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ABSTRACT

In this study, butter produced from cow, sheep and goat cream and was examined during a 90 day storage
period at 4°C. A total of 42 samples produced and were analysed at 1st, 15%, 30th, 45t 60t 75% and 90t days.
It was found that butter type and storage period had significant effect on the pH value, titratable acidity, acid
value, fat constants, peroxide and thiobarbituric acid values, 3-carotene and vitamin A amounts of the butter
samples. The pH value, iodine number, 4 value and vitamin A amounts decreased during the storage in all
the types of butter, whereas titratable acidity, acid value, Reichert-Meissl, Polenske and saponification
numbers and oxidation increased. B-carotene was detected only in butter produced from cow milk creams
which decreased during storage. Sensory analysis points decreased in all the butter samples during the storage
the highest point belonging to the butter produced from cows’ milk.
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FARKLI HAYVAN SUTLERINDEN URETILEN TEREYAGLARININ
DEPOLAMA SURESINCE OKSIDASYON STABILITESI VE BAZI
OZELLIKLERI UZERINE KARSILASTIRMALI BiR ARASTIRMA

oz

Bu arastirmada, inek, koyun ve kegi stitii kremasindan tretilen tereyaglart, 4°C’de 90 gunlitk muhafaza
stresince incelendi. Toplam 42 tereyagi 6rnegi 1., 15., 30., 45., 60., 75. ve 90. giinlerde analiz edildi.
Tereyagt ¢esidi ve depolama siiresinin, tereyagt 6rneklerinin pH degeri, titrasyon asitligi, asit degeri,
yag sabitleri, peroksit ve tiyobarbitiirik asit degerleri, 8-karoten ve A vitamini miktarlar1 Gzerinde
o6nemli etkisi oldugu bulundu. pH degeri, iyot sayisi, & degeri ve A vitamin miktari biitin tereyagt
orneklerinde depolama stresince azalirken, titrasyon asitligi, asit degeri, Reichert-Meissl, Polenske ve
sabunlagma sayilari ve oksidasyon tim tereyagt ¢esitlerinde depolama stiresince arttt. 8-karoten sadece
inek siithh kremasindan iretilen tereyaginda bulundu. Bitln tereyagt 6rneklerinde depolama siiresince
duyusal puanlar azalds, en yiksek puanlari inek siitiinden tretilen tereyaglari ald1.

Anahtar kelimeler: Tereyagi, Oksidasyon stabilitesi, Vitamin, Depolama, Tereyagi analizleri
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INTRODUCTION

Butter is a popular and high-fat dairy product that
is usually made from cow’s milk. It can also be
produced from the milk of goats, sheep or
buffalo. It has a pleasant and distinctive taste and
odour. It can melt at body temperature, is easily
digestible, and includes essential fatty acids,
vitamin A and/ot B-carotene. It is an important
energy source, short-chain fatty acids are supply
energy rapidly and has a very important place in
human nutrition IDF, 2008). There is an increase
in demand for goat milk especially in developed
countries due to allergy and gastro-intestinal
disorders caused by cow's milk (Haenlein, 2004).
Goat’s milk presents some important functions in
butter manufacture. It has a higher fat content of
different composition and structure than that of
cow’s milk fat. The mostly short-chain fatty acids
such as caproic, caprilic, and capric impart a
characteristic odour, flavour, and textute to the
goat’s milk butter (Barlowska et al., 2001;
Poutzalis et al., 2016). On the other hand, goat’s
milk butter has a characteristic white colour due
to absence of carotenoids (Rodriguez et al., 2003).
Because goats transform all 8-carotene to vitamin
A in the milk, goat milk is whiter than cow milk
(Park et al., 2007). Goat and sheep milk have
higher amounts of vitamin A than cow milk. In
terms of the chemical composition, sheep milk is
richer than any other milk type. It has a greater
amount of lecithin and it is also rich in riboflavin
though poor in vitamin C and nicotinic acid
(Raynal-Ljutovac et al., 2008). Significant changes
may occur to butter flavour during storage as a
result of lipolysis and oxidation processes
(Kashaninejad et al., 2017). Lipid oxidation is
undesirable in most foods due to quality
deterioration that includes changes in appearance,
texture, shelf life and nutritional profiles, and
development of off-flavours and potentially toxic
reaction products (Oztiirk and Cakmakg1, 2006;
Lim et al., 2015). Acidity and peroxide value are
the most used parameters to determine these
processes (Povolo and Contarini, 2003). -
carotene is an oil-soluble, natural pigment of
many oils and has strong antioxidant activity.
Thus, B-carotene captures free radicals, delaying
potentially ~ harmful  oxidative  reactions
(Karabulut, 2010). The physico-chemical

properties of the butter are also related by the
animal species. Thus, storage conditions ate an
important factor for preserving butter for
consumption. The aim of this study were to
determine the chemical properties, fat constants,
oxidation stability, vitamin A and B-carotene
amounts, colour and sensory properties of the
butter samples made from cows’, sheeps’ and
goats” milk during the storage period and to
contribute to the literatures comparing the
differences among these butter.

MATERIALS AND METHODS

Materials

The cream used in the butter production was
obtained locally from cows’, sheeps’ and goats’
milk that were reared on the same vegetation of
highlands of Erzurum Cat district, Turkey.
Mesophilic aromatic starter culture containing
Lactococcus lactis subsp. cremoris, Lactococens lactis
subsp. factis, Lactococens lactis subsp. lactis biovar
diacetylactis and  Lenconostoc  mesenteroides  subsp.
cremoris was used for the butter production. The
starter culture was obtained from Peyma-
Hansen’s Rennet Industry and Trade Inc.
(Istanbul, Turkey) via its code DVS (50) CH
Normal 22 (LD).

Stages of the preparation of fat samples are as
follows: 50% fat cream (from cow’s, sheep’s and
goat’s milk); Pasteurization (85°C, 5 minutes) and
cooling (18-20°C); Addition of starter culture (50
units/500 kg); Ripening; Churning (14-16°C);
Washing with water; Mixing; Packaging (250 g for
each storage petiod, first coating with stretch film,
then wrapping with aluminium foil); Storage (4 &
1°C); Analysis (1st, 15t 30t 45t 60th, 75t and
90t days).

The butter samples are coded as follows: C: butter
made from cow’s milk cream; S: butter made from
sheep’s milk cream; G: butter made from goat’s
milk cream.

Physico-chemical analysis and oxidation test
methods

Dry matter and fat content of the butter samples
were determined according to the methods used
by Kurt et al. (2007) while pH and titratable
acidity (lactic acid, %) were determined according
to the methods used by Atamer (1993). Acid
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value, iodine number, saponification number,
refractive index, Reichert—Meissl number and
Polenske number were determined according to
the standard methods (AOAC, 1995).
Thiobarbituric acid value (TBA value) was
determined as described by Oztiirk and Cakmaket
(2006) as mg malonaldehyde/kg butter. Peroxide
value (PV) was determined as described by
Atamer (1993).

Colour analysis

During the storage period of butter samples,
colour measurements (L, 4, & values) were made
using Minolta colorimeter (Chroma Meter CR-
200, Osaka, Japan). Measurements were made in
three different locations based on the average
value of the readings. Before the measurements,
the device was calibrated with white calibration
plate and all measurements were carried out by
using chromium drying containers on a white

board.

Determination of vitamin A and B-carotene
amounts

The method described by Hulshof et al. (2000)
was adapted as follows with slight modifications.
The concentrations of B-carotene and vitamin A
in butter samples was calculated by the external
standard method using a B-carotene and vitamin
A standards (Sigma Aldrich) and expressed as pg
of B-carotene and vitamin A per 100 g of sample
on a dry weight basis (Cakmakei et al., 2014a).

Sensory analysis

Butter samples were evaluated using a sensory
scale according to the methods of Bernotene et al.
(1980) during the storage. Sensory criteria were
developed taking the characteristics of butter into
consideration. Eight panelists who were familiar
with butter and were academic staff (ages were
between 30 to 50) at the Department of Food
Engineering  (Atatiitk University, Erzurum,
Turkey) staffed in the evaluation of butter. Each
panelist evaluated the butter samples for the six
sensory characteristics including colour, texture,
flavour, odour, rancid taste and general
acceptability. All sensory characteristics were
graded from 1 to 9 (1: poor, 9: excellent) on point
scales. Panelists were also instructed to cleanse

their palates between samples by using water and
bread.

Statistical analysis

The experimental research design was done as
follows: 3 (butter samples made from cows’,
sheeps’ and goats’ milk creams) X 7 (storage
period) X 2 (replicates). Duncan multiple
comparison test was applied to the results of the
statistical analysis.

RESULTS AND DISCUSSION
Physico-chemical properties and oxidation
stability

The physico-chemical properties of the butter are
also related by animal species. Lipids in sheep and
goat milk have higher physical characteristics than
in cow milk, but physico-chemical indices vary
between different reports (Park et al,
2007). Table 1 shows the physico-chemical
properties of the butter samples. There was no
significant difference in the dry matter and fat
contents of C, S and G samples. The results of dry
matter and fat content of the butters were similar
to those obtained by Sagdic et al. (2004).
However, pH, titratable acidity and acid value
showed significant differences in all varieties of
butter. C samples had the highest pH and acid
value. Titratable acidity of the S sample was
significantly higher than those of other butters.
The acidity and acid values increased during the
storage period and the values were statistically
determined as different. pH decreased during
storage (Table 1). According to the results of
variance analysis on pH, titratable acidity and acid
value in the butter samples, butter type, storage
period and butter type X storage period
interactions were found significant (P <0.01).

Butter type and storage period were found
significant (P <0.01) in all fat constants of the all
butter, whereas butter type X storage period
interactions was not significant (P >0.05) in terms
of Polenske number and refractive index.
Reichert-Meissl number and Polenske number are
used to determine the presence of short chain
fatty acids (Kurt et al, 2007). In this study,
Reichert Meissl numbers and Polenske numbers
varied from 25.57 to 26.68 and from 1.01 to 2.15
in C and S samples, respectively. The highest
values for Reichert Meissl number had sheep,
goat and cow butter samples, respectively. The
highest value for Polenske number had goat
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butter sample and the cow butter sample had the
lowest value (Table 2). The values increased in
three types of butter during the storage period and
compate favourably to those obtained by Sagdic
et al. (2004) and Hayaloglu (1999) and Sengiil et
al. (1998). Goat milk may have higher Reichert
Meissl and higher Polenske values than cow milk,
suggesting that goat milk fat contains less soluble
and more insoluble volatile fatty acid than cow
milk fat, although there are different values in the
literature for all three species. Cow milk has a
higher saponification value and slightly greater
refractive index than goat milk, which relates to
the longer carbon chains and saturation of the
fatty acids (Park et al., 2007). But in our study,
goat butter was found a higher saponification
value than cow butter. Goat milk has lower iodine

values, which reflects its greater amount on lower
and unsaturated fatty acid (Park et al., 2007). In
this study, the highest value was found in sheep
butter. Park et al. (2007) was found similar result.
Moreover, the highest values of saponification
and Polenske number were found in the goat
butter (Table 2). Short and medium chain fatty
acids occur as a result of lipolysis; it causes
rancidity which negatively affects the flavour of
milk and dairy products (Deeth, 2006). Cow
butter had the highest value of refractive index
followed by sheep butter and goat butter. Average
refractive index results were found in G (1.4571),
S (1.4576) and C (1.4587) samples, starting from
the lowest, respectively. Similarly, during the
storage period values of refractive index increased

(Table 2).

Table 1. Chemical properties of butter samples

Butter Storage time Titratable Acid value (m,
types (diys) Dry matter (%) Fat (%) pH acidity (%) KOH/g fgt)g
1 82.901+0.14 81.651+0.21 5.67%0.00 0.1340.01 0.5630.00
15 82.8810.04 81.65%0.21 5.66%0.00 0.17£0.02 0.58%0.00
30 82.924+0.09 81.80%0.00 5.64%0.02 0.21%0.00 0.60%0.00
C 45 82.90%+0.15 81.90+0.14 5.53+0.01 0.2310.00 0.8240.00
60 82.931+0.07 81.90+0.14 5.48+0.02 0.2630.00 0.9740.00
75 82.7910.08 81.50%0.00 5.44+0.01 0.28%0.00 1.10£0.00
90 82.824+0.03 81.50%0.00 5.35%0.00 0.3120.00 1.27£0.00
Average 82.88%0.09a 81.70+0.19a 5.54%011c 0.23%0.06a 0.84%0.26¢
1 82.9440.06 81.651+0.21 4.974+0.00 0.3140.00 0.45%0.00
15 82.8810.02 81.90+0.14 4.9440.00 0.3240.00 0.4740.00
30 82.8440.06 81.65%0.21 4.9240.00 0.34%0.01 0.58%0.00
S 45 82.9440.10 81.80%0.00 4.8910.00 0.3620.00 0.81%0.00
60 82.881+0.13 81.90%0.14 4.8710.01 0.3940.00 0.9740.00
75 82.9610.01 81.80%0.00 4.8510.01 0.44%0.00 1.18+0.00
90 82.771+0.03 81.80%0.00 4.831+0.03 0.5140.00 1.38+0.00
Average 82.8910.08a 81.78%+0.14a 4.891+0.05b 0.38%0.06¢ 0.83%0.34b
1 82.7610.00 81.50%0.00 4.96%0.00 0.2240.01 0.45%0.00
15 82.8810.07 81.65%0.21 4.91%0.00 0.25%0.01 0.47%0.00
30 83.0010.01 81.75%+0.35 4.8840.00 0.2940.01 0.5840.00
G 45 82.8240.00 81.651+0.21 4.8340.02 0.3340.00 0.74%0.00
60 82.8240.06 81.80%0.00 4.80+000 0.3620.00 0.89%0.00
75 82.8410.04 81.50%0.00 4.77£0.00 0.40%0.00 1.02£0.00
90 82.8810.06 81.65%0.21 4.7620.00 0.43%0.01 1.19£0.00
Average 82.851+0.07a 81.6410.17a 4.84%0.07a 0.32+0.07b 0.7610.27a
Source D.F. ANOVA
BT 2 0.60 1.07 10443.89%* 1024.47%* 1947.08**
S 6 0.82 0.87 201.44%* 347.92% 4135240
BT x S 12 1.74 0.34 14.89%* 6.11%* 347.07%*
Error 21
Total 42

C:Butter made from cow milk cream; S: Butter made from sheep milk cream; G: Butter made from goat milk cream
BT: Butter types; S: Storage time

The difference between the average in the same letter is statistically indistinguishable from each other.

** is significant at P <0.01 probability levels.
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Table 2. Fat constants values of butter samples

Reichert- Polenske . . . .
Butter tvpes Storage Meissl number Re'fra.ctlve Saponification Todine
P time (days) indice number number
number
1 25.21%0.02 0.80%0.00 1.4585%0.00 226.25+0.39 35.10+0.47
15 25.331+0.02 0.85%0.07 1.4586£0.00 226.96+0.04 34.55%0.05
30 25.55+0.04 0.95£0.07 1.458610.00 227.38%0.12 34.50£0.15
C 45 25.64£0.05 1.00%0.00 1.458610.00 229.23%0.09 33.96£0.18
60 25.72£0.02 1.0510.07 1.458810.00 230.77£0.80 33.05%0.07
75 25.77£0.04 1.200.00 1.458810.00 232.75%0.26 32.2510.22
90 25.83+0.04 1.25£0.07 1.4590£0.00 233.97+0.40 31.62%0.04
Average 25.57+0.22a  1.01+0.16a  1.4587£0.00c = 229.61£2.88a  33.57+1.25b
1 26.50%0.00 1.30£0.00 1.4573%0.00 232.25+0.03 36.7910.28
15 26.57+0.08 1.40£0.00 1.4575%0.00 232.69+0.43 36.2510.04
30 26.6210.02 1.45£0.07 1.4577£0.00 234.43+0.28 35.7910.21
S 45 26.68£0.00 1.50%0.00 1.457710.00 235.16£0.24 35.2810.02
60 26.73£0.02 1.6010.00 1.457710.00 236.57£0.07 34.04£0.12
75 26.79£0.00 1.7010.00 1.457710.00 237.70+0.44 33.08%0.04
90 26.87£0.04 1.80%0.00 1.458010.00 238.8510.04 32.31£0.07
Average 26.684£0.12c  1.53+0.16b  1.4576£0.00b  235.38£2.38b  34.79%1.62¢
1 26.08+0.02 1.95£0.07 1.4570£0.00 234.33+0.57 33.2310.42
15 26.12+0.00 2.00%0.00 1.4571£0.00 235.66+0.37 32.30+0.24
30 26.18%0.00 2.05%0.07 1.4571£0.00 235.98+0.31 31.85%0.10
G 45 26.250.00 2.15%0.07 1.4571£0.00 236.99+0.28 30.931+0.16
60 26.29£0.01 2.20£0.00 1.457210.00 237.56£0.47 30.2240.02
75 26.35£0.00 2.35%0.07 1.457310.00 239.4310.54 29.58%0.02
90 26.42£0.02 2.40£0.00 1.457510.00 241.17£0.28 28.46%0.18
Average 26.24£0.11b  2.15+0.16c  1.4571£0.00a  237.30£2.27c¢  30.94+1.59a
Source D.F. ANOVA
BT 2 3897.17+* 2138.77+* 253.26%* 1644.88** 1407.24**
S 6 136.15%* 81.77%* 5.85%* 294.03** 369.17+*
BT xS 12 8.11%* 0.27 0.24 3.90%* 3.78**
Error 21
Total 42

C: Butter made from cow milk cream; S: Butter made from sheep milk cream; G: Butter made from goat milk

cream ; BT: Butter types; S: Storage time
The difference between the average in the same letter is statistically indistinguishable from each other.
** is significant at P <0.01 probability levels.

PV shows the amount of hydroperoxide which
consisted in the primary stage of oxidative
deterioration, while TBA value gives the amount
of malonaldehyde at the advanced stages of
oxidation. It is not possible to detect the
malonaldehyde with peroxide tests since the
hydroperoxides are transformed into
malonaldehydes during the storage period
(Atamer, 1993). Oxidative degradation (rancidity),
which is known to be influenced by many factors
including fatty acid profile, oxygen availability,
light and temperature exposure, minor
components in the oil/fat (Flakelar et al., 2015).

In this study, the highest value (0.25 meq O2/mg
fat) was defined in the butter samples made from
goat’s milk followed by sheep’s and cow’s and PV
increased during the storage. In the butter
samples made from cow’s milk was not found 30
days of storage. PV and TBA values of sheep and
goat butter were found higher compared to cow
butter (Table 3). The highest PV and TBA values
were determined in the goat butter followed by
sheep and cow butter samples (Fig. 1a and Fig.
1b). The lowest TBA value was observed on the
1stand 15t days of storage, and it increased during
storage (Table 3). The TBA value of cow butter
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was similar to those given by Cakmaket et al.
(2014b). Our PV results were similar to those
given by Povolo and Contarini (2003), Oztiirk and

Cakmaket et al. (2014b) with the results of PV of
cow butter samples. TBA value of sheep butter
was similar to those given by Ozkanl and Kaya

Cakmaket  (2006), Senel et al. (2011) and (2007).
Table 3. Colour properties and oxidation tests results of butter samples
Butter Storage PV (meq TBA value (mg
time L value a value b value O»/kg fat malonaldehyde/
pes (days) kg fat)
1 84.63%0.16 -3.85£0.08 20.45%0.05 nd 0.010.00
15 84.66%0.00 -3.70£0.01 19.80£0.02 nd 0.0220.00
30 84.5920.02 -3.75£0.02 19.37£0.03 nd 0.0520.00
C 45 84.60£0.06 -3.81£0.02 18.86£0.05 0.05+0.00 0.08+0.01
60 84.62%0.08 -3.79£0.00 18.78£0.04 0.13+0.02 0.11+0.00
75 84.65%0.06 -3.8210.03 18.73£0.04 0.20+0.04 0.13+0.00
90 84.67£0.00 -3.89£0.00 18.48£0.24 0.27+0.01 0.15+0.00
Average 84.63£0.06c  -3.80+0.06a  19.21+0.68¢  0.09£0.10a 0.08+0.05a
1 83.55%0.19 -3.8410.06 11.84£0.09 nd 0.02+0.00
15 83.47£0.14 -3.8210.02 11.70£0.03 nd 0.03+0.00
30 83.49£0.00 -3.79£0.06 10.78£0.04 0.14+0.02 0.09+0.01
S 45 83.50£0.00 -3.81£0.11 10.71£0.07 0.270.00 0.1920.01
60 83.49£0.13 -3.73£0.01 10.58£0.12 0.320.00 0.23+0.01
75 83.61£0.00 -3.77£0.05 10.39£0.02 0.37+0.00 0.25+0.00
90 83.57£0.07 -3.65£0.05 10.28£0.00 0.49+0.03 0.27+0.00
Average 83.53£0.092  -3.77+£0.07a  10.90£0.59b  0.22+0.18b 0.15+0.09b
1 84.43%0.02 -3.771£0.03 9.79+0.04 nd 0.03+0.00
15 84.47£0.00 -3.79£0.02 8.7910.06 nd 0.04+0.00
30 84.56%0.05 -3.6910.02 8.61£0.04 0.18+0.01 0.1410.01
G 45 84.46%0.00 -3.72£0.00 8.28%0.02 0.280.00 0.30+0.00
60 84.47£0.03 -3.74£0.05 7.79£0.00 0.34+0.00 0.33+0.01
75 84.53%0.02 -3.80£0.00 7.6810.01 0.42+0.01 0.39+0.01
90 84.61£0.00 -3.84£0.01 7.50+0.01 0.55+0.01 0.43+0.00
Average 84.50£0.06b  -3.76£0.05a 8.3520.76a  0.25+0.19¢ 0.23+0.16¢
Source D.F. ANOVA
BT 2 787.65%* 2.65 83997.24* 393.66%* 964.86**
S 6 1.29 1.99 541.84x* 637.71%* 767.35%*
BT xS 12 0.51 4.21%* 11.94%* 28.61%* 7247
Error 21
Total 42

C: Butter made from cow milk cream; S: Butter made from sheep milk cream; G: Butter made from goat milk

cream ; BT: Butter types; S: Storage time ; nd: non detectable
The difference between the average in the same letter is statistically indistinguishable from each other.

** is significant at P <0.01 probability levels.

The natural yellowish colour of butter, mainly is
derived from carotene (provitamin A) in the milk
fat, which originates from the feed and animal
species. In this study, in the case of three kinds of
butter, I and &/ values were statistically different.
The lowest L value was found in the sheep butter
(83.53), while the highest # value was found in the
cow butter (19.21). L values varied from 83.53 to

84.63 in S and C samples, respectively. & values
varied from 8.35 to 19.21 in G and C samples,
respectively. During the storage period, the
change in L value was insignificant and the
change in / value was found to be significant. «
value showed small fluctuations (Table 3). The &
value differs for all butter types. Because
carotenoids are fat-soluble, fat colour is a function
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of the carotenoid concentration in the butter
(Kneifel et al., 1992). Carotenoids play a major
role in the colour of dairy products. Goats
convert the carotene in their diet to vitamin A
more efficiently than cows do, producing whiter
milk, cream, and butter (Jerop et al., 2014). Colour
differences is mainly due caused by the differing
B-carotene contents. Because, butter samples
made from cows’ milk contains more -carotene,
it is more yellow than other butter types.
Moreover, the & value decreased during storage in
all butter types. & value was higher than the values
found by Ozkanli and Kaya (2007) and Krause et
al. (2008).

Butter type and storage period were found
significant (P <0.01) in terms of vitamin A. The
highest amount of vitamin A was found in the
sheep butter sample (19.86 ug/g) followed by

goat and cow butter samples and it decreased
during the storage period (Table 4; Fig. 1c¢).
Vitamin A contents of goat and sheep butter
samples are mostly higher than in cow butter
(Table 4). Similar result was found by Park et al.
(2007). Goats convert all B-carotene into vitamin
A in the milk, for the same reason, goat milk is
always whiter than cow milk (Park et al., 2007;
Zenebe et al., 2014). The results of vitamin A in
the butter samples made from cow’s milk were
similar to those given by Mallia et al. (2008) and
Hulshof et al. (20006). 3-carotene was only found
in the butter samples made from cows’ milk (5.03
ug/g). The results of B-carotene of the butter
samples made from cows’ milk were similar to
those given by Hewavitharana et al. (1996) and
Hulshof et al. (2000).

Table 4. B-carotene and vitamin A contents of butter samples

Butter types Storage time (days) B-carotene (ug/g) Vitamin A (ug/g)
1 5.38%0.22 17.30£0.17
c 30 5.10%0.05 16.78£0.08
60 4.90£0.07 15.961+0.14
90 4.74£0.12 15.3510.21
Average 5.03%£0.27a 16.35£0.80a
1 nd 20.67£0.18
S 30 nd 20.03%0.09
60 nd 19.55£0.09
90 nd 19.21£0.14
Average - 19.86£0.59¢
1 nd 19.76£0.12
G 30 nd 19.00£0.19
60 nd 18.43£0.04
90 nd 17.70+0.25
Average - 18.72£0.81b
Source D.F. ANOVA
BT 2 10709.37** 1029.27%*
S 3 8.05%* 148.80%*
BT xS 6 8.05%* 2.00
Error 12
Total 24

C: Butter made from cow milk cream; S: Butter made from sheep milk cream; G: Butter made from goat milk
cream ; BT: Butter types; S: Storage time ; nd: non detectable
The difference between the average in the same letter is statistically indistinguishable from each other.

** is significant at P <0.01 probability levels.
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Figure 1 a) The effect of butter type and storage period on peroxide value; b) The effect of butter type
and storage period on TBA value; ¢) The effect of butter type and storage period on 3-carotene

C: Butter made from cow’s milk cream; S: Butter made from sheep’s milk cream; G: Butter made from
goat’s milk cream
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Sensory characteristics

Sensory scores for colout, texture, odout, flavour,
rancid taste and general acceptability were
significantly influenced by the storage period of
all butter types (Table 5). Butter type, storage
period and butter type X storage period
interaction showed statistically significant effects
(P <0.01) on sensory properties (in interaction,
except general acceptability). The highest sensory
scores in all kinds of butter were determined in
the cow butter samples followed by goat and then
sheep butter samples. During the storage period,
reduction was observed in all sensory properties
(Table 5). The reason for this may be due to the
increase in the PV during the storage period. The
scotes of colour, texture and flavour of the butter
samples were similar to those given by Senel et al.
(2011). Sensory characteristics showed strong
positive correlation with pH (except rancid taste)
and strong negative with titratable acidity. Sensory

characteristics also have weak positive correlation
with Reichert-Meissl number, refractive indice
and iodine number; however, we observed weak
negative correlation between Polenske number
and sensory characteristics.  Saponification
number was strong negative correlated with
sensory characteristics. Sensory characteristics
showed strong negative correlation between PV
and TBA value, and strong positive with 4 value
(except rancid taste) (Table 6). If the storage
temperature cannot be preserved, there might be
some important changes for the butter aroma as
a result of lipolysis and oxidation. Sensory
characteristics showed strong negative correlation
between PV and TBA value, and strong positive
with & value (except rancid taste). Lastly, sensory
characteristics have weak positive correlation with
L value, vitamin A and B-carotene, and weak
negative with « value (Table 06).

Table 5. Sensory characteristics of butter samples

Butter Storage time Colour Texture Odour Flavour Rancid taste GenerialA
types (days) acceptability
1 8.83+0.24 8.3310.24 8.16x0.00 8.2410.12 9.00£0.00 8.3310.24
15 8.331£0.07 8.00£0.00 7.87£0.17 8.01£0.12 8.2910.05 8.2410.12
30 8.26%0.07 7.92%0.11 7.75%0.00 7.79%0.11 7.71£0.19 7.74%0.08
C 45 8.21£0.04 7.71£0.04 7.68%0.13 7.58%0.11 7.4210.24 7.71£0.14
60 8.20£0.06 7.66%0.02 7.56%0.00 7.41£0.02 7.16%0.02 7.4510.04
75 8.01+0.15 7.62£0.08 7.43%0.00 7.51£0.02 7.15£0.00 7.37£0.12
90 7.931+0.09 7.56%0.00 7.10£0.10 7.10£0.10 6.2410.26 7.00£0.00
Average 8.2510.29¢ 7.83%0.27¢ 7.65£0.32¢ 7.6610.37¢ 7.56%0.85¢ 7.6910.46b
1 8.000.00 7.33£0.00 6.99£0.23 6.91£0.12 9.00£0.00 7.58%0.35
15 7.16£0.00 7.33£0.11 6.67£0.04 6.76£0.02 7.87£0.05 7.27£0.02
30 7.00£0.19 7.14£0.00 6.47%£0.09 6.35%0.02 6.56%0.04 6.64%0.16
S 45 6.89%0.05 7.10£0.10 6.531+0.31 6.09£0.08 6.18%0.00 6.31£0.42
60 6.82%0.02 6.94%0.02 6.10%0.06 5.96%0.13 6.12%0.08 6.15%0.13
75 6.4610.04 6.70£0.07 5.99+0.21 5.68%0.04 5.52%0.09 5.93£0.00
90 6.3710.08 6.7610.11 5.6210.08 5.03£0.04 4.71£0.04 5.2810.31
Average 6.95%0.52a 7.04£0.252 6.3410.46a 6.11£0.62a 6.561+1.38a 6.45%0.78a
1 8.491+0.23 8.4910.23 7.79£0.05 7.62%0.05 9.00£0.00 7.9520.06
15 7.20%£0.17 7.54%0.05 7.16%0.12 6.81£0.14 7.80%0.14 7.30%0.20
30 6.99%0.10 7.31£0.14 6.78%0.09 6.51£0.09 6.47£0.19 6.66%0.08
G 45 6.82%0.06 7.07£0.06 6.79%0.02 6.17£0.24 6.32%0.02 6.38%0.01
60 6.7610.02 6.93%0.00 6.37£0.08 6.18£0.09 6.2310.02 6.2910.06
75 6.71£0.04 7.06£0.00 5.92%0.15 5.76%0.46 5.77£0.13 5.9310.09
90 6.4610.04 6.9210.24 5.7810.04 5.57£0.37 5.4810.07 5.3410.22
Average 7.06%0.65b 7.3310.54b 6.6510.67b 6.3710.68b 6.72+1.19b 6.55%0.83a
Source D.F. ANOVA
BT 2 576.38** 176.91%* 400.64** 355.09%* 308.38%* 204.44+*
S 6 117.28%* 57.08** 90.71** 69.71%* 638.08** 92.27%*
BT xS 12 6.86%* 7.42%6% 4.97%* 3.400* 16.75%* 2.99
Error 21
Total 42

C: Butter made from cow milk cream; S: Butter made from sheep milk cream; G: Butter made from goat milk cream

BT: Butter types; S: Storage time ; The difference between the average in the same letter is statistically indistinguishable from

each other. ; ¥* is significant at P <0.01 probability levels.
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CONCLUSIONS

In conclusion, from the results obtained in this
study butter made from cow milk is preferable
than other varieties considering the chemical
analysis, oxidation stability and sensory
properties. While cows' butter was received the
highest scores, sheeps' butter was the lowest
scored by panelists due to its rancid and off-
flavour. Moreover, when these results were
evaluated collectively, the amount of vitamin A,
oxidation stability and sensory characteristics
decreased in all butter samples during the storage
period. B-carotene was determined only in the
butter samples made from cows’ butter and the
values decreased during storage. Therefore, the
importance of consuming fresh butter is obvious.
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