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Abstract. Consumption of plant-based milk is growing every year, especially among allergy sufferers and lactose
intolerant people. The development of beverages based on it with the addition of nutrients and improved taste
properties is a trend among soft drink manufacturers. The purpose of the article is to develop recipes for craft
drinks with oat milk and powders from freeze-dried fruits and berries, as well as to determine their sensory and
physicochemical characteristics. The research was conducted using the method of expert evaluation of the sensory
characteristics of drink compositions, the calculation method for calculating the nutritional and energy value of
drinks, qualimetry methods for calculating a comprehensive indicator of drink quality, methods for determining
the physicochemical characteristics of drinks, the Color Detector & Catcher mobile application for determining the
colour of drinks using the RGB additive colour model, and methods of statistical data processing using Mathcad 14
software. For drinks based on plant-based milk, it is proposed to use powders from freeze-dried fruits and berries
as a recipe components. Freeze-dried plant powders preserve the colour, smell and taste of natural raw materials,
as well as their nutrients. Model compositions of drinks with oat milk and powders made from freeze-dried mango,
blueberries, strawberries, bilberries and raspberries were developed. The best drink compositions with high sensory
properties (taste and smell, colour, appearance and consistency) were identified by an expert evaluation method.
The density and active acidity of the developed drink compositions were investigated and their nutritional and
energy values were calculated. It was found that the density of drinks increases with the increase in the content
of fruit and berry powders, and the pH of drinks decreases. It has also been found that an increase in the content
of freeze-dried fruit and berry powders in a drink leads to an increase in the content of protein and carbohydrates.
Fruit and berry powders fortify drinks with nutrients and diversify their taste and aroma. The proposed drinks can
be recommended for implementation in food industry enterprises, craft food production facilities and restaurants
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Introduction

The consumption of plant-based milk is increasing glob-
ally, driven by its health benefits and the growing num-
ber of people with milk protein allergies and lactose
intolerance, as well as consumer awareness of the en-
vironmental impact of cow’s milk production. According
to J.Mylan et al. (2018), the raw materials for plant-based
milk include legumes (soybeans, peanuts, peas, lupins,
cowpeas), nuts (almonds, coconut, hazelnuts, pistachios,
walnuts, cashews), cereals (oats, rice, corn, spelt), pseu-
do-cereals (quinoa, teff, amaranth), as well as sesame,
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flax, hemp and sunflower seeds.Almond, soy and coconut
milk are the market leaders (Craig & Fresan, 2021), but
oat milk is becoming increasingly popular in this bever-
age category, with an average annual sales increase of
131.9%. Oat milk is low in sugar and fat, and contains
calcium, potassium, phosphorus, iron, vitamins A, B, ,,and
D (Collard & McCormick, 2021). An important area for
improving plant-based milk is to improve the sensory
properties of these drinks and fortify them with nutri-
ents,which will help increase demand for these products.
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Plant-based milk mimics the physicochemical and
sensory properties of animal milk. This product should
be safe, healthy, tasty and affordable for consumers
(Nawaz et al., 2022). The ingredients of plant-based
milk are plant raw materials, water, emulsifiers and oth-
er additives (flavours, colours, preservatives, stabilisers,
thickeners) that ensure the formation of the required
functional properties of the final product.The main tech-
nological operations for the production of plant-based
milk are soaking and wet grinding or dry grinding and
extraction, separation of insoluble substances, product
formation (addition of other ingredients), homogenisa-
tion, heat treatment, nutrient enrichment and packag-
ing. F. Reyes-Jurado et al. (2023) found that vitamins,
minerals, sweeteners, flavours, colourants, salt, oil, and
stabilisers are added during product formulation. The
most common stabilisers are carrageenan, rice starch,
gelatin,corn dextrin,xanthan gum,guar gumand tapioca
starch. Citric acid is used as an antioxidant in the drinks.
To improve and diversify the taste of beverages and for-
tify them with nutrients, various natural raw materials,
mainly of plant origin, are used (Saleba et al., 2020).

A promising product on the market is a powder
made from freeze-dried fruits, berries and vegeta-
bles that retains the colour, aroma and taste of fresh
raw materials (Liu et al., 2022). Freeze drying is the pre-
ferred method of drying foods containing compounds

that are temperature-sensitive and prone to oxidation,
as it takes place at low temperatures and high vacuum.
Therefore, freeze-drying is the best way to dehydrate
fruits, berries and vegeTables in order to maintain an op-
timised content of bio-compounds in the final product
(Fructuoso et al., 2021). Fruits and vegetables in pow-
der form are used in the confectionery, bakery, alcoholic
beverage, and other food industries to make a variety
of sauces, teas, puddings, natural colours, additives, etc.
Freeze-dried fruit powders fortify foods with nutrients
and improve flavour and aroma properties and colour.
It is important to enrich drinks based on plant-based
milk with nutrients and to give these products new fla-
vours, including fruit and berry flavours. Therefore, the
aim of the study was to develop recipes for craft drinks
based on oat milk and powders obtained from freeze-
dried fruits and berries, and to evaluate their sensory,
physicochemical characteristics.

Materials and methods

The study was conducted at Lutsk National Techni-
cal University (Lutsk, Ukraine) in 2023. The developed
model compositions (MCs) of drinks (Tables 1-5) con-
taining ultra-pasteurised oat beverage (hereinafter oat
milk), powders (Fig. 1) from freeze-dried fruits and ber-
ries (mango, bilberry, strawberry, blueberry, raspberry)
were studied.

Figure 1. Freeze-dried plant powders
Note: a - mango (M); b - bilberry (B); ¢ - strawberry (S); d - blueberry (Bl); e - raspberry (R)

Source: compiled by the author

Table 1. Model drink compositions with oat milk and mango powder

Recipe component The content of components in the model compositions of the drink with oat milk and mango powder, wt. %
of the drink MC1 MC2(M) MC3(M) MC4(M)
Oat milk 100.0 99.0 94.0 89.0
Mango powder - 1.0 6.0 11.0
Total 100.0 100.0 100.0 100.0

Source: compiled by the author

Table 2. Model drink compositions with oat milk and bilberry powder

Recipe component The content of components in the model compositions of the drink with oat milk and bilberry powder, wt. %
of the drink McC1 MC2(B) MC3(B) MC4(B)
Oat milk 100.0 99.0 94.0 89.0
Bilberry powder - 1.0 6.0 11.0
Total 100.0 100.0 100.0 100.0

Source: compiled by the author
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Table 3. Model drink compositions with oat milk and strawberry powder

Recipe component The content of components in the model compositions of the drink with oat milk and strawberry powder, wt. %
of the drink MC1 MC2(S) MC3(S) MC4(S)
Oat milk 100.0 99.0 94.0 89.0
Strawberry powder - 1.0 6.0 11.0
Total 100.0 100.0 100.0 100.0

Source: compiled by the author

Table 4. Model drink compositions with oat milk and blueberry powder

Recipe component The content of components in the model compositions of the drink with oat milk and blueberry powder, wt. %
of the drink MC1 MC2(Bl) MC3(BL) MC4(BL)
Oat milk 100.0 99.0 94.0 89.0
Blueberry powder - 1.0 6.0 11.0
Total 100.0 100.0 100.0 100.0

Source: compiled by the author

Table 5. Model drink compositions with oat milk and raspberry powder

Recipe component The content of components in the model compositions of the drink with oat milk and raspberry powder, wt. %
of the drink MC1 MC2(R) MC3(R) MC4(R)
Oat milk 100.0 99.0 94.0 89.0
Raspberry powder - 1.0 6.0 11.0
Total 100.0 100.0 100.0 100.0

Source: compiled by the author

Characteristics of the nutritional value and calorie content of the components of the drink compositions are
presented in Table 6. The recipe components of the drink compositions were purchased at a local supermarket

(Lutsk, Ukraine).

Table 6. Nutrient content and calorie content of drink composition components

Component of drink Nutrient content and calorie content of drink composition components (per 100 g of component)*
compositions Protein, g Fat,g Carbohydrates, g Calorie content, kcal

Oat milk 1.0 2.5 6.5 52.5
Mango powder 4.7 2.2 86.0 382.0
Bilberry powder 7.7 2.1 87.0 398.0
Strawberry powder 4.9 2.5 84.9 381.0
Blueberry powder 8.1 0.8 56.4 265.0
Raspberry powder 8.0 4.3 79.6 389.0

Note: *according to manufacturers
Source: developed by the author

Manufacturers of components of drink compositions:

e oat milk (ultra-pasteurized oat beverage fortified
with calcium) - produced by Lustdorf LLC, Illintsi, Vin-
nytsia region, Ukraine;

« freeze-dried mango, bilberry and blueberry pow-
ders - produced by Gulfrost LLC, Byshkiv, Lviv region,
Ukraine;

« freeze-dried strawberry and raspberry powders -
produced by Ledova LLC, Chornomorsk, Odesa region,
Ukraine.

Drink compositions were prepared by mixing oat
milk with powders from freeze-dried fruits and ber-
ries according to the recipe. The sensory properties
(taste and smell, colour, appearance, consistency) of the
drink compositions were evaluated by experts accord-
ing to the methodology (Lawless & Heymann, 2010;

Pudovkin, 2021) on a five-point scale. The study was
conducted in accordance with the standards set out in
the Declaration of Helsinki (1979). The weighting coef-
ficients of these indicators were also calculated based
on the results of the expert survey. Statistical process-
ing of the survey results was performed using Mathcad
14 software, which was used to build sensory profiles
of drink compositions. In addition to scoring the senso-
ry properties of drink compositions, experts gave their
verbal description. The colour of the drink compositions
was determined using the camera of the Xiaomi Redmi
Note 8 Pro smartphone (China) and the Color Detector &
Catcher mobile application,using the RGB additive colour
model. Oat milk (MC1) was chosen as the control variant.

The quality indicator of the of drink compositions
was calculated by Equation:
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where m, m, m,, m, - weighting coefficients of drink
sensory indicators, respectively, taste and smell, colour,
appearance and consistency; P,, P,, P,, P, - sensory indi-
cators of the drink, respectively, taste and smell, colour,
appearance and consistency; P, , P, P,., P,, - basic val-
ues of sensory indicators of the drink, respectively, taste
and smell, colour, appearance and consistency (5 points).
The nutritional value and calorie content of model
compositions of drinks was calculated by Equation:

aimy; aimy;

P =X 100 =X 100 sz?zlaﬂ)n;i; (2)
E=4-P+9-F+4-C (3)

where P, F, C - the content of protein, fat and carbohy-
drates per 100 g of soft drink, g; a - the content of the
i-th recipe component per 100 g of soft drink, %; m,, mg,
m . - the weight, respectively, of protein, fat and carbo-
hydrates per 100 g of the /-th recipe component, g; 4,
9,4 - the calorie content of 1 g, respectively, of protein,
fat and carbohydrates (Capuano et al., 2018), kcal g%;

n - the number of components of the drink composition;
E - the calorie content of 100 g of the soft drink, kcal.

The density of drink compositions with oat milk and
freeze-dried plant powders was determined by the py-
cnometric method (Yohannes et al., 2013). The active
acidity of the developed drink compositions was deter-
mined using a pH-meter (Yohannes et al., 2013). The
statistical processing of the study results involved de-
termining the arithmetic mean and standard deviation
using Mathcad 14 software.

Results and discussion

The results of the expert verbal characterization of the
developed model drink compositions with oat milk and
freeze-dried fruit and berry powders are presented in
Tables 7-11. The developed drink compositions with a
weight content of fruit and berry powders of 1% have
a liquid consistency and the appearance of an opaque
homogeneous liquid. Drink compositions with a weight
content of freeze-dried plant powders of 6% and 11%
have, respectively, a liquid sour cream-like and sour
cream-Llike consistency and an appearance of an opaque
homogeneous mass.

Table 7. Sensory characteristics of model compositions of drink with oat milk and mango powder

Sensory Characteristics of indicators for drink compositions
characteristics MC1 MC2(M) MC3(M) MC4(M)
pleasant oat taste; pleasant oat taste; sweet-sour taste, oat-mango | sweet-sour taste, oat-mango
Taste and smell . .
oat aroma oat aroma flavour; oat aroma flavour; oat aroma
Colour RGB RGB RGB RGB
(243,239,231) (238,225, 200) (245,218,161) (236, 205,127)
Consistency liquid liquid liquid sour cream-Llike sour cream-like
Appearance opaque, Egngeneous opaque, Ezmggeneous opaque, homogeneous mass | opaque, homogeneous mass

Source: developed by the author

Table 8. Sensory characteristics of model compositions of a drink with oat milk and bilberry powder

Sensory Characteristics of indicators for drink compositions
characteristics MC1 MC2(B) MC3(B) MC4(B)
pleasant oat taste; pleasant oat taste; less sour taste, oat and sour taste, oat and bilberry
Taste and smell .
oat aroma oat aroma bilberry flavour; oat aroma flavour; oat aroma
Colour RGB RGB RGB RGB
(243,239, 231) (187,149, 135) (68,22,22) (29,16, 16)
Consistency liquid liquid liquid sour cream-like sour cream-like
Appearance opaque, homogeneous liquid | opaque, homogeneous liquid | opaque, homogeneous liquid | opaque, homogeneous liquid

Source: developed by the author

Table 9. Sensory characteristics of model compositions of a drink with oat milk and strawberry powder

Sensory

Characteristics of indicators for drink compositions

characteristics MC1 MC2(S)

MC3(S) MC4(S)

n .
Taste and smell pleasant oat taste;

pleasant oat taste;

sour oat and strawberry

sour strawberry taste; oat
flavour; oat and strawberry Y

oat aroma oat aroma aroma and strawberry aroma
Colour RGB RGB RGB RGB
(243,239,231) (233,211,209) (212,100, 100) (140, 24, 28)
Consistency liquid liquid liquid sour cream-Llike sour cream-like

Appearance opaque, homogeneous liquid

opaque, homogeneous liquid

opaque, homogeneous liquid | opaque, homogeneous liquid

Source: developed by the author
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Table 10. Sensory characteristics of model compositions of a drink with oat milk and blueberry powder

Sensory Characteristics of indicators for drink compositions
characteristics MC1 MC2(Bl) MC3(BL) MC4(BL)
pleasant oat taste; pleasant oat taste; sour berry flavour; sour berry flavour;
Taste and smell oat aroma oat aroma light oat aroma light oat aroma
Colour RGB RGB RGB RGB
(243,239, 231) (175,164, 186) (94, 56, 100) (61,39,58)
Consistency liquid liquid liquid sour cream-like sour cream-Llike
Appearance opaque, homogeneous liquid | opaque, homogeneous liquid | opaque, homogeneous liquid | opaque, homogeneous liquid

Source: developed by the author

Table 11. Sensory characteristics of model compositions of a drink with oat milk and raspberry powder

Sensory Characteristics of indicators for drink compositions
characteristics MC1 MC2(R) MC3(R) MC4(R)
pleasant oat taste; oat-raspberry taste with sour raspberry flavour; light | sour raspberry flavour; light
Taste and smell oat aroma sourness; oat aroma oat and raspberry aroma oat and raspberry aroma
Colour RGB RGB RGB RGB
(243,239, 231) (240, 224, 224) (231,163,172) (203,96,119)
Consistency liquid liquid liquid sour cream-like sour cream-like
Appearance opaque, homogeneous liquid | opaque, homogeneous liquid | opaque, homogeneous mass | opaque, homogeneous mass

Source: developed by the author

Drink compositions with an increase in the content
of fruit and berry powders develop a more intense taste
and smell, which is typical of the raw materials used.
The taste also becomes more sour, especially for compo-
sitions with berry powders. The colour of drink compo-
sitions with different fruit and berry powders is shown
in Figures 2-6, and its characteristics using the additive

RGB colour model are shown in Tables 7-11.The colour
of the drinks depends on the colour of the raw material
used (fruit or berry powder) and becomes more saturat-

ed with an increase in the content of this raw material.

MC1

MC2(M) MC3(M)

i
|

MC4(M)

Figure 2. Colour of the drink compositions
with oat milk and mango powder
Source: developed by the author

MC2(B) MC3(8)

MC4(B)

Figure 3. Colour of the drink compositions
with oat milk and bilberry powder

Source: developed by the author

MC2(S)

MC3(S) MC4(S)

Figure 4. Colour of the drink compositions
with oat milk and strawberry powder

Source: developed by the author

MC2(Bl)

MC3(Bl) MC4(Bl)

Figure 5. Colour of the drink compositions
with oat milk and blueberry powder
Source: developed by the author

MC1 MC2(R)

'i.l

MC3(R) MC4(R)

Figure 6. Colour of the drink compositions
with oat milk and raspberry powder
Source: developed by the author
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Sensory profilograms of drink compositions with oat
milkand freeze-dried plant powders are shownin Figure 7.
Among the developed drinks with mango powder (Fig.7a),

taste and smell
a 5

appearance

MC1 MC2(M) MC3(M)

MC4(M)

taste and smell

consistency

appearance

MK1 MK2(S) MK3(S)

MK4(S)

composition MC4(M) has the highest scores for taste and
smell and colour. Compositions MC2(M) and MC3(M)
have the highest scores for appearance and consistency.

taste and smell
5

consistency colour

appearance

MK1 MK2(B) MK3(B)

MKA4(B)

taste and smell

consistency

appearance

MK1 MK2(Bl)

MK3(8l) MK4(BL)

e taste and smell

appearance

——MK1 ———MK2(R) —— MK3(R)

MK4(R)

Figure 7. Sensory profiles of drink compositions with oat milk and freeze-dried plant powders
Note: a - mango powder; b - bilberry powder; ¢ - strawberry powder; d - blueberry powder; e - raspberry powder

Source: developed by the author

The taste and smell of composition MC4(B) were
rated by experts as the highest among drinks with bil-
berry powder (Fig. 7b). However, the highest scores for
colour, appearance and consistency were given to com-
position MC2(B). Among the compositions of the drink
with freeze-dried strawberry powder, the highest scores
for all sensory indicators (Fig. 7c), except for colour,

Commodity Bulletin, 2024, Vol. 17, No. 1

were obtained by composition MC2(S), and for colour -
by MC3(S). The highest scores for all sensory indicators
of drinks with blueberry powder were obtained by com-
position MC2(Bl) (Fig. 7d). Taste and smell, appearance
and consistency of composition MC2(R) were rated by
experts as the highest among the developed compo-
sitions with freeze-dried raspberry powder (Fig. 7d).



The highest score for the colour indicator was given to
composition MC3(R).

Following an expert evaluation of the importance
of sensory characteristics for drinks with oat milk and
freeze-dried plant powders, sensory indicator weighting
coefficients were calculated: taste and smell - m, = 0.4,
colour - m,=0.2; appearance - m, = 0.15; consistency -
m,=0.25. According to experts, the most important in-
dicators of drink quality are taste, smell and consistency.

Accordingtothesensorycharacteristics ofdrinkcom-
positions,the values of the quality indicator Q calculated
by Equation (1) are shown in Figure 8.The highest values

Dudarev
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of the Q indicator were found in the drink compositions
with oat milk and freeze-dried plant powders (Fig. 8):

e among the compositions with mango powder:
MC4(M) - 0=0.971;

e among the compositions with bilberry powder:
MC3(B) - 0= 0.94;

e among the compositions with strawberry powder:
MC2(S) - Q= 0.976;

e among the compositions with blueberry powder:
MC2(Bl) - Q= 0.949;

e among the compositions with raspberry powder:
MC2(R) - 0= 0.988.

0.9
0.85
0.8
0.75

MK1
W mango

MK2
bilberry

MK3

strawberry

MK4
blueberry M raspberry

Figure 8. Quality indicator Q for sensory characteristics of drink compositions
with oat milk and freeze-dried plant powders

Source: developed by the author

The results of calculating the nutritional value and
calorie content of the drink compositions with oat milk
and freeze-dried plant powders are presented in Table 12.
Regardless of the fruit and berry powders, increasing
their content in the drink results in an increase in protein
and carbohydrate content compared to the control. The
protein content in the drink compositions varies within
the following range (per 100 g of drink): with mango or
strawberry powder - 1.0-1.4 g; with bilberry powder -
1.1-1.7 g; with blueberry or raspberry powder - 1.1-1.8 g.
Thus, by adding fruit and berry powders, the protein con-
tent of the drinks increases by up to 80% compared to
oat milk. The content of carbohydrates in the drink com-

positions varies within the following ranges (per 100 g
of drink): with mango powder - 7.3-15.2 g; with bilberry
powder - 7.3-15.4 g; with strawberry powder - 7.3-15.1 g;
with blueberry powder - 7.0-12.0 g; with raspberry pow-
der - 7.2-14.5 g. Due to the addition of fruit and berry
powders, the content of carbohydrates in the drinks in-
creases by 7.7-136.9% compared to oat milk. There are
no significant changes in the fat content of drinks with
mango, bilberry and strawberry powder compared to oat
milk. In drinks with blueberry powder, compared to the
control variant, the fat content with an increase in the
powder content within 1-11% decreases from 2.5 to 2.3%,
and in drinks with raspberry - increases from 2.5 to 2.7%.

Table 12. Nutritional value and calorie content of drink compositions with oat milk and freeze-dried plant powders

. ", Nutritional value and calorie content of drink compositions (per 100 g of drink)
Drink compositions . "
Protein, g Fat,g Carbohydrates, g Calorie content, kcal

MC1 1.0 2.5 6.5 52.5
MC2(M) 1.0 2.5 73 54.0
MC3(M) 1.2 2.5 11.3 69.5
MC4(M) 1.4 2.5 15.2 85.0
MC2(B) 1.1 2.5 73 54.1
MC3(B) 1.4 2.5 11.3 70.4
MC4(B) 1.7 2.5 15.4 86.6
MC2(S) 1.0 2.5 73 54.0
MC3(S) 1.2 2.5 11.2 69.5

Commodity Bulletin, 2024, Vol. 17, No. 1
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Table 12. Continued

. . Nutritional value and calorie content of drink compositions (per 100 g of drink)
Drink compositions .
Protein, g Fat,g Carbohydrates, g Calorie content, kcal
MC4(S) 14 2.5 15.1 84.9
MC2(BL) 1.1 2.5 7.0 52.9
MC3(BL) 14 2.4 9.5 62.9
MC4(BL) 1.8 23 12.0 729
MC2(R) 1.1 2.5 7.2 54.1
MC3(R) 14 2.6 10.9 70.0
MC4(R) 1.8 2.7 14.5 85.9

Source: developed by the author

The calorie content of the developed drink compo-
sitions is higher than that of oat milk and ranges from
52.9-86.6kcal 100g?,and it increases with the increase
in the content of fruit and berry powders.

The results of determining the density and active
acidityofthe developed drink compositions with oat milk
and freeze-dried plant powders are givenin Table 13.The
density of oat milk is 1031.4£2.3 kg m™. The density of

drinks with an increase in the content of fruit and berry
powders within 1-11% increases and varies within the
range: for compositions with mango powder - 1033.6-
1052.4 kg m*; for compositions with bilberry powder -
1033.9-1054.1 kg m3; for compositions with strawberry
powder - 1033.8-1052.8 kg m™*; for compositions with
blueberry powder - 1032.9-1044.1 kg m; for compo-
sitions with raspberry powder - 1033.7-1048.5 kg m™.

Table 13. Physicochemical characteristics of drink compositions

Composition indicators Value of the indicators

Compositions with mango powder MC1 MC2(M) MC3(M) MC4(M)
Density, kg m™ 1031.4+2.3 1033.6+1.8 1043.7%2.5 1052.4+2.8

Active acidity (pH) 71%0.2 6.3+0.1 5.0£0.0 4.5+0.1

Compositions with bilberry powder MC1 MC2(B) MC3(B) MC4(B)
Density, kg m™* 1031.4%2.3 1033.9%1.6 1044.5+2.9 1054.1£2.5

Active acidity (pH) 71%0.2 5.6%0.0 4001 3.6+0.0

Composntno;; vv:(;tel: strawberry MC1 MC2(S) MC3(S) MC4(S)
Density, kg m™ 1031.4+2.3 1033.8+2.0 10439+2.4 1052.8+2.1

Active acidity (pH) 71£0.2 54£0.1 4.0£0.0 3.6+0.0

Compositions with blueberry powder MC1 MC2(Bl) MC3(BL) MC4(BL)
Density, kg m™* 1031.4%2.3 1032.9%2.3 1038.4%2.0 1044.1£1.9

Active acidity (pH) 7.1%0.2 5.2%0.0 3.8%0.0 3400

Compositions with raspberry powder MC1 MC2(R) MC3(R) MC4(R)
Density, kg m? 1031.4+2.3 1033.7+2.1 1040.2£2.5 1048.5+1.4

Active acidity (pH) 7.1%0.2 5.0%0.1 3500 3.3%£0.0

Source: developed by the author

The active acidity (pH) of oat milk is 7.1 £0.2. With
an increase in the content of fruit and berry powders in
the drink compositions, the pH of the drinks decreases.
In particular, with the content of fruit and berry pow-
ders in the range from 1% to 11%, the pH of the drink
compositions fluctuates: for compositions with mango
powder - from 6.3+0.1 to 4.5 £0.1; for compositions
with bilberry powder - from 5.6 0.0 to 3.6 £ 0.0; for
compositions with strawberry powder - from 5.4 0.1
to 3.6 £0.0; for compositions with blueberry powder -
from 5.2%0.0 to 3.4 0.0; for compositions with rasp-
berry powder - from 5.0+0.1 to 3.3%0.0.

Many scientists have conducted similar studies.
For example, DJ. McClements et al. (2020) examined
the scientific aspects of formulating the composition,
production technology and quality assurance of milk
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substitutes. Understanding the scientific principles of
the development and production of plant-based milk
products is important for increasing their usefulness
and acceptance by consumers in the soft drinks mar-
ket. A.R.A. Silva et al. (2020) found that alternatives to
milk can have benefits, such as lower saturated fat and
cholesterol, and supply of essential nutrients such as
calcium and vitamin D. However, they can also pose
challenges related to allergens and additives. From a
technological point of view, the development and pro-
duction of plant-based alternatives to milkrequires care-
ful selection of raw materials and processing methods
to achieve the desired taste, texture and stability, mak-
ing this an active area of research and development in
the food industry. A. Sousa & K.A.K. Bolanz (2017) state
that the composition of plant milk varies depending on



the raw material in terms of macro-and microelements,
the presence of biologically active compounds and an-
ti-nutrients. Plant-based beverages contain bioactive
substances, in particular, soy-based beverages contain
isoflavones and phytosterols, almond-based beverag-
es contain a-tocopherol and arabinose, and oat-based
beverages contain B-glucan (Karam et al., 2016; Fructu-
o0so et al., 2021). Fortification of drinks can cause signif-
icant changes in their physicochemical properties and
affect the taste of the product, as noted by A. Angelov et
al.(2018),E.Vasquez-Orejarena et al. (2018). Therefore, it
is important that the sensory properties of plant-based
milk are acceptable to consumers, as this affects the suc-
cess of the product on the market (Gorman et al., 2021).

In the scientific study by C. Alsado et al. (2023), it
was proposed to fortify oat milk with 3-glucan (6.25 g
L%). Soluble fibre in the form of B-glucans reduces LDL
cholesterol (Low-density lipoprotein), in particular, con-
sumption of 750 ml of oat milk with a B-glucan content
of 0.5 g 100 g* per day reduces LDL cholesterol (Chalu-
pa-Krebzdak et al., 2018).

In the scientific study by H. Zhou et al. (2021), it
was proposed to fortify almond milk with calcium and
vitamin D, the lack of which in the human body can
cause long-term health problems. Almond milk con-
tains 6.33 mg 100 g* of vitamin E, which is 42% of the
recommended daily dose of 15 mg. Hemp milk contains
a-linoleic acid 0.4 g 100 mL?, which is 25% of the rec-
ommended daily dose of 1.6 g.

At the same time, the plant raw materials used for
the production of plant-based milk have disadvantages.
S. Chalupa-Krebzdak et al. (2018) proved that, in par-
ticular, cereals and legumes contain phytic acid, which
is considered an anti-nutrient due to its ability to com-
bine with macro- and microelements (calcium, zinc,
iron, magnesium and copper) to create insoluble com-
plexes of these minerals that prevent their absorption
in the intestine. Soybeans, almonds, cashews and oth-
er nuts contain oxalates, which not only interfere with
calcium absorption but also act as a component in the
formation of calcium stones in the kidneys. Soybeans,
peanuts and other beans contain lectins that inhibit the
absorption of glucose in the intestine. Soybeans, oats,
peas and beans also contain saponins, which affect
the digestion of proteins by creating insoluble sapo-
nin-protein complexes.

Scientists A. Drewnowski et al. (2021) proposed re-
quirements (standard) for the nutrient content of plant-
based beverages (per 100 g), which are positioned as an
alternative to traditional milk: protein — more than 2.2 g;
saturated fat - less than 0.75 g; added sugar - less than
5.3-6.25 g; sodium - less than 120 mg; calcium, vitamins
A,D,B, and B,, -in a 200 g serving, more than 15% of the
dailyrequirement; calorie content - less than 85-100 kcal.

As a result of the current study, model compositions
of drinks with high sensory characteristics, including
taste, smell, colour, appearance and consistency, were
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developed. The physicochemical properties of these
drinks were also investigated and it was found that
the use of powders from freeze-dried fruits and berries
enriches the drinks with useful substances and makes
them more diverse in taste and aroma. The results of
the study indicate the potential of the proposed drinks
for implementation in the food industry, craft produc-
tion and restaurant business.

Conclusions

Using freeze-dried fruit and berry powders to make
oat milk-based drinks is promising, because these
drinks are fortified with nutrients. Freeze-dried fruit
and berries, particularly in powder form, retain mac-
ro- and microelements and vitamins contained in fresh
fruit and berries without significant loss. Plant pow-
ders also preserve the colour, taste and aroma of fresh
fruit and berries. The use of powders in drinks helps
to expand the range of non-alcoholic drinks that are
plant-based alternatives to milk for vegans and con-
sumers who are allergic to milk protein and lactose
intolerant or who do not consume animal-based bev-
erages for other ethical or environmental reasons.
Among the developed and studied craft drink com-
positions, the following are recommended for imple-
mentation, which have the highest values of the qual-
ity indicator: composition: oat milk - 89 wt.%, mango
powder - 11 wt.%; composition: oat milk - 94 wt.%,
bilberry powder - 6 wt.%; composition: oat milk -
99 wt.%, strawberry powder - 1 wt.%; composition: oat
milk - 99 wt.%, blueberry powder - 1 wt.%; composi-
tion: oat milk - 99 wt.%, raspberry powder - 1 wt.%.

The density of the recommended drinks with oat
milk and fruit and berry powders ranges from 1032.9
to 1052.4 kg m>. The active acidity (pH) of the recom-
mended drinks ranges from 4.0 to 5.4. The addition of
fruit and berry powders to oat milk increases the con-
tent of protein and carbohydrates in the drinks. The
calorie content of the proposed drinks ranges from
52.9-85.0 kcal 100 g 1. The developed drinks with freeze-
dried strawberry, blueberry and raspberry powder have
a liquid consistency, and the drinks with freeze-dried
mango and bilberry powder have a creamy consistency,
which makes them similar to smoothies. The colour of
the developed craft drinks corresponds to the fruit and
berry raw materials used, and its intensity depends on
the content of these raw materials.

Further research should be directed towards the
development of drinks with different combinations of
powders from freeze-dried berries, fruits and vegeta-
bles, as well as using different plant-based milk.
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Po3po6neHHs KpapTOBMX HANOIB 3 «BiBCAHNM MOJIOKOM»
Ta PPYKTOBO-ArigHNMMN NOPOLLKAMMU

Irop QlynapeB

[oKTOp TEXHIYHKMX Hayk, Npodecop

JIyubKMn HauioHanbHWUI TEXHIYHWUI YHIBEPCUTET
43018, Byn. JlbBiBCbKa, 75, M. JlyLbK, YKpaiHa
https://orcid.org/0000-0002-2016-5342

AHoTauifs. CnoXuBaHHS «POCAMHHOIO MOJIOKa» 3POCTAE LOPOKY, 0COBGNMBO cepepn aneprikis Ta oci6 3
HenepeHOCUMICTIO akTo3n. Po3pobka HanoiB Ha MOro OCHOBI i3 AOAABAHHSAM KOPUCHUX PEYOBMH Ta MOMIMLLIEHHAM
CMaKOBMX BIAaCTMBOCTEN € TPEHAOM cepen BMPOOHWMKIB ©e3ankorosbHMX HamnoiB. MeTa CTaTTi — po3pobneHHs
peuenTyp KpadTOBMX HaMoiB 3 «BiBCSHWMM MOJIOKOM» Ta MOPOLUKAMM i3 CybniMOBaHWX (PYKTIB i Arig, a Takox
BM3HAUYEHHS iX OpraHoNenTUYHMX i Qi3nKo-XiMiYHMX MOKA3HMKIB. [LoCnigKeHHS NpOBOAMAM, 3aCTOCOBYHOUM METOL,
€KCMepTHOro OLiHIOBAHHS OPraHoONEeNTUYHMX NOKA3HMKIB KOMMNO3MLIiM HaMOoiB, PO3paxyHKOBWI MeToA 064YMCIEHHS
NOXXMBHOI Ta EHEPreTUYHOI LiHHOCTI HAanoiB, METOAM KBaNiMeTpii AN 06YMCIEHHS KOMMIEKCHOMO NMOKa3HMKA SKOCTI
HanoiB, METOAM BMU3HaYeHH$ di3nKO-XiMiYHMX NOKA3HMKIB HanoiB, MobinbHMI 3acTocyHok Color Detector & Catcher
ONS BU3HAYEHHS KONIbOPY HamnoiB i3 BMKOPWUCTAHHAM aAMTMBHOI KonipHoi mogeni RGB, metoam cratmctuyHoro
00pobNEHHS [aHUX i3 BUKOPUCTAHHAM KOMMOTEPHOro nporpamHoro 3abesneuveHHs Mathcad 14. [Ing HanoiB Ha
OCHOBI «POC/IMHHOrO MOJIOKa» 3anpOMOHOBAHO B SKOCTi peuenTypHOro KOMMOHEHTa BMKOPWUCTOBYBATM MOPOLLKM
i3 cybniMmoBaHux GpyKTiB i Arig, cnocib BMpobHMLTBA SKMX [,03BONSE 36eperti Konip, apomMaT Ta CMaK HaTypasibHOI
CMPOBWMHM, 3 TAKOX ii KOPUCHI pe4yoBMHU. Po3pobneHi MonenbHi KOMMO3MLii HanoiB 3 «BiBCIHMM MOJIOKOM» Ta
NopoLIKaMu i3 cyb6niMOBaHUX MAHIo, YOPHUL, MOMYHULi, NOXMHM Ta MaNuHWU. EKCcnepTHe OLiHIOBAHHS A4,03BOAWIO
BM3HAUYMTM KpaLli KOMMNO3MLii HAaNOIB, WO MalTb BUCOKI OpraHoNenTUYHI BNAaCTMBOCTI (CMak i 3amax, KOAip, 30BHILLHIN
BUINSA, Ta KOHCUCTEHUi0). JlocnimxeHi rycTMHa Ta aKTMBHA KMCIOTHICTb pO3pobAeHMX KOMMO3WLIM HamnoiB Ta
obuncneHa ix NoXuWBHA i eHepreTUYHa LiHHICTb. BcTaHOBNEHO, WO ryCTMHA HANOIB 3i 36iNbLIEHHAM BMiCTY (PYKTOBO-
AriLHWX NOPOLLKIB 36iNbLWYETbCS, @ NOKa3HMK pH HaNoiB — 3MeHLYETbCA. TaKOXX BCTAHOBJ/IEHO, LLO 30inbLlUEeHHS BMICTY
B Hamnoi MopoLukiB i3 cybniMoBaHWx QPYKTiB i Arig, CNpUYMHAE 36inbleHHs Y HbOMY BMICTy 6inkiB Ta ByrneBoai..
BukopuctaHHa GpyKTOBO-AriAHOT CUPOBUHM B peLLENTypi HamnoiB f03BONSE 36araTUTU iX KOPUCHUMMU pPEeYOBUHAMM
Ta YPi3HOMAHITHUTM CMaK i apoMat. 3anponoHOBaHI HaMoi MOXyTb BYyTM peKOMEeHAOBaHi L0 BMNPOBALXKEHHS Ha
NiANPUEMCTBAX Xap4yoBOi MPOMMCIOBOCTI, Ha KPadTOBMX BMPOOHMLTBAX XapuyOBMX MPOAYKTIB Ta Yy 3aKNajax
pecTopaHHOro rocnofapcTaa

KniouoBi cnoBa: pocniMHHe MOIOKO; peLenTypa Hamnot; BAACTMBOCTI Hanot; cybnimMoBaHi GpykTu; cybniMoBaHi sroam
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