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Abstract

This study investigated the relationship between milk stability and physico-chemical
characteristics of raw milk of four cow breeds in Sri Lanka: Sahiwal, Friesian Cross,
Jersey Cross, and Australian Friesian Sahiwal. This study examined the changes in
electrical conductivity (EC), pH, turbidity, and total soluble solids (TSS%) during an 8
h storage period at ambient temperature (28+1 °C) and their correlation with the alcohol
test results as a platform test. Results indicated that EC did not significantly change in
the raw milk samples of Sahiwal, Friesian cross, or Australian Friesian Sahiwal breeds.
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Milk pH of all samples decreased with the storage period; however, significant Keywords:
(P<0.05) reductions of pH were observed in the Jersey cross and Australian Friesian Alcohol test;
Sahiwal breeds, compared to their initial pH of the raw milk samples 6.10+0.2 and Cow breeds;
6.3620.2, respectively. The turbidity of raw milk samples of the four cow breeds was Milk stability;
significantly increased with the storage period (P<0.05). Australian Friesian Sahiwal Physico-chemical
breeds showed the highest turbidity development (241.0+3.7 NTU) while Jersey prop(_ert_les;
Crossbreeds showed the significantly (P<0.05) lowest turbidity development of Turbidity

191.2+11.3 NTU. Both Sahiwal and Jersey Cross breeds significantly decreased
(P<0.05) TSS content from 9.35 to 7.10% and 9.25 to 7.25% respectively with the
storage period. The chi-square results indicated that there is no significant association
(P>0.05) between alcohol test and the milk samples obtained from the different breeds.
The significant negative correlation of turbidity (p>-0.8; P<0.05) and TSS% (p>-0.4;
P<0.05) showed with the alcohol test in all cow breeds. Binary logistic regression
results showed that the significant correlation between alcohol test and milk turbidity
(Wald %2 = 4.44, P<0.05). These findings highlight measuring the turbidity of raw milk
would be a critical parameter for assessing milk stability and development of an in-situ
instrument to quantitatively detect raw milk turbidity instead of the qualitative alcohol
test.
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1. Introduction

Cow's milk is the most consumed type of milk
worldwide and it possesses numerous applications in the
dairy industry (More, 2009; Bekere et al., 2022).
However, the dairy industry faces a challenge in
obtaining quality milk for manufacturing purposes due
to their inherent variability in the composition and
diverse properties of raw milk (Bekere et al., 2022).

Milk, a complex colloidal system, contains a myriad of
elements crucial to its stability and composition. The
interplay of water, milk fat, proteins, vitamins, and
minerals, coupled with the equilibrium between soluble
and colloidal ionic compounds, plays a pivotal role in
maintaining the stability of milk, especially during
thermal processing (Holt, 2004; Yiiksel & Erdem, 2005;
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Burrow et al., 2019). The intricate balance of minerals
such as phosphate (PO,*), citrate (HOC(CH,CO;H),),
chloride (CI), sulphate (SO4*), bicarbonate (HCO3),
sodium (Na*), potassium (K*), magnesium (Mg?*), and
calcium (Ca?*) within the colloidal and liquid phases
emphasizes the delicate balance essential for structural
integrity of milk (Yiiksel & Erdem, 2005; Burrow et al.,
2019). The soluble and colloidal phases host different
ions, with Na* and K* ions existing in a soluble state,
while Ca?*, Mg#, PO;*, and citrate dominate the
colloidal phase (Holt, 2004). This equilibrium between
salts within casein micelles and the soluble phase
becomes paramount during thermal processing, where
any disruption can lead to protein destabilization and,
subsequently, milk clotting (Pierre & Brule, 1981).
Acidification of milk further complicates this
equilibrium, as it solubilizes salts from the colloidal
phase, destabilizing casein micelles and promoting
protein coagulation (Zhao & Corroding, 2016a).

Turbidity which is measured in Nephelometric turbidity
units (NTU) is a measure of cloudiness in a liquid. In
milk, this cloudiness arises from protein coagulation,
particularly due to the denaturation of the albumin and
whey protein component (Rakib et al., 2014). This
denaturation leads to the formation of aggregates and
complexes that scatter light, causing an increase in
turbidity. Detecting turbidity in fresh milk samples
before processing becomes crucial, and various
methods, including light reflection and infrared
absorption, have been employed for this purpose (Banon
& Hardy, 1991). Recent advancements propose novel
techniques, such as utilizing Near Infrared digital
cameras integrated with image processing technique, to
accurately measure milk turbidity (Zhu et al., 2020).

Total soluble solids (TSS), encompassing minerals,
proteins, lactose, and other dissolved components,
provide a comprehensive measure of the dissolved solids
in milk (Lee & Smith, 2019). This measurement,
expressed as a percentage, is vital in the dairy industry
for quality assurance and determining milk composition,
nutritional content, and sensory properties (Lee & Smith,
2019). The quality of milk can also be assessed by
measuring its pH and electric conductivity (EC), which
can reveal bacterial growth and the existence of mastitis
(Chakraborty et al., 2016).

Raw milk platform tests are initial, quick tests performed
at dairy processing facilities to assess the quality and
safety of raw milk upon arrival for processing. These
tests help determine whether the milk meets basic
quality standards before it undergoes processing. The
alcohol test is a quick and reliable raw milk platform test
method. In the quest for assessing the colloidal stability
of milk, the alcohol test emerges as a platform test within
the industry (Machado et al., 2017). This test relies on
the coagulation of milk proteins induced by mixing
equal parts of milk and 75% ethanol (v/v %) (Zhao &
Corroding, 2016a). The addition of alcohol to milk
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lowers the dielectric constant of milk which results in an
interaction between the charges on the casein surface,
thus lowers the repulsive force and negative micelle
charges (Rosa et al., 2020). Accordingly, alcohol
neutralizes the negative charges of milk proteins,
promoting coagulation (Rosa et al., 2020). Therefore,
appearance of clots in the milk sample, observed
qualitatively, serves as an indicator of milk quality
(Mezdour et al., 2006). However, this method has its
limitations, including subjectivity, lack of precision,
qualitative nature, potential for false results, limited
sensitivity, and complexity associated with milk
composition in relation to the test (Chavez et al., 2004).

According to published literature there is no quantitative
and reliable method developed to test the raw milk
stability as a platform test. Therefore, having a feasible
method to quantify the outcomes of the alcohol test
would be highly beneficial for the dairy industry. Hence,
it is important to investigate the correlation between the
results of alcohol test and quantitative physicochemical
characteristics of raw milk. The aims of the present study
are to investigate the changes in physico-chemical
properties of milk such as EC, pH, turbidity and TSS%
content during the storage and to assess the correlation
between physico-chemical properties with the
qualitative alcohol test results.

This study was conducted on four distinct cow breeds in
Sri Lanka, namely Sahiwal, Friesian Cross, Jersey Cross,
and Australian Friesian Sahiwal. These breeds are
recognized as the predominant cow breeds in Sri Lanka
(Premaratne et al., 2012; Samaraweera et al., 2020). The
results of this study are in line with previous studies that
have demonstrated, alcohol test as a platform test and the
physicochemical qualities of milk from different cow
breeds are correlated, and those attributes might vary
with the seasons (Machado et al., 2017). Therefore, it is
vital to examine the fluctuations in the physicochemical
characteristics of raw milk from the studied cow breeds
over the ambient storage period and their correlation
with the results of the alcohol test as milk stability prior
to processing. The findings of this study may provide
unique insights to develop novel analytical techniques to
be used in dairy industry and will ensure the quality of
milk products with higher accuracy.

2. Materials and Methods
2.1 Sample Collection

In this study, raw milk samples were collected from four
different dairy cow breeds (Sahiwal, Friesian Cross,
Jersey Cross, and Australian Friesian Sahiwal) from the
National Livestock Development Board (NLDB) farm in
Kekanadura (5°96' 28" N, 80°61' 32" E), Sri Lanka. To
ensure methodological consistency, milk samples were
mechanically collected from healthy and young cows.
From each breed, 5 cows having identical lactation
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periods were selected to get representative bulk milk
samples. The collected milk samples were stored in
sterilized stainless-steel containers kept under cold
storage conditions (4 °C), and immediately transported
to the Food Technology Laboratory at the University
College of Matara, Sri Lanka for further analysis.
Thereafter, 250 ml of milk collected from each of the
four breeds were stored for 8 hours at ambient
temperature (28+1 °C) to simulate the milk spoilage and
denaturation process and to establish the relationship
between the alcohol test and the physico-chemical
parameters of raw milk of different cow breeds.
Measuring Electrical Conductivity, pH, Turbidity, and
Total Soluble Solids. At least 3 milk samples (not less
than 20 ml for each replicate) from each breed were used
for analytical tests. Sample collection and analysis
commenced immediately after the raw milk reached the
ambient temperature (28+1 °C), which was considered
as the initial value of measurements. The rest of the
sample collection and analysis continued over 8 hours.
Readings were consistently recorded in every
hour throughout the test period. The physicochemical
parameters of each milk sample, electric conductivity
(EC), pH, and total soluble solids (TSS%), were
determined using the standard methods. The EC, pH and
TSS% of milk were determined using an electric
conductivity meter (HANNA HI 5522, USA) a pH meter
(OHAUS STARTER 2100, USA) and a refractometer
(ATAGO DR-A, Japan) using the following methods,
AOAC-973.40, AOAC-981.12 and AOAC 948.10
respectively (AOAC, 1984).

The turbidity of each milk sample was qualitatively
analyzed by moderating the Ammonium sulphate
(NH4)2S04 turbidity test method (Shende et al., 2024).
According to the method, 4+0.1 g of (NH.),SOs was
placed in a conical flask, followed by adding 20+0.5 ml
of raw milk at room temperature. The flask was agitated
to ensure dissolution of the (NH4).SO4 and then allowed
to stand for 5 min. After that the sample was filtered
using ash-less filter paper (Whatman No. 52). Finally,
the turbidity (NTU) of the filtrate (10 ml) was quantified
using a turbidity meter (VELP TB1XX, USA).

2.2 Alcohol Test

The ion stability of raw milk was evaluated using the
alcohol test (Chavez et al., 2004; Rosa et al., 2020). In
his procedure, 5 ml of raw milk sample was accurately
mixed with an equal amount of 75% Ethyl alcohol
(v/v%). Then the coagulation of milk sample was
visually inspected, and recorded the clotting time
(Machado et al., 2017). This test was repeated every hour
over 8 h of storage period under the ambient storage
conditions (28+1°C). The method was repeated in 4
different days to determine the inter-day variability of
the alcohol test for the precision.
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2.3 Statistical Analysis

All physicochemical characteristics data were presented
as the means of triplicate measurements. The
experimental data were analyzed using one-way
ANOVA, and the Tukey's test at the statistical
significance of P<0.05. Subsequently, the alcohol test
results were ranked using binary number system by
denoting “0” for negative results and “1” for positive
results for milk clotting. The chi-square (y?) test was
used to determine the relationship between alcohol test
results and breed type. The degree of relationship and
strength of dependency of each parameter on the alcohol
test were assessed using the Spearman and Kendall rank
correlation tests. The Binary logistic regression method
was used to determine the best fit model for identifying
variables significantly correlated to the alcohol test. All
the statistical computations were performed using IBM
SPSS Statistics (Version 20).

3. Results and Discussion

This study designed to observe the changes in physico-
chemical properties of raw milk in different cow breeds
over the storage period and to determine the relationship
between the physico-chemical properties and alcohol
test results, provided noteworthy findings important for
the dairy industry of Sri Lanka.

3.1 Electric Conductivity

The initial EC of milk drawn from Jersey cross breed
was 4.61+0.01 mS cm after one hour at ambient
temperature. It was significantly increased to 4.74+0.06
mS cm? (P< 0.05) after 7 h of ambient storage (Figure
1). In contrast, there was no significant difference in the
EC values of the Sahiwal, Friesian cross, and Australian
Friesian Sahiwal breeds that remained relatively stable.

The observed changes in conductivity of Jersey
crossbreed milk indicated an elevated level of ionic
discharge (Figure 1). This may be caused by increased
microbial activity or metabolic alterations (Thakur, et
al., 2019). lonic composition and electric conductivity
(EC) of milk can be greatly impacted by metabolic
changes, especially by microbial growth and activity
(Holt, 2004). Lactic acid bacteria (LAB), such as
Lactobacillus and Streptococcus species, ferment
lactose to produce lactic acid as part of their metabolic
activities (Cremonesi et al., 2018). This lowers the pH of
milk and increases the amount of free hydrogen ions
(H*) and other dissociated ions in the milk. The EC rises
as a result of this ion release (Zhao & Corredig, 2016a).

Furthermore, the proliferation of microorganisms leads
to the generation of diverse metabolic by-products, such
as sodium (Na*), potassium (K*), and ammonium ions
(NH4%), which subsequently increases the total ion
concentration in milk (Holt, 2004).
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Figure 1: Change in milk EC of Sahiwal, Friesian Cross, Jersey Cross and Australian Friesian Sahiwal cow breeds
during storage period of 8 h at ambient temperature. Vertical lines indicate mean£SE (n = 3).

Previous research have demonstrated that the ionic by-
products of microbial metabolism caused by microbial
proliferation in milk kept at room temperature, result in
a detectable rise in EC (Cremonesi et al., 2018). Also,
the colloidal stability of the milk is greatly impacted by
microbial activities, which eventually cause the EC
values to rise even more due to changes in casein micelle
structures and mineral balances (Pierre & Brule, 1981).
The production of extracellular enzymes and ion-
releasing metabolic products by known milk
contaminants, Escherichia coli and Staphylococcus
aureus also accelerates the ionic imbalance and raises
the EC of milk during extended storage (Zhao &
Corredig, 2016b; Thakur et al., 2019). The consistent
stability of EC in milk samples from Sahiwal, Friesian
cross, and Australian Friesian Sahiwal breeds suggests
that these breeds may be less susceptible to changing the
milk EC during prolonged storage conditions (Thakur et
al., 2019).

3.2 Milk pH

Among the four cow breeds, the Sahiwal exhibited the
highest pH value of 6.7+0.05 at the initial milk samples
(Figure 2). The milk acidity of all samples decreased
with the storage period. Significant (P<0.05) reductions
in pH were observed in the Jersey cross and Australian
Friesian Sahiwal breeds, compared to their initial pH of
the raw milk samples 6.10£0.2 and 6.36%0.2,
respectively. This pH reduction is more significant
within the 1-4 h after harvesting the milk samples.
Microbial activity, particularly lactic acid production,
plays a significant role in decreased pH during storage
period (Eleya et al., 1995; Kimoto-Nira et al., 2012).
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This phenomenon may contribute to the gradual decline
in the pH values of milk samples, which may be due to
the breed-specific microbial populations such as
Lactococcus lactis and Streptococcus uberis in Friesian
Cross breeds (Cremonesi et al., 2018). pH of Friesian
Cross breed did not exhibit a significant reduction during
the 8 h study period, which suggests that milk from
Friesian Cross breed is having lesser acidity
development during the ambient storage. This result
aligns with a previous study which showed that milk
from Jersey breed coagulated faster than Friesian cross
milk (Auldist et al., 2004). The observed variations in
pH changes of milk among the different species of cow
breeds indicate that there is multifactorial interaction
such as genetic factors, microbial dynamics, and
environmental factors (Ikonen et al., 2004; Vallas et al.,
2010). However, pH reduction observed within 8 h could
be due to demographic variations, temperature
conditions and initial microbial count of milk samples
(Troch et al., 2017).

3.3 Milk Turbidity

The investigation of turbidity changes in raw milk
samples of the four cow breeds were significantly
increased with storage period (P<0.05). The turbidity
development of one hour stored milk samples of
different cow breeds were in the range of 71.06-91.33
NTU (Figure 3). Australian Friesian Sahiwal breeds
showed the highest turbidity development of
241.00013.73 NTU after 8 h while Jersey Cross breed
showed the significantly (P<0.05) lowest turbidity
development of 191.15+11.34 NTU during the storage
period (Figure 3).
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Figure 2: Changes in the pH of milk collected from Sahiwal, Friesian Cross, Jersey Cross and Australian Friesian
Sahiwal cow breeds during storage. Vertical lines indicate mean+SE (h = 3)

However, relative to the initial turbidity of stored milk
samples, the turbidity values were approximately 2.4 to
3 times higher in the Australian Friesian Sahiwal and
Jersey crossbreeds, respectively. The Friesian Cross
breed exhibited significantly higher turbidity of
92.00+5.22 NTU after 2 h at ambient storage condition,
whereas the Jersey Cross (85.00+4.95) breed showed
relatively negligible variations of turbidity during the 2
h storage period (P<0.05). The turbidity changes among
the different cow breeds may vary due to the nature of
milk composition and other genetic factors (Eleya et al.,
1995; Alexander & Dalgleish, 2005). The significant
increase in turbidity, especially in the Australian-
Friesian-Sahiwal breed should be further investigated.

Development of turbidity is known to be due to
coagulated protein in milk (Scholl et al., 2014) and
occurs when the repulsion among casein micelle is
reduced during protein denaturation (Rakib et al., 2014).
Turbidity in milk is influenced by the presence of
suspended colloidal particles, reflecting the interaction
of mineral complexes, whey proteins, and casein
micelles in creating light-dispersing clusters (Culler et
al., 2017). Consequently, turbidity can be influenced by
formation of small aggregates resulting from the
interaction of soluble whey proteins and K-casein
micelles (Alexander & Dalgleish, 2005). This
interaction affected both heated and unheated casein
micelles, thereby impacting milk turbidity (Alexander &
Dalgleish, 2005). Additionally, bacterial activity
emerged as a potential contributor to changes in milk
turbidity (Zhang et al., 2019). As bacteria proliferate, the
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release of extracellular polymeric substances may lead
to the formation of biofilms and aggregates in milk
colloids finally causing the overall turbidity of milk
(Zhang et al., 2019).

However, there is no direct technique available to
quantitatively evaluate the turbidity of milk due to its
opaque nature (Scholl et al., 2014). The Ammonium
sulphate turbidity test method is used to qualitatively
assess the turbidity of sterilized milk (Rakib et al., 2014).
This procedure involves two sequential steps: first, milk
is mixed with ammonium sulphate and then the resulting
mixture is subjected to filtration to improve the clarity of
the milk. Subsequently, the resulting sample is then
heated to develop turbidity through protein denaturation.
In this experiment, an innovative technique was applied
to quantitatively measure turbidity. Thus, the
ammonium sulphate turbidity test method was
performed without heating to obtain a transparent
sample and then quantification was done by the digital
turbidity meter.

3.4 Total soluble solids content

The Friesian Cross breed initially showed the highest
levels of TSS content of 10.00+0.28% and gradually
decreased to 9.20 + 0.42% after 4 h of storage (Table 1).
This suggests that the composition of Friesian Cross
breed milk may be less likely to fluctuate during the 1%
4 hours of storage period (Table 1). The Sahiwal breed
significantly decreased (P<0.05) TSS content ranging
from 9.35+0.21% to 7.10+0.14% during the study period
of 8 h (Table 1).
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Figure 3: Changes in turbidity of milk across Sahiwal, Friesian Cross, Jersey Cross and Australian Friesian Sahiwal
cow breeds during storage period of 8 h at ambient temperature. Vertical lines indicate mean£SE (n = 3)

Table 1: Changes in total soluble solid content of different cow breeds with storage period.

Total Soluble Solid content of milk (%6)

Storage Time

Australian Friesian

(hours) Sahiwal breed Friesian Cross breed  Jersey Cross bread Sahiwal bread
1 9.35+0.21* 10.00 £ 0.282 9.25 + 0.508 9.45 + 0.35%
2 9.05 + 0.35% 9.85 + 0.352 9.00 + 0.42%® 9.35 + 0.35%
3 8.40 + 0.28¢ 9.60 £0.572 8.65 + 0.07" 9.15 + 0.35%
4 8.10 + 0.57°« 9.20 £ 0.422 8.30 + 0.14bcd 8.80 + 0.14®
5 7.75 +0.21 8.95 + 0.50% 8.10 + 0.00%de 8.55 +0.21%®
6 7.40 + 0.14% 8.80 + 0.42% 7.75 + 0.21¢de 8.40 + 0.28bc
7 7.20 + 0.14¢ 8.65 + 0.21° 7.45 +0.07% 8.20 + 0.28bc
8 7.10 + 0.14¢ 8.50 + 0.28° 7.25+0.21¢f 7.85 £ 0.35°¢

*Mean (£SE) followed by a common letter within a column are not significantly different (P>0.05).

Similarly, Jersey Cross breed showed a decreased TSS
from 9.25+0.50% to 7.25%0.21%, by exhibiting a
significant reduction (P<0.05) in TSS content of milk.

Previous studies show gradual changes in milk
composition, observed as a general decreasing trend,
from the first to the eighth hour, may be due to enzymatic
and microbial activity (Miglior et al., 2006; Zajac et al.,
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2015). Bacterial proliferation and indigenous lipases
catalyze the hydrolysis of triacylglycerides, resulting in
the breakdown of free fatty acids (Miglior et al., 2006;
El-Salam & EI-Shibiny, 2019). This process can cause
the degradation of fats, accompanying a reduction in
TSS.
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Table 2: Qualitative alcohol test results of milk samples obtained from four different cow breeds over the storage

period of 8 hours during four different days.

Storage Binary alcohol test results
(rTciLnres) Sahiwal breed Friesian Cross breed Jersey Cross breed Austra_lian Friesian
Sahiwal breed
ld* 2d 3d 4d 1d 2d 3d 4d 1d 2d 3d 4d 1d 2d 3d 4d

1 of 0 0 0 0 0 0 0 0 0 ©0 0 0 0 0
2 0 0 0 1 0 0 0 0 0 0 0 © 0 0 0 0
3 0 1 0 1 0 1 0 0 1 0 0 0 0 1 0 0
4 1 1 0 1 1 1 1 0 1 1 0o 1 0 1 0 0
5 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0
6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0= Negative results for the alcohol test; *1= Positive results for the alcohol test; *1d, 2d, 3d and 4d are four different

days of analysis

Breed-specific increased ranges of TSS observed
initially may reflect enhanced natural proliferation of
milk ingredients like lactose, proteins and lipids, which
lead to a higher TSS% (Miglior et al., 2006). The
findings align with the previously reported variations in
the composition of the Friesian Cross breed milk, which
has a higher concentration of fat and protein compared
to other types of dairy breeds (Miglior et al., 2006; Zajac
et al., 2015) . This composition not only affects its
nutritional value, but it may also make it more
susceptible to enzymatic and microbial alterations over
time. The other possible factors for the gradual decline
of TSS content among different cow breeds may be
related to the genetic factors and differences in milk
composition (Omar et al., 2024).

Further, breed-specific characteristics such as types of
breeds, lactation stage, and geographic region
(Kedzierska-Matysek et al., 2011) play a pivotal role in
TSS of milk. Previous studies have shown that, TSS
content of raw milk can be affected by some other factors
such as fluctuation in whey protein content (Slosarkové
etal., 2021). Additionally, the management and handling
of colostrum in dairy cows can impact the
microbiological quality of milk, which may result in
contamination and alterations in TSS levels (Cummins
etal., 2016; Slosarkova et al., 2021). Further, application
of processing procedures to milk, such as pasteurization
and homogenization, can modify the characteristics and
arrangement of dietary components in milk, particularly
the amounts of total soluble solids (Pestana, 2015).

3.5 Alcohol test

Consequently, the alcohol test was performed on all milk
samples obtained from the four different cow breeds,
over the storage period of 8 h. The y? test was performed
to determine the association between alcohol test results
and the different types of cow breeds (Table 2).
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Results indicated that there is no significant association
(P>0.05) between alcohol test and the milk samples
obtained from the different breed types.

The lack of a significant association between alcohol test
results and breed types suggested that alcohol test results
are not affected by the types of the cow breeds and, with
the repeated test results. Therefore, the results confirm
that the alcohol test consistently indicates the stability of
raw milk samples, regardless of the differences in cow
breeds. Previous research has highlighted various factors
that influenced ion stability of milk, including lactose
content, ash percentage, and a-lactalbumin levels
(Fagnani et al., 2018). A recent study noted a positive
correlation between performances of milk stability with
the alcohol test results (Rosa et al., 2020). The present
study showed no breed-specific association with alcohol
test results. That may indicate the factors influencing
milk stability in an alcohol test could not be individually
determined by the types of breeds. Therefore, further
investigations should be done to identify the effect of
multiple factors such as parity, seasonal variations and
geographical effects on breed-specific association with
alcohol test results.

3.6 Spearman's Rho rank correlation

There was a strong negative correlation between
turbidity and alcohol test results of milk samples
obtained from each cow breed (Table 3); Sahiwal (p =
—0.803; P<0.05), Friesian Cross (p = —0.851; P<0.05),
Jersey Cross (p = —0.825; P<0.05), and Australian
Friesian Sahiwal (p = -0.851; P<0.05). The strong
relationship between protein coagulation and milk
clarity revealed by the substantial negative correlation
between the alcohol test and turbidity.
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Table 3: Spearman's Rho rank correlations between the alcohol test with the milk electrical conductivity (EC),

turbidity, pH, and total soluble solids (TSS) tests.

Cow breed Milk parameters Spearman's rho P value
Correlation (p) value

Sahiwal EC 0.124 0.500
pH —-0.307 0.088
Turbidity —-0.803* 0.001*
TSS —0.694* 0.001*

Friesian Cross EC 0.081 0.822
pH —-0.376* 0.034*
Turbidity —-0.851* 0.001*
TSS —0.555* 0.001*

Jersey Cross EC 0.315 0.080
pH —0.444* 0.011*
Turbidity —-0.825* 0.001*
TSS —0.555* 0.001*

Australian Friesian Sahiwal EC 0.238 0.190
pH -0.570* 0.001*
Turbidity -0.851* 0.001*
TSS -0.444* 0.022*

*Statistically significant of correlations (P<0.05)

This suggests that higher turbidity corresponds to a
decrease in ion stability in raw milk (Czerniewicz et al.,
2006). O'Connell et al. (2003) showed that the
ion instability of cow’s milk is predominantly associated
with the denaturation of whey proteins, and it reduces
the dissolvability in water phase (Genkina &
Koltysheva, 2001). Hence, the significant association
observed between turbidity and the alcohol test indicates
impaired ion stability in raw milk.

The TSS% content also showed a significant negative
correlation with the alcohol test in all cow breeds,
suggesting a possible inverse relationship. The TSS level
of Sahiwal breed showed a moderately significant
correlation with the alcohol test (p = —0.694, P<0.01).
The TSS content decreased with time as a result of milk
protein coagulation caused by ion instability (Hsieh &
Pan, 2012; Ramasubramanian et al., 2012). Therefore,
the alcohol test indicates an inverse relationship with
TSS.

The correlation between pH and the alcohol test differed
across all the cow breeds. Both Friesian Cross and Jersey
Cross showed significantly but week negative
correlations (Friesian Cross; p =—0.376, P = 0.034 and
Jersey Cross; p=—0.444, P = 0.011) between the pH and
the alcohol test result (Table 3). However, the Australian
Friesian Sahiwal exhibited a moderately negative
relationship (p =—0.570, P=0.001) between pH and the
alcohol test results. Milk is a colloidal suspension with
a pH close to neutral (Zhao & Corredig, 2016b). The
stability of the casein micelles can be impacted due to
the changes of raw milk pH range, rendering them more
susceptible to denaturation and coagulation when
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alcohol is introduced (Huppertz, 2022). Additionally, the
buffering capacity of the milk, which is a measure of its
resistance to variations in pH, can have an impact on the
results of the alcohol test (Salalin et al., 2005).
Therefore, variations in the relationship between pH and
alcohol test results could be attributed to the varying
buffering capacities across different breeds (Salalin et
al., 2005). In addition, breed-specific variables including
feed intake, genetics, and metabolic processes, along
with environmental stress, can have an impact on this
complex relationship (Salaiin et al., 2005).

3.7 Binary logistic regression

According to the findings of the Spearman's Rho rank
correlation analysis, TSS and turbidity showed a
significant correlation with the alcohol test results of all
milk samples obtained from 4 different cow breeds.
Binary logistic regression results showed that the
significant correlation between alcohol test and turbidity
(Wald %2 = 4.44, P=0.035) (Table 4). However, none of
the other physico-chemical variables such as EC, pH and
TSS showed significant correlation with alcohol test
(P>0.05).

Table 4: Significance of model effects in binary logistic
regression

Variable Wald x?>Value P value
TSS 2.990 0.084
Turbidity 4.441 0.035

*Statistical significance (P<0.05)

The observed significant correlation between turbidity
and alcohol test results in the binary logistic regression
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analysis indicates that turbidity can be used as a
representative variable to predict alcohol test results in
stability of raw milk (Anema, 2023). Therefore, turbidity
can be used as a reliable parameter to represent milk
protein denaturation in relation to the ion instability of
raw milk. Based on the outcome of this study, the
conventional alcohol test in the dairy industry as a
platform test can be replaced with a more precise
instrumental application based on the turbidity
measurement. Thus, it is beneficial to enhance the
precision and reliability of alcohol test results. This may
help in preventing the acceptance of low-quality raw
milk for thermal processing such as production of
pasteurized or sterilized milk products.

4. Conclusion

The research highlights the critical role of turbidity in
evaluating the stability of raw milk and its correlation
with alcohol test results. Turbidity of raw milk was
identified as a significant predictor of alcohol test
outcomes, through the results of Spearman's Rho rank
correlation and binary logistic regression. Thus, it is a
reliable parameter to assess the milk protein denaturation
related to ion instability. This study demonstrates that
turbidity measurements of raw milk can quantitatively
enhance the precision and reliability of qualitative
alcohol tests used in the dairy industry. This reduces the
risk of processing low-quality milk into pasteurized or
sterilized dairy products by ensuring that only high-
quality milk is subjected to further thermal processing,
safeguarding consumer health and product standards.
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