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In this study, the effects of four different direct-vat-set (DVS) commercial starter cultures (CHNII,
CHN?22, EZAL BT001 and MM100) and storage temperatures (4 = 1 and —18 = 2°C) on the oxidative
stability and diacetyl production in butter during a 4-month period were investigated. Samples were taken
from butter on days 3, 30, 60, 90 and 120. Analyses of titration acidity, peroxide value, free fatty acids
and diacetyl contents of the samples taken were carried out. The effects of the starter cultures on the
peroxide value and diacetyl contents were found to be significant (P < 0.01) while the storage
temperatures significantly affected all parameters tested. Interaction between the type of culture and
storage temperature was significant for free fatty acids (P < 0.05) and diacetyl content (P < 0.01).
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INTRODUCTION

Butter is mainly produced by concentrating milk
fat from sweet cream or cream acidified with
cultures or occasionally, as in Turkey, it is produced
from yoghurt. Butter made from sweet cream is
usually marketed without salting. However, the
salty form is also marketed to achieve a long shelf
life."3

Butter should be produced under controlled and
hygienic conditions because the process is complex
and thus great attention is needed.* Traditionally,
manufacturers of fermented products maintained
their own stock cultures and produced the bulk
starter inoculum at the plant. This procedure, how-
ever, bears the risk of bacteriophage contami-
nation. Therefore, direct-vat-set (DVS) cultures are
mostly used and added into the cream directly.
These methods of usage have the advantage of the
correct balance and control of starter strains and
supplying the optimum acidity and flavour to the
product.>®

The characteristic taste and flavour of fermented
milk products such as yoghurt and butter depend
on the concentrations of components such as
acetaldehyde, diacetyl and acetoin produced by
mesophilic and thermophilic lactic acid bacteria.>’
The flavour development in butter occurs through
the action of a mixed starter culture that con-
tains both acid and aroma-producing bacteria. The
aroma-producing bacteria are responsible for
fermentation of citrate into diacetyl, which gives a
characteristic taste and flavour to butter even at

very low concentrations (12 ppm).'#* However,
diacetyl is reduced in the presence of diacetyl
reductase to acetoin resulting in a substantial loss
of the desirable aroma. Diacetyl reductase may
be found in the starter cultures and is commonly
associated with psychrotrophic bacteria.'’

In determining storage stability and quality of
butter, the peroxide value reflecting the oxidation
of fatty acids, the amount of free fatty acid and the
degree of lipolysis are taken into consideration.!!?

The amount of free fatty acids (FFAs) in the
medium is defined as the amount of KOH (mg)
needed to neutralize FFAs in 1 g of butter. It is
a measure of the degree of lipolysis. When the
amount reaches 1.8 mg KOH/g fat, there is a
perceptible off-flavour in butter.!3 In a study car-
ried out by Atamer and Sezgin'' the relation
between the amount of FFA and peroxide value
against butter flavour was analysed. Samples
with FFAs exceeding 3.3 mg KOH/g fat were
recognized as rancid or spoiled by 59% of the
panellists.

An off-flavour is also perceived in butter'* when
peroxide values reach 2 meq O,/ kg fat. Interestingly,
the acceptable value is set at 10 meq O,/kg fat by
the Food Regulations in Turkey.'*

Christensen and Holmer" produced butter by
using two different packaging materials (polyeth-
ylene plastic and aluminium foils) and stored it at
4,20 and —18°C for 14 weeks. Peroxide values of
the butter samples stored at —18°C were found to
be lower than peroxide values of samples stored at
4 and 20°C. In addition, butter samples in plastic
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containers had higher peroxide values than those
packaged in aluminium (P < 0.05). The researchers
reported that packaging material and storage
temperatures had significant effects on the storage
stability of butter.

This study was planned to determine the effects
of various commercial starter cultures and different
storage temperatures on oxidative stability and
diacetyl formation in butter.

MATERIALS AND METHODS

The cream used in this study was obtained from the
pilot milk-processing plant of the Agricultural
College of Atatiirk University. Prior to butter pro-
duction, the fat content of the cream was adjusted
to 35%. Mesophilic DVS cultures were obtained
from Peyma Hansen (CHNI11, CHN22) and
Mayasan Inc. (EZAL BT001, MM100).

Manufacture of experimental butters

A total amount of 12 kg cream was divided into
four parts in 3-kg portions and pasteurized at 75 *
2°C for 20 min using a batch pasteurizer, and then
cooled to 21°C. Each part was inoculated with 1%
of one of the cultures CHN11, CHN22, BT001 or
MM100. The inoculated cream was ripened at
about 21°C for 12 h and churned. The butters
produced (as 100 g) were placed in sterilized jars
and stored at 4 £ 1°C and —18 % 2°C for 4 months.
Samples were taken from the butters in parallel and
analysed. Results represent averages of one trial.

Titratable acidity, free fatty acids, peroxide value
and diacetyl content were determined on days 3,
30, 60, 90 and 120 of the storage period.

Fat and moisture content were measured accord-
ing to the methods described by Kurt et al.'° Titrat-
able acidity (as lactic acid percentage) was
determined according to Atamer.'3

Determination of free fatty acids

About 5 g of melted butter was dissolved in 50 mL
neutralized ethanol/diethyl ether mixture (1: 1)
and titrated with 0.1 ~ alcoholic KOH to obtain a
light pink colour. Free fatty acid content
(mg KOH/g fat) was obtained by calculation as
described by Atamer. !

Peroxide value

Approximately 3 g of butter was weighed into an
Erlenmeyer flask and dissolved in 10 mL chloro-
form. Then 15 mL acetic acid and 1 mL saturated
potassium iodine (KI) were added and mixed for
1 min. The mixture was left in the dark at room
temperature for 5 min. Distilled water (75 mL)
was added and the mixture shaken vigorously.
A prepared starch solution (1%, 1 mL) was
added and the resulting solution titrated with
0.02 N sodium thiosulphate (Na,S,0;) until the
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colour became clear. The peroxide value was cal-
culated using the formula:'?

PV = [(V, = VONYM

where V| is the amount of Na,S,0; used for titra-
tion (mL), V, is the amount of Na,S,0; used for
the blank (mL), N is the normality of Na,S,0, and
M is the amount of sample (g).

Diacetyl determination

The diacetyl content was analysed by the methods
of Walsh and Cogan'” and Xanthopoulos ef al.” A
40-g sample of butter was transferred into a round-
bottomed flask, and 10 mL of distillate were
obtained by the steam distillation method. Aliquots
(5-mL) of distillate were transferred into test-
tubes. Then 1.5 mL hydroxylamine was added and
the mixture held in a water bath at 75°C for 20 min.
The contents of the test-tubes were mixed well
while they are hot. Acetone phosphate (0.5 mL)
was added, followed by mixing. Then the tubes
were left to cool at room temperature. After cool-
ing, 1.5 mL alkaline tartrate solution was added
and mixed, and freshly prepared 0.1 mL FeSO,
solution was immediately added and again mixed.
The volume was adjusted to 10 mL with 33%
dipotassium hydrogen phosphate solution and after
15 min absorbances were measured at 530 nm with
a spectrophotometer (Miltonory Spectronic 20).
Standard solutions of diacetyl were prepared as
1.0,2.5,5.0,7.5 and 10 ppm and absorbances were
taken at 530 nm to set up a standard curve.

Statistical analysis

Analysis of variance was performed according to
the randomized block experiment design by using
the MINITAB packet program.'®

RESULTS AND DISCUSSIONS

All samples taken from the experimental butter had
a fat content between 82 and 83% and a moisture
content between 14 and 15%. The values were
within the Turkish standards for butter samples. As
there were no significant differences among the fat
and moisture contents of the samples, they are not
discussed further.

Titration acidity values obtained from the butter
samples are presented in Table 1. General means of
titration acidity, FFA, peroxide values and diacetyl
contents of butters and their statistical evaluations
in terms of culture type, storage temperature and
storage periods are shown in Table 2. As seen from
the tables, the type of culture had no effect on acid
production. The reason might be that all the cul-
tures used had similar growth properties. However,
the samples stored at low temperature (+4 + 1°C)
had higher significantly (P <0.01) values than
those stored in a deep freezer (—18 * 2°C). Different
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Table 1 Titratable acidity values of butter samples
(LA %)

Storage period (days)
Culture type 3 30 60 90 120
BT001-R 0.07 009 013 0.14 0.13
BT001-DF 0.07 008 0.10 0.11 0.10
MM100-R 0.07 010 0.13 0.15 0.15
MM100-DF  0.07 0.08 0.09 0.13 0.12
CHNI1-R 0.09 010 0.10 0.13 0.16
CHN11-DF  0.09 0.09 0.10 011 0.11
CHN22-R 0.09 0.11 0.12 0.13 0.14
CHN22-DF  0.09 0.09 0.10 0.11 0.12

LA, lactic acid
R, stored in refrigerator (+4 + 1°C)
DF, stored in deep freezer (—18 + 2°C)

storage temperatures, especially lower temper-
atures, might limit the activity of starters or
enzymes involved in acid production. Moreover,
interactions between culture type and storage period
and between storage temperature and storage period
were found to be significant at the level of P < 0.01.

Free fatty acids in fresh milk fat usually increase
due to lipolysis by both natural milk enzymes and
enzymes of bacteria. While the natural lipase is
inactivated by pasteurization, microbial lipases of
psychrotrophic bacteria such as pseudomonas are
able to resist heat treatment.!” Excessive amounts
of FFAs are undesirable in milk products because

Table 2 General means of titratable acidity, free fatty acid (FFA), peroxide values
and diacetyl contents of butters, and their statistical evaluations in terms of culture
type, storage temperature and storage period*

Titratable FFA Peroxide value Diacetyl
acidity (LA %) (mg KOH/g fat) (meq O,/kg fat) (ppm)
Culture type
BT001 0.10a 1.65a 1.24b 0.74 ¢
MM100 0.11a 1.67 a 1.73 a 1.17b
CHNI11 0.11a 1.56a 1.40b 1.70 a
CHN22 0.11a 1.69 a 1.44 b 1.17b
Storage temperature
R 0.12a 1.88a 1.72a 0.80b
DF 0.10b 1.40b 1.18b 1.60 a
Storage period (days)
3 0.08d 1.18 ¢ 0.62 e 0.48 ¢
30 0.09 ¢ 1.42d 0.96 d 1.15b
60 0.11b 1.60 ¢ 134c¢ 1.37 ab
90 0.13a 1.84b 1.79b 1.49a
120 0.13a 2.17a 255a 149a

*Means bearing different letters are significantly different from one another

(P<0.01)

R, stored in refrigerator (+4 + 1°C)
DF, stored in deep freezer (=18 £ 2°C)
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Table 3 The amounts of free fatty acids in butter

samples (mg KOH/g fat)
Storage period (days)

Culture type 3 30 60 90 120
BT001-R 1.13 162 194 220 245
BT001-DF .12 127 144 156 175
MM100-R 130 139 164 219 262
MM100-DF 121 140 152 159 1.79
CHNI11-R 1.19 1.52 1.75 2.01 2.58
CHNI11-DF 1.14 1.23 1.26 1.29 1.54
CHN22-R 120 161 183 235 3.02
CHN22-DF 1.18 1.28 1.32 1.43 1.63

R, stored in refrigerator (+4 + 1°C)
DF, stored in deep freezer (—18 + 2°C)

the shorter-chain homologues contribute to an
off-flavour typified by butyric acid.'>?*?! The
amounts of FFAs determined in butter samples
during a storage period of 120 days are presented
in Table 3.

During storage time, the levels of FFAs in
samples kept at refrigerator temperatures were higher
than in those stored at deep freeze temperatures.
The differences were found to be statistically
significant at the level of P <0.01 (see Table 2).
This was probably due to a higher lipolytic activity
at the refrigerator temperature. The culture type
had no effect on the amounts of FFAs. However,
the amounts increased during storage, and the
differences were found to be significant between
different storage times (P <0.01). Interaction of
storage temperature with storage period was
significant at a level of P < 0.01, and interaction
of culture type with storage temperature was
significant at a level of P <0.05.

The peroxide value is accepted as an indicator
for oxidative rancidity and is used to determine the
oxidation level in butter. Oxidative rancidity is the
result of oxidation of free unsaturated fatty acids
(oleic and linoleic) to hydroperoxides, aldehydes,
ketones, acids and epoxides, which have a rancid
taste. The effects are caused by oxygen, light, heat,
moisture and some elements.>!! Oxidation reaction
rates increase with temperature, and can increase
more than twofold with every 10°C rise depending
on the composition of the oil.'? Peroxide values of
butter samples are shown in Table 4. According
to the data, peroxide values continuously increase
during the storage period in all of the butter
samples. The highest values were produced by
mesophilic culture MM100 in the samples, which
means that oxidative stability was lowest in this
type of culture. The same was true for the samples
stored at refrigerator temperatures. The effects
of culture type, storage temperature and storage
times were found to be significant (P <0.01).
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Table 4 Peroxide values of butter samples
(meq O,/kg fat)

Storage period (days)

Culture type 3 30 60 90 120

BT001-R 062 0.87 140 174 321
BT001-DF 058 0.61 076 1.12 144
MM100-R 1.07 146 176 245 282
MM100-DF 1.03 127 136 1.85 225
CHNI11-R 044 0.89 164 206 3.0l
CHNI11-DF 032 0.72 123 1.60 2.08
CHN22-R 052 1.08 156 220 3.63
CHN22-DF 041 081 098 130 195

R, stored in refrigerator (+4 + 1°C)
DF, stored in deep freezer (—18 + 2°C)

Christensen and Holmer!> reported similar results
in their study. The interaction between storage tem-
perature and storage period was found to be signif-
icant at a level of P <0.01.

Diacetyl contributes the characteristic taste and
flavour to butter and buttermilk.?? It is formed
by cultures of Lactococcus lactis ssp. lactis biovar.
diacetylactis and Leuconostoc mesenterioides ssp.
cremoris.”> The highest diacetyl contents were
produced by culture CHN11 while the lowest
values were obtained with culture BT001 in those
samples stored at refrigeration temperatures, as
shown in Table 5.

Commercial culture, storage temperature and
storage period had significant (P < 0.01) effects on
the diacetyl contents of the samples. Diacetyl con-
tents were higher in samples stored at deep freezer
temperatures, and the amounts increased during
storage. The data suggest a rapid equilibration in
diacetyl levels at refrigeration temperatures, i.e. at
30 days, while the deep-frozen butter equilibrates
at 90 days. The shift might be due to different

Table 5 Diacetyl contents of butter samples (ppm)

Storage period (days)

Culture type 3 30 60 90 120

BT001-R 031 052 056 056 0.57
BT001-DF 037 0.80 1.04 135 136
MM100-R 047 075 076 081 0.82
MMI100-DF 039 151 193 212 214
CHNI11-R 051 112 113 113 1.13
CHNI11-DF 043 232 285 321 320
CHN22-R 0.75 098 1.01 1.00 1.00
CHN22-DF  0.63 123 1.63 173 1.72

R, stored in refrigerator (+4 + 1°C)
DF, stored in deep freezer (—18 + 2°C)
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thermal effects on the oxidation and reduction
pathways. In a study carried out by Mortensen and
Danmark,>* the diacetyl content increased during
the storage period. However, while the increase
was not found to be significant in their study, it
was significant in the present study. Interactions
between culture type and storage temperature and
between storage temperature and storage period
were found to be significant (P < 0.01).

In conclusion, culture type and storage temper-
ature and time affected titration acidity, hydrolytic
and oxidative rancidity, and diacetyl content of
the butter samples. It seemed that starter cultures
were more active at refrigerator temperatures than
at deep-freezer temperatures, resulting in higher
titration acidity, free fatty acid contents and peroxide
values at refrigeration temperatures. On the contrary,
diacetyl contents were higher at deep-freezer
temperatures, probably due to less breakdown.
However, more detailed studies are needed to
determine the effects of starter cultures and storage
conditions on the storage stability and taste and
flavour of butter.
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