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Abstract

Plant oils are important not only for human nutrition, but also for cosmetic
industry, pharmaceutical industry and alike. Within plant oils, there is an increasing
interest for production and use of grape seed oil as a type of high-quality plant oil.
Nevertheless, grape seed oil should be treated (through the process of encapsulation)
in order to protect its active ingredients. Therefore, the goal of this research is to
analyse the costs of a new and original approach to grape seed oil encapsulation,
which is called submerged-nozzle dispersion (SND) for oil encapsulation in alginate.
After determining necessary investments in equipment, total production costs were
calculated (as well as average costs per unit of product). Authors also discussed fixed
and variable costs per kilogram of encapsulates for different levels of capacity use.
Risk analysis was performed by applying sensitivity analysis and assuming different
scenarios for market prices of the most important inputs. It was determined that
average production costs of encapsulates significantly vary depending on production
level, while prices of grape seed oil and sodium alginate also play an important role.
Costs also depend on some technological factors, such as encapsulation efficiency
and load of active compound. The results offer an insight in the effects of future
investments in_food industry.
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JEL classification: O3, 012, 016

TPOIIKOBU NHKAIICYJIAIUMJE BUJBHUX YJbA
YIHOTPEBOM EKCTPY3HUOHOI' CH IMTPOLIECA

Caikerak

Bumha yma cy eajxcha ne camo 3a wYOCKY UCXpaHy, 6éeh u 3a KO3MemuuKy
uUHOyCmpujy, hapmayeymcky uHOYCmpujy u ciuuHo. Y okeupy 6GumHUX Y,
nocmoju pacmyhu unmepec 3a npou3goory U ynompedy yma u3 cemena epodicha
Kao epcme GUCOKOKEaIUmMemnoe 6umHoe yaa. HMnak, ywva uz cemena eposicha
Mopajy ce mpemupamu (Rpoyecom unKancyiayuje) oa ou ce 3aumumuiy wuxosu
akmuenu cacmojyu. 3amo je yum 0602 UCMPAICUBAILA AHATUZA TPOUKOBA
HOB02 U OPUSUHATHO NPUCIIYNA UHKANCYAAYUJU Y/bd CeMEeHKU 2podcha, Kkoju ce
Haszusa oucnepsuja nomohy nomonmwene miasnuye (CHJ) sa unkancynayujy ymva
v aneunamy. Hakon ymephuearna HeonxoOHux ynaeard y Onpemy, uspauyHamu
Cy YKVAHU MPOWKOGU NPOU3600He (KAO U NPOCEUHU MPOUWKOSU NO jeOUHUYU
npouseoda). Aymopu cy maxkohe pasmampanu purcHe u eapujaduire mpouwkose no
KULOSPaMy UHKANCYIama 3a paziudume Hugoe ynompebe xanayumema. Ananuza
PUBUKA je U3BPULEHA NPUMEHOM CEeH3UMUGHE AHAIU3e U No0 NPemnocmagkom
PAUMUIMUX CYEHAPUja 3a MpIICUUHE YeHe HAjEadiCHUjux unnyma. Ymepheno je
0a npoceuny mpowKosu NPoU3B00e UHKANCYIAMA 3HAYAJHO 8aApUPAjy 3A6UCHO
00 He20602 06UMa NPou3B00rLe, V0K YEHe Y/bd U3 CEMEHKU 2podicha U Hampujym
aneunama maxohe umajy éaxcty ynoey. Tpowikosu makohe s3asuce 00 oopehenux
MEXHONOWKUX (DaAKmopa, Kao wimo cy eQuKacHOCM UHKANCylayuje u caopicaj
akmusHoe jedurera. Pesynmamu npyocajy yeuo y egpexme 6yoyhux unsecmuyuja
V npexpamobeny uHoyCmpujy.

Kuyune peuu: ywe cemenku eposicha, unkancynayuja, ekcmpysuja, mpouwKosu,
yeHe UHNYma, CeH3UMUBHA aHAIU3d

Introduction

Plant oils are one of the most important groups of food products widely used as
sources of active compounds necessary for human metabolism such as polyunsaturated
fatty acids, polyphenols, tocopherols, monoterpenes, etc. Besides food applications,
plant oils are also important for cosmetic and pharmaceutical industry. Analysing
economic aspects of investment in “essential oils production” from medical plants Nasti¢
et al. (2024) concluded that such investments are economically justified. Nevertheless,
this research is primarily devoted to grape seed oil, and its use. Duba and Fiori (2019)
discussed economic effects of extracting grape seed oil, concluding that the observed
process “can produce high-quality seeds oil at a cost-effective price”. Dabetic et al.
(2020) discussed and compared quality of grape seed oils from white grape varieties
(two out of six varieties were autochthonous Serbian). Authors concluded that oil quality
scores indicated similar results for the observed varieties, “although Smederevka stands
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out as the most potent one”. Importance of grape seed oil production and discussion of
its quality parameters was performed by other authors, as well (Pardo et al., 2009; Abd
El-Hack et al., 2024; Martin et al., 2020; Gitea et al., 2023).

It should be taken into account that many oils’ compounds are unstable and can
undergo chemical transformations that change their metabolic properties and reduce
their nutritional value. Hence, the protection of 0il’s active compounds is a challenge for
many industrial processes and food practices. One of the strategies that can be used for
oil protection is encapsulation (Rodriguez et al., 2016). Modern consumers require food
products that, besides energy and basic nutrients, provide additional healthy components.
One of the approaches in the delivery of healthy compounds is to protect them using
encapsulation and apply encapsulates in food products formulations. For example, Staji¢
et al. (2018) used encapsulated flaxseed oil to improve nutritional value of the fermented
sausages. Also, encapsulation could be used for masking unpleasant sensorial properties
of active compounds in food products (Choudhury et al., 2021). However, some
encapsulation processes require complex formulations of carrier material to achieve
good protection of active compounds (Strobel et al., 2020). Apart from food processing
industry, encapsulation could be used in various fields of agriculture an aquaculture, such
as delivery of bio stimulants in agriculture (Jiménez-Arias et al., 2022) or delivery of
bioactive agents in aquaculture (Masoomi Dezfooli et al., 2019). Also, the encapsulated
nutrients could be included into animal feed, which may positively influence productivity
and animal health (Ariaeenejad et al., 2024; Fontana et al., 2025).

Encapsulation is a process of protection of an active ingredient by forming a
protective layer of carrier material that serves as a barrier against external factors such as
oxygen, light, moisture or high temperatures (that may change grape seed oil chemical
properties). Encapsulation methods such as spray drying, freeze drying, coacervation and
extrusion are commonly used for protection of plant oil (Rodriguez et al., 2016; da Silva
et al., 2022). Extrusion (which will be discussed in this research) is the encapsulation
method that utilizes polysaccharides, proteins or their mixtures as carrier materials
for entrapment of active compound. Depending on extrusion method, encapsulates in
various shape and size could be obtained. Usually, spherical shape is preferable, while
encapsulate size could be in the range from ~50um to above 2 mm (Pordevi¢ et al.,
2015). Encapsulation of oils and generally hydrophobic compounds (e.g. liquid aromas)
using an extrusion method, is described in details by Levi¢ et al. (2015). Recently, Levi¢
et al. (2024) presented a new extrusion method i.e., submerged-nozzle dispersion (SND)
for oil encapsulation in alginate. By using SND method, it is possible to achieve high oil
load and encapsulation efficiency.

Economic sustainability of encapsulation process depends on many factors.
Generally, the costs of encapsulation primarily include the cost related to necessary
equipment as well as costs of materials, labor and energy. In some cases, the costs
of encapsulation could become very high, limiting the usage of encapsulated active
compound (Strobel et al., 2020). However, if the encapsulation is the only way to
stabilise or deliver active compound, then the encapsulation and its costs must be
taken into consideration. This is particularly obvious in the case of expensive active
compounds. Namely, according to Popplewell (2001) the expensive active compounds
are more suitable for encapsulation because the costs of encapsulation have less influence
on the overall price of final product i.e. encapsulate. Also, the costs of encapsulation
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process depend on capacity use (production volume) while revenues are related to
selling price of products, as well (Dimitrellou et al., 2019). Observing the development
of encapsulation technology, Timilsena et al. (2020) mentioned that an “innovative food-
grade encapsulants are being explored to reduce the production costs” while at the same
time they should meet “consumer expectations”.

Serbian market is dominated by imported encapsulated food products such as
food additives and supplements. Development of domestic encapsulation capacities can
increase competiveness of our food sector, especially when food sector is oriented towards
more healthy food products. It requires entrepreneurial initiative, which is (according to
Janosik et al., 2024) related not only to personal characteristic of an entrepreneur but also
to a number of other factors (economic, technological and socio-cultural). Nikitovi¢ et al.
(2023) explained the impact of training on employees’ performance in an entrepreneurial
environment in Serbia. Authors stated that “without a systematic investment in increasing
the knowledge and skills of employees, organizations may find themselves in a position
of losing a competitive edge”. When it comes to potential level of foreign direct
investments in Central and Eastern Europe (according to Zari¢, S., 2022), it is closely
linked to “cheap resources and increased efficiency”, meaning that “the availability of
skilled labour and low labour costs have emerged as significant determinant”.

Having that in mind, the goal of this research is to discuss the costs of the new
approach to encapsulation technology (extrusion SND process), as well as factors
influencing the costs. The main research question is how to determine the level of
costs related to innovative encapsulation technology in the expected Serbian business
environment, and to examine behaviour of encapsulation costs in risky circumstances.

Material and methods

Grape seed oil encapsulation in alginate using SND process is a new technology
which is described in details by Levi¢ et al. (2024). This study is focused on the
production of wet encapsulates that could be used in the variety of food products, such
as food additives and supplements.

The prices of equipment and necessary materials were obtained on the international
and domestic market during the period June-July 2024. All the prices are expressed in EUR
using exchange rates established by the National Bank of Serbia. It was estimated that
one appropriately trained (full time) employee can successfully operate the equipment.
The costs of the depreciation were obtained by applying straight-line method, based on
the useful life of fixed assets (which is expected to be 8 years). An average yearly cost of
interest is calculated on the basis of 8% interest rate. It was assumed that the purchase of
all the equipment is financed by external funds (bank loan).

Apart from determining cash outlays necessary for equipment purchase, authors
calculated total costs of SND encapsulation process. Besides that, fixed, variable and
total costs (per unit) for various levels of production capacity use were determined.
Cost behaviour in risky circumstances was discussed by applying sensitivity analysis
for different levels of market prices for the most important elements of material costs.
Various scenarios (the most probable, optimistic and pessimistic) were also discussed.
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Results and Discussion

The research was based on the idea of using equipment which is not expensive to
provide effective way for protection of active compounds from grape seed oils. Annual
production capacity of equipment discussed in this research (Table 1) is 6.750 kg of wet
encapsulates per year.

Table 1. Equipment for the production of wet encapsulates

Equipment Amount (EUR)
Air compressor 4,000.00
Encapsulation unit/custom made 1,000.00
Homogenizer 7,000.00
Supporting equipment 2,000.00
Total 14,000.00

Source: Authors” research
By using such equipment for SND encapsulation process, material costs presented
in Table 2 were obtained. They are dominated by the costs of sodium alginate (as the most

expensive type of material) and grape seed oil (as the material which is encapsulated).

Table 2. Material costs for the SND encapsulation

Cost Material for Amount of
er the production roduced wet Total cost
Material Unit pel P P of material
unit of 1 kg of wet encapsulates (EUR)
(EUR) encapsulates (kg, annually)

Sodium alginate | Kg 400 0.015 6,750|  40,500.00
Calcium chloride | Kg 10 0.09 6,750 6,075.00
Cold pressed L 6,750
grape seed oil 30 0.20 40,500.00
Distilled water L 0.133 15.00 6,750  13,466.25
Total 100,541.25

Source: Authors” research

Beside materials costs, there are other costs such as energy cost (electricity costs),
labor costs, depreciation, interest and costs of equipment maintenance. Variable costs
are estimated on the base of using overall production capacity for SND encapsulation
process. Analysis showed that material costs are the most important element of total
costs, while labor costs are also significantly contributing to the overall cost of SND
encapsulation process (Table 3). As can be seen, the other costs individually contribute
with less than 3% in total costs (total participation of costs other than material and
labor costs is 4.98%). This is in line with findings presented by Nasti¢ et al. (2024)
who determined that processing costs of medical plants (essential oils production) are
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dominated by material costs, while labor costs are usually second important type of costs
(depending on the production year). Considering all costs necessary for annual production
(6,750 kg of wet grape seed oil encapsulates), it is determined that the production cost
per one kilogram of encapsulates is 18.20 EUR (average production costs per kilogram).

Table 3. Total costs of SND encapsulation process

Item Costs (EUR) Contribution (%)
Materials costs 100,541.25 81.83
Energy costs 3,600.00 2.93
Labor costs 16,200.00 13.19
Depreciation 1,750.00 1.42
Interest 630.00 0.51
Maintenance costs 140.00 0.11
Total costs 122,861.25 100.00

Source: Authors” research

At the same time, it should be taken into account that average production costs
depend not only on the capacity use, but also on the potential variation of input market
prices. Sodium alginate and grape seed oil are considered as the most influential inputs in
this analysis. Assuming 100% use of production capacities, authors considered variation
of input market prices within the range from -30% to +30%. In such a way production
costs were calculated for different combinations of sodium alginate and grape seed
oil prices (Table 4). It could be noticed that production costs per one kilogram of wet
encapsulates vary from minimal 14.60 EUR/kg (presenting the most optimistic scenario
for input market prices) to 21.80 EUR/kg (reflecting the most pessimistic combination
of input market prices).

Table 4. Production cost of encapsulates (EUR/kg) at 100% capacity use

iﬁ::z?[g)‘:‘izi Sodium alginate
Grape seed
oil -30% -20% -10% 0% +10% | +20% | +30%
-30% 14.60 15.20 15.80 16.40 17.00 17.60 18.20
-20% 15.20 15.80 16.40 17.00 17.60 18.20 18.80
-10% 15.80 16.40 17.00 17.60 18.20 18.80 19.40
0% 16.40 17.00 17.60 18.20 18.80 19.40 20.00
+10% 17.00 17.60 18.20 18.80 19.40 20.00 20.60
+20% 17.60 18.20 18.80 19.40 20.00 20.60 21.20
+30% 18.20 18.80 19.40 20.00 20.60 21.20 21.80

Source: Authors” research
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Nevertheless, the table above describes the only situation in which production
capacity is fully used, which is very demanding in terms of organization in practice. To
make an analysis more detailed, i.e. to predict more possible outcomes, authors analysed
various scenarios for certain levels of production volume (Table 5).

Table 5. Production cost of encapsulates (EUR/kg) for different levels of capacity use

Scenario
Capacity use Optimistic Most probable Pessimistic
10% 39.56 43.16 46.76
50% 17.38 20.98 24.58
90% 14.91 18.51 22.11
100% 14.60 18.20 21.80

Source: Authors " research

The analysed scenarios are the optimistic, the most probable and the pessimistic
one (which is a usual approach according to Ivanovi¢ and Markovi¢, 2018). The most
probable scenario uses input prices which were common at the time when the analysis
was performed. On the other hand, the optimistic scenario reflects the best option (the
lowest prices of sodium alginate and grape seed oil), while the pessimistic scenario
represents the highest prices of the observed inputs.

The results of this research showed a lower price of oil encapsulates compared to Strobel
et al. (2020) (in most cases). According to the same authors, the cost of encapsulation of fish
oil in alginate using extrusion external gelation process was estimated at 37.98$. Further, they
tried to calculate the costs of encapsulates if the gelling process is modified by decreasing the
mass ratio between emulsion and gelling solution. The lowest price of encapsulates of 24.32%
was achieved when this ratio was equal (which is closer to the price of wet oil encapsulates that
is obtained in this study). SND process can operate successfully when emulsion and gelling
solution ratio is 1:2 or 1:3. This is significantly lower compared to other extrusion processes that
usually use at least up to five times more gelling solution than SND encapsulation process. Also,
according to the same research, the decreasing in the required amount of gelling solution leads
to decreasing of investment in gelling vessels and other equipment. This can explain the lower
prices of SND encapsulates that we calculated in this study.

It should be pointed out that the prices of encapsulates presented by Strobel et al.
(2020) also include the costs of encapsulates drying, which contributed to the higher
prices of final encapsulates. On the other hand, we discussed the production of wet
encapsulates as more convenient for application if food products with higher water
content. Considering the SND process, it provides high encapsulation efficiency with high
load of active compound (Levi¢ et al., 2024). As efficiency and load of active compound
increase, encapsulate production is more economically sustainable (Popplewell, 2001).
According to Xu et al. (2024), challenges and limitations of encapsulation technology
are not only “pollution and energy consumption” related to it but also “high preparation
costs” and issues concerning the encapsulation rate.
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Conclusion

Encapsulation of plant oils (grapes seed oil in this case) protects their active
ingredients against external factors that may change oil chemical properties. Therefore,
production of encapsulates offers good opportunity to increase competitiveness in food
production and other sectors related to healthy products. Having in mind that encapsulated
food products are in majority of cases imported in Serbia, it is necessary to develop
domestic production of encapsulated plant oils. The information about encapsulation
costs is useful for the calculation of prices of food products that contain encapsulates.
Besides, this study provided economic analysis that could help the investors to calculate
their own prices of encapsulated active compounds.

The research enabled an insight into the relation between production costs of
encapsulates and some important factors (such as the capacity use of installed equipment
and the prices of key materials). Encapsulation efficiency with high load of active compound
proved to be the most important technological factor. The results of this study have practical
implication on managerial decisions regarding future investments in food processing industry.
Future research in this field in Serbian conditions should be primarily directed towards the
economic efficiency of encapsulates drying in order to decrease the level of water content.
Therefore, future research steps require determination of investments in additional equipment
necessary for the drying of wet encapsulates (e.g. lyophilization process) and discussion of
associated costs. There is also a possibility of paying to other specialized companies to dry
encapsulates (instead of investing in specialized equipment) which should be explored in
future research, as well. In such a way, an extent to which the lyophilization increases the
costs of encapsulates production and economic efficiency of this process could be determined.
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