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ABSTRACT

Objective: The objective was to assess the chemical composition, cholesterol, fatty acid (FAs), and
amino acid (AAs) profiles of buffalo cheese, butter, and ghee.

Materials and Methods: Buffalo milk (raw) was collected from the Bangladesh Agricultural
University (BAU) Dairy Farm, BAU, Mymensingh-2202, Bangladesh. Cheese, butter, and ghee
were prepared at the Dairy Chemistry and Technology Laboratory, Department of Dairy Science,
BAU, Mymensingh, Bangladesh, and subjected to subsequent analyses. The gross nutritional
composition and AAs profile of milk were analyzed prior to the manufacture of cheese, butter,
and ghee. The gross nutritional composition of milk and dairy products was analyzed by apply-
ing an automated milk analyzer and the Association of Agricultural Chemists techniques, respec-
tively. The cholesterol, FAs, and AAs contents of cheese, butter, and ghee were determined by
the Bangladesh Council for Scientific and Industrial Research, Dhaka, Bangladesh. Furthermore,
atherogenic and thrombogenic indices were also calculated using reference equations.

Results: The results indicated that the buffalo milk is a good source of first-rate nutrients (dry
matter: 16.50%, fat: 7.50%, protein: 3.75%). Findings indicated that the butter was significantly
rich with (p < 0.05) total solids and fat where higher (p > 0.05) protein, carbohydrate, and miner-
als were found in cheese. The saponification, Reichert-Meissl|, Polenski, and Kirschner values of
buffalo ghee were found to be 225, 30, 1.2, and 25, respectively. A significant (p < 0.05) variation
was found in the cholesterol content of buffalo cheese, butter, and ghee. Butter and ghee had
40.14 and 39.57 mg more cholesterol, respectively, than cheese. The results revealed identical FA
profiles except for C24:0 among the three dairy products where the major FA compositions were
C4:0, C14:0, C16:0, and C18:0 and C18:1 cis-9. The atherogenicity index and thrombogenicity
index of cheese, butter, and ghee were statistically similar (» > 0.05). Butter was found with the
most conducive anti-atherogenic and anti-thrombogenic characteristics due to lower saturated
and higher polyunsaturated FAs. However, all the AAs concentrations were statistically higher
(p < 0.05) in cheese than in butter and ghee.

Conclusion: To conclude, buffalo cheese is superior to butter and ghee as regards nutrient density,
but consumers can choose other foods based on their choice.
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Introduction
provide energy and substances crucial for the development

of humans, particularly infants. Buffalo milk is considered
a superior raw material for western and traditional dairy

Milk and dairy products are nutrient-dense foods that
contribute significantly to human consumption [1] and
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products. Dairy products produced with buffalo milk are
excellent in the body and firmer in texture owing to the
higher content of total solids (TS), protein, and fat. Buffalo
milk contains a high concentration of linolenic and con-
jugated linolenic acids (CLA) [2], as well as fat, lactose,
caseins, AAs, and calcium [3]. These nutrients offer excel-
lent opportunities to process and develop different dairy
products from buffalo milk [2]. Importantly, buffalo milk
and milk products help to prevent metabolic syndrome,
chronic diseases, type-2 diabetes, hypertension, and car-
diovascular disease due to higher amounts of fatty acids
(FAs) and amino acids (AAs) [4].

Cheese is a good source of nutrition and a delicious milk
product prepared from the coagulation of casein (with
entrapped fat and water) by proteolytic enzyme action. It
is expedient, versatile, and offers various flavors, textures,
and forms. Cheese can be classified into many groups
based on appearance, preparation, ripening, and chemical
composition [5]. Cheese is manufactured from different
types of milk, and its quality relies on milk composition,
microbial quality, preparation, and consistency [6]. Some
FAs are found in ruminant cheeses like vaccenic (C18:1¢11)
and conjugated linoleic acids (CLA; C18:2 ¢9, #11) that are
beneficial to human health [7].

Buffalo milk is rich in fat (an average of 8.3%), imply-
ing the feasibility of using buffalo milk for manufacturing
fat-based dairy products. Butter is a fat-rich dairy product
where the liquid phase is dissolved in the oily phase, form-
ing a water-in-oil emulsion. It signifies the concentration
of fat as the only one of the three main constituents, like
protein, fat, and carbohydrates, of milk. Protein and car-
bohydrates are present in minor proportions, brought into
butter by buttermilk residues after churning [8].

Ghee is an anhydrous dairy product containing no less
than 99.5% milk-fat and is treated as the most popular
fat-rich dairy product in the Indian subcontinent. Ghee is
prepared from cream or churned butter from fresh or rip-
ened cream by heating, where ripening is carried through
the fermentation of milk with bacteria inherent to milk
or preferred starter cultures. Ghee is composed of mixed
glycerides, FAs, phospholipids, sterols, fat-soluble vita-
mins, hydrocarbons, small amounts of charred casein,
and trace amounts of calcium, phosphorus, iron, etc. [8].
According to Ullah et al. [9], 62% of the monounsaturated
fats in ghee are rich in CLA. However, buffalo milk fat is
proportionally rich in rumenic acid (the principal CLA).
The CLA isomers of buffalo milk are considered anti-car-
cinogenic, anti-atherogenic, antiobesity, and anti-diabetic
components [2].

The buffalo is vastly important in Southeast Asia, and
consumers are gladly consuming buffalo milk products all
over the Indian sub-continent. The type of milk is majorly
responsible for the sound characteristics of cheese, butter,
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and ghee with proximate quality, FAs, and AAs. Nutritional
composition focuses on consumer preference, and coun-
try-specific data on the nutritional composition of milk or
products need to be set out [10].

Several articles have been reported on cheese based
on biochemical, microbial, and sensory evaluations pre-
pared from the milk of different species [11,12], empha-
sizing nutritional sources through feeding [13], different
types of coagulant [14,15], and types of culture [16]. But
no work has been located with detailed FA and AA profiles.
Although there is a wealth of research on the physical and
processing properties, texture, nutritional value, and FAs
composition of butter from cow milk [17,18], the domain
is deficient in the case of butter from buffalo milk, with a
focus on FAs and AAs profiles. Most of the research work
has been focused on the physicochemical and nutritional
aspects of ghee from different species [19], the develop-
ment of the process of arjuna herbal ghee [20], and the
effect of cholesterol removal on the composition of cow
ghee [21]. However, not much information is available on
the detailed composition of ghee with FAs and AAs pro-
files, whereas, consumers are becoming more apprehen-
sive about food compositions emphasizing FAs and AAs,
which may greatly affect the maintenance of human health.

Most importantly, there is insufficient research data
on the chemical characteristics highlighting FAs and AAs
of cheese, butter, and ghee from indigenous buffalo in the
Indian subcontinent. Therefore, the objective of this study
was to assess the chemical composition, cholesterol, FAs,
and AAs profiles of buffalo cheese, butter, and ghee pre-
pared from buffalo milk. This study will help people decide
what to eat based on these products’ composition and
nutritional differences and how they are made.

Materials and Methods
Ethical approval

Animal management procedures, methods of milk-
ing, and collection of milk samples were approved
by the Animal Welfare and Experimentation Ethics
Committee, Bangladesh Agricultural University (BAU),
Mymensingh-2202, Bangladesh [AWEEC/BAU/2020 (21)].

Collection and analysis of raw milk

Morning buffalo milk (n = 3, non-descriptive) was col-
lected and pooled separately from the BAU Dairy Farm
(24°43'46.5"N, 90°25'22.8"E), Mymensingh-2202,
Bangladesh. After that, 5 | of milk was taken from mixed
samples and sent to the laboratory for product manufactur-
ing and following analyses. Buffaloes were fed individually
on German grass (Echinochloa crus-galli) in a cut and carry
system supplemented with a concentrated mixture [22].
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Buffaloes had free access to clean, fresh drinking water for
24 h. Gross milk compositions were analyzed through an
automated milk analyzer (Lactoscan, SLP, MILKOTONIC
Ltd., Nova Zagora-8900, Bulgaria) at the Dairy Chemistry
and Technology Laboratory, Department of Dairy Science,
BAU, Mymensingh-2202. The cholesterol content, FAs, and
AAs were assayed at the Bangladesh Council for Scientific
and Industrial Research, Dhaka, Bangladesh. Table 1 shows
raw buffalo milk’s chemical composition, cholesterol level,
and AA composition. The FA composition of buffalo milk
was previously defined by Islam et al. [4].

Manufacturing of cheese, butter, and ghee

The products were manufactured at the Dairy Chemistry
and Technology Laboratory, Department of Dairy Science,
BAU, Mymensingh-2202. The brief details are presented
below.

Cheese

The cheese-making procedure is illustrated in Figure 1.
Fresh buffalo milk was heated to 80°C for 30 min before

Table 1. Proximate composition, cholesterol content, and AA
profile (mean + standard deviation) of buffalo milk.

Parameters Buffalo milk (n = 3)
pH 6.75+0.15
Acidity (%) 0.13+0.01
TS (%) 16.50 +0.30
Fat (%) 7.50+0.26
Carbohydrates (%) 4.70+0.12
Protein (%) 3.57+0.11
Ash (%) 0.72 £0.01
Cholesterol (mg/100 g) 21.93+9.36
AAs (gm 100 gm™?)

Aspartic acid 0.31+0.01
Threonine 0.18 +0.00
Serine 0.22+0.01
Glutamic acid 0.78 £ 0.02
Glycine 0.14 £ 0.00
Alanine 0.19+0.01
Valine 0.37£0.01
Methionine 0.17+0.01
Isoleucine 0.25+0.01
Leucine 0.29+0.01
Tyrosine 0.21+0.00
Histidine 0.12 +0.00
Lysine 0.32+0.01
Arginine 0.110 £ 0.005
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being slowly cooled to 40°C. For acidification, lactic starter
culture (10 gm/1) was added by direct inoculation to milk
for desirable acidity. After that, 0.07 gm/l of commercial
rennet (CHY-max®, Denmark) was added to make the milk
curd. Stirring continued for 1 min to ensure uniform incor-
poration of the added enzyme into the milk, followed by
discontinuation to allow the curd formation. When the
curd formed a clean break, it was cut into cubes and salted
in brine (10 gm of NaCl/kg). The curds were placed in a
perforated container and stored at 4°C for 24 h.

Butter

The manufacturing process of butter from buffalo milk is
depicted in Figure 2. First, the cream was separated from
raw buffalo milk by applying a cream separator, and its fat
content was standardized to 35% (w/w). The cream was
kept overnight at 4°C and churned using a 1-1 capacity lab-
oratory churn. The butter kernels were washed with cold
water (12°C) in the churn. After draining butter whey, the
working of butter was done to a continuous fat phase with
a finely dispersed water phase to attain a homogenous
mixture of butter granules, water, and salt. Approximately,
100 gm of salt (w/w) was added during the work to
improve the shelf-life and flavor. The finished butter was
then wrapped in cube-sized plastic and stored at 4°C for
further analysis.

Ghee

Manufacturing protocols for ghee from buffalo milk are
shown in Figure 3. Ghee was made using the direct cream
method, in which 35% (w/w) cream was melted in a metal
pan and clarified at 115°C-116°C with continuous stirring
until almost all of the moisture was removed. The heating
was discontinued when the curd particles attained the
desired golden yellow or brown color. After heating, the
contents were sedimented, decanted, filtered, and packed
for analysis.

Proximate component analysis

The acidity of the cheese, butter, and ghee was measured
using the titration method against 0.1 M NaOH solution
and phenolphthalein indicator, and pH was measured by
a pH meter-215 (Corning Diagnostic Ltd., Sudhury, Suffolk,
England). The TS content was determined by evaporat-
ing at 105°C for 24 h in an oven [].P. Selecta; S.A. ctra. Nil
km: 585.1, Abrera (Barcelona) Spain]. After drying, the
samples were ignited at 600°C for 6 h in a muffle furnace
(Vulcan A-550, Ney®, USA) to estimate ash. Protein was
estimated by the Kjeldahl method [23], and fat content was
determined by the Babcock fat test method described by
Aggarwala and Sharma [24].
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e Buffalo milk collection, filtration and heating at 80 °C for 30 min
* Cooling the milk to 40 °C

» Inoculation of milk lactic culture (10 g/L)
» Addition of commercial rennet (0.07 g/L) as coagulant

Continuous stirring for 1 min

Cutting of curd into cube and salting by brine (10 g NaCl/Kg)
+ Storage at 4 °C for later analysis

<L

Figure 1. Manufacturing process of fresh cheese from buffalo milk.

e Churning of cream

* Buffalo milk collection, filtration and cream separation

*  Washing with cold water

* Filtering of butter granules

Working on butter
= Salting of butter

*  Wrapping of cubed butter
« Storage at 4 °C for later analysis

<«

Figure 2. Manufacturing process of butter from buffalo milk.

Determination of milk fat constants
Saponification value

The saponification value was determined using the method
Cd 3-25 [23]. First, 5 gm of filtered ghee was mixed with 50
ml of 4% alcoholic KOH, and the mixture was mildly boiled
until complete saponification. After cooling, the sample
was titrated against 0.5 M HCI (43.01 ml/1) in the presence
of a phenolphthalein indicator (1 gm/100 ml) to neutralize
excess KOH.

Reichert-Meissl, Polenske, and Kirschner value

Reichert-Meissl (chiefly butyric and caproic), Polenske
(mostly caprylic, capric, and lauric), and Kirschner (butyric

http://bdvets.org/javar/

acid) values were determined according to the method of
Cd 5-40 [25]. With 5 gm of ghee sample, 20 ml of glycerol
soda solution (20 ml of 500 gm/1 NaOH added with 180 ml
of glycerol) was added in a round-bottom flask and subse-
quently heated until complete saponification.

After cooling, the prepared soap solution was diluted
with distilled water (135 ml) and acidified with 6 ml of
sulphuric acid (H,SO,). The flask was connected to the
condenser and heated to distillate volatile FAs. The col-
lected volatile FAs were filtrated to separate soluble FAs
from insoluble ones. The aqueous solution of the soluble
volatile FAs and the ethanolic solution of the insoluble vol-
atile FAs were titrated against 4 gm/1 of NaOH solution in
the presence of a phenolphthalein indicator (1 gm/100
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Separation of cream

Buffalo milk collection and filtration

35% (w/w) cream was melted in a metal pan

Clarified at 115-116°C for no hold

Golden or brown color attained

Discontinuation of heating

Filtration of ghee

Storage for later chemical analysis

Figure 3. Manufacturing process of ghee from buffalo milk cream.

ml). Then 0.5 gm of silver sulfate powder was added to the
solution obtained from the RM procedure to determine the
Kirschner value.

Cholesterol analysis
Extraction of lipid

In the case of milk samples, 20 ml of H,SO, was added to
10 ml of milk and the mixture was kept in a water bath at
100°C for 30 min. To separate the fat layer, after adding 70
ml of diethyl ether, the content was shaken 4-5 times. The
content was kept in a water bath at 100°C for 10 min, fol-
lowed by oven drying at 102°C for 4-5 h to dry the fat layer.
To keep them moisture-free, cheese, butter, and ghee sam-
ples were dried in an oven at 102°C for 4-5 h. Then further
lipid extraction was done from cheese, butter, and ghee as
described by the Association of Agricultural Chemists [23].

Analysis of cholesterol

Cholesterol analysis from extracted lipid samples of milk,
cheese, butter, and ghee was done using the method Huang
et al. [26] with a few modifications. A standard curve of
pure cholesterol and glacial acetic acid was made (0.05
gm of pure cholesterol was dissolved into 100 ml of glacial
acetic acid), and the sample measurement was done at 625
nm on a Ultraviolet-Spectrophotometer (SPECURD®/250
Plus, Analytikjena Co., Germany).

Fatty acid analysis
Preparation of fatty acid methyl esters (FAMEs)

The Rose-Gottlieb method was applied to extract lip-
ids from cheese, butter, and ghee samples [23]. The FA
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compositions of cheese, butter, and ghee were determined
from their corresponding FAMEs. Ten milliliters of each
extracted lipid sample were keptin a 15 ml test tube. Then,
3 ml of 0.5 M CH,ONa solution was added to the tube and
digested with continuous stirring in a heating water bath
for about 15 min. Subsequently, the test tube was cooled
at room temperature, and 1 ml of petroleum ether with
a boiling point of 40°C-60°C was added, followed by 10
ml of de-ionized. Following gentle mixing, the tubes were
allowed to settle (5-6 min) the contents until the top layer
of methyl ester became clear. Then, the top layer of the
FAMEs was separated with care into the capped Gas chro-
matography (GC) vial for analysis. Two hundred milligrams
of different FAs standard with corresponding methyl esters
were liquefied distinctly in 10 ml petroleum ether (boiling
point 40°C-60°C) in a series of screw-capped test tubes.
Aliquots of 1.0 ul FAMEs were injected, and the peaks of
FAs were recorded against their respective column reten-
tion times and areas with the help of the data processor
unit of GC.

Chromatography

FAMESs of cheese, butter, and ghee were quantified by a
GC (GC; Shimadzu GC-14B, Japan) with flame ionization
detector with a fused silica capillary column (FAMEWAX,
Crossbond® polyethylene glycol, 15 m x 0.25 mm x 0.25
pum film thickness, Restek; PA). The temperature program
was kept as: the temperature at initial was kept for 5 min
at 150°C after injection then programmed to increase at
190°C (at 8°C/min), kept for 10 min. Then the tempera-
ture was raised to 200°C (at 2°C/min) and held for 10 min.
Both the injection and detector temperatures were 250°C,
and part of a 1.0 pl volume of the sample was injected. The
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splitless injection technique was used with nitrogen as a
carrier gas at a constant flow rate (20 ml/min). FAMEs
were identified by applying a standard FAME mix (Food
Industry 37 FAME mix, 35077 Restek Co, Bellefonte, PA),
and areas of the peak were calculated in the chromatogram
and then expressed as percentages (gm/100 g of total FA)
by the automated GC software (Class GC-10, version-2.00).
The atherogenicity index (AI) and thrombogenicity index
(TI) was calculated following the formula recommended
by Ulbricht and Southgate [27]:

Al =[(12:0 + 4 (14:0) + 16:0] / [(n6 + n3) PUFA + 18:1

+ X MUFA]

TI=(14:0 + 16:0 + 18:0) / [(0.5 x 18:1) + 0.5 (X MUFA)

+ 0.5 (n6 PUFA) + 3 (n3 PUFA) + (n3 PUFA/n6 PUFA)].

Amino acids analysis

Fat from milk, cheese, butter, and ghee was extracted using
n-hexane (Merck, Darmstadt, Germany). Fat-free samples
were then dried in an oven at 50°C for 3-5 h. For the estima-
tion of AAs (aspartic acid, threonine, serine, glutamic acid,
glycine, alanine, valine, methionine, isoleucine, leucine,
tyrosine, histidine, lysine, and arginine), a dried sample
of 0.5 gm was taken as described in the Shimadzu manual
[28]. This AA analyzer [high-performance liquid chroma-
tography (HPLC)] used a column (Amino-Na) to separate
a highly acidic cation exchange resin. The AA adducts have
been efficiently separated by using a binary gradient elu-
tion technique and detected by using a post-column deri-
vatization detection method and a fluorescence detector at
high sensitivity and pressure (88,267.1 mmHg). The HPLC
system was composed of several components such as a
controller (SCL-10A), liquid chromatography (LC-10AD),
pump, auto-injector (SIL-10AD), column oven (CTO-10
AD), column (Amino-Na), and a fluorescence detector.
Mobile A contained 0.20 M sodium citrate (adjusted pH 3.2
with perchloric acid) and 7.0% ethanol, and mobile phase
B contained 0.60 M sodium citrate and 0.20 M boric acid
(adjusted to pH 10.0 with 4 M sodium hydroxide). Washing
solution C was composed of 0.20 M sodium hydroxide.
In the fluorescence method for AAs, o-phthalaldehyde
reagent, RB (o-pthalaldehyde, ethanol, polyoxyethylene
lauryl ether (Brij-35), and N-acetyl-L-cysteine) were used
to react with primary amines of AAs, peptides, and pro-
teins to enable detection and quantitation. The flow rate
of both RA and RB was 20-21 ml/min. To prepare the
samples for AAs analysis, 0.5 gm of the oven-dried fat-free
sample was crushed by the mortar pestle and mixed with
50 ml of HCI (6 M) to make a fine paste. After that, the fine

in a laboratory water bath. The obtained solution was fil-
tered in a 25 ml volumetric flask using a Whatman filter
paper of 41 and columned with a stock solution of 0.1 M
HCL Furthermore, that stock solution was filtered using a
0.45 pum syringe filter (Shimadzu, Japan). Then, stock and
internal standard (IS) solutions (Mixed standard, Sigma-
Aldrich, St. Louis, MO) were run through the AA analyzer,
which displayed the standard curve for the standard solu-
tion and the sample. Finally, by comparing both the areas
of two curves against stock and sample, AA was calculated
in gm/100-gm as follows:

AA= (IS concentration x Sample peak area) + IS peak

area.

Statistical analysis

The independent sample t-test was done to determine the
statistical differences in gross nutritional quality between
the buffalo cheese and butter. The one-way analysis of
variance was carried out to determine any significant dif-
ferences among buffalo cheese, butter, and ghee in choles-
terol, FAs, and AA profile. Minitab was used as statistical
software (Minitab-18, Minitab Inc.®, State College, PA).

Results and Discussion

Gross nutritional quality of cheese and butter

In Table 2, the gross nutritional substances of cheese
and butter are presented. The findings indicated that
all the chemical constituents of cheese and butter were

Table 2. Gross nutritional quality of buffalo milk cheese and butter
(mean + standard deviation).

Buffalo milk
Parameters p-value
Cheese Butter
pH 5.90 £ 0.09 6.90 +0.04 <0.05
Acidity (%) 0.15+0.04 0.12 £0.05 >0.05
TS (%) 59.28 +5.1 88.86 £ 2.8 <0.05
Fat (%) 29.75+5.88 86.00 2.2 <0.05
Carbohydrates (%) 2.60 £ 0.68 0.62+0.42 >0.05
Protein (%) 2243+1.6 1.46 £0.17 <0.05
Minerals (%) 4.50+0.2 0.78 £0.04 <0.05

Table 3. Milk fat constants of buffalo milk ghee (mean + standard
deviation).

Fat constants Buffalo milk ghee

paste was moved into a 250 ml round-bottom flask via saponification value 225+ 5.66
filtration, an.d the flask containing the filtrate was placgd RM value 30.00 £4.24
on the heating mantle at 110°C for 22 h for hydrolysis.

.. . . Polensky value 1.20+0.14
Thereafter, HCl was eliminated from the filtrate by adding _
3-4 times distilled water and evaporating it at 90°C-95°C Kirschner value 2500+ 2.83
http://bdvets.org/javar/ Md. Asif et al. /J. Adv. Vet. Anim. Res., 9(1): 144-154, March 2022 149



significantly (p < 0.05) different, except for acidity and car-
bohydrates. Butter was found rich in TS and fat content at
29.5% and 56%), respectively. Higher TS and fat content in
butter may result from variations in manufacturing tech-
nology and the percentage of chemical compositions of
milk. Butter is a fat-rich milk product where fat is the major
component, forming a water and oil emulsion with little
carbohydrate, protein, and minerals. Due to this composi-
tional variation, the fat content of butter is considerably
higher than that of cheese. The TS and fat content of butter
discovered are consistent with the findings of Hurtaud et
al. [29]. However, being a protein-based product, cheese
also has a greater portion of milk fat entrapped, and the
fat content of buffalo cheese found in this study agrees
with another study [30]. In terms of protein and mineral
content, there were 21% and 3.7% higher in cheese than
in butter. The higher protein and minerals in cheese are
imparted due to the cheese-making process where the
rennet enzymes precipitate casein. A coagulum contains
casein, whey proteins, lactose, fat, and minerals. This find-
ing agrees with Rana et al. [25], who reported 21.87% pro-
tein and 3.19% minerals in buffalo cheese. However, both
cheese and butter composition conforms to the Bangladesh
Standard and Testing Institute [31].

Milk fat constants of ghee

In Table 3, milk fat constants signify FAs present in differ-
ent kinds of fats. These are also used to detect fat adultera-
tion qualitatively and, in some cases, quantitatively. In this
study, the saponification value was 225 in ghee, implying
the molecular weight of FAs. The average saponification
value varies from 225.00 to 230.00 [32]. The remark-
able measure of short-chain FAs implies the remarkable
measure of butyric (C4) and caproic (C6) acid. The typi-
cal RM value of ruminant milk fat generally ranges from
17-35. Here, we found RM value 30 in buffalo ghee. The
result is consistent with Gandhi et al. [33], who reported a
range of 31.46 to 34.98 RM value in buffalo ghee. Polenske
value, which typically ranges from 1.2 to 2.4 [34], denotes
milk fat’s volatile water-insoluble FAs. This study found
a Polenske value in buffalo ghee of 1.2, which is in the
reported range. In another study, Bhatia et al. [35] found
a Polenske value of 1.77 in cow ghee, suggesting more
volatile water-insoluble FAs in cow milk. In this study, the
Kirschner value was 25, which is also in the normal range.

Cholesterol and FAs composition of cheese, butter, and
ghee

Table 4 summarizes the cholesterol content and FAs of
buffalo cheese, butter, and ghee. A significant (p < 0.05)
variation was found in cholesterol content among cheese,
butter, and ghee, where butter appeared with the highest
value (45.38 mg), followed by ghee (44.81 mg ) as fat-rich
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milk products. On the other hand, cheese had significantly
lower cholesterol (5.24 mg) due to manufacturing technol-
ogy variations. Higher fat content, buffalo milk contains
significantly lower amounts of cholesterol than cow milk
[36]. Buffalo milk is more popular among health-conscious
people due to its lower cholesterol content. The sum of sat-
urated FAs was found to be statistically similar (p > ), but-
ter (60%), and ghee (68%), as presented in Table 4. This
higher percentage of saturated FAs in all three products
might be attributed to the higher saturated FAs content
in raw buffalo milk [37]. Amid all the saturated FAs, only
C24:0 showed significant (p < 0.05) variation among the
products. The major saturated FAs of cheese, butter, and
ghee were found to be C4:0, C14:0, C16:0, and C18:0. The
FAs C4:0 (5.28%), C12:0 (2.51%), C14:0 (12.66%), and
C16:0 (38.18%) were found to be high in cheese and C18:0
(13.73%) in butter. Here, it was also notable that the lower
content of C16:0 had been compensated for by increased
C18:1, cis-9, C18:2, cis-9, and 12 and C18:3, cis-6,9, and 12
in buffalo butter. It is assumed that the types of FAs, viz,,
saturated, mono-and polyunsaturated, branched, and con-
jugated, are thought to be either positive or negative for
the consumer’s health [38]. The sum of unsaturated FAs
was statistically (p > 0.05) alike in buffalo cheese, butter,
and ghee, as presented in Table 4. Oleic acid (C18:1 cis-
9) content was found to be the second-highest in cheese
(19.65%), butter (31.36%), and ghee (24.83%). This FA
is very effective against cardiovascular disease and ath-
erosclerosis [39]. In a study, buffalo milk was reported to
have a higher C18:1 cis-9 [4]. Polyunsaturated FAs such as
C18:2, cis-9, 12, and C18:3, cis-6, 9, 12, were also exponen-
tially higher in buffalo butter. Generally, the CLA percent-
age of milk products largely depends on the composition
of raw milk. In a study, Islam et al. [4] reported C18:2
(0.90%) and C18:3 (0.05%) among all FAs in buffalo milk.
Conjugated linoleic acid isomers are thought to be anti-car-
cinogenic, anti-atherogenic, and anti-obesogenic [2]. The
Al describes the ratio between atherogenic and anti-ath-
erogenic FAs. Again, the TI considers the major saturated
FAs as pro-thrombogenic while the unsaturated ones are
considered anti-thrombogenic FAs. The differences among
the atherogenic and thrombogenic indices of cheese, but-
ter, and ghee from buffalo milk were statistically non-sig-
nificant (p > 0.05), suggesting a positive health effect on
human health. However, the Al values of cheese, butter, and
ghee were 3.72, 1.65, and 2.41, respectively, where butter
was recorded with the lower value. Here, atherogenic sat-
urated FAs 12:0, 14:0, and 16:0 were found to be lower in
buffalo butter with increased C18:1, cis-9. In this study, the
Al of butter and ghee was lower than the findings of Bobe
et al. [40], who reported that the high Al value in dairy
products is 2.71. It is suggested that milk products with
minimum Al and TI values are less likely to be negative for
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Table 4. Cholesterol content (mg 100 gm™) and FA profile (% of FAMEs) of buffalo milk cheese, butter and ghee (mean * standard

deviation).
Buffalo milk
Parameters p-value
Cheese Butter Ghee

Cholesterol 5.24°+0.29 45.38°+0.25 44.81* +9.70 <0.05

€ Saturated FAs 73.18 £10.37 59.90 +3.38 67.40 £3.62 >0.05

€ Unsaturated FAs 25.91 +8.57 38.01+2.34 31.12 +£3.06 >0.05

Saturated FAs
Butyric acid (C4:0) 5.28+1.19 3.62+4.01 3.38+3.28 >0.05
Valeric acid (C5:0) 0.55+0.15 0.17+0.04 1.13+0.82 >0.05
Caproic acid (C6:0) 0.30+0.15 0.19£0.03 0.64 £0.29 >0.05
Caprylic acid (C8:0) 0.89£0.17 0.53 £0.08 1.36+0.43 >0.05
Capric acid (C10:0) 0.11 nd 0.09 -
Lauric acid (C12:0) 2.51+0.84 0.90 £ 0.09 1.95 +0.45 >0.05
Tridecanoic acid (C13:0) 0.57+0.37 0.07 0.10+0.02 >0.05
Myristic acid (C14:0) 12.66+2.73 8.17+2.24 10.43 +1.17 >0.05
Pentadecanoic acid (C15:0) 1.69 +0.08 1.57+0.14 1.41+0.02 >0.05
Palmitic acid (C16:0) 38.18 +7.97 29.01+£0.20 34.42 £0.95 >0.05
Margaric acid (C17:0) 0.75+0.06 1.29+£0.47 0.74+0.14 >0.05
Stearic acid (C18:0) 9.59+1.34 13.73+2.45 11.35+1.52 >0.05
Arachidic acid (€C20:0) 0.10 0.30£0.10 0.19 £0.08 >0.05
Heneicosylic acid (C21:0) Nd 0.08 0.09 -
Behenic acid (C22:0) nd 0.14 0.06 £ 0.07 >0.05
Lignoceric acid (C24:0) nd 0.13+0.02 0.06 £0.01 <0.05

Unsaturated FAs
Tridecenoic acid (C13:1) 0.47 £0.14 0.26 £ 0.07 0.22 +0.02 >0.05
Myristoleic acid (C14:1, cis-9) 1.77 £0.39 2.05+0.74 1.73+0.14 >0.05
Pentadecanoic acid (C15:1, cis-10) 0.41+0.13 0.34 +0.03 0.29 £0.03 >0.05
Palmitoleic acid (C16:1, cis-9) 2.25+0.98 1.72+0.92 2.58+0.26 >0.05
Heptadecatrienoic acid (C17:1, cis-10) 0.29+0.06 0.18 £0.15 0.27 £0.07 >0.05
Oleic acid (€C18:1, cis-9) 19.65+7.28 31.36+2.77 24.83+2.51 >0.05
Linoleic acid (C18:2, cis-9,12) 0.75+£1.00 1.48+0.18 0.86 +0.40 >0.05
Linolenic acid (C18:3, cis-6,9,12) 0.21+0.26 0.43+£0.19 0.22+0.11 >0.05
Eicosenoic acid (C20:1, cis-11) 0.11 0.19+0.08 0.12 £0.08 >0.05
€ Others 1.01+1.32 2.19+0.35 1.53+0.42 >0.05
Al 3.72£0.65 1.65+0.02 241+0.1 >0.05
Tl 4.71+0.98 2.53+0.15 3.32+0.21 >0.05

FAMEs, fatty acid methyl esters; nd, not detected.
ac Mean values in a row with uncommon superscript letters differ significantly.

humans [41]. To reduce the risk of cardiovascular disease,
the American Heart Association and American College of
Cardiology recommended that saturated fat intake be lim-
ited to 5% to 6% of total daily calorie intake [42]. The sci-
entific basis for reducing dietary saturated FAs has been
focused on the well-established effects of rising low-den-
sity lipoprotein cholesterol, along with a decrease in
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non-low-density lipoprotein cholesterol, in contributing to
atherosclerosis.

AA composition of cheese, butter, and ghee

The quantification of AAs has a significant role in assess-
ing the nutritional quality of foods. The AA contents of
cheese, butter, and ghee are given in Table 5. Buffalo
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Table 5. AAs profile (gm 100 gm™?) of cheese, butter and ghee prepared from buffalo

(mean + standard deviation)

Buffalo milk
AAs p-value
Cheese Butter Ghee
Aspartic 1.532+0.03 0.09° +0.01 0.05°¢ + 0.001 <0.05
Threonine 0.822+0.03 0.05° + 0.005 0.02°¢+0.001 <0.05
Serine 0.88°+0.06 0.05° + 0.005 0.03¢ +0.001 <0.05
Glutamic 3.28°+0.13 0.15° +0.01 0.08 + 0.004 <0.05
Glycin 0.67°+0.03 0.04° + 0.003 0.02°¢+0.001 <0.05
Alanine 0.732+0.04 0.04¢ £+ 0.003 0.02°¢ +0.001 <0.05
Valine 1.25°+0.04 0.08" +0.01 0.04°¢ + 0.001 <0.05
Methionine 0.63*+0.06 0.03° + 0.002 0.02°¢ + 0.002 <0.05
Isoleucine 0.84°+0.03 0.05° + 0.004 0.03¢ +0.001 <0.05
Leucine 0.932+0.03 0.07°+0.004 0.06°¢ + 0.002 <0.05
Tyrosine 0.86*+0.03 0.05° + 0.005 0.03*+0.001 <0.05
Histidine 0.59°+0.03 0.04° + 0.003 0.02°¢ + 0.002 <0.05
Lysine 1.08% +0.05 0.12° + 0.006 0.07°¢ + 0.005 <0.05
Arginine 0.60% + 0.06 0.07° £ 0.01 0.03°¢ + 0.002 <0.05

cheese provides a reliable source of AAs, and it is signifi-
cantly different (p < 0.05) compared with butter and ghee.
This higher concentration of AAs in cheese might be due
to the higher protein content in cheese (22.43%) [43]. In
particular, buffalo cheese is rich in essential AAs such as
valine (1.25%), lysine (1.08%), and leucine (0.93%). This
large amount of branched AAs confers an enormous health
benefit. Moreover, the primary non-essential AAs were
glutamic (3.28%), aspartic (1.53%), and serine (0.88%).
On the other hand, butter and ghee are fat-rich products
and contain lower amounts of AAs. Compared to ghee,
butter is composed of a significantly higher (» < 0.05) con-
tent of AAs. It is important that glutamic acid was notice-
ably higher among the total AAs pool in cheese (3.28 gm),
butter (0.15 gm), and ghee (0.08 gm). Glutamic acid has
numerous taste perceptions, intermediate metabolism,
and neurotransmission functions. Glutamic acid is con-
sidered to be a specific forerunner of arginine and pro-
line, along with, more importantly, y-aminobutyric acid (g
amino butyric acid) and glutathione, which are anti-hyper-
tension [44] and anti-diabetic [45].

Conclusion

The manufacturing process and milk types are primarily
responsible for the good qualities of cheese, butter, and
ghee in their nutritional profiles. The nutritional profile
focuses on consumer preference, which is why buffalo
milk products’ detailed compositional properties need to
be set out. The chemical composition results showed that
the butter was rich in proximate composition, except for
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protein. They found milk-fat constants were within the
normal range, and these fat constants would be extremely
useful in detecting adulteration of milk fat. The results also
revealed that butter represents an essential source of FAs,
mainly unsaturated FAs, while cheese was rich in AAs, both
essential and non-essential. According to the analysis, the
nutritional values of milk products differed significantly.
The least atherogenicity and thrombogenicity indices were
found in butter rather than cheese and ghee. Even though
cheese is a protein-based milk product and butter and
ghee are fat-based milk products, consumers would bene-
fit from choosing the appropriate one based on nutritional
characteristics. These findings may perhaps assist dairy
farmers, milk processors, and product manufacturers with
better clarification regarding the types of dairy products.

List of Abbreviations

L, Litre; H,SO,, Sulphuric acid; pl, Microlitter; FAMEs, Fatty
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LC, Liquid chromatography.

Acknowledgment

The funding of this research work was supported
by the Buffalo Development Project (Component B),
Bangladesh Livestock Research Institutes, Savar, Dhaka,
Bangladesh. The authors are also grateful to Professor
Shankar Majumder, Department of Agricultural and
Applied Statistics, Bangladesh Agricultural University,

Md. Asifetal. /J. Adv. Vet. Anim. Res., 9(1): 144-154, March 2022 152



Mymensingh-2202, Bangladesh, for his enormous efforts
on the statistical part of this manuscript.

using fluorescence spectroscopy. PLoS One 2017; 12(5):e0178055;
https://doi.org/10.1371/journal.pone.0178055

[10] Schonfeldt H, Hall N, Smit L. The need for country specific compo-
sition data on milk. Food Res Int 2012; 47(2):207-9; https://doi.
Conflicts of interest org/10.1016/j.foodres.2011.05.018
[11] Tadjine D, Boudalia S, Bousbia A, Khelifa R, Mebirouk L, Tadjine
The authors declared no potential conflicts of interest con- BA, et al. Pasteurization effects on yield and physicochemical
cerning the research, authorship, and/or publication of parameters of cheese in cow and goat milk. Food Sci Technol 2020;
this article 40(3):580-7; https://doi.org/10.1590/fst.13119
! [12] Sant’Ana A, Bezerril F Madruga M. Nutritional and sensory charac-
teristics of Minas fresh cheese made with goat milk, cow milk, or
Author contributions a mixture of both. ] Dairy Sci 2013; 96(12):7442-53; https://doi.
org/10.3168/jds.2013-6915
Conceptualization: Islam MA, Deb GK, Rashid MH. Data [13] Bennato F, Ianni A, Innosa D, Martino C, Grotta L, Pomilio F, et al.
curation: Asif AHM, Shahjadee UF, Lisa SA, Ahmed S, Influence of licorice root feeding on chemical-nutritional quality of
. . . cow milk and stracciata cheese, an Italian Traditional fresh dairy
Sarker MAH. Formal analysis: Islam MA, Asif AHM, Arefin product. Animals 2019; 9(12):1153; https://doi.org/10.3390/
S, Bari MS, Islam MZ, Sarker MAH. Validation: Shahjadee ani9121153
UF, Lisa SA, Ahmed S, Asif AHM, Sarker MAH. Methodology; [14] Jesmin MM, Sarker MAH, Islam MA, Rashid MH, Siddiki MSR. Use
Shahjadee UF, Lisa SA, Ahmed S, Asif AHM. Investigation: of papaya plant ((arica papaya) latex for making cottage cheese
Asif AHM, Sarker MAH, Deb GK, Siddiki MRS, Islam MA. e s /]'B] Dangl Aeric Univ 20215 19(1):85-90; https://dot
Writing -original draft: Sarker MAH, Habib MR, Arefin S, [15] Bas D, Kendirci P, Salum P, Govce G, Erbay Z. Production of
Bari MS, Islam MZ. Writing -review & editing: Habib MR, enzyme-modified cheese (EMC) with ripened white cheese fla-
Siddiki MRS, Arefin S, Bari MS, Islam MZ, Rashid MH, Islam vour: I-effects of proteolytic enzymes and determination of their
appropriate combination. Food Bioprod Process 2019; 117:287-
MA. 301; https://doi.org/10.1016/j.fbp.2019.07.016
[16] Murtaza MA, Rehman SU, Anjum FM, Huma N. Descriptive sensory
References profile of cow and buffalo milk cheddar cheese prepared using
[1]  Drewnowski A. The contribution of milk and milk products to indigenous cultures. ] Dairy Sci 2013; 96:1380-6; http://dx.doi.
micronutrient density and affordability of the US diet. ] Am Coll org/10.3168/jds.2012-5992
Nutr 2011; 30:422-8; https://doi.org/10.1080/07315724.2011.1  [17] Lopes FCE Ribeiro CGS, Rodriguez NM, da Gama MAS, Morenz
0719986 MJF, Antoniassi R, et al. Butter fatty acid composition as a function
[2] Ménard O, Ahmad S, Rousseau F, Briard-Bion V, Gaucheron F, Lopez of soybean oil supplementation and time of milking, and perfor-
C. Buffalo vs. cow milk fat globules: size distribution, zeta-poten- mance of Holstein x Gyr cows fed with chopped elephant grass-
tial, compositions in total fatty acids and in polar lipids from the based diets. Semin Ciénc Agrar 2019; 40(5):2027-44; http://
milk fat globule membrane. Food Chem 2010; 120(2):544-51; dx.doi.org/10.5433/1679-0359.2019v40n5p2025
https://doi.org/10.1016 /j.foodchem.2009.10.053 [18] Rashid S. Nutritional evaluation of butter prepared from fresh
[3] Vieira RG, FalcidoFilho RS, Duarte TF, Pessoa TRB, Queiroga RCRE, adulterants free cow milk. Pure Appl Biol 2017; 6(4):1366-71;
Moreira RT. Acceptability and sensory preference of cheese curds https://doi.org/10.19045/bspab.2017.600147
elaborated with female buffalo, goat and cow milk. Rev Inst Laticin [19] Parmar NB, Mehta MB, Amaranth KD. Composition of ghee pre-
Cand Tost 2013; 363:12-6. pared from camel, cow and buffalo milk. ] Camel Pract Res 2018;
[4] Islam MA, Alam MK, Islam MN, Khan MA, Ekeberg D, Rukke EO. 25(3):321-6. https://doi.org/10.5958/2277-8934.2018.00046.2
Principal milk components in buffalo, holstein cross, indigenous [20] Parmar P, Khamrui K. Development of process for the production
cattle and red chittagong cattle from Bangladesh. Asian-Australas of arjuna herbal ghee from buffalo milk. Indian ] Anim Sci 2017;
] Anim Sci 2014; 27(6):886-97; https://doi.org/10.5713/ 87(2):203-7.
ajas.2013.13586 [21] Bhatia P, Sharma V, Arora S, Rao P. Effect of cholesterol removal
[5]  Walstra P, Wouters JTM, Geurts TJ. Principles of cheese making. In: on compositional and the physicochemical characteristics of anhy-
Walstra P, Wouters JTM, Geurts TJ (eds.). Dairy science and technol- drous cow milk fat (cow ghee). Int ] Food Prop 2019; 22(1):1-8;
ogy. 2nd edition, CRC Press, Taylor and Francis Group, Baco Raton, https://doi.org/10.1080/10942912.2018.1564762
FL, pp 577-82,2006; https://doi.org/lO.1201/9781420028010 [22] Habib MR, Islam MZ, Bari MS, Sarker MAH, Rashid MH, Islam MA.
[6]  Fox PF, Guinee TP, Cogan TM, Mc Sweeney PLH. Factors that affect Effect of concentrate supplementation during transition period on
cheese quality. In: Fox PF, Guinee TP, Cogan TM, Mc Sweeney PLH production and reproduction of indigenous buffalo. Bang ] Anim
(eds.). Fundamentals of cheese science. Springer, Boston, MA, pp Sci 2020; 49:83-90; https://doi.org/10.3329 /bjas.v49i1.49385
533-42, 2017; https://doi.org/10.1007/978-1-4899-7681-9_15 [23] AOAC. Official methods of analysis of AOAC International. 17th edi-
[71  Aldai N, de Renobales M, Barron L, Kramer ]. What are thetrans- tion, AOAC International, Gaithersburg, MD, 2000.
fatty acids issues in foods after discontinuation of industrially pro- [24] Aggarwala AC, Sharma RC. A laboratory manual of milk inspection.
ducedtransfats Ruminant products, vegetable oils, and synthetic 4th edition, Asia Publishing House, Kolkata, India, 1961.
supplements. Eur J Lipid Sci 2013; 115(12):1378-401; https:// [25] Rana M, Hoque M, Deb G, Nahar T, Habib R, Siddiki M. Preparation
doi.org/10.1002/¢jlt.201300072 of cottage cheese from buffalo milk with different levels of
[8] Mehta BM. Butter, butter oil, and ghee. Gourmetand health-promot- papaya latex. Bang ] Anim Sci 2017; 46(2):128-33; https://doi.
ing specialty oils. AOCS Press, Elsevier Inc, Gujarat, India. pp 527~ org/10.3329/bjas.v46i2.34443
59,2009; https://doi.org/10.1016/B978-1-893997-97-4.50027-9 [26] Huang T, Chen C, Wefler V, Raftery A. A Stable reagent for the lieb-
[9] Ullah R, Khan S, Ali H, Bilal M, Saleem M. Identification of cow and ermann-burchard reaction. application to rapid serum cholesterol
buffalo milk based on Beta carotene and vitamin-A concentration determination. Anal Chem 1961; 33(10):1405-7; https://doi.
org/10.1021/ac60178a040
http://bdvets.org/javar/ Md. Asif et al. / J. Adv. Vet. Anim. Res., 9(1): 144-154, March 2022 153


https://doi.org/10.5713/ajas.2013.13586
https://doi.org/10.5713/ajas.2013.13586
https://doi.org/10.1371/journal.pone.0178055
https://doi.org/10.1016/j.foodres.2011.05.018
https://doi.org/10.1016/j.foodres.2011.05.018
https://doi.org/10.3168/jds.2013-6915
https://doi.org/10.3168/jds.2013-6915
https://doi.org/10.3390/ani9121153
https://doi.org/10.3390/ani9121153
https://doi.org/10.5455/JBAU.13262
https://doi.org/10.5455/JBAU.13262
http://dx.doi.org/10.3168/jds.2012-5992
http://dx.doi.org/10.3168/jds.2012-5992
https://doi.org/10.3329/bjas.v46i2.34443
https://doi.org/10.3329/bjas.v46i2.34443
https://doi.org/10.1021/ac60178a040
https://doi.org/10.1021/ac60178a040

[27]

[28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

http://bdvets.org/javar/

Ulbricht TLV, Southgate DAT. Coronary heart disease: seven
dietary factors. Lancet 1991; 338(8773):985-99; https://doi.
org/10.1016/0140-6736(91)91846-m

Shimadzu. Method of Shimadzu HPLC amino acid analysis system.
In: Amino acid analysis system instruction manual, Chapter 6,
Shimadzu Corporation Publisher, Kyoto, Japan, 1993.

Hurtaud C, Faucon E, Couvreur S, Peyraud ]. Linear relationship
between increasing amounts of extruded linseed in dairy cow diet
and milk fatty acid composition and butter properties. ] Dairy Sci
2010; 93(4):1429-43; https://doi.org/10.3168/jds.2009-2839
Bergamo P. Fat-soluble vitamin contents and fatty acid com-
position in organic and conventional Italian dairy products.
Food Chem 2003; 82(4):625-31; https://doi.org/10.1016/
s0308-8146(03)00036-0

BSTI. Bangladesh standard specification for dairy products,
Bangladesh Standards and Testing Institution, Dhaka, Bangladesh,
2019.

Sbihi H, Nehdi I, Tan C, Al-Resayes S. Characteristics and fatty acid
composition of milk fat from Saudi Aradi goat. Gras Aceit 2015;
66(4):e101; https://doi.org/10.3989/gya.0233151

Gandhi K, Upadhyay N, Aghav AD, Sharma V, Lal D. Detection of
adulteration of ghee (clarified milk fat) with palmolein and sheep
body fat using Reichert-Meissl (RM) value coupled with solvent
fractionation technique. Ind ] Dairy Sci 2014; 67:387-93.

Ayari F Mirzaee- Ghaleh E, Rabbani H, Heidarbeigi K. Detection
of the adulteration in pure cow ghee by electronic nose method
(case study: sunflower oil and cow body fat). Int ] Food Prop 2018;
21(1):1670-9; https://doi.org/10.1080/10942912.2018.1505755
Bhatia P, Sharma V, Arora S, Rao P. Effect of cholesterol removal
on compositional and the physicochemical characteristics of anhy-
drous cow milk fat (cow ghee). Int ] Food Prop 2019; 22(1):1-8;
https://doi.org/10.1080/10942912.2018.1564762

Ahmad S, Anjum FM, Huma N, Sameen A, Zahoor T. Composition
and physico-chemical characteristics of buffalo milk with particu-
lar emphasis on lipids, proteins, minerals, enzymes and vitamins. ]
Anim Plant Sci 2013; 23:62-74.

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Md. Asifetal. /J. Adv. Vet. Anim. Res., 9(1): 144-154, March 2022

Cinar MU, Ozsoy T, Beyzi SB, Kaliber M, Konca Y. Milk and fatty acid
composition of Anatolian water buffalo (Bubalus bubalis) from dif-
ferent provinces. Buff Bull 2019; 38:107-18.

MeremadeK, Roasto M, Kuusik S, Ots M, Henno M. Trans fatty acid con-
tentsin selected dietary fats in the Estonian market. ] Food Sci 2012;
77:163-8; https://doi.org/10.1111/j.1750-3841.2012.02829.x
Perdomo L, Beneit N, Otero Y. Protective role of oleic acid against
cardiovascular insulin resistance and in the early and late cellu-
lar atherosclerotic process. Cardiovasc Diabetol 2015; 14:Article
number 75; https://doi.org/10.1186/s12933-015-0237-9

Bobe G, Hammond E, Freeman A, Lindberg G, Beitz D. Texture
of butter from cows with different milk fatty acid compositions.
] Dairy Sci 2003; 86(10):3122-7; https://doi.org/10.3168/jds.
s0022-0302(03)73913-7

Allred S, Dhiman T, Brennand C, Khanal R, McMahon D, Luchini
N. Milk and cheese from cows fed calcium salts of palm and
fish oil alone or in combination with soybean products. ]
Dairy Sci 2006; 89(1):234-48; https://doi.org/10.3168/jds.
s0022-0302(06)72088-4

Eckel RH, Jakicic JM, Ard ]JD, De Jesus JM, Hubbard VS, Lee IM, et
al. AHA/ACC guideline on lifestyle management to reduce car-
diovascular risk: a report of the American college of cardiology/
American heart association task force on practice guidelines.
Circulation 2013; 129:129-75; https://doi.org/10.1161/01.
cir.0000437740.48606.d1

Salum P, Govce G, Kendirci P, Bas D, Erbay Z. Composition, proteoly-
sis, lipolysis, volatile compound profile and sensory characteristics
of ripened white cheeses manufactured in different geograph-
ical regions of Turkey. Int Dairy ] 2018; 87:26-36; https://doi.
org/10.1016/j.idairyj.2018.07.011

Inoue K, Shirai T, Ochiai H, Kasao M, Hayakawa K, Kimura M, et al.
Blood pressure lowering effect of a novel fermented milk contain-
ing g amino butyric acid (GABA) in mild hypertensives. Eur ] Clin
Nutr 2003; 57:490-5; https://doi.org/10.1038/sj.ejcn.1601555
Hagiwara H, Seki T, Ariga T. The effect of pre-germinated brown
rice intake on blood glucose and PAI-1 levels in streptozotocin-in-
duced diabetic rats. Biosci Biotechnol Biochem 2004; 68:444-7;
https://doi.org/10.1271/bbb.68.444

154


https://doi.org/10.1016/0140-6736(91)91846-m
https://doi.org/10.1016/0140-6736(91)91846-m
https://doi.org/10.1016/s0308-8146(03)00036-0
https://doi.org/10.1016/s0308-8146(03)00036-0
https://doi.org/10.1111/j.1750-3841.2012.02829.x
https://doi.org/10.1186/s12933-015-0237-9
https://doi.org/10.3168/jds.s0022-0302(03)73913-7
https://doi.org/10.3168/jds.s0022-0302(03)73913-7
https://doi.org/10.3168/jds.s0022-0302(06)72088-4 
https://doi.org/10.3168/jds.s0022-0302(06)72088-4 
https://doi.org/10.1161/01.cir.0000437740.48606.d1
https://doi.org/10.1161/01.cir.0000437740.48606.d1
https://doi.org/10.1016/j.idairyj.2018.07.011
https://doi.org/10.1016/j.idairyj.2018.07.011

