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Introduction. The characteristics of sponge cakes with
partially replaced of wheat flour with milk thistle seed powder
are presented in this study.

Materials and methods. Milk thistle (Silybum marianum
L.) seed powder was used to partially replace wheat flour in
sponge cake preparation. Baking loss, moisture content, water
activity, volume, porosity, texture, crust and crumb colour,
sensory analysis, antioxidant activity, and total phenol content
were determined in sponge cake with milk thistle seed powder.

Results and discussion. Increasing the level of wheat
flour substitution with milk thistle powder from 0 to 20%
decreases the volume and porosity of cakes. The addition of
milk thistle powder influenced the texture and crumb color of
the baked sponge cakes. The hardness and chewiness of baked
sponge cakes had an upward trend with increasing milk thistle
powder amounts, whereas the cohesiveness, resilience and
springiness showed a reverse trend. For the crust and crumb
colour the L* and b* values decreased, while the a* value
increased, showing that darker, redder and less yellow samples
were obtained. The milk thistle addition had a positive effect
on the total phenols content by increasing it from 63.93
(control sample) to 121.94 mg gallic acid equivalents,
(GAE)/100 g (sample with 20% replacement of wheat flour
with milk thistle powder). Simultaneously, the highest
antioxidant activity (44.70%) was recorded for the sample
with 20% milk thistle seed powder. The sensory analysis
pointed out that the sponge cake with the replacement of 5 and
10% wheat flour with milk thistle seed powder was the most
acceptable.

Conclusions. The incorporation of milk thistle seed
powder in sponge cake formulations enriched its biological
value in terms of total phenol content and antioxidant activity.
However, some technological quality parameters decreased.
The sensorial evaluation showed that to produce sponge cakes
with high quality, replacement of wheat flour with milk thistle
seed powder should not exceed 10%.
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Introduction

Pastry products such as cakes or cookies were initially considered as special treats for
certain occasions, but nowadays they are consumed much more frequently, even as regular
snacks thus contributing to the increase in sugar consumption (Hashem et al., 2018). Sponge
cake, either the American version (chiffon cakes, feather or daffodil sponges, angel food
cakes, nut sponge cakes) or the European version (génoise, French biscuit, ladyfingers) is the
basis of various pastries and confectionery. The basic ingredients are eggs, sugar and wheat
flour, their ratio varying from 50:25:25 to 42:42:15%, depending on the preparation method
and other used ingredients such as oil, starch, cocoa, and baking powder (Hui, 2007). The
majority of macronutrients in the composition of sponge cake are carbohydrates which are
provided by flour and sugar and which, if consumed in excess, are stored in the form of
adipose tissue, thus contributing to the appearance of obesity, the development of
cardiovascular disease and type 2 diabetes (Stanhope, 2016). Two main topics are addressed
when improving sponge cake quality: (1) sustainability by capitalizing on white cabbage
outer leaves (Prokopov et al., 2015), aquafaba (Mustafa et al., 2018), and ginseng mark (Park
et al., 2008); (2) increasing the biological value by incorporating fibers from carrots (Salehi
et al., 2016a) or Euchema algae powder (Huang andYang, 2019), high quality proteins from
button mushrooms (Salehi, et al., 2016 b), polyphenols from jujube (Najjaa et al., 2020) or
olive stone (Jahanbakhshi & Ansari, 2020) powders.

Use of milk thistle (Silybum marianum L.) seeds in bakery is in line with main trends
in application of novel natural additives for food production (Stabnikova et al., 2021). This
novel raw material is still seems to be underestimated in food technology. There are limited
data concerning milk thistle seeds chemical composition. According to Apostol et al. (2017)
defatted seeds are a good source of protein (20.35%), lipids (11.69%), carbohydrates
(38.16%) from which crude fiber (27.24%), and minerals. In the same context, numerous
studies have demonstrated the hepatoprotective (Post-White et al., 2007) and
anticarcinogenic (Tamayo and Diamond, 2007) effect of the milk thistle seeds. All these
properties are due to silymarin, a flavonoid that acts as a protective agent in the human body
(Valkova et al., 2020).

There are only few studies that present the use of milk thistle seeds in food matrices,
this being mostly used for extending the shelf life of the products (Menasra and Fahloul,
2019; Ochrem et al., 2021; Timakova, 2019). Considering this fact, the sponge cake
enrichment with milk thistle seeds powder is a valuable and actual topic.

The aim of research was to evaluate the influence of wheat flour replacement with milk
thistle seed powder on quality parameters of sponge cakes.

Materials and methods
Materials

In the sponge cake production eggs, sugar and wheat flour (premium quality) were used
as main ingredients. Defatted by cold pressing milk thistle seed powder (2020 production
year) was used to replace the wheat flour in the sponge cake recipe. More than 80% of milk
thistle powder consisted of particles with a size of 40-60 pum, however, it was sifted by the
same sieve as wheat flour. The powder was added to the sponge cake composition by to
substitute 5, 10, 15 and 20% of wheat flour. The physico-chemical indicators of the used raw
materials are shown in Table 1.
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Table 1
Physico-chemical indicators of the used raw materials

Ingredients Content, % Acidity,

Carbohydrates | Fibers | Proteins | Fat | Moisture | degrees
Wheat flour 73.1 1.3 10.7 0.9 14.0 1.9
(premium quality)
Whole eggs 0.7 - 12.7 115 74.0 -
Sugar 99.8 - - - - -
Milk thistle seed 10.8 27.0 21.2 7.0 7.0 3.1
powder

Preparation of sponge cake

The sponge cake was prepared in laboratory conditions using as main raw materials eggs,
sugar and wheat flour, and as auxiliary materials salt and milk thistle powder (further as
“MT”). The sponge cake formulations are shown in Table 2.

Table 2
Formulations of sponge cake samples

Ingredient, g Control” | MT5 | MT10 | MT15 | MT20
Wheat flour 100 95 90 85 80
Milk thistle powder 0 5 10 15 20
Egg melange 200 200 200 200 200
Sugar 100 100 | 100 100 100
Salt 1 1 1 1 1

“Control, MT5, MT10, MT 15 and MT20: sponge cake prepared with 0%, 10%, 15%, and 20%
replacement of wheat flour with milk thistle powder, respectively

The experimental sponge cake samples were prepared as described by Gisslen (2008).
Firstly, egg melange, sugar and salt were combined and the bowl was set over a water bath
and stirred until the mixture reached 43 °C. The warm mixture was then beaten using a
KitchenAid (TILT-Head Stand Mixer) until a light and thick foam was obtained. The wheat
flour was mixed with milk thistle seed powder, and then the mix was twice sifted. Then, the
flour mix was gently folded into the egg foam until it was all blended in. For each sample 50
g of sponge cake batter was immediately panned (the cake pan with 8 cm in diameter and 4
cm in height) and baked at 180 °C for 20 min.

Determination of baking loss

Baking loss were determined by weighing the batter before and after baking according
to the formula:

Mpatter — Msponge
BLY% = E2792 . 100%
Mpatter

where BL is the bakink loss value, %;
Mbater IS the mass of the batter, g;
Mspange 1S the mass of the baked sponge cake.
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Determination of moisture content

Moisture contents of in batters and sponge cakes were determined according to AOAC
method 925.10 (AOAC, 2002).

Determination of water activity

Water activity was determined according to (Hussain et al., 2021) using the rotronic
water activity meter (INSTRUMART, USA).

Determination of porosity

Porosity was determined as described by Rumeus and Turtoi (2013) using the Juravliov
device.

Determination of volume of the sponge cake samples

Volume of the sponge cake samples was determined according to (Lu et al., 2010), by
the rapeseed displacement method.

Determination of crumb texture

Crumb texture analysis was carried out after cooling the cakes for 8 h. Small pieces
(3x3x3 cm) were cut from the middle of each cake and the crust was removed. The texture
profile measurements were taken using a TA.HDplusC texture analyzer (Stable Micro
Systems, United Kingdom) with a 36 mm diameter cylindrical probe, 50% compressing and
a test speed of 1.0 mm s,

Determination of colour

Colour evaluation of baked cakes was carried out using a Konica Minolta colorimeter
CR-400 (Osaka, Japan). Values of L*, a* and b* colour coordinates were measured for each
cake sample. To assess the impact of milk thistle addition, colour difference 4F and
whiteness index (WI) were calculated.

AE = \/(Lsample - LO)Z + (asample - aO)Z + (bsample - bo)z

WI =100 — /(100 — L)? + a? + b2
where AE is the total colour difference;
L is the lightness of the sponge cake;
a is the redness of the sponge cake;
b is the yellowness of the sponge cake.

Determination of total phenol content and antioxidant activity

The total phenol content was assessed using AOAC Folin Ciocalteu assay (Blainski et
al., 2013). The antioxidant activity of researched sponge cake samples was evaluated using
the 1,1-diphenyl-2-picryl-hydrazyl (DPPH) free radical (Sharma and Bhat, 2009). In both
cases, a DR-5000 spectrophotometer (Hach Lange, Manchester, United Kingdom) was used.
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Sensory evaluation

In order to perform sensory analysis of sponge cakes twenty panelists (median age of
40 years) employed at the Department of Food and Nutrition, Technical University of
Moldova were involved. In order to assess the effect of milk thistle on the sensory quality of
sponge cake a 5-point hedonic scale ranging from 0 (“dislike extremely”) to 5 (“like
extremely”) was used. Quality parameters as appearance, colour, taste, texture and flavour
were analyzed using 1SO 6658:2017.

Statistical analysis

All experiments were performed in triplicates. The results are given as mean=+standard
deviation (SD). The data were statistically analyzed by XLSTAT software (2020 version)
with ANOVA.

Results and discussion

Effect of milk thistle seed powder addition on sponge cake moisture content, baking
loss and water activity

During baking, the sponge cake loses its mass, both moisture and dry matter. Moisture
loss accounts for 95-96% of the total baking losses by evaporation from the outer layers of
the batter. Dry substance loss consists 4-5% of the total losses and consists from the losses
of volatile substances present in the batter (Mondal and Datta, 2008). To determine the impact
of the milk thistle seed powder addition on the sponge cake baking losses, batter and cake
moisture content was determined. The results are presented in Table 3.

Table 3

Effect of milk thistle seed powder addition on sponge cake baking loss and water activity

i [0)

Sample B'rt(t)éiture content,c/aoke Baking loss, % aw
Control” 48.19+0.032 38.66+0.11°¢ 9.84+0.06% 0.780+0.008°
MT5 48.16+0.028 39.0140.09° 9.42+0.052 0.781+0.0072
MT10 48.07+0.04% 39.1540.12° 9.01+0.02° 0.781+0.0112
MT15 48.04+0.06° 39.86+0.162 8.88+0.06P 0.78040.004°
MT20 47.98+0.03° 41.62+0.082 7.11£0.04°¢ 0.772+0.008°

* MT5, MT10, MT 15 and MT20: sponge cake prepared with 0%, 10%, 15%, and 20% replacement of
wheat flour with milk thistle powder, respectively

Note: Results are expressed as mean+tstandard deviation, insignificant (p > 0.05), in each column
different letters ¢ mean significant differences (p < 0.001).

At the batter preparation stage, there were no significant differences (p < 0.05) in the
moisture content, which varied between 47.98 —48.19%. However, after baking, the moisture
variations of the baked samples were higher 38.66—41.62%. Thus, the addition of milk thistle
seed powder in sponge cake formulations contributed to the decrease of baking loss up to
7.11% for the MT20 sample compared to 9.84% for the control sample. This can be explained
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by the higher degree of hygroscopicity of the milk thistle seed powder, which is probably due
to the high fiber content (27% compared to 1.3% for wheat flour). The same decreasing trends
of baking loss were observed when supplementing sponge cake with Euchema algae (Huang
and Yang, 2019), Opuntia humifusa (Kim et al. 2012), coffee silverskin (Ates et al., 2019).

The water activity of the sponge cake samples did not change significantly (P < 0.05),
thus it can be mentioned that milk thistle seed powder does not increase the microbiological
stability of the sponge cakes. Only in the case of MT20 the a, reached the 0.772 value
compared to 0.780-0.781 for other samples. A higher water activity (0.900-0.907) of sponge
cake was mentioned by Lu et al. (2010) when substituting wheat flour with green tea in
amounts of 10, 20 and 30%.

Effect of milk thistle seed powder addition on sponge cake volume and porosity

Porosity plays an important role for the pastry products (Ghendov-Mosanu et al., 2020).
Besides the fact that it contributes to a more attractive commercial appearance, porosity
represents a means of facilitating digestibility, as it increases the surface area of saliva and
gastric juice action on product components. From the physical point of view, the sponge cake
porosity is defined as the ratio of crumb’s air pockets volume and the crumb volume (Baeva
et al., 2012). In the present research, a direct relationship was established between sponge cake
porosity and volume (Pearson correlation coefficient r=0.98), and an inversely proportional one
between the amount of milk thistle seed powder and these two parameters (Figure 1). Thus, the
volume of MT20 sponge cake decresed to 59.56 ml compared to 72.78 ml for the control sponge
cake, while porosity decreased from 80.12% (control) to 75.34% (MT20).

81 75
L _
3 é =
g A - 70 g
8 [o) A g
79 74
- 65
AR? = 0.9808
78
1 A [ 60
77 Q
R? = 0.9446
76 F 55
(o]
75 50
0 5 10 15 20
MT, %

Figure 1. Relationship between the concentration of milk thistle seed powder and porosity (P)
and between the concentration of milk thistle seed powder and volume of the enriched sponge

cake (V):

1 - Porosity; 2 — Volume
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Regression analysis shows that more than 90% decrease of volume or porosity in the
enriched sponge cake is caused by milk thistle seed powder addition. Several studies have
shown a decrease in the sponge cake volume when enriching formulations with plant
materials (Hosseini Ghaboos et al., 2018; Lu et al., 2010; Maravi¢ et al., 2022).

Effect of milk thistle seed powder addition on sponge cake colour

Crust colour

The colour of the crust is one of the first quality indicators that are appreciated by the
consumer, and which greatly influences its degree of acceptability. The impact of milk thistle
seed powder addition on the colour of sponge cake crust and crumb is shown in Table 4.
Significant differences between the values of the chromatic parameters of the control sample
and those prepared with the addition of milk thistle seed powder were obtained.

The dark brown colour of the crust is mainly due to the Maillard reaction, and the
replacement of wheat flour with milk thistle seed powder in sponge cake formulations seems
to accelerate this reaction, thus obtaining a darker crust. This may be caused by the high
content of amino acids in milk thistle seed powder, the presence of which may intensify the
reaction of melanoid formation (Polovnikova et al., 2022). Similarly, numerous studies have
shown an increase of total colour difference (AE) of sponge cake crust when substituting
wheat flour with other plant materials (Jahanbakhshi and Ansari, 2020; Najjaa et al., 2020;
Noor Aziah et al., 2011).

MT15 MT20

Figure 2. Cross sections views of sponge cakes enriched with milk thistle seed powder
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Table 4
Effect of milk thistle seed powder addition on sponge cake colour
| Control | MT5 | MT1I0 [ WMT15 | MT20
Crust colour
L 69.95£1.25% | 58.16£1.25° | 46.08+1.25° | 44.69+1.25° | 37.66+1.252
a 5.82+0.122 9.68+0.12° 9.87+0.12° | 10.38+0.12" | 13.84+0.12°
b 46.99+1.14° | 43.42+1.14°° | 41.58+1.14° | 40.02+1.14° | 36.45+1.142
AE - 12.00£1.09% | 24.81x1.09° | 26.60+1.09° | 34.78+1.09¢

Crumb colour
L 80.33£1.22° | 73.95+1.09° | 58.88+1.12% | 56.45+0.98% | 49.69+0.87°
a -2.90+0.14% | -2.08+£0.08%® | 0.30+0.01%® 1.5140.05%® 2.13+0.10°
b 24.7540.014° | 20.27+0.65°% | 17.70+0.11° | 14.22+0.16® | 10.49+0.20°

AE - 7.84+0.112 22.8040,58° | 26,47+0,26° | 34.17+0.78¢

Wi 68,25+1,38" | 66.93+1.43° | 55.23+£1.21% | 54.16+1.27% | 48.56+1.102

*MT5, MT10, MT 15 and MT20: sponge cake prepared with 0%, 10%, 15%, and 20% replacement of

wheat flour with milk thistle powder, respectively

Note: Results are expressed as mean+standard deviation, insignificant (p > 0.05), in each line different

letters >4 mean significant differences (p < 0.001).

Crumb colour

Significant differences (p < 0.05) were observed among the crumb colour parameters
of the sponge cakes variants. The values of luminosity (L*) and yellowness (b*) parameters
of the control sponge cake were higher compared with the MT sponge cakes, while the
redness (a*) showed a increasing tendency with the MT upward trend. This behaviors of L*,
a* and b* parameters indicate that a darker, redder, and less yellow crumb was obtained
because of wheat flour substitution with MT. The decrease of L* and b* values can be
explained by the fact that some compounds of MT are water-soluble, respectively assigning
a different colour to the batter mass and the baked product. Similarly, Menasra and Fahloul
(2019) mentioned that biscuit became darker with milk thistle powder addition. The ability
of milk thistle powder to change the chromatic values of pastry products was also
demonstrated by Bortlikova et al. (2019) on its application in functional biscuits formulation.
The effect of different ingredients on sponge cake colour was also reported by Lu et al.
(2010), who found that green tea powder addition led to an increase in sponge cake lightness
and yellowness, and on contrary, to a decrease of a* values. It was shown that addition of
black garlic powder, Jujube (Zizyphus lotus L.), and olive stone powder to sponge cake can
lead to a decrease in L* and b* values but an upward in a* values (Jahanbakhshi and Ansari,
2020; J.-S. Lee et al., 2009; Najjaa et al., 2020).

During the research, an inversely proportional relationship was established between the
total colour difference AE and the whiteness index WI. With the increase in the MT level in
the sponge cake formulation, 4E showed a major upward to 34.17 in the case of the MT20
sample, while WI diminished from the value of 68.25 for the control sample to 48.56 for the
MT20.

According to Maji & Dingliana, (2018) the just noticeable difference (JND) of colour
between two objects (AE;,) equals to 1. Taking into account that the lowest value for AE was
obtained for the MT5 sponge cake (AE = 7,84), it can be concluded that all prepared sponge
cake variants could be verifiably distinguished according to colour by eyes only.
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Effect of milk thistle seed powder addition on sponge cake texture parameters

Sponge cakes are characterized as having a light, airy texture. In this research the texture
of sponge cake samples was analysed in terms of hardness, springiness, resilience,
cohesiveness and chewiness (Table 5).

Table 5
Effect of milk thistle seed powder on sponge cake texture parameters
Control MT5 MT10 MT15 MT20
Hardness, g | 115.24+4.21% 131.88+5.18% 134.87+6.01°| 158.96:4.34°| 177.96+526°
;pnrq'“g'”ess’ 0.99:0.02* | 0.96+0.04* | 0.96£0.02° | 0.90£0.02° | 0.84+0.01°
gi‘g";’l‘“ess’ 66.57+3.12° | 72.27+4.08%| 75.1564.34° | 85.74+6.53" | 96.99+4.22°

Resilience 0.35+0.01* | 0.33+£0.02% | 0.29+0.02%® 0.27+0.01° 0.28+0.01%
Cohesiveness | 0.58+0.02° | 0.55+0.01% | 0.56+£0.01° | 0.54+0.03% | 0.55+0.01°
Control, MT5, MT10, MT 15 and MT20: prepared with 0, 10, 15 and 20% replacement of wheat flour

with milk thistle powder, respectively
Note: Results are expressed as mean+standard deviation, insignificant (p > 0.05), in each line different
letters @ mean significant differences (p < 0.001).

Hardness is used to describe the force exerted on the surface of the product when it is
deformed under the action of the teeth in the mouth. The softer the product is, the lower
hardness it has (Lu et al., 2010). The obtained data show that with the increase in the MT
level, the hardness of the sponge also increases from the initial values of 115.24 to 177.96 g.
This is probably caused by the fact that the milk thistle fibers absorbed and bounded the water
that during baking should have participated in the formation of gluten from the wheat flour.
Gluten, in turn, is able to keep CO2 and air bubbles trapped in the batter structure that during
baking increase their volume, thus increasing the porosity and volume of the baked sponge
cake (Rodriguez-Garcia et al., 2014). A similar tendency was also noted for the chewiness,
which increased with increasing amounts of MT. Springiness and resilience, as they have
some similarities, showed a descending trend with the increase of MT concentration. Sponge
cake variants had the lowest springiness and resilience of 0.84 mm and 0.28 respectively,
when the wheat flour was substituted with MT in a 20% proportion. Likewise, the
cohesiveness of the sponge cakes decreased with the increase in the proportion of the MT.
Sponge cakes had the lowest cohesiveness values of 0.55 when the proportion of the MT was
20%. However, differences in samples’ cohesiveness were not statistically significant (p>
0.05). Thus, for the use of the MT sponge cakes as layers for cakes, the revision of the
formulation is required, especially regarding the amount of liquid for impregnation in order
to obtain a cake with a low hardness and chewiness. Earlier, Lu et al. (2010) have reported
the hardness and chewiness to increase, and the springiness and resilience to decrease with
the addition of green tea powder (Lu et al., 2010). Contrastingly, Wang et al. (2020) obtained
a gradual decline of hardness with the increase of Japonica rice flour proportion in sponge
cake formulation, while resilience and springiness increased (Wang et al., 2020).
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Total phenol content and antioxidant activity

The aim of MT addition is actually to enhance the biological value of sponge cake,
which is especially conferred by the antioxidants present in MT (Vaknin et al., 2008).
According to Yaldiz (2017), milk thistle seeds are rich in tannins and flavonolignans that
exhibit a high antioxidant activity (Yaldiz, 2017). In this context, the total polyphenols
content and the antioxidant activity of sponge cake variants were determined (Table 6).

Table 6
Total phenol content and antioxidant activity of sponge cakes
Total Polyphenol Content, . e o
Sample mg GAE/100 g Antioxidant Activity, %

Control 63.93+1.232 7.86+0.342

MT5 75.88+1.56%® 14.6240.27%®
MT10 80.76+2.13° 19.37+0.76°
MT15 90.05+1.97° 23.84+0.47°
MT20 121.24+3.21° 44.70+0.64¢

Control, MT5, MT10, MT 15 and MT20: prepared with 0%, 10%, 15%, and 20% replacement of wheat
flour with milk thistle powder, respectively

Note: Results are expressed as meanztstandard deviation, insignificant (p > 0.05), in each column
different letters >4 mean significant differences (p < 0.001).

The data show that the MT sponge cake have significantly (P >0.05) higher amount of
polyphenols (75.88-121.24 mg GAE/100 g) than the control variant (63.93 mg GAE/100 g).
This can be explained by the high content of polyphenols in MT (4.38 mg/g) in comparison
with wheat flour (0.33 mg GAE/qg). Javeed et al. (2022) reported that milk thisle seed have a
polyphenol content of 1.70 mg GAE/g (Javeed et al., 2022). An increase in the antioxidant
activity was observed with the increase of MT concentration in sponge cake formulation. The
results are in accordance with those mentioned by Nowak et al. (2021) who studied the
influence of solvent on the total phenols content and antioxidant activity of different milk
thistle parts. In the study was shown that 70% ethanol is the best solvent in order to obtain
the highest values for the studied indicators (Nowak et al., 2021). In our study, the same
solvent was used.

Sponge cake sensory scores

The sensory attributes of sponge cake in terms of appearance, crust and crumb colour,
crumb texture, taste and flavor were evaluated after 12 hours from preparation. The results
of the sensory analysis of sponge cake variants with different MT concentrations are shown
in the Table 7.

As noticed, wheat flour substitution by MT in sponge cake formulation did not
significantly (P < 0.05) influence the crust colour, the lowest liking score being registered for
MT20 (4.50). Regarding the crumb colour, the evaluation score manifested a decline as the
MT level increased. A similar tendency was noticed for the texture of sponge cake. The taste
and flavor of sponge cake counterparts had a significantly lower (P >0.05) acceptability score
in the case of MT20. According to the results of the organoleptic analysis, it can be concluded
that among the most successful samples were those with a concentration of 5% and 10% MT,

16 —— Ukrainian Food Journal. 2023. Volume 12. Issue 1



—— Food Technology ——

because MT faded the specific smell of egg and the overly sweet taste of sponge cake. In the
end, they were appreciated as the most balanced samples. MT15 and MT20 were scored with
a lower overall acceptability for the following reasons:

(1) The samples do not have pleasant crumb colour;

(2) The samples with 15% and 20% MT have too dominant taste, as well as the aroma
of MT is too dominant”;

(3) In the sample with 20% MT some sandy powder particles are felt.

The control sponge cake reached the highest overall acceptability score (4.94), while
the MT20 sponge cake had the lowest value (4.16).

Table 7
Sponge cake sensory evaluation

Tfallste and Crust Crumb Appearance Texture Overa!l_

avour colour colour acceptability
Control | 4.82+0.04° | 5.00 +0.00? | 5.00+0.00% | 5.00+0.00? 4.90+0.01% | 4.94+0.04%®
MT5 4.84+0.03% | 4.82+0.02% | 4.85+0.04% | 4.76+0.02° 4.84+0.05% | 4.82+0.022
MT10 | 4.64+0.04° | 4.71+0.03% | 4.70+0.05% | 4.58+0.05b% | 4.62+0.03" | 4.65+0.05°
MT15 | 4.43£0.02° | 4.62+0.06° | 4.42+0.05° | 4.50+0.03®° | 4.45+0.02° | 4.48+ 0.06%®
MT20 4.13+0.04° | 4.50+0.05% | 3.82+0.04¢ | 4.26+0.01° 4,10+0.05° | 4.16+0.02°

Control, MT5, MT10, MT 15 and MT20: prepared with 0%, 10%, 15%, and 20% replacement of wheat
flour with milk thistle powder, respectively

Note: Results are expressed as meanzstandard deviation, insignificant (p > 0.05), in each column
different letters ¢ mean significant differences (p < 0.001).

Conclusions

1. The replacement of wheat flour with milk thistle powder in sponge cake formulation
reduced the baking losses, and enhanced moisture content.

2. The volume and porosity of sponge cakes decreased significantly with the increasing
milk thistle powder amounts. The volume decreased from 72.78 ml for the control sponge
cake to 59.56 ml when wheat flour was replaced by 20% milk thistle powder. Porosity
decreased from 80.12% (control) to 75.34% for the sponge cake with 20 milk thistle
powder.

3. The colour of sponge cake crumbs with milk thistle seed powder became darker, less
yellow (L* and b* values decreased) and redder (a* values increased). Simultaneously,
the whiteness index of sponge cake crumb showed a downward trend with the increase
of milk thistle seeds powder addition.

4.  The hardness and chewiness of sponge cakes increased with the increasing milk thistle
seed powder amount, being in the range of 115.24-177.96 g and 66.57-96.9 g-mm,
respectively. A reverse trend was exhibited by springiness, resilience and cohesiveness
of sponge cakes.

5. The addition of milk thistle seed powder to the sponge cake formulation led to increase
in the polyphenol content and antioxidant activity of cakes.

6. The results of sensory analysis pointed out that a partial replacement of 5 and 10%
wheat flour with milk thistle seed powder was the most acceptable.
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Introduction. The aim of this research was to study the
effect of pretreatment of pumpkin seed with proteolytic,
cellulolytic, and pectolytic enzymes on pressed oil production.

Materials and methods. Enzymes, papain, pectinase,
cellulase, pepsin, and cellulolytic enzyme mixture Viscozyme
L were used in the study. The number of disrupted cells was
determined by the amount of easily extractable pumpkin seed
oil as result of immediate shaking. To study the cell
microstructure, ultramicrotome slices of pumpkin seeds were
treated with individual enzymes and enzyme mixtures. The
antioxidant activity of the pumpkin seed oil was determined
using (DPPH) 2,2-diphenyl-1-picrylhydrazylradical radical
scavenging activity.

Results and discussion. The evaluation of cell integrity by
immediate hexane extraction (shaking method) showed that all
samples treated with different enzymes had a higher oil yield,
ranging from 33.2 to 34.1% of seed weight, than the control
samples (32.1%). The number of disrupted cells in enzyme
treated samples was also higher than the control (64.4%),
ranging from 67.6 to 69.5%. The highest amount of damaged
cells, 71.0 and 71.1%, was found in the samples treated with
mixtures (a) pepsin, Viscozyme L, pectinase and (b) pepsin,
cellulase, with the pepsin+Viscozymel+pectinase mixture
was by 7.0% higher than that of the control sample. The
enzymatic pretreatment did not significantly affect the free
fatty acid content, peroxide value, fatty acid, and phytosterols
composition. The antioxidant activity expressed as DPPH
radical scavenging capacity of the pressed oil obtained from
enzymatically pretreated pumpkin seeds was by 2.7% higher
than of control ail.

Conclusion. Pretreatment of pumpkin seeds with a mixture
of cellulolytic and proteolytic enzymes allowed increasing the
yield of oil with high quality characteristics.
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Introduction

Vegetable oils are the source of such essential substances for humans as polyunsaturated
fatty acids, fat-soluble vitamins, phytosterols, and others. It is important to include in diet
various vegetable oils with different fatty acid compositions and content of valuable
micronutrients. Among vegetable oils, pumpkin seed oil is especially valuable due to its
biologically active substances, which are useful in the treatment and prevention of many
diseases (Dotto et al., 2020; Shaban et al., 2017). In particular, it contains natural
antioxidants, ®-6 and -3 acids represented by linoleic and linolenic fatty acids, respectively,
as well as squalene, which is a precursor for the synthesis of sterols, steroid hormones, and
vitamin D (Dotto et al., 2020; Nosenko et al., 2019a). Carotenoids, tocopherols, and phenolic
compounds, as well as oleic acid, are contained in relatively high amounts in pumpkin seed
oil (Dotto et al., 2020; Procida et al., 2013; Shaban et al., 2017). Tocopherols of pumpkin
seed oil have antihyperglycemic properties (Shaban et al., 2017; Sharma et al., 2013).
Phytosterols contained in pumpkin seed oil prevent the development of cardiovascular
disease due to the reduction of the level of the low-density lipoprotein cholesterol in the
blood. At the same time, phytosterols are able to reduce the risk of some kinds of cancer
(Dotto et al., 2020; Shaban et al., 2017).

Nowadays, two methods are used to obtain oil from oilcontaining seeds: pressing and
solvent extraction. Solvent extraction is considered more efficient allowing the release of
almost all oil from oil containing material. However, in addition to explosive and flammable
solvents, numerous studies have found them dangerous to human health, as regular inhalation
of its vapors can lead to diseases, such as peripheral neuropathy and sensory loss (Herskowitz
et al., 1971; Kutlu et al., 2009). The release of organic solvent vapors into the environment
is also negative due to its reaction with air pollutants and ozone formation (Montero-Montoya
et al., 2018). Another disadvantage of solvent extraction is that obtained oil has to be refined,
which causes the loss of most of its biologically valuable compounds. On the other hand, the
pressing, especially cold pressing, is more environmentally friendly, as well as allows to the
preservation of valuable natural components in the oil (Yakymenko et al., 2022). However,
the pressing never removes the oil from the oil material completely and a significant oil
content remains in the pressed cake.

Therefore, the development of pretreatment processes capable of increasing the oil yield
during pressing and keeping the oil quality is very important. A promising method is the use
of enzymes for disrupting plant cell walls. This potentially increases oil yield, but can also
increase the nutritional value and antioxidant activity through the enhanced extraction of oil
biologically active substances, such as phytosterols, tocopherols, and phenolic compounds
(Kaseke et al., 2021; Latif et al., 2007).

The aim of this work was to study the influence of enzymatic pretreatment of pumpkin
seeds on the cell integrity, pressed oil yield as well as its composition.

Materials and methods

Materials

Hull-less pumpkin seeds (Cucurbita pepo) with an oil content of 49.05% (determined
according to 1SO, 2009) were supplied by a farm at Doberndorf, Horn, Lower Austria. For

pretreatment of pumpkin seeds pepsin, papain, pectinase, cellulase, and Viscozyme L were
purchased from Sigma-Aldrich (St. Louis, MO, USA). Pepsin (P7000) produced from
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porcine gastric mucosa was purchased from Carl Roth (Karlsruhe, Germany). The declared
activity at pH 2.0 and 37 °C is 800-2500 U/mg of solids, where 1 U will produce a change
in A 280 of 0.001 per min measured as soluble in trichloroacetic acid products using
hemoglobin as substrate. Papain (P3375) wasproduced from papaya latex crude powder. The
declared activity at pH 6.2 (optimum) and 25 °C is 2.1 U/mg of solids, where 1 U will
hydrolyze 1 pmol/min of N-a-benzoyl-l-arginine ethyl ester per minute. Cellulase (C2605)
is produced by Aspergillus sp. The declared activity at pH 4.5 and 50 °C is 1000 CU/g, where
1 CU (cellulase unit) corresponds to the amount of enzyme which produces 1 pmol/min of
glucose from carboxymethylcellulose. Pectinase (P2611) is produced from Aspergillus
aculeatus. The declared activity at pH 3.5 (optimum) and 20 °C is 3800 polygalacturonic
units/ml of suspension. The standard activity is determined by measuring the viscosity
reduction of a pectic acid solution. Viscozyme L (V2010) is produced by Aspergillus sp. (a
multi-enzyme mixture containing cellulases, B-glucanase, and hemicellulases like arabinase
and xylanase). The declared activity at pH 5.0 and 50 °C is 100 fungal p-glucanase units/g.

Enzymatic pretreatment

To study the enzymatic pretreatment effect on the pumpkin seed cell structure, the seeds
were ground using a laboratory mill to a particle size <5.0 mm. Ten g of ground seeds were
placed in a 250-ml Erlenmeyer flask, suspended in 10 ml of 100 mM phosphate buffer, pH
5.5, and treated with the enzyme (0.6% w/w). The obtained suspensions were incubated in a
water bath for 2.0 h at 48-52 °C with a manual stirring every 20 min. At the end of the
incubation, the enzymes were inactivated at 80 °C during 15 min. The control samples were
treated under the same conditions as the experimental ones,but without application of
enzymes. The initial cell integrity was examined inground seeds before the treatment.

In some experiments, elevated enzyme amounts (1.8, 3.0 and 6.0% w/w) such as
pepsin+Viscozyme  L+pectinase,  pepsin+cellulase+pectinase,  papain+Viscozyme
L+pectinase, or papain+cellulase+pectinase in a ratio of 1:1:1 were used under the conditions
described above. Each variation of the treatment was performed in triplicate. After incubation
and enzyme inactivation, all experimental and control samples were transferred from the
flasks into evaporating porcelain cups and dried first in an oven at 100-110 °C for 3.0-3.5 h,
and then overnight at room temperature, until moisture content was reached 0-2.0%. The
dried material was re-ground in a laboratory mill and used to determine the number of
disrupted cells.

Evaluation of disrupted cells by the method of immediate oil extraction

This method is used to determine the amount of easily extractable pumpkin seed oil and
can be used to determine the fraction of disrupted plant cells. Therefore, 10 g of the re-ground
samples (pretreated or reference samples) was placed in a 250-ml Erlenmeyer flask, mixed
with 100 ml of n-hexane, and the contents of the flask were shaken for exactly 3 s. Then the
flask was left for exactly 10 s and afterward, the obtained extract was immediately filtered
into a weighed Erlenmeyer flask. The filter was washed with several portions of n-hexane
and all portions were added to the weighed flask with the obtained extract. The hexane was
distilled from the extracts on a rotary evaporator at a rotation speed of 50-54 rpm and at 45
°C. The obtained oil was dried in an oven at 100-105 °C for 1.0 h and then was left overnight
under a fume hood for finally solvent removal. Afterward, the flask with dried oil was

—— Ukrainian Food Journal. 2023. Volume 12. Issue 1 23



—— Food Technology ——

weighed. The oil yield determined by the method of immediate extraction (&, , %) was
calculated using Equation 1:

a =—— 6

where my is a mass of the obtained oil (g); m is a mass of the seed sample (g).
The number of disrupted cells ( x, %) was calculated using Equation 2:
3,100
aZ
where a; is the total oil content in pumpkin seeds (%).
From the results of three experimental replicates the mean value and standard deviation
were calculated.

X

@

Pumpkin seed microstructure analysis

A cross-section of pumpkin seeds was sliced on a microtome. Pumpkin seed slices of
20 pum thickness were treated with pepsin, Viscozyme L, or pectinase as well as the enzyme
mixture pepsin+Viscozyme L+pectinase in a microwell plate (same amount of enzymes as
in previous experiments was dissolved in 1 ml of a phosphate buffer solution with a pH of
5.5 in each well). All samples were incubated for 2.0 h at 48-52 °C in a microwell plate
placed in a petri dish with water in a laboratory oven. Some wells of the plate contained
control samples, which were treated under the same conditions, but did not contain enzymes
in the buffer solution. After incubation, all enzyme-treated and control samples were
transferred to slides and fixed by drying at 65 °C in an oven for 1 h. All fixed samples were
stained with Nuclear Fast Red for 5 min, afterward were examined by light microscopy using
a microscope Leica DM750 with the camera Leica ICC50 and software Leica Application
Suite version 3.0.0. Ten different locations on every sample were imaged and representative
images are shown in Figure 3.

Pressing of pretreated pumpkin seeds

For the study of the effect of pumpkin seeds enzymatic pretreatment on the press oil
yield, a 200 g of seeds were ground in a laboratory mill to the particle size <10.0 mm. Each
seed portion was treated with the 1.8% enzyme mixture pepsin+Viscozim+pectinase in aratio
of 1:1:1 dissolved in 70 ml of a phosphate buffer solution with pH 5.5. The obtained mixture
was placed in a glass jar and incubated at 48-52 °C for 2.0 h under constant shaking. The
experiment was performed in triplicate. The control samples also were incubated in triplicate
under the same conditions as the experimental samples, but without the presence of enzymes
in the added buffer solution. After incubation, all samples were transferred from the jars to
metal trays and dried in an oven at 100-110 °C for 1.5-2.0 h with thorough manually stirring
every 30 min to a moisture content of 3.0-4.3%. Afterward, all driedsamples were weighed
and pressed on a laboratory screw press at 100125 °C and a nozzle hole diameter of 6.0 mm.
The pressed oil yield in terms of seed weight was calculated using Equation 1. The oil yield
in terms of total oil content in the pumpkin seeds was calculated using Equation 2. From the
results of three experimental replicates of each control or experimental treatment, a mean
value and standard deviation was calculated.
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Analysis of pumpkin seed residues

Determination of the oil content in residual pressed cake was performed in the Soxhlet
apparatus according to 1SO 659:2009. The experiment was performed in triplicate with
further calculation of the mean value and standard deviation.

Analysis of extracted oil
Quality parameters

To evaluate the quality of pressed pumpkin seed oils, free fatty acid (FFA) content and
peroxide value (PV) were determined according to the 1ISO 660:2020, and 1SO 3960:2007,
respectively. From the results of three replicates of each experiment, the mean value and
standard deviation were calculated.

DPPH radical scavenging activity and kinetic analysis

Determination of the antioxidant activity of the press pumpkin seed oils was carried out
by the method of 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity (Broznic
et al., 2016). The solution of 2,2-diphenyl-1-picrylhydrazyl at a concentration of 3 mg/100
ml ofethyl acetate, which had an optical density in the range of 0.7-0.9 at a wavelength of
520 nm. To prepare the reaction mixture 15 ml of DPPH solution were added to 100 mg of
oil, mixed thoroughly, and the initial absorbance of the reaction mixture was determined at
520 nm (Ao). The reaction mixture was kept in the dark place and the absorbance was
measured at 520 nm (A;) at a specified time interval (every 5 min) for 25 min. DPPH radicals
scavenging effect of the oil solutions (AAws) at specified time intervals was calculated
according to Equation 3:

ap = (A =A)-100 @)
A
where A is an absorbance of the freshly prepared DPPH oil solution;
Acis an absorbance of the DPPH oil solution at time t.
Antioxidant activity (AAz«) was the total DPPH scavenging for 25 min. The
experiment at each time interval was performed in triplicate, and the mean values and
standard deviations were calculated.

Fatty acid composition analysis

Determination of the fatty acid composition of the press pumpkin seed oils was carried
out by gas-liquid chromatography of fatty acid methyl esters (Nosenko et al., 2014). For the
preparation of fatty acid methyl esters, 100 mg of each oil sample was dissolved in a 2 ml
solution (0.5 g/1) of butylated hydroxytoluene in heptane. Then 100 pl of sodium in methanol
solution (46 mg/ml) was added, solution have been mixed for 2 min and exposed for 15 min.
1to 2 g of sodium hydrosulfate was added. The samples were filtrated through the anhydrous
sodium sulfate, and then 2 ml of butylated hydroxytoluene heptane solution was added. The
solution obtained was filtrated one more time through a 0.45 pum membrane cellulose filter,
and the filter was washed with 1 ml of the same solvent. The two filtrates were combined and
the solution was used for analysis. The obtained fatty acid methyl esters were analyzed on
Hewlett Packard gas chromatograph model HP 6890 with capillary column HP-88 (88%-
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cyanopropyl aryl-polysiloxane; 100 m x 0.25 mm; 0.25 pum film thickness (Agilent
Technologies)). The temperature of the injector was 280 °C, the detector had a temperature
of 290 °C. The temperature steps and heating rates were as follows: holding the temperature
at 60 °C for 4 min; heating to 150 °C at 4 °C/min, holding at for 10 min; heating to 180 °C
at 3 °C/min, holding for 5 min; heating to 190 °C at 3 °C/min, holding for 2 min, heating to
230 °C at 3 °C/min, holding for 2 min; heating to 260 °C at 4 °C/min, holding for 2 min. The
flow rate of carrier gas was 1.2 ml/min, and the sample volume was 1.0 pl. Identification of
the fatty acids was performed by comparison of the retention times with a standards mixture
of fatty acid methyl esters (37 Component FAME Mix, SUPELCO). Reported data are the
mean value and standard deviation of three analytical replicates.

Phytosterols composition

Analysis of phytosterols composition was performed according to 1ISO 6799:1991. 10
ml of standard betulin solution and 100 ml of alcoholic KOH solution were added to the 100
mg oil sample and boiled in a water bath for 1 h. After cooling, the sample was transferred
to a separatory funnel by adding 200 ml of distilled water and 100 ml of diethyl ether, shaken
vigorously, and separatedthe upper ether layer. The washing was repeated 3 times. The
combined ether extracts were transferred to another separatory funnel by adding 100 ml of
distilled water and shaken gently. After delamination, the aqueous layer was drained, and the
washing was repeated 3 times. The upper ether solution was filtered through a pad of sodium
sulfate. The solvent was evaporated on a rotary evaporator to give 1 ml of solution. The
solution was applied with a micro syringe to the prepared silicon wafer and placed in the
developer tank. The plate was removed after distillation and the solvent was allowed to
evaporate. Silicon containing the sterol fraction was collected with a micro spatula. The
silicon was placed in an Erlenmeyer flask and boiled with 5 ml of diethyl ether in a water
bath for 15 min. The solution was cooled and filtered through a paper filter. The silicon from
the filter paper was re-extracted and filtered twice more. The residue was dissolved in a
minimum amount of solvent for development and analyzed by gas phase chromatography.
The measurement was performed on a gas chromatograph CP-3800 (Varian), equipped with
a flame ionization detector, electronic gas flow control system, universal injector for the
introduction of samples in the split and non-separation modes, and autosampler (CP-8410
Varian). A capillary column MET-Biodiesel with a built-in pre-column (14 m x 0.53 mm,;
0.16 pm film thickness) was used under the following conditions: carrier gas flow rate, 5.0
ml/min; flow separation factor 1:10; evaporator temperature, 360 °C; detector temperature,
390 °C; column temperature mode: gradual heating from 160 °C to 340 °C. The sample
injection volume was 1 pl. Reported data are the mean value and standard deviation of three
analytical replicates.

Results and discussion

Effect of the enzyme pretreatment on the cell integrity of pumpkin seeds

All pumpkin seeds samples, treated with single enzymes, such as pepsin, papain,
Viscozyme L, celulase, and pectinase, gave a higher oil yield with immediate oil extraction,
ranging from 33.2 to 34.1%, compared with the oil yield from control samples, 32.1%, which
was incubated only with 100 mM phosphate buffer, pH 5.5 (Figure 1). It was found that seed
samples treated with different enzymes had also a higher number of disrupted cells, varing
from 67.6 to 69.5% (control samples had 64.4%).
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Figure 1. Oil yield (a1, ) and number of disrupted cells (x, %) of control samples and samples
pretreated with single enzyme, estimated by the method of immediate oil extraction

It was shown that pretreatment of milled hulled pumpkin seeds with acid protease at pH
5.2 for 2.0 h at 48-52 °C leads to an increase in the number of disrupted cells by 10.4%
compared to control samples (Nosenko et al., 2019b). However, the percentage of disrupted
cells in control and enzyme-treated samples were 46.7 and 57.1%, respectively, that are lower
than it was received in the present study (64.4 and 69.5%). This can be explained by the
presence of the husk covering pumpkin seeds in the previous research.

In a study of rapeseed enzymatic pretreatment with cellulase (from Bacillus subtilis,
300 units/g, from Enzyme, Ukraine) in the amount of 2.0% (w/w) for 2 h at 40-42 °C a
relatively low percentage of disrupted cells in both control and enzyme-treated samples also
were found, that was 35 and 50%, respectively (Cherstva et al., 2016). In the present study,
the higher percentage of disrupted cells can be associated with significantly higher hydrolysis
temperature, while a smaller difference between the number of disrupted cells in the
pretreated and control samples may be due to the use of less amount of enzyme by seed
weight.

At the same time, the greatest difference in the percentage of disrupted cells was
observed between control samples incubated in phosphate buffer at pH 5.5 for 2 h and control
samples without this treatment, which indicates that swelling is an important factor to
consider in the pretreatment, even without the use of enzymes. A similar result was obtained
during the study of the different sunflower seed pretreatment methods effect on the n-hexane
oil extraction. Due to the treatment of dehulled seeds with convective heat or steam, the oil
yield was by 11% higher than during the extraction of crude seeds for 1.0 h, while the
treatment of seeds with Viscozyme L in combination with heat or steam resulted in increased
oil yield compared to crude control by 12 and 14%, respectively (Danso-Boateng, 2011).
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Effect of the pretreatment with the enzyme mixtures on the cell integrity

All variations of the pumpkin seed pretreatment with different enzyme mixtures lead to
an increase in oil yield during immediate oil extraction and to an increase in the number of
disrupted cells in comparison to the control samples (Figure 2). Initially, four different
enzyme mixtures were used for seeds treatment for 2.0 h with the amount of mixture for each
sample of 1.8% (w/w). The highest amount of disrupted cells 71.0 and 71.1% were detected
in samples treated with pepsin+ Viscozyme L+pectinase and pepsin+cellulase+pectinase
mixtures, respectively, which was by 6.6% higher than in control samples. A similar result
was achieved during the treatment of milled pumpkin seeds with hulls with a mixture of acid
protease and cellulase (from Trichoderma reesei) in different ratios at pH 5.2, the number of
disrupted cells reached 60%, which was by 3% more than in control samples (Nosenko et al.,
2019b).
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Figure 2. Oil yield (a1,%) and number of disrupted cells (x, %) of control samples and samples
pretreated with enzyme mixtures, estimated by the method of immediate oil extraction

For study of the effect of added enzyme amount, the ground pumpkin seeds were treated
with a pepsin+Viscozyme L+pectinase mixture. However, no significant change in the
percentage of disrupted cells was observed when the amount of added enzyme mixture was
raised 5- or 10-times (9.0 and 18.0% wi/w, respectively). An explanation for the
ineffectiveness of increased enzyme concentrations is, that the high concentration already
saturates available cleavage sites and that an increase beyond a monolayer coverage of the
substrate does not lead to a higher activity. Similarly, the soybean- and sunflower seeds were
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treated by enzyme mixtures with cellulolytic and pectolytic activities in the amounts from
0.01 to 5.0% by seed weight before oil extraction with n-hexane (Dominguez et al., 1993). It
was found that increasing of the enzyme mixture concentration above 1.0% during soybean
pre-treatment and more than 2.0% for sunflower seeds did not lead to intensification of oil
extraction. In another study of enzymatic pretreatment of rapeseeds with a mixture of
protease (from Bacillus subtilis, 70 units/g) and cellulase (from Bacillus subtilis, 300 units/g)
the concentration of enzyme mixture was changed from 0.4 to 1.4% w/w. The optimal
enzyme concentration was found to be 0.6%, which allowed achieving a pressed oil yield of
43.1% (Cherstva et al., 2016). Excessive increases in the added enzyme amount and in the
enzymatic pretreatment duration are not only economically unprofitable but can also lead to
hydrolysis of polysaccharides with the formation of free reducing sugars, which will be
quickly caramelized at further drying and prevent the release of oil (Kumar et al., 2017; Latif,
2009).

Influence of the enzymatic pretreatment on the pumpkin seed cells microstructure

To observe the effect of the enzymatic pretreatment on the cell walls and oil bodies
within the pumpkin seed cells, microtome slices of pumpkin seeds were enzymatically treated
and compared to non-treated samples (Figure 3). Qil bodies are protected by the cell walls
and all cells are intact in the control samples of pumpkin seed slices treated with buffer
without the addition of enzymes (Figure 3a). Pepsin-treated samples show intact cell walls
but also oil bodies which are less stained indicating that the oleosin-containing protein
membrane covering the oil body has been partially degraded by the protease (Figure 3b).
Pectinase hydrolyzes the pectin gluing cells together, which is visible (Figure 3c). The
thickness of the cell walls of pectinase-treated slices was also lower than in the control and
pepsin-treated slices, which indicates the presence of cellulases and other cell wall
hydrolyzing enzymes. Some ruptured cells have lost their oil bodies, which are visible outside
the cells (upper left corner). The effect of Viscozyme L was the largest observed since it is
already a mixture of different enzymes and contains cellulases, B-glucanase, and
hemicellulases, which have a much bigger effect on the cell wall structures, disrupted a large
portion of the cells and released most of the oil bodies from the cells (Figure 3d). A similar
result was observed in the treatment of sunflower kernels by Viscozyme L (Danso-Boateng,
2011). The most effective pretreatment of pumpkin seed slices was obtained with a mixture
of pepsin+Viscozim+pectinase (Figures 3e and 3f). The cell walls completely disappeared
and only residues are observed. Some of the oil bodies are still intact, but also large spots of
oil from coagulated oil bodies with some intact oil bodies are visible that indicate a large
number of ruptured oleosomes (Figure 3f). In two studies of the pretreatment effect of
pomegranate seeds with Pectinex Ultra SPL, Flavorzyme 100 L, and cellulase crude
enzymes, as well as the enzymatic treatment of palm fruit fiber with Cellic CTec2, Cellic
HTec2, and Pectinex Ultra SPL mixture, significant destruction of cells walls and oleosomes
was achieved too (Kaseke et al., 2021; Silvamany and Jamaliah, 2015).
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Figure 3. Pumpkin seed microtome slices stained with Nuclear Fast Red.

The slices treated without the addition of enzyme (a), pepsin treated slices (b), pectinase treated
slices (c), Viscozyme L treated slices (d), the slices treated with pepsin+Viscozyme L+pectinase
mixture (e, f).

Magnification = 100 x, CW — cell walls, OB — oil bodies, CWR - cell wall residues, FO - free oil

During in vitro digestion of a walnut oil body dispersion with pepsin, large oil bodies
were revealed indicating their coalescence because of surface peptide destruction (Gallier et
al., 2013). The effect of pepsin in combination with the cellulolytic, hemicellulolytic, and
pectinolytic enzymes becomes clear in the experiment with the enzyme mixture (Fig. 3, €, f),
demonstrating that the proteolytic activity is needed for the destruction of membrane protein
of oil bodies leading to the coagulation into large oil droplets.
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At the same time, it is important to mention that such a complete degradation of the cell
wall structure is only possible in the case of microtome slices with a thickness of 20 um. It is
almost impossible to achieve such a degree of destruction with the large particle sizes
commonly used for mechanical pressing (0.5 to 5 mm or even intact pumpkin seeds), as
enzymes will have a greater effect on smaller particles with a higher specific surface area.
Cells inside a large particle are inaccessible to enzymes until the cells around them are
degraded.

Effect of enzymatic pretreatment on press oil yield

The press oil yield from seeds treated with pepsin+Viscozyme L+pectinase mixture was
15.5% (Figure 4), which is by 7.0% higher than in the control samples, while the oil yield
calculated to the base of the total oil content in pumpkin seeds is by 14.3% higher compared
to control samples (31.6%). A similar result was found in a study of the enzyme-assisted cold
pressing of cotton seeds with the highest press oil yield of 12.89% (by seed weight) obtained
from samples treated with Kemzyme compared to an oil yield of 8.50% in control samples
(Latif et al., 2007). The increase in oil yield by 5.5 and 6.1% compared to the control samples
was achieved because of flax- and hemp seed treatment with Viscozyme L, respectively.
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Figure 4. Press oil yield of control samples and enzymatically pretreated samples

Low oil yields in both enzyme-treated and control samples may be due to the used
parameters of pressing, such as press temperature, nozzle hole diameter, particle size, and
moisture content of oil material, which may be not optimally selected for this type of seeds.
The residual cake oil content in terms of seed weight decreased from 39.5% in the control

samples to 31.8% in samples treated with a pepsin+Viscozyme L+pectinase mixture (Figure
5).
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Figure 5. Residual cake oil content of control samples and enzyme pretreated samples
Oil quality and antioxidant activity

Characteristics oil quality and antioxidant activity of pumpkin seed oil are shown in
Table 1. The content of free fatty acids in pressed oil from seeds treated with
pepsin+Viscozyme L+pectinase mixture was slightly higher compared to the control sample,
while its peroxide value is slightly lower than in the control. Similar results were observed
after the treatment of cotton seeds with Phytezyme, Kemzyme, and Feedzyme, which led to
some increase of free fatty acids in the obtained pressed oil (3.80, 3.90, and 3.60 respectively)
compared with the oil obtained from the control (3.22), as well as in flaxseeds treated by
Viscozyme L, Kemzyme, and Feedzyme, the peroxide value was slightly lower (1.90, 2.25,
and 2.19 meg/kg, respectively) than in the control (2.35 meg/kg) (Anwar et al., 2013;Latif et
al., 2007). As a result of hemp seed pre-treatment with Kemzyme, Protex 7L, Viscozyme L,
Feedzyme, and Natuzyme, slight variations of free fatty acids (1.73-1.87% as oleic acid) and
peroxide value (1.54-1.62 meq/kg) were observed relative to the control (1.75% and 1.57
meqg/kg, respectively) (Latif et al., 2009). The decrease of the peroxide value in the oil pressed
from enzymatically pretreated seeds may be due to the higher release of tocopherols and
increased antioxidant properties compared to the control oil. At the same time, in a study of
enzyme-assisted cold-press oil of borage seeds, it was found that the effect of enzymatic
pretreatment of seeds on the content of free fatty acids and peroxide values was insignificant
(Soto et al., 2007).

Table 1
Free fatty acids, peroxide value, and DPPH scavenging capacity of control oil and oil from
enzyme-treated pumpkin seeds

Acid value, mg Peroxide Antioxidant activity,
Sample KOH/g 6” value, AAxs , %
meg O/kg oil
Control 0.944+0.13 1.7+0.04 17.6+0.1
Press oil from 1.03+0.13 16401 20.240.1
enzyme-treated seeds
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Enzymatic pretreatment of pumpkin seeds had a positive effect on the oil antioxidant
activity, which expressed as a DPPH radical disappearance. The results show that the total
DPPH scavenging effect of pressed oil from enzyme-treated seeds was by 2.7% higher than
that of control press oil (Table 1). A similar result was obtained during enzymatic treatment
of flax seeds, DPPH radical scavenging of press oil from samples treated with Viscozyme L,
Feedzyme, and Kemzyme (50.03, 45.30, and 43.01% respectively) was significantly higher
compared to DPPH radical disappearance of oil from control seed samples (35.20%) (Anwar
et al., 2013). Antioxidant activity of oil from seeds pomegranate cultivar was increased by
enzymatic pretreatment from 1.60 to 2.91 mmol Trolox/g of pomegranate seed oil as well as
DPPH scavenging effect (Kaseke et al., 2021). DPPH radical disappearance of cold press
perilla seed oil was 50.6%, while the perilla seeds oil treated with ultrasound-assisted
aqueous enzymatic extraction in combination with cellulase, neutral proteinase, and
pectinase had a DPPH scavenging capacity of 70.6% (Li et al., 2017). At the same time, total
DPPH radical scavenging of both enzyme-assisted and control pressed pumpkin seed oils
was much lower in the current study than reported in other previous studies of this oil's
antioxidant properties, where DPPH scavenging activity of pumpkin seed oil obtained by n-
hexane extraction was 35.5%, while in unrefined pressed oils from roasted pumpkin seeds,
this value ranged from 32.28 to 65.33% (Agustina et al., 2019; Andjelkovic et al., 2010).

The effect of enzymatic pre-treatment of pumpkin seeds on its oil DPPH scavenging
capacity over time is shown in Figure 6. DPPH scavenging activity of enzyme-assisted
pressed oil is significantly higher at each time point than that of the control pressed oil. The
fast, initial phase of the reaction shows a fast disappearance of DPPH radicals within the first
5 min. Afterward, the reaction slows down. In an analogous study of the biphasic DPPH
disappearance kinetics in pumpkin seed oil, the first, fast phase occurred between 4.5-6.5
min in oil samples obtained from roasted seed paste, while for cold-pressed oils from
unroasted seeds the duration of the first phase was 8.5-10.5 min (Broznic et al., 2016).
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Figure 6. The kinetics of DPPH scavenging by pumpkin seed oil:
1 — control press pumpkin seed oil, 2 — enzyme pretreated press pumpkin seed oil
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Fatty acid composition of pumpkin seed oil

The fatty acid composition of control and enzyme-assisted pressed pumpkin seed oils
are shown in Table 2. The most abundant fatty acids among unsaturated fatty acids for both
control and enzyme-treated samples were linoleic acid (56.2-57.0%) and oleic acid (23.2—
24.3%), while the predominant saturated fatty acids were palmitic acid and stearic acid with
an amount of 12.1 and 6.0%, respectively. Similarly, the study of the fatty acid composition
of 100 different Styrian pumpkin seed oils from different breeding lines showed that the main
pumpkin seed oil fatty acids, such as linoleic-, oleic-, palmitic-, and stearic acids, were found
in amounts of 43.8-52.4, 28.6-38.1, 11.4-13.3, and 4.8-6.7% respectively (Frithwirth et al.,
2007;Procida et al., 2013). The content of these fatty acids varied in the ranges of 44.30—
51.58, 33.60-42.59, 9.13-13.35, and 0.27-0.55%, respectively when twelve pumpkin seed
oil samples of different origins were analyzed.

Table 2
Fatty acid composition of control oil and oil from enzyme-treated pumpkin seeds

Content of fatty acid, % of the total content

Fatty acid Control press | Press oil from enzyme-treated
oil pumpkin seeds

Palmitic acid (C 16:0) 12.07+0.15 12.14+0.15
Palmitooleic acid (cis-9-C 16:1) 0.11+0.05 0.12+0.05
Stearic acid (C 18:0) 5.98+0.10 5.96+0.10
Oleic acid (cis-9-C 18:1) 24.28+0.20 23.23+0.20
?g_tf)decen‘”c acid (cis-11-C 0.51+0.15 0.61+0.15
%g?;’)le‘c acid (cis, cis-9,12-C 56.15+0.20 57.03+0.20
a-Linolenic acid (cis,cis,cis-
9.12,15-C 18:3) 0.16+0.20 0.16+0.20
Arachidic acid (C 20:0) 0.38+0.05 0.37+0.05
Behenic acid (C 22:0) 0.11+0.05 0.12+0.05
Saturated fatty acids 18.70 18.75
Monounsaturated fatty acids 24.98 24.03
Polyunsaturated fatty acids 56.32 57.22
Unsatur.ated fatty acids:Saturated 435 433
fatty acids

Because of enzymatic pretreatment of pumpkin seeds, the content of linoleic acid in the
pressed oil increased slightly, while the amount of oleic acid reduced, but also not
significantly (Table 2). In spite of the higher polyunsaturated fatty acids amount and lower
monounsaturated fatty acids content were observed, however, the unsaturated fatty acids:
saturated fatty acids ratio did not change significantly. There also was no significant
difference in the amount of palmitic-, palmitoleic-, stearic-, octadecenoic-, a-linolenic-,
arachidic-, and behenic acids in the control and enzyme-treated samples. In line with the
present study, the research of cotton-, flax-, hemp-, and borage seed cold pressing revealed
no significant impact of enzymatic pretreatment on its oil fatty acid profiles (Anwar et al.,
2013; Latif et al., 2007; 2009; Soto et al., 2007).
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Phytosterols composition of pumpkin seed oil
The phytosterols composition of pumpkin seed oils is presented in Table 3.

Table 3
Phytosterol composition of of control oil and oil from enzyme-treated pumpkin seeds

Content of phytosterol, % of the total content

Phytosterol .| Press oil from enzyme-treated
Control press oil ;
pumpkin seeds
Cholesterol 0.77+ 0.05 0.82+0.05
Campesterol 1.74+0.10 1.78+0.10
Stigmasterol 1.95+0.15 2.88+0.15
24-Methylcholest-7-enol 0.91+0.05 0.76+0.05

a-Spinasterol+A7,22,25-

; . 48.69+0.20 47.46+0.20
Stigmastatrienol
AS5-Avenasterol 1.75+0.10 2.56+0.10
A7,25-Stigmastadienol 22.47+0.20 20.71+0.20
A7-Stigmastenol 4.81+0.10 4.52+0.10
A7-Avenasterol 16.90+0.15 18.51+0.15

a-Spinasterol and A7,22,25-stigmastatrienol accounted for almost 50% of the total
sterol content and were found to be the predominant phytosterols of oils from control and
enzyme pretreated pumpkin seed, while A7,25-stigmastadienol and A7-avenasterol were also
present in relatively high amounts 20.7-22.5 and 16.9-18.5%, respectively. Previous studies
of the pumpkin seed oil phytosterols composition reported that A7-sterols, such as o-
spinasterol, A7,22,25-stigmastatrienol, A7,25-stigmastadienol, A7-avenasterol, and A7-
stigmastenol, significantly predominate over A5-sterols (Dotto et al., 2020; Fruhwirth et al.,
2007).

A slight decrease of a-spinasterol, A7,22,25-stigmastatrienol, and A7,25-
stigmastadienol content was observed in the enzyme-assisted press pumpkin seed oil, while
the content of stigmasterol, A5-avenasterol, and A7-avenasterol slightly increased. Similarly,
the stigmasterol content of the oil obtained from enzyme-pretreated pomegranate seed
samples was significantly higher (29.8-52.0mg/100 g oil), compared to control pomegranate
seed oil samples (20.5-45.8 mg/100 g oil), that might be due to reduced complexation of the
phytosterols with the seed polysaccharides and further enhancement of their mass transfer
into the oil phase (Kaseke et al., 2021).

Conclusions

1. Proteolytic enzymes are needed to degrade the oleosin-rich membranes around the
oil bodies in seed cells. In the mixtures with cellulolytic, hemicellulolytic and
pectinolytic enzymes, proteolytic enzymes help to disrupt pumpkin seed cells
synergistically leading to the most prominent increase of oil yield.

2. Theyield of press pumpkin seed oil was about 14.3% higher from seeds incubated
with a pepsin+Viscozyme L+pectinase mixture at 48-52 °C for 2.0 h at pH 5.5
compared to the seeds pretreated at the same conditions, but without adding
enzymes.
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3. There was no significant influence of enzyme treatment on the press oil quality and
composition, but a slightly higher total DPPH scavenging capacity of oil from
enzyme-pretreated seeds was detected. This oil had also higher stigmasterol
content.
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Introduction. The aim of the present study was to determine
the effect of pumpkin cellulose addition to wheat flour on
conformational transformations in the structure of dough and
bread.

Materials and methods. The granulometric composition,
functional and technological properties, and amino acid
composition of pumpkin cellulose were compared with those of
premium grade wheat flour. The influence of pumpkin cellulose
in combination with phospholipids on conformational
transformations in the structure of dough and bread was studied
by method of infrared spectroscopy in the range of near-infrared
regions.

Results and discussion. It was found that 96% of the
particles of wheat flour of the premium grade passed through a
sieve with holes of 132 microns, the remaining 4% — through a
sieve with holes of 260 microns. Pumpkin cellulose was much
coarser, because all 100% of its particles remained on a sieve
(hole size 670 microns). Moisture binding capacity of pumpkin
cellulose was 3.6 times higher, and moisture retaining capacity
was 2.8 times higher than of wheat flour due to the presence of a
significant amount of fibers. The amino acid score of lysine (the
limiting amino acid in wheat flour) was 0.44. The amino acid
score of methionine (the limiting amino acid in pumpkin
cellulose) was 3.16, and the amino acid score of lysine was much
higher than in wheat flour 3.49. Partial replacement of wheat flour
with pumpkin cellulose (5-15%) increased this indicator for
lysine by 6.5-15.2%. It was found that infrared spectra of dough
samples after kneading (control sample and sample with the
partially flour replacement by pumpkin cellulose) practically
overlapped throughout the range of wavelengths. During the
fermentation process conformational changes of functional
groups occurred intensively as well as changes in structural and
mechanical properties. The dough ball of the control sample
thinned faster. Shape-retaining ability improved with increasing
replacement percentage of wheat flour with pumpkin cellulose.

Conclusions. The partial replacement of wheat flour with
pumpkin cellulose enhanced the biological value of bread and
changed the structural and mechanical properties improving
shape-retaining ability of dough but decreasing dimensional
stability of bread.
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Introduction

The modern food industry is characterized by the production of food with useful properties
having health benefits (Ivanov et al., 2021). Simultaneously, taking into account ecological and
economic requirements, it is promising to convert the waste of food processing into valuable
products using them as additives to increase the nutritional value of food (Dora et al., 2020; Jin et
al., 2018; Shevchenko et al., 2023; Stabnikova et al., 2021). Thus, it was relevant to include in the
recipes of bread pumpkin processing products with a high content of dietary fibers, which are
generated during production of puree, juice, candied fruit and pumpkin oil (Jacobo-Valenzuela
etal., 2011; Shevchenko et al., 2023).

Study of the influence of pumpkin residue powder (5 — 20%) and pumpkin pomace (10 —
50%) on the quality of wheat bread showed that an initial increase in the addition of pumpkin
residue (5%) indicated an increase in bread volume, which began to decrease in case of higher
amounts (10 —20%) (Ozola et al., 2015). Sensory evaluation (appearance, surface, crust, porosity,
texture, crumb, taste and aroma) of wheat bread with pumpkin by-products showed high consumer
acceptance, except for the sample with 50% pomace addition. The total content of carotene in
bread increased due to the addition of pumpkin by-products (Ahmed et al., 2011). For the
production of wheat bread, it was recommended to add from 5% to 10% of pumpkin powder and
up to 30% of pumpkin pomace to the dough.

The addition of pumpkin flour to the recipe of wheat bread affected its antioxidant activity
and total phenolic content. Bread was made by partially replacing wheat flour with pumpkin flour
in amounts from 5% to 20%. Bread enriched with 20% pumpkin flour had the highest antioxidant
activity measured by ABTS scavenging activity — 81.74% compared to the control sample —
76.59%. The highest phenolic content — 5.39 mg/g (calculated as gallic acid equivalent) was
ohserved in bread enriched with 20% pumpkin flour, compared to 1.38 mg/g in the control sample.
That is, the antioxidant activity of bread increased significantly (Wahyono et al., 2020).

It was found that the introduction of pumpkin puree in the amount from 5 to 25% in the
recipe of wheat bread practically did not affect the amount of washed gluten from the dough.
However, the compression strain of raw gluten was 68.5-94.7 units, which was worse than for
samples without it. In bread with pumpkin puree the content of pectin was 0.03 mg/100g, while
pectin was absent in the control sample. The content of vitamins and minerals increased, thereby
increasing the nutritional value of bread (Bayramov et al., 2022).

As pumpkin products are rich in beta-carotene, a fat-soluble provitamin A carotenoid, it is
recommended to add these raw materials to the food products in combination with lipids (Li et
al., 2016). A significant content of them is in lecithin that makes it a valuable additive for enriching
bread.

Raw materials introduced in bread influence its structure, so the aim of the present study was
to determine the effect of pumpkin cellulose addition on conformational transformations of the
structure of dough and bread made from wheat flour.

Materials and methods
Materials

Dough samples and bread were prepared from main components — premium wheat flour,
salt and pressed baker's yeast. Sunflower lecithin was added in the amounts of 3% by weight of
flour (Partridge et al., 2019). 5, 7, 10, 15% pumpkin cellulose was added to replace wheat flour.
A sample without pumpkin cellulose was the control sample. All components were mixed and
analyzed immediately after kneading and after 3.5 hours of the fermentation. Bread was obtained
using a monophase way of dough preparation.
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Methods
Size of the flour particles

Sieve analysis was used for determinating size of the particles of flour and cellulose. Sieves
with different hole sizes were used: No 33/36 (35) (220 wm), No 27 (260 wm), No 067 (670), No
49/52 PA (43) (132 um), No 41/43 (38) (160 pum). Sieves were sequentially placed one under the
other from the sieve with the largest holes on top to the sieve with the smallest holes at the bottom.
The raw material was loaded onto a sieve with the largest hole size and sieved using a vibratory
drive device. The percentage ratio of the residue on the sieves and the passage through the sieves
was determined (Patwa et al., 2014).

Moisture binding and retaining capacity

For determinating moisture binding capacity, 0.5 g of raw material was placed in pre-weighed
centrifuge tubes, 50 ml of distilled water was added, and tubes were centrifuged at 3500 rpm for
10 minutes. The excess water was drained, the raw materials in the test tubes were dried and
weighed.

Moisture binding capacity (MBC) was calculated by the formula:

MBC="% 100,
mZ
where my is weight of precipitate, g; m. is weight of the original flour, g.

For determinating the moisture retaining capacity the same method was used. The study
differed in that after adding water, the mixture was placed in a water bath for heating for 30
minutes.

Moisture retaining capacity (MRC) was calculated by the formula:

MRC:MiOO,

where ms is weight of tube with flour and water retained, g; m; is weight of tube with flour, g; m
is weight of flour, g.

Fat binding and fat retaining capacities

The procedure for determination of fat binding and retaining capacities was the same as in the
determination of moisture binding and retaining capacities, but instead of water, 15 ml of refined
sunflower oil was added.

Fat binding capacity (FBC, %) was determined as the difference between the fat content in the
flour suspension (F1) and the amount of fat released after centrifugation (F»):

FRC = F1 — Fzy

Fat retention capacity (FRC, %) was determined as the difference between the fat content in
the flour suspension (F1) and the amount of fat released during heat treatment (Fr..) (Suriano et
al., 2017):

FRC = F1 — F,

Stability of emulsion

For determinating the stability of emulsion, oil and water were mixed in a water bath and
cooling. 4 calibrated centrifuge tubes (50 ml) were filled with the obtained emulsion and
centrifuged at a frequency of 500 rpm for 5 minutes. Then the volume of the emulsified layer was
determined.
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The stability of the emulsion was calculated by the formula (Silva et al., 2016):

Vl
SE=—.100,
2
where SE is stability of the emulsion, %; V1 is a volume of emulsified oil, ml; V:is a total
emulsion volume, ml.

Emulsifying ability

7 g of sample was suspended in 100 ml of water in a homogenizer at a frequency of
66.6 rpm for 60 s. Then 100 ml of sunflower oil was added and the mixture was emulsified
in a homogenizer at a frequency of 1500 rpm for 5 minutes. After that, the emulsion was put
into 4 calibrated centrifuge tubes with (50 ml) and centrifuged at 500 rpm for 10 minutes.
Then the volume of emulsified oil in the layer was determined.

Emulsifying ability was calculated by the formula (Silva et al., 2016):

Vl
EA=—% . 100,
Vv

where EA is emulsifying ability, %; V1 is a volume of emulsified oil, ml; V is a total emulsion
volume, ml.

Essential amino acid composition

Amino acid composition in pumpkin cellulose, wheat flour and bread was determined
by ion exchange chromatography (Litvynchuk et al., 2022). The process consisted of two
stages: hydrolysis of proteins and their quantitative estimation. For this purpose, automatic
analyzer of amino acids T-339 (Mikrotechna, Czech Republic) was used. The elution of
amino acids was conducted using Li-citrate buffers with pH 2.75+0.01; 2.95+0.01; 3.2+0.02;
3.8+0.02; 5.0+0.2 in turn. For Amino detecting amino acids photometer Unicam SP 800
(Great Britain) was used at a wavelength of 560 nm. The process of rectification with a
ninhydrin solution was applied. The results of detection were registered by the peaks of light
absorption of ninhydrin-positive substances in an eluent. The ratio of concentrations of this
substance in solution is direct with these peaks. For obtaining a comparison sample the
prototype was diluted in Li-citrate buffer and inflicted on an ion exchange column. The
content of every amino acid expressed per 100 g protein.

Amino acid score

Amino acid score was calculated as the ratio of a gram of the limiting amino acid in the
food to the same amount of the corresponding amino acid in the standard protein:

EAA, =2 in
EAAFAO
where EAAgore 1S amino acid score; EAAm is amount of the limiting amino acid in the
sample, g; EAAra0 is amount of the corresponding amino acid in the reference standard, the
hen’s egg protein, g (Caire-Juvera et al., 2013). The Food and Agriculture Organization
(FAO) and World Health Organization (WHO) accepted the essential amino acid
composition of the hen’s egg protein as a reference standard (Lunven et al., 1973).
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Shape-retaining capacity

Shape-retaining capacity was determined by dynamics of changes of spread of the
dough ball during fermentation. Dough balls with the weigh of 100 g were placed on
transparent glass surface at temperature of 30°C for 180 min. Diameter of dough ball was
measured every 30 minutes (Arpul et al., 2015).

Near-infrared reflection spectroscopy

Spectra of dough and bread was determined by method of infrared spectroscopy in near
infrared range from 1330 to 2370 nm. Infrapid spectrometer (Labor-Mim, Hungary) was used
to obtain the reflection spectra from smooth surface of shredded samples. The process
consisted of two stages: on the first stage, the spectrometer recorded the reflectance spectrum
from referential sample, on the second stage a reflection spectrum from the researched
sample. The intensity of reflection was measured in dough after kneading and fermentation
and in bread (Shevchenko and Litvynchuk, 2022b). The reflection intensity was calculated
as transformation of relative reflection coefficient to spectral index (Yip et al., 2012).

Statistical analysis

The data represents the mean of a minimum three replicates + standard deviation (S.D.).
Graphical presentation of experimental data was performed using program Microsoft Excel
2010.

Results and discussions

Microbiological, biochemical processes in the dough, its structural and mechanical
properties, structural changes are significantly influenced by the chemical composition and
size of the components of the recipe. It was found that 96% of the particles of wheat flour of
the premium grade passed through a sieve with holes of 132 microns, the remaining 4% —
through a sieve with holes of 260 microns. Pumpkin cellulose is much coarser, because all
100% of its particles remained on a sieve with hole size 670 microns.

In the process of dough preparation, biochemical, colloidal processes and structure
formation of the dough system take place. As a result the structural and mechanical properties
of dough and bread are formed. A significant role in these processes belong to the ability of
biopolymers of raw materials to absorb and retain moisture and fat, which is introduced with
recipe components (Table 1).

Table 1

Functional and technological properties of premium wheat flour and pumpkin cellulose
Indicator, % Wheat flour Pumpkin cellulose
Moisture binding capacity 90.74+2.13 330+2.93
Moisture retaining capacity 148+2.89 415+3.02
Fat binding capacity 146+2.89 216+2.90
Fat retaining capacity 164+2.89 280+2.91
Emulsifying ability 36+0.50 27+0.52
Stability of emulsion 31+0.51 6.8+0.24
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Functional and technological properties of raw materials, particularly the ability to bind
and retain moisture and fat, form an emulsion were important (Berton et al., 2002). Due to
these characteristics of the raw materials viscoelastic dough was formed, which provided
structure and technological properties of dough to obtain high quality bread. Raw materials
with less particle exchange usually have a higher index moisture binding capacity and
moisture retaining capacity (Changgao et al., 2022). However, both indicators resulted
significantly higher in pumpkin cellulose than in wheat flour because of the higher content
of fiber present in pumpkin cellulose (Jurgita et al., 2014). Moisture binding capacity of
pumpkin cellulose was 3.6 times higher, and moisture retaining capacity 2.8 times higher
than of premium wheat flour. The increase of moisture binding capacity of pumpkin cellulose
was explained by release of side polar groups of protein, areas of fibers, which had
hydrophilic properties and soluble molecules (Qiao et al., 2019).

Meanwhile, values of fat binding and fat retaining capacities were higher for pumpkin
cellulose than for wheat flour 1.5 and 1.7 times, respectively. It was explained by the higher
content of hydrophobic polysaccharides in pumpkin cellulose. The different distribution of
hydrophobic and hydrophilic particles in the composition of pumpkin cellulose compared to
wheat flour caused higher values of fat binding and fat retaining capacities (Wang et al.,
2017)

In the recipe of bakery products, fat components of plant or animal origin were used,
which were difficult to be distributed evenly during the dough kneading process. The ability
to form stable emulsions was characterized by emulsifying ability and stability of emulsion.
The decrease of these properties for pumpkin cellulose was because it contained lignin, which
promoted the formation of interpolymeric bonds between polysaccharides resulting in
binding of protein molecules (Aminzadeh et al., 2017).

Pumpkin cellulose contained a large amount of dietary fiber and protein (Shevchenko
et al., 2023). The content of essential amino acids (EAA) in pumpkin cellulose was
significantly higher than in premium wheat flour (Table 2).

Table 2
Content of essential amino acids (EAA) in pumpkin cellulose and premium wheat flour
EAA Content, g/100 g of raw material
Wheat flour Pumpkin cellulose
Valine 0.42+0.01 1.64+0.01
Isoleucine 0.36+0.01 1.36+0.01
Leucine 0.71+0.02 2.57+0.02
Lysine 0.23+0.01 1.35+0.01
Methionine 0.40+0.01 0.78+0.01
Threonine 0.28+0.01 1.12+0.01
Tryptophan 0.13+0.01 0.72+0.01
Phenylalanine 0.52+0.01 1.86+0.01

The protein of wheat flour was not complete; therefore, to increase the biological value
of bread, it was advisable to add pumpkin cellulose. The protein profile of bread with it will
increase. The amino acid score, that is the percentage content of each amino acid in relation
to its content in the protein taken as a standard, of the limiting amino acid in wheat flour,
lysine, was 0.44. The amino acid score of every standard amino acid was 1. For methionine
—the limiting amino acid in pumpkin cellulose it was 3.16, and the amino acid score of lysine
was much higher than in wheat flour, 3.49. It was found that the amino acid score of the
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limiting EAA in pumpkin cellulose was higher than 1. It indicated that the protein of it was
complete. Therefore, pumpkin cellulose will increase content of essential amino acids in
bread when it is added to the recipe compared to the control sample that was bread without
pumpkin cellulose (Table 3).

Table 3

Content of essential amino acids (EAA) in bread with partial replacement of wheat flour with
pumpkin cellulose

Content, g/100 g of bread
EAA Control Pumpkin cellulose to replace wheat flour, %
5 7 10 15
Leucine 0.71+0.01 1.14+0.02 1.2840.02 | 1.48+0.02 | 1.76+0.02
Isoleucine 0.39+0.01 0.40+0.01 0.41£0.01 | 0.41+0.01 | 0.42+0.01
Methionine 0.31+0.01 0.42+0.01 0.46+0.01 | 0.52+0.01 | 0.59+0.01
Lysine 0.23+0.01 0.25+0.01 0.26+0.01 | 0.26+0.01 | 0.27+0.01
Phenylalanine 0.68+0.01 0.64+0.01 0.62+0.01 | 0.61+0.01 | 0.58+0.01
Threonine 0.28+0.01 0.47+0.01 0.54+0.01 | 0.62+0.01 | 0.75+0.01
Valine 0.43+0.01 0.70+0.01 0.80+0.01 | 0.93+0.01 | 1.11+0.01
Tryptophan 0.09+0.01 0.23£0.01 0.27+0.01 | 0.34+0.01 | 0.43+0.01

The amino acid score for all essential amino acids in bread showed that the limiting
amino acid was lysine with score 0.46. Partial replacement of wheat flour with pumpkin
cellulose (5-15%) increased lysine score by 6.5-15.2% (Table 4).

Table 4

Amino acid score of essential amino acids (EAA) in bread with partial replacement of wheat
flour with pumpkin cellulose

Amino acid score
EAA Control Pum5pkin ceIIuI075e to replaci%wheat flour, %
Leucine 1.11 1.76 1.98 2.28 2.70
Isoleucine 1.06 1.09 1.09 1.11 1.12
Methionine 0.97 1.31 1.43 1.59 1.82
Lysine 0.46 0.49 0.50 0.52 0.53
Phenylalanine 1.23 1.15 1.12 1.09 1.04
Threonine 0.77 1.28 1.45 1.68 2.01
Valine 0.93 1.53 1.73 1.99 2.37
Tryptophan 0.98 2.45 2.95 3.62 4.56

Nutrients of recipe components of dough and bread contained various functional
groups, the change and redistribution of which was largely influenced by the protein
composition of the recipe components and their properties. Chemical composition of wheat
flour and pumpkin cellulose differred. It was assumed that pumpkin cellulose addition will
affect the change in the structural units — OH, NH and SH groups in dough and bread. These
units were analyzed in the near infrared region using the reflection spectrum (Baslar et al.,
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2011). The results of research of dough and bread samples with the minimum researched
replacement (5%) of wheat flour with pumpkin cellulose (Figure 1a) showed that spectra of
control dough sample and samples with replacement after kneading and after fermentation,
as well as bread samples had a similar character. However, the intensity of reflection was
different.

It was found that samples of dough after kneading (control sample and sample with the
replacement part of wheat flour by pumpkin cellulose) practically overlapped throughout the
range of wavelengths except for the extremum at the wavelength 1930 nm where relative
reflection coefficient was 0.47 and 0.49. Overlapping was explained by the fact that the
biopolymers of the recipe components did not have time to interact. The difference on the
wavelength 1930 nm was explained by the higher moisture binding capacity of pumpkin
cellulose (Table 1) which required adding more water to the dough.

Since the proteins of the recipe components were involved in the formation of the gluten
frame, they underwent changes during the formation and fermentation of the dough. The
lowest extremum at a wavelength of 2100 nm characterized protein substances of the dough
(Kroncke and Benning, 2022). The relative reflection coefficient of the control sample and
the sample with replacement after kneading was 0.37.

During the fermentation process, conformational changes of functional groups occurred
intensively, so spectra of the fermented dough were situated below. The intensity of reflection
of the control dough sample was lower than of the sample with pumpkin cellulose. The
relative reflectance of the control sample and sample with replacement at a wavelength of
2100 nm was 0.25 and 0.29. It meant that proteins of pumpkin cellulose did not participate
in the formation of gluten. This was explained by the fact that its proteins had a globular
structure, and pumpkin cellulose contained a large amount of dietary fibers. They were
embedded in the gluten framework and delayed its development (Alfaris et al., 2022). That
is why the structure of the protein matrix of dough with this component was less stable and
more weakened.

The infrared spectra of bread in terms of intensity practically coincided with the control
sample of the dough after fermentation. High temperatures led to the destruction of
macromolecules of protein, splitting peptide bonds (Zhou et al., 2021).

The spectra of dough and bread with 15% pumpkin cellulose had a similar character as
when replacing 5% (Figure 1b).

The spectra of the dough after mixing, as in the case of 5% pumpkin cellulose, had the
highest relative reflectance in the entire range of wavelengths. However, due to the
introduction of a large amount of dietary fiber, the development of the gluten framework of
the dough was delayed, pumpkin cellulose significantly binded water and the fermentation
process slowed down. It is very visible at the wavelength of 2100 nm because the relative
reflectance of the sample of dough with 5% pumpkin cellulose after fermentation was 0.36,
which is significantly higher than the control sample and the sample with 5% replacement.

The spectrum of the dough of the control sample after fermentation was close to the
spectra of bread. The difference was observed at the wavelength of 1930 nm, which is
because of the different moisture content in the samples. Technologically it confirms that the
addition of 15% pumpkin cellulose will contribute more to less dilution of the dough ball
during fermentation (Figure 2).

It was found that during the period of fermentation, the dough ball of the control sample
thinned faster. This is explained by the fact that the content of fiber and pentosans in pumpkin
cellulose increased viscosity of the dough system in samples with this recipe component
(Apostol et al., 2020). Shape-retaining ability improved with increasing replacement
percentage.
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Figure 1. Reflection spectra of dough and bread:
a —with 5% pumpkin cellulose; b — with 15% pumpkin cellulose

—— 1 - Control sample of the dough after kneading
——2 - Sample of dough with 5% pumpkin cellulose after kneading
3 - Control sample of the dough after 3.5 hours of fermentation
——4 - Sample of dough with 5% pumpkin cellulose after 3.5 hours of fermentation
——5 - Control sample of bread
6 - Sample of bread with 5% of pumpkin cellulose
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1 - Control sample of the dough

2 - Sample of dough with 5% pumpkin cellulose

3 - Sample of dough with 7% pumpkin cellulose
——4 - Sample of dough with 10% pumpkin cellulose

5 - Sample of dough with 15% pumpkin cellulose

Figure 3. Dynamics of changes in the shape-retaining ability of the dough during fermentation

Thus, pumpkin cellulose improved the biological value of bread due to the higher
content of dietary fiber, protein and complete amino acid profile. It also affected the structural
and mechanical properties of dough and bread improving shape-retaining ability of dough
but decreasing dimensional stability of bread.

Conclusions

1.

The pumpkin cellulose had larger particle sizes than wheat flour because all 100%
of its particles remained on a sieve with hole size 670 microns. At the same time
96% of the particles of wheat flour of the premium grade passed through a sieve
with holes of 132 microns.

Pumpkin cellulose binds water 3.6 times better and retains water 2.8 times better
than wheat flour.

The limiting amino in wheat flour is lysine with amino acid score 0.44. Addition of
pumpkin cellulose in bread (5-15%) increased the amino acid score for lysine by
6.5-15.2%.

During the fermentation process in dough with pumpkin cellulose conformational
changes of functional groups occurred more intensively than in samples without it.
Addition of pumpkin cellulose affected the structural and mechanical properties of
dough and bread, improving shape-retaining ability of dough but decreasing
dimensional stability of bread.
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Abstract

Introduction. The aim of this study was to analyze the
physicochemical, cooking, textural and milling properties of different
basmati and non-basmati rice cultivars.

Materials and methods. The de-husking and milling of the paddy
were performed using a laboratory mill, and the head rice recovery was
determined using Adair's methods. The milled rice was analyzed for
moisture, ash, protein, and amylose content. The textural attributes of
cooked grains were analyzed using Texture Profile Analysis.

Results and discussion. The study presented the milling and chemical
properties of different rice cultivars, which affect the quality and market
value of rice. The recovery of milled rice was found to vary among
cultivars, with Pusa Basmati (PB)-6 exhibiting the highest recovery and
PB-1121 having the highest husk percentage. Head rice recovery was
highest in P-44 and lowest in PB-6, while the moisture content of the milled
rice grain ranged from 10.75 to 11.84%. PB-1121 had the highest ash
content, while P-2819 had the lowest ash and protein content. Basmati
varieties had significantly lower starch content and higher amylose content
than the non-basmati cultivar. In terms of physical properties, the bulk
density measurements showed that PB-6 had the lowest bulk density, while
P-44 had the highest bulk density. When it came to true density, P-2819
stood out with the highest value. Additionally, the study found that basmati
varieties tended to have longer grains compared to non-basmati varieties.
Furthermore, when examining the length-to-breadth ratio, PB-1121 stood
out with the highest ratio, suggesting a relatively slender and elongated
grain shape. The cooking properties of the rice cultivars investigated in the
study revealed interesting variations. P-2819 demonstrated the shortest
cooking time, whereas PB-1121 showed the longest cooking time. The
elongation ratio was found to be higher in basmati varieties compared to
non-basmati varieties. When considering water uptake, PB-1121 exhibited
the highest ratio, implying that it absorbed more water during cooking.
Additionally, the solid loss was highest in P-2819 and lowest in PB-1121.
In reference to textural properties, P-2819 exhibited the highest hardness,
whereas PB-1121 had the lowest. The adhesiveness of the non-basmati
variety was higher than that of the basmati variety, indicating a stickier
texture. PB-1121 had the lowest gumminess, indicating a lesser tendency
for the grains to become gummy. The correlation study revealed significant
relationships between rice properties. Cooking time correlated positively
with true density, length to breadth ratio, hardness, gumminess, and
chewiness. Elongation ratio correlated positively with amylose content,
porosity, length, length to breadth ratio, and 1000 kernel weight. Water
uptake ratio showed multiple positive correlations.

Conclusion. By leveraging these insights, stakeholders can enhance
the quality, market value, and overall satisfaction of rice products.
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Introduction

Rice (Oryza sativa) is a crucial cereal crop that serves as a staple food for more than half
of the world's population, providing 20% of its dietary energy supply (Panigrahi et al., 2018).
With approximately 95% of its production in Asia, rice comes in countless varieties, with
India being a significant contributor. Basmati rice, which constitutes only 1% of India's total
rice production, is a registered geographical indicator product of India known for its
characteristic aroma, exceptional cooking and textural properties, and unique flavor due to
the hydrolysis of starch (Prom-U-Thai and Rerkasem, 2020). Basmati rice is considered one
of the most acceptable classes of rice globally, especially for its soft and fluffy texture, and
is an outstanding example of long-grain flavor rice varieties (Sliwinska-Bartel et al., 2021).
Non-basmati rice, on the other hand, is rice that does not have the characteristics of basmati
rice, which can have diverse shapes and sizes such as long-slender, short-thick, beads, or
even round, with properties entirely different from basmati rice (Bhattacharjee et al., 2002).
Researchers have studied various rice varieties, including their physical properties, milling
characteristics, physicochemical properties, and cooking characteristics to establish the
differences between the various cultivars grown worldwide (Shobhan et al., 2016; Yadav et
al., 2014). Moreover, physicochemical and cooking properties of rice cultivars from Pakistan
and found significant differences in amylose content, water uptake, and cooking time
(Murtaza et al., 2022). With the increasing demand for rice globally, there is a tremendous
amount of scope to carry out further research on different rice cultivars to improve their yield,
quality, and nutritional content to meet the growing needs of the population.

Consumer acceptance of rice is influenced by the milling degree, i.e. the percentage of
bran removed from the brown rice grain. Milling produces white rice with a higher market
value than brown rice. Besides influencing the colour, the milling degree also improves the
cooking behaviour of rice. Brown rice has poor water absorption capacity and cooks slower
than white rice (Nzonzo and Mogambi, 2016). In general, 'head rice' comprises kernels that
are 75-80 percent of the whole kernel. The quality of milled rice is measured on the yield of
'head rice'. The market value of 'broken’ is reduced to about half that of head rice and the
milling process is one of the factors responsible for brain damage and loss besides losses
caused due to harvesting, drying or handling (Nzonzo and Mogambi, 2016). One of the
exceptional characteristics of basmati rice cultivars is kernel elongation during cooking,
which has a complex inheritance pattern. Other important basmati features- aroma and
slenderness are effortlessly inherited and simple to transfer. Consumers prefer rice that is
elongated in length when cooked. The phenomenon of elongation is influenced by numerous
genetic or physicochemical factors, including genotypes, ageing temperature, ageing time,
water uptake, amylose content and gelatinization temperature (Farug and Prodhan, 2013).

The physicochemical properties like grain weight and size, including the length, breadth
and length: breadth ratio, damaged rice, moisture, ash, protein, starch and amylose content,
have a significant impact on the marketing value of rice. Grain size and shape are the
properties that vary with the variety of grain under consideration. Determination of the
physical properties of the grain, including dimensional analysis, bulk density and thousand
grains weight, is essential for the design and development of storage bins that help prevent
spoilage by molds and insect infestation (Pandiselvam et al., 2015). Thus, the
physicochemical, organoleptic and cooking properties are very significant for the consumers
to evaluate the superiority and preference of rice (Verma and Srivastav, 2020). Moreover,
the physicochemical properties and amylose content collectively determine rice's thermal/
cooking quality (Sujatha et al., 2004). Water uptake is conventionally defined as the grams
of water absorbed per gram of rice in a given time when rice is cooked directly in boiling
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water. It is affected by grain surface area per unit weight. Therefore, more petite and more
slender grains would cook in a shorter period than bigger and rounder grains. Soaking before
cooking not only cuts down cooking time but also enhances kernel elongation. Bhattacharya
(2011) reported that water uptake, which is influenced by grain surface area per unit weight,
affects the cooking time and kernel elongation of rice. The author also noted that soaking
before cooking enhances kernel elongation and reduces cooking time. Concerning this, the
present study evaluated the essential properties of certain developed Indian rice cultivars.

Materials and methods

Materials

The Indian Agricultural Research Institute, Pusa, Delhi, provided four paddy cultivars,
including two non-basmati (P-44 & P-2819) and two basmati (PB-1121 & PB-6), for this
study.

De-husking and milling of paddy

The paddy seeds of various selected cultivars were hulled using a laboratory model of
Paddy de husker and the milling was performed with a rice miller (McGill type, Osawa
Industries Pvt. Ltd, India). After de-husking, the percentage of husk and recovery of rice
grain were measured and after milling, the head rice recovery was determined using Adair's
methods (Adair, 1952).

Chemical properties of milled rice

Moisture, ash and protein content of different cultivars of milled rice grain were
determined using the standard analysis methods (AOAC, 2000). Amylose content was
determined by using the method of Juliano (1971) with some minor modifications. 0.1 g of
rice flour was taken in a test tube and 1 mL ethanol (95%) and 9 mL of 1N sodium hydroxide
were added. The samples were heated in a boiling water bath, cooled for about one h, and the
final volume was made up to 100 mL with distilled water. 5 mL of this sample solution was
taken in a test tube and 1 mL of 1 N acetic acid followed by 2 mL of iodine solution were
added into it and the absorbance of the solution was measured at 620 nm.

Physical properties of rice kernel

The dimensional parameters such as grain length (L) and breadth (B) of milled rice were
measured with vernier calipers. The measurement was performed by using 10 grains in each
sample; thus, averages of 10 grains were recorded. The ratio of length and breadth (L/B)
ratio, was also determined for milled rice (Kaur et al., 2011). The Gravimetric properties viz.,
1000 kernels weight of each sample was determined by counting randomly selected 1000
kernels. The bulk density was determined using the mass/volume relationship. It was
determined by tenderly pouring the grains into a 100 mL graduated cylinder and it was
weighed. The actual density was determined using the kerosene displacement method by
immersing a weighted quantity of rice grains in the known volume of kerosene. Porosity (%)
was estimated with the help of values obtained from bulk and true density and by using the
following equation:

Porosity (%) =1- (Bulk density/ True Density)x 100
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Cooking properties of milled rice

The cooking properties of milled rice were observed using the method of Yadav et al.
(2014). The milled head rice (2 g) of each cultivar was cooked with 20 mL distilled water,
taken in a test tube of 50 mL and cooked in a boiling water bath. The cooking time was
determined by analyzing a few grains at different time intervals during cooking till no white
core was left. The elongation ratio of rice grain was measured by dividing the length of
cooked grain by the length of the uncooked grain. To determine water uptake, the weight of
cooked rice and uncooked rice was measured carefully, and water absorption was determined
based on water gained after cooking. Solid loss in gruel was measured by completely drying
left-out cooking water in a hot air oven at 105 °C.

Texture profile analysis (TPA)

The textural attributes of cooked grains were observed using T.A. X.T. Plus, Stable
Microsystems, UK. TPA in terms of hardness, adhesiveness, springiness, cohesiveness,
gumminess, chewiness and resilience were measured according to the method given by Li et
al. (2016) with some minor modifications. Three cooked rice kernels were positioned
centrally under a probe (35mm) on the base plate, and the test was carried out by selecting
the force vs distance compression program; other settings were as follows: Strain, 90%; Pre-
Test Speed, 0.5 mm/s; Test Speed, 0.5 mm/s; Post-Test Speed, 2.00 mm/s; Trigger Force
(auto), 0.05 N.

Statistical analysis

The experiments were conducted in triplicate, and the mean values along with standard
deviations were calculated using SPSS 25. The significant difference was analyzed using
Tukey pairwise comparisons (P < 0.05). Pearson correlation was calculated using SPSS 25
to determine the relationship between various physical, chemical, cooking, and textural
properties of different rice grain varieties.

Results and discussion
Milling and chemical properties of various rice cultivars

The market value of rice generally depends on its milling performance because of the
total recovery; the proportion of head and broken rice categorizes its quality. The milling
properties of rice cultivars are presented in Table 1; after milling, various properties like husk
percentage, milled rice and head rice percentage were observed. Maximum husk percentage
was measured in PB-1121 and P-2819; minimum was estimated in PB-6, followed by PB-
44, Reciprocally, the recovery of milled rice was observed maximum in PB-6. In terms of
head rice recovery most excellent recovery (71.77%) was calculated for P-44 and
significantly least (63.23%) recovery was observed for PB-6. Sandhu et al. (2018) also
reported that milling recovery varied from 49.43% to 77.08% for some Indian rice varieties.
Similarly, Falade and Christopher (2015) observed that milling recovery varied from 45.74%
to 68.24% for six Nigerian rice cultivars. They also reported that a recovery equal to or less
than 50% is undesirable. Moreover, similar milling properties of different rice varieties were
reported in earlier studies (Kaur et al., 2011; Rather et al., 2016; Verma and Srivastav, 2020).
A studies conducted by Li et al. (2021) and Ertop et al. (2020) examined the impact of milling
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degree on the physical and chemical properties of rice flour, and found that the milling
process significantly affects the flour quality. Similarly, a study by Yuliana et al. (2020)
investigated the milling characteristics and physicochemical properties of Indonesian rice
varieties, and found that the milling efficiency has a significant impact on the head rice yield
and total milling recovery. The study revealed that the more efficient milling process resulted
in a higher total milling recovery, indicating that a larger quantity of milled rice was obtained
from the same amount of raw paddy. Moreover, research by Sandhu et al. (2018) and Falade
and Christopher (2015) provides evidence of the significant variation in milling recovery
among different rice cultivars. In their studies, milling recovery was found to range from
45.74 to 77.08% for six Nigerian rice cultivars and from 49.43 to 77.08% for some Indian
rice varieties. A recovery equal to or less than 50% was deemed undesirable by Falade and
Christopher, further highlighting the importance of milling performance in determining rice
quality and market value.

The chemical properties such as moisture, ash, protein, starch and amylose of the milled
rice grain are presented in Table 1. The moisture content was estimated in the range of 10.75
to 11.84%. Previous studies have conducted moisture content analysis on various rice
cultivars, revealing a range of values across different investigations. For instance, Elbashir
(2005) reported moisture contents ranging from 8.6 to 10.9% in their study. Similarly, Kaur
et al. (2011) found moisture contents between 10.05 and 12.61% in another research, while
He et al. (2021) observed moisture contents ranging from 11.15 to 13.40% in their study. The
ash content was measured maximum in PB-1121 and significantly lower was observed for P-
2819. No trend of difference in ash contents was observed between basmati and non-basmati
varieties, as reported by Kaur et al. (2011). However, their tested varieties ranged between
0.24 to0 0.62% ash content, while Verma and Srivastav (2020) ranged between 0.48 to 0.85%
in different varieties of rice. The protein content was observed in the range of 5.87 to 7.27%,
and it was observed highest for cultivar PB-6 and lowest for P-2819. Several studies have
investigated the protein content of various rice cultivars, providing valuable insights into the
range of protein levels observed. For instance, Elbashir (2005) reported protein content
ranging from 6.2% to 8% in different rice cultivars. In another study by Verma and Srivastav
(2020), protein content in aromatic rice varieties was found to be within the range of 7.23 to
9.51%. Similarly, Sandhu et al. (2018) observed protein content ranging from 7.92 to 8.02%
in short and long grain Indica rice cultivars. Starch content was observed to be higher for
non-basmati cultivars, i.e. P-2819 and P-44 and lower for basmati cultivars, i.e. PB-6 and
PB-1121.

The amylose content usually has considerable effects on the cooking characteristics and
eating quality of rice apart from being a significant decider of the textural properties
(hardness and adhesiveness) of cooked rice (Suwannaporn et al., 2007). The amylose content
was significantly lower for variety P-44 and highest for variety PB-1121. The amylose
content is an ancillary characteristic of rice and should range from 20-25% for basmati
varieties. Ahuja et al. (1995) reported amylose content in different basmati rice varieties
cultivated in India, ranging from 19.10 to 27.14%. This amylose content was in accordance
with non-aromatic IRRI (International Rice Research Institute) varieties. The amylose
content in non-aromatic rice varieties can range from around 20% to over 30%, depending
on the specific variety and growing conditions (Butardo et al., 2019). Research has also
shown that rice flour with a higher amylose content tends to ferment more slowly than rice
flour with a lower amylose content. This is because amylose is less soluble in water than
amylopectin, and therefore more resistant to enzymatic breakdown during fermentation
(Medvid et al., 2017).
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Table 1
Milling and chemical compositions of different rice cultivars

Properties, % PB-6 PB-1121 P-2819 P-44

Husk 12.00£0.30° | 17.03+0.15% | 17.00+0.20% | 12.73+0.25"
Milled Rice 88.00+0.30? | 82.97+0.15° | 83.00+0.20° | 87.27+0.25°
Head Rice 63.23+1.08° | 68.23+1.08" | 68.17+0.76" | 71.77+0.322
Moisture Content | 11.64+0.17° | 10.75+0.36° | 11.4440.20° | 11.84+0.07°
Ash 0.39+0.01° | 0.43+0.02% | 0.32+0.01° | 0.42+0.02%®
Protein 7.27£0.06 | 7.06+0.05% | 5.87+0.18° | 6.62+0.22°
[Total Starch 69.58+0.14° | 69.29+0.14° | 70.59+0.13% | 70.29+0.16°
IAmylose Content | 20.28+0.16° | 21.54+0.19% | 17.07+0.08° | 16.12+0.18¢

All data are reported as mean+SD (n=3)
Different alphabets in superscripts indicate significant differences (p<0.05) among various
rice cultivar

Physical properties of different varieties of milled rice

Grading of rice grain based on physical characteristics such as length, breadth, density,
and porosity is crucial for consumer acceptance of a particular variety. In Table 2, the
physical properties of four different varieties of milled rice are presented. The bulk density
(BD) was found to be the lowest for variety PB-6 and the highest for P-44, indicating that
longer grains have a lower bulk density, and PB-6 would require more storage space while
P-44 would require the least. The true density was observed to be significantly higher in P-
2819, which is consistent with findings reported by Kaur et al. (2011) for different rice
cultivars grown in India. The relationship between bulk density and true density is presented
in the form of porosity, and it was observed that basmati varieties have a higher value than
non-basmati varieties, which agrees with previous studies (Singh et al., 2005). The lengths
of all the varieties ranged from 7.10 to 7.80 mm, with lower values observed for non-basmati
varieties and higher values for basmati varieties. Similar results were observed in different
previous studies of basmati and non-basmati cultivars (Kaur et al., 2011). Moreover, the
width was measured in the range from 1.53 to 1.77 mm, with the maximum estimated for P-
2819 and the minimum for PB-1121.

56

Table 2
Physical properties of different variety of milled rice grains

Properties PB-6 PB-1121 P-2819 P-44

Bulk Density (g/ml) 0.68+0.01° | 0.69+0.01% | 0.70+0.01% | 0.72+0.012
True Density (g/ml) 1.27+0.012 | 1.2940.01% | 1.24+0.01° | 1.26+0.01®
Porosity (%) 46.60+1.00% | 46.50=1.19? | 43.39+1.04° | 43.27+0.65"
Length (mm) 7.47+0.06° | 7.80+0.10* | 7.10+0.10°° | 7.20+0.17°
Width (mm) 1.70+£0.10% | 1.53+0.06° | 1.77+0.06® | 1.63+0.06®
L/B Ratio 4.40£0.26" | 5.09+0.13% | 4.02+0.09° | 4.42+0.23°
1000 Kernel Weight (g) | 19.27+0.15° | 20.43+0.40% | 18.27+0.25° | 18.50+0.20°

Al data are reported as mean+SD (n=3)
Different alphabets in superscripts indicate significant differences (p<0.05) among various rice

cultivar
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A length to breadth (L/B) ratio is used to classify the shape of rice grains; the higher
value of the L/B ratio indicates slender shapes, whereas intermediate, medium, round or bold
shapes of grains are indicated by a lower L/B ratio (Verma and Srivastav, 2020).

In this study, the L/B ratio was significantly higher in PB-1121. As per the provisions of
the Seed Act, 1966, length, breadth and L/B ratio are primary quality characteristics of
Basmati rice, for which it has also laid down standards. According to it, the minimum average
precooked milled rice length should be 6.61 mm, the average precooked milled rice breadth
< 2.00 mm and the minimum length/breadth ratio of precooked milled rice should be 3.50.
Ahuja et al. (1995) reported length varying between 6.74 mm to 7.10 mm, breadth 1.65 mm
to 1.78 mm and L/B ratio 3.84 to 4.08, while for Kaur et al. (2011), these values were 6.77
mm to 8.23 mm, 1.54 mm to 1.75 mm and 3.86 to 5.01, respectively for different basmati
rice varieties. Furthermore, Kaur et al. (2011) also reported significantly higher length, lower
breadth and higher L/B ratio of basmati varieties compared to non-basmati rice cultivars. The
physical property was also estimated as 1000 kernel weight, which varied from 18.27 to 20.43
g. Other researchers observed 1000 kernel weight ranging from 14.53 to 18.89g for rice
grown in different countries such as America, Pakistan, Egypt, Thailand and Sudanese
(Elbashir, 2005).

Cooking properties of different varieties of milled rice grains

The present study evaluated the cooking properties of various milled rice grains and
reported the results in Table 3. The cooking time varied significantly among the different rice
varieties, with the lowest cooking time (22.83 min) observed for P-2819 and the highest
cooking time observed for PB-1121. The elongation ratio was also found to vary
significantly, with basmati varieties exhibiting significantly higher values than non-basmati
ones. The Seed Act 1966 states that the minimum elongation ratio of basmati rice should be
1.70.

Table 3
Cooking properties of different variety of milled rice grains
Properties PB-6 PB-1121 P-2819 P-44
Cooking Time (min) |25.33+0.58% | 27.00+1.00% | 22.83+0.29° | 26.50+0.50%
Elongation Ratio 2.05+0.05% | 1.80+0.10° | 1.57+£0.06° | 1.47+0.06°
\Water Uptake (g/g) 2.57+0.03% | 2.69+0.09% | 2.23+0.06° | 2.33+0.04°
Solid Loss (g/g) 3.65+0.10° | 3.21£0.09¢ | 4.44+0.12% | 3.93+0.05°

All data are reported as mean+SD (n=3)
Different alphabets in superscripts indicate significant differences (p<0.05)
among various rice cultivar

The water uptake ratio was observed to be maximum for PB-1121 and minimum for P-
2829. Basmati rice varieties are known to have lower bulk density and an amorphous
structure, which allows for more water absorption in the grain (Lisle et al., 2000).
Furthermore, a negative correlation between water uptake and bulk density was also observed
in the present study. After cooking, the solid loss was significantly higher for the P-2819
cultivar and significantly lower for the PB-1121 cultivar. Solid loss was found to have a
positive correlation with total starch content, with non-basmati varieties exhibiting
significantly higher starch content than basmati ones. Non-basmati rice kernels are known to
crack during soaking, allowing the cell contents to leach into the cooking water, resulting in
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higher solid loss (Hirannaiah et al., 2001). The results of the present study are consistent with
those of previous researchers who have reported higher elongation ratio, higher water uptake,
and lower solid loss for basmati rice varieties (Yadav et al., 2014).

Textural properties of cooked rice grain

Texture profile analysis (TPA) is a widely used method for evaluating the textural
properties of rice the results of presented study is embedded in Table 4. Hardness was
significantly higher for P-2819, and the lowest was estimated for PB-1121. Adhesiveness is
the negative area for the first compression cycle representing the work needed to overcome
the attractive forces between the probe and food and it was calculated higher for non-basmati
variety when compared to basmati variety. The hardness of rice rich in amylose rice was
mainly attributed to leached amylose, which forms several layers of thick coating on the
cooked rice (Yu et al., 2009). Previous investigations have also proven that rice with low
amylose content would have a soft texture, while waxy rice would exhibit a hard, adhesive,
and sticky texture (Moongngarm et al., 2012; Tao et al., 2020). The researchers also observed
increasing hardness with an increase in amylose content. Li (2017) showed that rice with
comparable amylose contents could exhibit different textural attributes. Besides, they may
have the same texture even with utterly different amylose contents, possibly due to
complexities in characterizing the structure of amylose. Springiness was measured in the
range from 0.02 to 0.03.

Table 4

Texture profile analysis (TPA) of different variety of cooked rice grains
Rice Cultivar PB-6 PB-1121 P-2819 P-44
Hardness(g) | 1900.32+£107.06° | 1562.11+243.27° | 2471.07+194.65% | 1775.70+67.29"
Adhesiveness | -336.01£19.69° | -329.62+111.48° | -559.00+129.00% | -640.67+155.902
g.sec)
Springiness 0.03+0.002 0.02+0.002 0.03+0.012 0.02+0.012
Cohesiveness 0.55+0.04° 0.53+0.052 0.48+0.082 0.52+0.102
Gumminess | 1070.46+33.67® | 835.16+178.05° | 1230.27+49.112 | 915.67+157.47°¢
Chewiness 27.55+0.91% 18.59+5.67° 33.37+4.612 21.25+4.19°
Resilience 1.18+0.192 1.31+0.432 1.03+0.252 1.06+0.452

All data are reported as mean+SD (n=3)
Different alphabets in superscripts indicate significant differences (p<0.05) among various rice
cultivar

Cohesiveness is the ratio of the positive force area during the second cycle of
compression to that of the first cycle, which was estimated from 0.48 to 0.55. Gumminess is
the product of hardness and cohesiveness; it was observed significantly lower for variety PB-
1121, whereas significantly higher was measured for P-2819. The chewiness is the product
of gumminess and springiness, and similar to gumminess, the maximum was calculated for
P-2819 and the minimum was reported for PB-1121. No significant difference was observed
for resilience among different cultivars of a cooked rice grain, and it was observed in the
range from 1.03 to 1.31. Similar results of textural properties of cooked rice grains were
observed by Sethupathy et al. (2021), who found that the hardness, adhesiveness, and
gumminess of rice grains varied significantly among different cultivars.
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Correlation study

The correlation investigation was established among different physical, chemical,
cooking and textural properties (Table 5 A-B). Cooking time showed a highly significant and
positive correlation with true density and L/B ratio, whereas there was a negative correlation
with solid loss, hardness, gumminess and chewiness. Elongation ratio showed a highly
significant positive correlation with amylose content (r= 0.802) and porosity (r= 0.741),
whereas there was a negative correlation with total starch and bulk density. Water uptake
ratio showed a significant (P < 0.01) positive correlation with amylose content, true density,
porosity, length, L/B ratio and 1000 KW. Solid loss indicated a significantly higher
correlation with total starch, hardness and chewiness. Total starch showed a significant (P <
0.05) positive correlation with bulk density, width and hardness. Moreover, amylose content
showed a higher significant positive correlation with true density, porosity, length, 1000KW
and adhesiveness. Interestingly, no positive correlation was observed between bulk density
and other parameters. True density showed a significant (P < 0.01) positive correlation with
porosity, length, L/B ratio and 1000KW.

Table 5-A
Correlation between some physical, chemical, cooking and textural parameters of rice
Cooking | Elongation L\JN ?;?(2 Solid | Total | Amylose | Bulk
Time Ratio F\E)atio Loss | Starch | Content | Density
Elongation
Ratio 0.126
Water Uptake « .
Ratio 0.591 0.701
Solid Loss -.0792™ -0.529 -0.930™
Total Starch -.0592" -0.711™ -0.965™ |0.924™
IAmylose - - - -
Content 0.385 0.802 0.912 -0.8127|-0.915
Bulk Density 0.021 -0.722" -0.555 0.4 0.597" | -0.709™
[True Density 0.867" 0.481 0.847" [-0.938™|-0.871"| 0.752™ -0.404
Porosity 0.41 0.741 0.802™ [-0.7377|-0.843"| 0.860™ | -0.894"
Length 0.650" 0.54 0.909™ [-0.919™|-0.866"| 0.875™ -0.569
Width -0.707" -0.068 -0.615" | 0.688" | 0.608" -0.424 -0.084
LB Ratio 0.743" 0.274 0.816™ [-0.864™|-0.787"| 0.673" -0.188
1000 KW 0.609" 0.518 0.889™ [-0.928™|-0.888"| 0.880™ -0.527
Hardness -0.890™ -0.217 -0.667" | 0.876” | 0.677" -0.474 0.15
Adhesiveness 0.26 0.683" 0.688" |-0.584" [-0.732™ | 0.814™ -0.491
Springiness -0.443 0.305 -0.193 0.378 | 0.096 -0.11 -0.417
ICohesiveness 0.178 0.329 0.325 -0.381 | -0.392 0.269 -0.297
Gumminess -0.888™ 0.017 -0.475 | 0.689" | 0.478 -0.319 -0.105
Chewiness -0.887" 0.021 -0.474 |0.730™ | 0.433 -0.301 -0.131
Resilience 0.244 0.194 0.285 -0.369 | -0.271 0.322 -0.441

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
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Porosity showed higher significant and positive correlation with length (r = 0.813) and
1000KW (r =0.777). The length of uncooked grains was highly correlated with the L/B ratio
and 1000KW. A strong positive correlation was established between the L/B ratio and
1000KW. The hardness of cooked rice grain demonstrated a higher significant and positive
correlation with gumminess (r = 0.816) and chewiness (r = 0.896). From this correlation
study, it was measured that the increase in the cohesiveness of cooked rice grain is due to an
increase in the springiness, whereas gumminess was observed directly related to the
chewiness of cooked rice grain. The given correlation investigation among different physical,
chemical, cooking, and textural properties is supported by several previous studies. For
example, a study conducted by Bhardwaj et al. (2019) reported a significant positive
correlation between elongation ratio and amylose content in rice. Similarly, a study by Wang
et al. (2010) also reported a positive correlation between amylose content and water uptake
ratio in rice. Moreover, the positive correlation between true density and cooking time is also
supported by a study by Pokhrel et al. (2020). The negative correlation between solid loss,
hardness, gumminess, chewiness, and cooking time is also reported in a study by Zhu et al.
(2020). Furthermore, the positive correlation between total starch and hardness is supported
by a study by Li and Gilbert (2018). The positive correlation between amylose content and
true density, porosity, length, 1000KW, and adhesiveness is also supported by studies by
Verma and Srivastav (2020).

Table 5-B
Correlation between some physical, chemical, cooking and textural parameters of rice
(Cont.)
True Porosity Length Width LB Ratio |1000 KW
Density
Porosity 0.771"
Length 0.857" 0.813"
Width -0.600" -0.236 -0.599"
LB Ratio 0.768™ 0.506 0.843™ -0.934™
1000 KW 0.845™ 0.777" 0.934™ -0.618" 0.831"
Hardness -0.865" -0.526 -0.713" 0.602" -0.708™ -0.760"
Adhesiveness | 0.591 0.632" 0.569 -0.29 0.45 0.626"
Springiness -0.289 0.156 -0.377 0.402 -0.451 -0.363
Cohesiveness | 0.24 0.323 0.33 -0.213 0.272 0.328
Gumminess | -0.783™ -0.309 -0.527 0.604" -0.632" -0.592"
Chewiness -0.750™ -0.272 -0.602" 0.535 -0.620" -0.616"
Resilience 0.316 0.455 0.539 -0.086 0.28 0.426
Hardness |Adhesiveness |Springiness |[Cohesiveness [(Gumminess |[Chewiness
Adhesiveness | -0.258
Springiness 0.443 -0.025
Cohesiveness -0.399 -0.08 -0.067
Gumminess 0.816™ -0.348 0.46 0.162
Chewiness 0.896™ -0.187 0.687" -0.091 0.901™
Resilience -0.403 -0.138 -0.285 0.726™ 0.037 -0.271

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
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Conclusions

Milling performance, as indicated by the recovery of milled rice and head rice recovery,
varied among the cultivars. PB-6 exhibited the highest milled rice recovery, indicating
better milling efficiency, while PB-1121 had the lowest recovery. P-44 had the highest
head rice recovery, suggesting a higher percentage of intact rice grains, whereas PB-6
had the lowest head rice recovery.

The chemical composition of milled rice also differed among the cultivars. Moisture
content ranged from 10.75 to 11.84%, indicating similar moisture levels across the
varieties. PB-1121 had the highest ash content, which may affect the nutritional
composition and sensory attributes of rice. Protein content varied from 5.87 to 7.27%,
with PB-6 exhibiting the highest protein content. Starch content was higher in non-
basmati cultivars compared to basmati cultivars, indicating potential differences in
cooking and texture. PB-1121 had the highest amylose content, which may contribute
to its characteristic texture and cooking properties.

Physical characteristics, including length, breadth, density, and porosity, are important
factors influencing consumer acceptance. Basmati varieties generally displayed higher
length, lower breadth, and higher length-to-breadth (L/B) ratio compared to non-
basmati varieties, contributing to their desirable appearance. PB-1121 had the highest
L/B ratio among the cultivars. Bulk density was lowest for PB-6 and highest for P-44,
while true density was highest in P-2819, indicating differences in grain compactness.

Cooking properties varied among the rice varieties, with P-2819 exhibiting the lowest
cooking time and PB-1121 showing the highest cooking time. Basmati varieties
displayed higher elongation ratio and water uptake ratio compared to non-basmati
varieties, indicating their ability to absorb more water and elongate during cooking. P-
2819 had higher solid loss, which might affect its overall texture, while PB-1121 had
lower solid loss, indicating a firmer texture after cooking.

Textural properties, such as hardness, adhesiveness, and gumminess, also differed
among the cultivars. P-2819 exhibited the highest hardness and gumminess, potentially
resulting in a chewier texture, while PB-1121 had the lowest hardness, suggesting a
softer texture. Adhesiveness was higher in non-basmati varieties compared to basmati
varieties, indicating variations in stickiness.

The correlation analysis provided insights into the relationships between different
properties of rice grains. Cooking time positively correlated with true density and L/B
ratio, suggesting that denser and elongated grains require longer cooking. Conversely,
cooking time showed negative correlations with solid loss, hardness, gumminess, and
chewiness, indicating that softer and less sticky grains tend to cook faster. Elongation
ratio showed positive correlations with amylose content and porosity, indicating that
higher amylose content and increased porosity contribute to greater elongation during
cooking. Water uptake ratio displayed positive correlations with amylose content, true
density, porosity, length, L/B ratio, and 1000 kernel weight, suggesting that these
factors influence the water absorption capacity of rice grains.
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Introduction. The aim of this research was to study the
influence of pumpkin puree and flax seeds addition on nutritional
value, physicochemical and sensory properties of Ryazhanka.

Materials and methods. Ryazhanka samples were prepared
with the addition of pumpkin puree and flax seeds. The titrated acidity
was determined by the Turner method, and the active acidity was
measured using pH-meter. The fat content was determined using
Gerber's acid method, and sensory evaluations were conducted by an
expert panel.

Results and discussion. Pumpkin puree and flax seeds were
used in Ryazhanka preparation. It was shown that the addition of 4—
8% flax seeds to Ryazhanka with 10% pumpkin puree reduced the
titrated acidity to 64—70 °T and increased the active acidity to pH 4.6—
4.7. Similarly, the addition of 4-8% flax seeds with 15% pumpkin
puree reduced the titrated acidity to 6168 °T and increased the active
acidity to 4.6—4.7. When 20% pumpkin puree and 4-8% flax seeds
were added simultaneously, the titrated acidity decreased to 60—65
°T, and the active acidity increased to 4.6-4.8. The optimal conditions
for achieving physico-chemical stability in Ryazhanka were observed
for samples added with 10% pumpkin puree and 4% flax seeds.

The addition of pumpkin puree (10%) and flax seeds (4%) to
Ryazhanka resulted in increased content of water-soluble vitamins,
such as 0.570 mg (184% increase) of vitamin C, 0.062 mg (295%
increase) of vitamin Bi, 0.003 mg (2% increase) of vitamin Bz, and
an increase in fat-soluble vitamins including vitamin E and B-
carotene. Furthermore, the addition of flax seeds increased the
content of polyunsaturated fatty acids, particularly the increase of
omega-3 fatty acids from 0 to 0.80 g and omega-6 fatty acids from 0
t0 0.20 g.

Comparing the control sample, the addition of pumpkin puree
and flax seeds to Ryazhanka affected its shelf life at temperatures
ranging from 0 to 6 °C, extending it to no more than 7 days.

Conclusions. The proposed recipe of Ryazhanka with pumpkin
puree and flax seeds improves its nutrient composition, stabilizes its
physicochemical parameters, enhances sensory properties, and
expands the range of options to cater to the preferences of fermented
milk drink consumers.
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Introduction

Ryazhanka is a popular and traditional fermented milk drink in Ukraine. It is produced
by fermenting curdled milk with pure cultures of the thermophilic lactic acid bacteria
Streptococcus salivarius subsp. thermophiles (Aidarbekova and Aider, 2022). Improving the
quality and expanding the range of fermented milk drinks (Buldo et al., 2021) requires the
enhancement of preventive properties (Oh et al., 2014). This involves utilizing non-
traditional raw materials (Tavares and Malcata, 2019), which is significant for Ryazhanka
technology (Moreno-Montoro et al., 2018; Zhang et al., 2022). Application of natural plant
additives including pumpkin and flax seeds in food products allows to enhance their
nutritional value and supply the consumers with different valuable substances essential for
health (lvanov et al., 2021; Stabnikova et al., 2021).

Pumpkin is an innovative functional product that is used in various food products such
as jelly, jam, marmalade, chutney, sauce, puree, juice, candies, bars, flakes, chips, cookies,
cakes, halva, pickles, pies, and bread (Ahmad and Khan, 2019; Chikpah et al., 2022; Dhiman
et al., 2009; Hussain et al., 2022; Montesano et al., 2018). It serves as a valuable raw material
for the production of food products with therapeutic and preventive benefits. Pumpkin's
rational composition of nutrients, nutraceuticals, and functional ingredients makes it an
excellent choice to be added to Ryazhanka to improve its nutritional properties.

Since pumpkin crops are seasonal and prone to microbial spoilage and postharvest
quality changes due to their high moisture content, they need to be dried or frozen to increase
their shelf life and improve nutrient bioavailability (Akpinar et al., 2003; Korese et al., 2021;
Monteiro et al., 2018; Ropelewska et al., 2022). Drying helps reduce moisture content and
water activity to levels that significantly inhibit microbial, enzymatic, and chemical spoilage
(Chikpah et al., 2022; Monteiro et al., 2018; Seremet (Ceclu) et al., 2016). Additionally,
drying reduces the volume and weight of the product, resulting in reduced costs for
packaging, transportation, and storage of agricultural food products, while also expanding its
food supply applications. Therefore, innovative forms of processing pumpkin raw materials
include powders, extracts, isolates, purees, biologically active substances, and functional
food products. Pumpkin flour can be used as a supplement to cereal crop flour for producing
bakery products, pasta, soups, instant noodles, mixtures for child feeding, natural dyes in
pasta products, and flour mixtures (Ahmad and Khan, 2019; Dhiman et al., 2009; Hussain et
al., 2022; Montesano et al., 2018). Moreover, dried pumpkin can be rehydrated and used to
make stews and soups (Doymaz, 2007).

Flaxseed is rich in nutrients and offers various health benefits. It is known for being a
rich source of omega-3 fatty acids, which can help reduce body fat levels and improve
cardiovascular health (Marpalle et al., 2014). Flaxseed contains lipids (40%), protein (21%),
dietary fiber (28%), ash (4%), and other soluble components such as sugars, phenolic acids,
and lignans (approximately 6%) (Fitzpatrick, 2011). Therefore, incorporating flax seeds into
the diet can be a beneficial addition for individuals seeking to improve their health. Moreover,
flax seeds can serve as an innovative raw material in Ryazhanka technology.

The aim of this work is to enhance the nutrient composition of Ryazhanka by
incorporating pumpkin puree and flax seeds, while further stabilizing the physicochemical
parameters and improving the sensory properties of Ryazhanka.

Materials and methods
Materials

The main raw materials used for the production of Ryazhanka included high-grade and
«Extra» grade whole cow's milk, cow cream, pure cultures of lactic acid bacteria
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(Streptococcus thermophilus, Lactococcus lactis), pasteurized pumpkin puree (Cucurbita
moschata Duchesne ex Poiret), and flax seeds (Linum usitatissimum L).

Ryazhanka samples were prepared according to the following compositions: control
sample (sample 1) prepared using the classic recipe; samples 2-10, which were variations of
Ryazhanka compositions with 10-20% pumpkin puree and 4-8% flax seeds.

Physicochemical and sensory analysis methods

The following methods were used to evaluate the physicochemical and sensory
properties of Ryazhanka with pumpkin puree and flax seeds:

Taste, smell, color, appearance, and consistency analysis (ISO 6658:1985 Sensory
analysis. Methodology. General guidance; 1SO 6564:1985 Sensory analysis. Methodology.
Flavour profile methods).

Determination of fat content by the gravimetric method (ISO 1211:1999 Milk.
Determination of fat content. Gravimetric method).

Titratable acidity analysis (ISO/TS 11869:2012 Determination of titratable acidity).

Measurement of active acidity and pH using continuous pH measurement (1SO
26323:2009 Milk products. Determination of the acidification activity of dairy cultures by
continuous pH measurement (CpH)).

The sensory evaluation was conducted using a scoring method, where highly qualified
and experienced experts evaluated the sensory attributes of the Ryazhanka samples (Khareba
et al., 2021; Kuzmin et al., 2021).

Calculation and analytical method

To determine the nutritional value and nutrient composition of Ryazhanka with pumpkin
puree and flax seeds, a calculation-analytical method was employed. This method involves
converting the data to 100 grams of plant raw material and combining the nutritional
composition data with the database information (NatureClaim 2015-2023). The energy value
of the samples was calculated using energy conversion coefficients and presented as
kcal/100g by summing the percentage composition of fats, proteins, and total carbohydrate
content multiplied by coefficients of 9, 4, and 4 respectively.

Results and discussions

Physicochemical parameters of Ryazhanka with pumpkin puree and flax seeds

The standard range for titratable acidity in Ryazhanka is 70-110 °T, while the active
acidity should be within the range of pH 4.6-4.0. The control Ryazhanka prepared using the
classical technology had a titratable acidity of 73 °T (Figure 1) and an active acidity of 4.56
pH (Figure 2).

The addition of 10-20% pumpkin puree to the Ryazhanka recipe resulted in a decrease
in titratable acidity from 73 °T to 70-65 °T due to the presence of organic acids, primarily
malic acid, in the pumpkin puree. The addition of 10% pumpkin puree increased the active
acidity from pH 4.56 to pH 4.60. Addition of 15-20% pumpkin puree stabilized the active
acidity at pH 4.62. However, it should be noted that the optimal range lies within the 10%
pumpkin puree content. Increasing the pumpkin puree content to 15-20% led to a decrease
in titratable acidity to 68-65 °T, which is below the standard value of 70 °T. Additionally,
the increase in pumpkin puree content to 15-20% resulted in an increase in active acidity to
pH 4.62, which exceeds the standard value of pH 4.6.
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Figure 1. Dependence of the titratable acidity (T.a.) of Ryazhanka on the content of pumpkin

puree and flax seeds:

1 — control sample; 2 — 10% pumpkin puree and 4% flax seeds; 3 — 10% pumpkin puree and 6% flax
seeds; 4 — 10% pumpkin puree and 8% flax seeds; 5 — 15% pumpkin puree and 4% flax seeds; 6 —

15% pumpkin puree and 6% flax seeds; 7 — 15% pumpkin puree and 8% flax seeds; 8 — 20% pumpkin
puree and 4% flax seeds; 9 — 20% pumpkin puree and 6% flax seeds; 10 — 20% pumpkin puree and

8% flax seeds
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Figure 2. Dependence of active acidity (A.a.) of Ryazhanka on the content of pumpkin puree

and flax seeds:

1 — control sample; 2 — 10% pumpkin puree and 4% flax seeds; 3 — 10% pumpkin puree and 6% flax
seeds; 4 — 10% pumpkin puree and 8% flax seeds; 5 — 15% pumpkin puree and 4% flax seeds; 6 —
15% pumpkin puree and 6% flax seeds; 7 — 15% pumpkin puree and 8% flax seeds; 8 — 20% pumpkin
puree and 4% flax seeds; 9 — 20% pumpkin puree and 6% flax seeds; 10 — 20% pumpkin puree and

8% flax seeds

Addition of flax seeds to Ryazhanka, which contains polyunsaturated fatty acids (omega-
3 acids), has an impact on the reduction of titrated acidity and an increase in active acidity of
the product, depending on the flax seed content. When adding 4-8% flax seeds to Ryazhanka
along with 10% pumpkin puree, the titrated acidity of the product is reduced to 70-64 °T,
while the active acidity increases to pH 4.60-4.69. Adding 4-8% flax seeds along with 15%
pumpkin puree reduces the titrated acidity of Ryazhanka to 68-61 °T and increases the active
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acidity to pH 4.62-4.74. Similarly, adding 4-8% flax seeds with 20% pumpkin puree reduces
the titrated acidity of Ryazhanka to 65-60 °T and increases the active acidity to pH 4.62—
4.75. However, the limiting range for the Ryazhanka recipe is the content of 4% flax seeds.
Increasing the content of flax seeds to 6-8% leads to the following effects:

() a reduction in the titrated acidity of Ryazhanka to 67-64 °T when adding 10%
pumpkin puree, to 65-61 °T when adding 15% pumpkin puree, and to 62-60 °T when adding
20% pumpkin puree, which is lower than the standard value of 70 °T;

(b) an increase in the active acidity to pH 4.65-4.69 when adding 10% pumpkin puree,
to pH 4.68-4.74 when adding 15% pumpkin puree, and to pH 4.73-4.75 when adding 20%
pumpkin puree, which exceeds the normalized value of pH 4.60.

Based on preliminary observations, it can be concluded that titrated and active acidity of
Ryazhanka are inversely correlated, following a one-to-one relationship. An increase in
titrated acidity by 1 °T leads to a decrease in the active acidity of Ryazhanka by
0.0151(Figure 3).
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<
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Figure 3. Dependence of active acidity (A.a.) on titratable acidity (T.a.)

The addition of pumpkin puree and flax seeds has an impact on the titrated and active
acidity of Ryazhanka, as these ingredients contain organic acids that can alter the acid-base
balance of the final product. The optimal values of titrated and active acidity for Ryazhanka
are achieved with the simultaneous addition of 10% pumpkin puree and 4% flax seeds, which
sets a limit on increasing the content of these ingredients. Furthermore, the addition of
pumpkin puree and flax seeds can have a positive effect on the nutritional value and sensory
characteristics of Ryazhanka, including its appearance, consistency, taste, aroma, and color.

Sensory evaluation of Ryazhanka with pumpkin puree and flax seeds
The sensory evaluation of Ryazhanka with 10% pumpkin puree and 4% flax seeds is

shown in Figure 4a. Figure 4b represents the sample with 15% pumpkin puree and 6% flax
seeds, while Figure 4c illustrates Ryazhanka with 20% pumpkin puree and 8% flax seeds.
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c

Figure 4. Ryazhanka with different amounts of pumpkin puree and flax seeds:
a — 10% pumpkin puree and 4% flax seeds;
b — 15% pumpkin puree and 6% flax seeds;
¢ —20% pumpkin puree and 8% flax seeds

Based on the results of the point assessment, profilograms were constructed (Figure 5-

6).

Appearancesnd consistency Appearance and consistency
Color % aste Colo‘Taste
Aroma Aroma
a b
Appearance and consistency Appearance and consistency

> 5
4
Color Taste Color Taste
Aroma Aroma
c d

Figure 5. Profilograms of sensory indicators of the quality of Ryazhanka depending on the
content of pumpkin puree and flax seeds:
a — control sample; b — 10% pumpkin puree and 4% flax seeds; ¢ — 10% pumpkin puree and 6% flax
seeds; d — 10% pumpkin puree and 8% flax seeds
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Figure 6. Profilograms of sensory indicators of the quality of Ryazhanka depending on the
content of pumpkin puree and flax seeds:
a— 15% pumpkin puree and 4% flax seeds; b — 15% pumpkin puree and 6% flax seeds; ¢ — 15%
pumpkin puree and 8% flax seeds; d — 20% pumpkin puree and 4% flax seeds; e — 20% pumpkin
puree and 6% flax seeds; f — 20% pumpkin puree and 8% flax seeds

Profile analysis revealed that Ryazhanka with the addition of 10% pumpkin puree and
4% flax seeds exhibited the highest sensory indicators (Figure 5b), with an average score of
4.75 points.

Evaluation of the sensory properties of the samples showed that the addition of up to
10% pumpkin puree and 4% flax seeds to Ryazhanka resulted in improved sensory
parameters. The addition of pumpkin puree contributed to a soft, sweet, and pleasant aroma
in Ryazhanka, while flax seeds added crunch, texture, and a natural flavor. These findings
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are consistent with a study by Mousavi et al. (2019), which demonstrated the positive effects
of flax seeds on the sensory properties of yogurt, particularly its texture and taste. Flax seeds
imparted a richer flavor and aroma to the yogurt and improved its texture by forming a gel
structure. However, it should be noted that flax seeds contain polysaccharides that can
increase viscosity and affect the texture of fermented dairy products (Fitzpatrick, 2011).
Therefore, to achieve the desired consistency of Ryazhanka with flax seeds, strict adherence
to the prescribed their amount in the recipe and close control over the production process are
necessary.

Increasing the content of pumpkin puree over 10% and flax seeds over 4% negatively
impacts the quality of Ryazhanka. The average sensory index decreased from 3.75 to 1.50
points with a deterioration in appearance, texture, taste, aroma and color. A higher amount
of pumpkin puree leads to an overly pronounced pumpkin flavor in the final product,
resulting in excessively expressive color in Ryazhanka. Similar results were observed when
adding sea buckthorn to Ryazhanka in amounts of 2.5, 5.0 and 7.5% (Ge et al., 2022). The
authors found that samples with higher sea buckthorn content exhibited a more red-yellow
color.

An increased level of flax seed can introduce a bitter aftertaste that may be undesirable
to some consumers, thus caution is advised when incorporating this ingredient. This finding
was supported by Mousavi et al. (2019), who reported a decreasing trend in sensory scores,
including taste, mouthfeel, appearance, and overall acceptance, in samples containing high
amounts of flaxseed. Higher amount of flax seeds alter the texture of Ryazhanka, making it
thicker and reducing its sweetness. The oil content in flax seeds can also impart a slightly
oily texture to Ryazhanka. The addition of flax seeds generally enhances the nutritional value
of Ryazhanka due to their beneficial elements, such as omega-3 fatty acids.

Recipe development
Based on the conducted research, a recipe was developed incorporating the most

successful combination of components for Ryazhanka with pumpkin puree (10%) and flax
seeds (4%), as shown in Table 1.

Table 1
Ryazhanka with pumpkin puree and flax seeds
Raw material Component amount (kg) Percentage (%)

Pasteurized milk 859.98 85.998

Leaven 0.02 0.002

Pumpkin puree 100 10

Flax seeds 40 4

Total 1000 100

The production of Ryazhanka using this proposed recipe will result in a product enriched
with biologically valuable substances, improved sensory properties, and an expanded range
of this fermented milk beverage.

Justification of raw material processing technology

In addition to pumpkin, other plant materials such as garlic, black pepper, and basil
leaves can be added to the Ryazhanka recipe. These ingredients have been shown to have
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immune-strengthening properties (Ahmad et al., 2022). The use of spicy-aromatic plant raw
materials in the restaurant industry has been proven to enhance the biological value and
antioxidant capacity of dishes, thereby improving their sensory properties (Khareba et al.,
2021; Kuzmin et al., 2021; Shevchenko et al., 2022).

Flax seeds are particularly valuable as a raw material. Various flax seed products,
including whole flax seeds, ground meal, and extracted oil or mucilage, can be used in food
preparation (Kajla et al., 2015). These products have been suggested as nutritional additives
in a variety of dietary items, such as baked cereal products, ready-to-eat cereals, fiber bars,
salad toppings, meat extenders, bread, muffins, and spaghetti (Singh et al., 2011; 2012).

Nutritional and energy value

Calculated nutritional and energy value of Ryazhanka with pumpkin puree and flax seeds
is shown in Table 2.

Table 2
Calculated nutritional and energy value of Ryazhanka with pumpkin puree and flax seeds per
100 g of the finished product

Indicator Control sample | Ryazhanka with 10% pumpkin +/-
— Ryazhanka’ puree and 4% flax seeds™
Nutritional value
Proteins, g 2.7 3.1 0.4
Fats, g 2.5 2.9 0.4
Carbohydrates, ¢ 4.0 4.2 0.2
Energy (calorie) value
Calorie content, kcal 49.30 55.30 6.00
Energy value, kJ 206.41 231.53 25.12
Vitamins
C, mg 0.310 0.880 0.570
Bi, mg 0.021 0.083 0.062
B, mg 0.127 0.130 0.003
E, mg 0.000 0.010 0.010
[-carotene, mg 0.000 0.051 0.051
Minerals
K, mg 141.00 172.30 31.300
Ca, mg 123.00 117.80 -5.200
Mg, mg 15.00 32.20 17.200
Na, mg 47.00 42.90 -4.100
Fatty acids
Omega-3, g 0.00 0.80 0.800
Omega-6, g 0.00 0.20 0.200

“The nutritional composition of Ryazhanka, according to the manufacturer's quality certificate, indicates a fat
content of 2.5% per 100 g.

“Recalculation for 86 grams of Ryazhanka with the addition of 10 grams of pumpkin puree and 4 grams of flax
seeds, based on the combined nutritional data from the database (NatureClaim 2015-2023).
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A comparison of the nutritional value, energy content, vitamin and mineral content, and
fatty acid composition was conducted for 100 g of the control sample product — Ryazhanka
and Ryazhanka with the addition of 10 g of pumpkin puree (10%) and 4 g of flax seeds (4%).

The addition of 10% pumpkin puree and 4% flax seeds to Ryazhanka compared to the
control resulted in an increase in protein by 0.4 g (15%), fats by 0.4 g (16%), and
carbohydrates by 0.2 g (5%). This led to a 6.00 kcal (12%) increase in calorie content and a
25.12 kJ (12%) increase in energy value. The presence of proteins in pumpkin puree and
essential amino acids (Ezzat et al., 2022) confirms these findings. Additionally, Cucurbita
moschata Duchesne ex Poiret contains 5.0-7.0% total sugars.

The addition of pumpkin puree and flax seeds to Ryazhanka increased the content of
water-soluble vitamins: C by 0.570 mg (184%), B, by 0.062 mg (295%), and B, by 0.003 mg
(2%). 1t also increased the content of fat-soluble vitamins: E by 0.010 mg and -carotene by
0.051 mg. Cucurbita moschata Duchesne ex Poiret contains vitamin C, 4.8-7.6 mg/100 g, as
well as vitamins By, By, E, and carotenoids. The addition of pumpkin puree and flax seeds to
Ryazhanka increased the content of minerals: K by 31.3 mg (22%) and Mg by 17.2 mg
(115%) due to the presence of minerals in pumpkin. However, replacing Ryazhanka with
pumpkin puree and flax seeds led to a decrease in the content of such minerals as Ca by 5.2
mg (-4%) and Na by 4.1 mg (- 9%).

Pumpkin fruits are rich in phenolic substances, including phenolcarboxylic acids and
flavonols (Chikpah et al., 2022; Hussain et al., 2022), essential oils (Hussain et al., 2022),
dietary fibers (Ahmad and Khan, 2019; Ezzat et al., 2022; Montesano et al., 2018),
polysaccharides and pectin (Ezzat et al., 2022), peptides (Hussain et al., 2022), and
phytosterols (Ezzat et al., 2022).

Flax seed (Linum usitatissimum L.) has a unique nutrient profile due to its oil content,
ranging from 29% to 45% of the seed (Fitzpatrick, 2011; Marpalle et al., 2014). It is high in
polyunsaturated fatty acids (73% of total fatty acids), moderate in monounsaturated fatty
acids (18%), and low in saturated fatty acids (9%). Linoleic acid constitutes approximately
16% of total fatty acids (Morris, 2001), and flax seed oil's main nutritional advantage is its
high level of a-linolenic acid (50-60%), an essential omega-3 fatty acid (Fitzpatrick, 2011,
Morris, 2001). Adding flax seeds to Ryazhanka increased the content of omega-3 fatty acids
from 0 to 0.80 g and omega-6 fatty acids from 0 to 0.20 g (Table 2). Flax seed mucilage,
which constitutes about 20% of the flax seed, contains gum-like polysaccharides (Fitzpatrick,
2011). Flax seed also contains approximately 1-2% total phenolic compounds (Fitzpatrick,
2011).

The addition of pumpkin puree to the Ryazhanka enriches it with biologically active
compounds that exhibit a wide range of biological activities: antioxidant,
immunomodulatory, anti-inflammatory, antibacterial, antiviral, cardioprotective,
hepatoprotective, cytoprotective, antidiabetic, anticancer, anti-aging, and prebiotic effects
(Chikpah et al., 2022; Ezzat et al., 2022; Hussain et al., 2022; Yang et al., 2007). These
properties make it useful to improve human health in current post COVID 19 period (Hussain
etal., 2022).

Flax seed can be used in Ryazhanka technology as an additional ingredient to improve
the nutritional value and texture of the product. Flax seed is a rich source of dietary fiber,
omega-3 and omega-6 fatty acids, lignans, and other beneficial substances that can enhance
the health benefits of Ryazhanka.

Sensory evaluation of Ryazhanka

The sensory indicators of Ryazhanka with an optimal content of pumpkin puree (10%)
and flax seeds (4%) are presented in Table 3.
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Table 3
Sensory evaluation of Ryazhanka with pumpkin puree (10%) and flax seeds (4%6)

Indicator Research results of R_yazhanka according to a
new recipe
Appearance and Homogenous, with a broken clot, pumpkin puree
consistency and flax seeds evenly distributed throughout the mass

Taste Sour milk, with a pronounced taste of pumpkin
puree

Aroma Clean, sour milk with a pronounced smell of
pumpkin

Color Uniform throughout the mass: light yellow

The impact of 4% flaxseed on the sensory characteristics of Ryazhanka is limited. The
presence of mucilage in flax seeds increases the viscosity of Ryazhanka, resulting in reduced
fluidity and increased resistance to destruction. Using more than 4% flaxseed can lead to the
formation of a thick consistency that may be unpleasant for consumers. Hence, the optimal
amount of flax seeds in Ryazhanka should be restricted to 4%. Similarly, the content of
pumpkin puree should be limited to 10% as it affects the pleasant taste, aroma, and
creaminess of Ryazhanka. Exceeding the 10% threshold may alter the consistency of the
product.

Research of physicochemical parameters

There is a need to study the influence of pumpkin puree and flax seeds on the quality and
properties of Ryazhanka, including the duration of storage. The study of physico-chemical
indicators was carried out based on the indicators of the mass fraction of fat and titrated
acidity in two parallel tests. The final result was taken as the arithmetic mean of two parallel
tests.

The results of changes in the titrated acidity of the control sample (Ryazhanka) and
Ryazhanka with the addition of 10% pumpkin puree and 4% flax seeds during storage are
shown in Figure 7.

The results from Figure 7 show that on the first day of the study, Ryazhanka with 10%
pumpkin puree and 4% flax seeds had a titrated acidity of 72 °T. Over the storage period, the
titrated acidity increased to 86 °T on the 4th day, 100 °T on the 6th day, and 107 °T on the
7th day. These findings are in line with data reported by Dan et al. (2019), Huang et al.
(2020), and Zhang et al. (2022).

Based on the research results, it can be concluded that the addition of 10% pumpkin
puree and 4% flax seeds influences the titrated acidity of Ryazhanka compared to the control
sample. However, the experimental sample did not reach the upper limit of normalized
titrated acidity (110 °T) during the 7-day storage period. Therefore, the shelf life of
Ryazhanka with 10% pumpkin puree and 4% flax seeds, stored at temperatures between
0 and 6 °C, is determined to be no more than 7 days.
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Figure 7. Changes in the titrated acidity of Ryazhanka with pumpkin puree and flax seeds

during storage:

1 —a control sample made according to the traditional recipe; 2 — sample according to the developed

recipe with pumpkin puree (10%) and flax seeds (4%)

Similar findings were observed in a study on fermented baked milk with sea buckthorn,
where the authors noted a slight impact of sea buckthorn on the initial acidity of the samples.
Over the subsequent 21 hours, the trends in titrated acidity of sea buckthorn fermented baked
milk were comparable (Ge et al., 2022). These results align with the indicators highlighted
in another study by Samilyk and Helikh (2020), which examined the addition of strawberry
powder, candied beetroot, and strawberry jam to a yogurt recipe. The authors found no
negative effects on the fermentation process and no significant increase in titrated acidity.

Conclusions

1.

76

The effect of pumpkin puree and flax seeds addition on the active and titrated acidity
of Ryazhanka was studied. The results showed that adding 4-8% flax seeds and 10%
pumpkin puree reduced the titrated acidity to 64-70 °T and increased the active
acidity to pH 4.60-4.69. Similarly, adding 4-8% flax seeds and 15% pumpkin puree
reduced the titrated acidity to 61-68 °T and increased the active acidity to pH 4.62—
4.74. Furthermore, adding 4-8% flax seeds and 20% pumpkin puree decreased the
titrated acidity to 60-65 °T and increased the active acidity to pH 4.62-4.75.

The optimal conditions for modifying the content of pumpkin puree and flax seeds
in Ryazhanka to stabilize the physicochemical parameters were determined to be
10% pumpkin puree and 4% flax seeds.

It was determined that an increase in titrated acidity by 1 °T leads to a decrease in
the active acidity of Ryazhanka by 0.0151 pH — an inverse correlation.
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4. Based on the results of a study of the sensory indicators of Ryazhanka with pumpkin
puree and flax seeds in comparison with Ryazhanka made according to traditional
technology, it was established that the addition of 10% pumpkin puree and 4% flax
seeds provides pleasant sensory properties, in particular with a uniform light yellow
color, the taste and smell of pure sour milk with a pronounced taste of pumpkin.

5. When calculating the nutritional and energy value of the new type of Ryazhanka, an
increase in the amount of proteins, fats, and carbohydrates was established by 15%,
16%, and 5%, respectively. The energy value of Ryazhanka with pumpkin puree and
flax seeds increased by 12% compared to Ryazhanka made according to the
traditional recipe.

6. Adding pumpkin puree and flax seeds to Ryazhanka affected the titrated acidity, and
based on the research findings, the shelf life of Ryazhanka at temperatures between
0 °Cand 6 °C was determined to be no more than 7 days.

7. The recipe of Ryazhanka with pumpkin puree and flax seeds was developed taking
into account the quality indicators that meet the requirements of consumers and the
needs of the production chain. This research enables the expansion of fermented
milk product varieties and increases the production and consumption of Ryazhanka
with enhanced health benefits.
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Introduction. The purpose of this work is to determine the
influence of variable thermophysical characteristics on non-
stationary diffusion mass flows of sucrose during sugar mass
crystallization.

Materials and methods. In order to obtain quantitative
values of nonstationary diffusion mass flows for intercrystalline
sucrose solutions surrounding sugar crystals was calculated by
numerical methods simultaneously for two systems of heat and
mass transfer: 1) the system of 7 nonstationary thermal
conductivity problems; 2) the system consisting of three
nonstationary diffusion mass transfer problems.

Results and discussion. For a number of the relative sugar
massecuite boiling time values 0.15-1.0 based on two systems (10
subsystems) simultaneous numerical solution of nonstationary
parabolic type differential equations in partial derivatives (the first
system consisted of 7 subsystems — for non-stationary thermal
conductivity problems in each of the 7 areas; the second system
includes three subsystems — for non-stationary diffusion mass
transfer problems for 4 areas) found respectively: non-stationary
temperature distributions in each of the 7 regions (4 regions with
intercrystalline solutions, 2 sugar crystals and massecuite);
nonstationary sucrose diffusion mass flows in each of the 4
intercrystalline sucrose solutions regions of the whole considered
two cells and massecuite system. When the value of the relative
sugar massecuite boiling time 0.15 when the whole cells system
moving along the heating tube, the substance is first transferred
from the intercrystalline sucrose solution of the smaller crystal to
the intercrystalline sucrose solution of the larger crystal during
2.41-2.7 s (depending on constant or variable thermophysical
characteristics). Starting from this moment of time 1., t0 3.95 s (at
sugar massecuite boiling time values 0.15) when the system of
cells leaves the heating tube, the situation changes to the opposite.
So, in this case, only one extremum of the diffusive mass flow was
clearly defined (the minimum on the graph is reached at the
moment of time 1.29-1.45s, which determines the maximum
sucrose mass transfer from a smaller crystal to a larger crystal). No
clear maximum has been established in this case. At the relative
time 1.0 of sugar massecuite boiling two clearly defined extremes
(minimum and maximum) were obtained for both constant and
variable thermophysical characteristics.

Conclusions.  Features of variable thermophysical
characteristics influence on the non-stationary sucrose diffusion
mass flows in the cellular model are shown.
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Introduction

The complexity of the sucrose mass crystallization during the sugar syrup production is
due to the simultaneous and mutually influencing non-stationary heat and mass exchange
processes.

In this paper, by means of a numerical experiment based on the developed mathematical
model [Pogoriliyy, 2015 b; Pogoriliyy, 2015 c; Pogoriliyy, 2016 a], the peculiarities and
influence of non-stationary diffusive sucrose mass flows with variable thermophysical
characteristics under the cellular model of mass crystallization.

Crystallisation of sucrose is the most energy-intensive step in the industrial production
of sugar (Alewijn et al., 2013; Hartel et al., 1991; Shamim et al., 2016).

The process of sugar crystallization is difficult enough to describe. This is due to the
need to simultaneously take into account all non-stationary technological and all non-
stationary thermophysical parameters that affect the sugar crystallization process (Duroudier,
2016; Rozsa et al., 2016; Kulinchenko et al., 2012).

The problem of crystallization of a single sugar crystal, sucrose mass crystallization,
as well as related processes that directly affect these complex processes at the modern level
were dealt with by a number of authors: (Bruno et al., 2019; Georgieva et al., 2003; Nagy et
al., 2013; Osmanbegovic et al., 2022; Romero-Bustamante et al., 2022; Rézsa et al., 2016;

Sanchez-Sanchez et al., 2017; Suarez et al., 2011; Tkachenko et al., 2020; Vetter et al.,
2022).

Note that considering the proposed solutions to the sucrose mass crystallization problem
in industrial conditions (Bruno et al., 2019; Georgieva et al., 2003; Roézsa et al., 2016;
Sanchez-Sanchez et al., 2017; Tkachenko et al., 2020), it can conclude that there is no single
generally accepted approach to this issue today. Therefore, the problem arises in creating the
most universal mathematical model of the sucrose mass crystallization process in industrial
conditions.

One of the main tasks that the author set before himself is that the mathematical model
would describe as fully as possible the heat and mass exchange process, which occurs
between the constituent parts of the multiphase system, which is a sugar massecuite.

Based on the literature review, it can also be concluded that taking into account all
factors affecting the sucrose crystallization process is a rather difficult task when creating a
mathematical model (Rozsa et al., 2016). Note that taking into account simultaneously all
technological, thermophysical and hydrodynamic factors that affect the sucrose mass
crystallization process is practically an extremely difficult or even impossible task. In view
of this, when developing a mathematical model they were forced to accept a number of
simplifications. Thus, the mathematical model of the mass crystallization process being
developed should be classified as an idealized model.

This paper proposes one of the next steps in the mathematical model development of
the sucrose mass crystallization process.

In the continuation of the works (Pogoriliy, 2015 a, b, c; 2016 a) sugar massecuite is
considered from the point of view of a cellular model.

Assume that in each cell a «sugar crystal» is surrounded by a certain corresponding
«intercrystalline sucrose solution amount» (Pohorilyi, 2016 a) during the entire time of
boiling the sugar massecuite.

The purpose of this work is to determine the influence of variable thermophysical
characteristics on non-stationary diffusion mass flows of sucrose during sugar mass
crystallization.
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Materials and methods

In this work, as well as in works (Pogoriliyy, 2015 b, c; Pogorilyy, 2016 a), it consider
a system consisting of two cells that are in contact with each other, as well as the massecuite
region. Each of the considered cells includes a «sugar crystal» and an «intercrystalline
sucrose solution surrounding the corresponding crystal». The considered cells are of different
sizes. Therefore, one crystal and the intercrystalline solution surrounding it will have a larger
size, respectively, the other will have a smaller size.

In general, we believe that hydrodynamic interactions between cells can occur only
between the outer boundaries of the intercrystalline sucrose solutions regions of such cells.
That is, in other words, in each cell, the region of the intercrystalline sucrose solution is as if
«glued» only to its sugar crystal, which is inside the region of the intercrystalline sucrose
solution during the entire time of boiling the sugar massecuite.

Areas of intercrystalline sucrose solutions of different cells can generally move relative
to each other. However, in this case, we assume that in the considered system «two cells—the
massecuite region» from the moment of entering the heating tube until the moment of its exit,
the system components do not change the order of their location relative to each other and do
not change their size. With this assumption, we fix the volume both for the crystal and for
the intercrystalline sucrose solution, as well as for the area of the massecuite during the entire
time t of their stay in the heating tube.

Such an assumption was forced to be accepted, since it is not possible to take into
account the dynamic changes of both crystal sizes and sizes of intercrystalline sucrose
solutions surrounding the corresponding crystals, at this stage of creating a mathematical
model.

We consider the non-stationary heat exchange process, which occurs both internally
between the components in each cell of the entire system (that is, between the crystals and
the corresponding intercrystalline sucrose solutions in each cell), and between them. At the
same time, we also consider the non-stationary heat exchange between all the components of
the two cells of this system and the massecuite region.

At the same time, simultaneously with the non-stationary heat exchange processes
mentioned above, we consider non-stationary mass transfer processes that occur both
internally between the components of each of the entire system considered cells (that is,
between the crystals and the corresponding intercrystalline sucrose solutions in each cell),
and between the cells themselves (we consider by determination of diffusion mass transfer
processes between intercrystalline sucrose solutions of the first and second cells).

Since the simulation of non-stationary processes as heat transfer and mass transfer
simultaneously for the entire system «two cells—the massecuite region» (“«larger sugar
crystal-intercrystalline sucrose solution of a larger crystaly»—«smaller sugar crystal—
intercrystalline sucrose solution of a smaller crystaly—massecuite”) is quite a difficult task,
so it should be carried out in several stages.

At the first stage, for the simplest geometric model case of the massecuite
representation, the mathematical model described only the non-stationary temperature
distribution for the system, which included only one cell («sugar crystal-intercrystalline
sucrose solutiony») and the massecuite region (Pogoriliy, 2015 a).

Further, the non-stationary temperature distribution in the system «sugar crystal—
intercrystalline sucrose solution— massecuite» was considered, taking into account the
different location of the cell «sugar crystal—intercrystalline sucrose solution» in relation to
the heating tube surface. Next, the case was considered for a more complex geometric model
of the massecuite representation, when the mathematical model described a non-stationary
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temperature distribution for a more complex system, which already included two cells of
different sizes («larger crystal—intercrystalline solution of sucrose of a larger crystal»—
«smaller crystal—intercrystalline sucrose solution of a smaller crystal») and the massecuite
area (Pogoriliyy, 2015 b).

At the second stage, the case was considered when the mathematical model
simultaneously described the non-stationary temperature distribution for each component of
the entire two cells system and the massecuite region (“«larger sugar crystal—intercrystalline
sucrose solution of a larger crystal»—«smaller sugar crystal—intercrystalline sucrose solution
of a smaller crystal»—massecuite”), and non-stationary sucrose concentrations distribution in
all intercrystalline solutions regions of this system (Pogorilyy, 2015 c).

Next, we considered the case when the mathematical model simultaneously described
the non-stationary temperature distribution for the each entire system component of two cells
and the massecuite area (“«larger sugar crystal—intercrystalline sucrose solution of a larger
crystal»—«smaller sugar crystal—intercrystalline sucrose solution of a smaller crystal»—
massecuite”), and non-stationary sucrose diffusive mass fluxes in all intercrystalline
solutions regions of this system (Pogorilyy, 2016 a).

We note that in the last work, several mathematical model variants were considered,
when either all steels or simultaneously all variable thermophysical characteristics that took
part in the calculations were taken into account.

However, for a more complete understanding of the sucrose mass crystallization
process, it is worth establishing how certain factors individually affect this process.

For this purpose, it is necessary to conduct more thorough studies on solving the
question of whether taking into account dynamically changing thermophysical characteristics
separately for the sugar crystal, separately for the intercrystalline sucrose solution, and
separately for the massecuite region affects the sucrose.mass crystallization process.
Provided that, if such impacts occur, establish the nature and determine the weight of such
impacts.

So, in this work, we consider the system of two cells and the massecuite region (“«larger
sugar crystal-intercrystalline sucrose solution of the larger crystaly—«smaller sugar crystal—
intercrystalline sucrose solution of the smaller crystal»— massecuite”) inside the heating tube
of the vacuum apparatus heating chamber (Figure 1).

From the 3D model of the system “«larger sugar crystal—intercrystalline sucrose solution
of a larger crystal»—«smaller sugar crystal—intercrystalline sucrose solution of a smaller
crystal»—massecuite” in the inside of the heating tube of the vacuum apparatus heating
chamber, by projection, we will move to the 2D model, where all components of the system
under consideration (Figure 2).

Finally, in the 2D model (Figure 2), by selecting the regions according to the minimum
size of the overall size ber2 (Figure 1) of the smaller crystal #2, which will participate in the
heat and mass transfer processes, we moved to a one-dimensional formulation of such
problems.

Therefore, the main task: to find the values of diffusion mass flows at the corresponding
boundaries «sugar crystal—intercrystalline sucrose solution» in each cell of the considered
system and between intercrystalline sucrose solutions of neighboring cells (Figure 2).

Also, at the same time, we will consider the diffusive mass transfer between
intercrystalline sucrose solutions of different cells of the entire system, which consists of two
cells of different sizes and massecuite “«larger sugar crystal—intercrystalline sucrose solution
of a larger crystal»—«smaller sugar crystal—intercrystalline sucrose solution of a smaller
crystal»—massecuite”).
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Figure 1. Three-dimensional geometric model of two cells and the massecuite area
(“«larger sugar crystal #1-intercrystalline sucrose solution of larger crystal #1»—«smaller sugar
crystal #2—intercrystalline sucrose solution of smaller crystal #2»—massecuite”)
inside the heating tube of the vacuum apparatus heating chamber

The solution of such a complex problem is based on the simultaneous solution of a
system of the non-stationary parabolic type differential equations in partial derivatives, which
will describe non-stationary heat transfer problems (for seven regions: (#1), (#2), (#3), (# 4),
(#5), (#6) and (#7)) for the entire system «larger cell-smaller cell-massecuite» and the
system of three unsteady diffusion mass transfer problems (for four regions: separately for
region (#1)), separately for area (#6), and simultaneously for two areas (#3) and (#4)) for all
components of the larger and smaller cells in the form of intercrystalline sucrose solutions.

Non-stationary problems of heat transfer and mass transfer for the system “«larger sugar
crystal—intercrystalline sucrose solution of a larger crystaly—«smaller sugar crystal—
intercrystalline sucrose solution of a smaller crystal»—massecuite” were considered for the
case of this entire system contact with the inner heating (boiling) tubes surface of the vacuum
apparatus heating chamber (Figure 1).
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Figure 2.
Selection from the 2D projection
of the system
“larger sugar crystal—
intercrystalline sucrose solution
of a larger crystal»—«smaller
sugar crystal-intercrystalline
sucrose solution of a smaller
crystal»-massecuite” regions that
simultaneously receive training in
non-stationary heat exchange
processes (simultaneously
between regions (#1), (#2), (#3),
(#4), (#5), (#6) and (#7)) and
diffusive mass exchanges
(separately for region (#1),
separately for region (#6), and
simultaneously for two regions
(#3) and (#4)) for the calculation
of non-stationary diffusive mass
fluxes of sucrose.
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Designation on Figure 2:
*) For areas:
*Temp-—only the non-stationary problem of thermal conductivity was considered;
*Temp&Diff- the non-stationary thermal conductivity problem and the non-stationary diffusive mass
transfer problem were considered at the same time
*) in the footnotes above for heat flows g, (where i = 1..7) boundary conditions are indicated on each
separate internal boundary;

*) in the footnotes below for diffusion sucrose mass flows jmn, (Where the coefficients (mn)={21;
23; 34; 54; 56}) on each separate boundary, an arrow indicates the positive direction of the sucrose
mass flow accepted in the calculations (the reverse direction is negative )

It is worth noting that in this case two different concepts regarding the term "time" are
considered:

a) t/t. — the relative time of boiling sugar massecuite; as a rule, the complete cooking
time of the sugar massecuite reaches the order of several hours; the relative time t/t. varies
within 0-1; where O corresponds to the beginning of boiling sugar massecuite; and 1
corresponds to the completion of boiling sugar massecuite; almost all technological,
thermophysical indicators depend on this parameter;

b) tc is the residence time of the system “«larger sugar crystal—intercrystalline sucrose
solution of a larger crystal»—«smaller sugar crystal—intercrystalline sucrose solution of a
smaller crystaly—massecuite” in the middle of the heating tube of the heating chamber; in this
case, the order of magnitude is from a few seconds to a dozen seconds, and in turn, also
depends on the relative time of boiling the sugar massecuite t/z..

The initial moment of time 1o = 0 of the contact of the «larger cell-smaller cell-
massecuite» system with the heat carrier was taken to be the time when the entire «two cells—
massecuite » system enters the lower part of the vertically located heating tube.

The final contact moment of time t¢end of the «larger cell-smaller cell-massecuite»
system with the heat carrier was taken to be the moment when the entire «two cells—
massecuite» system simultaneously leaves the upper part of the vertically located heating
tube of the vacuum apparatus.

The issue of determining the residence time value tceng of the «two cells— massecuite»
system inside the heating tube of the vacuum apparatus heating chamber depending on the
relative boiling time t/t¢ of the sugar massecuite in industrial conditions was considered in
(Pohorilyi, 2016 a).

Let us immediately note that the technological and thermophysical characteristics for
each of the «two cells—massecuite» system components: for crystals, for intercrystalline
solutions of sucrose and for massecuite, as well as the diffusion mass transfer coefficient only
for the intercrystalline sucrose solutions regions of two cells, will depend on the relative time
of boiling sugar massecuite t/tc.

However, we note that due to the fact that the boiling sugar massecuite time can reach
several hours, and the residence time of the «two cells—massecuite» system inside the heating
tube of the heating chamber is on the order of several seconds, we consider the problem of
heat and mass transfer to be quasi-stationary with respect to the variable relative boiling time
/1. of sugar massecuite; and, at the same time, we consider the contact of the «two cells—
massecuite» system with the inner wall of the heating tube of the vacuum apparatus heating
chamber to be non-stationary with respect to the time variable. It is precisely in this sense
that in this paper a study of non-stationarity in relation to heat and mass transfer processes is
carried out.
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As for the relative boiling time t/z, ten different values were recorded in this study from
the moment of sugar crystal formation, which corresponds to t/t. = 0.15, and until the end of
the sugar massecuite boiling, which corresponds to t/tc = 1.0, namely: t/t. = 0.15; 0.2; 0.3;
0.4; 0.5; 0.6; 0.7; 0.8; 0.9; 1.0. For each of the above fixed relative time values of sugar
massecuite boiling /1, all technological parameters were found and recorded:

a) dry substances content in the intercrystalline sucrose solution;

b) purity of intercrystalline sucrose solution;

c¢) mass content of sucrose in intercrystalline sucrose solution;

d) mass content of crystals in massecuite.

On the basis of these fixed values, as well as depending on the temperature t, the
necessary thermophysical parameters were found for intercrystalline solutions of sucrose in
both cells and for massecuite.

Note that in this work, the impact of taking into account variable thermophysical
characteristics coefficients on the sucrose mass crystallization process is investigated through
the determination of diffusion mass flows in each of the considered cells, as well as diffusion
mass exchange between the cells themselves. This is done in order to determine the influence
weight of these considerations on each individual component of the «two cells—massecuite»
system, and in the future to be able to apply the most optimal approach when creating further
mathematical models of the sucrose mass crystallization process.

Let’s explain what exactly the «fixed» coefficients and «variable» coefficients contribute
to the research understanding.

«constanty» coefficients means that at the beginning of the calculation of non-stationary
heat and mass transfer processes, all necessary coefficients are calculated when:

a) to the corresponding value of the relative boiling time t/t. = 0.15; 0.2; 0.3; 0.4; 0.5;
0.6; 0.7; 0.8; 0.9; 1.0 (that is, all coefficients depend on the relative boiling time t/t¢);

b) but each time all the necessary coefficients are calculated precisely at the initial
temperature to of the entire system «two cells—massecuite», which enters the lower part of
the entry into the heating tube of the heating chamber.

We denote the calculation option with «constanty thermophysical coefficients by (I).

«variable» coefficients means that, just as for «constant» at the beginning of the non-
stationary processes calculation of heat and mass transfer, all the necessary coefficients are
calculated at the corresponding value of the relative boiling time t/t. = 0.15; 0.2; 0.3; 0.4;
0.5; 0.6; 0.7; 0.8; 0.9; 1.0 (that is, all coefficients depend on the relative boiling time t/tc).

At the first time step, as well as for the «constant» coefficients, those coefficients that
depend on temperature are calculated at the initial temperature to of the entire «two cells—
massecuite» system, which enters the lower part of the entry into the heating tube of the
heating chamber.

But at each subsequent step (starting from the second step) in time 1. for the calculation
of non-stationary heat and mass transfer problems, all the necessary coefficients are
calculated already at the current temperature t of each component of the «two cells—
massecuite» system, where the current value of the temperature t is taken from the previous
step made calculations.

Note that in this work, research was conducted when «variable» thermophysical
coefficients were taken into account:

— separately only for crystals (we denote this calculation version of variable
thermophysical coefficients through (I1 a));

— separately only for intercrystalline solutions of sucrose (we denote this variant of
calculating variable thermophysical coefficients through (11 b));
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— separately only for massecuite (we denote this version of the calculation of variable
thermophysical coefficients through (1 c)).

All «variable» thermophysical coefficients for the entire «two cells—massecuite» system
were also taken into account at the same time (we denote this variant of the calculation of all
variable thermophysical coefficients by (I11)).

As mentioned earlier, the non-stationary distribution of temperatures in all seven regions
(Figure 2) was determined based on the solution of one non-stationary thermal conductivity
problem simultaneously for:

#1 — the left area of the intercrystalline sucrose solution of the larger crystal 1 of the
first cell;

#2 —regions of the larger crystal 1 of the first cell;

#3 — the right area of the intercrystalline sucrose solution of the larger crystal 1 of the
first cell;

#4 — the left area of the intercrystalline sucrose solution of smaller crystal 2 of the
second cell;

#5 — areas of the smaller crystal 2 of the second cell;

#6 — the right area of the intercrystalline sucrose solution of smaller crystal 2 of the
second cell;

#7 — masseculite areas.

Together with the non-stationary temperature distribution, the sought non-stationary
concentrations distribution in all four regions (Figure 2) of intercrystalline solutions was
determined based on the simultaneous solution of three different non-stationary diffusion
mass transfer problems:

—  separately for area #1 (the left intercrystalline sucrose solution area of larger crystal 1
of the first cell);

— atthe same time for regions #3 and #4 (intercrystalline solutions belonging to crystals
of different sizes), which are in contact with each other according to the ideal law of
diffusion mass transfer;

—  separately for area #6 (the right area of the intercrystalline sucrose solution of smaller
crystal 2 of the second cell).

Next, on the basis of the obtained solutions of three non-stationary diffusion mass
transfer problems the values of j(7), (kg/(m?s)), non-stationary diffusive mass flows for
intercrystalline sucrose solution regions as a function of time z, (s). Since we have four
different intercrystalline sucrose solution regions (#1, #3, #4, #6, Figure 2), in order to
distinguish the diffusion mass flows for each boundary of each separate region, we denote
them by jmn(7), ((MN)={01; 12; 23; 34; 45; 56; 67}), (Figure 2), where:

—  jo(T),— diffusive mass exchange between the left border of region #1 (that is, the left
intercrystalline sucrose solution region of the first cell, Figure 2) and the heating wall
of the vacuum apparatus heating chamber; since such a mass exchange for the system
«two cells—massecuite» and an impermeable heating wall in this direction is absent
due to physical considerations, the mass exchange directly of area #1 with the heating

wall is also absent, therefore joi(t) = 0, (kg/(m? s));

—  Ju(1),~ diffusive mass exchange between the right border of region #1 (ie, the left
intercrystalline sucrose solution region of the first larger cell, Figure 2) and the larger
sugar crystal (region #2, Figure 2) of the first cell of the «two cells—massecuitey; if
diffusive mass transfer occurs from the side of region #2 of the larger crystal to the
side of region #1 of the intercrystalline sucrose solution, then we accept this direction
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as positive, ji2(T)>0, (Figure 2); if the diffusive mass transfer occurs from the side of
region #1 of the intercrystalline sucrose solution in the direction of region #2 of the
larger crystal of the first cell, then we take this direction of movement of sucrose as
negative, ji2(T)<0;

j23(T),— diffusive mass exchange between the left border of region #3 (ie, the right
intercrystalline sucrose solution region of the first larger cell, Figure 2) and the larger
sugar crystal (region #2, Figure 2) of the first cell of the «two cells—massecuite»
system; if diffusive mass transfer occurs from the side of region #2 of the larger crystal
to the side of region #3 of the intercrystalline sucrose solution, then we accept this

direction as positive, j23(T)>0, (Figure 2); if the diffusive mass transfer occurs from
the side of region #3 of the intercrystalline sucrose solution in the direction of region
#2 of the larger crystal of the first cell, then this direction of sucrose movement is

taken as negative, j23(T)<0;

jaa(T),— diffusive mass exchange between the right border of region #3 (ie, the right
region of the intercrystalline sucrose solution of the first larger cell, Figure 2), and the
left border of region #4 (ie, the left region of the intercrystalline sucrose solution of
the second smaller cell, Figure 2); in fact, this is the sought-after mass exchange
between neighboring cells of the «two cells—massecuite» system in the
recrystallization theory; if diffusive mass transfer occurs from the side of region #3 of
the intercrystalline sucrose solution of the larger first cell to the side of region #4 of
the intercrystalline sucrose solution of the smaller second cell, then we accept this

direction as positive, jz4(T)>0, (Figure 2); if the diffusion mass transfer occurs from
the side of region #4 of the intercrystalline sucrose solution of the smaller crystal of
the second cell in the direction of region #3 of the intercrystalline sucrose solution of
the larger crystal of the first cell, then this direction of sucrose movement is taken as

negative, js4(T)<0;

jas(T),— diffusive mass exchange between the right border of region #4 (ie, the left
region of the intercrystalline sucrose solution of the second smaller cell, Figure 2) and
the smaller sugar crystal (region #5, Figure 2) of the second smaller cell of the «two
cells—massecuitey; if diffusive mass transfer occurs from the side of the smaller crystal
#5 to the side of region #4 of the intercrystalline sucrose solution, then we accept this

direction as positive, jas(T)>0, (Figure 2); if the diffusive mass transfer occurs from
the side of region #4 of the intercrystalline sucrose solution in the direction of region
#5 of the smaller crystal of the second cell, then this direction of sucrose movement

is taken as negative, jas(T)<0;

js6(T),— diffusive mass exchange between the left border of region #6 (ie, the right
region of the intercrystalline sucrose solution of the second smaller cell, Figure 2) and
the smaller sugar crystal (region #5, Figure 2) of the second cell of the «two cells—
massecuitey; if diffusive mass transfer occurs from the side of region #5 of the smaller
sugar crystal to the side of region #6 of the intercrystalline sucrose solution, then we

accept this direction as positive, jss(t)>0, (Figure 2); if the diffusive mass transfer
occurs from the side of region #6 of the intercrystalline sucrose solution in the
direction of region #5 of the smaller crystal of the second cell, then this direction of

sucrose movement is taken as negative, jss(T)<O0;
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—  Jer(1),— diffusive mass exchange between the right border of region #6 (ie, the right
region of the intercrystalline sucrose solution of the second smaller cell, Figure 2),
and region #7 of the massecuite of the «two cells—massecuite» System; note that
although for physical reasons such a diffusion mass exchange generally occurs, it is
not possible to investigate such a diffusion mass exchange directly at this stage.
Therefore, we accept the value of the diffusion mass flow between the region #6 of

the intercrystalline sucrose solution and the region #7 of the massecuite js7(T)=0.
Thus, on the basis of one system of equations of the non-stationary heat transfer problem
and three systems of equations of the non-stationary diffusion mass transfer problems we
determine the desired non-stationary diffusion mass flows jmn(t), ((Mn)={01; 12; 23; 34; 45;
56; 673).

Solve a complex system of non-stationary differential equations for the non-stationary
heat transfer problem and three systems of equations of non-stationary diffusion mass transfer
problems as well as finding non-stationary diffusive mass flows is a rather difficult task even
under the condition of using constant thermophysical characteristics. Using analytical
methods, it is difficult to solve such a system of equations even for a system that consists of
three regions (in our case, there are seven of them). Therefore, the non-stationary system of
problems was solved using numerical methods: the control volume method (Eymard et al.,
2000; LeVeque, 2002). Diffusion mass flows were searched: for constant thermophysical
characteristics (case |, accepted -earlier), for alternately variable thermophysical
characteristics (cases Il a, 1l b, and Il ¢), and for the case when the thermophysical
characteristics were all variable at the same time (case I11).

Note that when calculating the sucrose diffusion mass flows jmn(t), (M=0-6, n=m+1),
used the first and second order of their approximation. This paper presents the results of only
the second order of approximation.

When calculations were carried out, the initial temperature of the components of the
«two cells—massecuite» system was assumed to be the same for all areas (#1)—(#7), (Figure

2) at the same time and equal to tip =75 °C, (i= 1,7).

The temperature of the inner wall t, of the heating tube was assumed to be constant over
the entire height of this tube, i.e., during the entire time of contact with the «two cells—
massecuite» system and equal to to = 100 °C.

When performing calculations the initial concentration for all intercrystalline sucrose
solutions components of the «two cells—massecuite» system, that is, for all areas (#1), (#3)—
(#4), (#6), (Figure 2), was simultaneously assumed to be the same and equal to
Cio = Ciol(tio) = 77,594% (Pohorilyi, 2016 a). In this work, the initial concentration was
calculated at the supersaturation factor SS = 1.

Based on the research conducted (Pohorilyi, 2016 a), the contact time t. of the «two
cells—massecuite» system with the wall of the heating tube of the vacuum apparatus heating
chamber depended non-linearly on the relative time of boiling sugar massecuite t/tc. The
following values were found:

—  for the relative boiling time t/t. = 0,15, the contact time is equal to Tienq = 3,95 S;

— at1/t.=1.0, the contact time is equal t0 Tyend = 67,93 8.

When using numerical methods, time discretization was At = 0.01s.

In this work, the following crystal size values were adopted: ac1=5,0-10“m,
e, 2 = 2,5-10* m, (Figure 2), (Kulinchenko et al., 2012; Crestani et al., 2021; Zhong et al.,
2022). On the basis of the conducted research (Pohorilyi, 2016 a), all other required
dimensions of the thickness of the intercrystalline sucrose solution layer were obtained:
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Sig,1=4,29-10°m, 842.=3,73-10°m, and the size of the massecuite region:
ams = 4,83896-102 m, (Figure 2). The size of the layer thickness was calculated based on the
massecuite volume in the vacuum apparatus at the moment of introducing the seed into it
according to the data given in (Kulinchenko et al., 2012).

The discretization by coordinate, i.e., the partition grid, for each of the regions (#1)—(#7),

(Figure 2) was adopted as follows:

regions of intercrystalline sucrose solutions (#1), (#3), (#4), (#6), (Figure 2), the grid
is uniform, the number of calculated points of division is n: = nz = ns = ng = 10;
regions of sugar crystals (#2), (#5), (Figure 2), the grid is uniform, the number of
calculation points of division is n, = ns = 20;

the massecuite area (#7), (Figure 2), the grid is uneven, the number of calculation
points of division n; = 100.

Results and discussion

On the basis of calculations carried out at the same time for:

systems of equations of non-stationary thermal conductivity and
three systems of non-stationary diffusive mass transfer equations for which during the

entire contact time T. of the «two cells—massecuite» system with the inner surface of
the heating tube of the vacuum apparatus heating chamber, the calculations were
carried out according to five different variants of the calculation (in all five cases, the
technological indicators were fixed at a certain relative time value of the boiling sugar

massecuite /T, (T/Tc = 0.15-1.0) according to which the calculation was made):
1) all thermophysical characteristics (coefficients) are fixed at the initial temperature

tio= 75 °C, (i :1,_7) , and at a certain value of the relative time of boiling sugar

massecuite t/t., (t/Tc = 0.15-1.0) according to which the calculation was carried out;
Il a) at the initial temperature tio = 75°C, (i :1,_7) , and at a certain value of the
relative time of boiling sugar massecuite t/tc, (t/tc = 0.15-1.0) only thermophysical
coefficients were recorded: all for the crystal, diffusion coefficient for the

intercrystalline solution of sucrose and all for the massecuite; thermophysical
coefficients (thermal conductivity coefficient, heat capacity coefficient and density)

for the intercrystalline sucrose solution during the entire calculation time Tt were
dependent on the current temperature ti(t), (i :1,_7) , at a certain value of the relative
time of boiling sugar massecuite T/t (t/Tc=0.15-1.0) according to which the
calculation was carried out;

Il b) at the initial temperature tio = 75°C, (i :1,_7) , and at a certain value of the
relative time of boiling sugar massecuite t/t, (t/Tc = 0.15-1.0), only thermophysical

coefficients were recorded: all for intercrystalline sucrose solution and all for
massecuite; thermophysical coefficients (thermal conductivity coefficient, heat

capacity coefficient and density) for the crystal during the entire calculation time T
were assumed to be dependent on the current temperature ti(tc), (i=17);
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Il ¢) at the initial temperature tio = 75 °C, (i :1,_7) , and at a certain value of the

relative time of boiling sugar massecuite t/tc, (t/Tc = 0.15-1.0), only thermophysical
coefficients are fixed: all for the crystal and all for the intercrystalline solution;
thermophysical coefficients (thermal conductivity coefficient, heat capacity

coefficient and density) for massecuite depend on the current temperature ti(Tc),
(i=17), but are fixed at a certain value of the relative time of boiling sugar
massecuite /T, (T/Tc = 0.15-1.0);

I11) all thermophysical coefficients: for the crystal, for the intercrystalline solution,
and for the massecuite depend on the current temperature ti(tc), (i :1,_7) , but are

fixed at a certain value of the relative time of boiling sugar massecuite /7,
(t/tc = 0.15-1.0).

Due to the limited scope of the article, this paper shows the dependences of the diffusion

mass flows jmn(t), (M=1-5, n=m+1), at the boundaries of intercrystalline sucrose solutions of
the «two cells—massecuite» system (Figure 2) depending on the contact time t for only two
cases of the relative time of boiling sugar massecuite t/tc: at the moment of formation of the
structured crystals mass (t/tc = 0.15) and at the final moment of the sugar massecuite boiling
time (t/t. = 1.0).

Distribution of unsteady diffusion mass flows of sucrose jmn(t), (m=1-5, n=m+1), at the

boundaries of intercrystalline sucrose solutions regions (#1), (#3), (#4) and (#6), (Figure 2)
depending on the contact time t of the «two cells—massecuite» system with the inner heating
tube surface of the vacuum apparatus heating chamber at the relative time of boiling sugar
massecuite t/tc = 0.15 is presented in the following graphs below:

92

the unsteady diffusion mass flow of sucrose ji2(T) on the right border of the area (#1),
where the movement of matter from the area (#2) of the larger crystal of the first cell
tothe area (#1) of the intercrystalline sucrose solution is taken as the positive direction
(Figure 3);

unsteady diffusion mass flow of sucrose j23(T) on the left border of the area (#3), where
the movement of matter from the area (#2) of the larger crystal of the first cell to the
area (#3) of the intercrystalline sucrose solution is taken as the positive direction
(Figure 4);

unsteady diffusion sucrose mass flow jsa(T) between the right border of the region
(#3) and the left border of the region (#4), where the movement of matter from the
region (#3) of the intercrystalline sucrose solution of the larger crystal of the first cell
to the region (#4) intercrystalline sucrose solution of the smaller crystal of the second
cell (Figure 5);

unsteady diffusion mass flow of sucrose jss(T) on the right border of the region (#4),
where the movement of matter from the region (#5) of the smaller crystal of the second
cell to the region (#4) of the intercrystalline sucrose solution is taken as the positive
direction (Figure 6);

unsteady diffusion mass flow of sucrose js¢(T) on the left border of the area (#6), where
the movement of matter from the area (#5) of the smaller crystal of the second cell to
the area (#6) of the intercrystalline sucrose solution is taken as the positive direction
(Figure 7).
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Figure 3. Dependence of the sucrose diffusion mass flow ji2(t) on the contact time t of the «two
cells—massecuite» system with the inner surface of the heating tube of the vacuum apparatus
heating chamber
on the border (Figure 2) of area (#1), (intercrystalline sucrose solution of the first larger cell)
and area (#2), (larger sugar crystal of the first cell)
with the relative time of boiling sugar massecuite t/t. = 0.15;

[value ji2(7)>0 if sucrose is transferred from region (#2) (larger sugar crystal of the first cell) to
region (#1) (intercrystalline sucrose solution of the first larger cell),

(Figure 2, bottom footnote)].

* Designations:

1 — all thermophysical characteristics (coefficients): for the crystal, for the intercrystalline sucrose
solution and for the massecuite there are constant values (option I);

2 —thermophysical characteristics (coefficients):

all for the crystal, diffusion coefficient for the intercrystalline sucrose solution and all for the massecuite
are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for the intercrystalline sucrose
solution, are variable values (option Il, a);

3 —thermophysical characteristics (coefficients):

all for intercrystalline sucrose solution and all for massecuite are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for the crystal are variable
quantities (option Il, b);

4 —thermophysical characteristics (coefficients):

all for the crystal, all for the intercrystalline solution are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for massecuite, are variable
quantities (option Il, ¢);

5 —all thermophysical characteristics (coefficients):

for the crystal, for the intercrystalline solution, and for the massecuite are variable values (option IlI).
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Figure 4. Dependence of the sucrose diffusion mass flow j23(t) on the contact time t of the «two
cells—massecuite» system with the inner surface of the heating tube of the vacuum apparatus
heating chamber on the border (Figure 2) of region (#2), (larger sugar crystal of the first cell)

and region (#3), (intercrystalline sucrose solution of the first larger cell) with the relative time of
boiling sugar massecuite t/tc = 0.15;
[value j23(7)>0 if sucrose is transferred from region (#2) (larger sugar crystal of the first cell) to
region (#3) (intercrystalline sucrose solution of the first larger cell), (Figure 2, bottom
footnote)].

* Designations:

1 — all thermophysical characteristics (coefficients): for the crystal, for the intercrystalline sucrose
solution and for the massecuite there are constant values (option I);

2 —thermophysical characteristics (coefficients):

all for the crystal, diffusion coefficient for the intercrystalline sucrose solution and all for the massecuite
are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for the intercrystalline sucrose
solution, are variable values (option Il, a);

3 —thermophysical characteristics (coefficients):

all for intercrystalline sucrose solution and all for massecuite are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for the crystal are variable
quantities (option Il, b);

4 —thermophysical characteristics (coefficients):

all for the crystal, all for the intercrystalline solution are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for massecuite, are variable
quantities (option Il, c);

5 —all thermophysical characteristics (coefficients):

for the crystal, for the intercrystalline solution, and for the massecuite are variable values (option IlI).
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Figure 5. Dependence of the sucrose diffusion mass flow jzs(t) on the contact time t of the
«two cells—massecuite» system with the inner surface of the heating tube of the vacuum
apparatus heating chamber on the border (Figure 2) of region (#3), (intercrystalline sucrose
solution of the first larger cell) and region (#4), (intercrystalline sucrose solution of the second
smaller cell) with the relative time of boiling sugar massecuite t/tc = 0.15;
[value jaa(t)>0 if sucrose is transferred from region (#3) (intercrystalline sucrose solution of
the first larger cell) to region (#4) (intercrystalline sucrose solution of the second smaller cell),
(Figure 2, footnote)].

* Designations:

1 — all thermophysical characteristics (coefficients): for the crystal, for the intercrystalline sucrose
solution and for the massecuite there are constant values (option I);

2 —thermophysical characteristics (coefficients):

all for the crystal, diffusion coefficient for the intercrystalline sucrose solution and all for the massecuite
are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for the intercrystalline sucrose
solution, are variable values (option Il, a);

3 —thermophysical characteristics (coefficients):

all for intercrystalline sucrose solution and all for massecuite are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for the crystal are variable
quantities (option Il, b);

4 —thermophysical characteristics (coefficients):

all for the crystal, all for the intercrystalline solution are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for massecuite, are variable
quantities (option Il, c);

5 —all thermophysical characteristics (coefficients):

for the crystal, for the intercrystalline solution, and for the massecuite are variable values (option IlI).
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Figure 6. Dependence of the sucrose diffusion mass flow js(t) on the contact time t of the «two
cells—-massecuite» system with the inner surface of the heating tube of the vacuum apparatus
heating chamber on the border (Figure 2) of area (#4), (intercrystalline sucrose solution of the
second smaller cell) and area (#5), (smaller sugar crystal of the second cell) with the relative
time of boiling sugar massecuite t/t. = 0.15;

[value jas(t)>0 if sucrose is transferred from region (#5) (smaller sugar crystal of the second cell)
to region (#4) (intercrystalline sucrose solution of the second smaller cell), (Figure 2, bottom
footnote)].

* Designations:

1 — all thermophysical characteristics (coefficients): for the crystal, for the intercrystalline sucrose
solution and for the massecuite there are constant values (option I);

2 —thermophysical characteristics (coefficients):

all for the crystal, diffusion coefficient for the intercrystalline sucrose solution and all for the massecuite
are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for the intercrystalline sucrose
solution, are variable values (option Il, a);

3 —thermophysical characteristics (coefficients):

all for intercrystalline sucrose solution and all for massecuite are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for the crystal are variable
quantities (option 11, b);

4 —thermophysical characteristics (coefficients):

all for the crystal, all for the intercrystalline solution are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for massecuite, are variable
quantities (option I, c);

5 —all thermophysical characteristics (coefficients):

for the crystal, for the intercrystalline solution, and for the massecuite are variable values (option IlI).
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Figure 7. Dependence of the sucrose diffusion mass flow jse(t) on the contact time t of the «two
cells—massecuite» system with the inner surface of the heating tube of the the vacuum apparatus
heating chamber on the border (Figure 2) of region (#5), (smaller sugar crystal of the second
cell) and region (#6), (intercrystalline sucrose solution of the second smaller cell) with the
relative time of boiling sugar massecuite t/tc = 0.15;

[value js¢(t)>0 if sucrose is transferred from region (#5) (smaller sugar crystal of the second cell)
to region (#6) (intercrystalline sucrose solution of the second smaller cell), (Figure 2, bottom
footnote)].

* Designations:

1 — all thermophysical characteristics (coefficients): for the crystal, for the intercrystalline sucrose
solution and for the massecuite there are constant values (option I);

2 —thermophysical characteristics (coefficients):

all for the crystal, diffusion coefficient for the intercrystalline sucrose solution and all for the massecuite
are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for the intercrystalline sucrose
solution, are variable values (option Il, a);

3 —thermophysical characteristics (coefficients):

all for intercrystalline sucrose solution and all for massecuite are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for the crystal are variable
quantities (option Il, b);

4 —thermophysical characteristics (coefficients):

all for the crystal, all for the intercrystalline solution are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for massecuite, are variable
quantities (option Il, c);

5 —all thermophysical characteristics (coefficients):

for the crystal, for the intercrystalline solution, and for the massecuite are variable values (option IlI).
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The obtained results of calculations and studies of the distribution of non-stationary
diffusion mass flows of sucrose jmn(t), (M=1-5, n=m+1), at the boundaries of intercrystalline
sucrose solutions regions (#1), (#3), (#4) and (#6), (Figure 2) depending on the contact time
T of the «two cells—massecuite» system with the inner surface of the heating tube of the
vacuum apparatus heating chamber at eight values of the relative boiling time t/t.= (0.2 —
0.9),— it is not possible to submit due to the limited scope of this article.

We will present only the results of boiling at a relative time of 1/t = 1.0.

Distribution of unsteady diffusion mass flows of sucrose jmn(t),(m=1-5, n=m+1), at the
boundaries of intercrystalline sucrose solutions regions (#1), (#3), (#4) and (#6), (Figure 2)
depending on the contact time 1 of the «two cells—massecuite» system with the inner surface
of the heating tube of the vacuum apparatus heating chamber at the relative time of boiling
sugar massecuite t/t. = 1.0 is presented in the following graphs below:

— unsteady diffusion mass flow of sucrose ji2(T) on the right border of the area (#1),
where the positive direction is taken (as in Figure 3), the movement of matter from
the area (#2) of the larger crystal of the first cell to the area (#1) intercrystalline
solution of sucrose, (Figure 8);

— unsteady diffusion mass flow of sucrose j23(T) on the left border of the region (#3),
where the positive direction is taken (as in Figure 4) to be the movement of matter
from the region (#2) of the larger crystal of the first cell to the region (#3)
intercrystalline solution of sucrose, (Figure 9);

— unsteady diffusion mass flow of sucrose js4(T) between the right border of the region
(#3) and the left border of the region (#4), where the positive direction is taken (as in
Figure 5) to be the movement of matter from the region (# 3) the intercrystalline
sucrose solution of the larger crystal of the first cell into the region (#4) of the
intercrystalline sucrose solution of the smaller crystal of the second cell (Figure 10);

— unsteady diffusion mass flow of sucrose jas(T) on the right border of the area (#4),
where the positive direction is taken (as in Figure 6) to be the movement of matter
from the area (#5) of the smaller crystal of the second cell to the area (#4)
intercrystalline sucrose solution, (Figure 11);

— unsteady diffusion mass flow of sucrose js¢(T) on the left border of the region (#6),
where the positive direction is taken (as in Figure 7) to be the movement of matter
from the region (#5) of the smaller crystal of the second cell to the region (#6)
intercrystalline sucrose solution, (Figure 12).
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Figure 8. Dependence of the sucrose diffusion mass flow ji2(t) on the contact time t of the «two
cells—massecuite» system with the inner surface of the heating tube of the vacuum apparatus
heating chamber
on the border (Figure 2) of area (#1), (intercrystalline sucrose solution of the first larger cell)
and area (#2), (larger sugar crystal of the first cell)
with the relative time of boiling sugar massecuite t/t. = 1.0;

[value ji2(7)>0 if sucrose is transferred from region (#2) (larger sugar crystal of the first cell) to
region (#1) (intercrystalline sucrose solution of the first larger cell), (Figure 2, bottom
footnote)].

* Designations:

1 — all thermophysical characteristics (coefficients): for the crystal, for the intercrystalline sucrose
solution and for the massecuite there are constant values (option I);

2 —thermophysical characteristics (coefficients):

all for the crystal, diffusion coefficient for the intercrystalline sucrose solution and all for the massecuite
are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for the intercrystalline sucrose
solution, are variable values (option Il, a);

3 —thermophysical characteristics (coefficients):

all for intercrystalline sucrose solution and all for massecuite are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for the crystal are variable
quantities (option Il, b);

4 —thermophysical characteristics (coefficients):

all for the crystal, all for the intercrystalline solution are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for massecuite, are variable
quantities (option Il, ¢);

5 —all thermophysical characteristics (coefficients):

for the crystal, for the intercrystalline solution, and for the massecuite are variable values (option IlI).

—— Ukrainian Food Journal. 2023. Volume 12. Issue 1 99



Processes and Equipment ——

0.0006

0.0005 A~ L1.2.4

0.0004

0.0003

i, [kg/(m2-sec)]

0.0002

0.0001

S—

0 \ \ \ \ \ \ \ \ \ : : : : \
0 10 20 30 40 50 60 70

t, [sec]

Figure 9. Dependence of the sucrose diffusion mass flow j3(t) on the contact time t of the «two
cells—massecuite» system with the inner surface of the heating tube of the vacuum apparatus
heating chamber on the border (Figure 2) of region (#2), (larger sugar crystal of the first cell)

and region (#3), (intercrystalline sucrose solution of the first larger cell) with the relative time of
boiling sugar massecuite t/tc = 1.0;
[value j23(7)>0 if sucrose is transferred from region (#2) (larger sugar crystal of the first cell) to
region (#3) (intercrystalline sucrose solution of the first larger cell), (Figure 2, bottom
footnote)].

* Designations:

1 — all thermophysical characteristics (coefficients): for the crystal, for the intercrystalline sucrose
solution and for the massecuite there are constant values (option I);

2 —thermophysical characteristics (coefficients):

all for the crystal, diffusion coefficient for the intercrystalline sucrose solution and all for the massecuite
are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for the intercrystalline sucrose
solution, are variable values (option Il, a);

3 —thermophysical characteristics (coefficients):

all for intercrystalline sucrose solution and all for massecuite are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for the crystal are variable
quantities (option Il, b);

4 —thermophysical characteristics (coefficients):

all for the crystal, all for the intercrystalline solution are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for massecuite, are variable
quantities (option Il, ¢);

5 —all thermophysical characteristics (coefficients):

for the crystal, for the intercrystalline solution, and for the massecuite are variable values (option IlI).
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Figure 10. Dependence of the sucrose diffusion mass flow jzs(t) on the contact time < of the «two
cells—massecuite» system with the inner surface of the heating tube of the vacuum apparatus
heating chamber on the border (Figure 2) of region (#3), (intercrystalline sucrose solution of the
first larger cell) and region (#4), (intercrystalline sucrose solution of the second smaller cell)
with the relative time of boiling sugar massecuite t/t. = 1.0;

[value jaa(7)>0 if sucrose is transferred from region (#3) (intercrystalline sucrose solution of
the first larger cell) to region (#4) (intercrystalline sucrose solution of the second smaller cell),
(Figure 2, footnote)].

* Designations:

1 — all thermophysical characteristics (coefficients): for the crystal, for the intercrystalline sucrose
solution and for the massecuite there are constant values (option I);

2 —thermophysical characteristics (coefficients):

all for the crystal, diffusion coefficient for the intercrystalline sucrose solution and all for the massecuite
are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for the intercrystalline sucrose
solution, are variable values (option Il, a);

3 —thermophysical characteristics (coefficients):

all for intercrystalline sucrose solution and all for massecuite are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for the crystal are variable
quantities (option Il, b);

4 —thermophysical characteristics (coefficients):

all for the crystal, all for the intercrystalline solution are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for massecuite, are variable
quantities (option Il, ¢);

5 —all thermophysical characteristics (coefficients):

for the crystal, for the intercrystalline solution, and for the massecuite are variable values (option IlI).
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Figure 11. Dependence of the sucrose diffusion mass flow jss(t) on the contact time 1 of the «two
cells—massecuite» system with the inner surface of the heating tube of the vacuum apparatus
heating chamber on the border (Figure 2) of area (#4), (intercrystalline sucrose solution of the
second smaller cell) and area (#5), (smaller sugar crystal of the second cell) with the relative
time of boiling sugar massecuite t/tc = 1.0;

[value jas(t)>0 if sucrose is transferred from region (#5) (smaller sugar crystal of the second cell)
to region (#4) (intercrystalline sucrose solution of the second smaller cell), (Figure 2, bottom
footnote)].

* Designations:

1 — all thermophysical characteristics (coefficients): for the crystal, for the intercrystalline sucrose
solution and for the massecuite there are constant values (option I);

2 —thermophysical characteristics (coefficients):

all for the crystal, diffusion coefficient for the intercrystalline sucrose solution and all for the massecuite
are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for the intercrystalline sucrose
solution, are variable values (option Il, a);

3 —thermophysical characteristics (coefficients):

all for intercrystalline sucrose solution and all for massecuite are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for the crystal are variable
quantities (option Il, b);

4 —thermophysical characteristics (coefficients):

all for the crystal, all for the intercrystalline solution are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for massecuite, are variable
quantities (option Il, ¢);

5 —all thermophysical characteristics (coefficients):

for the crystal, for the intercrystalline solution, and for the massecuite are variable values (option IlI).
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Figure 12. Dependence of the sucrose diffusion mass flow jss(t) on the contact time 1 of the «two
cells—massecuite» system with the inner surface of the heating tube of the the vacuum apparatus
heating chamber on the border (Figure 2) of region (#5), (smaller sugar crystal of the second
cell) and region (#6), (intercrystalline sucrose solution of the second smaller cell) with the
relative time of boiling sugar massecuite t/t. = 1.0;

[value js¢(t)>0 if sucrose is transferred from region (#5) (smaller sugar crystal of the second cell)
to region (#6) (intercrystalline sucrose solution of the second smaller cell), (Figure 2, bottom
footnote)].

* Designations:

1 — all thermophysical characteristics (coefficients): for the crystal, for the intercrystalline sucrose
solution and for the massecuite there are constant values (option I);

2 —thermophysical characteristics (coefficients):

all for the crystal, diffusion coefficient for the intercrystalline sucrose solution and all for the massecuite
are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for the intercrystalline sucrose
solution, are variable values (option Il, a);

3 —thermophysical characteristics (coefficients):

all for intercrystalline sucrose solution and all for massecuite are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for the crystal are variable
quantities (option Il, b);

4 —thermophysical characteristics (coefficients):

all for the crystal, all for the intercrystalline solution are constant values;

thermal conductivity coefficient, heat capacity coefficient and density for massecuite, are variable
quantities (option Il, ¢);

5 —all thermophysical characteristics (coefficients):

for the crystal, for the intercrystalline solution, and for the massecuite are variable values (option IlI).
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The graphs (Figures 3, 4, 8, 9) show that the larger crystal of the first cell is dissolving.
As can be seen from the obtained graphs (Figs. 3, 4), the nature of the change in diffusion
mass flows from one side of the larger crystal of the first cell (Figs. 1, 2), which is closer to
the heating wall of the vacuum apparatus heating chamber (Figure 3), is not quite coincides
with the nature of the change in diffusion mass flows from the other side (Figure 4) at the
relative time of boiling sugar massecuite t/tc= 0.15. But we get a completely different
situation when t/tc = 1.0, where the nature of the change in the form of diffusion mass flows
is almost the same (Figs. 8, 9). It is clear that the closer the cell is to the heating wall of the
vacuum apparatus heating chamber, the faster the process of heating the components of this
cell of the «two cells—massecuite» system occurs, and therefore the diffusion mass flow
reaches its maximum in time earlier than from the other side of the crystal.

As for the second, smaller cell of the «two cells—massecuite» system, which is located
further from the heating wall (Figs. 1, 2), the nature of the change in diffusion mass flows
from one and the other side of the smaller crystal of the second cell (Figure 6, 7), practically
coincide with each other at the relative time of boiling sugar massecuite t/tc = 0.15, and at
1/t = 1.0. Although, again, the graphs show that the intercrystalline solution on the side of
the heating wall heats up faster, and as a result, the diffusive mass flows reach their maximum
faster. The decline of diffusive mass flows after reaching their maximum can be explained
by the fact that a saturated state is reached in each region of the intercrystalline sucrose
solution.

The uneven movement nature of diffusion mass flows between cells (Figs. 5, 10), that
is, between regions of intercrystalline sucrose solutions, can also be explained by the fact that
the first cell warms up faster than the second. As a result, at the first stage, the intercrystalline
sucrose solution of the first cell moves from the saturated state to the unsaturated state faster
than the second cell. This leads to the dissolution of the first crystal faster than the second.
But the rate of the crystal dissolution does not cover the need to reach a saturated state of the
intercrystalline sucrose solution in the first cell, as a result of which sucrose is transferred
from the second cell to the first (Figure 5, 10).

At the second stage, the saturated state of the first cell is equalized and at the same time
the second cell has time to warm up sufficiently. At the same time, the saturation coefficient
also decreases in its intercrystalline sucrose solution. Then the flow of sucrose already begins
to occur from the intercrystalline sucrose solution of the first cell to the intercrystalline
sucrose solution of the second cell.

All this plays an indicative role in the recrystallization process. It is clear that predicting
the nature of the sucrose movement within one cell, and even more so between the cells itself,
was quite a difficult task before conducting research. But now we have obtained the main
indicators of diffusional flow of sucrose between cells and inside cells, albeit on the basis of
an idealized mathematical model.

In order to compare the effect of taking into account variable thermophysical
coefficients on the diffusion mass transfer process in an intercrystalline solution with constant
thermophysical coefficients, a study was conducted and the maximum and minimum values
of the relative deviations of the diffusion mass flows values jm(t), (M =1-5, n=m + 1), were
found, (Figure 2).

Let us denote the diffusive mass flows, which were calculated at constant
thermophysical coefficients by jmn,const(t), (M= 1-5, n= m+ 1). Similarly, let's denote
diffusion mass flows, which were calculated with variable thermophysical coefficients
through jmnwar(t), (M= 1-5,n=m + 1).

The relative change of diffusion mass flows will be carried out in two cases:

104 —— Ukrainian Food Journal. 2023. Volume 12. Issue 1



Processes and Equipment ——

— during the entire stay of the «two cells—massecuite» system (Figures 1, 2) in the

heating tube of the vacuum apparatus heating chamber;

—  at the time of exit of the «two cells—massecuite» system from the heating tube.

For comparison, we will find the largest deviation of diffusion mass flows jmn,var(t), (M =
15, n=m+1;0<1<1cend), From jmnconst(t), (M=1-5 n=m+ 1; 0 <1 < 1ceng). And then
already on the basis of these data we will be able to draw a conclusion: which method should
be used for further mathematical modeling. For this, it is necessary to find the maximum and
minimum deviation of the values of diffusion mass flows jmnar(t), (M= 1-5, n=m+ 1;
0 <1 < 1eend), From jmnconst(t), (M=1-5n=m+ 1; 0 <t < tcena).

Relative changes in diffusion mass flows jmn(t), (M=1-5, n=m+ 1; 0 <1 < Tceng), at
the boundaries of the corresponding regions of intercrystalline sucrose solutions (#1), (#3),
(#4) and (#6), (Figure 2), calculated during the entire contact time t of the «two cells—
massecuite» system with the inner surface of the heating tube of the vacuum apparatus
heating chamber at the relative time of boiling sugar massecuite t/t. = 0.15 given in Table 1.

Table 1

Relative changes in diffusion mass flows jmn(t), (M =1-5 n=m+ 1; 0 < Tt < 1¢end), calculated
during the entire contact time t at the relative time of boiling sugar massecuite 1/t = 0.15

Tec = (00*3,95) C “, a(lg.var) / ||, b(cr.var) / “, C(ms.var) / |||(al|.var) /
(t/tc = 0,15) T(all.const), % l(alt.const) , % l(all.const) , % l(all.const) , %
(Min—Max)

( le,var(T) / le,const(T) — 1)|min . -25 0.0 0.0 -21
100% (t=0.03s) |r=0.39-3.955) [t=0.00-3.955) | (tr=0.035)

( jrzvar(t) 1 jrzconst(t) — 1)|max - 0.0 +05 0.0 0.0
100% t = 0.69-3.95 s) |t = 0.03-0.06 s) [t= 0.00-3.95 s) |t = 0.51-3.95s)
( j23,var(‘[?) / j23,const(‘l?) — 1)|min . -0.8 -6.2 0.0 -6.8
100% t=0.36-0.485) (1 = 0.6-0.72's) (1= 0.0-2.915) [t = 0.57-0.69s)
( j23,var(’t) / j23,const(’l?) — 1)|ma>< . 0.1 0.0 0.1 0.0
100% t=3.18-3.959) (t = 0.0-0.06 5) [t=3.03-3.955) [t =0.0-0.035)
( j34,var(’t) / j34,const(’l?) — 1)|min . 0.0 -10.3 -05 -33
100% 1=0.0-0.485s) [t=3.93-3.9559) [t= 3.84-3.95 5) |t = 2.93-2.955)
( j34,var(’t) / j34,const(’l?) - 1)|ma>< . 8.1 0.5 0.0 13
100% t=3.87-3.955) [t = 0.69-0.84 5) |(t = 0.0-1.85) fr = 0.99-1.265)
( j45,var(’t) / j45,const(’l?) — 1)|min . -10 -57 0.0 - 6.6
100% 1=0.6-0.965) [t =0.75-0.96 5) |(t= 0.0-2.25 5) [t = 0.68-0.95)
( j45,var(‘f) / j45,const(‘C) - l)|ma>< . 0.0 0.0 0.1 0.0
100% 1=0.0-0.095) [t=0.0-0.065) [t=2.28-3.955) [t = 0.0-0.06 5)
( jSG,var(‘E) / j56,const(‘t?) — l)|min . -08 -6.4 0.0 -7.1
100% t=0.87-1.86 ) [t = 1.44-1.74 5) [(z= 0.0-1.41 5) |t = 1.53-1.565)
( j56,var(‘t) / j56,const(‘t?) — l)|ma>< . 0.0 0.0 0.2 0.0
100% 1=0.0-0.215) [t=0.0-0.155) [t=2.61-3.955) [t = 0.0-0.155)

Relative changes in diffusion mass fluxes jmn(tcend), (M=1-5, n=m+1), at the boundaries
of the corresponding regions of intercrystalline sucrose solutions (#1), (#3), (#4) and ( #6),
(Figure 2), calculated at the moment of time 1¢eng of the exit of the entire system «two cells—
massecuite» from the heating tube of the vacuum apparatus heating chamber at the relative
time of boiling sugar massecuite t/tc = 0.15 given in Table 2.
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Relative changes in diffusion mass flows jmn(t), (M=1-5,n=m+ 1; 0 <1 < t¢enq), at
the boundaries of the corresponding regions of intercrystalline sucrose solutions (#1), (#3),
(#4) and ( #6), (Figure 2), calculated during the entire contact time t of the «two cells—
massecuite» system with the inner surface of the heating tube of the vacuum apparatus
heating chamber at the relative time of boiling sugar massecuite 1/t = 1.0 given in Table 3.

Relative changes in diffusion mass fluxes jm(tcend), (M=1-5, n=m+1), at the boundaries
of the corresponding regions of intercrystalline sucrose solutions (#1), (#3), (#4) and ( #6),
(Figure 2), calculated at the moment of time t¢eng of the exit of the entire system «two cells—
massecuite» from the heating tube of the vacuum apparatus heating chamber at the relative
time of boiling sugar massecuite t/tc = 1.0 given in Table 4.

In Tables 1-4, the notation of various variants of the performed calculations is used:
— option Ig.consty,— constant thermophysical coefficients;
— option (II, @)gqvar,— Variable thermophysical coefficients only for regions of

intercrystalline sucrose solutions (#1), (#3), (#4) and (#6), (Figure 2);

— (I, b)(r.van,— variable thermophysical coefficients only for regions of sugar crystals (#2)

and (#5), (Figure 2);

— (I, ¢)ms.van),— Variable thermophysical coefficients only for the massecuite region (#7),

(Figure 2);

—  (IM)qn.var,— Vvariable thermophysical coefficients for all regions (#1)—(#7), (Figure 2),
simultaneously.

From Tables 1 and 2, it can be concluded that taking into account the influence of
variable thermophysical coefficients on the non-stationary process of diffusion mass transfer
is clearly non-linear and non-uniform in nature.

For an example in Table 1, the relative change in diffusion mass flow jsa(t) in the case
of variable thermophysical coefficients only for sugar crystals for the case t/t,= 0.15, with
contact time t = 0.69-0.84 s, is 0.5%, and already at the contact time t = 3.93-3.95 s, it is
—10.3%. Similarly, according to Table 3, the relative change in the diffusion mass flow j3(t)
in the case of all simultaneously changing thermophysical coefficients for the case of t/t. =
1.0, with a contact time of Tt = 0.67 s, is — 6.2%, and already at the contact time t = 7.37—
11.39 s, it is 0.3%.

That is, the deviation of diffusive mass flows with variable thermophysical coefficients
from constant ones during the entire contact time of the "two cell-heater" system with the
heating tube is positive at one point in time, and negative at another point in time (that is, it
has a clearly expressed variable character). It is clear that in such cases it is possible to find
moments of time t where diffusive mass flows with variable thermophysical coefficients will
completely coincide with diffusive mass flows with constant thermophysical coefficients.

Let's examine in more detail the weight of the impact of taking into account variable
thermophysical coefficients on the process of diffusion mass transfer in comparison with
constant coefficients. For this purpose, we will find the maximum relative deviations of
diffusive mass flows with variables, where the case with constant coefficients was taken as
the basic values.

Diffusion mass flows with variable coefficients only in the region of the intercrystalline
sucrose solution (option Il-a) differ the most from diffusion mass flows with constant
coefficients (1) by 8.1% at the relative time of boiling sugar massecuite t/t. = 0.15, and by
4.7% at the relative time of boiling sugar massecuite t/t. = 1.0 (in both cases for js(1)).
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Table 2

Relative changes in diffusion mass fluxes jmn(tcend), (M=1-5, n=m+1), calculated at the moment
of time tceng at the relative time of boiling sugar massecuite t/tc = 0.15

Tc = Tcend = 3.95¢ Ila (lg.var) /| 1lb (cr.var) /I{llc (ms.var) / Il (all.var) /
(‘E/Tc = 0.15) I (all.const), % | (all.const), % | (all.const), % | (all.const), %
(jr2uer(t) / j1zconst(t) — Dlena - 100% | 0.028 | —0.010 0.001 0.018
(J2zwar(T) 1 j23,const(T) — 1)]end - 100% 0.131 —0.683 0.065 —-0.517
(janver(7) / jasconsi(t) — Llend - 100% | 8.065 | —10.299 | —0.473 | —3.298
(jasuar(t) | jasconst(t) — Dlena - 100% | —0.173 | —0.413 0.092 ~0.509
(j56,var(T) /j56,c0nst(T) - 1)‘end - 100% —0.254 -2.870 0.191 —2.949
Table 3

Relative changes in diffusion mass flows jmn(t), (M =1-5 n=m+ 1; 0 < T < 1¢end), calculated
during the entire contact time t at the relative time of boiling sugar massecuite t/tc = 1.0

= (0.0-67.93) ¢

“ a (Ig.var) /

Ib (cr.var) /

” C (ms.var) /

Il (all.var) /

(t/te = 1.0) I @ai.const), % I (an.const), 9% I (an.const), 9 I (an.const), 9

(Min—Max)

( le,var(‘E) /le,const(T) - 1)|min . -0.3 0.0 0.0 -0.2

100% (t=0.67s) [t=1.34-67.935s|(t=0.0-67.93s)] (t=0.675)

(jlz,var(’[?) /le,const(T) - 1)|max . 0.1 0.1 0.0 0.1

100% (t=2.01-737s) (t=0.67s) |[(t=0.0-67.935s)|(t=2.01-6.035)

( j23,var(‘[?) /jzs,const(‘l?) - 1)|min . -0.8 -6.2 0.0 -6.9

100% (t=0.675) (t=0.67s) |(x=0.0-2.015)| (t=0.675)
1= 9.38-67.93 s)

(j23,var(‘[?) /j23,const(T) - 1)|ma>< . 0.2 0.3 01 0.6

100% T=4.69-17.42 5[t = 7.37-11.39 s|(t= 2.68-8.71 s)|(t = 7.37-8.71 5)

( j34,var(’t) /j34,const(’l?) — 1)|min . 0.1 -5.0 -0.7 -1.2

100% (1 =0.675) (t=6.03s) |(1=8.04-47.555)| (t = 6.03-6.7 5)

(j34,var(’t) /j34,const(’l?) — 1)|ma>< . 4.7 0.2 0.0 1.6

100% (1=4.02-6.03s) (t=0.67s) |(t=0.0-1.345) [t =32.16-57.625

( j45,var(’t) /j45,const(’l?) — 1)|min : -11 -54 0.0 -6.4

100% (t=0.675) (t=067s) |(==0.0-134s)| (t=0675)
1=14.74-67.93 §

(j45,var(‘t) /j45,const(‘t?) — l)|ma>< . 0.0 0.6 0.2 0.6

100% (t=0.05s) [t=7.37-8.04 s/t= 4.02-6.03 st = 7.37-8.71 s

( jSG,var(‘E) /j56,const(‘t?) — l)|min . -10 -6.2 0.0 -7.0

100% (t=134s) |(t=1.34-2.015)(=0.0-067s)| (r=1345)
1=14.07-67.93 §

(jSG,var(‘E) /j56,const(‘t?) — l)|ma>< . 0.1 0.4 0.3 0.5

100% T = 8.71-14.07 s[t= 11.39-14.07 §(z= 2.68-6.03 s)|t =10.05-14.07 5
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Table 4

Relative changes in diffusion mass fluxes jmn(tcend), (M=1-5, n=m+1), calculated at the moment
of time tceng at the relative time of boiling sugar massecuite 1/t = 1.0

Tc = Tcend = 67.93 ¢ Ila (Ig.var) /{1b (cr.var) I{llc (ms.var) A (all.var) /
(‘E/Tc = 10) I (all.const), % | (all.const), % | (all.const), % | (all.const), %
(j20er(t) / jrzconst(t) — 1) - 100% |  0.001 0.000 0.000 0.001
(j2saer(t) / jzz.const(t) — 1) - 100% | 0.089 0.021 -0.024 0.085
(jaaver(t) / jascons(t) — 1) - 100% | 2.665 | —0.487 | —0.606 1512
(jaswar(t)  jasconst(t) — 1) - 100% | —0.094 0.055 0.018 -0.019
(j56,var(T) /j56,c0nst(T) — 1) - 100% 0.009 0.074 -0.010 0.073

Diffusion mass flows with variable coefficients only in the region of the crystal (11-b)
differ the most from diffusion mass flows with constant coefficients (1) by — 10.3% at the
relative time of boiling sugar massecuite t/t. = 0.15 (the case for js4(t)), and by — 6.2% at the
relative time of boiling sugar massecuite t/t. = 1.0 (cases for jz3(t) and jss(t)).

Diffusion mass flows with variable coefficients only in the region of massecuite (l1-c)
differ the most from diffusion mass flows with constant coefficients (I) by — 0.5% at the
relative time of boiling sugar massecuite t/t. = 0.15, and by — 0.7% at the relative time of
boiling sugar massecuite t/t. = 1.0 (in both cases for jsa(t)).

Diffusion mass flows with simultaneously all variable coefficients (I11) differ the most
from diffusion mass flows with constant coefficients (I) by — 7.1% at the relative time of
boiling sugar massecuite t/t. = 0.15, and by — 7.0% at the relative time of boiling sugar
massecuite t/t. = 1.0 (in both cases for jss(t)).

As can be seen from Table 1, the closest to the obtained results of sucrose diffusion
mass flows in intercrystalline solutions with constant thermophysical coefficients (option 1)
is the result with variable thermophysical coefficients only for the massecuite region (option
I1-c), where the maximum relative deviation is — 0.7%.

In second place in terms of the relative deviation from the obtained results of sucrose
diffusion mass flows in intercrystalline solutions with constant thermophysical coefficients
(option 1) is the variant of diffusion mass flows with all simultaneously variable
thermophysical coefficients (option I11), where the maximum relative deviation is — 7.1%

In third place in terms of the relative deviation from the obtained results of sucrose
diffusion mass flows in intercrystalline solutions with constant thermophysical coefficients
(option 1) is the variant of diffusion mass flows with variable coefficients only for
intercrystalline sucrose solutions (option 1l-a), where the maximum relative deviation is
8.1%.

Finally, in the last fourth place in terms of relative deviation from the obtained results
of sucrose diffusion mass flows in intercrystalline solutions with constant thermophysical
coefficients (option I) there is a variant of diffusion mass flows with variable coefficients
only for crystals (option I1-b), where the maximum relative deviation is — 10.3%.

That is, in the last, fourth case, we get the maximum relative deviations of diffusive
mass transfers from the case obtained with constant thermophysical coefficients.

It is worth noting that the thermophysical coefficients of the massecuite are a certain
combination of the corresponding thermophysical coefficients for the crystal and the
intercrystalline solution. As we can see from the conducted studies, the option only for
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intercrystalline solutions of sucrose (option 11-a) has the maximum impact with a «+» sign
(8.1%). While the variant for sugar crystals only (variant I1-b) has the maximum impact with
a «—» sign (- 10.3%). Their simultaneous influence was expected to be obtained as the sum
of such two influences. However, in reality, we got a slightly different result (— 0.5%), which
does not match the numerical value with the expected 8.1% — 10.3% = — 2.2% by almost 4.4
times. The only explanation the author can offer is that the process of sugar crystallization is
quite complex to understand. Note that in such a complex process as sugar crystallization,
the values of certain thermophysical characteristics for massecuite (for example, density,
thermal conductivity coefficient) are not calculated based on simple ratios of the
thermophysical characteristics of massecuitecomponents (i.e., crystal, intercrystalline
sucrose solution).

Before starting the study of the dependence of non-stationary diffusion mass flows on
the method used to calculate the process (with constant or variable thermophysical
coefficients; alternately or all at once), it was expected to obtain a result that would confirm
that the simultaneous consideration of all variable thermophysical characteristics makes the
biggest impact.

In fact, we found that taking into account all variable thermophysical coefficients is not
the first place, but only the second place. The largest relative deviations were obtained when
variable coefficients for crystals were taken into account separately, as well as when variable
coefficients were taken into account for intercrystalline sucrose solutions.

Again, this can be explained only by the fact that the sucrose mass crystallization
process is very complex and has a pronounced nonlinear character. Moreover, the
crystallization process investigated in this work is non-stationary.

Summing up, it can be concluded that the influence of variable thermophysical
coefficients on the relative changes in the values of diffusive mass flows in comparison with
constant thermophysical coefficients during the entire time of contact of the «two cells—
massecuitey» system with the inner wall of the heating tube of the vacuum apparatus heating
chamber is within the range of — 10.3% to + 8.1%.

With regard to the final results at the final moment of time 1t = t¢eng of the «two cells—
massecuite» system contact at the exit from the heating tube the deviations are as follows:

— at t/t. = 0.15, the largest relative deviations were obtained when taking into account
variable thermophysical coefficients only for sugar crystals (— 10.3%), then variable
thermophysical coefficients only for intercrystalline sucrose solutions (+ 8.1%); then
with all variable coefficients at the same time (- 3.3%); and finally, taking into
account variable coefficients only for massecuite (- 0.5%);

— at t/t. = 1.0, the largest relative deviations were obtained when taking into account
variable thermophysical coefficients only for intercrystalline solutions of sucrose (+
2.7%); then with all variable coefficients at the same time (+ 1.5%); further, taking
into account variable coefficients only for massecuite (— 0.6%); and finally, taking
into account variable coefficients only for sugar crystals (— 0.5%).

Summing up, it can be concluded that the influence of variable thermophysical
coefficients on the relative changes in the values of diffusive mass flows in comparison with
constant thermophysical coefficients at the output of the «two cells—massecuite» system from
the heating tube of the vacuum apparatus heating chamber is within the range of — 10.3% up
to + 8.1%.

Also, it was established that at the value of the relative time of boiling sugar massecuite
/1. = 0.15, when the entire system of cells moves along the heating tube, the substance is first
transferred from the region of the intercrystalline sucrose solution of a smaller crystal to the region
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of the intercrystalline sucrose solution of a larger crystal during . =2.41-2.7 s depending on
constant or variable thermophysical characteristics (Figure 5). Starting from the moment of time
7,2 to the moment of time 7 end = 3.95 s (at /7. = 0.15) when the system of cells leaves the heating
tube, the situation changes to the opposite (Figure 5). So, in this case, only one extreme of the
diffusion mass flow was clearly expressed (the minimum on the graph, which is reached at the
moment of time 1.1 = 1.29-1.45s, determines the maximum mass transfer of sucrose from a
smaller crystal to a larger crystal) . There is no clear maximum in this case.

At the relative time of boiling sugar syrup t/t. = 1.0, two extremes were clearly
expressed (Figure 10):

— minimum at T, = 1.34-2.01 s and

— maximum at T.»=11.39-12.06 s,
depending on constant or variable thermophysical characteristics.

Conclusions

The effect of taking into account variable thermophysical coefficients on the results of
calculations of unsteady diffusion mass flows of sucrose for the system «two cells—
massecuite» (Figure 1, 2) was investigated, as for the case of their alternate change (only
separately for the intercrystalline solution of sucrose , only separately for sugar crystals and
only separately for utfel), as well as for the case of simultaneous change of all thermophysical
coefficients.

The distribution of non-stationary diffusive mass flows was obtained on the basis of the
simultaneous solution of a large system of partial differential equations consisting of a non-
stationary heat conduction problems system and simultaneously three different systems for
non-stationary diffusive mass transfers problems. Solving such a complex system of
problems was carried out using numerical methods.

For a deeper understanding, cases were considered for a certain series of relative time
of boiling sugar massecuite t/t. = 0.15; -1.0.

This paper presents the distribution of non-stationary diffusion mass flows of sucrose
only for the case of relative boiling time: t/tc = 0.15 and 1/t = 1.0.

To determine the influence of variable thermophysical coefficients on the calculations,
the obtained unsteady diffusion mass flows of sucrose at variable thermophysical coefficients
were compared with the unsteady diffusion mass flows of sucrose obtained at constant
thermophysical coefficients (subject to the same other conditions).

The comparison was made for two cases:

a) during the entire time of contact of the «two cells—massecuite» system with the inner
surface of the heating tube of the vacuum apparatus heating chamber (0 < t < t¢end);

b) at the moment of time when the «two cells—massecuite» system leaves this heating
tube (t = Tcend)-

For option (a), the following studies were conducted:

—  to determine the weight of the impact of taking into account variable thermophysical
coefficients on the obtained result of diffusion mass flows of sucrose; they give
reasons to accept the calculations made with constant coefficients close to the
calculations made with variable coefficients only for massecuite; the maximum

relative deviation in this case is: — 0.5% at t/t. = 0.15, and — 0.7% at T/t = 1.0;
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— unsteady diffusive mass flows with variable thermophysical coefficients only in the
region of the crystal differ from the calculation option with constant coefficients by

—10.3% at the relative time of boiling sugar massecuite t/t. = 0.15, and by — 6.2% at

to the relative time of boiling sugar syrup t/t. = 1.0;

— non-stationary diffusive mass flows with variable thermophysical coefficients only in
the region of the intercrystalline sucrose solution differ from the calculation option
with constant coefficients by 8.1% at the relative time of boiling sugar massecuite

T/7. = 0.15, and by 4.7% at to the relative time of boiling sugar massecuite t/t. = 1.0;
— finally, the conducted studies of non-stationary diffusion mass flows with all
simultaneously variable thermophysical coefficients differ from the calculation option
with constant coefficients by — 7.1% at the relative time of boiling sugar massecuite

T/t = 0.15, and — 7.0% with the relative time of boiling sugar massecuite t/t. = 1.0.
Summarizing the research carried out for option (b), it can be concluded that the
influence of variable thermophysical coefficients on the relative changes in the values of
diffusion mass flows in comparison with constant thermophysical coefficients at the output
of the «two cells—massecuite» system from the heating tube of the vacuum apparatus heating
chamber is ranges from — 10.3% to + 8.1%.

A general conclusion can be made as follows. Taking into account variable
thermophysical coefficients affects the non-stationary process of diffusion mass transfer for
intercrystalline solutions of sucrose in the components of the «two cells—massecuite» system.
The limits of this influence are from — 10.3% to + 8.1% of relative units.

If the researcher is satisfied with deviations of this order, he can further use
thermophysical coefficients for calculations of steel (note that the calculation time of the
entire system of problems in this case is significantly reduced by many times). Otherwise, it
is worth using a more accurate model in which variable thermophysical coefficients will be
taken into account, and all components of the «two cells—massecuite» system at the same
time (maximum relative deviations in this case will be 7.1%).
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Introduction. The purpose of the research is to analytically
determine the parameters of the separation of two characteristic
modes of heat transfer to the boiling film under the condition of
its cyclic mixing by large waves, which takes place in the long
pipes of film evaporators of the sugar industry.

Materials and methods. Analytical methods of analysis of
heat transfer processes in flowing laminar and turbulent films of
liquids during vaporization are applied in the study.

Results and discussion. Mathematical modeling of the
temperature field in a liquid flowing down the vertical surface of
a boiling film with a developed wave structure in the presence of
an accompanying vapor flow at the time of the appearance of a
temperature gradient at the film-vapor interfacial surface was
carried out. The perturber of cyclic temperature fluctuations in the
film in long channels are large low-frequency waves that roll
along the interfacial surface. The limiting curve for separating
heat transfer modes in the film is obtained on the basis of the
approximate solution of the differential equation of heat
conduction with a convective term for both laminar and turbulent
modes of film motion using the algebraic form of dependence for
turbulent viscosity in the film provided under the condition of zero
temperature gradient on the surface of the film. As a result of
solving the problem, an analytical expression was obtained, which
is the initial condition of the boundary value problem of heat
transfer in a boiling film, which arises at the moment of stirring
the film by a large wave. It was found that with a change in the
volume density of irrigation from 0.0001 to 0.0005 m?s, the
length of the film run, during which the heat exchange mode
changes, is 50-140 mm for laminar films and 10-35 mm for
turbulent films, respectively.

Conclusions. From the equations of convective heat
conduction for laminar and turbulent films under the condition of
zero temperature gradient on the surface of the film, expressions
are obtained that are the initial conditions of the boundary value
problem of heat exchange in a boiling film, which occurs at the
time of mixing of the film by a large wave.
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Introduction

Transfer processes in flowing films of liquids with interaction with a gas (vapor) flow
are characterized by high intensity due to the powerful interaction of the gas flow with the
surface of the film covered by a complex system of surface waves. In addition, film processes
are fast-moving, which is especially important in the processes taking place in heat and mass
exchange devices of the food industry, where the determining factor in improving the quality
of products during their heat treatment in evaporation devices is a short stay in the zone of
elevated temperature.

Considering the variety and complexity of the structural forms of surface waves, which
have a decisive influence on the intensity of transfer processes in films, a large number of
works are devoted to the study of wave characteristics of films and modeling of thermal-
hydrodynamic processes in films. But the majority of them are devoted to the analysis of
thermohydrodynamic processes in films on short sections of pipes, where the wave structure
is formed by a system of high-frequency capillary waves on the surface of laminar films of
water (Dietze et al., 2014; Lel et al., 2015) and viscous liquids (Gourdon et al., 2015).
Turbulence in films has also been studied on short sections and has a specific structure
associated with the damping of turbulent pulsations by the interfacial surface (Mascarenhas
et. al., 2013). There is a limited number of experimental and theoretical works on the study
of heat transfer and hydrodynamics of film flows in long pipes, where the structure of large
low-frequency waves is formed (Kostoglou et al., 2010; Malamataris et al., 2008). However,
the large waves that are formed at a distance of 1.5-3 m from the entrance play a decisive
role in the processes of heat exchange in long steam-generating channels. Since the speed of
the large waves exceeds the speed of the interphase surface of the film (by 2.5-1.5 times
depending on the Re number), and their amplitude is 2-3 times greater than the average
thickness of the film, deformed large waves act on the film like a bulldozer, rolling over the
interfacial surface. It was established that a large wave during its movement has a central
vortex (Demekhin et al., 2005), due to which the film is mixed during its movement of the
wave. Taking into account the above, the following mechanism of heat exchange in the
presence of large waves appears: at the moment of the passage of a large wave, the mass of
liquid superheated relative to the saturation temperature moves from the wall layer to the
interphase surface, where, as a result of self-evaporation, it cools to the saturation
temperature. In the time interval between the passage of two large waves, two successive
processes take place: the first begins immediately after mixing the film and continues until
the state when the temperature wave reaches the interphase surface; the second begins from
the moment of the appearance of a positive temperature gradient on the interphase surface
and, accordingly, is manifested by the beginning of evaporation. The intensity of evaporation
increases with the growth of the temperature gradient on the interfacial surface and this
process continues until the next big wave passes. The limit state of the heating of the film in
the second period is a temperature curve that corresponds to the steady mode of heat
exchange, but this state, due to the significant frequency of passing waves (7—10 Hz), is not
reached.

Thus, taking into account the development of the temperature field along the surface of
the heat exchange, the temperature profile in the period between the passage of large waves
can be obtained from the equation of convective heat conduction, in which, under the laminar
regime of motion of the film, the convective term is written in the form of a parabolic velocity
profile

—— Ukrainian Food Journal. 2023. Volume 12. Issue 1 115



Processes and Equipment ——

T 98,9 o |0txy) __ Ot(xy) 1
vaijjy ZVY} OX & oy? 7 @

and for turbulent — in the form of a power equation:

at(x,y)
y

U (XJ% S )

S o :@(a|+at)

where x and y are the longitudinal and transverse coordinates, respectively; 7; is a shear
stress on the interfacial surface of the film; t is a temperature; o isan average film thickness;

v, p — Kinematic viscosity, liquid density, respectively; g — acceleration of free fall; U, —

velocity of the liquid in the film on the interfacial surface; @,,8, — molecular and turbulent

thermal conductivity, respectively.
The exponent N varies from 1/5 to 1/7 depending on the Reynolds number (irrigation

density). Turbulent thermal conductivity &, , which is included in equation (2), is determined
through turbulent viscosity V, , since these parameters are related by the equation
& _wnPr

a_I v Pr’
where Pr, Pr, are the molecular and turbulent Prandtl numbers, respectively.

A list of the main dependencies for the algebraic form of relations for turbulent viscosity
in flowing films of liquids is given in (Mascarenhas et. al., 2013). Among the latest relations
proposed in the literature for the algebraic form of turbulent viscosity for film flows with
accompanying vapor flow in vertical evaporation channels is the relation (Petrenko et al.,
2020)

o]

% _5.10°Re" {1+ 3, 6|:1—exp [1—1]:'} fn’ (1—172) , (3)
v d

where f,=C, [1—0,1exp(—1,1086\/@ﬂ ,

Re 2 3
C, =1,119-0,122/We +(o, 07424 + 9’153—106](\/We) ~0,01808(«/We) +

+1,775-10° (JvTe)4 ~ 7,810 (J\/\Te)s +1,28.10° (\/vTe)6 ,

2
u,d . .
We = £2222% the Weber number; U, — steam core velocity; p,— density of steam; o —
o

surface tension; d,=0,02 m.
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Ratio (3) is correct in the range We < 250 for pipes with diameters from 20 to 32 mm

(investigated range).
Graphical interpretation (3) for different phase costs is shown in Fig.1

h
v 2
2.4
1.8

1.2
0.6 éé /1___&

O L —1

02 06 10

\\N \Q
/

n

V,
Figure 1. Dependence — = f (77) on the ratio (3) for water
%

at t=100°C,d=0,02mand uz=10 m/s;
1 - Re =1356; 2 4068; 3 - 6780.
Boundary conditions (on the heat exchange wall (=0) and the interphase surface
(y=0) for the first period: y=0, t=t,; y=6, %=0 and initial conditions x=x_,

t=t(x,,y). For the second period, the boundary conditions are: y=0, t=t,; y=6,
t=t,, and initial conditions x=x_, t=t(x,,y) . The index "w" refers to the wall, “sat"

~ sat?
— the state of saturation; "m" corresponds to the transition conditions from period 1 to period
2. The function t(xm , y) is a solution of equations (1, 2) (depending on the mode of motion

of the film) at the moment when %h_ﬁ =0. Equations (1, 2, 3) with the given boundary

conditions make it possible to obtain the temperature distribution for both the first and second
periods of the development of the temperature field in the film.

This work is devoted to the determination of the longitudinal coordinate X, under
which the condition is met ? y-s =0 and the obtaining of the boundary temperature curve
y

under these boundary conditions for laminar and turbulent films t=t(xm, y), which is the
curve separating the two regimes of heat exchange in boiling films.

Materials and methods

The paper examines the parameters of distinguishing two modes of heat exchange in
the model of heat exchange in boiling liquid films with a developed structure of large waves.
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Research methods — analytical research based on the equations of convective heat
conduction, using empirical coefficients in the ratio for turbulent viscosity, obtained based
on the analysis of experimental data from the study of heat exchange processes in turbulent
films (Petrenko et al., 2020).

The range of changes in regime parameters in which the obtained research results are
correct is determined by the range of changes in parameters for which the empirical
coefficients in the relation for turbulent viscosity were obtained (Petrenko et al., 2020) and
is: the volumetric liquid flux varied in the range of 0,05-0,55x10° m?/s. Steam speed 0-35
m/s, pipe diameter 20-34 mm; the length of the pipes is 1,5-9 m.

Results and discussion

Schematically, the temperature and velocity profiles in the film before and after the
passage of a large wave are shown in Figure 2.

Y
! u
\ k ‘
\
"\\\‘ 7\4b
F/, pre ‘\t. :\\ !
‘\tC: | u, "\;\. u,
AN | F//[
‘ -
v < |
v
u ’\$ N4 ]
C
X _
b

a

Figure 2. Scheme of the movement of a large wave on the surface of a turbulent film:
a — velocity and temperature profile before the passage of a large wave; b — after.

¢ — phase speed of large waves; ﬂbw — length of large waves, accordingly.

Laminar mode of motion of the liquid film

We assume that in the laminar mode of motion at the time of appearance of the

temperature gradient 2_6 at the interphase boundary, the film travels the distance at which
M =1

the velocity profile becomes parabolic or close to it. Then the convective heat transfer

equation (1) in the presence of shear stress on the interphase surface 7; in dimensionless

form will be written as
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T 5 00,8 0°0(,
5,9, 8,0 (900009 _S*ond @
vpo v 2v a O on
t(n&)—t ) _
where H(n,é):% — the dimensionless temperature; 77=% , 5:% -
W sat

dimensionless transverse and longitudinal coordinates.

The task of finding the coordinate where the two modes of heat exchange in the film are
separated during vaporization is formulated as follows. A liquid film flows down a vertical
surface and is uniformly heated to the saturation (boiling) temperature t_, . The temperature

of the heat exchange surface, along which the film flows, instantly increases to t,, . Let's find
the longitudinal coordinate &, or the distance covered by the film, at which the temperature
profile will develop to the state at which a temperature gradient will appear on the interfacial
surface of the film @0 >0.

on n=1

It can be solved (4) using an approximate method. To do this, replace the left part of (4)
with the average value

i K g +gjn g”z}fae(n,f)dn:[riéz+g_53j189av(é)_

5 m v ) 2y a 0O& 2_pv v Ja O

Given that the average speed is defined as

J 2
U:lJ. i+g_5 y_£y2 dy:ﬁ_Fg’
oyl\lpy v 2v 2pv  3v
and the film thickness and the average velocity are related by a cubic equation

2 3
G, =us=10 ;99 5)
20v 3v

equation (4) takes the form

Pe 00(.8) _ 2°0(n.8) '

4 o0& on’ ©
where Pe = 4:V = 42;5 — the Peclet number; G,— volumetric liquid flux.
Double integraltion (6)I under boundary conditions
n=0,0=1; nzl,%%zD, ™

gives
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Pe 00, (5) 772
0(n,é&)=——"""2 ——n |+1. 8
() == | 2" (®)
o 00,,(8) .

It was found the derivative 7 from the expression for the average temperature®,, ,

which we give as mass average

i u(n)
Ou =£9(77,6)Tdn=£9(17,5) P n. ©)
[va +f?:v]
Integration (9) gives
6 =1-— agav (é) & 25Ti +16pg(5 =1— aeav (5) D (10)
a o 80 3r,+2pgd o ’

where D= Pe 257, +16pg0 .
80 3r; +2pgo
Integrating the differential equation (10) under the initial condition: £=0, 6,, =0, we

obtain an expression for the average temperature

0, =1—exp(—%j. (1)

do
Differentiating (11) and substituting the derivative of (11) % into (8), we obtain the

temperature distribution in the film at £=¢£_ , which is the boundary curve between the first
and second characteristic regimes of heat exchange in the film

9(’7:5,“):(%j%@(p(_%j[%_ﬂ}fl- (12)

The graphic interpretation of (12) is shown in Figure 3.
0, (1)

0.8
0.6 \‘
0411\

02 I\

N

N

0204 0608 N

Figure 3. Graphic representation of the limiting temperature curve (12) at:
Gv=0,5-10°m?%s; u, =20m/s; 7, =2,7 N/m; 5§ =0,256-10° m.
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The coordinate & is determined from (12) under the condition that when &=¢&  the
dimensionless temperature is zero, (9(L&,)=0)
Pe

¢, =DlIn (%j . (13)

With free flow (7; =0) D = Pe 257, +16p g9 = Pe , and the expression (13) for & takes
80 3r,+2pgé 10

the form

& =pin[ 22| Pe1n[3) -0 0223 Pe. (14)
8D) 10 "\ 2

Actual (physical) distance when defined as

Xy =0 -

m

The thickness of the laminar film during free flow on a vertical surface is defined as

5 3fBva ’
g

and in the presence of accompanying steam (gas) flow — as a result of solving the cubic
equation (5). The results of dimensionless distance £ and physical length x_ calculations

for different vapor core velocities are shown in Figure 4.

ém X
700 m,MM
y //
Z 10— A
500 n J/// \/ /,
2 - 100 N
300 s YAAA
T 3 2 2Z B
= 50 AA]
100 4 Z 3
| G,,m%s G,,m%s
110* 310% 510* 110% 310* s510™

Figure 4. Dependence of the dimensionless & (a) and physical X (b) length overcome by a
laminar film, at which the heat transfer regimes to the film change from the volumetric liquid

flux G, .
u, m/s:1-15;2—-25; 3-35;
4 —free flow.
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Turbulent mode of motion of a liquid film

For the turbulent motion of the film, we give the convective heat conduction equation
(2) in dimensionless form

65 . 1 00(£n) & 06(&,m)
c a(n) —85 —6’7(a,+at)—an (15)

In relation (15), the power profile of the speed u = uiny" is given by the average speed

1 1
y)y 6 _(yp_6_ 3
u=u|=| ==0|=| ==0n%, (at n=1/5).
(L] -Za(2] 2o, ¢ )

By replacing the left side of equation (15) with the average value

j 60 ()yé’ﬁ(fn)a _57%0.(&)
!5

¢ ¢
we will get
00, 00(¢&,
Ped0u(5) 0y, a)00(sm), (16)
4 o¢ 077 a on
Since Ll =ﬁ% , expression (16) will be rewritten in the form
VL

206)_ 2y, 10 -

4 o¢ on v Pr, on

The boundary and initial conditions under which the boundary temperature curve in the
film is located are similar to the laminar flow regime of the film (7)

n=0,0=1; p=1, 22_0: s—0, 0=0
on )

Integrating (17) under the conditionz =1, 2—9 =0, gives
n

Pe 06, (& d d
0(n.¢)= ag( ) [~ "P -f ”P . (18)
(1+V‘rj (1+V‘r]
v Pr, v Pr,
We give the turbulence function in the film in the form (3)
%=«9m772(1—772) . (19)
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o]

where ¢, =5 .10°° Re'* {1+ 3,6 {1— exp [1— di]:l} [1— 0,1exp (—1, 1086\/We )J C,

Provided that Pr, =1, expression (18) taking into account (19) will be rewritten as

_Pead, (¢) ndn o
0(né) =72 {I(hgm(nz—n“)”) I(“gm('f—”“)”)l

and its integration under boundary conditions =0, 0 =1 gives

L arth P(20° 1) , o Arth(ﬁpn}
Pe g, (£)| H H (4+P)4 A
T L, Arth(ﬁpﬂj : [Pj

+— Arth| —
(4+P)B B H H

0(n,&)=1+ , (20)

where H=+4P+P? ; A=[P-[P(4+P)]"?P|"”;  B=|[P+[P(4+P)]"P]"*;

P=¢g,Pr.

00
The derivative % is unknown. The average temperature, which is included in
equation (20) and which is subject to determination, is defined as average mass
1 ( 1
L =[0(n.6)—d j 7#0(1,)d (21)
0 u O

There is no analytical expression for the integral (21), but assuming the fullness of the

velocity profile, with a certain approximation with respect to the average temperature
6,, (&), we apply the simplification
1

= [0 Wy < [o(n.)an (22)

Then as a result of integration (22) we get:
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H A?-2P?) 2 P
2P(P+4)IH[BZ—2P2]+ﬁArth(ﬁj+
6 (§)=1+—eae 2P )Ath(*/—P] V2 (P+H), th(ﬁPjJr
» 4 o0& 2aH 2 bH b ’
J2H 2P 1 2P H B
_+(P 4)[AA h[ A J EArth( B D+P(4+P)In(ZJ

where a=+P?~PH ; b=yP?+PH .

Denoting the expression in square brackets as

[ 2 _9p2
H A =2F +£Arth(ij+
2P(P+4) \B*-2P H H
2(P- P+H
S:& +\/_( )Ath J—P J—( +H) Arth 2P + ,
4 2aH 2 bH b
J2H A th J—P iArth /2P + H In[E]
(P+4)( A A B B P(4+P) (A
we come to the differential equation
daé,,
dé '’

solution of which, under the initial condition £=0; =0, gives an expression for the

average temperature
5)
0. =[1-exp| = |]|.
gt

ol

By substituting the obtained derivative into the original equation, we obtain the limiting

Derivative from 0,to &
déa

av

dg

1

S

curve 6, (n,£,) atthe distance &, , at which the condition Z—9=0
n
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%Arth{P(zﬂ _1)]+ J2H Arth[ﬁpnj—
(23)

H (4+P)4 A

Sm

0,(n.¢,)= 1——exp
' (S - JH Arth[ﬁpn}r%Arth(Ej

(4+P)B B

A graphic representation of the obtained function 6, (n,ém) is shown in Figure 5.
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Figure 5. Graphic representation of the limiting temperature curve (23) from the dimensionless
transverse coordinate 6, = f (77) with the parameters:
P =10, Pe=12000.

The coordinate &, for which 2—9 =0 is found from the condition , =1, 6(1,&,)=0

n
i Arth (£j+ \EH Arth[ﬁpj—
H ( A

H 4+P

Ozl—Z—geXp(%) i )A
2w 22] Laen(2)
(4+P)B B H H

Denoting the expression in square brackets as K

:I Arth(Pj J2H Arth[ﬁP]—

‘ (4+P)4 A
- \/EH Ar'[h[\/E Pj+i Arth (Ej
(4+P)B B H H

we will get the ratio for calculation &, in the turbulent mode of motion of the film

4s
‘ —sm[P K] (24)
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The graphical interpretation of (24) is shown in Figure 6.
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Figure 6. Dependence of the dimensionless &, length overcome by a turbulent film, at

which the heat transfer regimes to the film change from the volumetric liquid fluxG, :

1 —free flow;
u, m/s: 2—-15m/s; 3—-25; 4 — 35.

To obtain the physical length of the boundary of the zones X, under the turbulent

regime, it is necessary to determine the thickness of the film from the equation of motion
using the dependence for turbulent viscosity (3)

du

=—(1- 77):[1+g (77 -n )Jdﬂ (25)

70 g52

pv 1%

From (25) under boundary conditions;; =0, u =0, we obtain the velocity profile
2
(0, 99%) V2h |1, (N2, 7 |- Arth| Y26 “/—g -
pv v J(A+g,)| T r j i
2 e (2n* -1
_9% | arth m( 7 ) + Arth| &n | |,
vh h h
Whereh = \/4¢, +&2; ] =\/e,i —-g.hir =\/s§| +&,h;

nzFArth(ﬁg J Ath[\/zg ﬂ
r r j j

1
The average speed T = I udn is obtained from (26):
0

[l )]

4+e,)|  de, \r*-2¢") 2 j -
L [2Arth[ )—L£ Ath(\/_g ] Ath(‘/_‘S D Ln}
vh h j J 2
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The thickness of the film & and the average speed T are related to the volumetric

G
liquid flux G, by dependence & = EV Whence the expression for the average thickness of

the film takes the form of a cubic equation

2 3
G, = (’5 JD 99 (ph-B), (28)
Yoi% vh

B:{ZArth(S—mJ ‘/—h[ Ath[\/—gJ 1Ath[fg D—&n}
h 2 |r r j j 2
B J2h 2 j?-2¢2 2 r
_(4+gm){n_aln(r2—2gé] 2¢, 25 " (]H

In the case of free flow (7; =0), the film thickness is directly from (28)

where

G,vh

5= a2 2
g(Dh-8)" @)
X, mm
30 3 5
4
20 /

Vi
10—

110% 310% s510®

GvaZ/S

Figure 7. Dependence of the physical X, length overcome by a turbulent film, at which the

heat transfer regimes to the film change from the volumetric liquid flux Gv :
1 —free flow; uz, m/s: 2 -15; 3 -25; 4 — 35.

Regarding the distance covered by the film during the period between the passage of
two large waves. The phase speed of the large wave C exceeds the average speed of the film
U , so a selected section of the film moving at speed T will be crossed by the next wave in
time = atadistance of X .

A

c-u’

T =

where C, 4, — face velocity and length of large waves, respectively.
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The distance X covered by the filmintime = , moving atspeed T , between the crests

of large waves is equal to

Uﬁhﬁ tc c (30)

where f,,, — is the frequency of large waves. The quantities C, 4, f,, are functions of
irrigation density, interfacial tangential stress, and channel geometry. According to data
known from the literature, the phase speed exceeds the average speed of the film by 2.5- 1.5
times, and the length of large waves ﬂbw in long pipes is 100-140 mm, depending on the
density of irrigation. If we take the average value of the phase speed =2z, we get the
distance covered by the film during the passage of two large waves, which, according to (30),
is equal to the wavelength of X= /. Thus, since X, <4, two modes of heat exchange are

realized during a wave cycle on the entire gap of the film surface between two large waves.
The initial condition for finding the temperature profile in the second period is equation (12)
for laminar and (23) for turbulent film motion modes.

Conclusions

1. The obtained relations (13) for the laminar flow and (24) for the turbulent flow allow
us to calculate the length of the film movement between two large waves up to the limit

(&=¢&. ), at which the character of the heat transfer to the boiling film changes — from
the heating mode to the saturation state on the interfacial surface to the evaporation
mode with of the interfacial surface with an increase in the heat flux in the process of

movement to the steady state.
2. As a result of solving the convective heat conduction equation with the boundary

conditions =0, 6=1; n=1, 2—9 =0 and the initial condition: £=0, 6, =0,
n

obtained solutions for laminar (12) and turbulent (23) flows, which are the initial
conditions for the equation of convective heat conduction in the second period of
development of the temperature field in the filmat £=¢, .

3. The parameter x_ for the turbulent flow is not very sensitive to changes in the velocity

of the vapor core, since as the film thickness decreases due to the dynamic action of the
flow core on the film, the intensity of turbulence in the film also decreases.
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Introduction. Food production is based on the use of
fertilizers, in particular those containing phosphorus. Recovery of
phosphorus from wastewater can prevent eutrophication of water
bodies, meanwhile the removed phosphate can be used as a
fertilizer.

Materials and methods.  Wastewater  containing
phosphorous, iron ore, iron reducing bacteria are the main
components of the proposed technology for phosphorous
recovery. Microscopic observations were done using laser
scanning confocal microscopy. Obtained fertilizer was tested for
plant growth.

Results and discussion. An effective biological method for
removal and recovery of phosphate from phosphate containing
liquid wastes using precipitation of phosphate by microbially-
produced ferrous ions was proposed. Performance of this
biotechnology on the example of reject water (liquid fraction of
anaerobic sludge) from municipal wastewater treatment plant was
shown. This biotechnology is based on the application of iron ore
treated by iron-reducing bacteria Stenotrophomonas maltophilia
strain BK. Dissolved ferrous are produced from solid iron ore
using iron-reducing bacteria and precipitate phosphate present in
wastewater.

Phosphate-iron precipitate was assessed as a phosphorus
fertilizer by addition of it to sandy soil poor with nutrients using
for cultivation of three plants, namely Lycopersicum esculantum
L. (tomato), Casicum annuum L. (pepper) and Ipomoea aquatica
(water spinach). Addition of phosphorous precipitate to soil
increased dry weight of stems and leaves of test plants by up to 5
times in comparison with control.

Conclusion. The biotechnology of anaerobic removal and
recovery of phosphate from reject water of municipal wastewater
treatment plants using iron-reducing bacteria Stenotrophomonas
maltophilia strain BK and iron ore as a source of ferric has been
developed. Produced phosphate — iron precipitate could be used
as a phosphorus fertilizer.
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Introduction

This is due to the fact that a large part of soil phosphorus is adsorbed onto mineral
particles or is present in form of slightly soluble salts and also is removed from soil because
of water erosion (Alewell et al., 2020; Giinther et al., 2018). Thus, not much soil phosphorus
can be used by the plants for their growth. Phosphorus for agriculture is obtained from
phosphate rock, which is a non-renewable resource and, according to preliminary
calculations, its world reserves can be depleted in 50-100 years (Cordell et al., 2009).
Phosphorus has even been called a "disappearing nutrient" (Gilbert, 2009). Therefore,
recovery of phosphorus from various wastes in order to use it later as a fertilizer is a
significant contribution to the problem of phosphorus shortage for agriculture.

From the other site, concentration of total phosphorus above 0.5 mg/l in freshwater
systems causes their eutrophication. Growth and decay of phototrophic biomass lead to
decrease of dissolved oxygen concentration in natural water that Kills aquatic life and
decreases quality of drinking water. According to European legislation, the concentration of
phosphorus in purified municipal wastewater (discharged effluent from Municipal
Wastewater Treatment Plant, MWWTP) should be below 0.5-1.0 mg/l (Sunner, 2017).
According to the standards of United States Environmental Protection Agency (US EPA) the
content of total phosphorus in streams that discharge directly into water systems should be
less than 0.05 mg/l (US EPA, 1986). Meanwhile, concentration of phosphorus in municipal
wastewater varied from 5 to 20 mg/l and only 30% of this concentration is removed by
secondary treatment (Cieslik and Konieczka, 2017).

Concentration of total phosphorus in reject water (liquid fraction of anaerobic sludge)
in MWWTP is in the range from 50 to 130 mg/l (Pitman, 1999). So, phosphorus, which is
present in reject water, is from 10 to 50% of total phosphorus load to the aeration tank (Van
Loosdrecht and Salem, 2006). Removal of phosphate from reject water can significantly
decrease the phosphorus load on the aeration tanks of MWWTP, and helps to prevent
eutrophication of natural water bodies. Besides that, removed phosphate probably can be
used as a fertilizer in agriculture.

Ferrous chloride and ferrous sulphate are conventionally used for chemical removal of
phosphate from wastewater (Giinther et al., 2018). The main disadvantage of this chemical
precipitation of phosphate is the high cost of iron salts. Application of iron-reducing bacteria
(IRB) for reduction of Fe(l1), which is supplying to reject water as a cheap iron ore mining
waste, produces dissolved Fe(ll), which will precipitate phosphate. This technology can be a
new method for phosphate removal and recovery (lvanov et al., 2005; 2006; Korniienko et
al., 2023; Stabnikov et al., 2004; Stabnikova et al., 2023; Tay et al., 2008). Altogether,
obtained precipitate contains phosphorus, which is a non-renewable nutrient needed for plant
growth.

The aim of the present study was to propose technological scheme for anaerobic
removal and recovery of phosphate from reject water of MWWTP based on application of
iron-reducing bacteria at the presence of iron ore and check the possibility to use of
phosphate-iron precipitate as a fertilizer.

Materials and methods
Microscopic observations

The interaction of iron-reducing bacteria cells with Fe(OH)s particles was observed
using a confocal laser scanning microscope Fluoview300 (Olympus, Japan). The
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combination of SYTO 9TM nucleic acid stain and propidium iodide was used according to
the manufacturer's instructions for the LIVE/DEAD BacLightTM dye kit (Molecular Probes,
Eugene, OR, USA). This kit is used to detect live and dead bacterial cells due to the ability
of propidium iodide to selectively penetrate dead cells (Boulos et al., 1999). The green
fluorescence of SYTO 9TM dye and the red fluorescence of propidium iodide were induced
by a 10 mW argon laser at 488 nm, separated into two channels at 570 nm with a filter, and
determined in channel 1 with a filter that transmitted light 1 with a filter that transmitted light
from a wavelength of 580 nm to 640 nm.

Microbiological analysis

A 24-h direct plating method for fecal coliform enumeration at 37+1 °C for 2143 h
using Coliforms Chromogenic Agar was performed to assess the possibility of phosphorus-
iron precipitate application as a fertilizer.

Plant cultivation

Tomatoes (Lycopersicum esculantum L.), chili peppers (Casicum annuum L.), and
water spinach (Ipomoea aquatica) were selected to study the effect of phosphate-iron
precipitate (PIP) obtained from wastewater on the growth of plants in ceramic pots (23 cm
diameter, 18 cm high), each of which contained 4 kg of nutrient-poor soil with a moisture
content of 14%. As controls, only soil without impurities (C1), soil with the addition of
nitrogen fertilizer (C2), and soil with the addition of phosphate fertilizer (C3) were used.
Ammonium sulfate was used as a nitrogen fertilizer in the amount of 0.46 g per kg of soil
(0.098 g of nitrogen), which corresponded to the recommended rate of its use for nitrogen-
poor soils (Roman et al., 1990). As a phosphate fertilizer, KH.PO, was used, which was set
in an amount corresponding to the amount of phosphorus in the experiment using obtained
phosphate-iron precipitate. In the experiment, iron phosphate precipitate was added in an
amount that corresponded to 0.0475 g P per 1 kg of soil and ammonium sulfate in the same
amount as in C2. All chemicals were applied to the soil, thoroughly mixed and left for a week
before making 10 seeds in each pot. After three weeks, 5 strong seedlings were left, which
were grown for 8 weeks. At the end of cultivation, all plants were carefully removed from
the soil and the roots were washed with distilled water. The length of the ground part of the
plants and the root system was measured. The dry weight of the aerial part of the plant and
roots was determined after drying at 60 °C for 48 hours.

Statistics

Experiments were carried out in triplicates. Statistical processing of the experimental
results was carried out using special computer programs for personal computers.

Data on the effect of iron phosphate on plant growth were analysed by ANOVA and
Tukey statistical procedures using the Statistical Package for the Social Sciences (SPSS)
version 12.0 program (SPSS Inc, Chicago, Illinois).
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Results and discussion
Production of phosphate fertilizer

The main processes for removing phosphate from any phosphorus-containing liquid
waste using iron-reducing bacteria are: (a) anoxic bacterial reduction of Fe®* from a cheap
natural mineral such as iron ore and converting it into a soluble form Fe?*; (b) precipitation
of phosphate due the formation of an insoluble phosphate-iron precipitate:

4Fe,03 + CH;COO" + 7TH,O0 —p 8Fe?" + 2HCO" +150H" 1)
Fe?* + HPO, —» FeHPO, )

Ferrous phosphate could be further chemically or biologically oxidized by oxygen:
FeHPO, + HPO4> + 0.50,+ H,0 — Fey(HPO4)s + 20H" 3)

The process of phosphorus recovery from phosphorus-containing wastewater, including
reject water from municipal water treatment plants, using the reduction of iron from cheap
iron ore sources by iron-reducing bacteria, has been studied and described in works (Ivanov
et al., 2005; 2007; 2014; Stabnikov and Ivanov, 2004), as well as in a US patent (Tay J. H.,
Tay S. T. L., Ivanov V., Stabnikova O., Wang J.Y. US Patent 7 393452, Compositions and
methods for the treatment of wastewater and other waste). The principal scheme of phosphate
recovery and fertilizer production from reject water of the wastewater treatment plant using
iron-reducing bacteria is shown in Fig. 1.

After mechanical treatment, wastewater enters the aeration tank Al. Wastewater after
aerobic treatment in Al is supplied by the pump P2 in the settling tank S3. A portion of
activated sludge is returning to the aeration tank Al, but the excessive activated sludge is
supplied by the pump P4 to the anaerobic reactor AR5. Treated wastewater after the aeration
tank is discharged into aquatic systems. Biogas, which is produced during anaerobic digestion
of activated sludge in the reactor AR5, can be used for heating and/or electricity generation.
Anaerobic sludge after sedimentation in the settling tank S7 and dewatering is disposed of,
for example as concrete from the mixture of cement and sewage sludge. Reject water with
phosphate concentration from 100 to 200 mg/L is supplied to the reactor R8 for its
precipitation by Fe(ll). Part of the reject water is supplied for production of ferrous solution
in the reactor R16. Settling of phosphate-iron precipitate (PIP) is going in the settling tank
S9. Purified liquid from the settling tank S9 is returned to the aeration tank Al for further
treatment, but the precipitate in the form of suspension with the moisture content 90% is
dewatered on the centrifuge C10 to the final moisture content 25%. PIP is drying on the belt
dryer BD11 to the moisture content from 5t010%. Hot air with a temperature 170°C is used
as a heating agent. Final product enters the loading pocket LD12 and through screw conveyor
SC13 is going for the packing to packing machine PM14.

Anaerobic cultivation of iron-reducing bacteria is going at temperature 28+2°C in the
sealed reactor R15, which is filled by 90% medium (NM) with the following composition,
g/l: NaHCOg, 2.5; NH4ClI, 1.5; NaH;POg, 0.6; KCI, 0.1; yeasts extract 0.5; ferric citrate,
CeHgOrFe, 5.0; ethanol, 1.0; tap water to 1 1; pH 7.0. Nitrogen gas is supplied into the reactor
R14 to ensure anaerobic conditions. Inoculum (1) is preparing in the laboratory by anaerobic
cultivation of IRB Stenotrophomonas maltophilia strain BK (Ivanov et al., 2005) on the solid
medium (solidified reject water ) and then by the submerged cultivation in the liquid medium
with the composition described above.
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S. maltophilia strain BK is Gram-negative, rod-shaped, non-spore forming bacteria,
facultative aerobe. S. maltophilia strain BK is able to reduce Fe(lll) using m-cresol, 2,4-
dichlorphenol, p-phenylphenol and diphenylamine, a third by importance compound in the
European Union list of priority pollutants, as a sole source of carbon under anaerobic
conditions. This property of strain BK can be used in the anaerobic (anoxic) treatment of
wastewater or reject water polluted with xenobiotics. Image of iron-reducing bacteria on iron
hydroxide particles obtained using a confocal laser scanning microscope is shown in Fig. 2.
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Figure 2. Image of iron-reducing bacteria on iron hydroxide particles (image obtained using a
confocal laser scanning microscope):
a — cells were stained with nucleic acid dye SYTO 9TM (green fluorescence) and propidium iodide
(PI), penetrating only into cells with a broken membrane.
Dead cells are yellow due to a combination of green and red fluorescence;
b — fluorescence indices of SYTO 9 (upper curve) and PI (lower curve) in the optical section of the
image.

Suspension of IRB biomass is supplied to the reactor R15 for initiation of ferric
reduction from iron ore particles with size less than 4.75 mm and the content of Fe(l11) higher
than 65%, which is periodically loaded in the reactor R15. Further reduction of Fe(lll) is
performed by IRB present in the reactor R16. Reject water is continuously supplied to the
reactor R17 from the settling tank S7.

Reduction of iron from iron ore leads to production of Fe(ll) solution, which is used for
phosphate precipitation in the form of phosphate iron precipitate, PIP. PIP after dewatering
and drying can be used as a phosphorus fertilizer in agriculture.

Assessment of biological safety of use in the cultivation of agricultural plants

An important aspect of the use of wastewater treatment products in agriculture is to
check its safety, in particular, the presence of pathogenic microorganisms. The United States
Standard for the use of anaerobically treated activated sludge (biological solid waste)
includes allowable limits for faecal coliforms (US EPA, 1999). An important aspect of the
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use of wastewater treatment products in agriculture is to check its safety, in particular, the
presence of pathogenic microorganisms. The United States Standard for the Use of
Anaerobically Treated Activated Sludge (Biological Solid Waste) includes allowable limits
for fecal coliforms. According to the content of faecal coliforms, biological solid waste is
divided into two classes: class B with a faecal coliforms content of less than 2x10° cells per
gram of dry matter and class A with a faecal coliforms content of less than 1x102 cells per
gram of dry matter. Unlike class B biological solid waste, class A waste has virtually no
restrictions regarding the place of application and the regarding the place of use and the nature
of crops.

The concentration of faecal coliforms was (4.0+0.6)x10° cells/ml in suspensions of
anaerobic sludge (activated sludge after anaerobic treatment) with a solids concentration of
5.5%; (3.1£0.8)x10! cells/ml in the liquid fraction of anaerobic sludge; (1.8+0.2)x10? cells
per 1 g of dry matter in phosphorus-iron sediment with moisture content of 75%. The growth
of colonies of faecal coliforms was not observed in the analysis of the dried phosphorus-iron
sediment, which makes it possible to consider the possibility of its use as a fertilizer.

Application of phosphate iron precipitate as fertilizer for plant cultivation

The chemico-physical characteristics of the sandy soil used in the experiment are given
in Table 1.

Table 1
Chemico-physical characteristics of soil
Parameters Soil Parameters Soil
pH 6.4+0.1 | N, % from dry matter | 0.29+0.02
Organic substances, % from dry matter | 4.8+0.2 | P, % from dry matter | 0.00+0.00
Density, g/cm?® 1.26+0.11 | K, % from dry matter | 0.16+0.01

Sandy loam soil poor by nutrients was used as control (C). Plants were grown in soil
with addition only a nitrogen fertilizer (C1), in soil with addition only a phosphorus fertilizer
(C2) and in soil with addition of ammonium sulphate as a nitrogen fertilizer and phosphate
iron precipitate as a phosphorus fertilizer in ratio N: P = 2:1 (E). Quality of phosphate iron
precipitate as the phosphorus fertilizer was tested using cultivation of three plants:
Lycopersicum esculantum L. (tomato), Casicum annuum L. (pepper) and Ipomoea aquatica
(water spinach). Results are shown in Table 2.

Data were analysed using one-way ANOVA and Tukey’s HSD tests by the SPSS
statistical package. The length and dry weight of stems in the experiment was increased
significantly: for pepper by 3.1 and 19; for tomato by 4.4 and 40; for water spinach by 2.1
and 5 times in comparison with controls, respectively (Figures 3 and 4).

The length and dry weight of the ground part of the plant (stem) increased when
phosphate iron precipitate was added as a phosphorus fertilizer (E) to the soil containing
nitrogen fertilizer (C1): pepper by 3.1 and 19; tomatoes by 4.4 and 40; water spinach by 2.1
and 5 times, respectively.
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Table 2
Influence of phosphate iron precipitate addition to soil on the plant growth
Parameters of plants | C | C1 (withN) | C2 (with P) | E
Pepper
Length of stem, cm 6.0+0.4* 6.1+0.3* 5.940.,4° 19.0+1.4°
Length of root, cm 4.7+0.8° 4.7+0.,7% 4.6+0.8* 12.6+1.5°
Dry weight of stem, g | 0.02+0.00® | 0.02+0.00* | 0.02+0.00° | 0.38+0.14°
Dry weight of root, g | 0.01£0.00* | 0.01+0.00° | 0.01£0.00*° | 0.08+0.03"
Tomato
Length of stem, cm 7.6+0.7* 7.2+0.4* 7.0+0.4° 31.842.2°
Length of root, cm 6.0+1.1* 5.8+0.6* 5.9+0.4% 10.4+2.3°
Dry weight of stem, g | 0.04+0.0* 0.04+0.0* 0.04+0.0* 1.59+0.37°
Dry weight of root, g | 0.05+0.0* 0.04+0.0° 0.05+0.0* 0.32+0.11°
Water spinach
Length of stem, cm 19.240.5% 16.2+0.8° 11.6+1.3° 33.6+3.7°
Length of root, cm 15.1£2.0° | 10.4+1.,3° 7.8£1.1* | 15.3+1.6°
Dry weight of stem, g | 0.32+0.03* | 0.23+0.01* | 0.16+0.02* | 1.17+0.27°
Dry weight of root, g | 0.15+0.03% | 0.12+0.02% | 0.10+0.02® | 0.18+0.03°

Note: Values in the same line followed by the same letter are not statistically different at P<0.05
according to the least significant difference test (calculated using statistical procedures ANOVA and
Tukey).

Figure 3. Growth of pepper (a) and tomatoes (b) in control (C) and in the experiment with
phosphate-iron precipitate (E).
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Figure 4. Growth of water spinach in control (C), in control added with nitrogen fertilizer (C1),
in control added with phosphorus fertilizer (C2) and in the experiment with phosphate iron
precipitate (E).

Conclusions

The biotechnology of anaerobic removal and recovery of phosphate from reject water of
municipal wastewater treatment plant using iron-reducing bacteria Stenotrophomonas
maltophilia strain BK and iron ore mining waste as a source of ferric has been developed.
Produced phosphate — iron precipitate could be used as a phosphorus fertilizer. Addition of
phosphate iron precipitate in poor by nutrients soil increased the dry weight of stems and
leaves of test plants by 4-5 times in comparison with control.
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Introduction. The Covid pandemic had a great impact on the
sharing economy. As a result, food delivery platforms continue to
flourish. Today, several challenges recently appeared, and this
research explores the ambiguous employment status of food delivery
workers in Hungary. They are uncertain as to whether they are
employees or independent contractors.

Materials and methods. This research provided use of
techniques including "word frequency inquiry" and "“exploration
diagrams," which are supported by the NVivo qualitative research
software. Through interviews and participant observation this paper
attempts to illuminate how food delivery workers perceive their
employment status and the information is gathered directly from
them.

Results and discussion. This study attempted to determine how
Hungarian food delivery workers felt about their status as
independent contractors or employees. The data revealed that the
majority of food delivery employees work full-time, but a large
proportion of them do not view it as a long-term source of income due
to concerns about their health and working conditions. Also, despite
being referred to as "independent contractors," many of them claimed
to be "employees," indicating that they were skeptical and confused
about their employment status. Food delivery employees struggle in
the sharing economy because they do not receive assistance from
organizations such as labor unions. Based on these results, it appears
that there is a need for more clarity and norms regarding the
classification of individuals in the sharing economy. When it is
unclear whether an individual is an independent contractor or an
employee, they can be exploited, particularly if they have no other
employment options. Also, the incapacity of organizations such as
labor unions demonstrates the importance of finding alternative
means to defend and support food delivery workers. This study helps
us understand the issues that food delivery workers in the sharing
economy face, particularly with regard to their employment and the
absence of institutional support. The results demonstrate that
policymakers must address these issues by implementing the
appropriate rules and support systems to safeguard and assist workers
in the sharing economy.

Conclusions. Our research indicates that the attitudes of the food
delivery workers are influenced by the trade-off between the
flexibility of working conditions and the lack of employee benefits.
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Introduction

The sharing economy is gradually growing, and we cannot neglect the increasing
number of food delivery workers, especially during the pandemic. However, there are critical
challenges for these workers (Vinod and Sharma, 2021). The current situation has brought to
light the challenges delivery workers face, such as employment contracts and employment
benefits, especially before and after the COVID-19 pandemic.

As Barton (2001) highlights that gig workers in the sharing economy face identity
problems of whether they are independent contractors or employees. There might be several
reasons behind this uncertainty, where flexibility and benefits are the main drivers.

The flexibility arises when workers indicate the advantage of being able to choose
where and when to work. By doing so, they are able to control and modify their earnings
based on their working hours. Food delivery workers have the opportunity of deciding
working hours by enabling their phones to show an online or offline status. This situation
indicates flexibility.

Lin et al. (2020) highlights the importance of the flexibility that the just-in-time
workforce has become, much more valuable than before in the sharing economy. The
platforms provide flexibility for many people who choose the starting time and duration of
work. It is an essential component for food delivery workers and their working conditions.
Rosso et al. (2010) also highlights the relation between the work and its value to workers,
and this dimension is necessary, especially for workers in the sharing economy.

The food delivery workers' employment status varies from country to country
depending on its regulations. Some nations identify them as independent contractors, whereas
other countries accept them as employees.

During the pandemic, food delivery workers face many difficulties. Moreover, essential
needs, such as holiday pay and sick leave, became more important among the workers.
Governments also aim to leverage these difficulties among workers, and the employment
status of workers play a crucial role in receiving governmental assistance during this
pandemic. Moreover, Schwab and Malleret (2020) also expresses that many workers in the
sharing economy face difficulties in obtaining government assistance during the pandemic.
Their employment contract status plays a crucial role. Food delivery workers are part of the
sharing economy that faces the same difficulties in receiving financial help during the
pandemic.

This research aims to explore the employment status of food delivery workers in
Hungary from the perspective of these workers. This study focuses on the uncertainty of
employment contracts and employment benefits that arises, especially during the pandemic.

People use social media platforms to gather and categorize a diverse array of user
perspectives and opinions. The primary objective is to highlight the different viewpoints and
perspectives of food delivery workers, as well as answer specific queries.

For the purpose of gaining a deeper and more detailed comprehension, in-depth
interviews are used to obtain complete responses to a wide range of queries.

Materials and methods
Materials
Through the implementation of a rigorous research methodology that integrates

comprehensive in-depth interviews, open-ended inquiries on various social media platforms,
and specialized software, we are able to collect an extensive and precise array of
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interpretations from individuals who engage in food delivery workers. In order to effectively
manage and evaluate the large quantity of data obtained from open-ended inquiries on social
media platforms, it is necessary to initially classify the majority of short responses into
distinct categories. Subsequently, qualitative research methods are employed to carry out
comprehensive interviews, which facilitates deeper understanding of the experiences and
perspectives of these workers. Eventually, specialized software tools, such as "Nvivo," are
employed to facilitate word frequency inquiries and exploration diagrams. These tools allow
for the identification and analysis of patterns that arise from the data. By adopting a
comprehensive approach, we have been able to generate detailed and elaborate insights into
the experiences of gig workers among the food delivery workers. This has enabled us to
contribute to a greater understanding of this rapidly expanding sector within the gig economy.

Methodology

This paper reviews the available sources regarding the food delivery workers in
Hungary as part of the sharing economy. The main aim is to reinterpret a certain number of
articles from various sources. For this reason, employment contract status and employment
benefits are widely discussed to analyze the perspective of the food delivery workers in the
sharing economy.

The research is based on a qualitative method, and it is not limited to only particular
sources, such as published articles, specialized authors, professors, or companies. Instead,
the scope of the paper includes participants’ responses and public interpretations to achieve
the entire content beyond the disciplines. An eclectic approach is taken by combining
different disciplines and research methods.

NVivo software, which specializes in exploring qualitative data in research-based
investigations, is also used in this research. The two methods are "word frequency inquiry"
and "explore diagrams," respectively. These methods assist in efficiently merging the
interview materials and analyzing them in specificity (QSR International Pty Ltd. 2020).
Graphs were created using the qualitative data-specific software Nvivo, and its data reflects
a “word frequency query and exploration diagrams.” The most highlighted terms are the most
prevalent coping expressions from interviews.

The research includes in-depth interviews with local food delivery people in Hungary.
The in-depth interviews were taken by people who work in the food delivery sector of the
sharing economy in Hungary. There are both full-time and part-time food delivery workers
among participants. The age range of the participants is between 25-40, and the length of
work experience is from one month to over two years. Males predominate, and almost half
of the workers are not Hungarian citizens. Moreover, specific questions are asked on social
media platforms to gather information from the food delivery worker community,
specifically from the Facebook group Futarok — Wolt — Netpincér. This group includes most
of the delivery sector workers in Budapest comprised of 10.2K members (Banyai et al.,
2014). The closed-ended questions are posted with specific time cycles to collect most of
the answers. The first question aims to understand whether participants provide food delivery
services as part-time or full-time. Almost 150 pieces of feedback were collected. After having
the results, the following question is asked to understand participants *expectations for their
long-term activities. The question is aimed to observe whether participants undertook their
current activity as long-term or not related to the previous question. Almost 250 pieces of
feedback were collected. Additionally, 13 personal comments that respond to the questions
are included as part of the survey discussion. The first and second questions referred to the
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current and desired length of working cycles based on participant preferences. The third and
last questions refer to whether the participant is aware of their working status and the
implications of said status, such as employment conditions and benefits. Therefore, the third
question asks to understand whether participants count themselves as independent contractor
or employees. The third question aimed to observe whether food delivery workers recognize
themselves as independent contractor or employee. The answers are collected from over 100
pieces of feedback.

In the following part, personal comments in response to the questions are shared. These
comments are not directly relevant to the questions, and therefore, they are partly shared in
this section.

The participant observation is also part of the research. and results are shared based on
participant observation experience. The main concern of participant observation is
understanding how other workers perceive their employment status in this field. As part of
the participant observation, this study includes personal experiences working in the delivery
sector for a limited time and observing working conditions. Observations were made through
discussions with other food delivery workers as much as possible while working with them.
The food delivery workers *feelings and interpretations in the working field played important
roles, especially in terms of their employment status according to their perspectives.

The database includes mainly Google Scholar, Scopus, and Science-Direct platforms.
Gale and Ebsco sources are included for further literature review, and literature sources only
began to emerge in the last 2-5 years.

Results and discussion
Employment contract status

This study exposes how food delivery workers in the sharing economy are unaware of
their employment rights and benefits, especially during the pandemic. In other words, there
is a lack of clarity regarding their employment status. The people who were interviewed
appear to be uncertain about their work status. They are confused about where they stand in
relation to the labour market and their position of uncertainty. In this chapter, readers will
obtain information about the employment contract statuses and different approaches of food
delivery workers.

Distinguish between two categories

In order to better explain employment contract status, it is crucial to interpret the main
difference between independent contractor and employee. There are both similarities and
differences between these two categories. The employee is assigned to work under an
employer/manager for any business environment, and the independent contractor may also
work under an employer/manager. However, the employment benefits are not the same for
both categories. For instance, an employee is supported with the primary benefits governed
by employment laws, such as holiday pay and sick leave. On the other hand, the independent
contractor is not afforded the same benefits due to their employment contract status.
Independent contractors do, however, possess greater flexibility in their jobs, such as the
ability to choose their working hours (Thelen, 2018).
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It is crucial to remember that independent contractors should be valued the same as any
administrators or business owners in the sharing economy. Ravenelle (2017) highlights "the
ethos of being your own boss and setting your own hours” for the players in the sharing
economy. In other words, even though food delivery workers are identified as independent
contractors, they do not receive the same flexibility compared to any “manager/boss” in the
traditional economy. Moreover, food delivery workers receive less employment benefits due
to their contact status. In other words, food delivery workers are classified as independent
contractors and therefore are not given the same employment benefits as employees.

Additionally, sharing economy is an emerging concept, and therefore, the relationship
between independent contracts or employees with ongoing business fields is newly created.
The adaptation of new concepts into existing platforms, such as the food delivery business,
creates uncertainty.

Approaches towards the uncertainty

In order to leverage this uncertainty between the independent contractor and employee,
Rogers (2016) highlights the need for a minimum wage for most workers in the sharing
economy. It should be feasible for companies to provide these essential employment
conditions, such as minimum wage and specific employee benefits. In order to set aminimum
wage, the government must be involved. Exposing the issues for workers of the sharing
economy will thus help to improve the political economy accordingly. In the long run,
innovative policies will be essential and sufficient for the growth of the sharing economy.

Furthermore, food delivery workers in the sharing economy are identified as
independent contractors. Their status allows them to decide where and when to work due to
the sharing economy concept. Therefore, this opportunity provides them with essential
flexibility. On the other hand, workers may not decide the price mechanism and do not have
bargaining power during contract procedures. Food delivery workers are only obligated to
confirm the employment contract online without any discussion opportunities. In this case,
the question appears whether or not food delivery workers have value as independent
contractors. The food delivery workers are excluded from particular benefits, such as sick
leave and holiday pay.

Despite these uncertainties, Inman (2021) highlights the essential development by
referencing Uber Technologies, Inc. (Uber). Uber Eats, a subsidiary of Uber, guaranteed that
70,000 food delivery workers are classified as employees by having a minimum hourly wage
and holiday pay aligned with the superior court. This is a sign that the current issue is already
deeply discussed in the UK.

Another article highlights the consensus view that existing laws are insufficient to
support workers' rights in the sharing economy. Therefore, the classification of independent
contractors has to be improved significantly for these participants. Indeed, workers' flexibility
should be considered in employment status, as employment protection is essential to the
digital economy's growth (Means and Seiner, 2015).

Adversely, the emerging economies and new concepts lead many businesses to benefit
from existing laws. Many companies recognize the diminished employee responsibilities. In
the sharing economy, employee classification as independent contractors allow business
owners to take less responsibility. Moreover, this situation leads companies to shortcut their
costs. For example, companies do not pay immense taxes or social benefits for sharing
economy workers because these platforms classify them as independent contractors.
However, as pandemics increase, social benefits become essential. Therefore, gig workers
recognize their lack of rights to obtain these benefits.
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On the other hand, Cunningham-Parmeter (2016) highlights that several American
companies hire people by not employing them in the traditional sense. The growth of new
economies critically underestimates labour standards. Sharing economy and traditional
economy will differ, especially in terms of contract status, as long as platform economies
hire workers as independent contractors. Moreover, this dilemma requires an urgent call for
governments to review existing labour laws.

Concept of food delivery in Hungary

In this chapter, the reader will obtain more profound information about food delivery
workers in Hungary. The central part of the study is to overview the case of Hungary during
the pandemic. In this part of the study, the focus is on how the food delivery sector plays a
role in Hungary as part of the sharing economy.

Recently, the food delivery sector is increasingly in high demand. Lin et al. (2020) also
indicate that the sharing economy is an emerging pattern that grows in various sectors.
Primarily, the food delivery sector in the sharing economy plays an essential role during the
pandemic.

The food delivery sector plays an essential role in Hungary. There are three leading
brands: Wolt, Netpincer and Bolt. These three brands belong to the sharing economy,
especially in the food delivery sector.

Technically, online platform applications are user interfaces where workers can
communicate with restaurants. After registering on the application, users are required to sign
an online contract that indicates a partnership with the company. In other words, the contract
is prepared between food delivery workers and companies as a partnership agreement, which
is partly different from the employment contract of an employee in the traditional economy.
Additionally, users have to register to the tax system as a service provider owner.

In-depth Interview

In this section, participant interpretations will be about the uncertainty between
being/feeling like an independent contractor or employee depending on circumstances.

The term flexibility becomes a critical factor in identifying the employee status,
especially after the pandemic and the growing food delivery sector in the sharing economy.
Flexibility is an excellent option and one of the most attractive features for food delivery
workers. Most of the participants highlight that they can decide where and when to work, and
the duration of working hours based on their availability. Most of the interview participants
emphasize flexibility. Interviewee #2 states that the given contract by food delivery
companies provides flexibility to workers. According to Interviewee #3, flexibility is the
most significant reason why he is eager to work full-time as a food delivery worker, as he
feels more free in this line of work. Also, the literature reviewed shows that companies in the
sharing economy offer workers freedom and flexibility to work wherever and whenever they
prefer to work (Cano et al., 2021).

Moreover, participants often mention the independence of a personal income based on
their efficiency. They indicate that they can estimate and arrange their pay, as they determine
their own working hours. These are the main reasons why food delivery workers feel like
independent contractors.

On the other hand, there are some circumstances where food delivery workers feel like
employees than independent contractors. Interviewee #7 indicates that he has worked as a
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food delivery worker for over one year. Based on his experiences, he highlights that in terms
of his contract, he never had any bargaining power. The food delivery workers have no
bargaining power over the partnership agreement, and they have no chance to make any
amendments to the contracts. Furthermore, Interviewer #4 explains that he works for two
different food delivery platforms. He highlights the working slots in the applications, where
users have to choose time slots to be performed during a week. In other words, there is less
flexibility regarding work hours.

In addition, the online platform or companies, such as Wolt or Netpincer, are the
primary contact in case of any difficulty during the delivery. Some of the participants had
anticipated that the direct contact person would be another food delivery worker. The food
delivery workers can be punished or blocked from the applications due to any disciplinary
issues, such as breaking the rules. Moreover, the revenue is paid during specific cycles, and
this makes them feel like a salaried employee. Interviewee #9, in particular, highlights that
he is not seeing a bright future in this business where he feels like an employee by earning
his income like a salary. He also finds this business hard and sometimes dull because working
as a food delivery worker becomes monotonous after a while. These circumstances lead food
delivery workers to feel more like employees rather than independent contractors.

The interpretations above call attention to the uncertainty between independent
contractors and employees. However, participants also shared their opinions on various
aspects. For instance, Interviewee #3 explains that there is an algorithm to calculate the price
of work per/hour, including the distance. However, this calculation is set for everyone. Only
the online platform providers have to power to raise or decrease the hourly price due to
specific conditions, such as weather or during busy time cycles. The particular changes apply
to every user. Nevertheless, Interviewee #3 indicates that users are also willing to explore the
existing algorithm behind the application, which will provide them with a better
understanding. Interviewee #6 also highlights that food delivery workers do not have any
support from particular institutions or agencies, such as labour unions, which can play an
essential role for food delivery workers in the sharing economy.
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Figure 1. Complete interview quotes
Source: NVivo (released in December 2022)
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The most common words are “boss” and “employee”, which they follow concerning
working durations and their payments. The most notable connection between this chart and
our foundational findings is the dilemma faced by Hungarian workers, who feel either as
employers (bosses) or employees. In the following, Hungarian workers link this difficulty to
their income and hours worked. In other words, food delivery workers compare their working
hours and compensation to their employment status.

Exploring Diagrams
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Figure 2. The benefits of being delivery workers
Source: NVivo (released in December 2022)

The graph mainly illustrates responses about the advantages the food delivery sector
offers. “flexibility” and “unlimited work opportunity” is related to the primary of the study,
which demonstrates why food delivery workers feel conflicted between the roles of employee
and employer. In addition, the “accident insurance” and “‘compensation options” (i.e. Covid-
related payments) were significant advantages.

This graph depicts the Hungarian delivery workers’ anticipation of obtaining the future.
The highlighted areas focus mostly on aspects of representation, where employees perceive
a lack of support for being represented by unions or even countries. In addition, some of the
responses indicate that in the future, delivery positions may be considered as a temporary
occupation in order to “save money for difficult situation”, such as economic or career-related
ones. Some of the replies also highlight the unclarity between employee and employer
because a couple of the results demonstrate represented responses “paid holiday” and
“voucher”, which are mainly applied to employees.
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Figure 3: The future expectaion of being delivery workers
Source: NVwo (released in December 2022)
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Figure 4. The difficultiesdelivery workers
Source: NVivo (released in December 2022)
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In this graph, many issues are presented, with an emphasis on accounting-related topics
such as “billing system” and “taxation.” In addition, app-related difficulties are highlighted
due to the complexity and uncertainty of the algorithm and limited usage entries, such as
“app limitation for working hours”. The complexity arrives due to some responses on
whether employees are supposed to work based on given responses, such as without “app
limitations for working hours” or “entire expenses assigned to you”.
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Figure 5. The status delivery workers
Source: NVivo (released in December 2022)

This graph depicts the current status of delivery employees, with being a boss,
employer, or feeling like an employee as the most attractive result. Being an employer is
supported by responses such as "being a partner" and "being the boss of your job," but being
an employee is indicated by responses such as "being paid by a firm" and "being the boss on
paper but still working for the company.” In addition, there is uncertainty that can be
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explained by responses such as "hidden employment,” "no bargaining power," and "lack of

power."

Food delivery workers ‘perspective on the social media

This section will include the interpretation of answers given by participants through
social media. Four questions were asked to food delivery workers located in Hungary.

The questions were posted in a specific Facebook group that includes most food
delivery workers from the sharing economy located in Hungary. Participants were able to
answer closed-ended questions as well as share their own comments below the questions.

Question 1

According to the results:

QL1: Are you doing this job part-time or full-time?

Part-time [

Full-time ]

0% 13% 25% 38% 50%

Figure 6. Comparation data by poll results
Source: own data

—  47% of the participants claim full-time activity;
— 4% of the participants claim part-time activity.

The result shows that many participants take on food delivery services as a full-time
opportunity. According to the result, we can assume that most of the people do not have other
jobs and do not work as food delivery workers as an additional job but rather choose to be
full-time delivery workers.

Question 2
According to the results:

Q2: Do you see this job as long-term gainful activity?

ONem @Olgen

Figure 7. Comparation data by poll results
Source: own data
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— 53% of the participants claim that they do not see this job as a long-term gainful
activity;
—  21% of the participants claim that they see this job as a long term gainful activity

The result shows that a high portion of the answers belongs to negative intention.
According to the results, we may assume that food delivery workers do not anticipate
working for a more extended period in the future in the delivery sector. Therefore, a dilemma
appears where participants primarily work full-time; however, they are also not willing to
prolong it in the future.

Additionally, there are personal comments under the questions where users share their
opinions about not seeing this job as a long-term gainful activity. Participants highlight that
working conditions and health issues are the vital causes behind this negative intention.

Question 3

According to the results:

Q3: Do you regard yourself as an independent contractor or employee?

[] employee [ individual enterpreneur

employee individual enterpreneur

Figure 8. Comparation data by poll results
Source: own data

— 44% of the total result indicates that people identify themselves as an employee
— 32% of the total result indicates that people identify as an independent contractor
The result shows that most of the independent contractor food delivery workers
recognize themselves as employees despite being independent contractors.

Personal Comments of Questions

Personal comments to the second question provide assumptions that food delivery
cannot be a long-term activity. Participants highlight that working conditions and health
issues are the vital causes behind this negative intention.

The poll results provide the two central answers as yes and n to the last question.
However, participants created their comments, and two of the comments are highlighted
among other comments.

According to the personal comments:

—  61% indicate that they are employees
—  28% indicate that they are immigrants with no specific information about their
employment rights

It is possible that food delivery workers may misunderstand the questions. Though the
question asks about their employee benefits and rights, most of the commenters respond,
“We are an employee.” The comment shows that 61% of participants perceive that any
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benefits or rights are not within their scope unless they are employees. Moreover, the rest of
the comments belong to foreigners, as they indicated in the comments that they are
immigrants. They claim that foreigners, referred as immigrants, are not aware of their benefits
due to their residential status.

Additionally, the word immigrant used in the comments might refer to expatriate or
foreigner as well. Therefore, this study includes this comment under foreigner.

Results show that food delivery workers in Hungary prefer to work in the sharing
economy as full-time workers instead of being idle. However, they are also unwilling to
invest in this field for a more extended period. Moreover, food delivery workers assume that
employment benefits or rights are only available when working as an employee. Employment
benefits and rights are crucial factors in determining whether food delivery workers identify
themselves as independent contractors or employees.

What is more, food delivery workers in the sharing economy recognize themselves more
as employees than as independent contractors as demonstrated by the collected answers. Food
delivery companies in the sharing economy implemented the idea of being the owner of your
business. In other words, they are supposed to be called independent contractors in the
sharing economy. As proof, a food delivery worker must sign a partnership employment
contract with companies under the title of service provider. This is not the same contract
where a single worker signs a bilateral employment contract with a company in the traditional
economy. Consequently, the dilemma arises whether food delivery workers are employees
or individual entrepreneurs as part of the sharing economy.

Participant observation

The aggregate feedback from the participant observation exposes that having
incremental earnings and facing difficulties during a pandemic may be the main reasons for
being a full-time independent contractor of food delivery in the sharing economy. Most of
the workers find this field as an opportunity for incremental earnings, and they highlight that
the more they work, the higher their earnings become. Most of the participants also indicate
that the pandemic is a strong factor why many people turn to the food delivery sector after
facing many difficulties in other business fields.

Besides, food delivery sectors in the sharing economy provide flexibility for where and
when to work. The employment contract, which is called a partnership agreement as a service
provider, also supports their identity as an independent contractor. However, food delivery
workers highlight that they also feel like employees based on current working conditions,
such as bargaining power, application restrictions, and revenue cycles, widely discussed in
the in-depth interviews section.

Limitation of the study

There were a couple of essential difficulties that impacted our study. This study aimed
to review the sharing economy in Hungary. Therefore, a language barrier existed, especially
with comments made in different languages in response to the questions.

Also, the posting pool questions are deleted more than twice on the social platform. The
social platform for given poll questions was managed by an administrator and four
moderators. Since communication issues exist between moderators and managers of the
group's page, the given questions were suddenly removed even though they had prior
approval from the administrator, which impacted our study negatively.

This study aimed to collect an aggregate number of participants during interviews and
questions. However, social platform owners were unwilling to assist in this study. There was
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hesitation among moderators about whether these activities on their platforms played an
essential role or not while this study aimed to get in touch with Hungarian food delivery
workers directly through these social platforms.

Questions for future

The study exposes that most participants are dissatisfied with health conditions during
work, and they also highlight avoiding working in the same sector for longer periods. Another
research may delve into exposing the underlying reasons.

In the poll question answers, some of the participants indicated that they are foreigners
and do not have any idea about their employment rights. Further research can be helpful in
understanding how foreigners identify themselves in terms of their employment benefits and
rights.

This study is limited in scope, as the research only addresses the local citizens and
foreigners working in Hungary. Alongside this research, however, there were some
discussions with a couple of delivery sector workers in Sweden and Gotland, Iceland, and
these workers indicate that Swedish food delivery workers are the minority of total food
delivery workers based on a short analysis. Therefore, this point may need further
investigation in the future.

Conclusion

This paper exposes how the pandemic situation creates remarkable changes in the
sharing economy. This study mainly focused on food delivery workers in the sharing
economy and significant changes in employment contract status and benefits during the
COVID-19 pandemic.

This study discloses that ambiguity is a significant factor, where uncertainty exists
between being an independent contractor or an employee. As explained before, it is an
interesting phenomenon, as there seems to be no concern regarding employment status until
the pandemic occurs. However, this uncertainty is not the primary concern for food delivery
workers in the sharing economy in the case of Hungary. The participants do not seem
particularly concerned about this ambiguity but are more focused on the working conditions
and standards. As an illustration, Barton (2001) emphasizes the issue of identity, whereas
Thelen (2018) explains that the right to choose working hours is an indicator of identity. To
support the idea, Ravenelle. (2017) highlights "the ethos of being your own boss and setting
your own hours” Rogers (2016), however, emphasizes the minimum wage's crucial function
in this regard.

Finally, the study shows that food delivery workers started to be concerned about their
employee benefits and rights after the pandemic. Rosso et al. (2010) describes the
relationship between the value of work, whereas Lin et al. (2020) emphasizes flexibility. It
shows that employment contract status is not the main challenge for workers unless critical
times arise, such as a pandemic. For instance, food delivery workers face difficulty regarding
their social benefits since their employment status involves barriers compared to traditional
workers. The lack of support from institutions or agencies, such as labor unions, for food
delivery workers in the sharing economy, as mentioned by Interviewee #6, highlights the
need for further advocacy and regulation in this sector. Impact of the pandemic made these
people much more aware or interested in their labour market status.
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Introduction. This paper analyses the trends in sugar and sugarcane
production in sub-Saharan Africa, including the core drivers of
production by reviewing the current institutional and production
arrangements.

Materials and methods. The analysis is based on 35 African
countries categorized into 4 regions based on the United Nations M49
classification. A detailed literature review was conducted to explain the
observed trends and to provide context for the various institutional and
production arrangements. The literature reviewed key sugar-related
documents at national level, websites of the core companies producing
sugar in each country including their annual reports and previous
empirical studies undertaken in the major sugarcane producing countries.

Results and discussion. The sugarcane industry in South Africa has
grown significantly over the last 6 decades, with raw sugar production
and sugarcane production increasing by 200 and 215%, respectively. In
terms of regional production, the average growth rate for raw sugar
production over the period 1961 to 2020 was 2, 3, 3, and 13% for Eastern,
Middle, Southern and Western Africa regions, respectively. The Eastern
and Southern Africa regions produce a major share of both sugar and
sugarcane production accounting for 90 and 86% of total production.
Yields have consistently remained low and only Eswatini, Malawi,
Tanzania, South Africa, Uganda and Zambia have remained competitive
and low cost producers in the region. Some countries like Kenya, Uganda,
and Tanzania are not self-sufficient and have consistently been net
importers of sugar. The countries in question have in the past imposed
import restrictions particularly on import tariffs as a way of boosting
domestic production.

Threats to steady supply of sugar and sugarcane, especially for
countries that depend on rain fed agriculture, have continued to emanate
from periodic droughts, particularly the major producing Eastern and
Southern regions in the early 1990s. The institutional review revealed that
the proportion of sugarcane production supplied by smallholder farmers
under outgrower schemes compared to the nucleus estate dictates the
stability of sugar production in Africa. Outgrowers dominate the
production of sugarcane, as is the case in South Africa (92%) and Kenya
(90%), which poses a high risk to the steady supply of sugarcane to the
milling company involved in sugar production. This may arise because
outgrowers may fail to honor their contracts and engage in opportunistic
behavior to side-sell their sugarcane to other offtakers.

Conclusion. Key to resolving the low yields and threats to sustainable
sugarcane production in sub-Saharan Africa will be addressing the
institutional and production arrangements of sugarcane production,
particularly addressing the issues surrounding outgrower schemes that are
the major production models.
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Introduction

The sugar industry in sub-Saharan Africa is characterized by complexity and diversity with
a vast spectrum of participants and stakeholders involved in its production, processing, and
distribution. The sugar industry has key aspects that are distinct from those of other agricultural
commodities in relation to production traits, trade structures, and related political economy
issues (McDonald et al., 2004). The sugar industry is important to most sub-Saharan Africa
countries not only in terms of its contribution to Gross Domestic Product but also in terms of its
potential to create employment opportunities along the value chain and contributing to rural
development (Hassan, 2008). A crucial product in the region, demand and production of sugar
is driven by domestic consumption, export markets and international prices. Some of the best-
run sugar enterprises have recently suffered greatly from persistently low sugar prices,
particularly following the reforms in the European Union sugar industry (Chudasama, 2021).
According to the International Sugar Organization (ISO, 2018), sub-Saharan Africa is the
fourth-largest producer of sugar in the world, making up around 10% of total world and 5% of
global sugarcane production (Machacek et al., 2017; Thibane et al., 2023).

The sub-Saharan Africa region holds a unique position. With below-average per capita
consumption and above-average population growth, it has the biggest potential for sugar
consumption increase of any region in the world (I1SO, 2019). The continent boasts the lowest
average per capita consumption of 17.42 kg, which is about 6 kg less than the global average,
and a deficit of over 10 million tons (ISO, 2019). The production and consumption dynamics
are likely to change given the rate of growth of population of sub-Saharan Africa (Smutka et al.,
2011). On the production side, the sub-Saharan Africa region also has potential to increase its
market share of sugar on the world market given its favorable climatic conditions, economies
of scale, favorable government policies and availability of water and arable land (Hess et al.,
2016; Machacek et al., 2017), and recent increase in investment flows in the sugar industry
(Chudasama, 2021; Machacek et al., 2017).

The main feedstocks for sugar production are sugarcane and sugar beet with sugarcane
alone accounting for about 80% of the total world production of sugar (Machacek et al., 2017,
Rumankova Smutka, 2013; Smutka et al., 2011). In sub-Saharan Africa, sugarcane accounts for
about 83% of total sugar production (Hinke et al., 2018).

Recent studies in sub-Saharan Africa have focused on production and its determinants
(Jones and Singels, 2015; Machacek et al., 2017; Owiti, 2019; Smutka et al., 2011; Tena et al.,
2016; Thibane et al., 2023), trade liberalization and export performance (Machacek et al., 2017,
McDonald et al., 2004), market structure and competitiveness (Chisanga et al., 2014; Hinke et
al., 2018) impact of European Union trade reforms on the African sugar industry (Goodison,
2007; Gotor and Tsigas, 2011; Paha et al., 2021; Richardson, 2009). Maltitz et al. (2019)
analyzed institutional arrangements but the study was only focused on 4 southern African
countries. While a number of studies have revealed salient features about sugar production in
Africa, there is scanty evidence on the core drivers of production, especially the institutional
and production arrangements for sugarcane production. Institutional and ramifications not only
on the supply of throughput used to ultimately produce sugar but also on the output and price
stability of national and international sugar markets. This paper contributes to the ongoing work
on the growth of the sugar industry by providing an elaborate and holistic analysis of the sub-
Saharan Africa sugar industry from a historical and contemporary perspective. The aim of this
research is to review the key features of the sugar market in sub-Saharan Africa not only in
terms of production but also in relation to other indicators such as area harvested, yields and
institutional arrangements at regional and country level over a long time horizon.
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Materials and methods

Materials

The analysis is based on 35 African countries in sub-Saharan Africa categorised into 4
regions based on the United Nations M49 classification widely used by the Food and
Agricultural Organization. Data on production, area harvested, yield and raw sugar
production by region and country were obtained from FAOSTAT website of the Food and
Agricultural Organization. The sub-Saharan Africa geographic sub-region comprises
Eastern Africa (22 countries), Middle Africa (9 countries), Southern Africa (5 countries) and
Western Africa (17 countries) (UN, 2023). The sub-Saharan Africa countries that form part
of this study on average account for 74% of total raw sugar production and 77% of total
sugarcane production in Africa. Although Ethiopia, Reunion Island and South Sudan are
sugarcane producers, the three countries are excluded in the analysis due to non-availability
of data for the period 2015 to 2020.

Methods

This study is descriptive in nature and provides a historical and current perspective of
the development of the sugar industry for selected indicators over the past 6 decades (1961
to 2020), where data is available. The analysis is conducted at both country and regional level
to highlight regional discrepancies and changes that have occurred in both raw sugar and
sugarcane production over the entire analysis period. Some basic descriptive statistics such
as means and percentages were used to describe the trends. A detailed literature review was
conducted to explain the intuition behind the observed trends and to provide context for the
various institutional and production arrangements. The literature reviewed key sugar-related
documents at national level, websites of the core companies producing sugar in each country
including their annual reports, previous studies undertaken in the major sugarcane producing
countries.

Results and Discussion

Trends in sugarcane and sugar production in sub-Saharan Africa

Sugarcane and raw sugar production in sub-Saharan Africa follows similar patterns and
trajectories (Figure 1A and 1B).

Between 1961 and 2020, raw sugar and sugarcane production increased by 200% and
215% respectively. Between the periods 1961 and 1970, 1971 and 1980, 1981 and 1990,
1991 and 2000, 2001 and 2010 and 2011 and 2020, raw sugar production increased by 53%,
10%, 4%,14%, 6% and 8%, respectively. On the other hand, except for the period 1980 to
1990, when sugarcane production reduced by 0.4%, sugarcane production increased by 54%,
13%, 11%, 2%, and 12% for the same periods under review, respectively.

The underlying drivers for this growth are mainly increased local and international
demand due to population growth and expansion of sugarcane production brought about by
large inflows of foreign direct investment (Ngcobo and Jewitt, 2017). Advancement in
technology, use of better production methods and improved cane crop varieties have also
contributed to the general positive trend in sugarcane production during this period. It is also
worth noting that the area harvested may have contributed to the increase in total sugarcane
and raw sugar production. Between 1988 and 2020, the increase in the area harvested
coincided with the increase in sugarcane production. Figure 2 shows the correlation between
the area harvested and sugarcane production.
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Figure 1A. Raw sugar production in sub-Saharan Africa
Source: FAOSTAT, 2023
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Figure 1B. Sugarcane production in sub-Saharan Africa
Source: FAOSTAT, 2023
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Figure 1. Relationship between sugarcane production and area harvested
Source: FAOSTAT, 2023

Despite the positive trajectory between 1961 and 2020, sugarcane production dipped in
some years mainly due to droughts (Hess et al., 2016), especially for countries that depend
on rain fed agriculture. Sub-Saharan Africa had in the past numerous severe and protracted
droughts in northwest Africa (1999-2002), the Sahel (1970 and 1980), the Horn of Africa
(2010-2011) and the southern and southeast Africa (2001-2003) (Masih et al., 2014).

Sugar and sugarcane production by region

Raw sugar and sugarcane production among the regions in sub-Saharan Africa has
alternated between periods of growth and decline. The fluctuations in raw sugar and
sugarcane production are evident in the Eastern and Southern Africa regions, particularly
during the 1991/1992 season due to prolonged drought spells (Sandrey and Vink, 2007).
Overall, there has been an upward trend in the production of both commodities (Figure 3A
and 3B). The average growth rate for raw sugar production over the period 1961 to 2020 was
2%, 3%, 3%, and 13% for Eastern, Middle, Southern and Western Africa regions,
respectively. Sugarcane production, on the other hand, grew by 2%, 3%, 3% and 6% on
average during the same period for the respective regions. The Eastern and Southern Africa
regions dominate both sugarcane and raw sugar production. The former has recorded
significant growth and overtaken the Southern Africa region in sugar raw sugar and
sugarcane production, particularly between 2001 and 2020. The Eastern and Southern
African regions contribute 90% and 86% to raw sugar and sugarcane production in sub-
Saharan Africa.
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Figure 3B. Trends in sugarcane production by region
Source: FAOSTAT, 2023

The average raw sugar production for Eastern, Middle, Southern and Western Africa
regions was 2.64, 0.27, 2.44 and 0.31 million metric tons (MT), respectively. On the other
hand, sugarcane production averaged 25.94 million MT, 3.73 million MT, 20.91 million MT
and 3.94 million MT for the respective regions. Each ton of sugarcane harvested and
processed is expected to produce 120 kg of sugar (FAO, 1984), translating into a conversion
rate of 12%. A review of the production trends from a historical and contemporary
perspective shows that all the four sub-Saharan Africa regions are not far off this target, with
the Southern African region having the highest conversion rate close to 12% (Figure 4).
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However, this must be interpreted with caution as a low conversion rate below the target
might not necessarily imply low levels of efficiency but could be due to the use of sugarcane
to produce other competing products such as ethanol, biofertilizers or bagasse for electricity
generation.

Countries with high cane yields in Sub-Saharan Africa

The amount of cane harvested per hectare varies depending on several factors including
the duration of the growing season, the type of crop, watering system used (FAO, 2023),
climatic conditions, types of soil and human factors (Hassan, 2008). Under rainfed
conditions, cane yields can vary substantially with good yields ranging from 70 to 100 tons
per hectare of cane in the wet tropics while the dry tropics and subtropics can produce crops
yields of 110 to 150 tons per hectare with irrigation (FAO, 2023). With this benchmark, it is
clear that average yields for most sub-Saharan Africa countries are low. In all of these
countries, average yields have either remained essentially stable or declined. Therefore, it is
imperative to investigate the causes of such low yields if the sub-Saharan Africa region is to
increase its sugar output share on the world market as expanding the area cultivated may
prove to be unsustainable. From Table 1, only 12 sub-Saharan Africa countries have had
good cane yields on average between 1988 and 2020, albeit some fluctuations, particularly
for Zimbabwe, Tanzania and Mauritius. The average cane yields for the 12 countries have
been in the recommended range of 70 to 100 tons per hectare.
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Table 1
Top 12 sub-Saharan Africa countries with high cane yields
Country Average Yield (hg/ha) Average Yield (hg/ha) in | Variance
(1988-2020) 2020
Senegal 1,130,827 1,147,597 16,770
Malawi 1,058,137 1,078,256 20,119
Zambia 1,036,815 1,035,811 1,004
Burkina Faso 998,233 1,020,816 22,583
Eswatini 980,008 969,331 10,677
Chad 963,092 1,043,764 80,672
Zimbabwe 883,324 753,994 129,330
Kenya 839,416 758,452 80,964
Tanzania 813,591 700,052 113,539
Mauritius 722,882 599,591 123,291
Mali 709,718 725,057 15,339
Burundi 706,977 690,109 16,868

Source: FAOSTAT, 2023

Main Sugar and Sugarcane Producers in sub-Saharan Africa in 2020

In 2020, sub-Saharan Africa’s share of total world sugarcane and raw sugar production
was both 4%. The top 10 producers account for about 78 percent of total sugarcane and 81%
of raw sugar production in sub-Saharan Africa. South Africa is the largest producer and has
dominated the sugar industry over the years producing 2.1 million MT of sugar and 18 million
MT of sugarcane in 2020 (Figure 5A and 5B). Apart from South Africa, none of the top 10
countries produce above 1 million MT of raw sugar and above 5 million MT of sugarcane
(except for Eswatini, Kenya and Uganda that produce slightly above these thresholds). It is
worth noting that despite being major producers, countries like Kenya, Uganda, and Tanzania
are not self-sufficient and have consistently been net importers of sugar (Chisanga et al.,
2014; Sandrey and Moobi, 2015). The countries in question have in the past imposed import
restrictions particularly on tariffs as a way of boosting domestic production (Andae, 2018;
Kalagho, 2014; Olingo, 2018). Among the major producers, only Eswatini, Malawi,
Tanzania, South Africa, Uganda and Zambia are competitive due to their low cost of
production (Gro Intelligence, 2015; Sandrey and Vink, 2007; SASA, 2023b), although
somewhat this conclusion may be contentious due to various distortions that characterize the
sugar industry. The European Union sugar reforms are likely to reduce demand for African
sugar (Paha et al., 2021; Viljoen, 2014) although some African countries could still benefit
from the European Union market under the African, Caribbean and Pacific Group of States
(Viljoen, 2014) and other various Economic Partnership Agreements.

In this section, we review the various institutional and production arrangements that
drive the observed trends in yields and production of raw sugar and sugarcane discussed in
previous sections. To analyze the various institutional and production arrangements in sub-
Saharan Africa, we collated recently published literature on sugarcane dynamics across some
of the major sugar producing countries.
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Figure 5A. Main sugar producers in sub-Saharan Africa in 2020
Source: FAOSTAT, 2023
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Figure 6B. Main sugar cane producers in sub-Saharan Africa in 2020
Source: FAOSTAT, 2023

Institutional and production arrangements of major sugarcane producing
countries

The sub-Saharan African sugar market's reliance on smallholder farmers for production
is one of its distinguishing features. Although there are some large-scale plantations,
especially in South Africa, Kenya, and Zambia, most of the region's sugar is produced by
small-scale farmers who grow sugarcane on small plots of land. These farmers frequently
lack access to cutting-edge equipment and inputs, which can reduce their yields and
competitiveness. For most African countries, sugarcane is produced under outgrower
schemes. Typically, for Africa’s top sugarcane producers, the nucleus estate plantation, in
which the milling companies farm their own land, incorporates the surrounding producers as
outgrowers.

Outgrower schemes can be defined as “a contractual arrangement for a fixed term
between a farmer and a firm, agreed verbally or in writing before production begins, which
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provides resources to the farmer and/or specifies one or more conditions of production, in
addition to one or more marketing conditions, for agricultural production on land owned or
controlled by the farmer, which is non-transferable and gives the firm, not the farmer,
exclusive rights and legal title to the crop” (Prowse, 2012).

These outgrowers may be single farmers or farming communities organized into trusts,
cooperatives, or businesses and enter into a contract to cultivate sugarcane especially for a
processing plant or milling company (von Maltitz et al., 2019). Such schemes allow the
farmer to have guaranteed access to markets, technology, skills and inputs (Prowse, 2012).
The key aspects to stability of the sugar industry and constant supply of sugar and sugarcane
production for such outgrower schemes relate to land ownership and land management. Table
2 highlights some of these aspects.

Table 2
Production arrangements for major sugarcane producing African countries
Country | Number of Sugarcane Sugar Ownership Outgrower
Core crushed produced production
Companies (million (000 (% of total
tons/annum) | tons/annum) cane
production)
Malawi | 2 2.4 (2021) 279 (T17%) | State-run trust, | 22% (lllovo
(T9%) Individual Sugar)
outgrowers
Eswatini | 3 1.9 (2022) 270 (16%) Outgrowers 41% (RES),
(18%) through 63% (Illovo)
shareholdings
Zambia | 3 3.2 (2021) 468 ($15%) Outgrower- 44% (Zambia
(L 4%) owned trust, Sugar PLC)
Company 14
year lease
South 6 4.84 (2021) 535 (+11%) Joint Venture | 92% overall.
Africa (16%) with millers, | 88%
Cooperative, (Tongaat
Hulett), 60%
(Illovo Sugar)
Kenya 16 0.4 (2019) 24 (130%) State-owned, | 90% overall
(23%) Outgrower-
owned

d and T Denotes percentage decrease and increase from previous year respectively/interannual change

Source: Various sources (Bomett et al., 2020; Chisanga et al., 2014; Illovo, 2023c, 2023b, 20233;
Malawi Investment Forum (MIF), 2020; Royal Eswatini Sugar Corporation (RES), 2023; Samboko and
Dlamini, 2017; SASA, 2023a; Tongaat and Hulett, 2023; von Maltitz et al., 2019)

The proportion of sugarcane production supplied by outgrowers compared to the
nucleus estate is likely to dictate the stability of sugar production given. This may be
particular the case for sugarcane production in Africa which is dominated by smallholder
outgrowers (von Maltitz et al., 2019). When outgrowers dominate the production of
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sugarcane, as is the case in South Africa (92%) and Kenya (90%), this poses as a high risk to
the steady supply of sugarcane to the milling company involved in sugar production. This
may arise because outgrowers may fail to honor their contracts and engage in opportunistic
behavior to side-sell their sugarcane to other offtakers (Chisanga et al., 2014). This may be
widespread for markets that are not monopsonistic in a given location or indeed if the market
is less concentrated, such as the Kenyan sugar milling industry. There is overwhelming
evidence on side-selling with regards to such contractual arrangements for various crops
(Alemu et al., 2021; Blackmore et al., 2018; Ewusi Koomson et al., 2022; Mugwagwa et al.,
2020). This risk may be lower in case of Malawi, Eswatini and Zambia, in which outgrowers
supply 16, 41 and 44%, respectively. However, even for such countries with relatively low
proportions of outgrower sugarcane supply, other risks may emanate from decisions about
investing in other enterprises and not adhering to laid down production methods. This is
typically common in cases where agricultural plots for sugarcane production are individually
owned (Samboko and Dlamini, 2017).

These risks however may be averted through use of block plantations, mostly used in
all the 5 countries highlighted as shown in Table 3.

Table 3
Institutional Arrangements for Sugarcane Production in Africa

Type of outgrower Type of fields Institutional structure
scheme (establishment and support)
Irrigated, rainfed Block Government in charge of land, loans and sales.
plantations, Farmer Associations purchase cane and controls

individual fields

marketing links to millers. Industry associations exist
without supporting legislation.

Irrigated Block plantations | Government scheme initiation and support; strong
industry associations supported by legislation.
Irrigated Block Government provides funding and land in some
plantations, cases. Milling and outgrower Companies: oversees all

individual fields

farming activities. Industry associations exist without
supporting legislation.

Irrigated, rainfed,

hybrid

Block
plantations,
individual fields

Community and Industry: Support; strong industry
associations supported by legislation.

Irrigated, rainfed

Block
plantations,
individual fields

Government currently owns 5 out of the 12
operational milling companies. Milling Companies
oversees all farming activities. Industry associations
exist without supporting legislation.

Source: F.O.Licht, International Sugar and Sweetener Report, 2022

Most of the outgrower projects reviewed had land tenure rights alterations from

individually owned land to block plantations, while in some cases governments or traditional
leaders allocated land to farmers in blocks prior to the establishment of the outgrower project.
Heavy government support and ownership is prevalent in countries like Eswatini and Kenya.
Out of the 12 operating milling companies in Kenya, 5 are owned by the government although
there are ongoing plans to privatize some of them owing to inherent inefficiencies of the state
owned enterprises that have hampered production and contributed to the current sugar deficits
(Bomett et al., 2020). For other countries, government involvement is mainly in the nascent
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stages by initiating some projects, while for some projects that were initiated by the milling
companies, government did provide some funding and technical support. Farmer associations
and outgrower companies are mainly involved in the marketing aspects and overseeing
farming activities carried out by the farmers. Strong institutional and industrial support is key
in ensuring a win-win situation between the outgrower companies and the farmers. This is
the case in South Africa and Eswatini in which some sugar associations, backed by legislation
involved in enhancing the welfare of the farmers play a critical role in relation to the pricing
of sugarcane.

Conclusions

Sugar and sugarcane production has increased by 200% and 215%, respectively over
the last 6 decades. The Eastern and Southern Africa regions produce a lion’s share of
both sugar and sugarcane production accounting for 90% and 86% respectively of
total production in SSA.

Despite the positive trajectory, SSA only accounts for a meagre 4% of the world’s
sugar and sugarcane production. SSA has immense potential to increase sugarcane
and sugar production at global level given the availability of arable land and its rich
endowment of natural resources.

The upward trajectory is sugar and sugarcane production between 1961 and 2020
coincided with the expansion in area cultivated and not necessarily the increase in
yields. Yields in SSA are quite low, averaging 56 metric tons against a benchmark of
70 to 100 tons per hectare with only 12 countries producing above this threshold.
The institutional and production arrangements in Africa highlight the importance of
outgrower schemes and smallholder farmers in the sugarcane value chain. Their
dominance in the supply of sugarcane to milling companies, particularly in South
Africa (92%) and Kenya (90%) poses as a high risk to the steady supply of sugarcane
given the reported opportunistic behavior to sell their sugarcane to other offtakers,
hence abrogating their contracts

Key to resolving the low yields and boosting Africa’s share on the global market will
be addressing the institutional and production arrangements of sugar and sugarcane
production, particularly addressing the issues surrounding outgrower schemes that are
the major production models. This will entail improving extension services and
incentives to outgrowers, organization of farmers into associations, enhanced
adoption of modern technology and inputs (improved sugarcane varieties) and
improving irrigation facilities especially in the light of increasing adverse weather
conditions associated with climate change.
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AHoTauii

XapuoBsi TexHosorii
Ouinka sikocTi OiCKBITHHX TicTe4OK 3 JOAABAHHAM HACIHHS PO3TOPOIIIi

€prenist KoBanbo, TathsiHa Kankanaps, Bianucnas Permritka, Aypika Kipcanosa
Texuiunuii ynieepcumem Monoosu, Kuwunis, Pecnybonika Monoosa

Beryn. YV nocnipkeHHI HaBeIeHO XapaKTEPUCTUKU OICKBITHHUX TICTEUOK 13 YaCTKOBOIO
3aMiHOIO MIIEHUYHOT0 OOPOIIIHA TOPOIIKOM 3 HACIHHS PO3TOPOIIIII.

Marepianu i meromu. Ilopomok HaciuHs posropormi (Silybum marianum L.)
BHUKOPHCTOBYBABCS JIJIsl YACTKOBOI 3aMiHH MIIIEHUYHOTO OOPOIIHA MiJl Yac MPUTOTYBaHHS
OickBiTy. Y OICKBITI 3 NMOPOLIKOM HACIHHS PO3TOPOIII 3arajJbHOBITOMHMHU METOAAMHU
BH3HAYAJIU BTPATH MPH BHITIKAHHI, BMIiCT BOJIOTM, aKTHBHICTh BOJH, 00’€M, MOPHUCTICTH,
TEKCTYpYy, KOJNIp CKOPUHKH Ta M’SIKYIIKH, CCHCOPHI TMOKa3HWKH, AHTHOKCHUAAHTHY
AKTHBHICTb 1 3arajibHUi BMICT (heHOITY.

Pesynbratn i o06roBopeHHsi. [3 3aMiHOIO MIIEHUYHOrO OOpPOLIHA TOPOLIKOM
posroporti Big 0 o 20% o00’eM i mopuCTicTh OICKBITIB 3MeHIIyIOThCS. JlomaBaHHS
HOPOIIKY PO3TOPOIIII BIUIMHYJIO Ha TEKCTYPY 1 KOMIp M’SIKYIIKA BUIEYEHHX OiCKBITIB.
TBepaicTh 1 )XyBaJbHa 3/aTHICTh BUIIEYEHUX OICKBITIB Malli TEHJEHIIO /10 3POCTaHHS 31
301IBIIEHHSAM KITBKOCTI MOPOIIKY PO3TOPOIIII, a 3B’S3HICTh 1 MPYXHICTh JEMOHCTPYBAIN
3BOPOTHY TeHJIeHIIi10. J[JIs1 KOJIbOpY CKOPUHKH Ta M’SIKYILIKH 3HAUeHHs1 L* 1 b* 3meHmmnucs,
TOJI SIK 3Ha4eHHs1 a* 30unbLIIocs. OTpuMaHi 3pa3ku OyJIM TEMHII, YePBOHIIII Ta MEHII
OBTi. /lofaBaHHsI pO3TOPOIILIIi TO3UTHBHO BILTHHYJIO HA 3arallbHUNA BMICT ()eHOIiB — 3 63,93
(xoHTpONBHMI 3pa3zok) ao 121,94 (GAE)/100 g. BoaHouac HaiiBUIy aHTHOKCHIAHTHY
aKTUBHICTH (44,70%) 3adikcoBano y 3paska 3 20% MNOpOLIKY HACiHHA PO3TOPOIILLII.
OpraHonenTu4HUil aHami3 MoKa3aB, W0 HAWOUIbII NMPUAHATHUM € OICKBIT 13 3aMiHOIO
nmeHnyHoro 6opontHa 5 i 10% mopomniky 3 HaciHHS PO3TOPOIIIII.

BucHoBku. BxiiroyeHHs TOpPOIIKY HACIHHS pO3TOPOMII B pPEHENnTypu OIiCKBITY
30araTuiao #oro OiOJNOriuHYy IIHHICTH 3 TOYKH 30pY 3arajbHOro BMmicTy (eHony Ta
AHTUOKCHJAHTHOI aKTUBHOCTI. [IpoTe AesiKi TeXHONOri4HI TMOKA3HUKU SIKOCTI 3HU3HJIHCS.
Jnst oTpyMaHHs SKICHUX OICKBITIB 3aMiHa MIIEHMYHOrO OOpOIIHA HA TIOPOIIOK HACIHHS
pO3TOpOIIII HEe IOBHHHA IepeBHIyBaTh 10%.

Kuro4oBi ciioBa: 6icksim, posmoponuia, Koaip, mexkcmypa.
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Brnuiue nonepeannoi pepMeHTATHBHOI 00POOKH HA CTPYKTYPY KJIITHH i BUIyYeHHS
0J1ii 3 rap0y30BOro HaciHHs

I'anna Bosk!, Keankao KapunakniZ, Onbra Fomy6ens?,
Ipuna Jlepuyx®, Ponann Jlromsur?, Tamapa Hocenko!
1 — Hayionanenuii ynisepcumem xap1osux mexronoeiu, Kuis, Ykpaina
2 — Vuieepcumem npupoonux pecypcis i npupoonuuux nayk (FOKY), Bioens, Ascmpis
3 — Jlepoicasne nionpuemcmao « Yxkpmempmecmemanoapmy, Kuie, Ykpaina

Beryn.  JlocmipkeHO BIDIMB — TONEpeAHBOi  00poOKM  rapOy30BOro  HaciHHA
MPOTEOTITHYHUMH, SOOI THIHUMH Ta MEKTOMITHYHIUMH (DePMEHTHUMH MpernapaTtaMy Ha
KJIIITUHHY CTPYKTYPY, BHX1]l IPECcOBOi odii Ta i1 SKICTB.

Martepianu i MeToan. BukoprcroByBanu namnaiH, eKTHHa3y, Lesronasy Ta Viscozyme
L BupoOuunrea Sigma-Aldrich (USA), mencun — Sigma-Aldrich (CIIA) i Carl Roth
(Himeuyunna). KinbkicTe 3pyHHOBaHHMX KJIITHH BH3HAYald METOJOM MHUTTEBOI EKCTPAKIIii.
Juist mociipKeHHst MIKpOCTPYKTYPH KIITHH YJIBTPaMiKpOTOMHI 3pi3u rapOy30BOro HacCiHHS
00poOusiin  abo iHAMBiTyaIbHUMU (EpPMEHTHHMH mpenapatamu, abo ix cymimammu.
AHTHOKCU/IAHTHY aKTUBHICTh MPECOBOI rapOy30BOi onii BU3HAYAIM 3a PEaKIi€l0 TaciHHs
paaukanis DPPH.

Pe3synbraTn i odroBopenHsi. BuzHaueHHs IICHOCTI KIIITHH rap0y30BOrO HaCiHHS
METOJIOM MUTTEBOTO CTPYIIYBAaHHsS II0Ka3alo, IO 3pa3kd, oOpoOJieHi pi3HUMH
(hepMEeHTHUMU TIperapaTaMy, Majd BUIIMN BUXia omii B miamasoni Bix 33,2 no 34,1%, Hix
KOHTpOJbHUI 3pa3ok (32,1%), i BuUIly KUIbKICTh 3pYHHOBaHMX KIITHH, HIK KOHTPOJb
(64,4%), — Bix 67,6 mo 69,5%. HaiiBuma kinekicts 3pyiiHOBanuX KiituH (71,0 ta 71,1%)
Oyna y 3pa3kax HaciHHs, 0OpoOieHOro (epMEeHTHHMHM CyMillaMH TNencuH-+Viscozyme
L+mexkTuHa3a Ta nencuH-HIeUIoIa3a-tIeKTHHA3a BiAmoBigHo. TakoK HaWBUINA KUIBKICTH
3pyHHOBaHMX KIITHH Oyi1a B 3pa3dkax, o0pobOienux Viscozyme L Tta cymimmio
nercuatViscozyme L+mnekrunasza. Buxia npecoBoi onii 3 HaCiHHS, 00pOOIEHOro CYMIIIIII0
nencud+Viscozyme L+mexktunaza, OyB Ha 7% BHINMM, HDK y KOHTPOJIBHOMY 3pasky.
depMeHTaTBHA 00pOOKA HE BIUIMBAE CYTTEBO HAa BMICT BUIBHHX JKMPHUX KHCIIOT,
MIEPOKCUJIHE YHCIIO, CKIJIAJ XKHUPHUX KUCIOT i (PITOCTEpOiB. AHTHOKCUIAHTHA aKTUBHICTb,
BUpa)keHa 3a 37aTHICTIO Tacinug pagukaniB DPPH, Gyna Ha 2,7% Buimoro B 3pa3kax ol 3
HACiHHSI, 0OPOJIEHOr0 CYMIIIIIIO (PEPMEHTIB, HIXk Y KOHTPOJI.

BucnoBku. Ilomepenus o0poOka rapOy30BOrO HACIHHS —LENIONONITHYHUMH 1
MPOTEONITHYHIUMHU (DEPMEHTAMH € TIEPCIEKTUBHUM METOJIOM 30LIBIICHHS! BUXO/Y MPECOBOT
0J111 Ta OJTHOYACHOTO I ABUIIEHHS 11 010JIOr1YHOI IHHOCTI.

KarouoBi cnoBa: gepmenmamuena obpobka, npecosa oinif, eapby3o8e HACIHHA,
npomeasa, yenroaa3a, NEKMUHA3a.
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Brnuiue rap0y30B0i KJIITKOBHHHM Ha KOH(OpMAaNiiiHi NepeTBOPeHHs B TicTi Ta XJ1i0i 3
NIIEHUYHOT 0 OOPOLIHA

Amnacracis [lleBuenko, Cpitiana JIiTBUHYYK,
Bipa [Ipo6or, Onexcauap IlleBuenko
Hayionanvuuii ynieepcumem xapuosux mexwonociu, Kuis, Yxpaina

Beryn. Meroro JoCIHipKeHHSI € BH3HAU€HHS BIUIMBY rapOy30BOi KIIITKOBHHH Ha
KoH(OpMaliiiHi IepeTBOPEHHsI B CTPYKTYpI TicTa Ta XJi0a 3 MIIEHHYHOro OOpoIIHa.

Marepianu i merogu. JlocmipKyBadl TPpaHYIOMETPHUYHUE CKiaf, (HYHKIIOHATHHO-
TEXHOJIOTI4HI BIIACTHBOCTI, aMiHOKHCIIOTHUI CKJI1a]] TapOy30BOI KIIITKOBUHU B MOPIBHSHHI 3
MIIEHWYHUM OOpOIIHOM BHIIOTO COPTY. BmiimB rapOy30Boi KIIITKOBUHM B TIOEJHAHHI 3
¢docdomninmizaMmu Ha KOH(OPMAIiHI NEPEeTBOPEHHs B CTPYKTYpi Ticta Ta xiiba Oymu
JOCITIKEHI METOAOM 1H(pa4epBOHOI CIIEKTPOCKOMIT y OJMKHIH iH(ppauepBoHili 001acTi.

Pe3yabraTu i 06roBopennsi. BcranosieHo, o 96% 4acTHHOK NIIEHUYHOTO OOpOIIHA
BHUIIOTO COPTY MPOMIIIO Yepe3 cuTo 3 oTBopamu 132 MxM, pemra 4% — uepe3 cUTO 3
orBopamu 260 MxM. ['apOy30Ba KIIITKOBMHA Ma€ O1IbIII PO3MIPH YaCTHHOK, ajpke Bci 100%
3aJIMIIAIOTECS Ha CHUTI 3 po3MipoM oTBOpiB 670 MKM. 31aTHiCTh rapOy30BOi KIIITKOBUHH
3B’S3yBaTH ¥ yTpUMYBaTH BOJIOTY OyJla 3HAYHO BHUIIO0, HIXK MIIEHUYHOT0 OOpOIIHA, Yepe3
BUILMHA BMICT XapuoBUX BOJOKOH. Bonorose's3yBanbHa 37aTHICTh rapOy30BOi KJIITKOBHHU
Oyna Bumiol y 3,6 pasa, a BOJIOrOyTpUMYyBaibHa — y 2,8 pa3a. AMIHOKHCIOTHHH CKOp
JMIMITYI040I aMiHOKHMCIOTH — Ji3MHY, B HIIeHWYHOMY OopommHi craHoBuB 0,44,
AMIHOKHCIOTHHH CKOp JIMITyI040i aMiHOKHUCIIOTH — METIOHiHY, TIapOy30BOi KIIITKOBUHH
cranoBuB 3,16, a mizuny — 3,49, 1110 3HAYHO BHUIIIE, HIXK Y MIIEHUYHOMY OopourHi. /logaBaHHs
B xJ1i0 rap0y30Boi KIiTKOBUHH (5 — 15%) migBuiyBaio el Moka3sHUK I JIi3UHY Ha 6,5—
15,2%. BcraHoBineHo, o iH(ppayepBOHi CIEKTpU 3pa3KiB TicTa IMicisd 3aMilllyBaHHS
(KOHTPOJILHOT'O 3pa3Ka Ta 3pa3Ka i3 3aMiHOI0) MPAKTUYHO HAKJIAAI0ThCS Y BChOMY Jiara3oHi
JIOBXKMH XBWIIb. Y Tmpoleci OpoJiHHsS IHTEHCHBHO BiJOyBajucsi KOHQOpMaIiiHI 3MiHH
(YHKI[IOHAJIBHUX TPYI TicTa, 3MIHIOBAIHUCS HOr0 CTPYKTYPHO-MEXaHi4Hi BJIACTHUBOCTI.
Kysnpka TicTa KOHTPOJNBHOTO 3pa3ka po3piKyBajacs mBuauie. PopMoyTpuMyBaibHA
3IATHICTh TMOKpAllyBajiacs MpPU 30UIbIIEHHI YacTKM 3aMiHM MIIEHUYHOrO OOpOIIHA Ha
rapOy30BY KIIITKOBUHY.

BucHoBku. BaeceHHsi rap0Oy30Boi KJIITKOBHHH B DELENTYpY MIIEHHYHOrO Xji0a
I IBUIIXIIO HOTO O10IOTIYHY IIHHICTh 3aB/SIKK OLTBII BHICOKOMY BMICTY Xap4OBHX BOJIOKOH,
Oika Ta TOBHOILIHHOTO AaMiHOKUCIOTHOro mnpodinro. Jlo6aBka TakoXK BIUIMBAaE Ha
CTPYKTYPHO-MEXaHiYHi BIACTUBOCTI Ta CTPYKTYPHI €IEMEHTH TicTa i xuiba.

KurouoBi ciioBa: 2ap6y3, 60powino, Kiimko8uHa, Xai6, micmo, cneKmpocKonis.
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IlopiBHAJIBHE KOCTIIZKeHHSA BJIACTHBOCTEH pucy 0acMaTi Ta IHIIMX cOPTIB

Pomannan Snas, Cakmi Xypana, Cynin Kymap
1 — Koneooic Jlaxwmibau, Ynieepcumem /leni, Inois
2 — Koneoowc npuxnaonux nayk bxackapauap s eniticokoeo yHisepcumemy, IHO0is
3 — Vuieepcumem Maxapaooca I'anea Cinexa, Inois

Beryn. Metoro nocrimkeHHst OyB aHami3 Qi3MKO-XIMIYHHX, KyJIHAPHUX, TEKCTYPHHUX
Ta MOJPiOHIOBAIBHUX BJIACTUBOCTEH pHCY 6acMarTi Ta pUCy iHIINX COPTIB.

Martepianau ta MeTogu. OUHIIEHHS BiJ JIYIITTHHHS 1 HOAPiOHEHHS PUCY NMPOBOAMIIN 32
JIOIIOMOT'010 JTAOOpaTOpHOrO MIIMHA, @ BHXIJ PUCY 3 TOJOBKM BHU3HAYaJIM 33 METOJaMHU
Apeiipa. 1llnidpoBanunii puc aHami3yBaiu Ha BMICT BOJIOTHM, 30J1M, OLIKa Ta aMijo3u.
TexkcTypHi XapakTepUCTUKH BapeHOro 3epHa aHali3yBald 3a JIONOMOrO Mpodisio
TEKCTYpH.

Pe3ysbTaTi i 00roBopeHHs. J[0CiiKEHO XiMiUHI BIACTHBOCTI PI3HUX COPTIB PHUCY,
SIKI BIUTUBAIOTh Ha SIKICTh 1 PUHKOBY BapTicTh pucy. Tak, BUXij 1u1i(hoBaHOTO pUCY 3aJI€KUThH
BiJ copry, npuuoMy Pusa Basmati (PB)-6 nemonctpye HaiiBunmii Buxina, a PB-1121 mae
HalBUIIMKA BiJCOTOK JyWNUHHA. Buxim romoBHoro pucy Oy HaiiBumuMm y P-44 i
HaliHwk4auM y PB-6, Toni sIk BMICT BOJIOTH B MOJPIOHEHOMY PHCOBOMY 3€pHI KOJIMBABCS Bijl
10,75 no 11,84%. PB-1121 maB HaliBuuly 30mbHICTh, a [1-2819 — HaliMeHIy 30JbHICTD i
BMicT Oinka. Coptu OacMaTi MaiM 3HAYHO HIDKYUA BMICT KPOXMAJIO 1 OLIbIIMH BMiCT
amiJIo3u, HDK iHII copTh. BuMipioBaHHsS HAaCHIHOI TYCTHHHM Mokasaid, 1o PB-6 maB
HalHWKYY HACUIIHY T'YCTHHY, Tomi sk P-44 — maiiBumy. P-2819 maB HaiiBumyy niiicHy
ryctuy. Coprti 6acMarTi, siK IPaBUIIO, MAlOTh JIOBII 3epHA MOPiBHsHO 3 iHImmME. PB-1121
BUPI3HSBCS HAMBHIIMM CITiBBIJHOLICHHSM JOBXHHHU JIO LIMPUHH Yepe3 BIJIHOCHO TOHKY Ta
nozioBxxeHy Gpopmy 3epHa. KyniHapHi BIacTUBOCTI COPTIB pUCY BHSBUIIM 11iKaBi Bapiarlii. P-
2819 nponeMOHCTpYBaB HAWKOPOTILHIA Yac MPUrOTyBaHHs, Tofl sk PB-1121 — naiinosiuuii.
KoeiieHT M0oI0BKEHHS BUSIBUBCS BUILUM Y COpTax 0acMari MOpiBHSHO 3 1HIIMMHU. SIKII0
posrisiiatid nornuHaHHs Bomy, PB-1121 mponemoncTpyBaB HaiiBuinmii koedimieHrt. Ile
03Hayvae, 1110 BiH MOIIMHAB OlbIIe BOJM Mij Yac npuroryBanHs. Kpim Toro, TBepai BTpaTtu
Oynu HaiiBummmu B P-2819 1 nalimenmumu B PB-1121. Hlo crocyeTbesi TEKCTYpHHX
BnacruBocteir, P-2819 mokazaB HaiiBuiny TBepaicTh, Tomi sik PB-1121 — nHaitHmku4y.
AJre3uBHICTH cOpTiB OacMati Oylia HIDKYOKO MOPIBHSHO 3 IHIIMMU, IO BKa3ye Ha OLIbII
JIUNKY TEKCTypy 1HIMX copTiB. PB-1121 maB HallHWK4YYy KIEHKICTh, IO BKa3yBaJO Ha
MEHIITY TEHJ/ICHIIII0 3epHa CTaBaTH KICHKMMHU. J[OCIIKEHHST KOpessiii BHSBWIIO 3HAYHI
3B'3KM MDK BJIACTHBOCTSIMH PUCY. Yac IPUTroTyBaHHS IMO3UTHBHO KOPEJIOE 31 CIPaBIKHBOI0
TYCTHHOIO, CIiBBiJHOIIEHHAM JAOBXUHU Ta IIUPUHH, TBEPAICTIO, KIEHKICTIO 1 KYBAIBHICTIO.
KoedimieHT TOXOBXKEHHSA IMO3UTUBHO KOPETIOBAaB 13 BMICTOM aMillO3H, ITOPHCTICTIO,
JOBXXHMHOIO, CITiBBiTHOIICHHSIM IOBXHWHM A0 mupuHu Ta Baroro 1000 3epen. Koeoimient
MIOTJIMHAHHS BOJIH ITOKA3aB YHCICHHI TTO3UTHBHI KOPEJISIIii.

BucnoBok. BukopucroByroun 110 iHpOpMAIliio, 3alliKaBlIeHI CTOPOHU MOXYTh
MIBUIIUTH AKICTh, PUHKOBY BapTICTh 1 3arajibHe 3a/JI0BOJICHHS BiJ] CIIOKUBAHHS PHUCOBUX
TIPOAYKTIB.

KuarouoBi ciioBa: puc, 6acmami, aminosa, winighysanus, mexkcmypa.
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Psxxanka 3 rap0y30BHUM IIOpe Ta HACIHHSAM JIbOHY

Oner Kysbmin!, Bikropis Kiiiko?, Onena Xape6a®,
Onena lappunenko?, Mapis Suuuk’, Hatanis MenbHuk?
1 — Hayionanenuii ynisepcumem xapuosux mexronoeiu, Kuis, Yxpaina
2 — Vkpaincokuil depoicasHuil Hayko8o-00caionutl incmumym «Pecypey, Kuis, Ykpaina
3 — Hayionanvha axkademis acpaprux Hayk Yrpainu, Kuis, Ykpaina

Beryn. Metoo 1BOTO JOCTIKEHHS OYyIIO MOKpAICHHS HYTPIEHTHOTO CKJIagy Ta
CCHCOPHHX BJIACTUBOCTEH PSDKAHKH HUISIXOM BKJIFOYEHHS rapOy30BOro MIOpe Ta HACIHHS
JILOHY, a TaKOXK cralimizamis ii (izuko-XiMiuHI mapameTpis.

Martepianu i MmeToau. 3pa3Kku psHKaHKU TOTYBAIM 3 10JaBaHHSIM rap0y30BOro mope ta
HACiHHS JIbOHY. THUTPOBaHYy KHCIOTHICTh PsDKAHKH BH3HAYald 3a METOJoM TepHepa,
aKTHBHY KUCIIOTHICTh — pH-MeTpiero. BmicT sxupy aHamizyBaiiu 3a IOHOMOT' 00 KHCIIOTHOT'O
Merony ['epbepa, cCeHCOpHY OIIIHKY MPOBOAMIN €KCIIEPTHOIO TPYIIOLO.

Pe3yabraTu i 06roBopenns. J{ociipkeHo BIUIMB TapOy30BOT0 MIOPE Ta HACIHHS JILOHY
Ha aKTHBHY W THTPOBaHY KHCIOTHICTh PsDKaHKH. BcraHoBieHo, 1o momaBaHHsS 4—8%
HaCiHHA JIbOHY 10 psbkaHku 3 10% rapOy30BOro Mmope 3HWKYE TUTPOBAHY KUCIOTHICTh /10
64-70 °T i migBUIYe aKTUBHY KHCJIOTHICTH 10 4,60—4,69 pH. JlonaBanus 4-8% HaciHHs
mboHY 3 15% rapOy30BOro mope 3HIKYBAJIO THTPOBaHY KHCIOTHICTH a0 61-68 °T i
i/IBUIIYBAJIO aKTHBHY KUCIOTHICTh 10 4,62—4,74 pH. Ilpu onHouacHomy nonaBanHi 20%
rapOy3oBoro mope i 4-8% HaciHHs JbOHY TUTPOBaHa KHUCJIOTHICTh 3HMXKYyBajacs 0 60—
65 °T, a akTHBHA KHCJIOTHICTH mimBuinyBanacs no 4,62—4,75 pH. OntumanbHi yMOBH
rapOy30BOro IIOpe Ta BMICTy HaciHHA JbOHY B pspkaHLi — 10% rapOy3oBoro mope 1a 4%
HaciHHs JbOHY. ONTUMAIbHUMH YMOBaMH JOCSTHEHHs (DI3MKO-XiMiuHOI cTaOiIbHOCTI
psbkaHKH € BukopuctanHs 10% rapOy3oBoro mope Ta 4% HaciHHS JIbOHY.

HonaBaHHA 10 psokaHkH rapOysosoro mope (10%) i Hacinus oY (4%) MpU3BENO A0
IiIBUIIIEHHS BMicTy Bogopo3unHHUX BiTamiHiB: C — Ha 0,570 mr (184%), B1—mna 0,062 mr
(295%), BiTaminy B2 — 0,003 mr (2%). Takox miBUIMBCS BMICT )KUPOPO3YMHHUX BITAMIHIB,
Bkitouaroun 0,010 mr Bitaminy E 1 0,051 mr B-kaporuny. OkpiM TOro, J0JaBaHHs HACIHHS
JIbOHY TiJBHUIIMIO BMICT TMOJIHEHACHYEHHUX >KUPHHX KHCJIOT, MPUYOMY BMICT omera-3
KHUPHUX KUCHOT 301bmmBes 3 0 1o 0,80 1, a omera-6 sxupHux kuciot — 3 0 10 0,20 .

[Ipu nopiBHSAHHI 3 KOHTPOJIBHUM 3pa3KOM BCTAHOBJICHO, IO JO/aBaHHs rapOy30BOro
IIOpE Ta HACIHHSI JIbOHY JIO PSOKAHKH BIUTUHYJIO HA TEPMiH il 30epiraHHs 3a TeMIepaTypu Bill
0 °C no 6 °C, momoBxyrouu Horo He OiiplIe Hix Ha 7 ai0.

BucHoBKH. 3aIporoHOBaHa pelENTypa PsOKaHKH 3 rapOy30BHM ITIOpE Ta HACIHHIM
JIbOHY TOKpaIlye Ii MOKMBHUK CKIIAJ, CTaOLIi3ye (hi3HKO-XIMIUHI ITOKA3HUKH, IOKpAIy€e
CEHCOpPHI BJACTHUBOCTI Ta PO3IMHUPIOE CHEKTP MOXJIMBOCTEH IS 3aJOBOJICHHS CMaKiB
JIFOOUTEINIB KUCIOMOIOYHOTO HATIOK0.

KunrouoBi ciioBa: psswcanxa, eapbyzoee niope, HACIHHA TbOHY.
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Mpouecu i obnagHaHHA

MopneJloBaHHSA TeIIOMACO00MiHYy HECTALIIOHAPHHUX NPOLECiB 32 KOMIPYacToK0
MO/IeJLJII0 MACOBOI KpUcTadi3auil caxapo3u

Tapac Iloropinmii
Hayionanvuuii ynieepcumem xapuosux mexuonoeiu, Kuis, Yxpaina

Beryn. Metoto  OCTIDKEHHST € BU3HA4YEHHS BIUIMBY 3MIHHHMX —TeIUIO(i3MYHIX
XapaKTePUCTUK HAa HECTAIliOHApHI MM(QY3iiiHIi MacoBi MOTOKH CaXapo3d IIiI Yac MacoBOI
KpHCTaTI3allii IyKpy.

Marepianu i MeTomu. [{jis OTpUMaHHSs KiTBKICHHX BEJTMYHMH HECTAI[iOHAPHUX T (y3iiHIX
MAacoBHUX MOTOKIB I MDKKPHCTAJbHUX PO3UYMHIB CAXapo3H, IO OTOUYIOTh KPUCTAIH IYKDPY,
Oy/l0 TPOBEJCHO HYHCENBHUIA PO3PAXyHOK OIHOYACHO JUISL JIBOX CHCTEM 3a1ad TeIio- Ta
MacooOMiHy: 1) cucrema i3 ceMH HECTalliOHAPHUX 3a7a4 TEIUIONPOBIIHOCTI; 2) CUCTEMA, IO
CKJIaJIasiach 3 TPHOX HECTAIllOHAPHUX 3334 T1(y31iHHOro MacooOMiHy.

Pe3ysbTaTh i 06roBopennst. [7is psiy 3HAUYCHb BiTHOCHOTO Yacy yBapIOBAHHSI IyKPOBOTO
yrdento 0,15-1,0 Ha OCHOBI OJTHOYACHOTO YHCEIILHOrO PO3B’si3Ky J1BOX cucteM (10 mincucrem)
HECTalllOHApHUX JU(epeHIliaIbHIX PIBHAHb Y YaCTUHHUX MOXIJHUX NapaOoiyHOro THUITY
(epiiia cucTeMa CKIaaanach i3 7 macucTeM — T HeCTAIllOHAPHKX 33144 TEIUIONPOBIIHOCTI 1O
KOXHIH 13 7 o0yacTeid; Apyra cucreMa BKJIFOYAE TPH MiJICHCTEMH — JUIsl HECTAIllOHAPHKX 337124
IQy3iiHOro MacooOMiHy 11t 4 obnacTeit) 3HalIEHO BIANOBIIHO: HECTAlllOHAPHI PO3IMOILTH
TeMIeparyp B KOXHil i3 7 obnacreii (4 o0nacti 3 MDKKPHCTAIbHUMH PO3UMHAMH, 2 KPUCTAIAMU
LYKpY Ta yT¢esb); HecTallioHapHi po3noauty 1udy3iHHUX MacOBHX MOTOKIB caxapo3u B KOXHIH
13 4 obacrei MbKKPHCTATLHUX PO3YMHIB CaXapo3H BCI€T PO3MIISTHYTOI CHCTEMH JIBOX KOMIPOK Ta
yrdento. [Ipu 3HaueHHI BIAHOCHOrO Yacy yBaproBaHHs 1ykpoBoro yrdemo 0,15 mpu pyci Bciei
CHCTEMH KOMIPOK B3/I0BK HarpiBabHOI TPYOKH CIIOYATKY BiZIOYBAETHCS MIEPEHECEHHS PEUOBHHH
3 00J1aCTI MIXKKPUCTAIIBHOIO PO3YMHY CaXapo3U MEHIIIOT0 KpHCTala B 001aCTh MIKKPHCTAIBHOTO
PO3uUMHY Ccaxapo3u OUIBIIOrO KpHCTalia MPOTSIroM Ty>=2,41-2,7 ¢ (3aeXHO BiJ CTajlMX 4u
3MIHHHX Teropi3udHuX XapakTepucTuk). [loumHatounm 3 mporo wacy, mo 3,95 ¢ (mpu
BIJIHOCHOMY 4Yaci yBapioBaHHs IykpoBoro yrdemo 0,15) BuXomy cucCTEMH KOMIpOK 3
HarpiBaJIbHOI TPYOKH CUTYALIisl SMIHFOETHCS Ha IPOTUIIEKHY. OTPUMAHO YiTKO BUPKSHHUIM JIUIIE
OIIMH eKcTpeMyM Ju(y31HHOrO0 MacoBOrO MOTOKY (MiHIMYyM Ha rpadiky, SKHH IOCSTaeThCs B
MoMeHT 4yacy 1,29-1,45c, 1m0 BU3HAYa€ MaKCUMallbHE MacOBE IEPEHECEHHS CaXapo3u BiJ
MEHIIOro KpHcTaja a0 OUIBLIOro KpHCTaia). SIBHOrO MakCHMyMy He BcTaHOBieHO. Ilpu
BIJIHOCHOMY 4Yaci yBaproBaHHs IykpoBoro yrdento 1,0 oTpuMany [jBa YiTKO BHUPKEHHX
eKcTpeMyMHd (MIiHIMYM 1 MakCUMyM) SIK JUIsl CTaauMX, Tak 1 Ui 3MIiHHHX TeIUIO(i3UYHUX
XapaKTEpPHUCTHK.

BucHoBku. [TokazaHo 0coOIMBOCTI BIUIMBY 3MIHHHX TEIUIOMI3UYHMX XapaKTEPUCTHK HA
HecTaIlioHapHi JuQy3iiiHi MaCOBI IIOTOKU.

KitiouoBi ciioBa: memnepamypa, konyenmpayis, posuur, Kpucmai, ymgeno.
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BuszHauyeHHs1 mapaMeTpiB PO3MEKYBAHHSI PEKMMIB TEIJIOOOMiHY
B ILTIBLI MiJ Yac NapoyTBOpeHHs

Banentun [lerpenko, Onekciii [Tunumnenko,
Onekcannp Ps6uyk, Makcum Hamusaiiko
Hayionanvuuii ynieepcumem xapuosux mexuonoeiu, Kuis, Yxpaina

Beryn. Mera nocnijpkeHHS — aHaITHYHE BU3HAUYCHHS NapaMeTpiB pO3MEXyBaHHS
JIBOX XapaKTepHHUX PEKMMIB TEIUIOBIAAYl O KUIUIAYOi IUTIBKM 32 YMOBH II HUKJIIYHOT'O
MepeMilllyBaHHsS BETUKHMH XBHJISIMH, 1[0 MA€ MiCIIe B IOBIUX TPyOax IUTIBKOBHX BHUIAPHUX
amapariB IIyKpOBOi TPOMHUCIIOBOCTI.

Martepiann i metomu. 3acTocoBaHI aHANITUYHI METOJAM aHANi3y IPOIECIB
TEIJIONIEPEHECEHHSI B CTIKAIOYMX JIAMIHAPHUX 1 TypOYJIEHTHMX IUTIBKaX PiJUH il 4Yac
MapOyTBOPEHHSL.

PesynbraTn i o0roopeHHsi.  3MifiCHCHO  MaTeMaTHUYHE  MOJICTIOBAHHS
TEMIIEPaTYPHOr'O OIS B CTIKAIOUii 10 BEPTHKAIBHIN MOBEPXHI KUIUITYOI TUIIBKU PiJUHU 3
PO3BHHYTOIO XBHJIBOBOIO CTPYKTYPOIO 3a HAsBHOCTI CYNyTHHOTO IMApOBOrO TOTOKY B
MOMEHT TIOSIBU TEMIIEpaTypHOrO TpalieHTa Ha Mik(asHiii IOBepXHi IUTIBKa-Mapa.
30yproBayeM  IUMKIIYHUX TEMIIEPATYpHUX KOJIMBAaHb B IUIIBII B JOBIMX  KaHallaX
BHUCTYNAIOTh BEJNUKI HU3bKOYACTOTHI XBHII, SIKI IPOKOUYYIOTHCS MO Mik(a3Hiil HOBEpXHI.
['paHnuHa KpuBa PO3MEXKYBaHHS PEKHUMIB TEIUIOOOMIHY B IUIIBI[l OTpUMaHa Ha OCHOBI
HaOJIMKEHOTO PO3B'SI3KY TU(EPEHIIaIbHOTO PiBHSIHHS TETUIONPOBIJHOCTI 3 KOHBEKTHBHUM
YJICHOM $IK ISl JIAMiHApHOTO, TaK 1 TYpOYIEHTHOTO P&KUMIB PYXY IUTIBKU 3 BUKOPHCTAHHAM
anredpaiuHol popMH 3aJIEKHOCTI /1JIs TYPOYJIEHTHOI B'SI3KOCTI B IUTIBIII 32 YMOBHU HYJIHOBOT'O
TEMIIEPAaTYpHOr'O TIpajiieHTa Ha TIOBEPXHI IUIBKKM. B pesynabraTi  po3B's3aHHs 3ajaadi
OTPUMAaHO aHAJITHYHUI BUPA3, SIKMH € OYATKOBOIO YMOBOIO KpaHOBOI 331a4i TEIIOOOMiHY
B KHUIUISYIH IUTiBLI, II0 BUHUKA€ B MOMEHT IEPEMIllIyBaHHS IUIIBKA BEJIMKOI XBHJICHO.
BcraHoBJieHo, o 3i 3MiHOK 00'eMHOI miinbHOCTI 3pomenHs Big 0,0001 no 0,0005 m%c
JIOBXKMHA MPOOIry TUIIBKH, 32 SIKOI BiIOYBa€ThCS 3MiHA PEXUMY TEIUIOOOMIiHY, CTAHOBHTH,
BianoBinHO, 50—140 mm s naminapHuX 1iBoK Ta 10-35 mm — nuist TypOyneHTHHUX.

BucHoBkn 3 pIiBHSHb KOHBEKTHUBHOI TEIUIONPOBIAHOCTI JUIsl JaMiHApHUX 1
TypOyJICHTHUX ILTIBOK 332 YMOBH HYJIbOBOTO TEMIIEPATYPHOTO rPai€HTa Ha MOBEPXHI IUTIBKH
OTpUMaHi BHPa3H, sIKi € TIOYATKOBUMH YMOBaMH KpaloBOi 33/a4l TEIUIOOOMIHY B KHILISAYii
IUTIBII, 1[0 BUHUKA€E B MOMEHT MEPEMIIyBaHHS TUTIBKU BEJIMKOIO XBHJICIO.

KawouoBi cnoBa: piouna, niiexa, memnepamypa, meniooOMiH, mypOyieHmMHICMb,
WBUOKICMb.
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bioTrexHonoris, Mikpo6ionoris

OTtpumanns ¢pochaTBMicHOro 100puBa 3i CTIYHMX BOJ IPH BUKOPHCTAHHI
3aJ1i30Bi/THOBJIIOBAIBHUX OaKTepiii

Bikrop Crabnikos!, JImutpo Ctabnikos2 3ybep Axmer
1 — HayionaneHuii ynisepcumem xap1osux mexronoeit, Kuis, Ykpaina
2 — Bpoynascokuii ynisepcumem, I[onvuia
3 — Mexancoruil indicenepHo-mexHoro2iuHull yHisepcumem, Jocamuiopo, Taxucman

Beryn. BupoOHHIITBO MPOAYKTIB XapuyBaHHs 3aCHOBaHE Ha BHKOPUCTAHHI TOOPUB,
30KkpeMa (QocdopoBmicHuX. BuimydenHs ¢ocopy 31 CTIYHHX BOI MOXKE 3amOOIrTH
eBTpodikauii BoaoiiM, a Binnanennii Gpochar MoKHa BUKOPUCTOBYBATH SIK JI0OPHUBO.

Marepianu i metonu. CTiuHi BOAH, IO MicTATh (OCHOPOBMICHI CIIOIYKH, 3aIli3HY
pyméy, 3ali30BiHOBIIOBANbHI OakTepii € OCHOBHUMH KOMIOHEHTAMHU 3alpOINOHOBAHOI
TexHonorii BuiydeHHs (ochopy. MIKpOCKOMiYHI CIOCTEPEKEHHST NPOBOIMINCT 3
BUKOPUCTAHHSM Jia3epHOi KOH(OKaNbHOI cKaHyloudol Mikpockomii. OTpuMaHe JI00pUBO
BUIPOOYBAJIM /ISl BUPOLLYBaHHS POCITHUH.

Pesynbratn i o0roBopenHsi. 3anpornoHOBaHO e(peKTHBHHI Oi0JOTiYHUN MeTon
BUJIAIeHHsT 1 BuiydeHHs1 (ocdaTiB 3 piAKMX BIAXOMIB 3 BHKOPHCTAHHSIM OCaDKEHHS
¢docdariB  MiKpOOHO-TIpOAYKOBaHMMHU 10HAMH 3aii3a. [loka3aHo edeKTHBHICTh mi€l
OioTexHONOrIi Ha MpHKIaai CKHIAHOI Bomu (pinka ¢paxiliis aHaepoOOHOTrO0 MYIy) MiCBKHX
OYHCHHUX CIIOPYI.

Ilsn OiorexHoNOriss 3acHOBaHa Ha 3aCTOCYBaHHI 3alli3HOI pyad, oOpoOIeHol
3aJ1i30BiqHOBIIOBAGHAME ~ Oaktepismu  Stenotrophomonas maltophilia, mmram BK.
Po3uunene 3amizo, onepxkaHe 3 TBepAOl 3aJM3HOI pyAM BHACHIJOK AaKTUBHOCTI
3aJ1i30BIJHOBIIOBANILHUX OakTepiil, ocamkye (ocdat, mpucyTHIN y CTIYHUX BOAAX.

®docar-3ai3Huil ocan ouiHOBaIH SIK (hochopHe J0OPHBO IUIIXOM BHECEHHS HOTro B
OiHMI NO>)KUBHUMH PEYOBHMHAMH MIIIAHUH IPYHT, 1[0 BUKOPHCTOBYBABCS ISl BUPOLYBaHHS
TphoX pocmuH: Lycopersicum esculantum L. (tomat), Casicum annuum L. (meperp) i
Ipomoea aquatica (Boastuwuii mmuHaT). BHEceHHs B IpyHT (hocdopHOTo ocaay 361IbIIyBaio
CyXy Macy cTe0ell Ta JINCTS AOCHITHAX POCIHH JI0 5 pa3iB, SKIIO HOPIBHATH 3 KOHTPOJIEM.

BucHoBok. Po3poGieHo OiorexHonorito aHaepoOHOro BujaneHHs ¢ocdaTiB 3i
3BOPOTHOI BOIM MICBKMX OYMCHHUX CIOPYA 3 BHKOPHCTaHHSM 3aiIi30-BiIHOBIIOBATBHHX
Oakrepiii 1 3ai3HOI pyau sk Jprepeno 3aiiza. Otpumanuii Gocdar-3amizHuil ocaa MoXKHa
BUKOPHUCTOBYBAaTH SIK (hocopHe 10OpHBO.

Kawuosi cioBa: ghocpam, biomexnonoeis, 3anizna pyoa, cmiuni 600u, 000pugo.
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—— Abstracts —
ExoHOMiKa i ynpaBiHHSA

IcTopnuni Ta cyyacHi nepcneKTHBY IyKPOBOI IPOMHCJIOBOCTI B Appuui Ha miBJeHb
Bix Caxapu

Jxomrya Ma6era, JIrobom CmyTka
Yuisepcumem Iligoennoi boeemii 6 Yecke-Byoetiosiye, Yecvka Pecnybnika

Beryn. IlpoananizoBaHo TeHAEHII] y BUPOOHHMLTBI IIYKpY 1 I[yKpOBOI TPOCTHHH B
Adpuni Ha niBaens Big Caxapu pa3oM 3 OCHOBHHMH (DakTopamMy BHUPOOHHIITBA LUISXOM
TIeperJisiy MOTOYHUX IHCTUTYIIIHHUX 1 BUPOOHHYHMX MEXaHI3MiB.

Martepianu i MmeToau. AHani3 6a3yeTbcs Ha 35 adpruKaHCHKUX KpaiHaX, pO3/AiJICHUX Ha
qoTupu perioHn Ha ocHoBi kinacudikanii OOH M49. Byno mpoBeaeHo neTanbHUNA OIS
JTepaTypy U TOSCHEHHS HasBHUX TEHACHIIH 1 3a0e3reueHHs] KOHTEKCTY ISl Pi3HUX
IHCTUTYIIHHUX Ta BUPOOHUYHX MEXaHI3MiB. PO3IIIsIal0ThCS KITFOYOBI TOKYMEHTH, TIOB’ s3aHi
3 I[yKpOM Ha HalliOHAJILHOMY PiBHIi, BeOCalTH OCHOBHMX BUPOOHHKIB IIYKpPY B KOXKH1H KpaiHi,
iXHi piuHi 3BITH Ta MONEpPeaHI eMIipUYHI JOCIIKEHHs, TPOBEICHI B OCHOBHHX KpaiHax-
BUPOOHMKAX I[yKPOBOI TPOCTHHHU.

PesynbraTn i 00roBopeHHsi. 3a OCTaHHI WICTh JNECATHJIITH BHUPOOHUIITBO IYKpY-
cupIo 1 mykpoBoi Tpoctunu B IliBaenniii Agpuui 3pocno Ha 200 i 215% BinnoBiaHo. 3
TOYKH 30pY PErioHajJbHOTO BUPOOHHIITBA, CEPE/IHIi TeMI 3pOCTaHHsI BUPOOHHIITBA IIYKpY-
cupirio 3a nepiog 3 1961 p. mo 2020 p. cranoBuB 2, 3, 3 1 13% misa perionie CxigHoi,
Cepennboi, [TiBgennoi ta 3axignoi Adpuku BignosinHo. Perionu Cxinnoi Ta IliBnenHoi
AdpuKy BUPOOIISIIOTh OCHOBHY YacCTKY SIK IIYKPY, TaK i I[yKPOBOi TPOCTUHH, Ha SIKI IIPUIIAIae
90 1 86% 3aranbHOr0 BUpOOHUITBA. Y POXKaliHICTh IOCTIHHO 3aMIIanacs HU3bKOIO, 1 TITBKH
Ecparini, Managi, Tan3zanis, IliBnenna Adpuka, Yranga 1 3am0is 3anuianucs
KOHKYPEHTOCIPOMOXKHUMH Ta JICHIEBUMH BUPOOHHMKaMK B perioHi. [leski kpaiHu, Taki siK
Kenist, Yranna i Tan3ais, He € CaMOJIOCTaTHIMU 1 BBAXKAIOTBCS HETTO-IMIIOPTEPAMH LIYKPY.
i xpaiHu B MUHYJIOMY BBOAWJIM OOMEKEHHS Ha IMIIOPT, 30KpeMa Ha IMIOPTHI Tapudwu,
HAMararoyuch TAKMM YHHOM CTUMYJIIOBATH BHYTPIIIHE BUPOOHHIITBO.

3arpo3u cTabiIbHOMY OCTAYaHHIO IIYKPY 1 IlyKPOBOI TPOCTUHH, OCOOIMBO JUIsl KpaiH,
SIKI 3aJieXaTth BiJi OOrapHOrO CiJIbCHKOrO TOCHOAAPCTBA, MPOJOBXKYBAJIM BUHHUKATH 4epes3
MepiOANYHI TIOCYXH, OCOOIHMBO B CXIJHHUX 1 MIBJCHHUX perioHax Ha modatky 1990-x pokis.
YacTka BUPOOHMIITBA IIYKPOBOI TPOCTHHH, SIKY TOCTa4aloTh JAPiOHI (epMepu 3a cxeMamu
BUpOIIYBaHHS, MOPIBHSHO 3 OCHOBHMMH BHUPOOHHMKaMH, BHU3HAa4Yae CTaOUIBHICTh
BUpOOHUIITBA IIYKPY B Adpurii. Haiibinbina yacTka Takux BUpoOHHKIB y [liBneHHii Adpui
(92%) 1 Kenii (90%), mo cTBOPIOE BHUCOKHH PU3UK AL CTAJOrO MOCTAYaHHS ITyKpOBOI
TPOCTHHU U KOMITaHiH, SKi 3aiMaroThcs BUPOOHHIITBOM ITyKPY, a/pke ApiOHI (depmepu
MOXXYTh HE BUKOHYBATH CBOI KOHTPAKTH Ta BAABATUCA JI0 OIIOPTYHICTUYHOI MOBEIIHKH, III00
NPOAABATH CBOIO IIYKPOBY TPOCTUHY 1HIIHMM ITOKYIILISIM.

BucHoBok. {15 cTanoro BUpOOHUIITBA IyKPOBOI TPOCTHHHU B AQpUIl HA MIBJICHD Bij
Caxapy BaXXJIMBO 3a[isITH {HCTUTYIIiIHI Ta BUPOOHNYI MEXaHi3MH BHPOOHUIITBA ITyKPOBOI
TPOCTHHH, SIKI O CHOpHSIIM PO3B’S3aHHIO MPOOJIEM, TTOB’SI3aHUX 13 OCHOBHUMH MOJEIISIMU
BHUPOOHUIITBA.

KarouoBi caoBa: yykop, yykposa mpocmuna, Agpuxka, Caxapa, 6podxcaiiHicmo,
8UPOOHUYMBO.
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Instructions for authors

Dear colleagues!

The Editorial Board of scientific periodical
“Ukrainian Food Journal”
invites you for publication of your research results.

A manuscript should describe the research work that has not been published before and
is not under consideration for publication anywhere else. Submission of the manuscript
implies that its publication has been approved by all co-authors as well as by the responsible
authorities at the institute where the work has been carried out.

It is mandatory to include a covering letter to the editor which includes short
information about the subject of the research, its novelty and significance; state that all the
authors agree to submit this paper to Ukrainian Food Journal; that it is the original work of
the authors.

Manuscript requirements

Authors must prepare the manuscript according to the guide for authors. Editors
reserve the right to adjust the style to certain standards of uniformity.

Language — English

Manuscripts should be submitted in Word.

Use 1.0 spacing and 2 cm margins.

Use a normal font 14-point Times New Roman for text, tables, and sings on figures,

1.0 line intervals.

Present tables and figures in the text of manuscript.

Consult a recent issue of the journal for a style check.

Number all pages consecutively.

Abbreviations should be defined on first appearance in text and used consistently
thereafter. No abbreviation should be used in title and section headings.

Please submit math equations as editable text and not as images (It is recommend
software application MathType or Microsoft Equation Editor)

Minimal size of the article (without the Abstract and References) is 10 pages. For
review article is 25 pages (without the Abstract and References).
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Manuscript should include:

Title (should be concise and informative). Avoid abbreviations in it.

Authors’ information: the name(s) of the author(s); the affiliation(s) of the author(s),
city, country. One author has been designated as the corresponding author with e-mail
address. If available, the 16-digit ORCID of the author(s).

Declaration of interest

Author contributions

Abstract. The abstract should contain the following mandatory parts:

Introduction provides a rationale for the study (2—3 lines).

Materials and methods briefly describe the materials and methods used in the study
(3-5 lines).

Results and discussion describe the main findings (20-26 lines).

Conclusion provides the main conclusions (2—3 lines).

The abstract should not contain any undefined abbreviations or references to the
articles.

Keywords. Immediately after the abstract provide 4 to 6 keywords.

Text of manuscript

References

Manuscripts should be divided into the following sections:

— Introduction

— Materials and methods
— Results and discussion
— Conclusions

— References

Introduction. Provide a background avoiding a detailed review of literature and
declare the aim of the present research. Identify unexplored questions, prove the relevance
of the topic. This should be not more than 1.5 pages.

Materials and methods. Describe sufficient details to allow an independent
researcher to repeat the work. Indicate the reference for methods that are already published
and just summarize them. Only new techniques need be described. Give description to
modifications of existing methods.

Results and discussion. Results should be presented clearly and concisely with tables
and/or figures, and the significance of the findings should be discussed with comparison
with existing in literature data.

Conclusions. The main conclusions should be drawn from results and be presented in
a short Conclusions section.

Acknowledgments(if necessary). Acknowledgments of people, grants, or funds
should be placed in a separate section. List here those persons who provided help during the
research. The names of funding organizations should be written in full.

Divide your article into sections and into subsections if necessary. Any subsection
should have a brief heading.

References
Please, check references carefully.
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The list of references should include works that are cited in the text and that have been
published or accepted for publication.

All references mentioned in the reference list are cited in the text, and vice versa.

Cite references in the text by name and year in parentheses. Some examples:

(Drobot, 2008); (Qi and Zhou, 2012); (Bolarinwa et al., 2019; Rabie et al., 2020; Sengev
et al., 2013).

Reference list should be alphabetized by the last name of the first author of each work.

If available, please always include DOIs links in the reference list.

Reference style

Journal article

Please follow this style and order: author's surname, initial(s), year of publication (in
brackets), paper title, journal title (in italic), volume number (issue), first and last page
numbers, DOI. e.g.:

Popovici C., Gitin L., Alexe P. (2013), Characterization of walnut (Juglans regia L.)
green husk extract obtained by supercritical carbon dioxide fluid extraction, Journal of
Food and Packaging Science, Technique and Technologies, 2(2), pp. 104-108,
https://doi.org/11.1016/22-33-85

Journal names should not be abbreviated.

Book
Deegan C. (2000), Financial Accounting Theory, McGraw-Hill Book Company,
Sydney.

Book chapter in an edited book

Coffin J.M. (1999), Molecular biology of HIV, In: Crandell K.A. ed., The Evolution of
HIV, Johns Hopkins Press, Baltimore, pp. 3-40.

Fordyce F.M. (2013), Selenium deficiency and toxicity in the environment. In: Selinus
O. (ed), |Essentials of Medical Geology, pp. 375-416,  Springer,
https://doi.org/10.14453/10.1007/978-94-007-4375-5_16

Online document
Mendeley J.A., Thomson, M., Coyne R.P. (2017), How and When to Reference,
Available at: https://www.howandwhentoreference.com

Conference paper

Arych M. (2018), Insurance's impact on food safety and food security, Resource and
Energy Saving Technologies of Production and Packing of Food Products as the Main
Fundamentals of Their Competitiveness: Proceedings of the 7th International Specialized
Scientific and Practical Conference, September 13, 2018, NUFT, Kyiv, pp. 52-57,
https://doi.org/11.1016/22-33-85

Figures

All figures should be made in graphic editor using a font Arial.

The font size on the figures and the text of the article should be the same.

Black and white graphic with no shading should be used.

The figure elements (lines, grid, and text) should be presented in black (not gray)
colour.
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Figure parts should be denoted by lowercase letters (a, b, etc.).

All figures are to be numbered using Arabic numerals.

Figures should be cited in text in consecutive numerical order.

Place figure after its first mentioned in the text.

Figure captions begin with the term Figure in bold type, followed by the figure
number, also in bold type.

Each figure should have a caption describing what the figure depicts in bold type.

Supply all figures and EXCEL format files with graphs additionally as separate files.

Photos are not advisable to be used.

If you include figures that have already been published elsewhere, you must obtain
permission from the copyright owner(s).

Tables

Number tables consecutively in accordance with their appearance in the text.

Place footnotes to tables below the table body and indicate them with superscript
lowercase letters.

Place table after its first mentioned in the text.

Ensure that the data presented in tables do not duplicate results described elsewhere in
the article.

Suggesting / excluding reviewers

Authors are welcome to suggest reviewers and/or request the exclusion of certain
individuals when they submit their manuscripts.

When suggesting reviewers, authors should make sure they are totally independent
and not connected to the work in any way. When suggesting reviewers, the Corresponding
Author must provide an institutional email address for each suggested reviewer. Please note
that the Journal may not use the suggestions, but suggestions are appreciated and may help
facilitate the peer review process.

Submission

Email for all submissions and other inquiries:

ufj_nuft@meta.ua
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IHIanoBHi kojern!

PenakuiitHa koneris HaykoBoro nepiogumanoro uaanns «Ukrainian Food Journaly
3anpomrye Bac no myOmikarmii pe3ynbTaTiB HayKOBUX JOCHI)KEHb.

Bumorn 1o opopmiieHHs cratei

MoBa crareii — aHTJIHCBKa.

MinimMansauid obcsr cratti — 10 cropinok dopmaty A4 (6e3 BpaxyBaHHS aHOTAIlH i
CIHCKY JIiITEpaTypH).

Jlost BCix enemenrtiB crarti mpudt — Times New Roman, kerns — 14, intepsan — 1.

Bci monst cropinku — 1o 2 cM.

CTpykTypa cTaTTi:

Y K.
. Ha3pa crarri.
. ABTOpH ctatTi (iM’s Ta Npi3BUILE MOBHICTIO, npukia: Jenrc O3epsHKo).
. Yemanosa, 6 saxiii euxonana poboma.
. AHoraris. O00B’SI3K0Ba CTPYKTYypa aHOTAIlil:

— Beryn (2-3 psnakn).

— Marepianu Ta MeToau (10 5 psisIKiB)

— PesynbraTn Ta 00roBOpeHHs (I1iB CTOPIHKM).

— BucHoBku (2-3 psaaxu).
6. Kiitouosi ciioBa (3—5 ciiB, ajie He CIIOBOCHIONYYEHbD).

VA WN R

IIyHKTH 2—6 BUKOHATH aHIIIHCHKOIO | YKPailHCHKOI0 MOBaMH.

7. OcHOBHHI TEKCT cTaTTi. Mae BKIIIOYATH TaKi 000B’I3KOB1 pO3/ILIH:
— Beryn
— Marepianu Ta MeTOIU
— PesynbraTi Ta 0OTOBOpPEHHS
— BucHoBkH
— Jlirepatypa.
3a HeoOXiJHOCTI MOXKHA JIOIaBaTH 1HIII PO3/IITU Ta PO30MBATH 1X Ha MMiAPO3ILIH.

8. ABtopchka noBimka (IIpisBume, iM’st Ta To OATHKOBI, BUCHHH CTYIIHD Ta 3BaHHS, MICIIe
pobotu, erekTpoHHa aapeca ado TenedoH).
9. KonrakTHi IaHi aBTOpa, 10 SKOr0 32 HEOOXITHOCTI Oye 3BepTaTUCh PENAKIIis JKYpHAIY.

Pucynku BukoHyrOThCs sikicHO. CKaHOBaHI PUCYHKH He MpUAMaioThes. Po3Mip Tekcty Ha
pucyHKax moBuHeH 0yru cmiBpo3mipauMm (!) Texcry crarti. @oTtorpadii MoKHA BHKOPHCTOBYBATH
JMie 3a iX 3HaYHOI HayKOBOI LIHHOCTI.

®on rpadikis, giarpam — numie 6inuit. Komip enemeHTiB pucyHky (JiHii, CiTKa, TEKCT) — YOPHUIA
(ue cipuii).

Pucynku ta rpadixu EXCEL 3 rpadikaMu 101aTKOBO MOJAIOTHCS B OKpeMHuX (aiinax.

CkopoueHi Ha3BH ()i3UYHHX BEIMYUH B TEKCTI Ta Ha rpadikax MO3HAYAIOTHCS JTATUHCHKHUMHU
niTepamu BianoBiaHo 1o cuctemu Cl.

V crmcky niTepaTypu MOBUHHI MepeBa)kaTH aHTTIOMOBHI CTaTTi Ta MOHOrpadii, siki omy0mikoBaHi
micist 2010 poky.

—— Ukrainian Food Journal. 2023. Volume 12. Issue 1 185



Od¢opMiIeHHSI HUTAT Y TEKCTi CTATTI:

Kisbkicts aBTOpiB cTatTi | IlpuKiIag IUTYBAHHA Y TEKCTI
1 aBTOp (Arych, 2019)
2 aBTOpa (Kuievda and Bront, 2020)
3 i OispIIe aBTOPIB (Bazopol et al., 2022)

Mpuxaan Tekety i3 mutyBannam: It is known (Arych, 2019; Bazopol et al., 2022), the
product yield depends on temperature, but, there are some exceptions (Kuievda and Bront,
2020).

VY 1UTyBaHHAX HEOOXITHO BKA3yBAaTH OIHE JPKEPENIO, 3BIIKU B3ATO iHPOpMAIIito.

CrmcoK JiTepaTypy COpTyeThCs 3a andaBiToM, JIiTepaTypHi Jpkepesaa He HyMepYyIThCs.

IIpaBuna ogopmiieHHS CIUCKY JiTepaTypu

B Ukrainian Food Journale3sito 3a OCHOBY 3araJbHONPHMHSATE B CBITi CIpOIICHE

o(hOpMIIEHHS CIUCKY JIiTepaTypu 3rigHo cranmapty Garvard. Bei eneMeHTH MOCHIaHHS
PO3ALISAIOTHCS JIMIIIE KOMAMM.

1. ITocuiaHHS HA CTATTIO:

ABTopn A.A. (pixk Bunanusi), Ha3zsa crarri, Ha3zea scypuany (kypcueom), Tom
(Homep), cropinku, DOI.

[HIIiaIKM TUITYTHCS MICHS MPi3BHUINA.

Bci eneMeHTH nocHIIaHHS PO3IUISIOTHCS KOMaMHU.

IIpuknan:

Popovici C., Gitin L., Alexe P. (2013), Characterization of walnut (Juglans regia L.)

green husk extract obtained by supercritical carbon dioxide fluid extraction, Journal of

Food and Packaging Science, Technique and Technologies, 2(2), pp. 104-108,
https://doi.org/5533.935-3.

2. MocuiiaHHS HA KHUTY:

ABtopu (pix), Hazea knuzu (kypcueom), Bunapaunrso, Micto.

[Himiany NIy ThCS MICIs MPi3BHUIIA.

Bci eneMeHTH MOCUIIaHHS PO3IUISIOTHCS KOMaMHU.

IIpuknan:

Deegan C. (2000), Financial Accounting Theory, McGraw-Hill Book Company,
Sydney.

3. IlocuiaHHs Ha Po31iJ y peqaroBaHiii KHu3i:

Astopu (pix), Hassa rmaBu, In: Pegaxropu, Hazsea knueu (kypcusom), BumaBHULTBO,
MicTo, cTOpiHKH.

IIpuxnan:

Coffin J.M. (1999), Molecular biology of HIV, In: Crandell K.A. ed., The Evolution of
HIV, Johns Hopkins Press, Baltimore, pp. 3-40.

Fordyce F.M. (2013), Selenium deficiency and toxicity in the environment. In: Selinus

O. (ed.), Essentials of Medical Geology, pp. 375-416, Springer, DOI: 10.1007/978-94-
007-4375-5_16
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4. Te3u nonoBineit kondepeHmii:

Arych M. (2018), Insurance's impact on food safety and food security, Resource and
Energy Saving Technologies of Production and Packing of Food Products as the Main
Fundamentals of Their Competitiveness: Proceedings of the 7th International Specialized
Scientific and Practical Conference, September 13, 2018, NUFT, Kyiv, pp. 52-57,
https://doi.org/5533.935-3.

5. [locuiaHHS HA eJIeKTPOHHUIA pecypc:

BukoHyeTbCsl aHAJOTIYHO MOCHJIAHHIO HAa KHUTY abo crartTio. [licns odopmieHHs
JlaHUX Tpo myOmikamiro murythes ciaosa Available at: ta BkasyeTbes enekTpoHHa ajpeca.

[puxnan:

Cheung T. (2011), World's 50 most delicious drinks, Available at:
http://travel.cnn.com/explorations/drink/worlds—50-most-delicious-drinks—883542

CrHCOoK JTiTepaTypu 0QOPMITIOETHCS JIUIIIE TATHHUICKO. ETeMEHTH CIHCKY YKPATHCHKOTO
Ta POCIHCHKOIO MOBOIO MOTPIOHO TpaHchiTepyBaTh. st TpaHchiTepauii 3 yKpaiHCHKOIO
MOBHU BI/IKOpI/ICTOByGTbCﬂ HaCl’IOpTHI/Iﬁ craggapT.

3pyunuii caiit 1yt TpaHciTeparii 3 ykpaincskol mosu: http://translit.kh.ua/#lat/passport

Crarra HAJACUJIACTHCA 3a €JICKTPOHHOIO a1peCo10:
ufj_nuft@meta.ua
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YK 663/664

Ukrainian Food Journal ny6nikye opurinaneHi HaykoBi CTaTTi, KOpOTKi
TTOB1TOMJICHHS, OTJISZIOBI CTATTi, HOBHHU Ta OTJISAIH JITEPaTypH.

TemaTtuka nyoaikaniii B Ukrainian Food Journal:

XapuoBa iHKeHepis IIpornecu Ta oOnamHAHHS

XapuoBa XiMis HanorexHororii

Mixkpobiosnoris ExoHoMmika Ta yrpaBiiHHS

@i3nyHi BJIaCTUBOCTI Xap4yOBHX MPOAYKTIB  ABTOMAaTH3allisl IIPOLIECIB

SIkicTh Ta Oe3reka XapuoBUX MPOAYKTIB YnakoBKa Uit Xap4OBHX IPOIYKTIB

IMepiognunicTh BUXOAY KYpHAJIY 4 HOMEpPH Ha PIK.

Pe3ysnbraTi qOCIiIKEHB, IPENICTABIICH] B )KypHaJli, TOBUHHI OYTH HOBUMH, MaTH YiTKUH
3BSI30K 3 Xap4yOBOIO HAYKOIO 1 TIPEJCTAaBIISATH IHTEpeC Ui MIXXHApOIHOTO HayKOBOI'O
CIIBTOBApHUCTBA.

Ukrainian Food Journal iHmekcyeThCsi HAYKOMETPHIHUMH Ga3aMu:

Index Copernicus (2012)

EBSCO (2013)

Google Scholar (2013)

UlrichsWeb (2013)

CABI full text (2014)

Online Library of University of Southern Denmark (2014)
Directory of Open Access scholarly Resources (ROAD) (2014)
European Reference Index for the Humanities and the Social Sciences (ERIH
PLUS) (2014)

Directory of Open Access Journals (DOAJ) (2015)

InfoBase Index (2015)

Chemical Abstracts Service Source Index (CASSI) (2016)
FSTA (Food Science and Technology Abstracts) (2018)

Web of Science (Emerging Sourses Citaton Index) (2018)
Scopus (2022)

Peuensisi pykonucy crarrti. Marepianu, npeacraBieni mis myouikyBanas B «UKkrainian
Food Journaly, mpoxomsite «IloaBiiiHe citinie pelieH3yBaHHS» IBOMAa BUCHUMH, MPU3HAYCHHUMU
PEeNaKIiiHO KOJIETIE: OJTUH € YICHOM PEKOJICTIT i OUH HE3aIeKHUN YICHHIA.

ABTOpPCBKE NPaBo. ABTOPHU CTATEH rapaHTYIOTh, 1110 pOOOTa HE € MOPYIICHHIM OYyIb-IKUX
aBTOPCBHKUX IIPaB, Ta BiJIIIKOJOBYIOTh BHABIIO MOPYIICHHsS MaHol rapantii. OmyOnikoBaHi
Martepianu € mpaBoBoro BiacHicTio Buaasiyl «UKrainian Food Journaly, skimo He y3romkeHo

1HIIIE.

HeranbHa indopmanisi npo Kypnau, iHcTpykuii aBTopam, NpukjIagu oh)opMIeHHS

188

CTATTi Ta aHOTaMili po3mileHi Ha calTi:

http://ufj.nuft.edu.ua
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PepakuiiiHa koneris
I'onoBHUIT pexakTop:
Ouaena CrabuikoBa, 1-p., HayionanbHuil ynisepcumem xapiosux mexnonoait, Yxpaina
YiieHn MikHAPOIHOI peJaKIiiiHOl KoJIerii:

Arorta I'enpe Paiimene, 1-p., Jlumoscokutl incmumym azpapnoi exonomixu, Jlumea

B. I. Bepnaocvkozo HAH Yxpainu

bao Txu Bypour, n-p., Yuisepcumem Mexoney, B'emuam

Bikrop Cra6uikoB, n.T.H., pod., Hayionarpnuil yHisepcumem Xapuoux MexXHONO02Il,
Yrpaina

Toxein . Hmocci, mpodecop, Memopianvuuii ynieepcumem Xybepma Katipyxi, Hap-ec-
Canam, Tanzanis

Jopa Mapinosa, npodecop, Vuisepcumem Kepmina, Ascmpanis

Eron Hlniumep, a-p, npodecop, Jepocasnuii ynisepcumem Iouma I poccu, bpaszunis
Eiipin Mapi Ckitonnan bap, 1-p., npodecop, Hopsesviuii ynisepcumem HayKku i mexmixu,
Tponxetim, Hopgezis

WMopnanka Credanosa, 1-p, [l106discokuii ynisepcumem "Ilaiciii Xinenoapcxi”, Boneapis
Kipcren Bpaunnar, npodecopp, Yrisepcumem Hviokacaa, Beruxobpumatis

Kpicrina Jlyiza Mipanaa CinBa, a-p., npodecop, [lopmyzarbcokuii kamoauyvbkuil
yHieepcumem — biomexuonoeiunuii konedoc, [lopmyeanis

Kpicrina IlonoBuy, 11-p., nouent, Texuiunuil ynigepcumem Mondosu

JleniBenwa Xy0, acoyiayis «Mixcnapoona eapmonizayitina iniyiamugay, Hioepranou
Mapis C. Tamnia, npodecop, Llenmpanvruii ynisepcumem Benecyenu, Kapakac, Benecyena
Moiizec Bypauuk, na-p., Incmumym cinbcvkozocnooapcokoi  6iomexnonocii  Ilokanio
(INDEAR), IToxanio, Apeenmuna

Mapk llamusig, 1-p., A0UEHT, YopHomopcoKa acoyiayis 3 Xapuoeoi HayKu ma mexHono2ii,
Pymynia

Hyp 3agipa Hyp Xacuan, nokrop dinocodii, Vuisepcumem Ilympa Manaiizii, Cenaneop,
Manaiizia

Oxrasio [lapenec Jlonec, 1-p., npod, L{enmp nepchexmugnux oocnioxcenv Hayionanornozo
noaimexuiuno2o incmumymy, Mexcuxka.

Ounexcangp lleBuyenko, 1.1.H., ipod., HayionanvHuii yrigepcumem xapuo8ux mexHono02i,
Yxpaina

Pana Mycrada, n-p., [nodbanvuuti incmumym npooosonvyoi Oesnexu, YHieepcumem
Cackauesana, Kanaoa

Cewmix OT1aec, 1-p., npogh, Yuisepcumem Eee, Typeuuuna

Couns Amapei, 1-p., npog, Yuisepcumem «LlImegpan yen Mapey, Cyuasa, Pymyris
Cranka [lam'siHoBa, N.T.H., Tipod., Pycencokuii yHisepcumem «Aucen Kawnuesy, ¢hinis
Pasepao, Fonreapia

Credan Credanos, 0.1.H., ipod., Vrieepcumem xapuosux mexuonozii, boreapis

Tersina IMupor, 10.1.1., pod., HayionanvHuii yHisepcumem xap4o8ux mexHonoziu, Ykpaina
Ywmesypyiike Jlinye Omnapa, mpodecop, Cmenrenbouwicokuti yHigepcumem, KetinmayH,
Iligoenna A¢puxa
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Ileitna Kinonsi, Yuiseepcumem Kapamina, Kenisn

KOunis [35136K0, 1-p. XiM. HaYK, C.H.C., [Hcmumym 3a2anbHoi ma Heopeaniunoi Ximii imeni
KOu-Xga Ierri Xci, 1-p, mpodecop, Yuisepcumem Dropuou, CLIA

FOpiii Binan, 1-p., npod., Yuisepcumem Tomawa Bami 6 3nini, Yexis

Scmina Jlykinak, n.1.H., mpodecop, Vrieepcumem Ociexa, Xopsamis

Scmina Jlykinak, n-p, npod., Ociexcovkuil yuigepcumem, Xopsamisi.

Yuienn pegakuiiHoi KoJierii:

Arorta I'enpe Paiimene, 1-p., Jlumoscokutl incmumym azpaphoi exonomixu, Jlumea

bao Txu Bypour, n-p., Yuisepcumem Mexoney, B'emuam

Banepiiit MupoHuyk, &I-p. TexH. Hayk, npod., Hayionanwhuii yHisepcumem Xapuosux
mexuonozit, Ykpaina

Bikrop Cra6uikoB, n.T.H., pod., Hayionanrpnuil yHisepcumem Xapuoux MeExXHONO02Il,
Yrpaina

Bosomumup Koso6aca, n-p. TexH. Hayk, npod., Hayionanvuuil yrigepcumem Xapyoeux
mexuonoait, Ykpaina

Il'anuna Cimaxina, a-p. TexH. Hayk, npod., Hayionamvnuil yuigepcumem Xapuoeux
mexuonoait, Yrpaina

I'onsin JI. Huocci, npodecop, Memopianvnuii ynisepcumem Xybepma Katipyxi, /{ap-ec-
Canam, Tanzanis

Jopa Mapinosa, npodecop, Vuisepcumem Kepmina, Ascmpanis

Eron Hlniumep, a-p, npodecop, LJepocasnuii ynisepcumem Iouma I poccu, bpaszunis
Eiipin Mapi Ckiionnan bap, 1-p., npodecop, Hopsgeszvkuii ynieepcumem nayku i mexixu,
Tponxeiim, Hopsezis

Mopnanka Crepanosa, 1-p, [Tnosdiscoruii yuicepcumem "[aiciii Xinenoapexi", Boreapisa
Kipcren Bpaunnar, npodecopp, Yrisepcumem Hviokacaa, Beruxobpumatis

Kpicrina Jlyiza Mipanaa CiaBa, a-p., npodecop, [lopmyzanrscokuil KamoauybKuti
yuigepcumem — biomexnonoziunuil konedoc, Ilopmyaanis

Kpicrina IlonoBu4, 1-p., noneHt, 7exuiynuil yHisepcumem Monoosu

Jlana UlepinsH, a-p. ekoH. Hayk, npodecop., Hayionamvnuil yHigepcumem Xapyoeux
mexHonoeil, Yxpaina

JeniBeana Xy0, acoyiayis « Misxcrhapoona eapmonizayiiina iniyiamusea», Hidepranou
Mapis C. Tamnia, npodecop, L{enmpanvhuii ynisepcumem Benecyenu, Kapakac, Benecyena
Moiizec Bypauuk, 1-p., IHcmumym cinbcokoeocnooapcewvkoi 6biomexnonoeii  Ilokanio
(INDEAR), Ioxanio, Apeenmuna

Mapk llamusig, 1-p., A0LEHT, YopHomopcbka acoyiayis 3 Xapio8oi HayKu ma mexHoao2ii,
Pymynis

Hyp 3adipa Hyp Xacnau, noktop ¢inocodii, Yuisepcumem Ilympa Manaiizii, Cenaneop,
Manaiizia

Oxrtasio [Iapeaec Jlonec, 1-p., mpod, Llenmp nepcnexmusrux oocioxcenv Hayionanvrnoeo
noaimexuiuno2o incmumymy, Mexcuxka.

Onexcanap lleBuenko, 1.1.H., ipod., Hayionanvruii yrigepcumem xapuo8ux mexHono2it,
Yxpaina

Oabra Pubak, KaHA. TEXH. HAYK, JOL., [epPHONIIbCbKUL HAYIOHANbHUL MeXHIYHUL
yuiepecumem imeni leana Ilymos, Yxpaina

Pana Mycrada, n-p., [nodanvuuti incmumym npooosonvyoi Oesnexu, YHieepcumem
Cackaueeana, Kanaoa

Cemix Otitec, 0-p., npogh, Yuieepcumem Eze, Typeuuuna
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Counst Amapei, 1-p., npog, Vuieepcumem «IlImegpan uen Mapey, Cyuasa, Pymyris
Cranka [lam'siHOBa, 1.T.H., Tipod., Pycencokuii yHisepcumem «Aneen Kawnueey, ¢hinis
Pasepao, bonreapis

Credan Credanos, 1.1.1H., npod., Vrieepcumem xapuosux mexuonoeiii, boreapis

Tersina IMupor, 10.1.1., npod., Hayionanshuii ynisepcumem xap4o8ux mexnonoziu, Yrpaina
Tersina [Mupor, a1-p. 6ion. Hayk, pod., Hayionanvruil yHieepcumem xapio8ux mexHoa02i,
Yrpaina

Ywmesypyiike Jlinye Omapa, npodecop, Cmennenbouwicokuii yHisepcumem, KetnmayH,
ITisoenna Agppuxa

I eitma Kinonsi, Yuiseepcumem Kapamina, Kenisn

KOunist I3936K0, -p. XiM. HAYK, C.H.C., [HCmumym 3a2aneHoi ma Heopeaniunoi Ximii imeni B.
1. Bepnaocvkoco HAH Vkpainu

KOn-Xga Ierri Xci, 1-p, npodecop, Yuisepcumem @nopuou, CILLIA

Scmina Jlykinak, n-p, npod., Ociexcovkuil yruigepcumem, Xopeamisi.

Ounexciii I'ybensi (BiOmoBimanpHUN CeKpeTap), KaHI. TEXH. HAyK, NOU., HayiowmanrvHuil
YHIgepcumem xap4osux mexuonoziu, Ykpaina.
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