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Abstract

The purpose of this study was to determine the fatty acid profile of Vechur cow milk at different stages
of lactation using gas chromatography equipped with a flame ionization detector (GC-FID). Milk
contains a variety of fatty acids, including short-chain, medium-chain, and long-chain fatty acids, as well
as saturated, unsaturated, odd-chain, cis, and trans fatty acids. Vechur cattle, an indigenous breed of
Kerala, are well known for their disease resistance and high adaptability to the hot and humid conditions
of the region. Six milk samples each were collected from early, mid, and late stages of lactation from
Vechur cows maintained at the University Vechur Cattle Farm, Mannuthy. The milk samples were
subjected to lipid extraction, converted into fatty acid methyl esters, and analyzed by GC-FID. The study
analyzed 13 fatty acids across 18 samples from different lactation stages. Although variations in fatty
acid concentrations were observed among the samples, statistical analysis revealed no significant
differences between early, mid, and late lactation stages. The GC-FID method used in this study proved
to be a simple, rapid, sensitive, and highly reproducible technique for analyzing the fatty acid profile of
milk samples.

Keywords: GC FID, Vechur, milk, fatty acids, milk samples

1. Introduction

Milk is a secretory product from mammary glands of mammals and is a rich source of various
nutrients especially fat-soluble vitamins, omega-3 fatty acids and conjugated linolenic acid.
Milk contains about 3-4% of fat and the percentage of fat depends on factors like breed,
season, region, nutrition, and period of lactation. Milk fat is a complex molecule containing
triacylglycerol, as the major part which in turn composed of glycerol esterified with different
fatty acids. In ruminants the milk fatty acids are derived from the microbial activity of
ruminant microbes and from dietary sources. Majority of even numbered fatty acids are
synthesized in the mammary gland itself, whereas odd chain fatty acids are the contribution of
microbial activity in the rumen. Milk fat is said to have 400 different fatty acids of unique
properties which make it more complex among natural fat. Besides, their role as source of
energy, fatty acids act as an important constituent in cellular membranes as building blocks
and helps in regulating membrane fluidity. In membrane phospholipids they assure flexibility,
stability, signaling and permeability of membranes. Among the different types of fatty acids
omega 3 and omega 6 polyunsaturated fatty acids seems to be the most important, as they help
in reducing oxidative stress, neuroprotection and cardiovascular protection Nagy et al. (2017)
(181 echur cattle, the indigenous breed of Kerala is well known for its disease resistance and
high adaptability to hot, humid conditions of Kerala. The determination of fatty acid profile in
milk of Vechur cow will give an idea about the quality of milk with respect to fatty acid
composition at different stages of lactation. Vechur cattle, the breed yields about 1.5-2 kg milk
per day with fatty acid content of 4.7-5.8%. Due to smaller size of fat globule and rich fat
content compared to crossbred cows, Vechur cow milk is beneficial for health in consumers
especially infants and aged people. The purpose of identifying the fatty acid profile of
indigenous cattle at different stages of lactation is to understand the compositional changes in
milk fat throughout the lactation cycle.
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This information can help assess the nutritional quality and
health benefits of the milk, optimize feeding and management
practices, and promote the value of indigenous breeds known
for their unique milk composition and adaptability to local
environments. Gas chromatography (either GC-FID or GC-
MS) is a convenient method to analyze the fatty acids in milk
because it is highly accurate, simple, safe, and rapid. The
present study was carried out with an objective of
determination of fatty acid profile in Vechur milk at different
stages of lactation.

2. Materials and Methods

2.1 Sample collection

Six milk samples each from early, mid, and late lactation
were collected from lactating Vechur cows maintained at
University Vechur Cattle Farm, Mannuthy. A total of 18
morning milk samples were collected and subjected for lipid
separation and then converted it into the fatty acid methyl
esters (FAME) for GC analysis.

2.2 Chemicals and Reagents

Standard FAME Mix Ci4-Cp; (CRM18917-USA) 100mg
(Table 1) was purchased from M/S Sigma-Aldrich. Sodium
chloride and Isooctane, Methanol and Sodium sulfate (dry
purified) were purchased from M/S Merck Life Science Pvt.
Ltd. Mumbai. Sodium methoxide (25-30%) and Butylated
hydroxy toluene were bought from M/S Himedia Laboratories
Pvt. Ltd. Mumbai. N-Hexane (GC-Graded) 95% and Diethyl
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ether were obtained from M/S Spectrochem Pvt. Ltd.

Mumbai.

2.3 Sample preparation

Ten mL of fresh milk sample were centrifuged at 12,000 rpm
for 30 min at 4 °C. Fat layer of about 1 g was collected from
the top and placed into a 15mL solvent resistant tube which
was rinsed with hexane. Hexane: isopropanol (3:2 v/v)
containing 50 mg of butylated hydroxytoluene was added at
the rate of 18 mL/g of fat and vortexed. After vortexing,
added 6.7% sodium sulfate solution at the rate of 12 mL/g of
fat again vortexed for 1min and allowed to stand for layer
separation to complete. After the layer separation, the upper
hexane layer was transferred into a 15ml test tube containing
1 g anhydrous sodium sulfate and vortexed for 1 min and
allowed to stand for 45 min. The upper hexane layer was
transferred into a vial and then subjected for evaporation by
placing it in a vacuum concentrator for 2 hours at 2000 rpm.
Leftover unevaporated lipid in the vial was transferred into a
50 mL standing tube and 5 mL of 0.25 mol/ L sodium
methoxide in methanol: Diethyl ether (1: 1 v/v) was added
and vortexed for 1 min. Three mL isooctane and 15 mL
saturated NaCl were added and vortexed for phase separation
The top layer containing fatty acids was collected in labelled
Eppendorf tubes and stored in refrigerator, until analysis.

2.4 Preparation of working standard solutions
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Fig 1: Representative chromatogram of sample V716 (early lactation), featuring myristic acid (C14:0) Downward arrow indicates retention time
of 14.55.

Four different standard solutions of FAME mix C14-C2 was
prepared. The standard (100 mg in 1 mL n-hexane) was used
as stock standard to prepare the working standard solution of
50 mg/mL, 25 mg/mL and 12.5 mg/mL All standards were
kept in amber colored bottles at 4 °C to avoid any ill effects.

2.5 Chromatographic Condition

One pL of blank (hexane), standards and samples were
injected separately into the 5 MS column using an auto
sampler. The components were separated by elution using
carrier gas helium at a flow rate of 30 mL/min. The Flame
lonization detector and injection temperature were set at
temperature 250 °C. Air and H; gas flow rate of FID were 300
mL/min and 30 mL/min respectively. Helium gas was used as
makeup gas with a flow rate of 30 ml/min. Chromatogram
was generated for each injected solution.

2.6 Detection
The eluted fatty acids in the Vechur cow milk samples were
detected by flame ionization detector.

2.7 Statistical analysis

Statistical analysis were done to compare the data at different
stages of lactation using post hoc test namely duncan’s
multiple range test. Results were considered statistically
significant for p<0.05 and the resulted presented as mean
values + standard deviation.

2.8 Analysis of fatty acids by GC-FID
The fatty acid methyl esters of milk sample of early, mid and
late lactation stages were analyzed and chromatograms are
shown in the Figures 1 to 3 with respect to representative
sample used in each lactation stage. The data acquisition time
for each sample were set for 30 minutes
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Fig 2: Representative chromatogram of sample V1048 (mid lactation), featuring myristic acid (C14:0) Downward arrow indicates retention time of 14.54
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Fig 3: Representative chromatogram of sample V996 (late lactation), featuring myristic acid (C14:0) Downward arrow indicates retention time of 14.54.

Table 1: Fatty acid composition of milk fatty acids during lactation stages, each with six samples (Mean + S.E)

. Early lactation Mid lactation Late lactation
SL No. Fatty acids (mg/g) (Me);m +S.E) (Mean = S.E) (Mean = S.E) P-Value
Saturated fatty acids
1 Caprylic acid (C8:0) 0.04+0.006 0.01922+0.00339 0.024+0.004 0.611
2 Capric acid (C10:0) 0.008+0.0014 0.00534+0.00088 0.010+0.002 0.664
3 Lauric acid (C12:0) 0.202+0.04 0.82+0.0004 0.70£0.133 0.603
4 Myristic acid (C14:0) 84.9+21.0345 90.88+39.3 58.8+10.1 0.877
5 Palmitic acid (C16:0) 2404 9.06+4 10.05+3 0.515
6 Stearic acid (C18:0) 0.02+0.03 0.0344+0.03 0.08+0.02 0.517
7 Arachidic acid (C20:0) 0.0068+0.001 0.04+0.11 0.026+0.005 0.424
8 Behenic acid (C22:0) 0.002+0.0002 0.0024+0.0004 0.0004+0.0008 | 0.43
Mono unsaturated fatty acids
9 Myristoleic acid (C14:1) 0.0268+0.0041 0.12+0.05 0.2+0.04 0.383
10 Palmitoleic acid (C16:1) 0.4+0.1 2.21+1 2.6+0.9 0.556
11 Oleic acid (C18:1) 0.0044+0.0006 0.0062+0.0016 0.0084+0.0025 | 0.723
Poly unsaturated fatty acids
12 Linoleic acid (C18:2) 0.2+0.0224 0.50+0.201 0.6+0.2 0.605
13 Linolenic acid (C18:3) 0.008+0.0012 0.032+0.013 0.048+0.0132 | 0.432
Significant (p<0.05)
Highly significant (p<0.01)

Not-Significant (p>0.05)
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Table 2: Average fatty acid content of samples during entire lactation
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S.No| Fatty Acids | Chemical Formula |  Average Fatty Acid Content (mg/g)
Saturated fatty acids
1 Caprylic acid (C8:0) C8H1602 0.025
2 Capric acid (C10:0) C10H2002 0.007
3 Lauric acid (C12:0) C12H2402 0.573
4 Myristic acid (C14:0) C14H2802 68.754
5 Palmitic acid (C16:0) C16H3202 6.932
6 Stearic acid (C18:0) C18H3602 0.056
7 Arachidic acid (C20:0) C20H4002 0.022
8 Behenic acid (C22:0) C22H4402 0.003
Mono unsaturated fatty acids
9 Myristoleic acid (C14:1) C14H2602 0.099
10 Palmitoleic acid (C16:1) C16H3002 1.730
11 Oleic acid (C18:1) C18H3402 0.006
Poly unsaturated fatty acids
12 Linoleic acid (C18:2) C18H3202 0.392
13 Linolenic acid (C18:3) C18H3002 0.029

3. Results and Discussion

The present study analysed 18 Vechur cow milk samples at
different stages of lactation for 13 fatty acids by GC-FID.
Among 13, we analysed 8 saturated, 3 monounsaturated and 2
poly unsaturated fatty acids. The table 1 shows the fatty acid
composition of milk during different lactation stages. The
milk samples showed no significant difference in the fatty
acid composition (p>0.05) from early to late lactation stages.
Lauric acid and muyristic acid showed significant increase
during early and mid-lactation stages, then decreased during
late lactation. As the lactation progressed palmitic acid and
stearic acid showed gradual increase in the fatty acid content.
Similarly, myristoleic acid, palmitoleic acid and linoleic acid
progressively increased during the lactation stages. Caprylic
acid, capric acid, arachidic acid, behenic acid, oleic acid and
linolenic acid did not show any significant variation as
lactation progressed.

The average composition of fatty acids during entire lactation
is shown in table 2 and it showed that myristic acid (Ciax) is
the major fatty acid found in Vechur cow milk during all
stages of lactation followed by palmitic acid (Cie:0). Their
average concentration was 68.754 mg/g and 6.932 mg/g of
total fatty acids respectively and least represented fatty acids
were behenic (Cx2:0) and oleic acid. (Cig1). The content of
behenic is 0.003 mg/g and oleic is 0.006 mg/g of total fatty
acids. Among mono unsaturated fatty acids, palmitoleic acid
has highest concentration of 1.730 mg/g compared to
myristoleic acid (0.009 mg/g) and oleic acid (0.006 mg/qg).
The average content of poly unsaturated fatty acids like
linoleic acid and linolenic acid was found to be 0.392 mg/g
and 0.029 mg/g respectively. The average content of saturated
fatty acids were 76.372 mg/g, mono unsaturated fatty acids
1.835 mg/g and poly unsaturated fatty acids 0.421 mg/g of
total fatty acids during the entire period.

The present study analysed three medium chain and ten long
chain fatty acids. The concentration of medium chain fatty
acids namely caprylic and capric were found to be decreased
during mid-lactation compared to early and late lactation,
whereas lauric acid concentration was high in early and mid-
lactation and showed a tendency to decrease towards late
lactation. Long chain fatty acids like palmitic, stearic,
behenic, myristoleic, palmitoleic, oleic, linoleic and linolenic
acids were found to be increased as lactation progress while,
arachidic acid concentration found decreased during the late
lactation compared to early, mid and late lactation. Myristic
acid get decreased in the late lactation. These findings are in

accordance with the findings of (Craninx et al., 2008) [4 who
reported short, medium, and long chain fatty acids were low
in the beginning of lactation.

Current study observed an increase in concentration of
saturated fatty acids like palmitic, stearic, arachidic and
behenic during the progression of lactation. This finding was
in agreement with Stoop et al., 2000 ° who reported an
increase in the content of stearic acid in late lactation.
Saturated fatty acids such as lauric, myristic and palmitic fatty
acids are highly associated with the risk of cardiovascular
diseases in human beings (Baer, 1991) . Palmitic acid
influences the decreased level of insulin in our body and
stearic acid provides a protection against cardiovascular
diseases (Bainbridge et al., 2016) Bl.

Quantity of medium chain saturated fatty acids such as
caprylic and capric acid were found to be higher in early and
late lactation compared to mid-lactation whereas lauric acid
showed a decrease from early to late lactation. A study by
Baer, 1990 reported increased amount of saturated fatty acid
(capric to myristic) during early lactation and get declined in
late lactation. The change reported in our study may be due to
variation in the breed, season, feed, and environmental
condition.

The current study analysed and quantified monounsaturated
fatty acids (MUFA) like oleic, palmitoleic and myristoleic
acids. These three fatty acids showed an increase in their
concentration from early to late lactation. A study conducted
by Duchacek et al., 2011 [ in crossbreds observed a decrease
in concentration of oleic and palmitoleic and increase in
concentration of myristoleic as lactation advances. No
significant difference in the concentration of MUFA was
noticed by Baer 1990 at different stages of lactation. The
variation of the present study may be due to change in the
environmental condition, feed, breed, and nutrition at
different stages of lactation.

Polyunsaturated essential fatty acids (PUFA) namely linoleic
(® 6) and linolenic (o 3) acids were also quantified during the
study. Both the fatty acids cannot be synthesised in body, but
it has to be supplied through diet. Even though there is no
significant difference in the concentration of linoleic and
linolenic acid at different stages of lactation, both acids
showed progressive increase in their concentration as
lactation advances. The findings are in accordance with
Bainbridge 2016 B who reported no significant difference in
the concentration of ® 3 and ® 6 fattyacids at different stages
of lactation.
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4. Conclusion

The present work provides an overall GC analysis of the fatty
acid profile in milk from Vechur cows. Not only the fatty acid
groups or the most abundant and the ones that found in small
quantities and showing benefic outcomes on human health are
also included. Lactation stages highly influenced in the fatty
acid content, medium chain fatty acids showed no significant
differences in the fatty acid composition, while most of the
long chain fatty acids shown a considerable increase as the
lactation progressed. These differences in the fatty acid
content in milk are mainly due to season, breed,
environmental changes, and feed. The use of GC FID
technique resulted in highly specific separation of fatty acid
methyl esters, and it was a simple, rapid, sensitive, and highly
reproducible technique for the analysis of fatty acid profile of
milk samples.

5. Conflict of Interest

The authors in this article have no affiliations with or
involvement in any organization or entity with any financial
interest in the subject matter or materials discussed in this
manuscript.

6. Acknowledgements

The work was carried out at Central Instruments Laboratory
and Department of Veterinary biochemistry, College of
Veterinary and Animal Sciences, Mannuthy, Kerala. The
support and assistance given by all the staff members in the
above-mentioned departments are duly acknowledged.

Financial Support
Not available

7. Reference

1. Amores G, Virto M. Total and free fatty acids analysis in
milk and dairy fat. Separations. 2019;6:14.

2. Baer RJ. Alteration of the fatty acid content of milk fat. J
Food Prot. 1991;54:383-386.

3. Bainbridge ML, Cersosimo LM, Wright ADG, Kraft J.
Content and composition of branched-chain fatty acids in
bovine milk are affected by lactation stage and breed of
dairy cow. PLOS One. 2016;11:e0148786.

4. Craninx M, Steen A, Laar VH, Nespen VT, Tereso MJ,
Baets DB, et al. Effect of lactation stage on the odd- and
branched-chain milk fatty acids of dairy cattle under
grazing and indoor conditions. J Dairy Sci.
2008;91:2662-77.

5. Djordjevic J, Ledina T, Baltic MZ, Trbovic D, Babic M,
Bulajic S. Fatty acid profile of milk. IOP Conf Ser Earth
Environ Sci. 2019;333:012024.

6. Duchacek J, Vacek M, Stadnik L, Beran J, Okrouhla M.
Changes in milk fatty acid composition in relation to
indicators of energy balance in Holstein cows. Acta Univ
Agric Silvic Mendelianae Brun. 2013;60:29-38.

7. Feng S, Lock AL, Garnsworthy PC. A rapid lipid
separation method for determining fatty acid composition
of milk. J Dairy Sci. 2004;87:3785-3788.

8. Jensen RG. The composition of bovine milk lipids. J
Dairy Sci. 2002;85:295-350.

9. Kalinova G, Mladenova D, Mechkarova P, Daskalov H.
A modification of gas chromatography method for the
determination of fatty acid composition of milk fat. Bulg
J Agric Sci. 2016;22:1014-1020.

10. Kay JK, Weber WJ, Moore CE, Bauman DE, Hansen LB,
Chester-Jones H, et al. Effects of week of lactation and

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

~105~

https://www.veterinarypaper.com

genetic selection for milk yield on milk fatty acid
composition in  Holstein cows. J Dairy Sci.
2005;88:3886-3893.

Lindmark Mansson H. Fatty acids in bovine milk fat. J
Food Nutr Res. 2008;52:1-3.

Luna P, Juarez M, De la Fuente MA. Validation of a
rapid milk fat separation method to determine the fatty
acid profile by gas chromatography. J Dairy Sci.
2005;88:3377-3381.

Mannion DT, Kilcawley KN. Free fatty acids
quantification in dairy products. J Dairy Sci. 2016;99:1-
12.

Keszycka MM, Runowska CG, Lipinska P, Wojtowski J.
Fatty acid profile of milk: A review. Bull Vet Inst
Pulawy. 2013;57:135-139.

Martinez B, Miranda JM, Franco CM, Cepeda A,
Rodriguez JL. Development of a simple method for the
guantitative determination of fatty acids in milk with
special emphasis on long-chain fatty acids. J Food.
2012;10:27-35.

Nagy K, Tiuca ID. Importance of fatty acids in
physiopathology of human body. In: Fatty acids. London:
IntechOpen; 2017. p.1-19.

Pegolo S, Cecchinato A, Casellas J, Conte G, Mele M,
Schiavon S, et al. Genetic and environmental
relationships of detailed milk fatty acids profile
determined by gas chromatography in Brown Swiss
cows. J Dairy Sci. 2016;99:1315-1330.

Simionato JI, Garcia CJ, Santos TG, Oliveira CC,
Visentainer VJ, Souza NED. Validation of the
determination of fatty acids in milk by gas
chromatography. J Braz Chem Soc. 2010;21:520-524.
Stoop WM, Bovenhuis H, Heck JML, Van Arendonk
JAM. Effect of lactation stage and energy status on milk
fat composition of Holstein-Friesian cows. J Dairy Sci.
2009;92:1469-1478.

Teng F, Wang P, Yang L, Ma Y, Day L. Quantification
of fatty acids in human, cow, buffalo, goat, yak, and
camel milk using an improved one-step GC-FID method.
Food Anal Methods. 2017;10:2881-2891.

How to Cite This Article

Nath AG, Chinnu MV, Vidhya KT, Saratht M. Fatty acid profile of
Vechur cow milk at different stages of lactation. International Journal of
Veterinary Sciences and Animal Husbandry. 2025;SP-10(7):101-105.

Creative Commons (CC) License

This is an open-access journal, and articles are distributed under the
terms of the Creative Commons Attribution-Non Commercial-Share
Alike 4.0 International (CC BY-NC-SA 4.0) License, which allows
others to remix, tweak, and build upon the work non-commercially, as
long as appropriate credit is given and the new creations are licensed
under the identical terms.


https://www.veterinarypaper.com/

