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Abstract. The composition of cow's milk is a variable parameter that
depends on a number of factors determined by the genetics of cows, feed, stage
of lactation, climatic conditions, etc. In recent years, milk production in
Ukraine has undergone significant changes. In order to evaluate the
technological properties of milk, milk lipids was examined according to an
indicator that characterizes the content of volatile water-soluble fatty acids in
it (Reichert-Meisl number). Low-molecular fatty acids make the greatest
contribution to the formation of organoleptic and physical properties of butter,
and the Reichert-Meisl number is used as one of the criteria for evaluating the
natural composition of milk fat. Despite the fairly wide range of fluctuations
in the content of low-molecular fatty acids in milk, the Reichart-Meisl number
for milk fat is much higher than for vegetable fats, which allows this indicator
to be used to detect possible adulteration of dairy products. Differences in the
properties of milk fat associated with climate change, conditions of keeping
and feeding animals require clarification of the ranges of variability of the
Reichert-Meisl number for milk harvested in different regions of Ukraine. As
a result of the monitoring of milk raw materials, regularities of seasonal
changes in the properties of milk fat according to the Reichert-Meiss number
in three natural climatic zones of Ukraine were established. Based on the
analysis of the Reichert-Meisl number of harvested milk, ranges of values were
established taking into account seasonal features and natural and climatic
zones of Ukraine. The ranges of changes in the Reichert-Meisl number of milk
fat were established: in winter — 24.3-30.0; in spring — 25.4-30.7; in summer —
23.0-30.2; in autumn — 24.3-29.8. At the same time, the average annual values
of this indicator were 27,3, respectively; 28.8; 28.2; 27.0. The average value
of the Reichert-Meisl number was determined to be 27.8, with baseline values
of 23.0-30.7.

Keywords: cow's milk, milk composition, milk fat, milk lipids, fatty
acid composition, Reichert-Meisl number, seasonal changes.

Introduction. Formulation of the problem

significant changes in the structure of the raw material

base and the influence of climatic factors on systems of

Milk fat is a natural component of milk, which is
processed into such traditional dairy-fat products as
cream, butter, cheese, dry whole milk. The lipid
composition of cattle's milk undergoes seasonal changes
and largely depends on feed and feeding rations. In
recent years, interest in the benefits of milk fat and its
individual components for human health has increased.
New technologies for processing milk fat open up
opportunities to improve its nutritional and functional
properties. Both limiting the consumption of certain
fatty acids and mandatory consumption of other
beneficial fatty acids are recommended. However, the
lipid composition of milk is very variable, and the
identification of factors affecting changes in milk fat
composition is of interest to both producers and
consumers. Therefore, identifying patterns of seasonal
changes in milk fat according to the content of saturated
fatty acids in milk obtained in different natural and
climatic zones of Ukraine is relevant in view of
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keeping and growing cows.

Analysis of recent research and publications

The composition of cow's milk is a variable
parameter that depends on a number of factors
determined by the genetics of cows, feed, stage of
lactation, climatic conditions, etc. Milk lipids form a fat-
in-water emulsion with water [1]. Milk fat consists of
98% triglycerides, while other milk lipids are mono- and
diacylglycerol (about 2% of the lipid fraction),
cholesterol (less than 0,5%), phospholipids (about 1%),
and free fatty acids (about 0,1) [2]. Numerous studies of
the composition of milk fat indicate changes in the lipid
composition of cow's milk depending on seasonal
fluctuations, conditions of feeding and housing of cows
[3-7]. The importance of the influence of these factors
may differ for different systems of milk production and
keeping cows. The ratio of saturated (SFAs) to
unsaturated fatty acids (UFAs) is approximately 70%
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and 30% respectively. Saturated fatty acids are lowest
in summer when cows are grazing and highest in winter
due to indoor feeding. The content of unsaturated fatty
acids (UFAs) has the opposite relationship, with the
highest amount in summer [2]. Recent studies of the
effects of prolonged periods of heat have confirmed that
an increase in the temperature-humidity index can affect
the quantitative of fatty acids composition in lactating
high-yielding cows of the Holstein breed [8]. This
increase caused a significant increase in the total content
of unsaturated fatty acids (UFAs) in milk, as well as
monounsaturated (MUFASs) and polyunsaturated fatty
acids (PUFAs), which was accompanied by a decrease
in the ratio of SFAs/UFAs [8].

The lipid composition of milk affects the
formation of organoleptic and physical characteristics of
the obtained dairy products [9-13]. In particular, due to
low melting temperatures and high content of low-
molecular fatty acids, the specific taste, aroma and
consistency of the cream butter are determined. On the
other hand, an increase in the content of low-molecular-
weight volatile fatty acids during oxidation can cause a
deterioration in the taste of milk fat.

Methods for determining the adulteration of milk
fat are based on the determination of the characteristic
properties of milk lipids [14-18]. It is known that despite
the rather wide range of fluctuations in the content of
individual fatty acids in milk, the content of volatile
water-soluble fatty acids can be a fairly stable
characteristic of milk fat, which is expressed by the
Reichert-Meisl number [19].

In addition, the value of the Reichert-Meiss
number of milk fat is significantly higher than that of
most vegetable fats and oils, which makes it possible to
use this indicator for the quantitative determination of
the content of milk fat in products with a combined fat
phase (spreads, products and mixtures containing milk
fat) and to identify possible falsification of cream butter
due to the addition of vegetable oils.

The method of determining the Reichert-Meiss
number is based on the determination of the content of
low-molecular water-soluble volatile fatty acids in milk
fat. The index of the Reichart-Meisl number was used
as the basis of the methodology for determining the
content of non-dairy fats in products with combined fat
(Certificate of metrological attestation No. 081/12-
0086-03 dated 05.05.2003). The methodology was
developed in 2003 on the basis of the basic values of the
Reichert-Meiss numbers of milk fat, characteristic of
raw milk, taking into account the regional and seasonal
characteristics of the composition of the harvested milk
(Patent 67470 Ukraine "Method of quantitative
determination of the content of non-dairy fats in oils
with a combined fat phase"”, Patent 93825 C2 Ukraine
"Method of detection of milk fat substitutes in cow's
milk and dairy products” [20].

This technique is adapted for use in laboratories of
milk processing enterprises and is intended for
operational production control of raw milk, drinking
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milk, butter, spreads, and cheese products. This method
uses ranges of values of the Reichert-Meiss number
from 25,4 to 30,7 units, which correspond to the
indicators of natural milk fat, and deviations beyond
these ranges indicate the presence of non-dairy fats in
the fat phase. To date, the active development of the
industry of milk fat substitutes allows the production of
compositions involving vegetable and animal fats, the
use of which makes it difficult to assess the naturalness
of the fat phase of the product. Therefore, the ranges of
values of the Reichert-Meisl number for domestic raw
materials according to this method have been
established and require updating and adjusting the limits
of this indicator, which correspond to the naturalness of
milk fat.

The purpose of the research was to determine the
basic values of the Reichert-Meisl number depending on
regional and seasonal changes in milk raw materials. In
addition, adjusting the ranges of the content of low-
molecular water-soluble volatile fatty acids according to
the Reichert-Meissl number in raw milk will allow to
improve the methodology for determining the content of
non-dairy fats in the fat phase of dairy products.

Materials and methods.

The Reichert-Meissl number (RMN) was
determined according to the routine method in the
amount of 0,1 N of alkali, which was used to neutralize
volatile water-soluble fatty acids, isolated from 5 g of
fat after its saponification, followed by its splitting with
sulfuric acid and distillation of volatile acids with water
vapor [21]. The Reichert-Meissl number characterizes
the content of low-molecular-weight water-soluble
volatile fatty acids in fat.

For monitor the physico-chemical research of
harvested milk, 3 climatic zones of Ukraine were
covered: Polissia (Zhytomyr, Rivne, Ivano-Frankivsk
regions), Forest-Steppe (Kyiv, Vinnytsia, Poltava,
Cherkasy, Sumy regions), Steppe (Mykolaiv, Odesa,
Kharkiv regions). Milk was sampled for milk fat studies
from 18 farms during the year.

Results of the research and their discussion

Changes in the climate and feed base definitely
affect the composition and properties of milk produced
in Ukraine. Changes in the composition of milk fat, in
turn, can affect the formation of quality characteristics
of fat products.

The territory of Ukraine has three distinct natural
and climatic zones: Polissia, Forest-Steppe and Steppe.

The Polissia zone makes up about 25% of the land
fund of Ukraine. The climate of Polissia is characterized
by moderately cold winter, relatively wet summer,
gloomy and rainy autumn, spring is always colder than
autumn. The amount of precipitation is the highest
among all zones of Ukraine. The Polissia zone includes
the following regions: Volhynia, Zhytomyr, Ivano-
Frankivsk, Lviv, Rivne, Chernihiv, Zakarpattia. The
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total amount of milk produced in these regions was
2518,7 thousand tons, which was about 32,4% of the
amount of milk produced by all types of farms in 2022.

The Forest-Steppe zone occupies approximately
34% of the territory of Ukraine. This zone is
characterized by more favorable climatic conditions:
significantly higher average annual air temperatures,
warmer summers, less precipitation, warm autumn, mild
winter. The following regions are located in the Forest-
Steppe zone: Vinnytsia, Kyiv, Poltava, Sumy, Ternopil,
Kharkiv, Khmelnytskyi, Cherkasy, Chernivtsi. The total
amount of milk produced in these regions was 3956,7
thousand tons, which was about 51% of the amount of
milk produced in 2022.

The Steppe zone covers an area of approximately
40% of the territory of Ukraine. The climate of the
Steppe is characterized by a hot and dry long summer, a
winter with unstable snow cover, a short, intense spring,
often with dry spells. The amount of precipitation is not
sufficient. The following regions are located in the
Steppe zone: Dnipropetrovsk, Donetsk, Zaporizhia,
Kirovohrad, Luhansk, Mykolaiv, Kherson, Odesa. The
total amount of milk produced in these regions was
1292,3 thousand tons, which was about 16,6% of the
milk produced by all types of farms in 2022.

Milk production has undergone significant
changes over the past 20 years. In particular, the total
production of milk decreased and the structure of
production by farm category changed.

During the year, milk from 18 different farms was
examined for the content of low-molecular water-
soluble volatile fatty acids according to the Reichert-
Meissl number and the ranges of changes in the value of
this indicator were determined depending on the
climatic zone and season.

Table 1 shows the ranges values of the Reichert-
Meissl number (min-max) that characterize seasonal
and regional changes in milk fat. It was noted that
significant fluctuations of this indicator are observed
within each zone, region and season.

In all zones, the maximum limits of the Reichert-
Meissl number (RMN) of milk fat are typical for the
spring season. The decrease in RMN indicators occurred
in autumn and winter, the lowest values were noted for
the regions of the Polissia and Forest-Steppe zones. At
the same time, it should be noted about significant
deviations in the case when the minimum value of RMN
was observed in the summer in lvano-Frankivsk region.

On the basis of the established regional indicators
of Reichert-Meissle number, the average values of this
indicator were determined for the zones — Polissia,
Forest-Steppe and Steppe and the range of their
fluctuations.

The data shown in Fig. 1 characterize seasonal
changes in the average values of RMN across regions in
the Polissia zone. Milk fat in this region is characterized
by the highest values of RMN in the spring (annual
average of 29,0 units). In the section of the regions of
this zone, the smallest seasonal fluctuations of the
average values of RMN were in the spring and winter
periods of 0,3 units and 0,5 units respectively. In
summer and autumn, the range of fluctuations was the
largest.

The average values of RMN in the Polissia zone
during the year ranged from 26,4 to 29,0 units.

Reichert-Meissle Number, unit

Summer Autumn

Winter Spring

Region of the Polissia zone

BRivne BAZhytomyr BIvano-Frankivsk BAverage

Fig. 1. Changes in the average values of the
Reichert-Meissle number depending on the season
in the Polissia zone

Table 1 — Ranges of values of the Reichert-Meissle number throughout the year

Region Ranges of values (min-max)

Winter | Spring Summer | Autumn

Polissia zone
Rivne 26,0-26,9 27,2-29,5 26,2-27,9 26,2-27,2
Zhytomyr 26,2-27,8 28,05-29,8 27,0-29,2 26,8-28,3
Ivano-Frankivsk 25,0-27,8 26,4-30,7 23,0-28,9 25,0-28,3

Forest-Steppe zone

Vinnytsia 24,4-28,0 25,4-29,4 24,4-29,2 24,7-28,9
Kyiv 26,5-28,5 28,7-30,6 26,0-28,4 24,3-29,3
Poltava 27,4-30,0 27,7-30,6 28,0-29,3 26,4-29,8
Cherkasy 24,3-27,9 26,5-29,4 24,5-274 24,5-27,0
Sumy 25,3-27,8 26,0-29,5 24,4-29,2 25,2-27,9

Steppe zone
Odesa 25,0-27,3 26,3-28,4 27,8-30,2 25,8-28,1
Kherson 25,2-28,2 27,9-29,7 27,5-29,7 26,3-29,8
Mykolaiv 24,6-28,4 25,5-29,7 25,4-29,5 24,9-29,2
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In fig. 2 shows data characterizing seasonal
changes in the average values of RMN in Vinnytsia,
Kyiv, Poltava, Cherkasy, and Sumy regions. A wide
range of regional changes in the Reichert-Meissl
number was noted for the Forest-Steppe zone. However,
in all regions, this indicator had maximum values in
spring and summer. It is characteristic that, compared to
other regions, the RMN of milk fat in the Poltava region
was the highest in winter (29,4 units) and was
distinguished by high values in other seasons of the
year.

The average values of the RMN in the Forest-
Steppe zone during the year were within 27,4-29,1 units.
It is obvious that in comparison with Polissya, the range
of seasonal fluctuations of the RMN of milk fat in the
Forest-Steppe zone was somewhat wider. At the same
time, the maximum value of the RMN was also higher
(29,1 units). Perhaps such differences are due to the
peculiarities of the feed base of the studied farms, since
this factor was not taken into account in our work.

The Forest-Steppe zone is characterized by
developed dairy farming, which ensures the production
of more than 50% of dairy raw materials in Ukraine.

ssle number, unit

Reichert-Mi

Vinnytsia Kyiv Poltava Cherkasy Sumy Average
Region of the Forest-Steppe zone
BWimter BSpring BSummer BAutumn

Fig. 2. Change in average values of Reichert-Meissl
number depending on the season in the Forest-
Steppe zone

Fig. 3 shows data characterizing changes in
average values of RMN in Odessa, Kherson and
Mykolaiv regions. The obtained research results showed
that the Reichert-Meissl number of milk fat in Kherson
region, regardless of the season, had the highest average
values — 27,5-28,9 units. The maximum values of
Reichert-Meissl were recorded in the spring and
summer periods of the year for each region and for the
Steppe zone as a whole (28,2-28,9 units). In the winter
and autumn periods, average values of this indicator
were noted at the level of 27,0-27,1 units with minimal
fluctuations across regions.

Thus, based on the analysis of regional
characteristics of milk fat, it was noted that the highest
average annual values of RMN are characteristic of
Zhytomyr, Poltava and Kherson regions, which
amounted to 28,2 units, 29,0 units and 28,2 units,
respectively.
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Fig. 3. Change in average values of the Reichert-
Meisle number depending on the season in the
Steppe zone

The highest average annual values are
characteristic of the Forest-Steppe, in particular Kyiv
and Poltava regions. The generalized data of RMN
indicators for each region are presented in Fig. 4.
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Fig. 4. Change in the Reichert-Meissl number
depending on the region of Ukraine

Generalized data on seasonal and regional changes
in the composition of milk fat according to the RMN
indicator are given in Fig. 5.

It is quite obvious that the regional factor affects
the changes in the RMN of milk fat to a lesser extent
than the seasonal factor. Thus, in the spring-summer
period, the highest average seasonal Reichert-Meissl
numbers were recorded for each zone.

The average seasonal values of the Reichert-
Meissl number for Ukraine were established: winter —
27,1 units; spring — units 28,8 units; summer — 28,2
units; autumn — 27,2 units. Milk fat from the Forest-
Steppe zone was characterized by the highest average
annual Reichert-Meissl number — 28,0 units, in the
Polissya and Steppe zone — 27,5-27,9 units.

Also, in the Polissya zone, maximum fluctuations
in the Reichert-Meissl number were noted in the
summer period — by 6,2 units, and minimum — in the
winter period — by 2,8 units. In the Forest-Steppe zone,
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the Reichert-Meissl number changed in the autumn-
winter period — by 5,5-5,7 units, in the summer-spring
period — by 4,9-5,2 units. In the Steppe zone, minimum
fluctuations of the same type were observed throughout
the year — by 3,8-4,9 units.

29,5

T T T

=

Reichert-Meissle number, unit

0

Polissia Forest-Stepp Stepp Ukraine
Region of the Steppe zone
BWinter B Spring

B Summer Autumn

Fig. 5. Change in average values of the Reichert-
Meissl number of milk fat in the zones of Ukraine
depending on the season

Thus, based on the analysis of the RMN of milk
fat, the ranges of seasonal fluctuations of this indicator
across Ukraine were established. In particular, seasonal
changes in the RMN of milk fat in Ukraine are in winter
—24,3-30,0 units, in spring — 25,4-30,7 units, in summer
— 23,0-29,3 units, in autumn — 24,3-29,8 units. The
average value of the Reichert-Meissl number in Ukraine

is 27,8 units, which is 0,6 less than previously
established [20,22].

It is quite obvious that the regional factor affects
the changes in the RMN of milk fat to a lesser extent
than the seasonal factor.

Approbation of research results. The results of
research on the established indicators of the RMN were
tested in the conditions of production laboratories of
dairy enterprises and the analytical research laboratory
of the Institute of Food Resources of the NAAS of
Ukraine.

Conclusion

Based on experimental studies of the content of
low-molecular water-soluble volatile fatty acids in the
composition and properties of milk fat, changes in the
composition of milk fat in Ukraine over the past 20
years have been established, which is obviously related
to changes in the structure of milk production and
climatic conditions. Monitoring of dairy raw materials
was carried out and the value of the Reichert-Meissl
number was determined depending on the season and
natural and climatic conditions of milk production. The
data obtained will be used to refine the methodology for
determining the content of non-dairy fats in products
with a combined fat phase.
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Anortanis. Cxiag KOpOB’sMOr0 MOJIOKA € 3MIHHMM IapamMeTpoM, LIO0 3aJeKHTh BiJl HU3KH (aKkTOpiB,
00yMOBJICHUX TCHETHUKOIO KOPiB, KOPMaMH, CTAI€I0 JaKTallli, KITIMATHYHUMH YMOBaMH TOIIO. 3a OCTaHHI POKH
BHUPOOHHIITBO MOJIOKa B YKpaiHi 3a3HAJO ICTOTHUX 3MiH. 3 METOIO OLIHKH TEXHOJOTIYHHUX BJIACTUBOCTEH MOJIOKA
JOCII/DKEHO CKJIaJ JIIIB MOJOKa 33 MOKAa3HHKOM, IO XapaKTEPHU3y€ BMICT y HbOMY JICTKHX BOIOPO3UYMHHHUX
KUPHUX KucHoT (ancio Pefixepra-Meiicis). HU3pKoMONEKYISpHI KUPHI KUCIOTH BHOCATH HAHOUIBIINI BKIAA Y
(opMyBaHHS OpraHOJIENTHYHHUX 1 (PI3UYHHUX BIACTUBOCTEH Macia, a yucio Peiixepra-Melcns BAKOPUCTOBYEThCS
SIK OAMH 13 KPHUTEPIiB OIIHIOBAaHHS NPHUPOJHOTO CKJIAZy MOJIOYHOTO >XHpy. He 3Bakaroum Ha JOCHTH IIMPOKUI
Jliara3oH KOJIMBaHb BMICTY HHM3bKOMOJIEKYJSIDHMX KHPHUX KHCJIOT y Mojomi, uucio Peiixapra-Meiicist s
MOJIOYHOT'O JXMPY 3HA4HO BHINE, HDK y POCIMHHHMX JKUDIB, LIO J03BOJISIE 3aCTOCOBYBaTH LieH NMOKa3HHUK JIJIs
BUSIBJICHHST MOJIMBOI (hanbcudikamii MOJIOYHUX HPOAYKTIB. BiIMIHHOCTI y BJIACTUBOCTSIX MOJIOYHOTO KHDY,
MOB’si3aHi 31 3MIHOIO KIIIMary, yMOBaMH YTPUMaHHsS 1 TOJIBII TBapHH IMOTPEOYIOTh YTOYHEHHS MAiana3oHiB
BapiabenbHOCTI uyucia Pelixepra-Me#cist Uis MOJIOKa, IO 3aroTOBJISETHCS B PI3HUX perioHax Ykpainu. Y
pe3ysbTaTi MOHITOPHHTY MOJIOYHOI CHPOBHHH BCTAHOBJICHO 3aKOHOMIPHOCTI CE30HHUX 3MIiH BJIACTHBOCTEH
MOJIOYHOTO JKHPY 3a 4mcioM Pefixepra-Melcis B TphOX NPUPONHOKIIMATHYHHX 30HaX Ykpainu (ITomiccs.
Jlicocten i Cren). Ha mincraBi aHamizy uncna Peiixepra-MeHcis 3aroTiBeIbHOTO MOJIOKa BCTAHOBIICHO JTialta30Hu
3HAUeHb 3 BPaxyBaHHSIM CE30HHHX OCOOJMBOCTEH Ta NPHPOAHO-KIIMAaTHYHHX 30H YKpaiHu. Bcranosieno
niamazoHu 3MiH yncia Pefixepra-Meiicns MomogHoro skupy: 3umoro — 24,3-30,0; BecHoro — 25,4-30,7; BIITKY —
23,0-30,2; Bocenu — 24,3-29,8. [1pu npoMy cepeIHROPIYHI 3HAYCHHS TAHOTO MTOKAa3HUKA CKIIaIalH BiAIOBIIHO 27,3;
28,8; 28,2; 27,0. BuzHaueHo cepenHe 3HaYeHHS 4ncia Peiixepra-Meticns — 27,8 npu 6a30Bux 3HavueHHsIX — 23,0-
30,7.

Ku1104oBi c10Ba: MOJIOKO KOpOB’side, CKJIaJ MOJIOKA, MOJIOYHUHN XKHUP, KXUPHOKUCIOTHUHU CKJIJ, YUCIIO
Peiixepra-Meticiis, CE30HHI 3MiHH.
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