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Abstract. The replacing of traditional lipids with more health-promoting oils containing
polyunsaturated fatty acids (PUFA) is a modern trend in food industry. The principles of
emulsions formation containing walnut oil (up to 90% PUFA) were studied in order to
accumulate information that would help to design new functional products. The phase
diagrams of the state of three-component systems - Walnut oil / Water / Ethanol and Walnut
oil / Polyphenol extract / Water were investigated. It was shown that walnut oil was more
prone to form W/O emulsions than O/W ones, that can possibly be explained by the
presence of natural surfactants in it. This property of walnut oil was used within the
functional spread obtaining. It has been established that the elaborated product represents
an emulsion, in which water micelles and air inclusions are dispersed in continuous lipid
phase, consisting of solid lipids. Withal, the structure stability of spread rich in PUFA from
walnut oil was ascertained being almost analogous to milk-based butter, retaining its
functionality and high biological value within a month at the temperature regime up to 5°C.

Keywords: polyunsaturated fatty acids, microstructure, phase diagrams, spread, aggregative
stability.

Introduction

There has been an increasing tendency within food industry toward relating
physicochemical, organoleptic, and nutritional properties of food emulsions to the type,
concentration, structure, and interactions of their constituent components [1].

A wide variety of different types of oils has been used in food emulsions, including
soybean, corn, canola, olive, safflower, and sunflower oils. The trend has been to replace
traditional oils with more health-promoting oils containing polyunsaturated lipids. Walnut
oil is one of these beneficial oils, which further study can provide good perspectives for
food industry developing [2]. Walnuts are valuable sources of polyunsaturated fatty acids
(PUFA; up to 90% of the oil), predominantly linoleic (47.4%) and a-linolenic (15.8%) acids
[3]. The walnut oil consumption reduces serum cholesterol levels in humans, decreasing the
total triacylglycerol levels and the risk of cardiovascular diseases [4, 5]. However, these
fatty acids Limit the shelf life of walnuts and walnut-containing products due to their high
susceptibility to oxidation. The lipid oxidation of walnut-containing products during storage
affects their quality parameters by decreasing their nutritional, sensory, and chemical
properties, in addition to their economic value [6, 7]. The susceptibility of lipids to
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oxidation is a major cause of quality deterioration in food emulsions. The reaction
mechanism and factors that influence oxidation are appreciably different for emulsified
lipids than for continuous lipid phase [8]. The physical state of the droplets in an emulsion
can influence a number of its most important physicochemical, organoleptic, and
biochemical properties, including appearance, rheology, stability, and gastrointestinal
transformations. The production of margarine, butter, whipped cream, and ice cream
depends on a controlled destabilization of an O/W emulsion containing partly crystalline
droplets [1]. The improved principles understanding of emulsions formation to contain
walnut oil will aid to design a range of new functional products.

The aggregative stability of emulsions containing walnut oil

Walnut oil obtained through cold pressing represents a complex composition that
includes, besides various fatty acids, phospholipids (16.5 g/kg) [9]. These substances
contain hydrophilic groups and therefore have a surface activity [10]. Thus, cold-pressed
walnut oil, unlike refined oils, should have its own surface activity [11]. From this point of
view, it was proposed to investigate the aggregative stability of emulsions with walnut oil.

Systems containing nonpolar phase - cold-pressed walnut oil, and polar phase -
water and ethanol obtained by rectification have were investigated. Walnut oil was
obtained from freshly picked and manually peeled nuts, aged for 24 h over anhydrous
sodium sulfate to uniquely remove the aqueous phase with its attendant substances.

“Three-component” emulsions were obtained, and diagrams of the type “property = f
(composition)” in the form of Gibbs-Roseboom Triangle were developed. The phase stability
of the system was investigated by the microscopic analysis of the physical state of samples
prepared according to the 10 reference points (Figure 1 and Figure 2).

" "WALNUT OIL™ ~ " "WALNUTOIL”

Figure 1. Different types of emulsions in Figure 2. Phases with different aggregative
Walnut oil/ Water / Ethanol stability in Walnut oil/ Water / Ethanol
System. System.

According to the Figure 1, three different types of emulsions were formed: W/O
emulsions (region | with 25...65% walnut oil), O/W emulsions (region |l with 0...30% walnut
oil) and O/W/O three-phase emulsions (region Il with 40...100% walnut oil). The formation
of W/O emulsions on the left side of the region was quite unexpected, because the apolar
phase (in other words, dispersion medium for W/O emulsions) was less than 50%. While
investigating the aggregative stability of obtained emulsions (Figure 2), it was found out
that two types of samples - antipodes by water content (0...30% water in region IV and
30...100% water in region V) had a low stability, approximately 2 minutes. On the contrary,
samples obtained according to the equation of straight, Water = Ethanol (region VI with
0...100% walnut oil), showed a high stability, which reached up to 5...10 minutes.
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Thus, it was revealed, that walnut oil was more prone to form W/O emulsions than
O/W ones. Perhaps, this fact is due to the presence of phospholipids in it, which have
surfactants properties [12]. That is why it has been proposed to realize the additional study
of the aggregative stability of systems, which nonpolar phase contained, besides walnut oil,
a lipid extract from green tea leaves with a high content of phospholipids [13, 14]. Water
was used to form the polar phase of samples. Due to the fact that obtained emulsions
included two nonpolar components, the reference points for their formation were moved to
the polar corner of the triangle (to water content increasing), releasing the apolar part of
the diagram, located along the Water axis = 0% (Figure 3 and Figure 4).

Figure 3. Different types of emulsions in  Figure 4. Phases with different aggregative
Walnut oil / Polyphenol extract / Water stability in Walnut oil / Polyphenol extract /
system. Water system.

The formation of Walnut oil / Polyphenol extract / Water system also revealed three
regions with different phase status (Figure 3). O/W emulsions were established in samples
with the highest water content (region | with 0...30% extract, 0...35% walnut oil, 60...100%
water). O/W/0O three-phase emulsions were formed in samples with 35...85% walnut oil,
15...65% water and in samples with 30...40% extract, 60...70% water (region Il). Thus, the
tendency to form three-phase emulsions was manifested more in compositions with walnut
oil, than in whose with green tea extract. W/O emulsions (region Ill) were formed in the
wide range of extract concentrations, 40..100%. In contrast, the respective range is much
narrower for walnut oil, 85..100%. Thus, the diagram analysis showed that the lipid extract
of green tea stabilized W/O emulsions. The aggregative state evaluation of Walnut oil /
Polyphenol extract / Water system defined four regions, showing the stability increasing
“from water to oil” (Figure 4): region IV (< 1 min), region V (2...5 min), region VI (5...7 min),
and region VII ( > 7 min ). Therefore, the lipid extract of green tea demonstrated the
pronounced effect of W/O emulsions stabilization, the most stable samples having aqueous
phase content up to 30%.

The influence of walnut oil on the structure of spread type emulsions

Due to the presence of animal and vegetable components, the chemical and
structural composition of spread containing walnut oil is more complicated than in milk-
based butter. Spreadable products, both spreads and butter without vegetable components,
represent polydisperse, multi-phase and multicomponent systems with variable
composition. The polydispersity of spreads is due to the presence of solid lipid phase,
aqueous phase and gaseous phase in the form of fragmented particles, whose dimensions
vary: 0.01-2 pm milk fat crystals, 1...30 um water droplets and up to 20 ym air bubbles [15].
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Taking into account temperature and rate of acylglycerols cooling, different
crystalline polymorphic structures are formed during the crystallization process of food
emulsions [16]. Because of the large difference between the melting temperatures of dairy
and vegetable fats, the lipid phase of spread containing walnut oil may be represented as
either a continuous phase of solid lipid crystals, or liquid oil micelles dispersed evenly with
those of aqueous between solid lipid crystals, or liquid oil incorporated and stabilized
within the solid crystal network [17]. The last proposed structure, in our opinion, is the least
likely from the thermodynamic point of view. In order to establish the peculiarities of
walnut oil state in spread type emulsions, the microscopic analysis of spread containing
sweet cream and 20% walnut oil was made [18]. It was necessary to specify in what way the
presence and way of walnut oil lipids incorporation contributed to the formation of product
structure and stability. With an eye to highlight spread phases, water-soluble or/and
liposoluble dyes (methylene blue, sudan Ill) were added while samples obtaining (Figure 5).

: )
Figure 5. Spread images obtained by microscope analysis with 100x100 pum cells,
where different dyes were applied:

a) sudan lll, b) methylene blue, c) sudan Il and methylene blue.

The microscope images of spread (Figure 5) showed that the obtained product
represented an emulsion, where water micelles and air inclusions were dispersed in a
continuous lipid phase, which, in its turn, was formed from solid lipid crystals (Figure 6).
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Figure 6. The schematic representation of spread microstructure:
polar ( @ and non-polar (—) parts.

The structural stability of spreads containing walnut oil

Factors that affect the oxidative stability of food emulsions are the chemical
structure of lipids, interfacial characteristics, droplets characteristics (concentration,
dimensions) and the interaction with aqueous phase components (salt, sugars, proteins) [19,
20]. The instability phenomenon and the initial state conversion of spread can be
established by evaluating the changes of the size and number of particles that form the
system. That's why the aggregative stability of the microstructure of spread containing
sweet cream and 20% walnut oil [18] was investigated (Figure 7). The obtained samples,
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with 10 - 40 g weight in each, were packaged in aluminum foil and stored at two
temperature regimes: t = (3 * 2)°C and t = - (6 * 3)°C. The lipid phase creaming,
accompanied with coalescence and aqueous phase elimination, manifested over 30 days of
keeping the spread at t = (3 # 2)°C and over 37 days at t = - (6*3)°C. The changes of spread
sensory properties, established by product consistency softening, were detected along with
the appearance of the first signs of water micelles coalescence.

t = (3%2)°C

oy ©

© @

15 days 26 days 30 days

4 days

O/W emulsion water micelles decrease  water micelles coalescence linid phase

12 days 20 days 30 days 37 days

= - (6%3)°C
Figure 7. The aggregative stability of the microstructure of spread containing walnut oil.

Conclusions

The physical state of droplets in emulsions containing walnut oil depends on its
composition (PUFA and phospholipids content) and influence on most important product
physicochemical, organoleptic, and biochemical properties, including appearance, rheology,
stability, and gastrointestinal transformations. Thus, it was demonstrated, that walnut oil is
more prone to form W/0 emulsions than O/W ones. We explain this fact by the presence of
phospholipids in its composition, which have surfactants properties. It was confirmed
through the analysis of emulsions with an increased phospholipids concertation - Walnut
oil / Grean tea extract / Water system, that showed the pronounced effect of W/O emulsions
stabilization, the most stable samples having aqueous phase content up to 30%.

The microstructure of spread containing sweet cream and 20% walnut oil represents
an emulsion, where water micelles and air inclusions are dispersed in a continuous lipid
phase, which, in its turn, is made of solid lipid crystals. This contributes to the fact that
spread containing walnut oil possesses the rate of structural degradation analogous to
milk-based butter and retains its functionality and high biological value within a month at
the temperature regime up to 5°C.
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