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A Research on Determination of Some Properties of
Butter Made from Creams Extracted from Whey and Milk

Asya Cetinkaya

ABSTRACT

In this study, it was aimed to determine the effect of some production
parameters on the characteristics of butters made from whey, which is an
important dairy by-product, and creams obtained from milk.

The acidity values of milk, whey, cream, and butter were respectively
detected as 0.17£0.00%, 0.13£0.01%, 0.22+0.01%, 0.24%0.01%,
0.26+0.00%, 0.25+0.01%, fat values were respectively detected as;
3.50+0.14%, 0.60+£0.19%, 39.0+0.34%, 43.0+0.35%, 80.0+0.46%,
84.0+0.42% and protein values were respectively detected as; 3.30+0.19%,
0.68+0.03%, 0.93+0.12%, 0.54+£0.03%, 0.51+0.02%, 0.58+£0.00%. 10
saturated and 7 unsaturated fatty acids were detected in cream and whey
butter samples. It was seen that the most common fatty acids were palmitic,
stearic, myristic and oleic acid, and the amount of oleic, stearic and linoleic
acid was higher in whey butter.

In conclusion, we can state that whey, which is an important dairy residue,
can be used as an alternative raw material in butter production.
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I. INTRODUCTION

Milk fat is a component that plays a role in the physical
characteristics, taste, aroma and nutritional value of dairy
products. In addition to being a good source of energy in
terms of nutritional physiology, it is also of great importance
because it has its medium chain fatty acids, essential
unsaturated fatty acids such as linoleic and arachidonic acid,
fat-soluble vitamins A, D, E, K, and especially conjugated
linoleic acid (CLA) in its composition [1].

The fatty acid composition of milk not only has an effect
on the physical characteristics, oxidative stability and
organoleptic quality of dairy products, but it also has
positive effects on human health [2]. Butter is a dairy
product that is physically obtained from milk, cream, yogurt,
or by-products (whey, buttermilk, etc.) and does not contain
any fat other than milk fat [3]. Butter is a dairy product that
contains milk fat, which is the most important component of
milk, and is an important dairy product in terms of its
economic as well as nutritional value [4].

In addition, according to the Communiqué No. 2005/19 of
the Turkish Food Codex, butter is a dairy product that
should have a minimum of 80% and a maximum of 90%
milk fat, a maximum of 2% non-fat milk dry matter and a
maximum of 16% water content in its total weight [5].

In the composition of butter, in addition to low and high
molecular fatty acids, monoenoic and polyenoic unsaturated
fatty acids, butyric, capronic and caprylic acids from 4-6-8
carbon saturated fatty acids and unsaturated acids,
palmitoolein, oleic and linoleic acids are in liquid state at
room temperature and other fatty acids are in solid state. The
unique fatty acid composition and low melting point of milk
fat, which constitutes the structure of butter, plays a role in
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easier digestion of milk fat [6]. Since it is in the liquid state
when secreted and available for digestion, butter is easier to
digest and has a higher physiological value compared to
other fats. In addition, the fact that butter contains fatty
acids such as butyric acid, which is not found in any other
fat, causes it to have a popular aroma [7].

The world population is increasing day by day, which
necessitates that the basic needs of human beings are
produced at a sufficient and qualified level. During the
processing of milk, which is among important nutrition
products, with various products, a significant part of the
nutrients in milk passes on to some by-products such as
skim milk, buttermilk, whey, boiled water identified as milk
residues. The vast majority of the dairy industry residues is
composed of residues resulting from butter and cheese
production [8]. Whey is one of the most important by-
products of dairy technology. Its composition and properties
vary according to the type and quality of the used milk and
type of produced cheese [9].

In general, the yellowish-green liquid that remains at the
end of the process of processing milk to cheese is called
whey. The amount of obtained whey is approximately as
85% of the milk used in cheese production [10].

According to the data of the Turkish Statistical Institute
(TUIK) from the year 2018, total raw milk production in

Turkey is 22.120.516 tons. Considering that 34.05% of
the raw milk produced in a year is processed into cheese, it
can be stated that approximately 753.230 tons of milk is
used in cheese making and around 640. 245 tons of whey is
obtained [11].

Utilization of whey, which contains about half of the milk
dry matter is important both in terms of preventing
environmental pollution and the value it contributes to the
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economy [12]. Besides the nutritional properties of whey
due to its composition, its positive effects on health have
been scientifically proven. Today, with the increasing
tendency of consumers towards functional foods, the use of
whey proteins as additives to various foods has become
more widespread. In cheese production centers, the rate of
fat in whey released during cheese making differs depending
on the technology applied [8]. Nutrient-rich whey has many
areas of usage. While creams extracted from whey can be
used to standardize milk fat before cheese making, whey can
also be used to make butter [13].

By using cream separators, whey can be separated until
0.05% fat is left. The cream obtained in this way can be
transformed into butter after heat treatment and acidification
with or without adding culture [14].

Free fatty acids (FFAs) are important precursors of
catabolic reactions that produce volatile and aroma-
contributing compounds [15]. The amount of free fatty acids
in dairy products not only has an important effect on the
taste and structure of dairy products, but they also have
potential effects on nutrition and health as antimicrobial
agents [16]. Free fatty acids have strong sensory properties
and are important compounds in the formation of flavor and
aroma of many dairy products, especially cheese and
fermented milk products [17], [18]. Free fatty acids also
contribute to texture and functionality as they affect the
surface tension and foaming capacity of milk [19], [20].

In this study, it was aimed to determine the effect of some
production parameters on the qualities of butter produced
from creams extracted from whey and milk.

Il. METHODOLOGY

A. Materials

1. Milk and whey

Raw cow's milk and whey (separated from kashar cheese
produced from cow's milk (Fig. 1) were obtained from the
dairy factory producing cheese in the industrial zone
between November 2019 and December 2019. The samples
were brought to Kafkas University Faculty of Engineering
and Architecture Food Engineering Laboratory, and after
some samples were taken for a few physical analyses, they
were processed in cream.

2. Separator and churner

The Alfa-Laval brand cream separator was used for the
separation of raw milk and whey and Minisan brand small-
sized churner was used for the churning of creams.

3. Starter Culture

CHN 11 and CHN 22 DVS (Chr. Hansen) coded
mesophilic butter culture was used.
B. Methods

Butter production was carried out in three repetitions.

1. Butter production in laboratory conditions. Production

of cream butter

Cream with 43% fat obtained by passing raw milk
through separator was pasteurized by applying heat at 90 °C
for 5 minutes. 2% mesophilic butter starter culture (Chr.
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Hansen CHN 11 and CHN 22) was added to the cream and
it was matured till 5.0 -5.2 pH at 25 °C. Then, it was cooled
to the churning temperature, and churning process was done
at 8-10 °C. After the churning process was completed,
buttermilk was emptied out and the processes of washing
and malaxing were performed. Butter taken from the
churner was placed in sterile 250-gram light-proof jars and
stored at 4+1 °C for 2 days in the refrigerator, then chemical
analyses and fatty acid analyses were performed.

2. Butter production from creams obtained from whey

During the production of cheddar cheese (Fig. 1), whey,
which is separated during the extraction of the clot, is
pasteurized by applying heat for 5 minutes at 90 °C after
passing through the cream separator and 2% mesophilic
butter starter culture (Chr. Hansen CHN 11 and CHN 22)
was added to the cream and it was matured till 5.0 -5.2 pH at
25 °C. Then, it was cooled to the churning temperature, and
churning process was done at 8-10 °C. After the churning
process was completed, buttermilk was taken out and the
processes of washing and malaxing were performed. Butter
taken from the churner was placed in sterile 250-gram light-
proof jars and stored at 4+1 °C for 2 days in the refrigerator,
then chemical analyses and fatty acid analyses were

performed.
Acceptance of milk (Cow milk)

Platform tests making
Cleanning of milk
Heating milk (up to 35 °C)
Fermentation (Rennet, clot formation in 60 minutes)
Fracture of the clot
Straining the clot, separating the whey
Suppression of curd
Curd ripening ( pH 5-5.2)
chopping of curd
Boiling (2-3 minutes at 72-78 °C)
Kneading and belly tying
Molding (12 hours)
Removing from mold (Pre-ripening)
Storage (3-6 months at 2-8 °C, relative humidity 75%)

Selling
Fig. 1. Kashar cheese production flow chart.

C. Chemical Analyses

The fat contents of raw milk, whey, cream, and butter
were detected by the Gerber method [21]-[23] and the
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acidity was detected by titration method and the results were
stated in % lactic acid [23], [24]. Protein determination in
samples was determined by the Kjeldahl method [25].
Protein content was calculated by multiplying the total
nitrogen amount by factor of 6.38.

1. Determination of fatty acid composition

Fatty acid composition of the examples was determined
according to the fatty acid methyl ester method (FAME)
(AOAC 996.01) [26]. According to the method,
approximately 0.1 g of fat, which was taken from fat
samples obtained as a result of the lipid assay in line with
Gerber method, was rinsed with 10 mL of n-hexane and re-
mixed with 0.5 mL of 2 N methanolic potassium hydroxide
solution. After having been kept in a dark environment for
1-2 hours, 1 pl was taken from the supernatant and directly
injected into the gas chromatograph.

2. GC Conditions for fatty acid composition analysis

FAME composition in fat was analyzed by using Restek
RTX-2330 capillary column (60 m, 0.25 mm i.d.0.1 pm film
thickness, Bellefonte, PA, USA) and flame ionization
detector (FID) in a Shimadzu brand gas chromatograph
(model QP2010 Plus). The device was given 1 uL of
injection volume from the sample. Column furnace
temperature was increased to 240 °C with 4 °C min-1
increase after being kept for 3 min at 100 °C and was
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programmed to wait 18 mins at the final temperature. The
injection temperature was set to 250 °C and the detector
temperature to 255 °C. Helium was used as carrier gas in the
device. Injection split ratio was used at 1:80 ratio. To
control the GC/FID system, LabSolution computer program
was used and FAME mix 37 standard (Restek) as standard.
FAME peaks were specified by comparing the chain lengths
and retention times of the fatty acids specified in FAME
standard.

D. Statistical Analyses

In the evaluation of the obtained results, the mean value
and standard deviation of the samples were determined by
using the SPSS package program and the differences
between the samples were examined by the Duncan test.

I1l. RESULTS AND DISCUSSION

A. Study Results

The results of fat, protein and titration acidity of cow's
milk, whey, cream, and butter are presented in Table I.

The fatty acids composition belongs to the cream and
whey butter samples is given in Table Il and Table I1I.

TABLE |: RESULTS OF CHEMICAL ANALYSIS OF MILK, WHEY, CREAM AND BUTTER USED IN BUTTER PRODUCTION (N=3)

Whey Milk

Characteristic Milk Whey Whey butter ~ Cream butter
cream cream
T'”az,';;”l :;'d'ty 0.1740.00  0.1320.01 0.22£0.01 0.26£0.00  0.26:0.00 0.25+0.01
Fat 3.5040.14  0.60£0.19 39.08034 43.0:035 80.0+046  84.0+042
Protein 330£0.19  0.68£0.03 093:0.12  0.54:0.03  0.51£0.02  0.58£0.00

TABLE I1: FATTY AcID CONTENT OF CREAM A|ND BUTTER MADE FROM MILK AND WHEY (%)

Fatty Acids Samples (X + S,)
n 1 2 3 4 F value p
Satured fatty acid
C4:0 butyric 3 2.05£0.12 2.0620.05 2.15£0.08 2.12+0.09 1.0 >0.05
C6:0 Caproic 3 1.300.08b 1.4020.02ab 144£0.05a  1.50£0.13a  4.66 0.05
C8:0 Caprylic 3 0.64=0.05¢ 0.87+0.01ab 0.83£0.02b  0.96+0.14a  12.46 0.001
C10:0 Capric 3 1.58+0.07b 1.98+0.01a 1.95£0.01a  225+0.42a  7.08 0.001
C12:0 Lauric 3 2.05:0.04c 2.60£0.03ab  2.44+0.03bc  3.0240.59a  7.39 0.01
C14:0 Myristic 3 9.70+0.16¢ 10.91£0.05b  10.81£0.15b  12.03%1.07a  11.92 0.001
C150 3 1.24+0.02b 1.620.01a 16120.03a 14440252  8.16 0.01
Pentadecanoic
C16:0 Palmitic 3 32.93£0.13b  35.49£0.03a  33.5240.38b  34.76+1.05b  16.97 0.001
Cl7:0 3 0.93£0.01a 0.95:0.01a 092+021a  0.770.16b  3.65 0.05
Heptadecanoic
C18:0 Stearic 3 13.7540.34a  12.70£0.01b 12.004033¢  11.224049¢  24.50 0.001
Unsaturated fatty acids
C14:1 Myristoleic 3 0.69+0.01¢ 0.800.01b 0.88+0.02a  0.81£0.03a  51.49 0.001
C16:1 palmitoleic 3 2.010.09 1.98+0.01 2.07+0.05 1.90+0.25 0.85 >0.05
C18:1 n9c oleic 3 27562056  24.60£0.02c  26.3240.45b  24.42+1.10c  22.08 0.001
C18:1 Elaidic 3 0.570.04 0.59:0.03 0.56:0.03 0.42+0.03 1.09 >0.05
C18:2n6c linoleic 3 2.130.17a 1.53£0.02b 164£022b 15120356  5.99 0.01
C20:1 cis-11-
i sonoic 3 0.4620.04 0.45:0.01 0.48+0.03 0.36:0.13 1.04 >0.05
C20:2 cis- 0.63+0.18a 0.180.01c 038+0.09b  0.54:0.05ab  13.85 0.001

11,14 Eicosadienoic

* Values given are three repeats averages.

Results are expressed as mean + standard deviation of means.

*** a,b,c : Different letters in the same line refers significant differences between the averages (p< 0.001, p< 0.01, p< 0.05).
1: whey cream 2: milk cream, 3: whey butter, 4: milk cream butter.
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TABLE Ill; FATTY ACID CONTENT OF CREAM AND BUTTER MADE FROM MILK AND WHEY (%)

. Samples *

Fatty acids n 1 3 7 b
XSFA 3 66.12+1.00 70.54+0.18 67.67+1.10 70.07+1.35 0.05
YUNSFA 3 33.39+1.06 29.58+0.54 32.33+0.86 29.93+1.54 0.01
SCFA 3 3.34+0.21c 3.44+0.03b 3.59+012a 3.61£0.21a 0.05
MCFA 3 15.87+0.35¢ 18.7840.13b  18.54+0.27b  21.56+0.49a 0.01
LCFA 3 79.86+1.24a 77.32+0.16b  77.04+0.54b  74.74+0.81c 0.01
VLCFA 3 1.09+0.21a 0.60+0.03¢ 0.86+0.12b 0.91£0.19a 0.05
EXMUFA 3 31.26+0.70a 27.89+0.38¢  30.31+0.41a  27.91+1.21b 0.01
>PUFA 3 2.75+0.35a 1.69+0.02¢ 2.03+0.30b 2.02+0.38b 0.05

Abbreviations: Saturated fatty acids (SFAs), Unsaturated fatty acids (UNSFA), Short-chain fatty acids (SCFA) , Medium-chain fatty acids (MCFA), Long-

chain fatty acids (LCFA).

Very long chain fatty acids (VLCFA), Monounsaturated fatty acid (MUFA), Polyunsaturated fatty acid (PUFA).

B. Discussion

The fat values of cow's milk were lower than those
determined by [7] and [27] in the milk used in butter
production, the acidity value was similar to the value
determined by [7] and higher than the value determined by
[27] in the milk used in churned butter production.

In butters presented to consumption in Adana, the average
fat content was detected as 79.5% and the titration acidity
value was detected as 0.16% in l.a % [28]. [29] stated that
the fat content in butters presented to consumption in
Trabzon is 79.5-87.5% and the acidity value is 0.22-1.47%
l.a. [30] detected that the fat content of butters purchased
from the markets in Van was between 76-83%.

The amount of fat detected in cream butters is within the
range of values determined by [29] and higher than the
values determined by [30] and [28] in butter samples. It is
thought that factors such as the composition of the used
milk, the cream-making method, the fat content of the
creams and the butter-processing method are effective in
differences between butter samples.

The acidity value detected in cream butter differs from the
values of other researchers. Increases and decreases in the
amount of dry matter cause a change in the titration acidity
of the milk [31]. The fact that the fat-free dry matter
elements are transferred to the buttermilk to a large extent
during the churning process is one of the factors that cause
the low titration acidity of butter.

Fat and protein values of butter samples made from whey
are lower than the amount detected by [13] in the butter that
they produced from whey. It can be stated that factors such
as the fat content of the whey and the butter-processing
method play a role in the differences between whey butter
samples.

Ten saturated and 7 unsaturated fatty acids were detected
in butters. The most common fatty acids are palmitic,
stearic, myristic and oleic acid.

The fact that palmitic, stearic and myristic acid are the
most common fatty acids found in butter has been reported
by other researchers, too [2], [27], [32]. Oleic acid, which is
the main unsaturated fatty acid in milk, is used as an energy
source and in the reserves of body fat. It is believed that the
consumption of monounsaturated fatty acids, such as oleic
acid, which is one of the precursors of very long-chain fatty
acids used in the structure of brain tissue, particularly in
myelin, and relatively neutral in terms of cardiovascular
aspect, is useful in reducing low-density lipoprotein (LDL)
(bad cholesterol) levels in the blood [33], [34].

69.56% of fatty acids detected in cream butter was
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composed of saturated fatty acids (XSFA) (47.86% palmitic,
17.30% stearic, 17.29% myristic acid), 29.00% was
composed of monounsaturated fatty acids (XMUFA), 2.12%
was composed of polyunsaturated fatty acids (XPUFA).

[35] detected as 66.01% XSFA, 25.62% XMUFA and 1.47
>PUFA in butter made from creams obtained from cow's
milk.

[30] found the values as ESFA 61-74 g/100g, EMUFA
1116-7061 mg/kg and XPUFA 40-667 mg/kg in the butters
they collected from the markets in Van.

67.77% of fatty acids detected in whey butter was
composed of saturated fatty acids (XSFA) (49.48% palmitic,
17.72% stearic, 15.97% myristic acid), 30.33% was
composed of monounsaturated fatty acids (EMUFA), 2.07%
was composed of polyunsaturated fatty acids (XPUFA).
Total saturated fatty acids and polyunsaturated fatty acid
values of whey butters were found lower than cream butters,
but monounsaturated fatty acid values were found higher.

In butter samples, total short-chain fatty acid amounts in
whey butter were detected as 3.59%, medium-chain fatty
acid amounts as 18.54%, long-chain fatty acid amounts as
77.04%, very long chain fatty acids 0.86% and in cream.

Butter: total short-chain fatty acid amounts were detected
as 3.61%, medium-chain fatty acid amounts as 20.56%,
long-chain fatty acid 73.74% and very long chain fatty acids
amounts as 0.91% (Table I11).

In the study conducted to determine the fatty acids of
Trabzon butters; the total short-chain fatty acid levels of the
samples were detected as 1.43-2.17%, medium-chain fatty
acid levels as 0.09-12.00%, long-chain fatty acids as 0.01-
34.24% and very long-chain fatty acid 0.02-1.01% [2].

[30] detected the short-chain fatty acids as 37-
4593 mg/kg, medium-chain fatty acids as 348-4499 mg/kg
and long-chain fatty acids as 2027-17470 mg/kg in the
butters presented for consumption in Van.

The short-chain fatty acid rates of whey butter and cream
butter samples are higher than the values detected by [2] in
Trabzon butter and lower than the values determined by [30]
in the butters presented for consumption in Van. The
amount of medium-chain and long-chain fatty acids is in the
value range detected by [2] in Trabzon butter.

The amounts of palmitic, stearic, oleic acid and the
amount of unsaturated fatty acids in whey butter are higher
than those of cream butter. It is thought that this difference
may be effective in the enzymes of the microorganisms that
develop in the cold during the waiting process of the cream
becoming active in the later phases and accelerate the
lipolysis [36].

The values detected in experimentally produced butter
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samples are higher than the ones detected by [35]. and [30].
Factors such as the composition of raw material milk used in
butter production, the fat content of the cream, the butter-
making method and the production period constitute the
differences between the results obtained. The amount of
long-chain fatty acids in both butter samples is higher than
short and medium-chain fatty acids.

The water solubility of fatty acids is related to the number
of carbons. As the number of carbon increases, volatility and
water solubility decreases and carbon fatty acids of which
carbon number is 10 more are insoluble in water [37, 38].
Thus, fatty acids which are soluble in the fatty phase don't
segregate with the buttermilk and the concentration of the
high molecular fatty acids at a higher level in the fatty phase
of the fatty acid compared to short-chain fatty acids is the
main cause of the detected increase.

It was found that the short-chain fatty acids rates were
lower in the total fatty acids in butters. It is thought that this
situation results from the dissolution of nearly all of the
butyric acid and partially caproic acid, which are among the
fatty acids, in water.

[39] stated that the low rates of short-chain fatty acids in
the total fatty acids in the butters presented for sale in Urfa
may result from the dissolution of butyric acid and partially
the caproic acid in water or vaporizing with water vapor.

The amount of high molecular saturated fatty acids
detected in the samples is higher than the sum of both low
molecular fatty acids and unsaturated fatty acids. It is
thought that the distribution of fatty acids in fat globules is
effective in obtaining this result. The high molecular fatty
acids exhibit a sequence associated with the membrane of
the fat globules. The fact that this fraction is in solid form at
room temperature gives the fat globules a certain resistance.
Low molecular saturated fatty acids and unsaturated fatty
acids found in liquid form at room temperature are located
at the center of the fat globulin [36].

Al [40] states that the ratio of unsaturated fatty acids and
short-chain fatty acids in butter obtained from whey
separated from Ras and Mozzarella cheese is higher than
cream butter. In particular, considering that the linolenic
acid ratio increased by more than 50% in both whey fats
provides an advantage to the nutritional values of these fats,
as well as the risk of atherosclerosis caused by the
consumption of animal fats containing high saturated long
chain fatty acid.

In this study, it was determined that the ratio of
unsaturated fatty acids in butter made from whey is higher
than butter made from milk cream, and the ratio of saturated
fatty acids is lower than butter made from milk cream. Our
results are in agreement with the results of this researcher.

IV. CONCLUSIONS

In conclusion, 10 saturated and 7 unsaturated fatty acids
were detected in cream and whey butter samples. The most
common fatty acids were palmitic, stearic, myristic and
oleic acid.

The amount of free fatty acids in dairy products not only
has an important effect on the taste and structure of dairy
products, but they also have potential effects on nutrition
and health. Fatty acid composition of milk may vary due to
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reasons such as type of the milk, genetic and physiological
factors of animals, lactation, season, feed, and geographic
location. Therefore, the fatty acid content of butter, like
other dairy products, is highly affected by these factors. The
concentration of short-chain fatty acids such as butyric,
caproic, caprylic and capric acids can have an impact on the
flavor properties of butter. The variety of aroma components
that affect consumer appreciation is an indication of product
quality.

Whey is an important dairy by-product, and about 85% of
the milk used in cheese production is obtained from whey.

Considering the factors such as the high nutritional value
of whey in terms of its composition and its disposal without
utilization leading to economic loss along with causing
environmental pollution, these dairy products should be
evaluated in order for dairy production to be profitable, to
reduce the cost and to prevent waste. Since the endurance
period of skimmed milk powder is longer than that of fatty
milk powder, during whey powder production, whey cream
can be separated and processed into whey, and the cream
separated during the process can be an alternative raw
material in butter production.

When the butter made from whey cream and the butter

made from cream are compared, not much difference is
observed. It can be said that whey butter is an aromatic
product because it contains fatty acids which have an
important effect on the taste and aroma of milk and dairy
products.
Also, we can state that since butter production with whey
cream can be less costly than butter production with sweet
cream, it can be used as an alternative raw material in butter
production.
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