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Abstract.

Rheological measurements are used in the food industry to determine physical characteristics of raw materials, as well as
semi-finished and finished products. We aimed to study the effects of ingredients and homogenization parameters on the
rheological properties of mayonnaise prepared with pumpkin and rice oils, as well as various honeys.

Mayonnaise samples were prepared with non-traditional ingredients, namely cold-pressed pumpkin seed oil, refined rice oil,
and four varieties of honey (acacia, linden, forest, and spring). The samples were made in the traditional way on an Ultra
Turrax T25 IKA homogenizer (3500-24 000 rpm). The rheological properties of honey and mayonnaise were determined on
a Brookfield rotational viscometer.

Forest honey had the highest viscosity, while linden honey had the lowest viscosity, compared to the other honeys. The
sample of mayonnaise with forest honey had the highest effective viscosity (3.427 Pa-s) and consistency (101.26 Pa-s"). The
use of whey powder provided mayonnaise with the most optimal rheological parameters. Of all carbohydrates, inulin
HD had the best effect on the consistency of mayonnaise, with effective viscosity of 2.801 + 0.001 Pa-s and a flow index of
0.2630 £ 0.0020. Disaccharides provided mayonnaise with higher viscosity and consistency than monosaccharides. Mayonnaise
with fresh egg yolk had higher viscosity (2.656 + 0.002 Pa-s) and consistency (65.640 + 0.004 Pa-s) than the samples with
other egg products. The rheological characteristics of mayonnaise were also determined by the homogenization time and
rotor speed. Increasing the time from 2 to 4 min at 10 000 rpm raised the emulsion’s viscosity and consistency from 6.253 to
8.736 Pas and from 77.42 to 134.24 Pa-s", respectively, as well as reduced the flow index from 0.2628 to 0.1995. The rotor
speed of 10 000—12 000 rpm was optimal for mayonnaise with pumpkin and rice oils and honey.

The studied samples of mayonnaise with pumpkin and rice oils, as well as honey, belong to non-Newtonian systems and
pseudoplastic fluids. The empirical flow curves can be adequately described by the Herschel-Bulkley model. Our results can
significantly increase the efficiency of mayonnaise production, improve its quality, and reduce production costs.
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AHHOTAIHS.

Peosornueckne n3MepeHus B MUIIEBOH MPOMBIIUICHHOCTH UTPAIOT BAXKHYIO POJIb B ONPEICICHUN (U3MUSCKUX XapaKTEPHCTHK
CBIPBSL, 10y (HaOPHKATOB 1 FOTOBBIX MPOAYKTOB. [{esib paboThl coCTOSIIA B UCCICAOBAHUN BIMSHUS HHIPEIHEHTOB U IAPaMETPOB
Ipoliecca TOMOTeHH3AINH Ha PEOJIOTHIEeCKe CBOWCTBA MalioHe3a ¢ 100aBIeHNeM THIKBEHHOTO U PHCOBOTO Macell, a TaKKe
pa3IMYHBIX COPTOB MEnaA.

JUIs IpUTOTOBIICHHSI ONBITHEIX 00pa3I0B MaifoHe3a B Ka4eCTBE HETPAJAUIIMOHHBIX HHIPEANEHTOB HCIIOIH30BAN THIKBEHHOE
MacJio XOJIOJHOTO OT)KUMA U paQMHUPOBAHHOE PHCOBOE MACJIO0, a TAK)Ke YeThIpe copTa MEa (aKalneBbli, TUIOBBIN, JIECHOM
u BeceHHuN). [Ipurorosnenne MaifoHe3a OCYIIECTBISUIN TPAJUIIMOHHBIM crtocoboM Ha 1abopaTopHOM romorennsarope Ultra
Turrax T25 IKA (auana3on ckopocteit Bpamienus poropa 3500—24 000 06/mun). Peosornueckue cBOcTBa Me1a U OTBITHBIX
00pa3IoB MaifoHe3a ONpeeNsuId Ha POTAIHOHHOM BUCKo3uMeTpe Brookfield.

CpaBHUTEIbHBII aHAIN3 PEOJOrMUECKUX MTOKa3aTeJIel MeJa II0Ka3all, YTO BEICOKYIO BSI3KOCTh HMEET JICCHOI MeJ, a HU3KYIO —
nunoBbIi. BBenenue B peuentypy MaiioHe3a pa3aIudHbIX COPTOB MEJA MOBIMSIIO HAa PEOJIOTMUECKUE CBOWCTBA TOTOBOI'O IPOAYKTA.
O6pazen MaifoHe3a C JIECHBIM MeJOM HMMeJ BBICOKHE 3HaueHHUs >pdexTuBHON BsskoctH (3,427 Ila-c) u koaddumnmenra
koHcuctenuu (101,26 Ila-c"). Mcnonap30BaHne CyXOi CHIBOPOTKU B Ka4€CTBE MOJIOYHOTO KOMITIOHEHTA IPU MPUTOTOBICHHH
MaiioHe3a ¢ J100aBICHHEM THIKBEHHOTO M PHCOBOTO Macels MO3BOJIIIO MOJYYHUTh IPONYKT C JIYUIIMMH PEOJOTHYSCKUMU
nokasarensiMu. Taxke MoJ0KUTENbHOE BIUSHNE, 10 CPABHEHHUIO C APYTHMU YII€BOAAMH, HAa KOHCUCTEHIIHIO MalioHe3a 0Ka3ajo
BBeneHne nnyianHa HD (3¢ dexruBnas Bsazkocts 2,801 £ 0,001 ITa-c, manexc texydectu 0,2630 + 0,0020). Mcnons3yemsre
Jucaxapuibl 00ecreunBaroT 6osee BHICOKYIO BI3KOCTh M KOHCHCTEHIINIO MaifoHe3a, 4eM MOHOCcaxapHbl. MaifoHe3 co CBEXXUM
SIMYHBIM JKEJITKOM HMe OoJiee BBICOKYIO BsA3KOCTh (2,656 + 0,002 Ila-c) u korcuctennmo (65,640 + 0,004 ITa-c) no cpaBHEHUIO
C ﬂOGaBHeHHeM JAPYrux SsU4HBIX IIPOAYKTOB. Peonornueckue XapaKTEPUCTUKU MaliOHe3a TaKXe 3aBHUCST OT IPOJAOJIKUTEIILHOCTHU
TOMOTEHHU3AIUN U 9aCTOTHI BPAIICHUS POTOPA TOMOTEHM3aTOpa. Y BEIHUEHUE NMPOJODKUTEIBHOCTH TOMOTEHU3AUH ¢ 2 10
4 MMH IpHU YacTOTe BpalieHus poropa romorennzaropa 10 000 06/MuH MOBBIIIANO BI3KOCTh IMYJIbcHH ¢ 6,253 1o 8,736 [Ma-c
1 K0o3QUIIUEHT KOHCUCTeHINU — ¢ 77,42 no 134,24 Ia-c", a Takxke CHIKaAI0 HHACKC TekydecTH ¢ 0,2628 1o 0,1995. YacTora
BpalleHus potopa romorennsaropa B quamnazone 10 000—12 000 o6/MuH siBiIsieTCSI ONTUMATIBHOM JJIs1 MaiioHe3a ¢ 100aBIeHHEM
TBIKBEHHOTO ¥ PHCOBOT0 Macell U Meja.

HccnenoBannbie 00pa3ibl MaifoHe3a ¢ THIKBEHHBIM U PHCOBBIM MAaciiOM, a TakXke ¢ MEIOM OTHOCATCS K HEHHIOTOHOBCKUM
CHUCTEMaM, INCEBIOMIACTUYECKUM THIaM XHJIKOCTeH. [lomydeHHbIe SMIMpPUIECKHE KPUBBIE TEUSHHS C BBICOKOHW CTENEHBIO
aJIeKBaTHOCTH OMHUCHIBAIOTCS Mojenbio 'epmens-bankiau. [IpuMeHeHHe ONydeHHBIX Pe3yJbTaTOB MO3BOJUT IMOBBICUTH
93¢ PEKTUBHOCTh NPOESKTUPOBAHUS TEXHOJOTHUYECKUX MPOLECCOB IIPU MPOM3BOACTBE MAalOHE30B, YJIYUILIUTh KaueCTBEHHBIC
MTOKAa3aTeJIM TOTOBOTO MPOAYKTA U CHU3UTH NIPON3BOJACTBEHHEIE N3/IEPIKKH.

Kuawouessble cioBa. Maliones, peosiornyeckue CBOMCTBa, roMOreHU3alus, MEJ, pacCTUTENbHOE Maci0, YIIeBO bl

Jist unrupoBanus: ViceienoBaHue peosornyeckuX CBOMCTB MalloHe3a ¢ HeTpauiuuoHHbIM chipbeM / C. A. BpenuxuH [u ap.] /
TexHHMKa ¥ TeXHOJIOTHs MUIIEBBIX mpon3BoacTB. 2022. T. 52. Ne 4. C. 739-749. https://doi.org/10.21603/2074-9414-2022-4-240
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Introduction

Food production processes are organized in such
a way as to ensure the highest quality of the finished
product. During processing, raw materials of plant
origin are exposed to various mechanical stresses. In
this regard, rheological analysis of food products is
becoming increasingly important for assessing the
quality of raw materials and finished products, as well
as for predicting the behavior of semi-finished products
during processing. In particular, it is used to determine
the structure of the product and its characteristics in
accordance with the technical regulations [1].

Mayonnaise is a multicomponent, finely dispersed
water-fat emulsion of the direct oil-in-water type that
is stable over a wide temperature range [2—4]. In this
product, vegetable oil is an internal phase in the form
of tiny drops in a dispersion medium [5].

According to the standard, high-calorie mayonnaise
must contain more than 50% of edible vegetable oil,
which forms its fat phase [6]. Mayonnaise is classified
as a promising food product due to its composition
and sensory properties. Also, it is used as a seasoning
for various dishes. By enhancing the food’s nutritional
value and taste, mayonnaise stimulates appetite and
improves digestion. It is a product of high biological
and physiological value [7].

Vegetable oil is one of the main components
of mayonnaise that contributes to its sensory and
physicomechanical properties [8]. The oil content has
a significant effect on the product’s rheological properties
such as yield strength, as well as storage and loss moduli.
A combination of sunflower and pumpkin seed oils
can provide an optimal composition of fatty acids and
tocopherols, natural antioxidants that improve nutritional
and sensory properties of mayonnaise. In particular,
sunflower oil enriches the product with essential linoleic
acid, while cold-pressed pumpkin oil is rich in oleic acid
and gamma-tocopherol, contributing to longer shelf life.
In addition, the latter’s aroma and color can enhance
the product’s sensory properties.

Other main ingredients of mayonnaise are milk pro-
teins, egg powder, stabilizers, and water. Fat-soluble
vitamins, sugar, salt, mustard, and various flavor additives
are present in small amounts [9].

Powdered milk, egg powder, and vegetable pho-
spholipids are used as emulsifiers [10]. Powdered milk
is also a structure-forming agent, since milk proteins
swell in the presence of moisture, increasing the water-
retaining capacity of mayonnaise [11].

Mustard powder is used as a flavor additive, as well
as an emulsifier and a structure-forming agent due to its
proteins. Mustard powder should be dry, with a sharp
smell of allyl oil and a light yellow color. Mustard
paste should be free of mustiness and bitterness [12].

Acetic acid improves the taste and enhances
bactericidal properties of mayonnaise. Water is needed
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to dissolve salt and sugar, as well as to dissolve and
swell milk proteins and other ingredients.

Vegetable oil contained in mayonnaise provides the
human body with physiologically active (essential) fatty
acids, which lower blood cholesterol and help prevent
atherosclerosis. Milk and egg powder are sources of
proteins and essential amino acids, while sugar is a
source of carbohydrates. Organic acids (acetic and citric)
improve digestion, provide the required acidity and
bactericidal purity, and determine taste and aroma [11].

Mayonnaise is a direct-type emulsion that is easily
absorbed by the body. This fact and the content of
vegetable oil determine its nutritional value [14].

Egg yolks act as emulsifiers mainly due to the
presence of phospholipids, as well as high and low
density lipoproteins. Vinegar, salt, sugar, and mustard
are added to mayonnaise for flavor. These ingre-
dients play an important role in the physical stability of
the emulsion [15, 16]. Lutein, phycocyanin and other
compounds, as well as processed beets and fruit
components provide mayonnaise with oxidation sta-
bility and contribute to its taste and color, enhancing
consumer interest [10, 17-19]. Rheological properties
are an important quality criterion for food products,
including water-fat emulsions (mayonnaise, sauces, and
margarine) [20]. They are responsible for the product’s
consistency and quality during production, storage, and
transportation [21, 22]. The rheological characteristics
of mayonnaise are mainly determined by its fat phase,
as well as thickeners, stabilizers, and emulsifiers in
its formulation [23]. The product’s quality, stability,
and viscosity depend on the homogenization process,
the dispersion of fat droplets in the continuous water
phase, egg yolk, the type of carbohydrates, as well as
the amount and type of milk [24-27]. In this type of
emulsion, fat droplets are mechanically dispersed in
the continuous water phase of acetic acid, while natural
emulsifiers from egg yolk (phospholipids and proteins)
ensure greater stabilization of the entire system [28].

The homogenization parameters (rotor speed and time)
and the choice of a rotor-stator system, which forms
fat droplets of a larger or smaller diameter, determine
the medium’s stability and play an important role in
the formation of a water-fat emulsion [29-31].

We aimed to study the rheological and textural
properties of mayonnaise containing pumpkin and rice
oils, as well as various types of honey. We also sought
to determine the influence of process parameters and
the composition of the oil phase on the rheological
properties of mayonnaise.

Study objects and methods

High-calorie mayonnaise with pumpkin and rice oils
was formulated from refined sunflower oil, cold-pressed
pumpkin seed oil, and refined rice oil (fat phase); egg
products (fresh and pasteurized egg yolks and whole
egg powder); carbohydrates (glucose, fructose, lactose,
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sucrose, inulin HD); acetic acid; sea salt; mustard; dairy
products (whole milk, skimmed milk, and whey powders);
tartaric acid; distilled water; and banana puree (Table 1).

Mayonnaise with the addition of honey was formulated
from refined sunflower oil (fat phase), egg yolk, honey,
acetic acid, sea salt, tartaric acid, and distilled water
(Table 2).

The fat phase of mayonnaise consisted of refined
sunflower oil (Sloboda, Russia), cold-pressed pumpkin
seed oil (Organic brand), and refined rice oil (Tayra,
Thailand). Vinegar, sea salt, and mustard were bought
at a local shop. Egg yolk was purchased from a private
supplier and prepared both fresh and pasteurized. Four
types of honey (acacia, spring, linden, and forest) were
purchased from a private supplier (Moscow region).
The milk component consisted of whole milk powder
(26.3% proteins, 39.8% sugars, 26% fats), skimmed milk
powder (1.5% fat) (Tagris), and whey powder (2% milk

Table 1. Formulation of mayonnaise with pumpkin
and rice oils

Tabnuna 1. Penentypa 1i1s npuroToBieHus: Mailonesa
¢ 100aBJIEHHEM THIKBEHHOI'O H PHCOBOI0 Macel

Formulation Sample
Content, % | Weight, g
Refined sunflower oil 50.0 150.0
Cold-pressed pumpkin seed oil 12.5 37.5
Refined rice oil 12.5 37.5
Egg products 6.2 18.6
Dairy products 2.1 6.3
Carbohydrates 2.2 6.6
Acetic acid 3.0 9.0
Sea salt 0.9 2.7
Mustard 0.2 0.6
Tartaric acid 0.1 0.3
Distilled water 7.8 234
Banana puree 2.5 7.5
TOTAL 100 300

Table 2. Formulation of mayonnaise with honey

Tabnuua 2. Penentypa npurorosieHus MaifoHe3a ¢ 100aBICHUEM

Meaa
Formulation Sample
Content, % Weight, g
Refined sunflower oil 75.0 225.0
Fresh egg yolk 7.7 23.1
Honey 3.8 11.4
Acetic acid 4.0 12.0
Sea salt 0.9 2.7
Tartaric acid 0.1 0.3
Distilled water 8.5 25.5
TOTAL 100 300

742

fat, 12—-14% proteins, 74% lactose) (Vita-Max). The
carbohydrates glucose, sucrose, fructose, lactose, tartaric
acid, and inulin HD were purchased from Novaprodukt.
Tartaric acid was added as an acidity regulator. The
fruit component (banana puree) was prepared by peeling
bananas, cutting them into pieces, and crushing by stirring
to obtain a homogenized sample.

Mayonnaise preparation. Mayonnaise samples
(300 g) with pumpkin and rice oils were prepared in the
traditional way on a T25 Ultra Turrax IKA laboratory
homogenizer, using a S25 D-14 G-KS rotor-stator system
with a rotor speed of 3500-24 000 rpm. For this, we
pre-weighed the ingredients (fresh egg yolk, vinegar,
water, and others) and mixed them with half of sunflower
oil. Then, we turned on the homogenizer and slowly
added the rest of sunflower oil, as well as pumpkin
seed and rice oils. The mixture was homogenized for
3 min at 10 000 rpm at room temperature, followed by
rheological analysis. Other samples were prepared in the
same way, with varying ingredients and homogenization
parameters depending on the formulation.

Rheological properties. The rheological analysis
of freshly prepared mayonnaise samples with pumpkin
and rice oils was performed on a Brookfield rotational
viscometer with coaxial cylinders. The viscometer was
connected to a computer equipped with Rheocalc 3.2
software for measurements and data processing. The
measurements were taken at 25 and 10°C. The tem-
peratures were maintained using a TC-501P Brookfield
thermostat. In particular, we determined the dependence
of shear stress (7) and effective viscosity («) on shear
rate (D) in the ranges of 2.15-136.6 1/s (increasing
measurement) and 136.6-2.15 1/s (reverse measurement).
We also studied the phenomenon of thixotropy, i.e. the
ability to restore viscous and plastic properties after
the load is removed and deformation ceases.

The experimental data showed the rheological
model of mayonnaise. Particularly, the samples had
non-Newtonian properties and belonged to pseudoplas-
tic fluids. The rheological parameters of consistency
coefficient (k) and flow index (n) were calculated using
the linear regression method in Microsoft Excel.

Formula (1) describes the Ostwald-Reiner power
law used to calculate the rheological parameters.

=k D" (N
where 7 is the shear stress, Pa; D is the shear rate, 1/s;
k is the consistency coefficient, Pa-s";  is the flow index.

Formula (2) was used to calculate effective viscosity

of the mayonnaise sample:
u= kD! (2)
where u is the effective viscosity, Pa-s.

Statistical analysis. All the experiments were carried
out in triplicate. One-way analysis of variance (ANOVA)
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was used to establish the significance of differences in
the experimental data. Data management and analysis
was performed using SPSS software and presented as
mean * standard deviation.

Results and discussion

Rheological properties of mayonnaise with ho-
ney. We determined the influence of honey varieties
and homogenization parameters on the rheological
properties of mayonnaise measured at 25°C (Figs. 1
and 2, Tables 3—6). Figure 1 shows the relationship bet-
ween shear stress and shear rate for spring honey.

According to the results, honey belongs to Newtonian
fluids, since the line passed through the origin of the
coordinate system (Fig. 1). Table 3 presents the rheo-
logical properties of the studied honey varieties expressed
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Figure 1. Relationship between shear stress and shear rate
for spring honey at 25°C

PucyHox 1. 3aBHCHMOCTD MEX/Iy HAaNPSDKCHHEM CIBUTA U
CKOPOCTBIO CABHUIa BeceHHero mena npu 25 °C
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Figure 2. Relationship between shear stress and shear rate
for mayonnaise with acacia honey (10 000 rpm, 2 min)
at 25°C

PucyHok 2. 3aBUCHMOCTb HAIPSKEHUS CABUIa U CKOPOCTH CIBUTA
MaiioHe3a ¢ akaiueBbiM MegoM (10 000 06/muH, 2 MuH) nipu 25 °C
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in terms of rheological parameters.

As can be seen in Table 3, forest honey had the
highest viscosity and consistency coefficient, while
linden honey had the lowest viscosity.

The relationship between shear stress and shear
rate for mayonnaise with acacia honey indicated that
the samples with honey exhibited non-Newtonian,
pseudoplastic properties (Fig. 2).

Li et al. confirmed that mayonnaise is a non-New-
tonian fluid that exhibits yield strength, pseudoplas-
ticity, and thixotropy [32]. Sakai et al. reported the
pseudoplastic behavior of mayonnaise with characteristics
depending on the raw material [10].

Empirical flow curves with a high degree of adequacy
are described by the Herschel-Bulkley model.

Table 4 shows the effect of honey on the rheological
parameters of mayonnaise homogenized at 10 000 rpm
for 2 min at 25°C.

The control mayonnaise with acacia honey had an
effective viscosity of 3.118 + 0.001 Pa-s, a shear rate of
77.82 1/s, a consistency coefficient of 77.420 + 0.125 Pa-s",
and a flow index of 0.2624 + 0.0003 measured at
25°C. The sample with linden honey had slightly hig-
her effective viscosity (3.294 = 0.002 Pa-s") and consis-
tency coefficient (78.460 £ 0.002 Pa-s") compared to
the acacia honey mayonnaise. Forest honey showed
higher viscosity (3.4270 + 0.0005 Pa-s") and consis-
tency (101.260 + 0.002 Pa-s") but a lower flow index
(0.2224 + 0.0002) compared to the other samples.

Tables 5 and 6 show the effects of homogenization
time and rotor speed on the rheological properties of
mayonnaise with acacia honey measured at 25°C.

As can be seen in Table 5, the homogenization time of
2 min led to an effective viscosity of 6.253 = 0.001 Pa-s
at a shear rate of 30.36 1/s, a consistency coefficient of
77.42 £ 0.04 Pa-s", and a flow index of 0.2628 + 0.0002.
Increasing the time to 4 min contributed to higher
viscosity (8.7360 = 0.0005 Pa-'s) and consistency
(134.240 £ 0.125 Pa-s") but a lower flow index
(0.1995 £ 0.0002).

Table 6 shows the effect of the rotor speed (10 000
and 12 000 rpm) during 2 min of homogenization on

Table 3. Rheological properties of honeys measured
at 25°C

Ta6nuua 3. Peosoruueckue cBoOWCTBa pa3IMIHBIX COPTOB Meja,
n3Mepenusle npu 25 °C

Honey variety w*, Pass k, Pas” n
Spring honey 4.9446 6.4789 0.8950
Forest honey 16.6509 17.3020 0.9851
Linden honey 4.7719 7.3144 0.8341
Acacia honey 5.8413 6.0930 0.9837

*Effective viscosity at shear rate of 77.82 1/s.

*D¢pdexTuBHAS BI3KOCTH IPH CKOpocTH casura 77,82 1/c.
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Table 4. Effect of honey variety on the rheological parameters of mayonnaise

Tabnuna 4. Biusaue copra Mea Ha peoJOrHUECKHe IapaMeTpsl MalloHe3a

Honey variety u*, Pas k, Pa-s" n R?
Spring honey 3.083 £0.001 63.110+0.029 0.3067 + 0.0040 0.968
Forest honey 3.4270 £ 0.0005 101.260 + 0.002 0.2224 +0.0002 0.990
Linden honey 3.294 +0.002 78.460 + 0.002 0.2719 £+ 0.0002 0.989
Acacia honey 3.118 £ 0.002 77.420 £0.125 0.2624 +0.0003 0.994

*Effective viscosity at shear rate of 77.82 1/s. R? is the coefficient of determination.

*JhexTHBHAS BA3KOCTH MpU CKOopocTH casura 77,82 1/c. R?* — KodapPUIIHEHT AeTEpMHUHALNH.

Table 5. Effect of homogenization time on the rheological properties of mayonnaise with acacia honey

Tabauna 5. BaustHue npoJo/KUTEIbHOCTH TOMOICHH3AIMHY Ha PEOJOrMYEeCKHE CBOMCTBA MalioHe3a ¢ aKallueBbIM MEJIOM

Sample, min w*, Pass k, Pa-s" n R?
2 6.253 £0.001 77.42 £0.04 0.2628 + 0.0002 0,994
4 8.7350 + 0.0005 134.240 +0.125 0.1995 +0.0002 0,964

*Effective viscosity at shear rate of 30.36 1/c. R? is the coefficient of determination.

*JddexTuBHas BA3KOCTb npu ckopocTu casura 30,36 1/c. R? — ko3 PULHEHT JeTepMUHALIUH.

Table 6. Effect of the rotor speed on the rheological properties of mayonnaise with acacia honey

Ta6n1/1ua 6. BrnusiHue 4acToThl BpanieHus poTopa Ha peOJIOTUICCKHNE CBOMCTBa MalioHe3a ¢ aKalueBbIM MEIOM

Sample, rpm w*, Pass k,Pa-s n R?
10 000 6.253 +£0.010 77.42 +0.04 0.2628 = 0.0002 0.994
12 000 8.039 +£0.029 102.320 + 0.125 0.2547 +0.0002 0.982

*Effective viscosity at shear rate of 30.36 1/s. R is the coefficient of determination.

*DdexTuBHAS BA3KOCTH pu cKkopocTu casura 30,36 1/c. R?* — kod3pPUIHEHT AeTepMHUHAINH.
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Figure 3. Flow curves for mayonnaise with pumpkin
and rice oils at 25°C

Pucynok 3. Kpussle TeueHus MalioHe3a ¢ J00aBICHHEM
TBIKBEHHOTO M pUCOBOTO Maces npu 25 °C

the rheological parameters of mayonnaise with acacia
honey measured at 25°C.

As can be seen, the rotor speed changed the rheo-
logical properties of mayonnaise. In particular, the

speed of 10 000 rpm resulted in the effective visco-
sity of 6.253 + 0.001 Pa-s at a shear rate of 30.36 1/s,
a consistency coefficient of 77.42 + 0.04 Pa's", and a
flow index of 0.2628 + 0.0002. Increasing the rotor
speed to 12000 rpm produced a more stable emulsion
with higher effective viscosity (8.039 +0.029 Pa-s)
and consistency (102.320 + 0.125 Pa-s"). The emulsion’s
higher stability was due to finer fat droplets formed
at the rotor speed of 12 000 rpm, which were finely
dispersed in the water phase. Thus, this speed was more
optimal than 10 000 rpm.

Rheological properties of mayonnaise with
pumpkin and rice oils. Figure 3 and in Tables 7-11
show the effects of ingredients on the rheological
properties of mayonnaise with pumpkin and rice oils
measured at 25 and 10°C.

Figure 3 features the relationship between shear
stress and shear rate measured at 25°C.

We found that the tested samples exhibited non-
Newtonian, pseudoplastic properties, as well as thixotropy.
The empirical flow curves are described by the Herschel-
Bulkley model with a high degree of adequacy.

Table 7 shows the effect of milk components on the
rheological parameters of mayonnaise homogenized
for 3 min at 10 000 rpm.
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Table 7. Effect of milk component on the rheological properties of mayonnaise with pumpkin and rice oils

Ta6Jmua 7. BiusiHue MOJTOYHOTO KOMIIOHEHTA Ha PEOIIOTUYECKUE CBOMCTBa MalioHe3a ¢ Z[O6aBJ'IeHI/ICM TBIKBEHHOI'O X1 PUCOBOI'0 Macel

Sample u*, Pas k, Pa-s" n R? u*, Pas k, Pa-s" n R?
25°C 10 °C

Skimmed | 2.2290 + 0.0002 | 46.870 + 0.078 | 0.3005 + 0.0030 | 0.998 | 2.7120 + 0.0002 | 54.840 + 0.029 | 0.3095 + 0.0030 | 0.998
milk

powder

Whole 2.3430 +0.0002 | 55.210 + 0.004 | 0.2744 + 0.0030 | 0.997 | 2.9990 + 0.0002 | 67.110 + 0.002 | 0.2863 + 0.0030 | 0.987
milk

powder

Whey 2.3910 £+ 0.0002 | 57.180 + 0.003 | 0.2710 £ 0.0020 | 0.990 | 3.0550 + 0.0002 | 69.090 + 0.002 | 0.2838 + 0.0020 | 0.995
powder

*Effective viscosity at shear rate of 77.82 1/s. R? is the coefficient of determination.

*JdexTHBHAS BA3ZKOCTH MpH CKOpocTH casura 77,82 1/c. R* — Ko PUIIHEHT TeTEPMUHAIIH.

Table 8. Effect of carbohydrate composition on the rheological properties of mayonnaise with pumpkin and rice oils

Tabauna 8. BausHue yrieBoHOTO COCTaBa Ha PEOJIOTHYECKUE CBOWCTBA MalioHe3a ¢ 00ABICHHEM THIKBEHHOT'O U PHCOBOTO Macel

Sample w*, Pas k, Pa-s" n R? w*, Pa-s k, Pa-s" n R?
25°C 10 °C
Glucose |2.392 +£0.004 | 57.160 + 0.078 | 0.2712 + 0.0010 | 0.990 |3.052 + 0.004 | 69.060 + 0.029 | 0.2837 + 0.0010 | 0.995
Fructose | 1.997 +0.003 | 39.050 +0.003 | 0.3172 +0.0020 | 0.997 | 2.464 + 0.003 | 55.620 + 0.002 | 0.2842 + 0.0020 | 0.989
Sucrose | 2.425 +0.002 | 58.630 + 0.004 | 0.2685 + 0.0030 | 0.992 | 3.024 + 0.002 | 70.150 + 0.002 | 0.2780 + 0.0030 | 0.995
Lactose | 2.748 +0.001 | 68.480 +0.002 | 0.2615 +0.0020 | 0.993 | 3.031 + 0.001 | 77.510 £ 0.001 | 0.2556 + 0.0020 | 0.984
Inulin 2.801 +£0.001 | 69.360 + 0.002 | 0.2630 + 0.0020 | 0.992 | 3.051 + 0.001 | 78.920 + 0.004 | 0.2530 + 0.0020 | 0.983
HD
*Effective viscosity at shear rate of 77.82 1/s. R? is the coefficient of determination.
*JdexTrBHAS BA3KOCTH MPpH CKOpoCcTH casura 77,82 1/c. R* — KO3 PUIIHMEHT TeTepMUHAIIH.
Table 9. Effect of egg products on the rheological properties of mayonnaise
Tabnuua 9. BiusHue sMUHBIX MPOAYKTOB HAa PEOJIOTHYECKUE CBOICTBA MalioHe3a
Sample w*, Pass k, Pa-s" n R? 0*, Pa's k, Pa-s" n R?
25°C 10 °C
Fresh 2.656 £0.002 | 65.640 + 0.004 | 0.2634 + 0.0020 | 0.991 | 3.144 = 0.001 | 73.520 = 0.004 | 0.2761 £ 0.0020 | 0.998
egg yolk
Pasteurized | 2.391 + 0.002 | 57.150 + 0.003 | 0.2711 £ 0.0002 | 0.990 | 3.054 + 0.002 | 69.090 + 0.003 | 0.2838 + 0.0030 | 0.995
egg yolk
Whole 2.504 £ 0.001 | 54.230 = 0.002 | 0.2937 £ 0.0030 | 0.999 | 3.116 = 0.002 | 71.240 £ 0.002 | 0.2813 = 0.0020 | 0.997
egg powder

*Effective viscosity at shear rate of 77.82 1/s. R? is the coefficient of determination.

*JdexTrBHAsE BA3KOCTH MPU cKopocTH casura 77,82 1/c. R? — ko3 GULMEHT AeTepMUHALMH.

Table 10. Effect of homogenization time on the rheological properties of mayonnaise with pumpkin and rice oils

Ta6n1/1ua 10. Biiusinue TIPOJOJIKUTEIBHOCTH TOMOTE€HU3AIINN HAa PEOJIOTUYECKUE CBOICTBa MaiioHe3a ¢ lIO6aBJICHI/ICM TBIKBEHHOT O
1 pUCOBOTO Macel

Sample, w*, Pass k, Pa-s" n R? w*, Pass k, Pa-s" n R?
min 25°C 10 °C
1 1.548 £ 0.002 | 42.150 £ 0.004 | 0.2887 £ 0.0020 | 0.991 | 2.244 + 0.001 | 60.410 £+ 0.004 | 0.2908 + 0.0020 | 0.998
3 1.939 £ 0.002 | 57.150 £ 0.003 | 0.2711 £0.0020 | 0.990 | 2.485 £ 0.002 | 69.099 £ 0.003 | 0.2838 £ 0.0030 | 0.995
5 1.758 £0.001 | 53.610 £ 0.002 | 0.3282 £ 0.0030 | 0.999 | 2.208 + 0.002 | 58.760 = 0.002 | 0.3026 = 0.0020 | 0.997

*Effective viscosity at shear rate of 103.8 1/s. R? is the coefficient of determination.

*DddextuBHas BI3KocTh mpu ckopocTu casura 103,8 1/c. R? — ko3 HULHEHT TeTepMUHALH.
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Table 11. Effect of the rotor speed on the rheological properties of mayonnaise with pumpkin and rice oils

Ta6nnua 11. BiusiHue 9acToThI Bpani€Hus poTopa Ha PEOJIOTUYIECKHUE CBOMCTBa MaiioHe3a ¢ ﬂO6aBJ’ICHI/IeM TBIKBEHHOI'O M1 PUCOBOI'0 Macell

Sample, u*, Pas k, Pa-s" n R? w*, Pas k, Pa-s" n R?
rpm 25°C 10 °C

10000 |1.939+0.002 | 57.150 +£0.004 | 0.2711 +0.0020 | 0.990 | 2.485+0.001 |69.090 + 0.004 | 0.2838 +0.0020 | 0.995

12000 |2.281+0.002 | 59.880 = 0.003 | 0.2242 +0.0020 | 0.999 | 2.515+0.002 |75.130+0.003 | 0.3075 £ 0.0030 | 0.996

15000 |1.810+£0.001 |38.910+0.002 | 0.3375+0.0030 | 0.996 | 2.208 £ 0.002 |49.560 = 0.002 | 0.3299 £+ 0.0020 | 0.995

*Effective viscosity at shear rate of 77.82 1/s. R? is the coefficient of determination.

*JhexTHBHAS BA3KOCTH pU CKopocTH casura 77,82 1/c. R?* — KodapPUIIHEHT AeTEpMHUHALMH.

The control mayonnaise made from whey powder
had an effective viscosity of 2.3910 + 0.0002 Pa's, a
consistency index of 57.180 + 0.003 Pa-s", and a flow
index of 0.271 + 0.002 measured at 25°C. Using skim-
med milk powder led to lower effective viscosity
(2.2290 + 0.0002 Pa‘s") and consistency (46.870
0.078 Pa-s") but a higher flow index (0.3005 £ 0.0030),
compared to the samples with whole milk and whey
powders. Thus, whey powder contributed to higher con-
sistency and viscosity of mayonnaise with pumpkin
and rice oils measured at 25°C. When measured at 10°C,
the rheological parameters showed higher values than
those obtained at 25°C, which confirmed the effect
of temperature on the rheological properties.

Table 8 shows the effect of carbohydrate type on
the rheological parameters of mayonnaise homogenized
for 3 min at 10 000 rpm. The measurements were taken
at 25 and 10°C.

The control mayonnaise was prepared with glu-
cose. We found that the use of glucose and fructose
monosaccharides lowered effective viscosity and
consistency, compared to the use of sucrose and
lactose disaccharides, inulin HD, or acacia honey.
Fructose contributed to the lowest values of these pa-
rameters, while inulin HD provided the highest con-
sistency (69.360 + 0.002 Pa-s) and effective viscosity
(2.801 £ 0.001 Pa-s), but the lowest flow index (0.2630 +
0.0020) measured at 25°C. Alvarez-Sabatel et al. found
that the content of vegetable oil and inulin affected
the stability and rheological properties of mayon-
naise homogenized in the rotor-stator system, as well
as under high pressure [17]. The same effects were
observed on the rheological parameters of the samples
with pumpkin and rice oils at 10°C.

Table 9 shows the effects of egg products on the
rheological parameters of mayonnaise with pumpkin
and rice oils homogenized for 3 min at 10 000 rpm. The
measurements were taken at 25 and 10°C.

The mayonnaise prepared with fresh egg yolk had
higher viscosity (2.656 + 0.002 Pa-s) and consistency
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(65.640 £ 0.004 Pa-s™) but a lower flow index (0.2634 +
0.0020). Using whole egg powder resulted in higher
effective viscosity and consistency compared to pas-
teurized egg yolk and lower values of these parameters
compared to fresh egg yolk. Higher values were obtained
for the rheological properties at 10°C, compared to
measurements at 25°C.

Tables 10 and 11 show the effects of homogenization
time and rotor speed on the rheological properties of
mayonnaise with pumpkin and rice oils. According to
the flow index, the mayonnaise under study belonged
to non-Newtonian fluids of the pseudoplastic type.

Table 10 shows the effect of homogenization time
(1,3 and 5 min) at 10 000 rpm on the rheological
properties of mayonnaise measured at 25 and 10°C.

As can be seen, the sample homogenized for 1 min
had an effective viscosity of 1.548 = 0.002 Pa-s at a shear
rate of 103.8 1/s, a consistency coefficient of 42.150 +
0.004 Pa-s", and a flow index of 0.2887 = 0.0020. In-
creasing homogenization time to 3 min resulted in
higher viscosity (1.936 = 0.002 Pa-s) and consistency
(57.150 £ 0.003 Pa-s") but a lower flow index (0.2711 +
0.0020). A further increase to 5 min destroyed the struc-
ture of mayonnaise and led to lower viscosity (1.758 +
0.001 Pa-s) and consistency (53.610 &+ 0.002 Pa-s")
but a higher flow index (0.3282 + 0.0030). Measurements
at 10°C showed the same results, but higher values
compared to those for the rheological parameters
obtained at 25°C.

Table 11 shows the effects of the rotor speed (10 000,
12 000, and 15 000 rpm) on the rheological parameters
of mayonnaise homogenized for 3 min. Measurements
were taken at 25 and 10°C.

As can be seen, the rotor speed affected the
rheological parameters of the samples. An inc-
rease from 10 000 to 12 000 rpm led to higher effec-
tive viscosity (2.281 £0.002 Pa‘s) and consistency
(59.880 + 0.003 Pa-s), as well as a lower flow index
(0.2242 + 0.0020). This meant better stability since the
system formed a large number of small fat droplets finely
dispersed in the water phase of the emulsion. A further
increase to 15 000 rpm resulted in an emulsion with lower
effective viscosity (1.810 + 0.001 Pa-s) and consistency
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(38.910 += 0.002 Pa-s"), compared to the rotor speeds
of 10 000 and 12 000 rpm. Thus, such a high speed
destroyed the structure of the water-fat emulsion, resul-
ting in the system’s dilution. This phenomenon can
be observed when measuring the rheological properties
at 10°C.

Conclusion

The tested samples of mayonnaise prepared with
pumpkin and rice oils, as well as various honeys, belong
to non-Newtonian systems and pseudoplastic fluids.
Using whey powder resulted in the highest effective
viscosity and consistency, as well as the lowest flow
index. We also studied the effects of carbohydrates on
the rheological properties of mayonnaise with pumpkin
and rice oils. Mayonnaise prepared with inulin HD had
higher effective viscosity (2.801 = 0.001 Pa-s) and con-
sistency, as well as a lower flow index (0.2630 + 0.0020),
compared to the other sugars tested. Disaccharides
contributed to higher viscosity and consistency compa-
red to monosaccharides. Mayonnaise prepared with
fresh egg yolk had higher viscosity (2.656 + 0.002 Pa-s)
and consistency (65.640 = 0.004 Pa-s"). Forest honey
provided mayonnaise with higher effective viscosity and
consistency, as well as a lower flow index, compared
to spring, linden, and acacia honeys. The sample with
spring honey had the lowest effective viscosity and
consistency, as well as the highest flow index.

The rotor speed and homogenization time also affected
the rheological properties of mayonnaise. The sample

homogenized at 12 000 rpm had higher viscosity and
consistency, as well as a lower flow index, compared
to the sample prepared at 10 000 rpm. The same para-
meters were obtained for the samples homogenized
for 3 min. The empirical flow curves can be adequately
described by the Herschel-Bulkley model.

Our results may be useful for formulators of edible
fatty products, especially mayonnaise. The rheological
properties are important for mayonnaise consistency
and quality control during production, storage, and
transportation.
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