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Product Quality and Safety

Fatty acids profile, atherogenic and thrombogenic health indices of white brined cheese made 
from buffalo milk

N. Naydenova*, I. Kaishev, 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 fatty acids profile and the related health lipid indices of buffalo cheese in order to add 
information on its nutritional quality. Two distinct indices were investigated – atherogenic and thrombogenic. These indices take into account the different 
effects that single fatty acids might have on human health. 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 amount of saturated fatty acids in raw milk diminished in the processing and ripening 
of cheese by 5%.  The amount of unsaturated fatty acids increased during ripening by the same percent in proportion to the decrease of saturated fatty acids. 
The biggest change is in the content of monounsaturated fatty acids in ripened cheese which increased by 4.35% from raw milk. Omega 6/omega 3 varies from 
4:1 for raw milk to 7.9:1 for white brined cheese, which is within the range of the values for healthy nutrition. The values of the atherogenic index of buffalo milk 
change in the range 2.72 for raw milk to 2.16 for matured cheese. The same tendency is observed for the thrombogenic index – it decreased during ripening 
from 1.74 for raw milk to 1.2 for matured cheese. The values of the received lipid indices, calculated on the basis of single fatty acids and fatty acid groups – 
saturated, monounsaturated and polyunsaturated, showing the degree of preventive effect regarding  the risk of cardiovascular disease, have a low risk factor 
for human health.

Keywords: fatty acids, buffalo white brined cheese, atherogenic index, thrombogenic index

Abbreviations: SFA – saturated fatty acids, MUFA – monounsaturated fatty acids, PUFA – polyunsaturated fatty acids, USFA – unsaturated fatty acids, IA – 
index of atherogenicity, IT – index of thrombogenicity

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 6, No 3, pp , 2014352 - 355

Introduction profile and the related health lipid indices of buffalo cheese in order 
to add information on its nutritional quality.

Interest in buffaloes is growing globally in order to obtain high 
quality milk and meat with less cholesterol level in both products. 

Material and methodsBuffalo milk has a larger number of small fat globules as compared to 
bovine and sheep milk. It is well known that small fat globules are rich 
in polyunsaturated fatty acids (Martini et al., 2003). There is a strong Milk 
relation between the consumption of animal products, their The study was performed with buffalo milk, obtained from 
composition and the incidence of chronic diseases in humans, purebred Bulgarian Murrah buffaloes from II lactation, reared in the 
although it has been difficult to establish causal relations among herd of the private farm in Dimitrievo village. Milk samples were 
these factors (Lucas et al., 2005). obtained in the morning and evening, proportionally to the milk yield, 

Saturated fatty acids (SFA) represent 58 to 82% of total milk according to rules for milk sampling. 
lipids, and they have been associated with hypercholesterolemia 
and increased levels of low-density lipoproteins (LDL), particularly in Cheese production
the case of palmitic, myristic and lauric acids (Pacheco et al., 2006). White brined cheese was prepared from buffalo milk. The milk 
On the other hand, dietary mono- and polyunsaturated acids would was pasteurized at 72°C for 10 min, and cooled to 32 to 35°C. 
reduce those risks, increasing high-density lipoproteins (HDL) Streptococcus salivarius subsp. thermophilus and Lactobacillus 
(Banni et al., 2002; Huth et al., 2006). Linoleic (C18:2 n-6) and delbrueckii subsp. bulgaricus were used as starter. The cheese was 
linolenic (C18:3 n-3) acids are even known as “indispensable fatty made as described by Peichevski et al. (1988).
acids” which cannot be synthesized by humans or animals (Zeppa et 
al., 2002). Regardless of these facts, it must be acknowledged that Fatty acids extraction and analysis
animal products have a lipid profile different from that currently The extraction of milk fat was done by the method of Rose-
recommended for humans (Durand et al., 2005). Modern guidelines Gottlieb using  diethyl ether and petroleum ether (Methodenbuch, 
for a healthy diet recommend, however, reducing animal fat Bd. VI VDLUFA-Verlag, Darmstadt, 1985). After that the solvents 
consumption, especially if rich in saturated fatty acids. were evaporated on a vacuum-rotary evaporator. Sodium methylate 

The aim of the present study was to characterize the fatty acids (CHONa) was used for obtaining methyl esters of the fatty acids 
* e-mail: n_naidenova@uni-sz.bg
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(Jahreis et al., 1997). The fatty acid composition of raw milk and 
cheese was determined by gas chromatography “Pay-Unicam 304” 

ТМwith flame ionization detector and column ЕС - WAX, 30 m, ID 0.25 
mm, Film: 0.25 μm.

From the data on the fatty acid  composition, the following were 
calculated:

1) Index of atherogenicity (IA) – indicating the relationship 
between the sum of the main saturated fatty acids and that of the 
main classes of  unsaturated, the former being considered pro-
atherogenic and the latter anti-atherogenic (Ulbricht and Southgate, 
1991):

2) Index of thrombogenity (IT) – showing the tendency to form 
clots in the blood vessels. This is defined as the relationship between 
the pro-thrombogenetic fatty acids (saturated) and the anti-
thrombogenetic fatty acids (MUFAs, PUFAs – n 6 and PUFAs – n3) 
(Ulbricht and Southgate, 1991):

and triglycerides (Kris-Etherton et al., 1999). With regard to oxidative 
processes in the human body, oleic acid is more resistant to 
oxidation than omega-3 and omega -6 fatty acids. During maturation 

Statistics oleic acid (C18:1) increased by 4%, which corresponds with the data 
Statistical software (Statistica 6.0) was used for statistical obtained by Mihaylova et al. (1995) for the mature sheep white 

analysis. Fisher test was used for mean comparison. cheese.
Shortchain fatty acids, which are found in milk fat, have no effect 

on blood cholesterol, while mediumchain – lauric (12:0), myristic 
Results and discussion (14:0) and palmitic (16:0) fatty acids have a significant effect on 

blood cholesterol and in particular LDL cholesterol level (O`Brien 
and Connor, 2011). The content of shortchain fatty acids (C ÷C ) Fatty acid composition of ripened cheese was similar to that of 4 10

the milk used in its production (Table 1). The content of almost all increased by about 3% in mature cheese compared to raw milk 
basic fatty acids except palmitic (C16:0) and stearic (C18:0) was (Figure 1). 
lower. Oleic acid is the most abundant monounsaturated fatty acid The decrease in mediumchain fatty acids may represent an 
(MUFA) in milk, so that milk and dairy products represents the main improvement in the profile of milk fatty acids because they have 
source of that acid for human diets in many countries (Haug et al., been reported to constitute the hypercholesterolemic portion of milk 
2007). Oleic acid may contribute to decreased plasma cholesterol fat (Ney, 1991). Mediumchain fatty acids (C ÷C ) decreased 11 17
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IT = 
C14 : 0 + C16 : 0 + C18 : 0

0.5xC18 : 1 + 0.5x ΣMUFA + 0.5x PUFA - Σ

n6 + 3xPUFA - n3 + (PUFA - n3 / PUFA - n6)

IA = 
4xC14 : 0 + C16 : 0 + C18 : 0

ΣMUFA + PUFAΣ

Table 1. Changes in fatty acid profile of milk fat during
cheese production, (n=8)

a b c
 – p<0.05;  – p<0.01;  – p<0.001

Fatty acids
Raw milk

Mean ± SEM Mean ± SEM

Ripened cheese

С4:0

С6:0

С8:0

С10:0

С12:0

С14:0

С14:1

С15:0

С16:0

С16:1

С17:0

С18:0

С18:1

С18:2

С18:3

5.236±0.463 4.290±0.067

4.410±0.297

2.338±0.050

3.385±0.053

3.010±0.066
с

10.800±1.320

0.675±0.040

0.875±0.048
с

26.760±0.783

0.620±0.002

2.463±0.093

6.388±0.603
b

30.645±1.473
a

2.960±0.048

0.373±0.027

2.851±0.090

1.093±0.041

2.010±0.032

2.246±0.039
с

10.353±0.137

0.473±0.022

0.225±0.062
с

30.834±1.261

0.991±0.024

2.286±0.04

11.896±1.975
b

26.130±0.559
a

2.724±0.096

0.651±0.069

Figure 1. Changes in short, medium and long chain
fatty acids during cheese production 
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Figure 2. Changes in SFA and USFA during cheese
production
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insignificantly during the ripening period by about 2.2%. These of cheese.
results are similar to the data by Dimitrov et al. (2001) for sheep Clinical studies in the last decade pointed out the need of 
cheese. The same trend was observed in longchain fatty acids reducing the omega-6/omega-3 ratio. The English Health 
(above C ), which decreased during ripening by 1 % compared to Department (1994) recommends that the omega-6/omega-3 ratio 18

should be below 4. The values recommended during the last few baseline milk. 
years are 4 and 5.1 (Martin et al., 2006). The ratio of n-6/n-3 fatty Some authors consider milk as a risk factor for atherosclerosis 
acids in the diet of most people ranges from 15:1 to 16.7:1 and coronary heart disease because of its SFA content. Likewise, a 
(Simopoulos, 2008). However, it is recommended to maintain a recent meta-analysis of 21 prospective epidemiologic studies 
markedly lower proportion of n-6 fatty acids. According to pointed out that there is no significant evidence for concluding that 
Simopoulos (2008), an optimal n-6/n-3 fatty acids ratio is specific to dietary saturated fat is associated with an increased risk of coronary 
different diseases. This ratio in the production of the white brined heart disease or cardiovascular disease (Sir-Tarino et al., 2010).
cheese from buffalo milk varied from 4:1 for raw milk to 7.9:1 for The amount of SFA in raw milk was 69% and diminished in the 
mature cheese (Figure 3).processing and ripening of cheese by 5%, respectively (Figure 2). 

In this study two distinct indices were investigated: atherogenic These findings are consistent with those obtained by Laskaridis et 
and thrombogenic. These indices take into account the different al., (2012) for the fatty acid profile of Feta cheese during ripening. 
effects that single fatty acids might have on human health and in The amount of unsaturated fatty acids (USFA) demonstrated the 
particular on the probability of increasing atheroma and thrombus opposite tendency. It increased during ripening by approximately 5% 
formation (Garaffo et al., 2011). Atherogenic index, calculated for in proportion to the decrease of saturated fatty acids. The biggest 
raw milk was slightly higher (2.72) than that found in other earlier change was in the content of monounsaturated fatty acids (MUFA) in 
investigations on the buffalo milk composition (2.25 – Talpur, 2007) ripened cheese (Figure 2), which increased by 4.35% from baseline 
(Figure 3). This index decreased during ripening, reaching 2.16 in milk. The least significant changes occurred in the amount of 
the mature cheese. Our data agreed with those obtained for other polyunsaturated fatty acids (PUFA) in the production and maturation 

Figure 3. Atherogenic potential of milk and cheese 
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semi hard sheep cheeses (de Renobales, 2012). The value of the cheese production were small and in general, maintained a 
atherogenic index should not be over 50 units for the diet as a whole balanced level. The MUFA/PUFA ratio in milk and cheese was high – 
(Lepšanovic et al., 1995). 8.16 and 9.59, respectively, which can be explained by the combined 

The IT decreased during ripening from 1.74 in the raw milk to effect between the increase of the unsaturated and decrease of the 
1.2 – in the mature cheese. This lower level of IT is similar to those saturated fatty acids. The studies carried out have shown that a diet 
established by Ulbright and Southgate (1991) and lower values with a high mono/polyunsaturated ratio provides better protection 
indicate a more healthy product. Dairy products with a lower against heart diseases than a diet rich in polyunsaturates alone (De 
atherogenic and thrombogenic indices are potentially healthier for Lorgeril et al., 1994; Nicolosi, 2004).
humans. The utilization of diets characterized by low values of these 
indices could reduce the potential risk of coronary heart disease 
(Cutrignelli et al., 2008; Menezes et al., 2009). Conclusion

The PUFA/SFA ratio is one of the major parameters currently 
used to assess the nutritional quality of the lipid fraction of foods. The amount of SFA in raw milk decreased in the processing and 
Nutritional guidelines recommend a PUFA/SFA ratio above 0.4 ripening of cheese by 5%. The amount of USFA increased during 
(WHO, 2003) although several researchers reported that this ratio ripening by the same percent in proportion to the decrease of SFA. 
must be considered together with PUFA n-6/n-3 ratio due to the The biggest change is in the content of MUFA in ripened cheese 
beneficial effect of linoleic acid (n-6) on health that is produced only which increased by 4.35% compared to the raw milk.
when PUFA/SFA ratio is no greater than 1.5. The P/S ratio of milk Omega 6/omega 3 ratio varies from 4:1 for raw milk to 7.9:1 for 
and cheese is low and changed insignificantly, from 0.05 in raw milk white brined cheese, which is within the range of the values for 
and ripened cheese, proving that the changes in milk fat content over healthy nutrition. The values of the atherogenic index range from 
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Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)
The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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