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Abstract

This study investigates the fatty acid profiles of milk from three indigenous cattle breeds, Gir, Sahiwal,
and Tharparkar, aiming to elucidate breed-specific variations and their implications for nutritional
quality. Comparative analysis was conducted using gas chromatography coupled with flame ionization
detector (GC-FID). The study revealed significant differences in fatty acid composition among the
breeds, attributed to genetic, dietary, and environmental factors. Gir milk exhibited higher levels of
medium-chain fatty acids, along with elevated proportions of palmitic acid and monounsaturated fatty
acids (MUFAs). Sahiwal milk displayed lower levels of MUFAs, while Tharparkar milk demonstrated
the highest content of polyunsaturated fatty acids (PUFAs). These findings underscore the importance
of considering breed-specific variations in fatty acid composition for optimizing the nutritional quality
of dairy products.
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1. Introduction

Milk is classified as a complete diet since it contains all of the necessary elements a newborn
need. It is regarded as nature's most comprehensive biological fluid essential for the growth
and feeding of children and adults ™. Milk is defined as a typical secretion of all mammals'
mammary glands that is essential for the sustenance of their young ones . Milk is the most
crucial food for a child throughout his or her first years of life. Because of the range of
nutrients in milk, it is regarded as one of the healthiest foods for infants and adults 1. Milk
contains various nutrients and bioactive substances, including high-quality fat, a unique fatty
acid composition, and good-quality protein such as amino acids, whey, and casein. These
nutrients and bioactive chemicals have a significant impact on human health. In addition to
these nutrients, milk provides a healthy balance of vitamins and minerals needed for daily
metabolic activities. These contain vitamins A, D, and B complex, calcium, phosphorus, and
magnesium. Because of the distinctive makeup of milk, it is crucial to consume it according
to dietary recommendations. Consuming insufficient milk and other dairy products while an
adult increases the risk of developing primary health conditions, including rickets and
osteoporosis 4.,

Milk is typically 85% water and 15% milk solids, with 4% fat and 9% Solid Not Fat (SNF),
comprising lactose (4.8-5%), protein (3.4%), and minerals (<1%) [, Milk fat stands out as a
remarkably intricate natural fat due to its diverse array of constituent fatty acids. Within milk
fat, 69% of fatty acids are saturated, 27% are monounsaturated, and 4% are polyunsaturated.
Notably, linolenic acid, a primary fatty acid in mammalian milk, offers numerous health
benefits, including cancer, heart disease, and high blood pressure prevention [® 71, Fat plays a
crucial role in imparting the unique flavor and nutritional advantages to milk. Milk fat serves
as a rich reservoir of fat-soluble vitamins such as A, D, E, and K, along with essential fatty
acids like linoleic acid, linolenic acid, and arachidonic acid & ° °1, However, the composition
and yield of milk fat exhibit significant variability among individual animals and even within
different breeds of the same species, thereby exerting a notable influence on the
manufacturing and processing of dairy products. For instance, Gir milk has a fat
concentration of 4.5%, while Tharparkar milk has approximately 4.2% fat. Various factors,
including the lactation stage, breed, and seasonal fluctuations, significantly affect the quality
and quantity of milk fat [,
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The nutritional richness and accessibility of milk play a
pivotal role in promoting health, particularly in
impoverished regions where food security is a concern.
Addressing poverty and malnutrition, the predominant
causes of mortality in developing nations, can be facilitated
through enhancements in livestock, advancements in dairy
technology, and improvements in milk quality. Dairy cattle
significantly contribute to the global dairy industry, with
cattle milk accounting for 81% of total milk production
worldwide, as highlighted in the OECD-FAO Agricultural
Outlook, spanning from 2020 to 2029 2. Across the globe,
various breeds of cattle have been selectively developed to
cater to diverse needs. Notably, in India, Gir, Sahiwal, and
Tharparkar stand out as the primary indigenous cattle breeds
[11]

The dairy industry stands as the leading sector among
agriculture's allied fields, contributing significantly to the
country's GDP, accounting for around 5%. It serves as a
crucial support system for over eight crore farmers. India
holds the prestigious title of being the world's largest milk
producer, contributing 23% to the global milk output. As per
the National Dairy Development Board (NDDB) report, the
nation's milk production soared to 230.60 million tonnes in
the fiscal year 2022-23, reflecting a commendable
compound annual growth rate of around 6.2% from 2014-
15, where production stood at 146.31 million tonnes [,
Maintaining its global supremacy in total milk production,
India recorded a remarkable 3.83% increase compared to the
previous year (2021-22). The per-capita availability of milk
stands at 459 grams per day [*%. Exotic/crossbred cattle
exhibit an average yield of 8.55 Kg/day/animal, while
indigenous/non-descript cattle yield 3.44 Kg/day/animal.
Both categories have witnessed a surge in production, with
exotic/crossbred cattle experiencing a rise of 3.75% and
indigenous/non-descript cattle witnessing a growth of
2.63%. The composition of milk varies among different
breeds of animals. This variation is mainly observed due to
the different variable components that affect the quality and
quantity of the milk. Some of these variables include
seasonal and environmental variations, the type of feed
used, the animal's age and health, and the stage of lactation.
These elements also impact the quality of dairy products
like butter and other cheeses [,

There is a notable scarcity of data regarding the seasonal
changes in the nutritional composition of milk across
various cattle breeds of India. To address this gap and
analyze the variations in milk composition among specific
breeds during winter and summer, we conducted a study
examining the nutritional profiles of three indigenous milk-
producing cattle breeds: Gir, Sahiwal, and Tharparkar.

2. Materials and Methods

2.1 Sample collection

Milk samples were systematically collected in labelled
sterilized bottles, each assigned a specific code, from three
distinct breeds: Gir, Sahiwal, and Tharparkar, sourced from
local dairy farmar, Karnal. A standardized volume of 250 ml
was collected from each animal. These samples were then
carefully stored in labelled sterilized bottles and maintained
at a refrigerated temperature of 4 °C for subsequent analysis.

2.2 Fatty acid profile
2.3 Preparation of fatty acid methyl esters: The
estimation of fatty acid was done in two phases. In the first
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phase, extraction of milk fat was performed using the Rése-
Gottlieb method 1SO (1211:2010) [*°1, After that fatty acids
profile of samples in methylated form were analyzed in
capillary column using gas chromatograph (Thermo Fisher
Scientific-Trace 1110) equipped with flame ionization
detector.

Fatty acid methyl esters were prepared in accordance with
the procedures outlined in ISO/IDF (2002) [ guidelines.
Approximately 0.2 g of the melted fat sample and addition
of 0.3 ml of 0.2 N sodium methoxide and 0.1 ml of benzene
by making about double the quantity of solvents (sodium
methoxide and benzene) to that of fat. The tube was sealed
and placed in an oven maintained at 75 °C and shaking was
done at regular intervals of 10 to 15 minutes. The
methylation was completed in an hour, as evident from the
change of two-phase system into one phase system. At the
time of analysis, ester tubes were broken and sample was
injected into the GC column without any further treatment.

Table 1: Specification of Gas chromatography

Glass column TG-5MS (30m, 1.D:0.25 mm)
Sample volume 3ul
Injector temperature 230 °C
Carrier gas flow rate 30 ml/min.
Detector temperature 240 °C.
Carrier gas Nitrogen
Nitrogen pressure 3 psi
Air pressure 1 psi
Hydrogen pressure 2.5 psi

2.4 Statistical analysis

Data were analyzed statistically using the R programme.
ANOVA was used, and differences were considered
significant at p< 0.05.

3. Result and Discussion

The concentration of medium-chain and short-chain fatty
acids in milk was estimated using gas chromatography. The
results obtained were used for the comparative study of
various fatty acids across cattle breeds of India. From the
obtained data, it was evident that there was a difference in
the fatty acid concentration among the milk of different
breeds. Table 2 shows the mean of each fatty acid in
different breeds. The concentration of various short-chain
fatty acids was a minimal amount. Out of all the long-chain
fatty acids estimated, the concentration of Cigo, Ciso and
C1s:1 were more than other medium-chain fatty acids.

The higher levels of short-chain fatty acids, particularly
butyric acid (Cso) and caproic acid (Ceo), in Tharparkar
milk suggest potential benefits such as antimicrobial and
anti-inflammatory properties 71, Conversely, the higher
proportions of medium-chain fatty acids, including lauric
acid (Cizo) and myristic acid (Ciag), in Gir milk may
contribute to enhanced antimicrobial and metabolic effects
(18], palmitic acid (Cis:0), a predominant saturated fatty acid
(SFA), was found in higher proportions in Gir milk
compared to Sahiwal and Tharparkar breeds (p< 0.05) 1,
Conversely, Tharparkar milk had the lowest content of
palmitic acid. Similarly, the concentration of Ciso, Cigo,
Cis:0, and Cyg:1 Was higher in Gir and Sahiwal milk than the
other fatty acids. However, the concentration of Cayp.o Was
found to be higher than other estimated fatty acids in
Tharparkar milk. The total saturated fatty acids (SFAS) in
milk fat encompass a range of fatty acids including Cay,
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Ce:0, Cs0, C10:0, C12:0, C13:0, C140, Cis:0, Cie0, Cisi0, Ca0:0, and
Ca2:0. When calculated, it is observed that Sahiwal milk fat
exhibits the highest content of total SFAs, followed by Gir
cow and Tharparkar. On the other hand, total unsaturated
fatty acids (UFAs) are calculated by summing up
monounsaturated fatty acids (MUFAS) such as Cis1, Ciea,
and Cis1, along with polyunsaturated fatty acids (PFAS)
including Cis:2 ns, Cis:3, and Cyos. It is noted that the total
UFAs are higher in Gir milk fat compared to Tharparkar,
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with Sahiwal cow milk containing the lowest levels.
Additionally, the higher levels of MUFAs, especially oleic
acid, in Gir milk may offer cardiovascular benefits and
contribute to the desirable flavor profile of dairy products
(20 Further research may delve into understanding the
underlying factors contributing to these differences and their
potential impacts on human health and dairy product
manufacturing.

Table 2: Fatty acid profile of milk in different indigenous breeds of cattle

Fatty acids (%0) Gir Sahiwal Tharparkar
Butyric acid (Cax) 0.38+0.11° 0.35+0.12° 1.45+0.14°
Caproic acid (Ce0) 0.62 +0.05° 0.60+0.011° 1.75+0.04 2
Caprylic acid (Csx) 1.72+0.01° 1.03+0.05° 1.64+0.0132
Capric acid (C10:0) 2.15+0.044 2.05+0.04° 1.62+0.05°¢
Lauric acid (C12:0) 3.004+0.042 2.840.01° 2.09+0.02°¢
Myristic acid (C14:0) 9.3+0.012 8.02+0.03 8.89+0.05

Myristoleic acid (C14:1) 1.5+0.014° 1.4+0.058" 1.02+0.09°¢
Pentadecanoic acid (C1s:0) 0.5+0.05° 1.15+0.07°2 0.6+0.05°
Palmitic acid (Cus:0) 33.05+£0.032 32.05+0.014° 31.23+0.089°P
Palmitoleic acid (Cie:1) 1.4+0.018 1.02+0.05P 0.701+£0.03°¢
Stearic acid (Cis:0) 11.3+0.08° 12.05+0.0112 10.23£0.055¢
Oleic acid (Cis:1 cis-9) 32.02+0.012° 30.05+0.08" 32.03+0.0982
Linoleic acid (Cas:2 n6) 1.9+0.05% 1.6+0.05°P 1.5+0.01°
Linolenic acid (Cis:3) 1.4+0.02° 1.21+0.052 1.05+0.041°¢
Arachidic acid (C20:0) 0.82+0.052 0.73+0.07° 0.84+0.072
Docosanoic acid (C22:0) 0.63+0.152 0.45+0.11° 0.63+0.122
Eicosatrienoic acid (C20:3) 1.21+0.14°2 0.95+0.052 0.75+0.09°
Total SFAs 61.47+0.21° 63.28+0.64 2 60.53+0.44 ¢
Total MUFAs 36.92+0.562 33.10+0.14° 35.06+0.2°
Total PUFAS 3.51+0.12° 3.76+0.35° 4.31+0.362
Total UFAs 39.43+0.45% 36.78+0.51" 39.37+0.472

Data is presented as means * SD (n=>5), Superscripts *° indicate different breeds differ significantly (p<0.05) from each other

Out of total milk fat, 69% is contributed by saturated fatty
acids, 27% by monounsaturated fatty acids (MUFA), and
4% by polyunsaturated fatty acids. Tharparkar milk's higher
PUFA content, particularly linoleic acid and linolenic acid,
may provide health benefits such as anti-inflammatory and
cardioprotective effects 2. However, the overall lower
PUFA content in all three breeds warrants further
investigation to optimize the nutritional quality of milk and
dairy products 29,

Milk and its products are one of the most nutritious in the
human diet. The exclusive nutritional quality of milk and
milk products is due to their fat portion. Milk fat comprises
more than 400 fatty acids. Several factors are responsible for
variations in fat concentration, including animal breed, diet,
animal health, season, and lactation stage. Heart diseases,
cancer, obesity, and diabetes account for more than 80% of
deaths worldwide. One of the essential factors in controlling
the prevention of all these health-related issues is the fat,
type of fat, and amount of it to be consumed. Milk fat
consists of approximately 400-500 fatty acids. Mono
Unsaturated Fatty Acids are beneficial as they increase the
circulatory concentration of HDL (high-density lipoprotein)
cholesterol and decrease the circulatory concentration of
LDL (low-density lipoprotein) cholesterol in the blood.
Oleic acid (Cig1) is one of the MUFA found in higher
concentrations in the milk of all mammals. Other MUFAs
found in small amount includes Ci41 and Ciea. Saturated
fatty acid (SFA) is the most durable component and primary
fat component of the human diet 2. However, these fatty
acids are responsible for significant health hazards,

including heart disease, obesity, etc. One of the most
important SFA is Ci6.0. SFAS are responsible for increased
LDL blood concentration 221,

According to a study conducted by Saroj et al. [9
variations in the fatty acid composition of different species
occur due to different seasons. Results of the present study
for Ce0, Cs:0, C10:0, Ci12:0, and Caaso for all species are similar
to Saroj et al. . Total SFA's in the present study ranged
between 55-65g/100g. These results are also in accordance
with Saroj et al. . Medium and long chain saturated fatty
acids, i.e., myristic, palmatic, and stearic, and long chain
unsaturated fatty acids, i.e., oleic acid. These fatty acids
make up more than 65% of the TFA. The present study's
results are similar to those reported by Rodriguez-Alcala. et
al. %1, Cyg0 and Cyg:1 were the highest among all fatty acids
across the various breeds of indigenous cattle with the
highest Ci6:0 in Gir and high Ciga in Tharparkar. These
results are favoured by Saroj et al. [, It is also observed
from the present study that 3-5% of TFA comprises PUFA
in milk in all the breeds.

4. Conclusion

Our study highlights significant variations in fatty acid
profiles among indigenous cattle breeds: Gir, Sahiwal, and
Tharparkar-attributed to genetic, dietary, and environmental
factors. Gir milk displayed higher medium-chain fatty acids,
with elevated levels of palmitic acid and MUFAs. Sahiwal
milk showed lower levels of MUFA fatty acids, while
Tharparkar milk had the highest PUFA content. These
findings stress the importance of considering breed-specific
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differences for optimizing dairy product quality. Further
research is needed to understand underlying mechanisms
and develop strategies for enhancing nutritional value. Our
study contributes valuable insights for dairy producers and
consumers, supporting the production of dairy products with
enhanced nutritional benefits and agricultural sustainability.
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