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QUALITY AND SAFETY OF MAYONNAISE BASED ON BLENDED OIL,
EGGPLAN POWDER AND GUM ARABIC

Summary. The paper theoretically and experimentally substantiates the feasibility of using gum arabic, eggplant
powder, and blended oil to develop mayonnaise technology, and also creates recipes for different versions of this
sauce. The results of organoleptic analysis showed that the use of gum arabic, eggplant powder and blended oil has
a positive effect on the organoleptic properties of mayonnaise. The consistency, appearance, color and aroma of
all samples received positive ratings, and the mayonnaise sample with 50% blended oil (M2) received the highest
rating (5 points). The study of the fatty acid composition of lipids demonstrated that the mayonnaise sample (M3)
has the highest results in terms of the content of fatty acids of the ®-3 and -6 groups. However, the ratio of fatty
acids in the sample (M3) is 1:7/1:9, which is not optimal. The best ratio of fatty acids, which is 1:4, is characterized
by the mayonnaise sample (M2). The analysis of the fatty acid composition also confirmed the functionality of all
mayonnaise samples. It was determined that all developed samples based on blended oil meet the standards for
structure (viscosity and emulsion stability) and quality (pH, acid and peroxide values), which indicate the resistance
of the product to mechanical stress and stability during storage. It was found that the microbiological indicators of
the control sample and experimental samples, in which the oil-fat fraction was partially or completely replaced with
blended oil, during 28 days of storage show that the conditionally pathogenic and pathogenic microflora are within
the permissible values. The number of bacteria of the Staphylococcus aureus group in the control and experimental
samples remained constant at 2.7 x 102 throughout the entire storage period. The results obtained indicate the
possibility of substantiating the technology of mayonnaise based on gum arabic, eggplant powder and blended oil
with increased biological value.

Keywords: sauce, mayonnaise, oil, gum arabic, eggplant powder, polyunsaturated fatty acids (PUFA), technology,
functional product, dietary supplements, technology.

Statement of the problem and its relevance. The biologically active components of vegetable oils, in
particular blended ones, which normalize lipid metabolism, primarily include polyunsaturated fatty acids
(PUFAs) — linoleic (0-6) and linolenic (w-3). PUFAs participate in the body's work as structural elements
of cell biomembranes. They contribute to the regulation of metabolism in cells, normalization of blood
pressure, affect cholesterol metabolism, stimulating its oxidation and excretion from the body, participate
in the metabolism of B vitamins, increasing resistance to infectious diseases and other factors [1; 2].

One of the main products of the oil and fat industry, which is present in the mass daily consump-
tion of the population, is mayonnaise sauce. The multicomponent composition of mayonnaise pro-
vides opportunities for the creation of products that prevent deficiency states in essential fatty acids,
vitamins and other physiologically functional ingredients [3; 4].

One of the main components of mayonnaise emulsions is refined deodorized oil. In order to cre-
ate mayonnaises with increased biological value in terms of essential fatty acid content, samples of
mayonnaise sauce with partial or complete replacement of the oil-fat base with blended deodorized
oil were studied, thereby ensuring the necessary balance of PUFA [5].
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Gum arabic is a natural thickener and stabilizer used in the food industry, in particular in the pro-
duction of mayonnaise. Gum arabic helps to achieve the desired consistency of mayonnaise, giving
it a creamy texture, prevents the ingredients from separating, maintaining the homogeneity of the
product. As a natural polymer, gum arabic is considered a healthier alternative to synthetic additives.
The use of gum arabic can extend the shelf life of mayonnaise. Gum arabic has practically no taste,
which allows you to preserve the original taste of mayonnaise and is able to improve the creaminess
and visual appeal of the product. Gum arabic is usually added at the emulsification stage, when oil
and water are mixed.

Analysis of recent research and publications. Many studies by domestic and foreign scientists and
others have been devoted to the determination of organoleptic, microbiological, physicochemical and
functional-technological properties, the study of the fatty acid composition of mayonnaise sauces,
vegetable oils and the development of emulsion-type sauce technologies based on them [1-8].

A number of scientists continue to work in this direction, since the indicated problem has not lost
its relevance even today. A market analysis of mayonnaise sauce consumption shows that in modern
society they have become one of the most sought-after products. However, this product does not cor-
respond to the peculiarities of physiology and biochemical processes of the human body due to the
increased amount of saturated fatty acids, as well as the presence of flavoring and technological food
additives that are not beneficial to health. Convenience of consumption, high organoleptic indicators
contribute to the fact that emulsion-type sauces are quite popular among consumers, with the classic
mayonnaise sauce “Provencal” being in the greatest demand. The analysis of the Ukrainian sauce
market shows that mayonnaise production accounts for about 49% of the total number of sauces.
About 80% of consumers prefer this type of sauce, and 40% of the population consumes mayonnaise
sauce at least several times a week.

Increasing the production of biologically complete multicomponent sauces (in particular, mayon-
naise) is relevant in light of the concept of balanced nutrition, according to which a person’s daily diet
should contain a sufficient amount of polyunsaturated fatty acids [7].

The main advantage of sauces is the potential for enriching the recipe composition with ingredi-
ents by one or more factors in order to most fully comply with their balanced nutrition formula [8].

However, despite the high nutritional value of sauces, including mayonnaise, they have their draw-
backs, one of which is the low content of essential nutrients, in particular polyunsaturated fatty acids.
The main oil-fat fraction of mayonnaise sauce contains a large amount of saturated fatty acids and is
unstable to oxidation processes, so classic mayonnaise is not able to satisfy the human need for the
necessary micronutrients and cannot maintain its quality indicators for a long time.

Partial introduction (25%, 50%) of blended oil into the composition of mayonnaises or complete
replacement of refined deodorized sunflower oil with it causes high biological value. Therefore, the
issue of developing mayonnaise based on blended oil, enriched with polyunsaturated fatty acids, bio-
logically active components (cachetin, flavones and flavonoids), which will be important both for the
full nutrition of the population and for ensuring high indicators of quality and safety of the sauce, is
currently relevant.

Eggplant powders are an additional source of vitamins, which is especially important for regulating
metabolism and improving the body’s resistance to various negative environmental factors. Vitamins
are part of enzymes that provide important metabolic processes in the body. Water-soluble vitamins
in eggplant powders (PP, B1, B2) contribute to cellular metabolism. The mineral composition of egg-
plant powders increases by an average of 2.5-3.0 times, where the vast majority is, mg/100g: calcium
(48.5+2.0), potassium (740.442.0), iron (1.7£0.5), phosphorus (98.80£1.5), magnesium (26.18+2.0).
All these elements are a component of bone tissue, have radioprotective and anti-anemic properties,
and therefore are vital for humans. The amount of vitamins of group B (B1 and B2), PP increases
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more than 10 times and is, mg/100g: thiamine B1 — 0.40+0.01; riboflavin B2 — 0.5+0.06; nicotinic
acid PP — 5.22+0.10. The increased level of mineral elements, vitamins of group B, niacin in egg-
plant powders will contribute to the overall strengthening of the body and the strengthening of the
protective effect of the immune system. And this, in turn, increases the body’s resistance to adverse
environmental factors.

The purpose of the article. The purpose of the work is to study the quality indicators of mayon-
naise sauce with partial or complete replacement of the oil-fat fraction with blended oil and the use
of gum arabic and eggplant powder. The main attention is paid to organoleptic and physicochemical
indicators (effective viscosity, emulsion stability, acidity, acid and peroxide value), analysis of the
fatty acid composition of the developed sauce samples based on blended oil, as well as changes in
microbiological indicators during storage.

The methodological basis of the study is the process of developing the recipe composition of may-
onnaise sauce using blended oil and tracking its quality and safety indicators.

Research methods — standard organoleptic, structural-mechanical, methods for determining the
fatty acid composition, microbiological methods and processing the obtained data using modern com-
puter programs.

The information base of the study is scientific articles, materials of international congresses and
symposiums, scientific and practical conferences, regulatory and technical documentation, patents.

The object of the study is mayonnaise sauce with gum arabic, eggplant powder, and partial (25%,
50%) or complete replacement of the oil-fat fraction in the recipe with blended oil.

The subject of the study is the technology of mayonnaise sauce with partial (25%, 50%) or com-
plete replacement of the oil-fat fraction in the recipe with blended oil and the use of gum arabic and
eggplant powder.

The scientific novelty of the obtained results lies in the theoretical substantiation and experimental
confirmation of the feasibility of using gum arabic, eggplant powder, and blended oil in mayonnaise
sauce technology and its effect on organoleptic, physicochemical, microbiological indicators, and
fatty acid composition.

Presentation of the main research material. In parallel, three samples of mayonnaise based on
blended oil were prepared with a mass fraction of 25%, 50%, and 100% added to the recipe (Table 1).

Table 1
Production of mayonnaise based on blended oil with a mass fraction of 25%, 50% and 100% in the recipe

Mayonnaise samples
. . Test sample 1 Test sample 2 Test sample 3
Name of ingredients CONTROL 25° /01)’ (50 %l)) (10 00/5’)

M1 M2 M3
Refined deodorized sunflower oil 65,40 49,05 32,7 -
Blended oil — 16,35 32,7 65,40
Egg powder 5,0 5,0 5,0 5,0
Skimmed milk powder 1,6 1,6 1,6 1,6
Gum Arabic — 5 5 5
Eggplant powder — 3 3 3
Mustard powder 0,75 0,75 0,75 0,75
Sodium bicarbonate 0,05 0,05 0,05 0,05
Sugar 1,5 1,5 1,5 1,5
Salt 1,0 1,0 1,0 1,0
Acetic acid 0,55 0,55 0,55 0,55
Water 24,15 24,15 24,15 24,15
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The mayonnaise recipe in Table 1 was selected in accordance with the requirements of DSTU
4487-2015 “Mayonnaise and mayonnaise sauces” (Technical Committee “Oils, fats and products of
their processing” (TC 86), 2015). The recipe for mayonnaise sauce “Provencal” with a mass fraction
of fat of 67% was chosen as the control sample.

The next stage of the study was the determination of the organoleptic indicators of the developed
mayonnaise samples.

The organoleptic characteristics of mayonnaise must meet the requirements of DSTU 4487-2015
“Mayonnaise and mayonnaise sauces” (Technical Committee “Oils, fats and products of their pro-
cessing” (TC 86), 2015), which are presented in Table 2.

Table 2
Characterization of organoleptic parameters of mayonnaise based on blended oil and gum arabic
Indicator name Characteristic
Consistency and appearance Homogeneous creamy product
Taste and smell The taste is slightly sharp, sour.
Color White with a yellowish tint, uniform throughout the mass

The results of the obtained organoleptic indicators, given in Table 2, were carried out on a 5-point
scale. The obtained data indicate that the use of blended oil in the technology of mayonnaise sauce
has a positive effect on its organoleptic indicators. The consistency, appearance, color and smell of
all samples (M1 and M2), which contained 25% and 50% of blended oil, respectively, were marked
with the highest score (5 points), except for the mayonnaise sample with a complete replacement
(100%) of the oil-fat fraction with blended oil. The sample (M3) was marked with the lowest taste
score (4.6), since it had some deviations from the norm. To confirm the enrichment of the biological
value of mayonnaise sauce based on blended oil, a study of the fatty acid composition of lipids of the
developed samples with the control — mayonnaise “Provencal” (Table 3). The fatty acid composition
of lipids was determined by the method of gas-liquid chromatography of fatty acid methyl esters. The
studies were carried out on a gas-liquid chromatograph.

From the obtained data presented in Table 3, it can be seen that the ratio of fatty acids of the »-3:®-6
groups for lipids of the mayonnaise sauce sample (M2) was 1:4 (Table 3), which is the recommended
ratio for functional food products. a-linolenic fatty acid belongs to the w-3 fatty acids listed above.
Linoleic and y-linolenic acids belong to the m-6. The optimal overall ratio of ®-3 to ®-6 in the diet
for the age group 18-45 years is 1:3/1:6, respectively, and it must be maintained. It is undesirable
to exceed the value of 1:10. This stimulates the development of inflammatory processes in the body.
The lipids of the control sample of mayonnaise “Provansal” do not contain ®-6 and ®-3 fatty acids.
Monounsaturated fatty acids are contained in the lipids of the control sauce sample twice as much
as in the mayonnaise sauce sample (M2), and 2.2 times more than in the lipids of the mayonnaise
sauce sample (M3). The presented data on the qualitative characteristics of the developed mayonnaise
sauce samples based on blended oil indicate that the best indicators in terms of the ratio of fatty acids
of the ®-3:w-6 groups were obtained by the sauce sample (M2). It should be noted that the highest
indicators in terms of the content of fatty acids of the ®-3 and ®-6 groups in lipids were obtained by
the mayonnaise sample (M3). However, the ratio of fatty acids of the ®-3:®-6 groups in the lipids
of the mayonnaise sample (M3) is 1:7/1:9, which does not correspond to the optimal one. Important
for emulsion-type sauces are the structure indicators (effective viscosity and emulsion stability) and
quality indicators (pH, acid number and peroxide number), which characterize the resistance of the
product to mechanical influences and storage stability.
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Table 3
Fatty acid composition of lipids of mayonnaise based on blended oil
Content g per 100 g of product
. Test sample 1 Test sample 2 Test sample 3
Indicator name CONTROL (25%1)) (50%1)) (100%1,))
M1 M2 M3

Saturated fatty acids 7,96 8,337 13,895 16,674
14:0 Myristic acid 0,01 0,050 0,084 0,101
16:0 Palmitic acid 4,48 4,774 7,956 9,547
17:0 Heptadecanoic acid 0,036 0,060 0,072
18:0 Stearic acid 2,79 2,521 4,201 5,041
20:0 Arachidonic acid 0,2 0,696 1,160 1,392
22:0 Behenic acid 0,46 0,166 0,277 0,332
24:0 Lignoceric acid - 0,094 0,157 0,188
Monounsaturated fatty acids 16,88 18,636 31,06 37,272
16:1 Palmitoleic acid 0,08 0,175 0,291 0,349
17:1 Octadecenoic acid — 0,019 0,032 0,038
18:1 Oleic acid 16,8 16,876 28,127 33,752
20:1 Gadoleic acid — 0,059 0,099 0,119
22:1 Erucic acid - 1,507 2,511 3,013
Polyunsaturated fatty acids 39,27 33,027 55,045 66,054
18:2 Linoleic acid 39,24 14,473 24,122 28,946
18:3 Linolenic acid 0,03 18,554 30,923 37,108
18:3 y-linolenic acid - 6,517 10,862 13,034
18:3 a-linolenic acid — 12,037 20,061 24,073

The stability of the mayonnaise emulsion depends on the composition of the oil-fat base, the recipe

components used as emulsifiers of powdered milk, egg, mustard, and eggplant powder, which partic-
ipate in creating the structure of mayonnaise, as well as on compliance with the optimal parameters
of the technological process, primarily homogenization. The study of the change in emulsion stability
was carried out by the method of centrifugal force. For this, the control and experimental samples of
mayonnaise were centrifuged for 5 minutes at a rotation speed of 3000 s. The results of the study of
these indicators are presented in Table 4.

Table 4
Physico-chemical parameters of mayonnaise based on blended oil and gumarabic

Mayonnaise samples
. Test sample 1 Test sample 2 Test sample 3
Indicator name CONTROL (25%1)) (50%1; (1000/(1,))
Effective viscosity, Paxs™ (at a shear
rate of 3 s7') 9,5 9,5 9,5 9,3
Emulsion stability, % 99 100 100 99
pH 4,5 4,5 4,5 4,6
Acid value, ml KOH/kg 0,2 0,2 0,2 0,2
Peroxide number, 202, mol/kg 23 2,5 2,6 2,9

The results of the conducted studies (Table 4) confirm the possibility of producing all mayonnaise
samples based on blended oil, since their physical and chemical indicators fully comply with the
established requirements of regulatory documentation. The percentage of unbroken emulsion for the
experimental samples of mayonnaise (M1) and (M2) with a mass fraction of blended oil of 25% and
50% was 100%, which is 1% less than for the control and experimental sample of mayonnaise (M3).
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As a result of the conducted studies, the emulsion stability indicator corresponds to the norm for all
mayonnaise samples. The effective viscosity for the control and experimental samples of mayonnaise
(M1, M2 and M3) was within the norm. However, the effective viscosity index for the experimental
mayonnaise sample (M3) with complete replacement of the oil-fat fraction with blended oil was 0.2
Paxs! less than for other experimental mayonnaise samples (M1 and M2). The results obtained for
the active acidity indices indicate, however, that the pH for all developed mayonnaise samples was
within normal limits. The acid number indices did not differ for the control and experimental mayon-
naise samples (M1, M2, M3). The peroxide number indices for the mayonnaise sample (M3) almost
reach the limit value for this type of product — 3.1 mmol of active oxygen/kg.

In order to control the safety indices for the developed mayonnaise samples, the change in micro-
biological indices during storage (28 days) was determined (Table 5).

Studies of microbiological indicators (Table 5) of the control sample of mayonnaise and experi-
mental samples with partial or complete replacement of the oil-fat fraction with blended oil during
storage (28 days) indicate that the conditionally pathogenic and pathogenic microflora are within
acceptable values.

Table 5
Microbiological indicators of mayonnaise based on blended oil and gum arabic during storage

Indicator name Perl?‘::lble Sample 0 ?zelf life, daly4s 28
Escherichia coli (coliform) Not allowed CONTROL - - - -
bacteria, in According to Experimental
0.01g of mayonnaise DSTU 6003:2008 samples - B B ~
Pathogenic microorganisms, CONTROL — — — —
mayonnaise samples B B B B
Staphylococcus aureus, in CONTROL 2,7x10? 2,7x10? 2,7x10? 2,7x10?
:hga;)f mayonnaise, no more 5,0x102 EXE:IrIiniemal 27102 2.7%10° 2.7%10° 2.7%10°

ples
Listeria monocytogenes, in CONTROL — — — —
25g of mayonnaise Not allowed Experimental
samples

Determination of BGCP in 0.01 g of experimental and control samples of mayonnaise indicate
their absence in the studied products. The number of bacteria of the Staphylococcus aureus group in
the control sample of mayonnaise and experimental samples throughout the entire storage period is
the same and is 2.7 x 102

Conclusions. The paper theoretically and experimentally substantiates the feasibility of using
blended oil in the development of mayonnaise sauce technology and develops recipes for these may-
onnaises. Based on organoleptic analysis, it was determined that the use of blended oil in mayonnaise
sauce technology has a positive effect on its organoleptic indicators. The consistency, appearance,
color and smell of all samples received a positive assessment. The highest score (5 points) was given
to the mayonnaise sample containing 50% blended oil (M2). The study of the fatty acid composition
of lipids showed that the highest indicators in terms of the content of fatty acids of the ®-3 and w-6
groups were obtained by the lipids of the mayonnaise sample (M3). However, the ratio of fatty acids
in lipids of the ®-3:-6 groups in the mayonnaise sample (M3) is 1:7/1:9, which does not correspond
to the optimal one. The optimal ratio of fatty acids in lipids of the ®-3:®-6 groups as 1:4 is possessed
by the mayonnaise sauce sample (M2). The analysis of the fatty acid composition also confirmed the
functionality of all developed mayonnaise samples.
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The article establishes that all developed samples of mayonnaise based on blended oil, gum ara-
bic, and eggplant powder fully comply with the regulatory indicators of structure (effective viscosity
and emulsion stability) and quality (pH, acid number, and peroxide number), which characterize the
product’s resistance to mechanical stress and storage stability for emulsion-type sauces.

It was investigated that the microbiological indicators of the control mayonnaise sample and
experimental samples with partial or complete replacement of the oil-fat fraction with blended oil
during storage (28 days) indicate that the opportunistic and pathogenic microflora are within the
permissible values. The number of Staphylococcus aureus bacteria in the control sample of may-
onnaise and the experimental samples throughout the entire storage period is the same and is 2.7 %
10%. The studied quality indicators make it possible to substantiate the technology of mayonnaise
sauce based on blended oil, gum arabic, and eggplant powder with increased biological value. The
implementation of this technology will expand the range and contribute to obtaining a high-quality
and safe food product.
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A. B. AnToHenko, JI. B. baas-Ilpununko
HauionansHuii yHiBepcureT 6iopecypciB i Ipupo10KOPUCTYBAHHA Y KpaiHu

SIKICTb TA BE3IIEYHICTb MAMOHE3Y HA OCHOBI KYIIAKOBAHOI OJIII,
MOPOIIKA 3 BAKJIAJKAHIB TA TYMIAPABIKA

Anomauis

VY po0oTi OOTPYHTOBAHO TEOPETUYHO 1 EKCIIEPUMEHTAIBHO JOIIIBHICTE BUKOPHCTAHHS TyMiapabika, mOpoIka
3 GakaXKaHiB Ta Kyna)kKoBaHOi Ol /sl pO3pOOIEHHS TEXHOJIOTI] MailoHe3y, a TAKOK CTBOPEHO PELENTypH Pi3HUX
BapiaHTiB IbOTO COYCY. Pe3ynsraTn opraHoIenTHIHOTO aHAITi3y TIOKa3alIH, 0 3aCTOCYBaHHS ryMiapabiKy, MOopoIka
3 OaknakaHiB Ta KyMna)koBaHOI OJTii MO3UTHBHO BIUIMBAE HA OPTAHOJETITUYHI BITaCTUBOCTI Maifone3y. KoHcucTenmis,
30BHIIIHINA BUIIIS, KOMIP 1 a@poMaT yCix 3pa3KiB OTpHMAali TO3UTHUBHI OIIHKH, TPUIOMY 3pa3ok Maiionesy 3 50%
KymnaskoBaHoi omii (M2) orpumaB HaiBuIIy OIiHKY (5 6amiB). JlochmiHkeHHS JKUPHO-KUCIOTHOTO CKIAIy JMiiB
MIPOAEMOHCTPYBAJIO, IO 3pa3ok MaiioHe3y (M3) Mae HaWBUIII Pe3ynbTaTH 32 BMICTOM JKHPHUX KHCIIOT TPYI ®-3 Ta
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®-6. [IpoTe CmiBBiTHOIIEHHS KUPHUX KACIOT Y 3pa3ky (M3) craroButs 1:7/1:9, mo He € onTuMansauM. Haftkpamumm
CITiBBiTHOIIIEHHSAM KUPHUX KHCIIOT, sIKe TopiBHIOE 1:4, XapaKTepu3yeThCs 3pa3ok Manionesy (M2). AHami3 )KupHO-
KHCJIOTHOTO CKJIaIy TaKOX IMiATBEpANB (PyHKIIIOHANBHICT YCIX 3pa3KiB MalioHe3y. Bu3HaueHo, mo BCi po3po0ieHi
3pa3Kd Ha OCHOBI KyTIa)KOBAHO1 OJii BiJIIOBINAIOTh HOPMAaTHUBAM 3a TIOKa3HUKAMH CTPYKTYPH (B’S3KICTh 1 CTIHKICT
eMynbeii) 1 sxocTi (pH, KWCTOTHE 1 TIepeknucHe Yucia), sKi CBIMYaTh PO CTIHKICTh MPOMYKTY JO MEXaHITHOTO
BIUIMBY Ta CTaOUTBHICTH Tix wac 30epiranHsa. byno 3’scoBaHO, 1m0 MiKpoOiOJIOTIUHI MOKA3HUKH KOHTPOJIHHOTO
3pa3Ka Ta JOCHiTHHUX 3pa3KiB, B IKMX YaCTKOBO a00 MIOBHICTIO 3aMIHEHO OJIIEXHUPOBY (HPaKIIifo Ha KYMTaKOBAHY OJIf0,
poTsATOM 28 MHIB 30epiraHHs MOKa3y0Th, 0 YMOBHO TIATOTEHHA Ta TTATOTEHHA MIKpO(IIopa 3HAXOMUTHCS B MEKaxX
JOMYCTUMUX 3HaueHb. KimbKicTh OakTepiit Tpymu Staphylococcus aureus y KOHTPOJIBHOMY Ta JOCTIIHUX 3pa3kax
3aJIMIIajIacs CTaior Ha piBHi 2,7 X 10% mpoTsaroM ychoro TepMiny 30epirantsa. OTpuMaHi pe3yJabTaTd CBiquarh Ipo
MOXKITHBICTH OOTPYHTYBAaHHS TEXHOJIOTI1 MaifOHe3y Ha OCHOBI TyMiapabika, moporka 3 OakIakaHiB Ta KymakoBaHOT
oIii 3 TMABUIIIEHOIO Oi0MOTIYHOIO IIHHICTIO.

Kniwouosi cnosa: coycu, MaiioHe3, ois, TyMiapa0ik, TIOPOIIOK i3 OakiTakaHiB, TOMIHEHACHUICH] KUPHI KUCIOTH
(ITHXK), pyHKIIOHATEHIHA TIPOAYKT, IETHIHI JOOABKH, TEXHOJIOTISI MaifOHE3Y.
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