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Abstract

In this study volatile compounds and sensory properties of butter produced from cream or yogurt using
Lactococcus lactis subsp. lactis biovar. diacetylactis or Leuconostoc mesenteroides subsp. cremoris as well
as a mixture of these two bacteria were investigated over 60 days. A total of 10 esters, 6 aldehydes, 11
ketones, 16 alcohols, 6 acids, 2 sulphides, 3 terpenes, and 3 miscellaneous compounds were detected.
There were more volatile compounds in cream butter than in yogurt butter. While S-methyl thioacetate
was only found in yogurt butter samples, hexanal, ethanol, 2-nonanone, 2-pentanone, 2-heptanone,
acetic, butanoic (butyric) and hexanoic acid were the most abundant volatiles in both cream and yo-
gurt butter. The results showed that the use of starter in the manufacturing of yogurt butter, which is
traditionally produced without starters, affected the volatile compounds and sensory properties. The
highest general acceptability scores were given to the butter samples containing mixed cultures at the
end of storage.

Key words: yogurt butter, cream butter, starter culture, volatiles, sensory properties, storage

Introduction local markets. In recent years, consumers have giv-
en more importance to traditional products (Altun-

Worldwide, butter is produced from cream, while  das and Korukluoglu, 2019). Traditional foods

in Turkey it is produced either from cream or from are maintained by documentation of protected
yogurt. Yogurt butter is called “yayik butter’, whichis  geographical indication (PGl) and protected desig-
famous for its pleasant flavour. Yayik, a wooden bar-  nation of origin (PDO) which recognized by the Eu-
rel, was used traditionally in the rural areas for the  ropean Union and these were distinguished from
churning of yogurt (Sagdic et al, 2002). Currently, other industrial products (Mallia et al,, 2005). From
electrical machines are also used to produce butter  this perspective, the chemical, physical and micro-
(Senel, 2010). In fact, when yogurt is used as araw  biological properties of these products should be
material, it is called “yogurt butter”. Yogurt butter determined to prepare standards and explore their
is produced for traditional consumption in a small  best characteristics. Some investigations were per-
scale, but excess consumption is sold at village and ~ formed on the fatty acid profiles of yogurt butter



(Sagdic et al, 2004), the storage stability of yayik
butter (Ayar et al, 2010), oxidative and lipolytic
stabilities of yayik butter (Senel et al, 2011) and
comparison of cream and yogurt butter (Hayalog-
lu and Konar, 2001; Sagdic¢ et al, 2004). Howev-
er, none of the authors compared these two butter
types in terms of their volatile profiles during stor-
age. For this purpose, we aimed to compare two
types of butter made from yogurt or cream in terms
of the volatiles determined by solid phase-micro ex-
traction (SPME) and coupled with the gas chroma-
tography-mass spectrometry (GC-MS) method. One
type of butter from cream is commonly produced
in Turkey whereby the cultures and its production
are well-known. However, the other type of butter
made from yogurt needs to be studied in terms of
revealing its production methodology and effects of
starter cultures on the final product. In this context,
yogurt cultures, L. lactis subsp. lactis biovar. diacety-
lactis 4366 and Leu. mesenteroides subsp. cremoris
20200 or their mixture on the volatile profiles and
sensory properties of the butter types were tested
during storage.

Materials and Methods

Materials

Raw cow milk was obtained from a pilot dairy
plant (Atattrk University, Agricultural Faculty, Erzu-
rum, Turkey). DVS YC350 (Streptococcus thermophi-
lus and Lactobacillus delbrueckii subsp. bulgaricus)
used for yogurt production was obtained from Chr.
Hansen, Istanbul, Turkey. For cream butter manu-
facture, cream was obtained from LEBEN Dairy
Products A.S. (Erzurum, Turkey). Starters for cream
fermentation were L. lactis subsp. lactis biovar.
diacetylactis 4366 and Leu. mesenteroides subsp.
cremoris 20200, which were purchased from DSMZ
(Deutsche Sammlung von Mikroorganismen und
Zellkulturen GmbH, Braunschweig, Germany).

Activation of starter cultures
M17 broth for L. lactis subsp. lactis biovar.

diacetylactis and MRS broth for Leu. mesenteroides
subsp. cremoris were used. Both starter cultures were

inoculated in test tubes containing sterilized MRS (at
30 °C for 24-48 h under anaerobic conditions) and
M17 (at 30 °C for 24-48 h) broths. Then, 0.1 mL of
broth was incubated on M17 and MRS agar plates at
the same conditions mentioned above. Subsequent-
ly, the colonies were transferred from plates into
tubes containing sterile saline water (0.85 %) and
were compared with the McFarland scale 5 (McFar-
land Standard, Ref. 70 900, BioMérieux®). Then, 1 mL
of the sterile saline solution containing 107 cfu/mL
organisms was transferred to a sterilized container
with a 10 % dry-matter fat-free milk powder. The
incubation was stopped when the acidity reached
0.36-0.39 % and was used for butter production.

Yogurt butter production

Butter was produced after conversion of milk into
yogurt. For yogurt production, raw milk was stand-
ardized to 5 % fat content and heated to 90 °C for
20 min. After cooling to 43+1 °C, yogurt starter was
added at a level of 2 % (v/v) and incubated until a pH
of 4.7x1 before it was immediately cooled to 21+1 °C
in ice water. The sample was then divided into four
parts. One part was a starter-free butter used as a
control (YA). The remaining three parts were inoculat-
ed with L. lactis subsp. lactis biovar. diacetylactis (YB),
Leu. mesenteroides subsp. cremoris (YC) or a mixture of
L. lactis subsp. lactis biovar. diacetylactis + Leu. mesen-
teroides subsp. cremoris (YD) at a level of 2 % (v/v). All
groups were ripened overnight at 21+1 °C and viable
cell counts in the starter cultures were approximate-
ly 107 cfu/mL. Subsequently, water was added into
yogurt at its 50 % by volume and churned using a
mechanized device at 17-18 °C until butter granules
formed. After formation of butter, it was worked to
obtain a homogenous butter granules and to form
a continuous fat phase containing a finely dispersed
water phase (no visible water). Approximately 100 g
of the samples were wrapped with polyethylene bags
and covered with aluminium foil to prevent light expo-
sure before storage at 4+1 °C for 2 months.

Cream butter production

The cream (pH 6.60) containing 50 % milk fat
was pasteurized at 85 °C for 5 min and then rapidly
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cooled to 21+1 °C and divided into four aliquots.
One part was starter-free butter (CA). The remain-
ing three parts were inoculated with L. lactis subsp.
lactis biovar. diacetylactis (CB), Leu. mesenteroides
subsp. cremoris (CC) or the mixture of L. lactis subsp.
lactis biovar. diacetylactis plus Leu. mesenteroides
subsp. cremoris (CD). The viable cell counts in the
starter cultures were at approximately 107 cfu/mL
in cream samples. Then, all samples were ripened
overnight at 21+1 °C until the pH reached 5#1,
churned at 14-16 °C, washed twice with cold water
at 13-15 °C and then worked to obtain a homoge-
nous butter granules and to form no visible water.
Packaging and storage conditions were the same
as the yogurt butter samples.

Volatiles in butter samples

The volatile analysis in butter was performed
using a Shimadzu GC-2010 gas chromatography-
QP-2010 mass spectrometry system (Shimadzu
Corporation, Kyoto, Japan) and run in the split (ra-
tio was 1:20) mode. For this aim, 3.0 g of frozen
(-26 °C) butter samples were transferred into a
15-mL glass vial (Supelco, Bellefonte, PA, USA) and
10 pL of internal standard 2-methyl-3-heptanone
in methanol (Sigma-Aldrich Co., Taufkirchen, Ger-
many) was added, which was left at 40 °C for 30
min. Extraction of volatiles was performed using
a solventless technique (Pawliszyn et al, 1997).
Extraction was achieved by injecting a 75-mm
carboxen-polydimethylsiloxane (CARPDMS) fibre
(Supelco, Bellefonte, PA, USA) into the vial and ex-
posing it to the headspace for 30 min at 40 °C. The
fibre was positioned at 3.0 scale units in each run.
Helium was used as the carrier gas at a flow rate
of 1.0 mL/min and a DB-Wax column (60 m x 0.25
mm x 0.25, pm) (J&W Scientific, Folsom, CA, USA)
was used for the separation of volatile compounds.
The oven was held at 40 °C for 2 min which was
raised to 240 °C at a rate of 5 °C per minute and
hold at this temperature for 5 minutes. The total
analysis time for one sample was 47 minutes. The
mass spectrometer was adjusted at 33-450 amu
(threshold 1000) at a sampling rate of 1.11 scans/s.
Before relative calculation of the volatile com-
pounds in butter samples, retention index (RI) at
the same conditions was identified using n-alkane

series C,-C,. (Sigma-Aldrich Co., Taufkirchen, Ger-
many) and was compared with those in http://web-
book.nist.gov/chemistry/. The relative amounts of
volatiles were calculated by the comparison of the
peak area of the internal standard and unknown
compounds. Each compound was expressed as mi-
crograms per 100 g of sample.

Sensory analysis

The sensory properties of the butter samples
were evaluated using the method described by
Cakmakgi et al. (2014) and the sensory criteria
were chosen according to the characteristics of yo-
gurt and cream butters. The sensory properties of
the butter samples by a panel consisting of eight
panelists (ages 20-50-years old) who were expe-
rienced and familiar with yogurt, cream and but-
ter flavour. They were no smoking and also volun-
teer for sensory analysis. The samples (about 50
g, wrapped with aluminium foil and stored at 4 °C)
were used for sensory analysis on 1, 15, 30, 45 and
60 days of storage. The tests were conducted at
Food Engineering (Ataturk University) department
laboratory, by students and teaching staff. Six
parameters including colour, texture, odour, fla-
vour, rancid taste and general acceptability were
evaluated. Scores varied on a scale of 1 (poor) to
9 points (excellent). The tests were conducted at
florescence light. Warm water and plain bread were
used to rinse their palates between butter samples.

Statistical analysis

The experimental design was based on a com-
pletely randomized factorial design as follows:
two materials (cream and yogurt butter) x four
starter culture systems (control without culture, L.
lactis subsp. lactis biovar. diacetylactis, Leu. mesen-
teroides subsp. cremoris, L. lactis subsp. lactis biovar.
diacetylactis + Leu. mesenteroides subsp. cremoris
x five storage times (1, 15, 30, 45 and 60 days)
and two replicates. The SPSS program, version
13.0 13.0 for Windows (SPSS Inc., Chicago, IL, USA)
was used for statistical analysis of the data using
the analysis of variance (ANOVA). Duncan's multi-
ple range tests were used to compare the means.



Additionally, PCA analysis was applied to the data
from GC-MS of volatile compounds to simplify and
graphically assess the changes between butter
samples.

Results and discussion
pH and chemical composition

Table 1 shows pH values and chemical com-
position of the butter samples. The pH values in
the samples ranged from 4.02 (sample YA) to 5.65
(sample CA). Differences in the pH of yogurt and
cream butters samples were significant (P<0.01).
It is most likely that the use of different types of
starter bacteria also changed the pH of butter sam-
ples (P<0.01). The same differences were also ob-
served in the acidity (as percentage of lactic acid)

levels of samples (Table 1). Hayaloglu and Konar
(2001) compared more than twenty-five yogurt or
cream butter from retails and the authors pointed
out that the butter samples made from yogurt con-
tained a higher level of acidity and lower levels of
pH than those of butter samples made from cream.
This may be due to the production of lactic acid dur-
ing fermentation of yogurt by yogurt starter bacte-
ria. Butters made from cream had higher fat, total
solids and fat-free total solids than yogurt samples.

Volatile composition

In this study, a total of 61 volatiles were deter-
mined in both butter types. These volatiles were 10
esters, 6 aldehydes, 11 ketones, 16 alcohols, and 6
acids and are given in Tables 2 to 5 Additionally, 8
other compounds were identified.

TABLE 1. pH and chemical characteristics of fresh butter made from yogurt and cream

Butters
Variants YA (Control) YB YC YD CA B CcC cD
Total solid (%) 81.80+0.33% 80.55+0.814 | 81.04+0.75" | 81.07+0.74"® | 8582+008° | 83.67+0.12¢ | 8533+095" | 83.82+0.33¢
Fat (%) 80.63+0.19° 79564043 | 79.56+066" | 80.19+047"® | 82131025 | 80.69+069° |8225+029° |80.50+041°
Fat-free total solids | 1.18+0.14 0.99+43 148061 0.89+0.38 3.69:0.33 2.98+0.58 3.08+0.71 332+047
pH 4.02+0.00" 407:009" | 4.10+005° 407+003"® | 565:001F 4.67+001¢ 5.56+0.05° 4.67+001¢
Acidity (% la) 0.41+0.03"¢ 0.53+0.03¢ 046+0015¢ | 042+001% | 0.38+0.50*¢ | 023+0.01"® | 0.13+0.00" 0.23+0.01"8

YA: yogurt butter control; YB: yogurt butter produced with L. lactis subsp. lactis biovar. diacetylactis (2 %); YC: yogurt butter produced
with Leu. mesenteroides subsp. cremoris (2 %); YD: yogurt butter produced with Leu. mesenteroides subsp. cremoris (1 %) + L. lactis
subsp. lactis biovar. diacetylactis (1 %); CA: cream butter control; CB: cream butter produced with L. lactis subsp. lactis biovar.
diacetylactis (2 %); CC: cream butter produced with Leu. mesenteroides subsp. cremoris (2 %); CD: cream butter produced with

Leu. mesenteroides subsp. cremoris (1 %) + L. lactis subsp. lactis biovar. diacetylactis (1 %).

M Values in the same row having different superscripts differ significantly (P<0.05).
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TABLE 2. Esters in butters made from yogurt and cream during 60 days of storage (pg/100 g)
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Types of butter Statistics, Probability

Volatiles RI Days | YA YB YC YD CA CB cc cD RM SC ST
Methyl 826 |1 ND 09+06 | 06+00 |06+00 |06:04 15414 1.3+0.7 1006 000 | 000 | 000
acetate

30 1405 1203 15:09 | 07+04 |16+22 04+00 8225 15:02

60 0.5:00 ND 10£04 | 0600 |1.0+00 ND 3600 0301
Ethyl acetate | 887 |1 106496 |16+15 |43+35 |12:05 |24+10 40+35 136456 52452 000 | 000 | 000

30 29+17 22+14 | 32+00 |16:06 | 25124833 |131.0+453 |2324+868 |1751+278

60 1405 04+02 |15:08 |33+£34 |3585+79 |1.0+11. 363.7+1504 | 12614416
2-methyl- 966 |1 ND ND ND ND 0.1:00 ND 0100 ND 000 | 000 | 0001
ethyl
propanoate 30 ND ND ND ND 146+69 ND 16363 ND

60 ND ND ND 01:00 |149+14 ND 79+77 ND
Methyl 985 |1 1.7:00 35:36 12400 |57+29 |28£22 14+00 2924 1.7:00 0001 | 0438 | 0096
butanoate

30 7417 7.2+00 7123 3730 ND ND 1905 0400

60 ND ND ND 33:00 |360+147 | ND ND 30427
Ethyl 1036 |1 01+:00 | 06400 |04+00 |06+02 |1003 09+00 2307 0.7+02 000 | 000 | 000
butanoate

30 0.5:0.1 03:00 | 05+02 |03+01 |672+281 |8762 2853864 | 4308

60 07:03 | 39454 07+03 | 0401 |656£100 |67+28 1195+415 | 44:04
S-methyl 1049 |1 31+10 13403 15401 |1.3:07 ND ND ND ND 0019 | 0000 | 0.002
thioacetate

30 15404 10+0.7 14404 |1.101 ND ND ND ND

60 08:04 | 02:00 |09+02 |13:03 |ND ND ND ND
Ethyl 1236 |1 02:00 | 0201 02+01 | 02:02 |01:00 ND 04+00 ND 0.000 | 0000 | 0.000
hexanoate

30 02+00 | 21+27 04+02 |02+02 |62+05 12407 14534307 120412

60 2018 07+02 |16+00 |02+01 |60+02 15+00 996+144 | 70+08
Ethyl 1439 |1 14410 0801 07+03 | 08:04 | 06+00 1102 0.7+0.1 08+0.1 0.000 | 0000 | 0.000
octanoate

30 05:02 |12:09 06+01 | 0401 |38:03 19£19 445+85 5608

60 52+4.7 30+19 25+04 | 20+09 94+12 6.5+06 354+75 4800
Methyl 1600 |1 1524131 | 74+12 65+23 |81+55 |58+08 90+2.1 73+08 70+1.1 0.146 | 0485 | 0022
decanoate

30 48+1.7 35+16 58+04 |36+07 53+18 41405 68423 45401

60 74+43 58+25 |59+04 |51+19 |142+47 140442 56+03 42+07
Methyl 1809 |1 2423 |1.1:02 10:04 | 06+00 |08+02 12401 1102 09:02 0087 | 0904 | 0029
dodecanoate

30 08:00 |05:00 |09+03 |05:01 |08:03 06+00 0803 0501

60 12407 09+03 | 08+00 |07+02 |[16+09 1.5+00 0.8+0.1 06+0.1
Total esters 739 51.5 52.7 482 872.1 1982 1407.3 3722
(10

RT: retention index; RM: raw material (yogurt and cream); SC: starter culture; ST: storage time (1, 30 and 60. day); YA: yogurt

butter control; YB: yogurt butter produced with L. lactis subsp. lactis biovar. diacetylactis (2 %); YC: yogurt butter produced with Leu.
mesenteroides subsp. cremoris (2 %); YD: yogurt butter produced with Leu. mesenteroides subsp. cremoris (1 %) + L. lactis subsp. lactis
biovar. diacetylactis (1 %); CA: cream butter control; CB: cream butter produced with L. lactis subsp. lactis biovar. diacetylactis (2 %);
CC: cream butter produced with Leu. mesenteroides subsp. cremoris (2 %); CD: cream butter produced with Leu. mesenteroides subsp.
cremoris (1 %) + L. lactis subsp. lactis biovar. diacetylactis (1 %)
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TABLE 3. Aldehydes and ketones in butters made from yogurt and cream during 60 days of storage (ug/100 g)

Types of butter Statistics, Probability
Volatiles RI Days | YA YB YC YD CA CB cc cD RM Sc ST
Acetaldehyde |745 |1 78+33 46+2.1 45+05 |47+30 12+05 18+1.6 0.8+03 1802 0546 |0000 |0.147
30 |47+21 34+24 5314 |33+23 18+08 1.7£0.1 1204 22+03
60 [12+02 1104 [1.8+0.1 3.7+02 33+00 4305 15+00 22+0.1
Butanal 876 |1 ND 02:00 |03:00 |ND ND 0100 ND 0.1:00 0018 (0124 |0274
30 103:02 02+0.1 03+00 |ND 23+25 02+00 ND ND
60 |ND ND 02+00 |03+00 38+32 ND ND ND
3-methy 919 1 ND ND ND ND 08+0.1 03+0.0 ND 02+00 0003 |0014 |0111
butanal
30 |ND ND ND ND 182+136 02+00 ND 02+00
60 |05:00 02+:00 02+¢01 |01:00 |55#1.1 13410 ND 02403
Hexanal 1083 |1 22+08 1107  |1.7+11 10£10 28+06 17102 1504 9110 0000 |0000 |0000
30 |24£15 17+13 29:03 |1.8+02 51.3+578 174+08 ND 100+03
60 |ND ND 75:00 |3.7+28 34794876 [1160:00 |ND 9.7+£35
3-methy-2- {1202 |1 28+08 21+04 18+04 1305 ND 04+00 ND 0.1+00 0820 |0000 |0.000
putandl 30  |1.8+0.1 1.7+08 2703  |16+06 ND ND ND ND
60 |ND ND ND 18+00 ND ND ND ND
Benzaldehyde |1540 |1 1.1:09 06:01 0701 |05:0.1 03202 05£0.1 0400 04201 0016 0927 |0007
30 |04+0.1 04+0.1 1209 |0.7+00 23:24 0.7+02 04+0.1 05+0.1
60 |222+302 |38+29 |1.7£10 |15+1.1 252+6.1 42+03 12+04 0.7+02
Total aldehydes (6) 474 211 328 260 466.7 166.2 7.0 374
Ketones
2-propanone 815 |1 388+324 |60+39 2204252 55+45 48+04 76+85 28+12 43422 0031 0475 |0002
30 |65+20 49+31 92:09 |49+16 129+33 22+07 34+1.1 29+05
60 |657+785 |312+238 |155+12 94459 623+509  |183.7+1068 |69+49 3115
2-butanone  |903 |1 204+407 140406 |163+16 |158+92 |150+15 150+4.5 184+33 106+79 0002 |0000 |0000
30 |172+48 156+14 [115:02 |146+31 ND 150+49 ND 88+11.0
60 |334+159 |344:00 |202+39 |202+10 |122+6.7 358+25 102+144  |31+43
23- 973 1 158+6.7 210465 [281+76 (219+114 |52+01 1875+98 4108 13164501 |0000 |0000 |0000
butanedione
(diacety) 30 122491 2124129 |492+66 |268+02 |63+29 1866+13.1 |21+04 3089+71.3
60 |48:00 51:00 |191+32 |362+20.1 |ND 529+00 ND 2258+16.5
2-pentanone [978 |1 1236+153.1|100+69 |394+451 (11.0+87 146108 71800 125+44 32400 0000 |0014 |0000
30 155471 124473 251431 [147+12 [1408+446 |1540+1506 |305+7.8
60 |3685+39.7 |2955+04 |1868+06 |52.3+538 |5334+2069 411.3+41.7 |4185+2236|626+00
23- 1055 |1 66+16 47+00 |75+16 |41:08 0.1+00 08:04 0.1+00 06+0.1 0021 |0000 |0004
pentandione
30 |42+18 32+03 85+32 |3.1:06 ND 06+0.1 ND 1201
60 |12+00 08+00 |33x00 |41+26 ND 1.1+00 ND 19+10
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TABLE 3. (Continued)

Types of butter Statistics,
Probability
Volatiles RI Days |YA YB YC YD CA B cc (e)] RM |SC ST
2-heptanone |1185 |1 768+173 388+59 415+00 |369+180 |43.6+09 6224278 487+72 482+15 0050 {0230 | 0.000
30 465+12.1 394+156 954+42.8 |459+4.2 1619+592  |1329+96.2 94.5+14.7 62.0+4.7
60 1129.4+£1253.8 | 949.6+540.1 |3450+9.8 |1138+80.7 |1137.5+7285 [1943.6+11619 |814.7+3900 [133.7+41.1
3-hydroxy-2- {1291 |1 7141273 523+16.7 655+87 |614+356 |23.8:0.7 657.1£2106 |52+19 3478+1040 |0.000 |0000 |0.293
butanone
. 30 438+11.8 56.1+358 |1055+49 |534+06 20214224 |244.8+472 892+404  |2457+54.8
(Acetoine)
60 |61.3+170 794£124  |1088+287|249+340 |2458+73 5490464 338+245 256.7+548
2-Nonanon 1395 |1 489+43.1 229+64 201493 |223+£101 [166+30 253+34 18.7:0.7 18026 0161 |0.149 | 0.000
30 145+32 11.5+42 282+14.1 14329 343+7.3 231118 205+33 14102
60 232342686 161541192 |751+246 (134+151 |301.6+197.5 |5654+486.7 (2021615 |66.7+108
8-Nonanone- 1450 |1 44+49 1.6+09 15412 1.1+00 1105 ND 1.3+02 04+00 0.095 | 0821 |0.000
2-one
30 |07:03 0603 3800 0604 30:07 ND 15+03 ND
60 |46.1+558 3374265 [131+24 |65+53 5424442 ND 395+179 |ND
2- 1501 |1 ND 0200 0200 ND ND ND ND ND 0051 |0.150 | 0.001
decanone
30 |0.1:00 0.1+00 02+:00 |0.1+00 02+0.1 0.1+00 0.1+000 0.1+00
60 06+06 03+02 ND ND 0.7+00 1412 05+0.1 ND
2- 1607 1 50+38 26+0.1 24+06 44+39 2202 36+09 26+03 26+05 0352 |0.166 |0.008
undecanone
30 |21:05 1.7+06 29:03 1.8+02 2909 2000 3310 23201
60 |50+3.7 3514 34204 2813 89+44 132401 51+13 24201
Total ketones (11) 25233 1935.8 13743 6482 3047.2 5549.6 1890.8 1998.5

RT: retention index; RM: raw material (yogurt and cream); SC: starter culture; ST: storage time (1, 30 and 60. day); YA: yogurt
butter control; YB: yogurt butter produced with L. lactis subsp. lactis biovar. diacetylactis (2 %); YC: yogurt butter produced with Leu.
mesenteroides subsp. cremoris (2 %); YD: yogurt butter produced with Leu. mesenteroides subsp. cremoris (1 %) + L. lactis subsp. lactis
biovar. diacetylactis (1 %); CA: cream butter control; CB: cream butter produced with L. lactis subsp. lactis biovar. diacetylactis (2 %);
CC: cream butter produced with Leu. mesenteroides subsp. cremoris (2 %); CD: cream butter produced with Leu. mesenteroides subsp.
cremoris (1 %) + L. lactis subsp. lactis biovar. diacetylactis (1 %)

TABLE 4. Alcohols in butters made from yogurt and cream during 60 days of storage (pg/100 g)

Types of butter Statistics, Probability

Volatiles  |RI Days |YA YB YC YD CA CB cc D RM |sC |ST
2-Propanol |929 1 08:00 |08:00 [1.0+00 07+00  |05+00 ND ND ND 0000 |0410|0.000

30 07:04 |05:05 [12201 09:0.1 0400 ND 0.5+0.1 ND

60 1314 0401 1203 13£10 1.6:04 07:00 |55+24 ND
Ethanol 934 1 35+0.1 23421 1.8+06 26426 651436 |408+27.8 |1760+60642.2+351 |0.005 |0.000|0.003

30 31403 19:+06 29407 21+03  |362+237 277491 |479+119 |435+22.7

60 19+14 1.7+05 33+05 4234 489+134 |147+45 |357+179 349250
2-Methyl1- {1090 1 ND 02+00 |02+00 ND 06+0.1 ND ND 06+00 |0000 0027|0003
propanol

30 01:00 |03+00 |04+00 ND 54421 ND 0.1+00 ND

60 03+00 |07+00 |06+09 |02:00 ND ND 0.8+00 ND




TABLE 4. (Continued) g
3
Q.
Types of butter Statistics, Probability UE_
Volatiles  |RI Days |YA YB YC YD cA B cc (@) RM |sC |sT ;
2-Pentanol 1119 1 22:00 |01:00 [13:00 |ND 00:00 |00:00 |02:06 [01:00 |0005 |0002|0000 e
30 ND ND ND ND 10:04  |ND 16:04 0101 s
60 28434 |43+45 |08:05 |ND 76+39  |399+381 |77.0+517 |04+02 %
1-Butanol  [1144 1 04:01 |05:00 |05:00 |04:00 |47:05 [10:02 |07:03 |06:00 0000 |0000|0000 3
30 05:02 |05:02 |07:01 |05:02 [1028:710(12:07 [11:12  |08:00 %
60 14:13  |04:03 |07:04 |09:08 |4770:00 |46:13 |ND 07401 ]
1-Pentene- |1158 1 ND ND ND ND ND 04:01 |ND 02+:00 |0000 |0000(0008 2
5ol 30 ND ND ND ND 03:00 |04:00 |ND 07+01 2
60 02:02 |01:00 [02:00 [02:00 |ND 08:06  |ND 06103 “f
3-methy-1- {1207 1 24512 [12:01  [19:01 [16:09 |14:05 |09:05 |08:00 |08:06 |0000 |0000 0000 g
butanol 30 22:03 [17:07 [25:03 [12:05 |778:220 |09:04 |48:16 |09:05 =
60 33+21  |31:02  |36£17 [14:07  [10162263 [13+12  |73:16  |04:00 5
1-pentanol 1250 1 3103 1.6+03 2103 14+08 1.7+02 3.7+02 1905 30+0.1 0.000 |0.000|0.000 g
30 24105 [16:07  [25:05 [18:01 |56+27  |58:23 |13:01  |45:01 g
60 35510  |39:04 |28:05 [13:05 |334:106 |62:05 |06:02 |40:06 °§
2-Heptanol |1319 1 ND ND ND ND ND 03:00 |[ND 07+01 |0241 |0064|0084 =
30 ND ND 05:00 |ND ND 04:02 |44:12 04403 E
60 12:00 |09:03 |05:02 |ND 308:08 |162+165 |ND 05102 3
Z-methyl- 1322 1 ND ND 14:01 0502 |ND ND ND 05:00 |0002 |0000|0501 =
2-buten- 30 05:03 |02:01 |03:04 [02:01 |ND ND ND 0200 i
i 60 10:00 |02:01 |05:02 [02:00 |ND ND ND ND IS
T-Hexanol  [1351 1 3514 (21106 |27:02 [17:05 [12:03  [14:00 |09:06 [10:01  |0000 |0000|0000 a
30 ND 5114  |ND 9311740 |72+30  |40:07  |32:00 i
60 ND 58:02  [46:05 |ND 5629:00 |730+29 [89:34  |48+13 %
T-heptanol 1456 1 05:03 [02:00 |08:04 |02:02 |04:00 |90:00 [04:00 |ND 0000 |0000|0000 =
30 05:00 |03:00 |06:01 [03:01 |ND ND 09:02  |[ND g
60 12:07 [10:02 |08:02 |06:03 |ND ND ND ND §
2-ethyl-1- 1490 1 09:01 |06:03 |08:04 |07:05 |02:00 |03:00 |03:00 |02:00 |0028 |0002|0.106 N
hexanol 30 06:01 |04:01 [13:12 |05:02 |06+02 |06+02 [14:03 |04+00 S
60 09:00 |07:01 [11:06 |04:04 |05:01 |03:01 |ND 02101
2-nonanol  |1519 1 371430 |14:05 [13:09 [12:04 [10:03 [13:02 |07:00 |07:00 |0591 |0332|0014
30 05:01 |04:03 |07+¢00 |04:01 |03+00 |04+01 |04:02 |04:01
60 04:05 |04:02 |03:01 [03:02 |ND 16:17 |07:01 |ND
T-octanol  |1560 1 04:00 |04:01 |03:00 |02:01 |02:00 |03:00 [02:01 |03:01 0000 |0000 0000
30 03:00 |04:01 |04:01 [02:00 |34:20 |05:00 [12:02 [1.1:07
60 08:06 |06:02 |05:02 |04:02 |704:04 [152+47 |41222 |21:1]
23 1581 1 10:00 |22:00 |06:00 0900 |ND ND ND 40+09  |0001 |0000 0000
butanodiol 30 |04:04 |05:00 |ND ND 178:00 |12:00 |158:83 |258:54
60 ND ND ND ND 270:00 |129:00 |482:226 |419:24
Total alcohol (16) 54.4 465 57.3 316 17568 2931 4563 2274

RT: retention index; RM: raw material (yogurt and cream); SC: starter culture; ST: storage time (1, 30 and 60. day); YA: yogurt

butter control; YB: yogurt butter produced with L. lactis subsp. lactis biovar. diacetylactis (2 %); YC: yogurt butter produced with Leu.
mesenteroides subsp. cremoris (2 %); YD: yogurt butter produced with Leu. mesenteroides subsp. cremoris (1 %) + L. lactis subsp. lactis
biovar. diacetylactis (1 %); CA: cream butter control; CB: cream butter produced with L. lactis subsp. lactis biovar. diacetylactis (2 %);
CC: cream butter produced with Leu. mesenteroides subsp. cremoris (2 9%); CD: cream butter produced with Leu. mesenteroides subsp.
cremoris (1 %) + L. lactis subsp. lactis biovar. diacetylactis (1 %)
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TABLE 5. Carboxylic acids in butters made from yogurt and cream during 60 days of storage (ug/100 g)

Types of butter Statistics, Probability

Volatiles |RI Days | YA YB YC YD CA CB cC cb RM |SC ST
Acetic 1469 |1 13727 309+347 [196+79 |235+189(116+11.8 2417+£1382 |404+329 |169.1+95.1 |0.000 [0.000 0033
acid

30 182+44 341+224 |323+88 |162+23 [107.7+82 2158+1008 |164+1.7 396.8+25.1

60 |147+34 237+222 1299+19 |268+21.8/1380+505 38242335 |672+223 |397.1+783
2-Methyl- |1588 |1 ND ND ND ND ND ND ND ND 0000 |0.000 |0.000
propanoic
acid 30 0400 1617 ND ND 83+00 39+44 ND ND

60 |3.1+00 06+0.3 09+00 |06+00 [10.1+00 ND ND ND
Butanoic {1650 |1 3934226 376+338 |262+103|14.1+262 |262+11.1 1009+53.7 |170+195 |763+287 |0.005 |0.001 |0.001
(butyric)
acid 30 |724+103 536+160 |656+92 [210+42 |9364+3545 |129.3+8.7 20.7+88 1342+32

60 |2675+1324 |156.7+142.1|75.8+23.8 |64.0+31.2|2074.7+666.6 |297.0+1399 |454.6+299.7 |136.2+21.7
3-methyl- (1700 |1 18+14 14+08 1.1:00 |14+09 ND ND ND ND 0000 |0000 |0.000
butanoic
acid 30 |19+00 1.7+0.7 25+03 |08+00 |82+35 24+01 ND 13+00

60 |29+21 16+00 1905 |1.3£10 (12722 6.7+46 41+00 ND
Pentanoic {1766 |1 ND 08+00 ND ND ND ND ND ND 0.000 |0.000 |0.000
acid

30 ND ND ND ND 4100 ND ND ND

60 0507 ND ND ND 5.7+0.7 ND ND ND
Hexanoic {1870 |1 812+318 4384212 42513 |51.8+419334+40 31198 348+11.1  |473+62 0000 [0010 |0.000
acid (1861)

30 69.1+9.3 593213 |802+136|399+32 |2058+704 |40.7+59 31496 620+2.7

60 100691 66.8+158 |59.3+11.9 |530+14.3 |4474+1583 |2040+162.1 |576+255 |40.7+0.1
Total acids (6) 687.3 514.2 437.8 3144 4030.3 1655.9 7442 1461.0

RT: retention index; RM: raw material (yogurt and cream); SC: starter culture; ST: storage time (1, 30 and 60. day); YA: yogurt

butter control; YB: yogurt butter produced with L. lactis subsp. lactis biovar. diacetylactis (2 %); YC: yogurt butter produced with Leu.
mesenteroides subsp. cremoris (2 %); YD: yogurt butter produced with Leu. mesenteroides subsp. cremoris (1 %) + L. lactis subsp. lactis
biovar. diacetylactis (1 %); CA: cream butter control; CB: cream butter produced with L. lactis subsp. lactis biovar. diacetylactis (2 %);
CC: cream butter produced with Leu. mesenteroides subsp. cremoris (2 %); CD: cream butter produced with Leu. mesenteroides subsp.
cremoris (1 %) + L. lactis subsp. lactis biovar. diacetylactis (1 %)



Esters

Esters, which give a fruity flavour, are one of
most abundant volatiles in dairy products and low
concentrations of esters are contribute to the fla-
vour balance in food (Puniya, 2016). In general,
higher concentrations of ester compounds were
determined in cream butter than in yogurt samples.
All factors (raw material, starter type, and storage
period) had statistically affected all types of esters
compounds. However, starter type and storage pe-
riod were not statistically significant for the forma-
tion of methyl butanoate, methyl decanoate and
methyl dodecanoate (Table 2). Ethyl acetate, ethyl
butanoate, ethyl octanoate, methyl decanoate, and
methyl dodecanoate were determined during stor-
age in both butter samples. S-methyl thioacetate
was only observed in yogurt butter samples during
storage. Thioesters contain a free sulphydryl group
that gives the characteristic aroma of onion, gar-
lic and some fruits (Yahia, 2017). It was thought
that thioester in yogurt butter samples may be
formed by a thermal process, i.e,, during heat treat-
ment of yogurt milk (Yu and Ho, 1995). The starter
and storage period had significant effects on the
esters (P<0.01). While ethyl acetate was lower in
YB and CB samples produced with L. lactis subsp.
lactis biovar. diacetylactis at the end of storage,
ethyl butanoate, ethyl octanoate, methyl deconoate
and methyl dodeconate were lower in YD and CD
samples produced with the mixture of Leu. mesen-
teroides subsp. cremoris and L. lactis subsp. lactis
biovar. diacetylactis at the end of storage. It was re-
ported that these esters depende on the type of mi-
croorganism, environmental conditions, and precur-
sors for the formation of esters (Ruiz Rodriguez
et al, 2019). The data from GC-MS analysis were
subjected to PCA which was a good tool to reduce
large data to understand any differences between
the samples (Figure 1).

Principal components PCT and PC2 contained
30 % and 18 % of the total variance, respective-
ly (Figure 1). From the PCA analysis, yogurt and
cream butter samples were separated on the plot.
While yogurt butter samples were located on the
positive side of PC1, cream butter samples were
positioned on the negative side of the same com-
ponent. Although all cream butter samples were lo-
cated in the same group, 60 day-old cream butter
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YA: yogurt butter control; YB: yogurt butter produced with

L. lactis subsp. lactis biovar. diacetylactis (2 %); YC: yogurt
butter produced with Leu. mesenteroides subsp. cremoris (2

%); YD: yogurt butter produced with Leu. mesenteroides subsp.
cremoris (1 %) + L. lactis subsp. lactis biovar. diacetylactis (%
1); CA: cream butter control; CB: cream butter produced with L.
lactis subsp. lactis biovar. diacetylactis (2 %); CC: cream butter
produced with Leu. mesenteroides subsp. cremoris (2 %); CD:
cream butter produced with Leu. mesenteroides subsp. cremoris
(1 9%) + L. lactis subsp. lactis biovar. diacetylactis (1 %), lower
letters in a row (same samples in different storage days) and
capital letters (different samples in same storage days) with no
common superscript differ (P<0.05).

FIGURE 1. Principal component analysis (PCA) of the volatiles
data of butter samples during 1, 30 and 60 days of storage

exhibited a different volatile profile, as shown in
the plot. This butter sample contained high levels
of 2-pentanone, methyl butanoate, 3-methyl-bo-
tanoate, hexanal, 3-methyl-1-butanol, butyric acid,
and hexanoic acid. On the other hand, for all sam-
ples of yogurt butter grouped together, the stor-
age period or ripening conditions only had a slight
effect on the volatile profile of yogurt samples,
as shown on the plot. This can be explained by
the suppression of yogurt starters on Leu. mesen-
teroides subsp. cremoris and L. lactis subsp. lactis
biovar. diacetylactis, which did not grow as much
as yogurt starters (not data shown). However, use
of the starter in cream butter showed predomi-
nant activity in the butter samples, resulting in
less hexanoic and butyric acid production, which
were found at high levels in control cream butter.
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Aldehydes and ketones

The total concentration of aldehydes was high-
er in cream butter than in yogurt samples. Addi-
tionally, 3-methyl-2-butanal, 3-methyl butanal, and
butanal were determined at different storage peri-
ods in both types of butter, and they had fluctuat-
ing levels. 3-methyl-2-butanal was not affected by
the raw material; however, benzaldehyde (by starter
type), 3-methyl butanal (by storage time), butanal
(by starter culture and storage time) and acetalde-
hyde (by raw material and storage time) were not
affected by the factors in the parenthesis (Table 3).
As seen in Table 3, acetaldehyde and benzaldehyde
were the most abundant aldehydes determined in
butter samples. The level of acetaldehyde decreased
in yogurt butter; while its concentration increased in
cream butter samples at the end of storage period.
Although acetaldehyde was highest in the YA sample
on the first day, it was also high in the YD and CB
samples of butter at the end of storage. Decrease
in the acetaldehyde and ethanol levels in yogurt but-
ter samples coincided with an increasing acetic acid
level (Tables 3, 4 and 5). Gurkan and Hayaloglu
(2017) also found that the amount of acetaldehyde
decreased in yoghurt during storage. Some authors
reported that the conversion of acetaldehyde, acetic
acid and ethanol was correlated with water activity
and pH (Liu et al, 1997). In the present study, the pH
of yogurt butter samples was lower when compared
to those of cream butter. The acidity levels were vice
versa. The benzaldehyde level was increased in both
butter types throughout the storage period and there
were some fluctuations. The lowest benzaldehyde
level was detected in the CD sample and the highest
was found in the control sample in yogurt and cream
butters at the end of storage. The starter culture had
a significant effect on acetaldehyde at a P<0.01 level.
The level of hexanal was higher in cream butter.

Methyl ketones are normally principal flavour
compounds in Blue cheeses and arise by the enzy-
matic oxidation of free fatty acids in dairy products
(Engels et al, 1997). Some bacteria are able to
form methyl ketones via the oxidation of aliphat-
ic hydrocarbons at the methylene carbon a to the
methyl group (McSweeney and Sousa, 2000).
On the other hand, cheeses, milk, butter, and other
dairy products have been shown contain these com-
pounds in addition to the plants and their products

(Kaminarides et al,, 2007). In this study, a total of
11 ketones, the most abundant of which were 2-pen-
tanone, 2- heptanone, acetoin and 2-nonanone, were
found in both butter types (Table 3). Starter type did
not change the concentration of 2-propanone, 2-hep-
tanone. On the other hand, acetoine was influenced
by starter type, while the levels of 2-nonanon, 8-no-
nanone-2-one and 2-undecanone was not changed
by raw material and starter type (Table 3). General-
ly, ketone concentrations were high in B samples of
butter. The starter culture had no significant effect
on ketones except for 2-pentanone, 2,3-pentandione,
2-butanone and diacetyl, but the storage time was
generally important (P<0.01). Although the total ke-
tone levels were high in yogurt control sample, the
B sample had the highest concentration compared
to the C and D samples. These could be due to the
differences in combination of starter bacteria and
their growth conditions in yogurt or cream. Diacetyl is
one of dominant carbonyl compound in butter, yogurt
and other milk products (Clark and Winter, 2015;
Demirkol et al, 2016). The diacetyl level was high-
estin YD and CD samples, which were produced with
mixed culture. In general, the levels of diacetyl de-
creased in all samples with exception of YD and CD
samples throughout the storage period. In addition,
diacetyl was disappeared in the CA and CC samples
at the end of storage. These results showed that
mixed starter cultures formed more diacetyl than
the single ones. Edris and Schirle-Keller (2010)
reported that although diacetyl is generally produced
by strains of Leuconostoc, it is also produced in high
levels by S. diacetylactis, Leu. citrovorum and some
strains of Leu. dextranicum. Lactococcus lactis subsp.
lactis biovar. diacetylactis which was isolated from
a naturally fermented milk. The latter one was also
found to produce malt-flavour in milk products in ad-
dition to other aroma compounds such as diacetyl,
acetoin, and acetaldehyde (Mutukumira, 1996).
Same authors noted that citrate negative Lacto-
coccus lactis subsp. lactis produce undesirable malty
compounds in dairy products. Reineccius (2006)
reported that diacetyl produced by starter culture is
not stable enough because it converts into acetoin
and 2,3-butanodiol via diacetyl reductase enzyme of
the microorganism. Generally, the ketones detected
in cream butter samples in the present study were
also detected in other studies, such as Peterson
and Reineccius (2003) or Lozano et al. (2007).



Alcohols

In comparison to other compounds alcohols con-
tribute more or less to the flavour when they are not
saturated (1-octen-3-ol) or at a high level (Reinec-
cius, 2006). As seen from Table 4, total alcohols were
considerably higher in cream butter samples than in
yoghurt samples. 1-pentanol, 3-methyl-1-butanal,
1-octanol, 1-butanol were detected in increasing lev-
els in all butter samples throughout the storage period.
The lowest alcohols were determined in samples of D
for the both types of butter. Type of starter culture did
not influence the level of 2-propanol and 2-nonanol.
Also, storage time did not change the level of 3-me-
thyl-2-buten-1-ol, 2-ethyl-1-hexanol and 2-heptanol.
The concentrations of alcohols and acids significantly
changed in relation to the type of raw material, starter
culture and storage time (Tables 4 and 5).

The level of ethanol was higher in cream butter
samples than in yogurt samples and it showed some
fluctuations during storage. In some sampling times,
the levels of ethanol were also increased in the YC
and YD samples containing Leuconostoc sp.; but not
higher than those in cream butter samples. Such re-
sults can be explained by the combined effect of yo-
gurt and butter cultures. Its decrease in cream butter
samples could be due to the decreasing number of
Leu. mesenteroides subsp. cremoris (data not shown).
Additionally, Karatapanis et al (2006) reported
that the packaging material affected the ethanol lev-
el and that excessive ethanol formed in polyethylene
and carton packaging material because of ethyl and
methyl esters of butyric and hexanoic acid as well as
methyl esters of octanoic acid. Additionally, Lb. del-
brueckii subsp. bulgaricus and S. thermophilus, which
have aldehyde and alcohol dehydrogenase enzyme,
can catalyse glucose and form acetaldehyde and
ethanol (Tamime and Robinson, 2007).

Carboxylic acids

In this study acetic acid, 2-methyl-propionic acid,
3-methyl-butanoic acid, pentanoic acid, butyric acid
and hexanoic acid were among the detected volatile
acid compounds (Table 5). Starter culture, raw ma-
terial and storage time were statistically important
for all acids (P<0.01). The total carboxylic acids were
considerably higher in cream butter samples than in

yogurt butter samples. Acetic, butyric and hexanoic
acid were present duirng the entire storage period in
both butter types, and butyric acid was the highest.
Demirkol et al. (2006) found acetic (15.67-62642
pg/kg) and butyric acid (1113-89605 pg/kg) in butter
samples provided from local market. Butyric acid is
produced by the fermentation of butyric acid bac-
teria or degradation of amino acids, and the other
volatile fatty acids are formed from lactate (Fox and
Wallace, 1997). Butyric acid increased in all butter
samples throughout the storage time. The lowest
butyric acid level was observed in sample D and the
highest was seen in the control butter samples at
the end of storage. There are different results in the
literature for butyric acid. For example, while Ozcan
et al. (2016) determined butyric acid present in Trab-
zon butters between 1.87 and 2.17, Karaca et al.
(2018) found that butyric acid content of control and
kefir cultured butter samples were 0.698 and 0.337
%, respectively. Beshkova et al. (1998) found 8.9-
10.8 mg/kg for yogurt samples. The concentration of
free acids, including butyric acid, changed by lipolysis
and the action of membrane lipases or native lipas-
es present in milk during the manufacture of yogurt
or cream before butter-making. The other important
result was that although hexanoic acid increased
at the end of the storage period compared to the
first day, there were some fluctuations at interme-
diate storage times in all butter samples, except in
the sample CD, which decreased at the end of stor-
age. The lowest level of this acid was formed in the
sample D in both butter sample types at the end of
storage. Najera-Dominguez et al. (2014) report-
ed that the origin of Lactotoccus lactis (vegetables,
raw milk products, and industrial cultures) can be a
reason for variation in volatile compounds although
some compounds were same such as acetic, lactic,
butyric, and caproic acids, acetoin, 3-methyl-1-bu-
tanol, and 2,3-butanediol. On the other hand, these
authors noted that the metabolic and genetic differ-
ences of these strains were not clear and more re-
search is required to understand these. Narvhus et
al. (1998) showed that incubation temperature had a
significant effect on growth rate of starter and the rate
of production and amount of the malty-like compounds
and lactate, diacetyl, ethanol, acetoin and acetaldehyde.
On the other hand, same authors reported that adap-
tation of L lactis from plant environment to the milk
environment could cause the loss of certain metabolic
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capabilities derived. L. lactis isolated from vegetables
or raw milk products are capable of generate flavors
different from those produced by industrial strains
(Ayad et al, 2001; Lopez-Gonzalez etal, 2018).

Other compounds

In this study, two sulphides, three terpenes and
three miscellanous compounds were identified in
both butter types. Two sulphide compounds, includ-
ing carbon disulphide and dimethyl disulphide were
detected. Sulphur compounds were higher in yogurt
butter samples than in cream samples. This could be
due to the protein content and the high heat treat-
ment of yogurt milk. The highest level of carbon di-
sulphide was observed in YA and CC samples. It was
reported that the formation of dimethyl disulfide and
dimethyl trisulfide can be a result of further oxidation
of methanethiol formed by strecker degradation of
methionine (Kaminadires etal, 2013). Terpene
compounds originate from plants and can be found
in milk and milk products depending on the feeding
conditions (Valdivielso et al. 2017). The levels of
terpenes, especially of a-pinene, B-pinen, and cham-
pane were higher in yogurt butter than cream, which
was probably due to the processing of milk obtained
from the grazing in pasture. The miscellanous vol-
atiles were chloroform, toluene and styrene. Tolu-
ene and styrene were also found in Erzincan Tulum
cheese samples during ripening (Cakir et al, 2016).
Some researchers noted that these compound
types can be detected on roads, soils, and in and out
of barns (Ciganek and Neca, 2008). Lozano et al.
(2007) showed that the packaging material had an
important effect on the styrene level in butter sam-
ples packed with aluminium foil and wax material as
well as reported that aluminium foil was better for
inhibiting the passage of styrene to the product. On
the other hand, toluene could result from hydrolysis
of B-carotene, while chloroform could be from sani-
tizing materials used for milking equipment (Marsili
and Miller, 1998).

Sensory properties

As seen from Table 6, the sensory attributes of
the butter samples after 1, 15, 30, 45 and 60 days

of storage were evaluated. All samples were given
good scores by the assessors. However, butter sam-
ples produced with starter cultures generally had
higher scores than control samples at the end of
storage. All butter samples showed a decreasing
tendency towards the end of the storage period,
and control samples of both butter types had the
lowest scores. There was no difference in the col-
our, texture, and odour scores between yogurt and
cream butter samples at the end of storage. On the
first day of storage, the YB sample was significantly
different for the flavour, rancid taste and general
acceptability scores compared to other samples,
but there was no difference at the end of storage.
However, the highest flavour score was given to the
YB sample at the end of storage. This could be due
to the acetaldehyde and diacetyl production by L.
lactis subsp. lactis biovar. diacetylactis, which is re-
sponsible for the butter aroma. On the other hand,
the highest rancid taste and general acceptability
were given to the YD sample at the end of storage.
The rancid taste scores decreased as the storage
period proceeded. According to the sensory evalu-
ation test, the scores between 9 to 8; 7-6; 5-4; and
3-2 indicated no rancid taste’; ‘little rancid taste’;
‘perceived rancid taste’ and ‘cannot be accepted’
respectively. The observed decrease in rancid taste
scores was most probably caused by the increase
in free fatty acids during the shelf-life especially
butyric acids as seen in Table 5. Rancid flavour and
odour appeared most probably due to the lipolysis
of milk fat. The short-chain free acids (especially
C4:0 and C6:0) from milk fats hydrolysed by lipase
enzyme which can be of natural and of microbial or-
igin, are responsible for rancid character (Couvreur
et al, 2006). Also the values for peroxide in the but-
ters changed from 0.41 to 0.94 meq O,/kg milk fat
(data not shown) which were tolerable values for
butter samples in Turkey. Although all properties
were close to each other during the storage period,
butter samples produced with starter culture were
more preferred than the control ones. The sample
D containing mixture of starters had the highest
scores for general acceptability at the end of stor-
age. Based on the result of the sensory scores, but-
ter produced with starter had higher scores than
control samples at the end of storage. Karaca et
al. (2018) reported that butters produced with nat-
ural kefir culture had better sensory properties than



TABLE 6. Sensory analysis of butters made from yogurt and cream during 60 days of storage

Types of butter

Variants Days | YA YB YC YD CA CB cc cb
Colour 1 8.1+0.180 | 83+0.8c | 82+00% |79+0.1% |79+008« |7.8+0.14* |7.8+0.14* |7.8+0.14=
15 81+0.1* | 82+02* | 80+02% |81+00* |80+02* |80+0.14% |80+0.3* |7.8+024=
30 [79+02%8% |78+004 |7.9+03%= |82+018° |82+0.1%2 |81+0.0% |81+02*8= |81+02%a
45  |7.8+02* |78+00% |7.8:03% |76+04* |81+03* |82+02* |82+03* |81+0.14
60 |7.6+02%= |72+014 764052 |77+02%® |79+018= |7.8+0714® |79+008= | 80+0.1%°
Texture 1 7940140 | 80+04A¢ |7.8+024c |7.7+02A% |78+00* |76+0.1% |75+03% |7.4+05
15 82+0.180 | 80+02%8Cc | 764024 | 80+0.1%¢ | 82+0.1%0 | 80+0.0°% |7.+04%8a  |7.8+0248a
30 [7.1+02% |73:00% |7.8:00% |82+00%° |83+0.1% |82+0.1¢ |82+0.1% |81+0.1¢
45 |71+00% |7.1+02%0 | 74401480 |75:048C2 |79+028C | 81+04% |7.9+0.18= |7.9+0.48Ca
60 |72+0.1%2 | 65:0.14= 72401482 |75+02"= |75+05% |73+1.1%= |76+06/= |80+016%
Odour 1 72+00 | 81+0.1¢¢ |7.3+02% |75+008¢ |75+0.18° |7.1+0.1% | 7.1+00% |7.4+0.3%a
15 73401 |79+0.18¢ |76+03%b |77+00%¢ |75+00%° |7.8+00%2 |73+05%2 |76+0374
30 6.9+02° |7.4+018% |75+008° |75+008¢ |7.7+008° |7.7+008« |72+04%= |75+038a
45 6.8+0.4"8%0 | 70+02%8 | 7240280 |72+00%° |64+02% |7.4+0.182 |7.4+0682 |7.2+02%8a
60 |64+00 |64:03* |67+00% |69+0.1% |60+05 |64+0.14* |66+06* |7.5+0.14
Flavour 1 7140280 | 80+02° |7.2+02%8b |73+028° |74+028° |68+03% | 68+02°° |7.2+0.71%8a
15 6.8+0.4* |7.4+00/%° |7.7+0.128¢ |73+00%° |76+02%0 |7.7+068« |7.1+04%80 |7.4+0.148a
30 6.6+02° |75+03 724015 |69+02"8% |77+01% |74+01% |67+02°% |74+01¢
45 6.6+0.0"% | 67+04% | 684025 |68+0.18% |59+06° |65+0.7%8 |7.1+048° |7.2+0282
60 | 64+00%% | 6.7+008 | 654014 | 66+04°* |56+05 |64+0.8%C | 61+02%2 |72+02¢
Rancid taste |1 72+01%¢ | 83+00% |7.3+0.1%80 |7.7+00Pc |75+02800 |7.8+00° | 7.4+0.2/8 | 7740200
15 72400 |81+008¢ |7.8+02%b |7.8+00%c |7.7+048° 794028 |81+05% |79+018°
30 |[73+01% |7.1+00%  |7.2:04% | 7.4+00"° |7.8+0.18% |79+02% |77+0.1B% |7.85+0.18¢h
45 6.9+0.0" | 68+0.1800 | 67+40.0% | 68+03°P= |58+05 |64+0.18%¢ |7.0+0.10= |72+0.102
60 |64+01% |63:00* | 62401 |68+0.1%2 |56+12% |63+0.14* |68+06% |7.8+0.1%°
General 1 73:00MC | 83+020¢ | 7.5+0.180 |7.3+02/8C0c | 76+00 |7.1£0.3/8a | 7.0+0.14 | 7.4402"8Ca
acceptability |15 72+05% | 80+0.1" |79+02Ac |7.7+02°¢ |7.7+02"° |77+05% |75+04* |7.6+0.1"
30 6.7+0.17 |7.1£0.18¢ |73:0.18 |7.4+00%c |7.8+0.1% |7.7:0.1° |72:0.18% |7.8+0.10a
45 6.7+0.1"82b | 67401780 | 66+02%8a |7.1£0.182> |62+08% |69:+0.5® |73+018> |7.5+008a
60 | 62:04%a |62:00"2 |63+00% |68+00%2 |59:+05 |66+£04%8C | 65+04%Ca |734+0.4C

YA: yogurt butter control; YB: yogurt butter produced with L. lactis subsp. lactis biovar. diacetylactis (2 %); YC: yogurt butter produced

with Leu. mesenteroides subsp. cremoris (2 %); YD: yogurt butter produced with Leu. mesenteroides subsp. cremoris (1 %) + L. lactis
subsp. lactis biovar. diacetylactis (1 9%); CA: cream butter control; CB: cream butter produced with L. lactis subsp. lactis biovar.
diacetylactis (2 %); CC: cream butter produced with Leu. mesenteroides subsp. cremoris (2 %); CD: cream butter produced with
Leu. mesenteroides subsp. cremoris (1 %) + L. lactis subsp. lactis biovar. diacetylactis (1 %), lower letters in a row (same samples in
different storage days) and capital letters (different samples in same storage days) with no common superscript differ (P<0.05).

control butter. During sensory evaluation, sample D
was selected as the most popular butter by the as-
sessors in terms of the general acceptability. It was
showed that the use of starters or storage time
significantly influenced the SPME/GC-MS volatile
fraction and sensory characteristics of the samples.
Bacteria of the genus Leuconostoc are used in dairy
industry as they produce carbon dioxide and flavour
compounds by the heterofermentative utilization
of lactose and citrate. The production of volatile

compounds in butter such as diacetyl or acetoin,
which are produced by citrate and sugar co-me-
tabolism (Schmitt et al, 1997). In this context, use
of starters in production and storage of the sam-
ples caused significant effects on the formation of

diacetyl, butyric and hexanoic acids.

Morgan et al (1966) noted that malty com-
pounds are metabolites of specific amino acids,
which are deaminated and decarboxylated. For
example, leucine is metabolised to 3-methy-1-butanal
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and the corresponding alcohol; isoleucine is metab-
olised to 2-methyl-1-butanal/butanol; and finally
valine is metabolised to 2-methyl-1-propanal/pro-
panol (Narvhus et al, 1998). In this study, these
compounds were found in high concentrations in
cream butters because the levels of fat-free sub-
stance (Table 1) were higher in cream butters than
yogurt butters.

Conclusion

In this study, the use of starter culture in the
manufacture of the two types of butter (yogurt or
cream butter types) was discussed during storage.
The numbers of volatile compounds of cream but-
ter were higher than those of yogurt butter. The
principal component analysis of data showed that
the samples were primarily grouped based on raw
material (cream or yogurt) and then according to
storage time. After sensory evaluation of sam-
ples, butter samples produced with starter cultures

had higher scores than the non-starter containing
control sample. The highest general acceptability
scores were given for the butter samples contain-
ing mixed cultures at the end of storage. The re-
sults showed that the use of starter culture in the
manufacture of yogurt butter, which is traditionally
produced without starters, significantly affected
the volatile composition and sensory properties. In
conclusion, it is suggested that starter D containing
Leu. mesenteroides subsp. cremoris + L. lactis subsp.
lactis biovar. diacetylactis was suitable for produc-
ing yogurt and cream butter with the best volatile
characteristics. However, further studies need to be
conducted to identify the best culture and condi-
tions for yogurt butter.
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Utjecaj starter kulture i skladistenja na hlapive sastojke
i senzorska svojstva maslaca od vrhnja i maslaca od jogurta

Sazetak

U ovom istraZivanju ispitivan je utjecaj starter kulture na hlapive sastojke i senzorska svojstva maslaca
proizvedenog od vrhnja, odnosno od jogurta tijekom 60 dana hladnog skladistenja. Kao starter kulture
koriSteni su sojevi Lactococcus lactis subsp. lactis biovar. diacetylactis, Leuconostoc mesenteroides subsp.
cremoris te njihova kombinacija. Utvrdeno je formiranje ukupno 10 estera, 6 aldehida, 11 ketona, 16 al-
kohola, 6 kiselina, 2 sulfida, 3 terpena i 3 atipi¢na sastojka. U pravilu je maslac od vrhnja sadrzavao vise
hlapivih sastojaka nego maslac od jogurta. Prisutnost S-metil tioacetata utvrdena je samo u maslacu
od jogurta, dok su u maslacu od vrhnja bili prirodno prisutni heksanal, etanol, 2-nonanon, 2-pentanon,
2-heptanon, acetat, maslacna i kapronska kiselina. lako se maslac od jogurta inace proizvodi bez startera,
dobiveni rezultati su pokazali kako bi koriStenje starter kultura u proizvodnji ovog tipa maslaca pozitivno
utjecalo na stvaranje hlapivih sastojaka te na njegova senzorska svojstva. Maslac proizveden koristen-
jem kombinirane starter kulture dobio je najviSe ocjene za prihvatljivost.

Kljucne rijeci: maslac od jogurta, maslac od vrhnja, starter kultura, hlapivi sastojci, senzorska

svojstva, skladistenje
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