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The market of margarine is expanding worldwide due to
large-scale trade, lower cost compared to butter, growth in the
bakery and confectionery markets where margarine is used as a
raw ingredient, and seasonal independence. The article reve-
als the expediency of adding dried ginger extract to the tech-
nology of margarine production, which allows to expand the
range of the margarine production and extend its shelf life.
Thus, the paper presents the results of research on the influ-
ence of different dosages of spicy raw materials from 0.5 to
4% on the acid and peroxide index of margarine during 90
days of storage in a refrigerator at a temperature of 4 °C
without packaging. Research results confirm that plant ex-
tracts are natural inhibitors of oxidative processes, and therefore
reduce both the peroxide and acid index of margarine during
the recommended storage period of 60 days. Ginger, as a so-
urce of phenolic and polyphenolic compounds, which are
represented by a- and B-zingiberene, sesquiterpene, camphe-
ne, cineole, etc., reduces the peroxide index of fat to 8.8%,
and the acid index to 28%, in the case of adding 0.5% of
extract. The investigated parameters naturally decreased
when the dosage of the extract increased to 1, 2, and 4% com-
pared to the control sample. For example, the peroxide index
reduced to 28% and the acid index to 52% when 4% dried
ginger extract was added compared to the sample without its
addition. The addition of the studied raw material has a po-
sitive effect on the sensory parameters of margarine, giving it
a spicy taste and aroma. The color of the fat also changes,
becoming more yellow with an increase in the dosage of the
extract. However, increasing the dosage to 4% leads to ne-
gative consequences, namely the appearance of a brown sha-
de and margarine and the formation of a too burning taste,
which was negatively perceived by the group of experts.
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AOCNIAXXEHHSA BNJIMBY BUCYLWWEHOIO EKCTPAKTY
IMBUPY HA AKICTb MAPIrAPUHY

K. B. Py6anka, T. M. JleBkiBcbka, O. B. Jlymaxk
Hayionanvnuii ynieepcumem xapyogux mexHonoziti

Punok mapeapuny posuuproemsca y 8CbOMy C8imi 3a805KU UWUPOKOMACUMAOHIU
MOop2i6ni, HUNCYIL 8apmMOCmi NOPIBHAHO 3 BEPUIKOBUM MACTIOM, 3POCHAHHIO PUHKIG XJli-
000YIOUHUX | KOHOUMEPCHKUX UPODIE, Oe MAP2aPUH 3ACMOCO8YEMbCL UK CUPOGUHHULL
iHepedienm i ce30HHIl He3anedcHocmi. B cmammi posxpuma ooyinbHicms 000aHHs
eKCmpaKmy iMoupy 6 mexHono2ii BUPOOHUYMBA MAP2APUHY CIOTI0B020, WO OAE 3MO2Y
PO3UUPUMU ACOPMUMERTN PUHKY MAP2APUHY Md NOOO0BHCUMU MEPMIH 11020 30epieanHsl.
Hageoerno pesynomamu 0ocniodicensb 8naUy pizHO20 003Y8AHHS NPSAHOI CUPOBUHU 6i0
0,5 00 4% na kucnomue ma nepexucHe Yucio mMapeapury enpooosdic 90 0i6 36epicanns
8 xonoounvHuxy 3a memnepamypu 4 °C 6e3 ynaxoexu. Pezyromamu 0ocnioscens nio-
MBEPONCYIOMb, WO POCTUHHI EKCIPAKMU € NPUPOOHUM [H2IOIMOPOM OKUCHUX NPOYEC8,
a MoMy 3HUNCYIOMb K NePeKUCHe, MAK [ KUCTOMHe YUCTO MaP2apuHy 6Nnpooosdic pe-
KOMeHO008aH020 mepMiny 30epicanus 60 0i6. Imbup six Odcepeno ghenonvrux i nonighe-
HOJIbHUX CROJIYK, SIKI npedcmaegieHi o- i f-yuneibepeHom, cecKeimepneHom, Kamgperom,
YUHEONIOM MOW0, 3HUICYE NEPEKUCHe YUc1o dHcupy 00 8,8%, a kuciomune — 0o 28%, y
pasi gnecennst 0,5% excmpaxmy. J[ociodcy8ani ROKAZHUKU 3AKOHOMIPHO 3HUNCY8ATUCD
y pasi 30invutenns 003y8anns excmpaxmy 00 1, 2 ma 4% nopieHsHo 3 KOHMPOIbHUM
3paskom. Hanpuxnao, nepexucne wucio 3Hunicysanocs 00 28%, a Kkuciomue yucio — 0o
52%y pasi énecenns 4% cyxoeo excmpaxmy iMOupy nopieHAHO 3i 3pa3KoM Oe3 GHeCeHHs.
0obaeku. Jlooanuss 00CiodHcy8anoi 000asKU NOZUMUBHO GNIUBAE HA OP2AHOLENIMUYHI
NOKA3HUKU MAP2APUHY, HAOQIOUU HoMY NpsiHo20 cmaky i apomamy. Taxooic 3mino-
E€MbCSL KOP AHCUPY, SKULL CMAE HCOBMIUUM 31 30LTbUUEHHAM 003Y8AHHS eKCIPAKMY.
Ilpome 36invuenns 0o3ysarnts 006asku 00 4% npuz6o00ums 00 He2amueHUX HACTIOKIS,
30KpemMa nossU KOPUYHE8020 GIOMIHKY Md YMEOPEHHA 3aHAOMO NEKYH020 CMAKY, WO
He2amueHo CHPULMAIOCh 2PYNoK eKCnepmis.

Knrouogi cnoea: mapeapun, excmpaxm imoupy, nepekucHe 4ucio, KUCIOMHe YUCTO.

Problem definition and its relationship with important practical tasks. Marga-
rine is widely used as butter substitute in the food industry to impart a certain flavor and
aroma to food products, which is produced in the process of heating margarine (Vida-
nagamage et al., 2016). For example, during the baking of flour confectionery and bakery
products, during the production of second dishes in canning technology, as a component
of the first and second lunch dishes of quick preparation, etc. In addition to vegetable
fats, margarine contains a small percentage of proteins, carbohydrates and water, which
makes it a suitable substrate for microorganisms (Vidanagamage et al., 2016). Although
margarine spoilage most often occurs because of chemical rancidity due to fat hydro-
lysis, microbiological problems also occur, accompanied by the appearance of a cheesy,
rotten or fruity aroma and a rancid aftertaste (Rady & Badr, 2003, Goryainova & Trykul,
2019). Preservatives prevent the biological deterioration of the product under the influ-
ence of microorganisms and bacteria, and antioxidants prevent their chemical oxidation.
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The mechanism of action of antioxidants is also differs from the action of preservatives.
They slow down the oxidation process by interacting with air oxygen, interrupting the
oxidation reaction or destroying peroxides that have already formed. To reduce oxidative
processes and microbiological spoilage of margarine, manufacturers often use synthetic
antioxidants (phenol derivatives), for example, butylhydroxyanisole, butylhydroxyto-
luene, sodium isoscorbate and others. However, synthetic antioxidants can cause aller-
gies. Therefore, scientists pay attention to the use of natural antioxidants, which, in ad-
dition to being safe substances, are also useful.

It is known that plants are natural components with a preservative effect due to the
presence in their composition of phenolic, polyphenolic compounds, carotenoids, which
are able to quickly react with peroxide radicals, destroy hydroperoxides without the
formation of free radicals, which leads to chain breakage and slowing down the rate of
oxidation. The introduction of antioxidants can also increase the nutritional and bio-
logical value of the product, which is confirmed by the studies of Palko (2009) and Ho-
ryainov (2019), who added walnut leaf powder and carrot powder, respectively, thereby
increasing the nutritional value of margarine. Therefore, their use in the technology of
fats of vegetable origin is relevant.

Analysis of recent studies and publications. It was proven that spices have a high
potential as natural components with a preservative effect, which is one of the reasons
for their wide use in the food industry, namely due to the presence of a wide range of
antioxidants. Natural antioxidants are compounds that protect biological systems from
the harmful effects of free radicals. Antioxidants can act as scavengers of free radicals
and inhibitors of oxidative enzymes (Fanhani, & Ferreira, 2006). These properties are
due to many substances, including some vitamins, flavonoids, terpenoids, carotenoids,
phytoestrogens, minerals, etc. and render spices and some herbs or their antioxidant
components as preservative agents in food (Calucci et al., 2003). Since the antioxidant
compounds contained in spices (Pybanka, Tepnerpka, & XBoctuk, 2020) effectively
slow down the oxidative degradation of lipids and contribute to the preservation of the
quality and nutritional value of the food products to which they are added, spices and
their extracts are of increasing interest for food industry, including fat technology (Oz-
can, Erel, & Herken, 2009).

Scientists from the Federal University of Lavras (Brazil) investigated the addition of
a spice mixture containing green onions, garlic, marjoram, thyme, lemon, oregano and/or
basil. According to their research, total phenolic content increased 5 times in chemical
composition of margarine and there was significant increase (p<0.05) in the antioxidant
activity of the finished product (Oliveira Lopes, Piccolo Barcelos, Araujo Dias, Souza
Carneiro, & Abreu, 2014). Adding rosemary extract to margarine increases its anti-
oxidant activity by 200 ppm and, as a result, extends shelf life (Azizkhani, & Zandi,
2010). Panko (2009) proved that the use of walnut leaf powder in the amount of 0.5%
with ascorbic acid in the amount of 0.2% allows to slow down the process of oxidative
deterioration of margarine by 2.6 times. Ukrainian scientists (Jlozosa, & /laBumoBuy,
2008) claim that the substances of turmeric in combination with synergists have anti-
oxidant properties and can be used to extend the shelf life of fats, since this technological
method allowed to slow down the process of oxidative deterioration of fats almost 2
times. In addition, the introduction of natural antioxidants contained in spices makes it
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possible to increase the biological value of products. Thus, scientists from different
countries prove the expediency of using spices in margarine technology.

Ginger is not an exception. This spice is increasingly used in the confectionery in-
dustry, due to its spicy aroma, which is perfectly combined with flour confectionery
products. The content of ascorbic acid in ginger is 48...66 mg %. Its content in the dry
root of ginger exceeds the similar indicator in lemons, mountain ash, oranges, tangerines
(Cimaxina, & IleBuenko, 2014b). Sometimes there is used ginger extract. When using
aqueous extracts, a significant part of bioflavonoids does not pass into the extractant.
Therefore, in water-alcohol solutions of different concentrations, especially with a mass
fraction of alcohol of 40%, the concentration of phenolic compounds extracted into the
solution is quite significant — more than 3000 mg/dm?® (Cimaxina, & IlleBuenko,
2014a).

Adding ginger to margarine is one of the ways to increase the use of margarine and
extend its shelf life due to the presence of essential compounds in it, such as a- and -
zingiberenes, sesquiterpenes, camphene, cineole, bisabolen, borneol, citral, linalool and
at. Since it is known (Silva et al, 2021) that the listed compounds have antioxidant and
inhibitory properties, and therefore should inhibit the rancidity of fats.

The purpose of this study was to improve the quality of table margarine by adding
dried ginger extract, which is also a safe flavor additive.

Research methods. Table margarine with a fat content of 65% of TM "Schedro”
produced by "Lviv Zhirkombinat" PrJSC was chosen as the object of research. Dried
ginger extract with a mass fraction of moisture of 6.7% was added to the semi-finished
margarine product (temperature 20—22 °C) in the amount of 0.5%, 1%, 1.5% and 2%.

Dry ginger extract was produced using double extraction with water with a ratio of
raw material:water 1:15 at an elevated temperature of the extraction process of 90 °C for
3 hours. Subsequently, the condensed extract was dried to a dry matter content of 30%
at a temperature of 60 °C then using a roller dryer to a moisture content of no more than
5%, followed by grinding to a particle size of 0.05...0.10 mm (PyGanka, Tepnenpka &
Abpamosa, 2017).

According to its structure and physical and chemical properties, ginger is a difficult-
to-extract vegetable raw material, and therefore, during its extraction, conventional
physical methods should be used to intensify internal mass transfer (IlleBuenko, [le-
KaHCBKUH, & 3amopoxerts, 2014).

Mixing with simultaneous grinding was carried out in a laboratory disperser until a
homogeneous suspension was obtained.

Margarine was stored in a refrigerator at a temperature of 4 °C for 90 days without
packaging.

The peroxide index of fat is one of the main indicators of the quality of fat products,
which characterizes the safety of the product, and therefore is regulated according to state
standard of Ukraine (DSTU 4465:2005). Therefore, in the studied samples, the peroxide
index of fat was determined after every 15 days of storage. This indicator was determined
by the titrimetric method, which is based on the interaction of the oxidation products of
vegetable oils and fats (peroxides and hydroperoxides) with potassium iodide in a
solution of acetic acid and chloroform and in the subsequent quantitative determination
of the released iodine with a solution of sodium thiosulfate by the titrimetric method
(Fruehwirth et al, 2021).
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The principle of the acid index determination method is based on the titration (neu-
tralization) of free fatty acids with a solution of potassium or sodium hydroxide in the
presence of the phenolphthalein indicator (Fruehwirth et al, 2021).

Statistical processing of experimental data was performed for three measurements of
all studied properties, the discrepancy between studies did not exceed 5%.

The sensory assessment of fat quality was determined by a complex indicator
(LLIeBuenko, & Dypcik, 2023). 10 people of different age and social class were selected
as experts. As a control sample, a sample of margarine was used, which met the norms
of regulatory documentation for this type of product (DSTU 4465:2005 Margarine.
General technical conditions).

Results and discussion. It is known (Silva at al., 2021) that in case of access of
oxygen, light and increased relative humidity in the air to fats, their fatty acids are par-
tially oxidized, which leads to the formation of peroxide, and the longer the oxidation
process takes place, the higher the peroxide index of the fat increases. The change in the
calorific value of margarine during its storage in the refrigerator with different contents
of dried ginger extract was studied. The results of the research are shown in Fig. 1.
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Fig. 1. Changes in the peroxide index of margarine during its storage

It was established that in all studied samples during 90 days of storage, a gradual
increase in the peroxide index of fat is observed, but the oxidation process of margarine
slows down with an increase in the dosage of dried ginger extract. Oxidation occurs due
to free radical chain reactions, which are accompanied at the first stages by the formation
of peroxides and hydroperoxides (Fanhani, & Ferreira, 2006). However, the presence of
natural antioxidants, such as a- and B-zingiberenes, sesquiterpenes, camphene, cineole,
bisabolene, borneol, citral, linalool, etc. (Spence, 2023), which are part of the dried
ginger extract, reduce the oxidative transformation of fats, which suppress the activation
of free radical reactions lipid peroxidation (Fanhani, & Ferreira, 2006) that is confirmed
by our research results. Thus, at the first stages of margarine storage, the peroxide index
in all samples is almost the same and is within 3.6...4.5 mmol/kg Y2 O..

At the end of the recommended storage period 60 days according to DSTU
4465:2005 Margarine. General technical conditions, the peroxide index for the control
sample was 10.2 mmol/kg %2 Oz, while with the addition of 4% dried ginger extract, this
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indicator decreased by 28%, even in the case of adding a small amount of extract (0.5%),
the peroxide index decreased by 8.8% compared to the control sample. A further increase
in the storage period led to a sharp rise in the peroxide index of margarine, but even
during storage for 90 days, this indicator was lower than the control sample: in the case
of adding 0.5% dried ginger extract, the peroxide index of margarine was lower by 4.1%,
in the sample with 1% dried ginger extract — by 7.1%, in case of 2% dried ginger ex-
tract — by 21.4% and in the sample with 4% dried ginger extract — by 30.3%.

It is known (Silva at al, 2021) that the acid index characterizes the process of enzy-
matic or non-enzymatic hydrolysis of fat, namely the breakdown of fat with the forma-
tion of fatty acids, which can contribute to the acceleration of the oxidation process be-
cause of free, unbound in triglycerides acids. Thus, the acid index characterizes the
quality of fats, which indicates the total content of free fatty acids.

In order to confirm the obtained results, the patterns of oxidation of margarine sam-
ples were determined in the case of adding different amount of dried ginger extract. The
results of studying the acid index of margarine during its storage are presented in Fig. 2.
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Fig. 2. Changes in the acid index of table margarine during its storage

It was confirmed that in the process of margarine storage, its acid index increased
gradually, and with increased dosage of dried ginger extract, this indicator naturally de-
creased, which indicates the accumulation of free acids, however, dried ginger extract
inhibits oxidation processes, selecting free radical chain reactions and at the same time,
it reduces the hydrolysis of acylglycerides (Spence, 2023).

The acid index in the control sample increased and reached 0.76 mg of KOH after 60
days of storage. In samples of margarine with the addition of dried ginger extract, the
acid index, for the same storage period, was lower than in the control sample by 28%,
51%, 52% and 52% for samples with the addition of 0.5, 1, 2 and 4% of dried ginger
extract, in accordance.

An increase of this indicator was observed on the 90th day of storage in all samples.
But even 0.5% of dried ginger extract reduced the acid index by 12% compared to the
control, while 2% — by 46% and 4% — by 53%. The obtained research results confirm
the statement that phenolic compounds of plant raw materials are natural preservatives,
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including ginger, the extract of which is a concentrate of water-soluble compounds, not
excluding phenolic substances.

Dry ginger extract affects not only the oxidation processes in margarine during sto-
rage, but also the sensory indicators, which in turn will also affect the finished product
in which margarine is used as a recipe ingredient. Therefore, the taste, smell, consistency
and color of margarine were determined. The results of sensory indicators of margarines
and their comprehensive quality index (K) are presented in fig. 3.
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Fig. 3. Effect of dried ginger extract on the sensory parameters of margarine

It was determined that even with a small addition of dried ginger extract (the amount
of 0.5%), margarine acquired a spicy taste and aroma. With an increase in the dosage of
the extract, the spicy taste and aroma became more saturated, and with the amount of
2% and 4%, this indicator acquired a strong spicy taste, which was accompanied by the
appearance of a burning taste. A similar pattern was observed in case of color analysis,
which did not change when 0.5% and 1% were added and became one tone yellower
when 2% dried ginger extract was added. When adding 4%, the margarine had a brown
tint, which was negatively perceived by experts. At the same time, the dried ginger
extract did not affect the consistency of margarine, which did not change when the
dosage of the extract was increased.

Conclusions

Thus, the presence of phenolic compounds in the composition of dried ginger extract
allows to reduce the oxidative reactions that occur with fat during its storage and to
partially extend its shelf life, which is confirmed by studies of the chemical
transformation of fat during margarine storage. Even a small addition of dried ginger
extract reduces the peroxide value of fat to 8.8%, and the acid value to 28%. The addition
of dried ginger extract to table margarine has a positive effect on its sensory indicators.
Therefore, in order to establish the optimal dosage of dried ginger extract, it is necessary
to take into account the influence of dried ginger extract on the physico-chemical and
microbiological indicators of the quality of table margarine during its storage, which will
allow taking into account the influence of ginger not only on the quality, but also on the
safety of the product. These researches are planned to do.
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