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ABSTRACT

Casein is the major protein in bovine milk and is largely responsible for its nutritional, functional, and
technological properties. Despite the importance of indigenous cattle breeds, information on the compo-
sition and physicochemical characteristics of their casein fractions remains limited. In this study, whole
casein and its individual fractions were isolated, quantified, and characterized from the milk of Deoni
and Malnad Gidda cattle. Fresh pooled milk samples collected from healthy lactating cows maintained
at the Livestock Research Centre, I[CAR—National Dairy Research Institute, Southern Regional Station,
Bengaluru, were used for the analysis. Whole casein was isolated by isoelectric precipitation and subse-
quently separated into og]-, agy-, B-, and k-casein fractions using the differential urea solubility method.
The isolated fractions were analysed for protein, moisture, ash, fat, and acid-insoluble ash contents.
Malnad Gidda milk contained higher protein (3.48 + 0.43%) and whole casein (28.05 + 0.43 g/L) than
Deoni milk (3.35 £ 0.27% and 25.50 £ 0.54 g/L, respectively). Among the individual fractions, ag;-ca-
sein and B-casein were the predominant proteins in both breeds, while Malnad Gidda milk showed rela-
tively higher concentrations of o - and ag,-casein. Physicochemical analysis revealed that B-casein had
the highest protein content, ag,-casein contained the highest moisture content, and k-casein exhibited the
highest ash content. Fat and acid-insoluble ash were negligible in all casein fractions. Overall, the re-
sults demonstrate that Malnad Gidda milk is a richer source of whole casein and its major fractions than
Deoni milk. These findings provide valuable baseline information on the physicochemical characteris-
tics of casein fractions from indigenous cattle breeds and support their potential application in dairy
processing and the development of functional dairy ingredients.

Keywords: Casein fractions, Deoni, Indigenous cattle, Malnad Gidda, Physicochemical characteriza-
tion, Whole casein

Introduction

Milk is widely recognized as one of the most nutritionally complete natural foods, providing high-quality
proteins, lipids, lactose, vitamins, and minerals that are essential for growth, development, and overall
health. Beyond its nutritional value, milk also contains several biologically active components that contrib-
ute to its functional and technological properties. The composition of milk is influenced by factors such as
species, breed, genetic makeup, feeding practices, stage of lactation, and environmental conditions.
Consequently, understanding breed-related differences in milk composition is important for improving dairy
production and developing value-added dairy products (Fox et al., 2003; Fox et al., 2015) [1:2],

Caseins are the predominant proteins in bovine milk, accounting for nearly 80% of its total protein content.
They are synthesized exclusively in the mammary gland and naturally exist as colloidal micelles stabilized
by calcium phosphate. In addition to supplying essential amino acids, caseins play an important role in trans-
porting calcium and phosphorus to the neonate. They also contribute significantly to the manufacture and
quality of dairy products, particularly cheese, fermented milk products, and milk protein concentrates (Holt
et al., 1993; Fox et al., 2003) [3- 11,

Bovine casein consists of four major fractions—as|-casein, osp-casein, -casein, and k-casein—each with
distinct physicochemical and functional characteristics. Together, these fractions influence important proper-
ties of milk, including coagulation, micellar stability, emulsification, water-holding capacity, and overall pro-
cessing performance. Among them, -casein is the most hydrophobic fraction, whereas k-casein is the only
glycosylated casein and is essential for maintaining the stability of casein micelles. Variations in the propor-
tions of these fractions can affect the technological properties of milk and its suitability for producing high-
quality dairy products and functional ingredients (Swaisgood, 2003; Fox et al., 2015) [4- 2],

India possesses a rich diversity of indigenous cattle breeds that are well known for their adaptability, disease
resistance, and ability to produce milk with desirable nutritional characteristics. Among these, Deoni and
Malnad Gidda are two important indigenous breeds of southern India. Deoni cattle are valued for their dual-
purpose utility and comparatively higher milk production, whereas Malnad Gidda cattle are well adapted to
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the hilly regions of Karnataka and are recognized for producing milk
with relatively higher protein content and favourable functional at-
tributes. Previous studies have also reported that milk proteins from
these indigenous breeds possess desirable nutritional characteristics
compared with those from several exotic breeds (Das et al., 2011;
Thimmesha, 2018) [5: 61,

Although previous studies have described the general composition of
milk from indigenous cattle, detailed information on the isolation,
quantification, and physicochemical characteristics of whole casein
and its individual fractions in Deoni and Malnad Gidda cattle is still
limited. A better understanding of these casein fractions is important
because they directly influence the nutritional quality, functional
properties, and processing behaviour of milk. Such information would
also help in assessing the potential of these indigenous breeds for the
development of specialised dairy products and functional ingredients.

Therefore, the present study aimed to isolate whole casein from the
milk of Deoni and Malnad Gidda cattle, quantify the major casein
fractions (asj-, asp-, B-, and k-casein), and evaluate their physico-
chemical characteristics. The findings of this study are expected to
provide baseline information on the casein profile of these indigenous
breeds and contribute to their effective utilisation in dairy processing
and the development of value-added dairy ingredients.

Materials and methods

Experimental location and milk sample collection

The study was conducted at the Livestock Research Centre (LRC),
Southern Regional Station (SRS), ICAR—National Dairy Research
Institute (NDRI), Bengaluru, Karnataka, India. Fresh pooled milk
samples were collected from healthy lactating Deoni (» = 10) and
Malnad Gidda (n = 5) cows maintained under identical feeding and
management conditions. Milk was collected immediately after the
morning milking and transported to the laboratory under refrigerated
conditions. Before casein isolation, the samples were analysed for
their physicochemical composition.

Chemicals, reagents and solvents

All chemicals and reagents used in the study were of analytical
reagent (AR) grade. Hydrochloric acid, sodium hydroxide, urea, and
other chemicals required for milk analysis, casein isolation, fractiona-
tion, and physicochemical characterization were obtained from
Sigma-Aldrich and HiMedia Laboratories Pvt. Ltd., Mumbai, India.
Petroleum ether, diethyl ether, and absolute ethanol were procured
from Qualigens Fine Chemicals (Mumbai, India), Merck Specialities
Pvt. Ltd. (Mumbeai, India), and Jiangsu Huxari International Trade Co.
Ltd. (China), respectively. Distilled water was used throughout the
study, and all reagents were freshly prepared following standard labo-
ratory procedures.

Glassware and plasticware

Volumetric flasks, measuring cylinders, beakers, pipettes, conical
flasks, and test tubes were obtained from Borosil and Schott Duran.
Before use, all glassware was thoroughly cleaned with detergent,
rinsed with tap water followed by distilled water, and dried in a hot-
air oven. Plasticware, including centrifuge tubes, storage vials, and
sample containers, was procured from Tarsons Products Pvt. Ltd.,
Kolkata, India.

Dialysis membrane

Dialysis of whole casein and the isolated casein fractions was carried
out using a dialysis membrane with a molecular weight cut-off of 12
kDa obtained from Sigma-Aldrich.

Physicochemical analysis of milk

Milk samples were analysed for fat, protein, lactose, ash, solids-not-
fat (SNF), and total solids using standard analytical methods. Fat con-
tent was determined by the Gerber method (IS:1224, Part I, 1977),
protein by the Kjeldahl method (AOAC, 2005) [7], lactose by the
Lane and Eynon method (ISI, 1981) [8], ash by incineration in a muf-
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fle furnace according to AOAC (2005) [7], and total solids by the
gravimetric method (ISI, 1981) (8], All measurements were carried
out in triplicate, and the results were expressed as mean + standard
deviation.

Isolation of whole casein

Whole casein was isolated from skim milk using the isoelectric pre-
cipitation method described by Davies er al. (1977) [°). Fresh milk
was first centrifuged to obtain skim milk, after which the pH was ad-
justed to 4.6 using dilute hydrochloric acid with continuous stirring to
precipitate casein. The precipitated casein was recovered by centrifu-
gation, washed several times with distilled water to remove residual
lactose and soluble minerals, dialysed using a 12 kDa molecular
weight cut-off membrane, and freeze-dried to obtain purified whole
casein.

Fractionation of casein proteins

Whole casein was separated into asj-, as,-, -, and k-casein fractions
following the differential urea solubility method described by Hipp et
al. (1952) 1191, Separation was achieved through sequential precipita-
tion under controlled urea concentrations and pH conditions. The iso-
lated fractions were purified by dialysis to remove residual salts and
other low-molecular-weight compounds, freeze-dried, and stored at
—20 °C until further analysis.

Quantification of whole casein and individual casein
fractions

Whole casein and the isolated asi-, asy-, B-, and k-casein fractions
were quantified after freeze-drying and expressed as g/L of milk.
Quantification was based on the dried weight of the purified fractions,
and all values were calculated from three independent determinations.

Physicochemical characterization of casein fractions

Whole casein and the isolated casein fractions were analysed for pro-
tein, moisture, fat, ash, and acid-insoluble ash using standard AOAC
(2005) [71 methods. Protein was determined by the Kjeldahl method,
moisture by oven drying to constant weight, ash by muftle furnace in-
cineration, and fat by the standard gravimetric method. Acid-insoluble
ash was estimated according to standard dairy analytical procedures.
All analyses were performed in triplicate, and the results were ex-
pressed on a percentage (w/w) basis.

Statistical analysis

The experimental data were analysed using one-way analysis of vari-
ance (ANOVA) with SAS software (Version 9.3; SAS Institute Inc.,
Cary, NC, USA). Results are presented as mean + standard deviation
(SD) of three independent experimental determinations (n = 3), and
differences were considered statistically significant at P < 0.05.

Results and discussion

Physicochemical composition of milk

The physicochemical composition of milk from Deoni and Malnad
Gidda cattle is presented in Table 1. Significant (P < 0.05) differ-
ences were observed between the two breeds for most of the composi-
tional parameters. Malnad Gidda milk contained a higher protein con-
tent (3.48 + 0.43%) than Deoni milk (3.35 + 0.27%). Since protein is
one of the major determinants of nutritional value and dairy process-
ing efficiency, the higher protein level in Malnad Gidda milk suggests
its greater suitability for producing cheese, casein, and milk protein
concentrates. Similar observations have been reported for indigenous
cattle breeds with superior milk protein characteristics (Fox et al.,
2015; Thimmesha, 2018) [2: €1,

Deoni milk, on the other hand, contained relatively higher fat and to-
tal solids, whereas Malnad Gidda milk had higher lactose and solids-
not-fat (SNF) contents. The ash content was comparable between the
two breeds and did not differ significantly. These differences are
likely associated with inherent breed characteristics and genetic varia-
tion, as both breeds were maintained under similar feeding and man
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agement conditions. Comparable breed-related differences in milk
composition have also been documented by Fox et al. (2003) '] and
Thimmesha (2018) [6],

The relatively higher protein and SNF contents of Malnad Gidda milk
are advantageous for dairy processing because they contribute to im-

https://www.extensionjournal.com

proved product yield, enhanced nutritional value, and better func-
tional properties. These characteristics make Malnad Gidda milk a
promising raw material for the manufacture of value-added dairy
products and milk proteins.

Table 1. Physicochemical composition of milk from Deoni and Malnad Gidda cattle

Parameter Deoni Malnad Gidda
Fat (%) 4.10£0.10 3.90 £0.52
Protein (%) 3.35+0.27 3.48+0.43
Lactose (%) 4.50£0.10 470 £0.17
Ash (%) 0.75+0.01 0.68 +£0.04
SNF (%) 8.47+0.12 8.82+0.15
Total solids (%) 12.85+0.10 12.73£0.14

Values are expressed as mean + SD of three independent laboratory determinations performed on pooled milk samples.

Quantification of whole casein and individual casein
fractions

The concentrations of whole casein and its individual fractions in
Deoni and Malnad Gidda milk are presented in Table 2. Significant
(P < 0.05) differences were observed between the two breeds for
whole casein and selected casein fractions. Whole casein concentra-
tion was higher in Malnad Gidda milk (28.05 = 0.43 g/L) than in
Deoni milk (25.50 + 0.54 g/L). This result is consistent with the
higher protein content observed in Malnad Gidda milk and indicates
its greater potential for the production of casein-rich dairy products.
Among the individual fractions, as|-casein was the predominant frac-
tion in both breeds, followed by B-casein. Malnad Gidda milk also
contained significantly higher as;-casein than Deoni milk. In contrast,
only slight differences were observed in B-casein and k-casein con-
centrations between the two breeds. These results suggest that the

higher total casein content of Malnad Gidda milk is mainly due to its
greater as;- and asp-casein concentrations.

The distribution of casein fractions observed in this study agrees with
previous reports describing asi-casein and p-casein as the major com-
ponents of bovine casein, while as,- and k-casein occur in compara-
tively smaller amounts. Fox ef al. (2015) [2] reported that as;-casein
and B-casein largely determine the nutritional and technological prop-
erties of milk, whereas k-casein plays a key role in maintaining casein
micelle stability. Amalfitano et al. (2018) also reported a similar dis-
tribution of casein fractions in Brown Swiss cattle, supporting the ob-
servations made in the present work.

The higher concentration of whole casein and the major casein frac-
tions in Malnad Gidda milk highlights its potential for dairy applica-
tions requiring high casein recovery, including cheese manufacture,
edible casein production, and milk protein concentrates. The results
also provide valuable baseline information on the casein profile of
these two indigenous cattle breeds.

Table 2. Quantification of whole casein and individual casein fractions in Deoni and Malnad Gidda milk

Casein fraction (g/L) Deoni Malnad Gidda
Whole casein 25.50+£0.54 28.05+0.43
og1-casein 10.30+0.43 11.27+0.05
ogp-casein 2.41+0.51 3.48 +0.86
[-casein 9.70 £ 0.54 9.90 £ 0.002
K-casein 3.10+0.81 3.40+£0.24

Values are expressed as mean + SD (n = 3 independent laboratory determinations).

Physicochemical characterization of whole casein and indi-
vidual casein fractions

The physicochemical characteristics of the isolated asi-, asy-, f-, and
K-casein fractions are presented in Table 3. Differences in protein,
moisture, ash, fat, and acid-insoluble ash contents were observed
among the fractions. Overall, the casein fractions isolated from
Malnad Gidda milk showed slightly higher protein contents than
those obtained from Deoni milk. Among all the fractions, f3-casein
recorded the highest protein content (90.00 + 0.62% in Deoni and
91.60 + 0.95% in Malnad Gidda), whereas as)-casein showed com-
paratively lower values. The high protein content of B-casein reflects
the effectiveness of the isolation and purification procedure and is in
agreement with previous reports identifying -casein as one of the
principal proteins in bovine milk.

Moisture content ranged from 6.30 to 8.60% among the isolated frac-
tions. The highest moisture content was observed in as,-casein from
both breeds, which may be related to its greater water-binding capac-
ity and minor differences in freeze-drying efficiency. Nevertheless,
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the moisture content of all fractions remained within the acceptable
range reported for edible acid casein.

Ash content varied between 2.22 and 3.24%, with k-casein showing
the highest values in both breeds. This may be attributed to the
stronger association of k-casein with colloidal calcium phosphate and
minerals present within the casein micelle. Similar observations have
been reported for bovine milk caseins.

Fat content was negligible in all fractions, indicating efficient re-
moval of milk fat during casein isolation from skim milk. Likewise,
acid-insoluble ash values were very low, confirming the absence of
significant inorganic impurities in the purified preparations. Lactose
was not detected in any fraction because dialysis effectively removed
soluble low-molecular-weight components before freeze-drying. The
composition of the isolated fractions agrees well with the specifica-
tions for edible acid casein reported by FSSAI (2017) '] and with
earlier studies by Fox et al. (2003) (11 and Brunda (2019) [121,
Overall, the isolation and purification procedures produced highly pu-
rified casein fractions from both Deoni and Malnad Gidda milk. The
compositional characteristics observed in this study are consistent
with published reports and provide valuable baseline information on
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the quality and functional properties of casein fractions from these in-
digenous cattle breeds.

https://www.extensionjournal.com

Table 3. Physicochemical composition of isolated casein fractions from Deoni and Malnad Gidda cattle milk

Fraction Protein Moisture Ash (%) Fat (%) Acid-insoluble ash (%)
(%) (%)

Deoni as1-casein 88.90£2.40 6.80 £ 0.01 2.63+0.42 0.067 +£0.92 0.082 +0.02
Deoni as2-casein 80.00 +=0.92 8.60 +£0.025 2.54 +0.01 0.029 +0.10 0.084 +0.75
Deoni B-casein 90.00 + 0.62 6.68 +0.04 2.22 +0.05 0.040 £ 0.63 0.093 £0.78
Deoni k-casein 89.70 + 1.20 7.56 +0.02 3.24+0.89 0.040 £ 0.33 0.045 £ 0.54
MalnadGidda asl-casein  90.25 £ 0.76 6.80 + 1.50 2.50£0.04 0.121 +£0.45 0.260 + 0.67
Malnad Gidda as2-casein 87.00 £ 1.25 8.20+0.06 2.60£0.19 0.0015+0.13 0.110 £ 0.56
Malnad Gidda 91.60 £ 0.95 6.30+0.20 2.60 +0.86 0.0083 +0.09 0.070 £ 0.34
B-casein

Malnad Gidda 90.10 +0.43 6.40 +£0.78 2.90 +1.43 0.0015+0.76 0.075+£0.78
K-casein

Values are expressed as mean + SD (n = 3 independent laboratory determinations).

Conclusion

This study successfully isolated, quantified, and characterized whole
casein and its major fractions from the milk of Deoni and Malnad
Gidda indigenous cattle breeds. Significant differences were observed
in both the physicochemical composition of milk and the distribution
of casein fractions between the two breeds. Malnad Gidda milk con-
tained higher protein and whole casein contents than Deoni milk, sug-
gesting its greater potential for casein recovery and the production of
protein-rich dairy products.

Among the individual casein fractions, asj-casein and p-casein were
the predominant proteins in both breeds, whereas as,- and k-casein
were present in comparatively lower amounts. Physicochemical eval-
uation showed that B-casein had the highest protein content, as)-ca-
sein exhibited the highest moisture content, and k-casein contained
the highest ash content. The negligible levels of fat and acid-insoluble
ash in all fractions indicate that the isolation and purification proce-
dures produced highly purified casein preparations.

Overall, this study provides valuable baseline information on the ca-
sein profile and physicochemical characteristics of milk from two im-
portant indigenous cattle breeds of southern India. The relatively
higher casein content of Malnad Gidda milk highlights its potential as
a suitable raw material for the manufacture of functional dairy ingre-
dients, casein-based products, and other value-added dairy products.
These findings also contribute to a better understanding of the dairy
potential of indigenous cattle breeds and support their effective uti-
lization in dairy processing, product development, and future
research.
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