainly of caseins and whey proteins, which
influence nutritional quality, coagulation behavior, and suitability
for the production of fermented dairy products and cheese. In the
present study, protein content was determined using the formol
titration method, which is a simple and widely applied approach for
estimating total milk protein due to its rapidity and acceptable
accuracy (Gashu et al; 2010 and International Dairy Federation
(IDF); 1986).

The protein contents of the analyzed milk samples are presented in
(Table 1 and Table 2), while the comparison among different milk
species is illustrated in Figure 3. Significant differences were
observed among the three milk types (P < 0.001). Sheep milk
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exhibited the highest protein content (5.651 + 0.381%), followed by
goat milk (3.715 £ 0.205%) and cow milk (3.310 = 0.193%). The
individual sample values ranged from 2.96-3.50% in cow milk,
3.49-4.10% in goat milk, and 5.10-6.20% in sheep milk.
The higher protein concentration observed in sheep milk reflects its
naturally richer composition compared with cow and goat milk.
Similar trends have been reported in previous studies, where sheep
milk generally contains greater amounts of casein and total protein,
making it particularly suitable for cheese production. Goat milk also
showed higher protein content than cow milk, although the
difference was less pronounced.
The differences in protein concentration among milk species may
be related to genetic factors, breed characteristics, feeding
conditions, stage of lactation, and environmental influences. The
higher protein content of sheep milk was also consistent with the
elevated ash and total dissolved solids values observed in the present
study, indicating a more concentrated milk composition. According
to the reference values reported for milk quality standards (Konte;
1999), variations in protein content among species should be
interpreted considering the natural compositional differences
between cow, goat, and sheep milk.

s

Fig. 3.: Protein content (%) of fresh cow, goat, and sheep milk samples
collected from Tocra, Libya.
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3.6 Ash Content of Fresh Cow, Goat, and Sheep Milk

Ash content represents the total inorganic mineral fraction
remaining after complete incineration of milk samples and provides
an indication of the mineral composition of milk. These minerals,
including calcium, phosphorus, magnesium, potassium, and
sodium, contribute to the nutritional value of milk and influence
important technological properties such as buffering capacity,
coagulation behavior, and dairy product quality.

The ash content values of the analyzed milk samples are presented
in (Table 1 and Table 2), while the comparison among milk types
is shown in Figure 4. Significant differences were observed among
cow, goat, and sheep milk samples (P < 0.001). Sheep milk
exhibited the highest ash content (0.952 £+ 0.065%), followed by
goat milk (0.717 £ 0.039%) and cow milk (0.694 + 0.035%). The
individual sample values ranged from 0.62—0.75% in cow milk,
0.66—0.78% in goat milk, and 0.85-1.05% in sheep milk.
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Fig. 4.: Ash content (%) of fresh cow, goat, and sheep milk samples
collected from Tocra, Libya.

The higher mineral content observed in sheep milk is consistent with
its greater protein concentration and total solids content recorded in
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this study. The increased levels of minerals and proteins contribute
to the stronger buffering capacity of sheep milk, which may partly
explain the higher titratable acidity observed compared with cow
milk. Similar differences among milk species have been reported
previously and are generally attributed to genetic factors, breed
characteristics, feeding conditions, and lactation stage.

The higher ash content of sheep milk may provide technological
advantages in dairy processing, particularly in cheese production,
because mineral components influence casein micelle stability,
coagulation properties, and final product characteristics.

3.7 Total Solids (TS) of Fresh Cow, Goat, and Sheep Milk

Total solids (TS) represent the fraction of milk remaining after
removal of water and include soluble components such as lactose,
minerals, and other non-water constituents. The TS values of the
analyzed milk samples are presented in (Table 1 and Table 2),
while the comparison among different milk types is illustrated in
(Figure 5).

Significant differences were observed among cow, goat, and sheep
milk samples (P <0.001). Sheep milk showed the highest TS content
(14.570 + 1.333%), with individual values ranging from 13.18 to
16.90%, followed by goat milk (11.343 £ 0.080%), with values
ranging from 11.18 to 11.47%. Cow milk exhibited the lowest TDS
values (11.243 £ 0.092%), ranging from 11.14 to 11.40%.

The TS values showed a marked difference in both mean values and
variability among the three milk types. Cow and goat milk exhibited
relatively low and consistent TS values of 11.243 + 0.092% and
11.343 + 0.080%, respectively, whereas sheep milk recorded a
considerably higher mean TS value of 14.570 = 1.333%. The
relatively large standard deviation observed for sheep milk indicates
greater variability among the individual sheep milk samples
compared with cow and goat milk. This variation may reflect natural
differences in the concentrations of dissolved milk constituents,
including lactose, soluble proteins, and mineral salts, which can be
influenced by factors such as animal-to-animal variation, feeding
conditions, stage of lactation, hydration status, and farm
management practices.
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The higher TS content observed in sheep milk is consistent with its
greater concentrations of protein and mineral components, as
demonstrated by the higher protein and ash values obtained in this
study. The increased concentration of milk solids contributes to the
higher nutritional density of sheep milk and may influence its
technological properties, particularly during cheese and fermented
dairy product manufacturing. Similar differences among milk
species have been attributed to variations in genetic characteristics,
feeding systems, and lactation conditions.
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Fig. 5.: Total solids (TS%) of fresh cow, goat, and sheep milk samples
collected from Tocra, Libya.

3.8 Limitations of the Study

Several limitations should be considered when interpreting the
findings of the present study. First, milk samples were collected
during a single season (spring) and from one geographical area
(Tocra, Libya); therefore, seasonal and regional variations in milk
composition could not be evaluated. Second, the analysis focused
on selected physicochemical and chemical parameters, and other
important components, particularly fat, lactose, and solids-not-fat
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(SNF), were not determined. Third, microbiological analyses were
not performed; consequently, the microbiological quality and safety
of the raw milk samples examined were not assessed. These
limitations should be considered in future studies by including
samples collected across different seasons and geographical areas,
together with a broader compositional analysis and microbiological
evaluation.

4. Conclusion

This study evaluated the physicochemical characteristics and
compositional quality of fresh cow, goat, and sheep milk collected
from farms in the Tocra region, Libya. Significant differences were
observed among the three milk types, demonstrating the influence
of animal species on milk composition and quality characteristics.
The results showed that sheep milk exhibited the highest values of
protein, ash, and total solids, accompanied by higher titratable
acidity, whereas cow milk generally showed the lowest values for
most compositional parameters. Goat milk presented intermediate
characteristics between cow and sheep milk. These variations are
mainly associated with differences in genetic factors, physiological
characteristics, feeding conditions, and environmental influences
among animal species.

All analyzed milk samples showed pH values within the expected
range for fresh milk, and no starch adulteration was detected in any
sample, indicating acceptable quality at the time of collection. The
higher concentration of protein and mineral components in sheep
milk suggests its greater nutritional density and potential advantages
for dairy processing, particularly cheese production.
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