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Introduction. Koumiss produced from different types of
milk (horse, cow and goat milk) by traditional koumiss yeast and
observe the changes of aroma components and biogenic amines
formations during the storage period (30 days) are presented in
this work.

Materials and methods. Mare milk was used directly but the
composition of cow and goat milk is different from that of mare
milk, the compositions of these milk were used in the production
of koumiss by emulating mare milk. Koumiss were produced with
traditional yeast. Biogenic amine analysed with high performance
liquid chromatography and aroma components was determined by
headspace-gas chromatography.

Results and discussion. The lactic acidity value (%) has
gradually increased during the storage period of koumiss samples.
The highest amount of ethyl alcohol was determined in koumiss
(30" day) produced from cow milk (1.95%). Among the biogenic
amines, the value of putrescine was found to be highest in
koumiss produced from goat milk (5.68-5.86 ppm), while the
cadaverine value was observed to reach to the highest values
(2.66-9.74 ppm) in koumiss produced from horse milk. The
amount of tyramine increased significantly in all koumiss
samples. Phenyl ethylamine was determined only in goat milk
koumiss (0.64-0.84 ppm). The histamine value was observed to
be at the highest ranges in the horse milk koumiss (4.80-6.52
ppm).

The aroma values on first day of storage in koumiss samples
were determined as 0.78-3.76 ppm acetaldehyde, 0.23-0.27 ppm
acetoin, 0.80- 1.62 ppm diacetyl, 0.03-0.06 ppm methanol, 7.27—
14.73 ppm butyl butyrate, 1.31-11.86 ppm ethyl acetate. No
statistically significant difference was found between the aroma
substances in terms of milk type.

Conclusions. Biogenic amines in koumiss produced by
traditional koumiss yeast with different types of milk in Turkey
were below the acute toxicity doses. In terms of aroma substances,
milk types was has the same effect on aroma substances
statistically.
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Introduction

Koumiss is an old Turkish drink produced of mare milk having fragrant, sourish, light
foamy, refreshing qualities and it is called as "Kumys", "Koumiss", "Kumiss" in the literature
of different countries [1]. Traditional koumiss yeast in nomadic life at the end of the lactation
period of the mares by adding goat milk into the leather bottles of koumiss and it is conserved
until the next lactation period. When the mares begin to be milked, koumiss yeast is obtained
by adding mare milk into the leather bottles in small amounts for five days [2].

When various properties of koumiss obtained from mare milk are examined; pH 7.03,
titratable acidity (0.05%), density 1.033 g/cm3, lactose 6.10-6.37%, dry matter 10.20—
11.80%, fat 1.21-1.90%, protein 2.14-2.70%, ash 0.42-0.50% alcohol amount 0.5-2.5%
were observed [2,3]. It was determined that not only the lactose ratio decreases but also
protein ratio decreases since proteins break the longer koumiss is stored. It is determined that
also a significant decrease in specific gravity takes place too. However, it was determined
that acidity and alcohol content had increased [4].

Cow milk and mare milk differ significantly in terms of composition. Mare milk is richer
than cow and goat milk in terms of lactose content. Since cow, sheep, goat milks are not
suitable to produce koumiss, using them by emulating mare milk has been reported to be
appropriate [5,6]. Cow milk has been tried to make suitable for koumiss production by adding
water, whey, glucose or saccharose, ascorbic acid in different ratios to increase sugar content,
by reducing fat content of cow milk or using membrane technologies [6,7].

Aroma of koumiss is originated from compounds such as propyl alcohol, butyl alcohol,
propionic acid, glycerine, aldehydes, acetone, various esters and volatile acids resulting from
fermentation of lactic acid and alcohol [3]. Esters are formed from the reaction between
organic acids and alcohols in koumiss. Traditional koumiss yeast due to containing lactic
acid bacteria and yeasts, there may be differences at the taste and aroma formation in the
product [8,9].

The aim of this study is to determine the chemical properties, aroma substances and
biogenic amine contents of the koumiss samples produced by using traditional koumiss yeast
of horse, goat and cow's milk throughout its storage period. Determine the effect of milk
types on the aroma substances of koumiss. In addition, observing the biogenic amine
formations that cause carcinogenic toxic poisoning and the effects of milk species diversity
in the traditional koumiss are among the objectives of this study.

Materials and methods
Materials

Koumiss Production

Preparation of mare, cow and goat milk. Mare milk was used directly for the
production of koumiss without separating its fat. Since the composition of cow and goat milk
is different from that of mare milk, the compositions of these milk were used in the production
of koumiss by emulating mare milk. In order to simulate mare milk, fat of cow and goat milk
was adjusted according to the composition of mare milk (0.5%). Then 2.5% lactose (ENKA
Dairy A.S. in Konya/Turkey) was added to these milk types.
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Preparation of koumiss yeast. The traditional koumiss yeast obtained from Izmir Alas
Koumiss Production Farm — izmir/Turkey has been used as bulk culture. For the preparation
of yeast, 2-3 minutes heat treatment at 90-92 °C was applied to the mixture added 90%
water, 3.2% milk powder, 5.8% whey powder and 1% lactose. It was stirred by adding
traditional koumiss bulk culture of 150-200 ml cooling to room temperature with the pH
value 5.6-5.7. Koumiss were incubated for 16 to 17 hours at 22 °C. until pH value 4.4-4.5
and stored in the refrigerator. One day later it was used as koumiss yeast.

Production of koumiss. The same procedures were applied to all types of milks used at
testing. Firstly, mare, cow, and goat milk were pasteurized for 30 minutes at 70 °C. Then,
10% of koumiss starter culture at 28-30 °C was added to milks cooled at 30 °C. At the 1%
hour following the start of fermentation, first stirring was carried out around 5-10 minutes.
After then the stirring procedure was applied for 1-2 minutes at every other hour until the
pH was 4.8. The last 5 minutes of stirring was carried out when pH was 4.8. By filling in
bottles at this pH, the product was cooled to 4°C and stored at the same temperature. Koumiss
were stored at the refrigerator temperature for 30 days and analysis were carried out on the
1%, 151 and 30™ days.

Chemical analysis of raw milks and the koumiss

Analysis of raw milk and koumiss were determined according to the total dry substance
method described in [10]. Milk fat was determined using gerber method [11]. Specific gravity
was determined with volumetric pychometer (Glass Tube, 10 mL, Istanbul, Turkey) [12].
Titration acidity in raw milk and koumiss were determined as lactic acid % according to the
method of AOAC [13]. While pH was measured with pH meter (WTW pH 3110, Germany).
Alcohol content was prescribed with pycnometric method [14].

Biogenic amine analysis

Sample preparation. After 50 ml of the samples were homogenized for 15 minutes with
50 ml of 0.2 M hydrochloric acid, the mixture was centrifuged at 2150 rpm for 30 minutes.
In the sample cooled to 4 °C, the separated phase at the top was collected. The sample filtered
from Whatman 42 filter paper was derivatized before being analysed with High Performance
Liquid Chromatography (HPLC) [15].

Derivatization. 400 mL to the sample, 400 ml N.CO3 (2g/100 ml H20) and 400 mi
densyl chloride (10 mg/1 ml acetone) added 40 °C incubated in water bath for 30 minutes.
200 m1 Na-L-glutamate monohydrate (200mg/4 ml H,O) is added to the solution and
incubated at the same temperature for another 1 hour. After incubation, 1 ml of acetonitrile
is added to the mixture and centrifuged at 2500 rpm for 10 min. Supernatant liquid is removed
and injected to HPLC.

Characteristics of the chromatography device used. A diode array detector (220 nm),
pump (LC — 10Advp), system controller (SCL — 10Avp), Degasser (DGU — 14A), Column
oven (CTO — 1 CVp) and column (Prodigy 5m A Shimadzu HPLC device with ODS (2) (250
x 4.6 mm) was used for biogenic amine analysis.

Chromatographic conditions. The column temperature of the HPLC device was set at
30 °C and the flow rate to 1.0 ml/min. For the mobile phase, buffer (pH 8) was prepared
using 0.1 M tris, 0.1 M acetic acid and water in 2: 1: 2 ratios, respectively. To prepare solvent
A; 30 ml buffer, 550 ml acetonitrile, 420 ml distilled water were used. Solvent B was prepared
by mixing 2 ml of buffer, 900 ml of acetonitrile and 100 ml of distilled water.
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Aroma components analysis

Analysis of the aroma components was determined by gas chromatography (GC) [16].
The sample was put in the headspace vial and analysed.

Properties of the chromatography device used: GC/MS (Gas Chromatography, mass
spectrometry), the oven was kept at 35 °C for 2 minutes, the temperature was increased to
240 °C with an increase of 5 °C/min and kept at 24 °C for 20 minutes. CP WAX (50m x 0.32
id) was used as the column. The injection temperature was set to 180 °C. The detector
temperature is 200 °C.

Headspace conditions: Headspace sampler parameters are as follows: head pressure 27
psi, 5 min. thermostat time, 90 °C needle temperature, 120 °C transfer line temperature, 0.5
min of pressurization time and 0.08 min of injection time [16].

Microbiology analysis

The count of total aerobic mesophilic bacteria count was conducted according to Plate
Count agar (PCA) [17]. Incubation was performed at 35 °C for 48 h., yeast-mold count
according to Dicloran Rose Bengal Chloramphenicol agar (DRBC) (at 25 °C for 3 — 5 days)
and total coliform bacteria (at 37 °C for 48 h.) counting according to Davis [18].

Statistical analysis

Variance analysis was performed to determine whether milk types had any effect on the
samples examined or not. Duncan Multiple Comparison Test was applied to the results with

the purpose of determining the effect of different effect from the main variation sources [19].
Statistical analysis was performed using SPSS 17.0 program [20].

Results and discussion

Chemical properties of raw milk used in koumiss production are shown in Table 1.

Table 1
Characteristics of raw milk used in koumiss production

Raw horse milk | Raw cow milk | Raw goat milk
Dry-matter (%) 10.58+1.24" 8.7240.33 9.40+0.28
Specific gravity (g/cm?) 1.031+0.00 1.031+0.00 1.038+0.00
pH 7.00+0.15 6.79+0.14 6.80+0.01
Lactic acid (%) 0.05+0.00 0.16+0.01 0.17+0.02
Fat (%) 0.50+0.01 3.2040.01 4.55+0.02

*Standart Deviation

While fat free dry substance content of horse milk was found as 10.58% this value was
determined as 9.40% in goat milk. The specific gravity of cow and horse milk was determined
1.031 g/cm?, while goat milk had 1.038 g/cm?®. The pH of the goat milk was found as 6.80
and pH of the horse milk was 7.00. It was observed that the lactic acid level of horse milk
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was 0.05% and cow milk was higher (0.16%). Fat content of goat milk was determined as
4.55%, while cow milk was 3.20% and horse milk was 0.50%.

Kugukgetin [5] in his study determined horse, goat and cow milk specific gravity values
respectively 1.034 g/cm?, 1.035 g/cm?® and 1.038 g/cm?® whereas pH values of horse, goat and
cow milk as 6.98, 6.18, 6.71. Lactic acid (%) values were determined as 0.08% in horse milk,
0.18% in cow milk and 0.14% in goat milk. While dry substance values of horse milk were
found between 10.1% and 11.4%, it was determined that the dry substance value of modified
cow milk as 9.15%. In studies conducted fat values of cow and goat milk were determined
respectively as 1.21%, 3.61% and 4.10% [21,22,23]. The raw milk analysis findings of the
researchers show similarity with this study.

Chemical analysis results in koumiss

Chemical properties of koumiss samples during 30 days storage are presented in Table

2.
Table 2
Chemical results of koumiss which is produced from different types of milk
in different periods of storage
Storage Periods
Chemical Analysis Samples
1 day 15 day 30 day

A 4.47+£0.14 3.43+£0.35 3.22+0.17
pH I 4.63+0.04 3.46+0.29 3.30+£ 0.21

K 4.55+0.23 3.53+£0.39 3.37+£0.16

A 0.56+0.04 1.20+0.54 1.92+0.27
Lactic acid value I 0.73+0.09 1.33+0.31 2.05+0.24
(%) K 1.02+0.08 1.53+0.45 2.28+0.19

A 1.034+0.00°8" | 1.031+0.00°8 | 1.028+0.00"*
Specific gravity I 1.037+0.00°® | 1.033+0.00°® | 1.030+0.00°*
value K 1.040+0.00%8 | 1.038+0.00%® | 1.038+0.00%
(g/cm®)*

A 9.04+0.57"® | 9.02+1.06°® | 8.31+1.33%A
Dry-matter I 10.48+1.04° | 9.40+1.938 | 8.40+1.51°A
(%)* K 12.40+0.95% | 11.45+0.20%® | 10.67+0.92%

A 0.69+0.36% | 1.22+0.06°® | 1.52+0.88*
Ethyl alcohol value I 0.85+0.50% | 1.34+0.12%8 | 2.11+0.39*A
(%)* K 0.64+0.32%¢ | 1.36+0.20°® | 1.95+0.26*"

*Difference between groups have determined that significant showed as small letter.
Difference between times have demonstrated that significant showed as capital letter
(p<0.01), A: Koumiss which is produced from horse milk, I: Koumiss which is produced
from cow milk, K: Koumiss which is produced from goat milk
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It was determined that the pH value decreased in all koumiss samples during the storage
period. The pH value of the milk produced by horse milk was determined as 4.47 on the 1%
day of storage. It was found that the pH value decreased at the end of storage. While the pH
value was observed as 4.63 on the 1% day of the cow milk used in koumiss, the pH value was
decreased as 3.30 at the end of the storage. When the pH values of the koumiss were
examined, it was observed that the effect of the type of milk and the change in storage time
was not significant (p<0.01).

In Kigclkeetin et al. [7] study, the pH of koumiss produced of modified cow and mare
milk on day 1 of the storage was determined as 4.60. Whereas on the 15th day, the pH values
were 4.41 and 4.33, respectively [7]. The pH values were found to be lower than the results
of this study.

It was determined an increase at the lactic acid values of all koumiss samples during the
storage period. The highest lactic acid value (2.28%) is observed in koumiss produced of goat
milk at the end of the storage. The 1% day lactic acid value (0.56%) of koumiss sample
produced of horse milk was determined to be at the lowest level. Akuzawa and Suruno [24]
reported that the lactic acid content of koumiss was between 0.6% and 1.0%. The lactic acid
values % of all samples were slightly higher than the results reported by the researchers.

The specific gravity of koumiss produced of horse milk was 1.034 g/cm?® on 1st day, it
was observed that it dropped to 1.028 g/cm? value on 30" day. This values are 1.037 g/cm?®
and 1.030 g/cm? at the koumiss produced of cow milk, respectively. The values found in
koumiss that goat milk used in its production were found as 1.040 g/cm?, 1.038 g/cm?®
respectively. It was determined that milk type and storage duration have statistically
significant effect on specific gravity values (p<0.01).

In a study on the properties of koumiss produced by using traditional koumiss yeast, it
was determined that the specific gravity values of koumiss samples decreased during the
storage period [25]. It is found that the koumiss study bear a resemblance from this aspect.

The dry substance ratio of the horse milk koumiss samples during storage was
determined as (8.31-9.04%). Dry substance values of koumiss show similar values with
result of the study of Kinik et al. [26].

Although the type of ethyl alcohol contained in the samples did not significantly affect
the type of raw milk, the difference between the times was found to be statistically significant
(p<0.01). The lowest ethyl alcohol content (0.64%) was determined in the goat milk koumiss
sample while the highest value (2.11%) was found in the cow milk koumiss sample.

Choi [27] found ethyl alcohol ratio in the product known as airag similar to koumiss
produced of mare milk in Mongolia between 1.44-2.57%. In koumiss studies produced of
mare milk, the ethyl alcohol values were found to be between 0.7-2.6% [24,28,29].

Biogenamine results of koumiss

The amount of biogenic amines that koumiss samples contain during milk storage
according to their milk types are shown in Table 3.

It is reported that as a result of interaction between microbial flora present in starter
culture causes and normal microbial flora in milk causes directly or indirectly the formation
of biogenic amines [30]. It has been shown that the types of milk used in production and the
pasteurization temperature applied to milk also affect the formation of biogenic amines [31].
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Table 3
Biogenic amine values (ppm) of koumiss which is produced from different types of milk in

different periods of storage

Storage Periods
Biogenic Amine Values | Samples
1 day 15 day 30 day

A 4.3340.46 2.60+0.55 4.21+1.25
Putrescine i 3.90+0.94 4.7510.93 4.65+0.95

K 1.09+0.37 5.86+4.83 5.68+4.92

A 9.74£1.16 2.66+1.40 4.00£1.07
Cadaverine I 3.47+0.29 3.01+1.38 1.7040.53

K 4.64+3.54 5.76+3.56 4.42+3.92

A 4.80+0.128A" | 551+1.08* | 6.52+0.06%
Histamine™ I 4,55+0.29°A | 4.67+0.18"* | 4.90+0.18"8

K 3.77+0.60°" | 4.70+0.17°* | 4.86+0.40°8

A 1.88+0.07 | 12.48+10.21 | 29.15+4.35
Tyramine I 1.84+0.16 13.08+6.71 | 23.85+0.45

K 2.14+0.31 | 23.71+17.39 | 27.40+5.90

A ND ND ND
Tryptamine I ND ND ND

K ND ND ND

A ND ND ND
2-Phenylethylamine I ND ND ND

K ND 0.84+0.72 0.64+0.20

*Difference between groups have determined that significant showed as small letter.
Difference between times have demonstrated that significant showed as capital letter
(p<0.01), A: Koumiss which is produced from horse milk, I: Koumiss which is produced
from cow milk, K: Koumiss which is produced from goat milk; ND: Not detected.

Some polyamines (such as putrescine, spermidine, spermine and cadaverine) are
indispensable components for living cells. Nucleic acid functions and protein synthesis is
also important in the regulation of cell membrane since they play a role in the stabilization
[32,30]. Although putrescine and cadaverine have no direct toxic effect, they have been
indicated to increase the toxic effects of other amines. It has also been reported that putrescine
and cadaverine can produce carcinogenic compounds by reacting with nitrite [30,33].

When samples of koumiss obtained from different milk samples were examined, it was
observed that milk type and storage time were not significant in putrescine values (p<0.01).
Although the putrescine values of the koumiss produced of horse and cow milk were close
to each other on the last day of storage, the putrescine value of koumiss produced of goat
milk sample was found to be approximately 1 ppm higher. At a study conducted by Til et al.
[34] on mice, acute toxicity dose for putrescine some orally taken biogenic amines causes
was determined as >2000 mg/kg. When the putrescine values in the study were examined, it
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was observed to be lower than the acute toxicity dose Til et al. [34] determined in their own
study.

The koumiss samples produced of goat and horse milk was found that the highest level
cadaverine (4.42 ppm, 4.00 ppm, respectively). But the lowest level (1.70 ppm) was
determined in the koumiss samples produced of cow milk. The toxicity dose caused by
cadaverine was reported to be >2000 mg/kg [34,30]. From the reported toxicity dose, the
cadaverine levels of all the samples in the study were found to be lower.

Histamine is a chemical that exhibits strong biological activity. It stimulates
cardiovascular system, uterus, intestine and smooth muscles, respiratory tract, sensory motor
neurons in the body and controls gastric acid secretion. Histamine poisoning may occur due
to the consumption of foods containing high levels of histamine [35]. The toxic dose for
histamine is reported to be >1000 mg/kg. The critical dose of oral histamine is estimated to
be between 100 and 200 mg [36]. In the study, histamine level at the end of storage in koumiss
samples produced of horse milk determined as 6.52 ppm. This value is observed to be below
the critical dose of oral histamine reported by of Aygun et al. [36].

Thyamin is an important biogenic amine whose antioxidative activity increases due to
the amount it contains [37]. Like histamine and serotonin also tyramine is one of necessary
amines in the operation of nerve system and control of blood pressure. Like histamine and
phenylethylamine also tyramine is among the amines having the highest toxic effect. 100 —
800 mg/kg values for tyramine have been reported as toxic doses in foods [35,38,39,40].
When the tyramine values were examined in this study, it was observed that the samples of
koumiss produced of horse milk had the highest tyramine (29.15 ppm) value at the end of the
storage. Kiglkeetin [5], determined increase in tyramine levels during storage period. He
also determined that koumiss samples produced of mare milk contain more tyramine than the
ones produced of cow milk. It has similar characteristics with the findings of the study.

It is known that tryptamine has an elevating effect on blood pressure [41]. No tryptamine
was detected in none of the samples during storage.

During storage, 2-phenylethylamine content was not found in horse and cow milk
koumiss samples, but determined in goat milk koumiss sample. It has been reported that 2-
phenylethylamine taken from foods in individuals sensitive to migraine attacks can trigger
migraine attacks and increase blood pressure. The toxic dose for 2-phenylethylamine was
determined as 30 ppm [42,43]. The maximum amount of phenylethylamine determined in
the study was determined as 0.84 ppm. It has been observed that this level not causing any
toxicity.

Ozdestan and Uren [44] reported that they did not detect 2-phenylethylamine content on
the 7" day of storage of 10 different kefir samples. Phenylethylamine was not detected on 1%
day of the koumiss samples.

Aroma Substances Result of Koumiss

Some carbonyl components of the koumiss samples are shown in Table 4.

The highest acetaldehyde value (3.97 ppm) during storage was determined on the 30™
day of the horse milk koumiss sample.

According to the research of Topuz [25], the effect of different fermentation durations
on the development of acetaldehyde was reported to be statistically different from each other.
Differences in the amounts of acetaldehyde in storage period of samples of koumiss were
also observed.
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Table 4
Aroma substances results of koumiss which is produced from different types of milk
in different periods of storage

Storage Periods
“Aroma Substances | Samples
1 day 15 day 30 day

A 3.76+3.45 2.66+2.29 3.97+1.07
Acetaldehyde (ppm) I 1.62+1.41 1.81+1.03 1.19+0.20

K 0.78+0.68 7.9345.76 1.06+0.10

A 0.27+0.06 0.29+0.04 0.10+0.18
Acetoin (ppm) i 0.23+0.00 | 0.22+0.002 ND

K 0.23+0.19 0.28+0.06 ND

A 0.80+0.58 1.46+0.49 1.97+1.19
Diasetil (ppm) i 1.62+1.05 1.62+0.10 2.58+0.93

K 0.90+0.52 1.32+0.49 1.45+0.55

A 0.06+0.11 0.13+0.23 8.84+3.55
Metanol (ppm) i ND ND 12.87+5.17

K 0.03+0.05 ND 11.44+5.67

A 7.65+2.38 | 12.17+6.98 | 5.41+9.37
Butilbutirat (ppm) i 14.73+8.40 | 16.01+0.92 | 12.32+10.67

K 7.27+4.49 11.56+2.88 | 6.87+3.05

A 11.86+11.27 | 9.15+8.27 0.61+0.16
Ethylacetate (ppm) i 2.66+2.23 7.1745.70 0.31+0.06

K 1.31+0.79 | 30.73+29.28 | 0.29+0.07

* A: Koumiss which is produced from horse milk, I: Koumiss which is produced
from cow milk, K: Koumiss which is produced from goat milk; ND: Not detected.

At the end of storage (30™ day) it was observed that no acetoin detected in cow and goat
milk koumiss, the amount of acetoin (0.10- 0.29 ppm) horse milk koumiss at the end of
storage. Glizel-Seydim et al. [45] reported in their study that while the amount of acetoin of
kefir on the 1% day was 25 g/g, decreased to 16 pg/g on the 21% day of the storage. It shows
similarity to koumiss study in terms of decrease in acetoin amount at the end of the storage.

When diacetyl values were examined, a slight increase was generally observed during
the storage period. The highest amount of diacetyl was found in the sample of cow milk
koumiss. The highest diacetyl (1.45- 2.58 ppm) values were reached on the 30" day of
storage.

Topuz [25] found that diacetyl amount as 6.52 ppm on first day 6.86 ppm on day 7, 6.37
ppm on day 14 and 5.42 ppm on day 21 in koumiss produced of traditional culture.

The amount of methanol in all koumiss at the end of storage was determined to be
between 8.84-12.87 ppm. Magalhdes et al. [46] reported that methanol as being highly toxic.
According to Ethylalcohol Council Regulation (EECNo. 1576/89) the maximum legal limit
is set as 1000 ppm [47]. The values found in all koumiss samples were obderved to be well
below the legal limit.

The highest butylbutyrate (16.00 ppm) content was found on the 15" day of storage in
the sample of cow milk koumiss. Esters are produced through fermentation by
microorganisms including bacteria, molds and yeasts such as lactic acid bacteria. Ester
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synthesis is obtained by the esterification and alcoholysis reactions of short and medium
chain fatty acids and alcohol catalyzed by esterase, lipase and alcohol alkyltransferase. Esters
commonly found in fermented dairy products and milk; defined as etheric, sweet, fermented
and yeast produce a fruit-like aroma of such as apple, banana, pear, pineapple [48]. The
lowest butylbutyrate (5.41 ppm) content was found in the sample of horse milk koumiss at
the end of storage.

Ziino et al. [49] found the ethyl acetate value as 176 on the 30" day of ripening in cheese.
In their study, among esters only ethyl acetate reached a high concentration after 7 days and
increased rapidly [49]. When koumiss study was analyzed in terms of ethyl acetate content,
the highest value (30.73 ppm) was determined on the 15™ day storage of sample of goat milk
koumiss. The lowest ethyl acetate content (0.29 ppm) was found at the end of the storage
period of sample of goat milk koumiss.

Conclusion

According to the findings obtained, it was determined that biogenic amines (putrescine,
histamine, cadaverine, tyramine, tryptamine and phenylethylamine values) in koumiss
produced of horse milk, goat milk and cow milk were below the acute toxicity doses.
However, it was observed that the histamine value reached to a higher value at the end of
storage in koumiss produced of horse milk. Histamine value was found to be statistically
differ according to milk type (p<0.01). Among the aroma substances; acetaldehyde, acetoin,
diacetyl, methanol, butylbutyrate, ethyl acetate values were found to have no effect on the
milk type.

Although horse milk is the most suitable milk for the production of koumiss, it is thought
that due to being economical and healthy, the modified cow and goat milk can be used for
the production of koumiss when needed.
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