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Fatty acids and lipid indices of buffalo milk yogurt
N. Naydenova*, T. Iliev, G. Mihaylova
Department of Dairy Science, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria
Abstract. The present investigation had the objective to study the changes in the atherogenic index and the lipid preventive score as nutrition indicators for
assessment of the risk of cardio-vascular diseases. The study was performed with buffalo milk, obtained from purebred Bulgarian Murrah buffaloes from II
lactation, reared in the herd of the private farm in Dimitrievo village. The content of saturated fatty acids in buffalo yogurt is higher than in raw milk at the expense
of unsaturated fatty acids. Omega-6/omega-3 ratio varies from 3.58 for yogurt to 4.30 for raw milk, which is within the range of the optimal values for healthy
nutrition. The atherogenic index was calculated on the obtained values for the lauric (C12:0), myristic (C14:0) and palmitic (C16:0) acids and the unsaturated
fatty acids. The obtained data for the raw milk and yoghurt are 2.68 and 3.24, respectively. The values of lipid preventive score calculated on the basis of fat
content and fatty acid groups - saturated, monounsaturated and polyunsaturated, showing the degree of preventive effect regarding the risk of cardiovascular
disease, are 12.42 for raw milk and 14.52 for the produced yogurt, respectively.

Keywords: fatty acids, buffalo yogurt, atherogenic index, lipid preventive score
Abbreviations: SFA – saturated fatty acids, MUFA – monounsaturated fatty acids, PUFA – polyunsaturated fatty acids, USFA – unsaturated fatty acids, AI –
atherogenic index, LPS – lipid preventive score, SCFA – shortchain fatty acids, TL – total lipids

Introduction
Milk and milk products, especially those with high content of
fats, saturated fatty acids and cholesterol have been considered
during the past three or four decades as risky food in terms of
occurrence of various civilization diseases. This criticism has arisen
especially because milk fat contains a high fraction of saturated fatty
acids assumed to contribute to heart diseases, body-mass gain and
obesity (Ordovas, 2005; Ebringer et al., 2008). Additionally it was
discovered that individual fatty acids differ in their effects on serum
cholesterol, whereas most saturated acids were neutral, lauric,
myristic and palmitic acid caused pronounced increases in low
density lipoprotein (German and Dillard, 2006). This led to the
development of an atherogenic index which ranked foods based on
their content of these three fatty acids (Ulbricht and Southgate,
1991; Chilliard et al., 2003) as problematic. Another factor verifying
the health quality of milk is the Lipid Preventive Score (LPS), first
suggested by Richard and Charbonnier (1994). Studies on milk lipid
indices in Bulgaria are limited and discontinuous (Mihaylova, 2007;
Ivanova et al., 2010).
In buffalo milk, the saturated fatty acids vary from 60 to 65% of
the total fatty acids, while the unsaturated fatty acids vary from 35 to
40% (Lock and Garnsworthy, 2003). There are several components
in milk fat that could influence health positively (Bauman and Lock,
2010; Kliem and Givens, 2011; Grantham et al., 2012). The higher
content of stearic (C18:0) and oleic (C18:1) acids, as well as MUFA
in the buffalo yoghurt have a favourable effect on human nutrition
compared to cow and goat milk (Ivanova et al., 2010). A positive
property of milk fat is also its good ratio 1:(1.16-4) of omega-3 and
omega-6 fatty acids (Colomb et al., 2004).
The present investigation had the objective to study the
changes in the atherogenic index and the lipid preventive score as
nutrition indicators for assessment of the risk of cardio-vascular
diseases.

Material and methods
Milk
The study was performed with buffalo milk, obtained from
purebred Bulgarian Murrah buffaloes from II lactation, reared in the
herd of the private farm in Dimitrievo village. Milk samples were
obtained in the morning and the evening, proportionally to the milk
yield, according to rules for milk sampling.
Yogurt production
The milk was pasteurized (95°С/30 min), cooled to 45°С and
inoculated with 1.5% yogurt culture consisting of Lactobacillus
delbrueckii ssp. bulgaricus and Streptococcus thermophilus
(Lactina 17, produced by Bankya, Bulgaria). The samples were then
cultivated at 42°С until coagulation, then cooled and stored in a
refrigerator at 4-6°С.
Fatty acids extraction and analysis
The extraction of milk fat was done by the method of RoseGottlieb using diethyl ether and petroleum ether (Methodenbuch,
Bd. VI VDLUFA-Verlag, Darmstadt, 1985). After that the solvents
were evaporated on a vacuum-rotary evaporator. Sodium methylate
(CHONa) was used for obtaining methyl esters of the fatty acids
(Jahreis et al., 1997). The fatty acid composition of raw milk and
yogurt was determined by gas chromatography “Pay-Unicam 304”
with flame ionization detector and column ЕСТМ- WAX, 30 m, ID 0.25
mm, Film:0,25 μm.
Statistics
Statistical software (Statistica 6.0) was used for statistical
analysis. Fisher test was used for mean comparison.

* e-mail: n_naidenova@uni-sz.bg

331

Results and discussion
The typical flavour of yogurt is due to lactic acid and various
carbonyl compounds, i.e. acetaldehyde, acetone and diacetyl,
produced by L. bulgaricus and S. thermophilus. L. bulgaricus
contains intracellular esterases active on ortho- and paranitrophenyl derivatives of short-chain fatty acids and activity levels
vary only slightly between different strains (El Soda et al.,1986).
Many strains of S. thermophilus contain a lipase less active towards
natural lipids (De Moraes and Chandan, 1982). Consuming yogurt
active bacteria stabilizes the level of total cholesterol in the blood
(Water et al., 1999).
Lypolitic activity is low in lactic acid bacteria starter cultures, and
thus, fermentation of milk resulted in relatively small changes in fat
composition (Alm, 1982; Zourari et al., 1992). The data obtained
(Table 1) show that the highest levels of saturated fatty acids in raw
Table 1. Changes in fatty acid profile of milk fat during
yogurt production (n=8)

Raw milk

Fatty acids
С4:0
С6:0
С8:0
С10:0
С12:0
С14:0
С15:0
С16:0
С17:0
С18:0
С18:1
С18:2
С18:3
Short-chain (C4-C10)
Medium-chain (С11-С17)
Long-chain (over С18)

Yogurt

Mean

SEM

Mean

SEM

4.51
2.85
1.09**
2.01**
2.25
10.30*
1.16
30.40
2.29
11.89
27.65**
2.95
0.65
10.46
46.40***
42.14**

0.463
0.390
0.141
0.332
0.339
0.737
0.117
1.261
0.040
1.975
0.559
0.096
0.069
0.365
1.024
0.985

4.67
2.86
1.03**
3.14**
2.55
11.75*
1.76
31.76
2.96
9.49
24.60**
2.76
0.77
11.70
50.78***
37.62**

0.559
0.314
0.053
0.755
0.022
1.350
0.037
1.282
0.480
3.118
2.599
0.433
0.089
0.214
1.325
0.785

*p<0.05; **p<0.01; ***p<0.001

%
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00

68.71

71.97

31.25 28.63

27.65

24.60
3.60 3.53

SFA

USFA
raw milk

MUFA

PUFA

yogurt

Figure 1. Dynamics of saturated and unsaturated fatty
acids during yogurt production
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and manufactured yogurt stand with C 14:0, C 16:0 and C 18:0 and C
14:0 and C 16:0 have higher values in yogurt. Our findings of C16:0
content (30.40) in raw buffalo milk are slightly higher than that found
by Galvano et al., (1984) (28.23%) and lower than that found by
Verruma and Salgado (1994) (38.3%). After coagulation, the level of
C16:0 in yogurt increases by about 2%, while the amount of C18:0
decreased approximately by 2.5%. Palmitic acid is among the main
saturated fatty acids which increase the level of serum cholesterol, in
contrast to stearic.
Natural yoghurt is characterized by a slightly higher content of
C4:0 and C14:0, which is believed to be a potential atherogenic risk
factor (increase by 1.4% from raw milk). This result is contrary to the
findings of Mihaylova (2007) for cow yogurt - a 12,5 % decrease of
C14:0 compared to baseline milk. Oleic acid (C18:1) was in the
largest quantity (27.65%) among the unsaturated fatty acids in raw
milk and decreased by 3% after coagulation probably due to the fact
that lactobacilli need oleate for their development. Fatty acids are
essential nutrients for many lactic acid bacteria, and
supplementation of growth medium with fatty acids can influence the
membrane composition and growth rate (Johnsson et al., 1995;
Muller et al., 2011). A similar trend was established by Mihaylova
(2007) for cow yogurt.
The content of essential C18:2 (omega 6), known for its
atherogenic properties decreased slightly in the coagulation of milk,
while C18:3 (omega 3) increased. These fatty acids are essential for
growth and development and are beneficial in the maintenance of
human health and prevention of chronic diseases and neurological
disorders (Yashodhara et al., 2009).
The relative content of short-chain fatty acids increased during
fermentation. These data differ from those reported by Florence et
al. (2012), who observed slight reduction of Short-chain fatty acids
(SCFA) during fermentation. SCFA are more abundant in yogurt,
with the greatest increase in C10:0 (Table 1). Production of SCFA as
a result of indigestible carbohydrates by colonic bacteria, in
presence of fermented dairy milk may reduce the circulatory serum
cholesterol concentration by inhibiting hepatic cholesterol synthesis,
or by redistributing cholesterol in the plasma to the liver (Jones,
2002)
Medium-chain fatty acids increased, whereas long-chain fatty
acids (above C18) decreased in the final product. The low molar
mass of medium-chain fatty acids and their solubility in water
facilitate the action of digestive enzymes, making hydrolysis faster
and more complete than that of long-chain fatty acids. Reduced
%
16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00

14.52
12.42

3.24

2.68

AI

LPS
raw milk

yogurt

Figure 2. AI and LPS of raw milk and yogurt

chain length means that medium chain triglycerides are more rapidly
absorbed by the body and more quickly metabolized. Because of
that medium chain triglycerides are of special interest from a
therapeutic point of view (Ebringer et al., 2008).
The intense nature of milk and milk products is determined by
the high total content of saturated fatty acids they contain (Figure 1).
In yoghurt production the total amount of saturated fatty acids
increases by about 3.9%. The opposite trend is observed for
unsaturated fatty acids – their quantity is higher in raw milk and
decreased by 3.94% during coagulation in parallel with the increase
of saturated fatty acids.
The lipid fraction of yogurt is characterized by a relatively high
content of monounsaturated fatty acids – 24.62%. They decreased
by ~ 3.6% from raw milk. As for polyunsaturated fatty acids, no
significant difference was found between raw milk and yogurt.
Clinical studies in the last decade pointed out the need of reducing
the omega-6/omega-3 ratio. The English Health Department (1994)
recommends that the omega-6/omega-3 ratio should be below 4.
Simopoulos (2006) suggested values between 5 and 10. At least a
convergence to values between 4 and 5.1 is observed (Martin et al.,
2006). During the production of buffalo yoghurt, the biologically
important ratio C18:2 (omega-6)/C18:3 (omega-3) decreased from
4,54 in raw milk to 3.58 in yogurt. Due to the high content of SFA, the
atherogenic index of milk is about 3-5 times higher compared to
other food products of animal origin.The atherogenic index (AI) was
calculated on the obtained values for the lauric (C12:0), myristic
(C14:0) and palmitic (C16:0) acids and the unsaturated fatty acids.
The obtained data for the raw milk and yoghurt are 2.68 and 3.24,
respectively (Figure 2). A similar result was established by
Mihaylova (2007) for buffalo yogurt.
The lipid preventive score is an estimate of the fatty acid content
related to the risk of cardio-vascular disorders. The optimum
balanced fatty acid content is when LPS=TL or LPS value is possibly
closest to TL (Mihaylova 2007). The values of lipid preventive score,
calculated on the basis of fat content and fatty acid groups saturated, monounsaturated and polyunsaturated, showing the
degree of preventive effect regarding the risk of cardiovascular
disease, are 12.42 for raw milk and 14.52 for the produced yogurt,
respectively. A similar result was established by Mihaylova (2007) for
buffalo yogurt. The high SFA content an the low MUFA and PUFA
levels leads to a higher LPS value and a lower preventive degree
related to cardiovascular disorders (Ivanova et al., 2010).

Conclusion
The content of saturated fatty acids in buffalo yogurt is higher
than in raw milk at the expense of unsaturated fatty acids. Omega6/omega-3 ratio varies from 3.58 for yogurt to 4.30 for raw milk,
which is within the range of the optimal values for healthy nutrition
and has a low risk factor for human health. The values of the
atherogenic index of buffalo milk change in the range 2.68 for raw
milk to 3.24 for yogurt. The degree of preventive action regarding the
lipid preventive score was almost the same for raw milk and yoghurt
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