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Abstract. Many children are unable to receive natural nutrition for
various reasons. In this case, children are transferred to artificial
feeding. Artificial feeding is provided by dry milk formulas. Most
powdered milk formulas on the market are made from cow's milk. But
the chemical composition of cow's milk in many respects does not
correspond to human milk. It is proposed to use mare's and sheep's milk
to develop mixtures for baby food. Milk collected from farms in
Eastern, Western and Central Ukraine was used. Powdered milk was
obtained by spray drying. The calculation of formulations was
performed by optimizing the chemical composition using the standard
Simplex program. Dry milk formulas based on Ligans mare's milk and
Agnus sheep's milk have been developed for feeding children from birth
to 6 months. Studies of microbiological parameters of the mixtures have
shown that during 12 months of storage in cardboard packs with an
inner package of combined polymeric material, the obtained products
retain quality. During this period, the content of vitamins that can break
down during storage is also normal. Assessing the tolerability of Ligans
and Agnus mixtures, it was found that with the use of mixtures, the
incidence of colitis and flatulence began to decline rapidly. A decrease
in the total level of IgE by 88—-90% in the blood of children indicates the
hypoallergenic properties of mixtures of Ligans and Agnus. The initial
content of sIgA in coprofiltrates of breastfed infants has been shown to
be almost indistinguishable from that of infants consuming Ligans and
Agnus. Developed mixtures are recommended to increase the body's
resistance. The effectiveness of the mixtures has been confirmed by
medical and biological studies.
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Introduction. Formulation of the problem

conclusion of ESPGHAN (European Society of

Pediatric Gastroenterology, Hepatology and Nutrition),

Breast milk is considered the «gold standard» of
infant nutrition and protects the baby's body from
infections and inflammation, promotes immunity and
accelerates the maturation of organs [1,2]. But for
various reasons, many children around the world are
deprived of breastfeeding.

Despite the implementation of WHO/UNICEF
initiatives since 2003 and the active promotion of
breastfeeding, today only 36% of children under 6
months of age are breastfed. Other children receive
adapted formula. [3,4]

To date, most infant formulas in the first year of
life are highly adapted and as close as possible to the
basic characteristics of breast milk [5]. However, there
are some differences in the structure and composition
of protein, oligosaccharides, carbohydrates and fat
component, the content of vitamins and trace elements.
The choice of formula should be based on the
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which states that the most optimal mixture that should
be used for breastfeeding is that "provides children
with the same indicators of development, immune
reactions and metabolic profile, as in children on
natural feeding" [6].

The main raw material from which infant formula
is made is cow's milk.

In order to find such a product that will have
advantages in chemical composition over cow's milk
and as close as possible to the composition of human
milk, it is proposed to use mare's and sheep's milk.

Development of new and improvement of existing
technologies of children's dairy products, in particular,
functional purposes with the use of mare's and sheep's
milk today is an urgent task for scientists.

Analysis of recent research and publications
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In order to adapt dry milk formulas, milk
undergoes a number of transformations. Analysis of
dry milk formulas from leading European
manufacturers (Nanl, Nutrilonl, Humanal) showed
that such formulas contain demineralized whey, skim
milk, vegetable fats, which make up 100% of all fat in
the product. This means that the natural composition of
milk in such products has changed. Based on this, it is
clear that animal fats in the mixtures are absent, and
therefore no fat-soluble vitamins in milk, the natural
mineral composition of milk is disrupted due to
demineralization, during a number of technological
operations for milk processing water-soluble vitamins
are lost.

One of the most common allergens encountered by
young children is cow's milk protein. It is estimated
that 6-8% of children under the age of 3 have food
allergies and up to 4.9% have allergies to cow's milk
protein. [7]

Cow's milk allergy is now one of the most
common childhood food allergies, and studies show
that 2 to 5% of infants in different countries with cow's
milk protein allergy have been confirmed [8-11]. The
main protein allergens of milk are casein and
B-lactalbumin [12-15].

Australian scientists have reported that allergies to
cow's milk proteins occur in 2% of young children. In
Denmark, children in the first year of life — 2.2%, in
Finland infants under 15 months — 1.9%, in Norway
in newborns under 6 months — 4.9%, in the UK in
infants — 2.5%, in the Netherlands in infants — 2.3 %, in
Sweden — 1.9%, in the USA — 5.2%, in Canada —
7.5% [16-18].

The authors [19] studied in vitro and in vivo
allergenicity of mare's milk in a population of selected
children with allergies to cow's milk. The results of this
study indicate that mare's milk is tolerated by 96% of
children.

Scientists [20] conducted a study to assess the
microbiological quality of commercially available
infant formula from a health perspective. A total of
fifty infant formulas and formulas (bottled or dry) from
five different international companies were analysed. It
was found that 2% of the samples were found to be
inconsistent with the total number of aerobic
mesophilic organisms, 22% for the number of coliform
bacteria, 16% for the total amount of yeast and mold
and 10% for the amount of B. cereus. In addition, L.
monocytogenes was identified in 6% of samples,
Salmonella spp in 4%, B. cereus in 10% and E. coli in
14%. Only 26% of the samples analyzed in the study
did not meet the standards, and it was found that they
contain pathogens that can cause serious health
problems in infants.

However, other studies [21] indicate that
pathogenic bacteria such as Escherichia coli, Listeria
monocytogenes and Salmonella spp. were not detected
in dry milk formulas. The authors found only the
presence of opportunistic pathogen Cedecea lapagei.
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The authors [22] studied goat's milk powder for
180 days at different storage temperatures. The authors
report the presence of Escherichia coli and Salmonella
in milk, but claim that if powdered milk is stored at
4°C, an increase in the number of microorganisms is
observed. And when storing milk powder at a
temperature of 22°C, the number of microorganisms
decreases for 4 months.

Contradictory results on the stability of vitamin D
in milk during processing and storage have been
reported in the literature [23]. Natural vitamin D,
present in milk, has been reported to be unstable during
pasteurization and sterilization [24]. Conversely, free
vitamin D added directly to milk before spray drying at
149°C and fluidized bed finishing at 107°C was
completely reduced in milk powder [25]. In another
study, the percentage recovery of free vitamin D in
milk after pasteurization at 63°C for 30 min and
sterilization at 121°C for 15 min was 90 and 67%,
respectively [26]. Pasteurization at 73°C for 15 s,
homogenization at 13.8/3.4 MPa and storage in opaque
plastic containers at 4°C for 21 days did not affect the
content of vitamin D added to milk. [27]. It was found
that vitamin D is stable in milk when pasteurized at
63°C for 30 minutes and stored at 4°C for 7 days in
glass bottles in the dark or for 32 hours in light, while
the stability of vitamin D was ~ 90% when using
polyethylene packages as packaging material,
regardless of light exposure during storage. This
phenomenon is associated with the absorption of
vitamin D by the polymer. Sterilization at 121°C for
15 min also led to complete recovery of vitamin D,
while stability during storage of sterilized milk has not
been studied [28].

In [29], the authors report that vitamin A added
externally was more stable than vitamin A present in
milk. Vitamin A was photosensitive and its
degradation increased significantly by 34.82-92.53%
with increasing radiation intensity.

The authors [30] studied the stability of
lyophilized foods for long-term storage with a moisture
content of less than 2%. Stability was highest for
vitamins B; and B, with average storage rates ranging
from 93% to 97% for all storage temperatures. The
lowest conservation rates were for vitamin E at 75%,
77% and 79% and vitamin Bg at 85%, 86% and 88%
after storage at 1°C, 30°C and 40°C, respectively.

The analysis of publications showed the absence
of similar studies of both mare's and sheep's milk
powder and dry milk products based on them.

The purpose of this work is to establish the
possibility and feasibility of using mare's and sheep's
milk in the technology of dry milk formula for baby
food. The following tasks were set for this:

1. To develop recipes for dry milk formulas based
on mare's and sheep's milk for feeding children from
birth to 6 months;
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2. Investigate changes in microbiological
parameters of dry milk formulas based on mare's and
sheep's milk during storage;

3. Investigate the stability of the vitamin
composition of dry milk formulas based on mare's and
sheep's milk during storage;

4. To establish the effectiveness of the use of dry
milk formulas based on mare's and sheep's milk for
feeding children with allergies to cow's milk proteins;

polymer material. The air was removed from the
package and replaced with nitrogen, the package was
sealed by soldering the upper valve. Packs of mixtures
were stored under the same conditions recommended
by the manufacturers of infant formula at a temperature
not exceeding 25°C. Mass fraction of moisture does
not exceed 4%.

Table 2 — Recipes for dry milk mixtures "initial*

5. To establish the effectiveness of the use of dry The amount of raw
milk formulas based on mare's and sheep's milk for N ) materials, %
. \ " . \ . ame of raw materials - -
children's nutrition to increase the body's resistance. Mixture | Mixture
Ligans Agnus
Research materials and methods Sheep's milk powder, % — 56.00
. . Dry mare's milk, % 84.65 —
Milk colle_\cted from farms in Eastern, Western a_nd Soybean oil, % — 2.00
Central Ukraine was used for the study. Quality Sunflower oil % 700 2.00
indicators and chemical composition of native milk are Olive oil, % ' 8.00 —
presented in table.1. Lactose, % , 36.30
Table 1 — Quality indicators anq chemical composition of Ilggtc-tsuc:loustfl’e()/\(;itamins — 1.00
native milk mg/100 g 0.03 0.03
. Mare's Sheep's Water-soluble vitamins,
Indicator il m"ﬁ mg/100 g 0.23 0.31
Mass fraction of protein, % 1,52 4,8 Minerals, mg/100 g 0.21 0.56
Mass fraction of fat, % 1,2 6,1 Incl.
Mass fraction of 6.2 a1 sodium citrate, mg/100 g - 4.63
carbohydrates, % ' ' potassium citrate, mg/100 g — 13.88
Mass fraction of moisture, % 9,2 18,4 Taurine, mg/100 g 0.03 0.03
. . . . Inositol, mg/100 g 0.11 0.11
Dry milk mixes were made on a semi-industrial Total: 100.00 100.00

spray dryer «Niro-Atomizer» with a chamber volume
of 0.9 m? and a capacity of evaporated moisture up to
5.0 kg/h. Drying was performed at a temperature of
140-150°C for a mixture based on mare's milk and
180-190°C for a mixture based on sheep's milk.
Drying took place according to the following
parameters: the speed of the drying agent — 0.5 m/s, the
relative humidity of the drying agent — 25%, the
droplet size of the sprayed product — 40-50 pm, the
mass fraction of dry matter in the product 40—43%.

The calculation of formulations was performed by
optimizing the chemical composition using the
standard Simplex program.

Taking into account the results of our own
research and in accordance with the requirements for
baby food, dry baby "initial" mixtures have been
developed for children from birth to 6 months:

— Ligans mixture based on mare's milk

— Agnus mixture based on sheep's milk.

Formulations of dry milk formulas (Table 2) were
developed in accordance with the requirements of the
mandatory composition provided for in CODEX
STAN 72-1981 (amendments: 1983, 1985, 1987, 2011,
2015, 2016), European Union Directive, 2016 (USA),
Order "On approval of hygienic requirements for baby
food, safety parameters and certain indicators of their
quality" of August 6, 2013 Ne 696 [31].

Packaged products were stored for a year in
cardboard packs with an inner package of combined
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Vitamins B, and Bg were determined using ion-
pair reversed phase high performance liquid
chromatography with fluorescence detection, vitamin
B, by fluorescence detection by reversed-phase liquid
chromatography, vitamins A and E by the ultra-high
performance liquid chromatography method with
ultraviolet and fluorescence detection. [32]

The content of vitamins By, B3, Bo, B1y, A, E in the
mixtures was performed according to the methods
[33-34], the content of vitamin D according to [35],
vitamin C [36].

Microbiological parameters were
according to the methods described [37-39].

Clinical and laboratory studies to study the
effectiveness of milk formulas «primary» Ligans and
Agnus in children's nutrition were conducted at the
Children's Clinical Hospital Ne 8 Shevchenkivskyi
district of Kyiv for 60 days.

All patients undergoing scientific research have
given their written voluntary consent.

For the study of mixtures for hypoallergenic
properties under supervision were 47 children,
including 8 children who were breastfed and
39 children with allergies to cow's milk proteins, who
were on artificial feeding with milk hypoallergenic
mixtures of Ukrainian or foreign production, aged 1 to
7 months.

Group | includes breastfed children (n = 8), group
Il — children who are breastfed with hypoallergenic

determined
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milk formulas of Ukrainian or foreign production
(n = 17), group Il — children who are breastfed
mixtures of Ligans or Agnus (n = 22).

The level of total IgE was detected using a set of
reagents for indirect enzyme-linked immunosorbent
assay to quantify the desired parameter in the serum
produced by LLC «CCFF» (Russia). Serum levels of
IgE antibodies were determined using an automatic
analyzer IMMUNOCAP 100 (Sweden).

To study the effectiveness of mixtures to increase
the body's resistance under supervision were
26 ... 28 children (group 1) aged 2 to 6 weeks who were
on artificial feeding.

The comparison group (group II) consisted of
12 healthy children aged 2 to 8 weeks, who are on
artificial feeding with initial mixtures of different
manufacturers that do not contain nucleotides. The
third group consisted of 15 healthy children aged 2 to
6 weeks, who are on artificial feeding with mixtures of
the original, enriched nucleotides. Another comparison
group (group V) consisted of 17 healthy infants aged
1 to 6 weeks who were breastfeeding.

The study lasted 30 days and included 4 visits to
the doctor. The first (V1) — before the start of the study,
the other three (V,, Vs, V,) — every 10 days from the
start of the study.

Determination of the level of secretory Ig A (slg
A) in coprofiltrates was performed using solid-phase
enzyme-linked immunosorbent assay using a set of
reagents (REF K275 and REF K 276 «<HEMAY).

Results of the research and their discussion

In the developed mixes whole milk is used, which
was subjected only to the processing provided by the
traditional technology of dry milk base. [40] Some fats
in mixtures are represented by milk fat, the rest by
vegetable oils. The chemical composition of mare's
milk completely provides the Ligans mixture with
lactose. Sodium and potassium citrate salts are
included in the Agnus mixture to adapt the protein
component of sheep's milk. It is this prescription
composition provides the requirements for the
mandatory composition of infant formula.

According to the recommendations of leading
manufacturers, mixtures for children from birth to 6
months are reconstituted with water in a ratio of 1:6-7.
This ratio is due to the fact that the reconstituted
product has the necessary energy value and good
rheological properties, similar to human milk.

The chemical composition of the developed
mixtures and the requirements of regulatory documents
for the composition of these products are presented in
table 3. Data are presented per 100 kcal of
reconstituted mixture according to the requirements
of [41] and 100 g of dry product. This presentation of
data (per 100 kcal of the reconstituted mixture) is due
to the fact that the same composition of the dry product
will give different values of the chemical composition
of the reconstituted mixture with different amounts of
reducing agent.

Table 3 — Composition and requirements for the composition of milk mixtures (n=2, p<0,95)

The amount of substances

Mixture Ligans

Mixture Agnus

per 100 kcal of the
Indexes reconstituted mixture in Per 100 g of Per 12]9 keal Per 100 g of Per 12]9 keal
accordance with the dry product, reconstituted dry product, reconstituted
hygienic requirements for % roduct % roduct
baby food. P 9 P 9
Mass fraction of 1830 13.7 2.7 14,0 3.0
protein, %
(I)\/ﬂass fraction of fat, 4.4-6.0 252 50 238 52
Mass fraction of
carbohydrates, % 9.0-14.0 56.1 111 477 10.3
Energy value, kcal 60-70 506.0 63.2 461.0 63.8

The amount of substances
per 100 kcal of the
reconstituted mixture in

Per 100 kcal of reconstituted

Per 100 kcal of reconstituted

Fatty acids accordance with the product, g product, g
hygienic requirements for
baby food
Linoleic acid, mg 300-1200 1164 743
a-linolenic acid, mg not less than 50 192 113
The ratio of linoleic not less than 5 and not 6.06 6.6
acid/a-linolenic acid more than 15 ) )
;-:c? r%c;/r;:ggtc%i:ggm should not exceed 20% of 127 15.1
; the total fat content
alone or in total,%
Amino acids
Lysine 113 180 235
Histidine 40 60 64
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Continuation of the table 3

Threonine 77 105 124
Threonine 38 45 38
Valine 88 124 145
Methionine 23 83 85
Isoleucine 90 102 109
Leucine 166 387 275
Tyrosine 76 101 135
Phenylalanine 83 108 146
The ratio of
methionine and not more than 1:2 1:.0,5 1:0.5
cystine
The ratio of
phenylalanine and not more than 1:2 1:1 1:11
tyrosine

Vitamins
Vitamin A, mcg 60-180 86 87
Vitamin D, mcg 1-25 1.73 1.7
Thiamine, mcg 60-300 122 138
Riboflavin, mcg 80-400 108 102
Niacin, mcg 300-1500 920 385
&i’gmhe”'c acid, 400-2000 600 693
Vitamin Bg, mcg 35-175 78 52.1
Biotin, mcg 1.5-75 3.23 3.8
Folic acid, mcg 10-50 16.5 235
Vitamin B,,, mcg 0.1-0.5 0.2 0.32
Vitamin C, mg 10-30 25.6 20.85
Vitamin K, mcg 4-25 10.65 175
Choline, mg 7-50 22 23
Vitamin E, mg 0.4-5.0 1.85 15

Minerals
Sodium, mg 20-60 28.4 31.0
Potassium, mg 60-160 88.0 67.4
Chlorine, mg 50-160 67.0 61.9
Calcium, mg 50-140 92.0 101.0
Phosphorus, mg 25-90 63.0 55.0
The ratio of Ca/P not fess than 1 and not 16 1.98

more than 2

Magnesium, mg 5-15 7,0 8.8
Iron, mg 0.3-1.3 1.07 1.11
Zinc, mg 0.5-1.5 0.54 0.64
Copper, mcg 35-100 53.0 53.3
lodine, mcg 10-50 18.3 11.3
Selenium, mcg 1-9 15 7.4
Manganese, mcg 1-100 22.0 26.0
Fluoride compounds, max.100 83 81
mcg

The table shows that the composition of the
developed mixtures fully satisfies the requirements for
the content of basic components (proteins, fats,
carbohydrates), as well as the content of fatty acids,
amino acids, vitamins and minerals and their ratio in
baby food. The mass fraction of protein in the Ligans
mixture is 10% lower than in the Agnus mixture. The
protein content in the Agnus mixture corresponds to
the upper limit of the permissible norm. The mass
fraction of fat in the Agnus mixture is 4% higher than
in the Ligans mixture. This is due to the significant
predominance of protein and fat in sheep's milk.
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The mass fraction of carbohydrates in the Ligans
mixture is 7.2% higher than in the Agnus mixture. As
for the content of polyunsaturated fatty acids in the
mixtures, in the Ligans mixture they are 37% more.
But the ratio of linoleic and a-linolenic acid, as well as

their number, are within normal limits in both
mixtures.
The amount of essential amino acids in the

mixtures must not be less than specified in the
requirements. It is established that the mixtures meet
the requirements and contain similar values of the
content of most amino acids. Only in a mixture of
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Agnus lysine, tyrosine, threonine and phenylalanine
1.2-1.4 times more than in a mixture of Ligans

The amount of vitamins in the mixtures is in the
middle of the allowable range. 2.4 times more niacin is
observed in the Ligans mixture, compared with the Agnus
mixture.

In the Ligans mixture, the amount of selenium and
zinc is within normal limits, but close to the lower limit of
the permissible range. The same is observed for the iodine
content in the Agnus mixture.

When storing products in airtight packaging, the
development of unwanted or even harmful microflora is
possible. When the values of microbiological indicators
exceeding the permissible level are reached, the product
becomes unfit for consumption. Therefore, to determine the
shelf life of the product it is necessary to study changes in
microbiological parameters in dry milk formulas.

Changes in microbiological parameters were studied
during storage of mixtures. Table 4 presents the changes in
the microbiological parameters of the Ligans mixture
during storage. There is a gradual growth of
microorganisms throughout the storage period of the
mixture. After one year of Ligans storage, the amount of
B.Cereu and mesophilic aerobic and facultative anaerobic
microorganisms (MAFAM) increased 2.5-3 times, and the
number of microscopic fungi increased more than 4 times.

During the year of storage of Agnus, the number of
microscopic fungi increased 5.5 times, MAFAM -
1.7 times, and the number of B.Cereu increased 2.5 times.

It should also be noted that during the year of storage
the content of MAFAM, microscopic fungi and B.Cereu
in Agnus mixture is 1.2-1.3 times higher than in Ligans
mixture. The explanation for this is that the Agnus
mixture contained more of these microorganisms at the
beginning of the study than the Ligans mixture.

A study of the microbiological parameters of infant
dry milk products showed that E. coli bacteria, E. coli,
pathogens and staphylococci were not detected in any of
the products. The obtained data correlate with the studies
of the authors [21], who also report the absence of these

microorganisms in milk formulas. However, other
authors [20] indicate the presence of 26% of
commercially available mixtures of pathogenic

microorganisms.

The content of MAFAM, microscopic fungi and
B.Cereu in mixtures of Ligans and Agnus is within
acceptable limits. Thus, the results obtained indicate the
microbiological safety and suitability of these products for
breastfeeding during the specified storage time.

During long-term storage of food, a characteristic
feature of vitamins is their destruction. Because dry
baby foods have a long shelf life, storing vitamins
throughout the storage period is a very important issue.
Studies to determine the mass fraction of vitamins in
dry mixes were conducted after 6 and 12 months of
storage. The results are shown in table 5.

The results indicate that vitamins such as nicotinic
acid, pantothenic acid and choline are fully preserved
in both mixtures after 12 months of storage.
Vitamins A, B¢ and B,, suffer the largest losses (9.0-
12.0%) in Ligans and Agnus mixtures. Some vitamins
(A, E, By, C) are gradually destroyed during storage.
However, other vitamins (B,, B,) are stable during the
first six months of storage. Thus, cyanocobalamin,
whose losses after 12 months of storage are large, is
almost not destroyed in the first six months. The
dynamics of vitamin loss during storage is similar for
both mixtures of Ligans and Agnus. But it should be
noted that the loss of thiamine in Agnus is 2.3 times
greater, and vitamin C is 2 times greater than in
Ligans.

Table 4 — Changes in microbiological parameters of baby food products during storage (n=2, p<0,95)

Indicator Expiration date
lday [ 1month 3months | 6months | 12 months Norm
Mixture Ligans
Mesophilic aerobic and
facultative-anaerobic . 300 320 400 500 800 2000
microorganisms CFU in1g
of dry product, not more
B.cereus CFU in 1 g, not 12 14 21 28 36 100
more
Microscopic CFU fungi
in 1g, no more 7 10 17 22 29 50
Mixture Agnus
Mesophilic aerobic and
facultative-anaerobic . 400 460 500 570 680 2000
microorganisms CFU in 1 g
of dry product, not more
B.cereus CFU in 1 g,
not more 8 9 16 21 27 100
Microscopic CFU fungi
in 1, no more 4 7 12 16 22 50
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Table 5 — Losses of vitamins in infant formula during storage (n=2, p<0,95)

Mixture Ligans Mixture Agnus
Vitamins Per 100 g qf dry prodgct Total Per 100 g_of dry produgzt Total
initial i 6 12 | osses o | initial in 6 in12 | losses,
months months ' months months %
A, mcg 440.0 410.0 396.0 10.0 403.4 391.0 365.0 9.5
D, mcg 8.65 8.62 8.5 1.8 7.79 7.7 7.6 2.2
E, mg 9.4 9.3 9.2 2.0 6.92 6.88 6.8 2.2
By, mcg 612.6 611.0 610.8 0.3 642.2 638.5 637.7 0.7
B,, mcg 549.3 543.0 516.0 6.0 471.75 470.5 440.6 6.6
B3, mcg 4664.4 4664.4 4664.4 - 1776.0 1776.0 1776.0 -
Bs, mcg 3043.0 3043.0 3043.0 - 32135 32135 3213.5 -
Bg, mcg 390.8 374.0 356.0 9.0 237.0 226.0 220.0 7.2
B;, mcg 154 15.0 14.8 4.0 17.65 17.61 16.8 5.0
By, mcg 83.65 80.8 79.5 5.0 110.87 107.5 105.0 5.0
By, mcg 1.0 1.0 0.89 11.0 15 1.45 1.33 115
C, mg 129.5 128.9 128.2 1.0 96.5 95.2 94.6 2.0
Choline, mg 112.4 112.4 112.4 - 107.12 107.12 107.12 -

The authors [30] also report loss of vitamins in
foods during storage, in particular in pasteurized,
sterilized and lyophilized foods. Losses of vitamin D in
pasteurized and sterilized milk for 21 days were
10-37%, and vitamin A — 34.82-92.53%.

In lyophilized foods, the loss of vitamins B; and
B, was 3-7%, vitamin E 23%, vitamin Bg — 14% at a
storage temperature of 30°C.

Ligans and Agnus have significantly lower
vitamin losses. Thus, the loss of vitamin B in mixtures
of Ligans and Agnus is 4-23 times lower than the
results of studies by the authors [30]. There are also 11
times less loss of vitamin E and 1.6-1.9 times less loss
of vitamin Bg in mixtures of Ligans and Agnus,
compared with lyophilized foods.

In general, the data obtained show that dry
mixtures of Ligans and Agnus retain good vitamin
composition and will meet the body's need for vitamins
until the end of shelf life.

Because mare's milk, on the basis of which the
Ligans mixture was developed, belongs to the albumin
type, the fractional composition of proteins is
dominated by whey proteins, this mixture can be
recommended for children suffering from food
allergies to cow's milk proteins.

Allergies may be related to milk lactose
intolerance. In such cases, develop functional mixtures
of low-lactose or lactose-free [41].

Sheep's milk, on the basis of which the Agnus
mixture was developed, belongs to the casein group.
However, it is dominated by B-casein, as in human
milk, rather than a-casein (the main allergen of cow's
milk).

Based on the definition, functional baby food -
baby food that is offered to prevent or mitigate the
disease of a child with special dietary needs, including
in the case of congenital or acquired disorders of
absorption of certain nutrients, their intolerance
and / or certain diseases [40], the resulting mixtures are
recommended as a functional baby food for
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children suffering from food allergies to cow's
milk protein.

The presence of an allergic reaction in the body
indicates the level of total IgE in the blood. The results
of the research are presented in table 6 and table 7.

Assessing the tolerability of Ligans and Agnus
mixtures, it was noted that children were less likely to
suffer from colitis and flatulence than children from
the comparison group. Before the study, 72-91% of
children were bothered by colitis and flatulence. With
the reception of mixtures, the incidence of colitis and
flatulence began to decline rapidly.

When taking a mixture of Ligans, the incidence of
colitis decreased by 94%, and flatulence — by 95%.
Signs of atopic dermatitis disappeared.

Colitis, flatulence and atopic dermatitis in children
completely disappeared when consuming Agnus
mixture. The explanation for the fact that 4.5% of
children did not disappear symptoms of colitis and
flatulence when consuming a mixture of Ligans may
be that this mixture does not contain sodium or
potassium citrate salts that can degrade milk proteins,
while these salts are present in the recipe Agnus.

A decrease in the total level of IgE by 88-90% in
the blood of children indicates the hypoallergenic
properties of mixtures of Ligans and Agnus.

Nucleotide-enriched mixtures that increase the
body's resistance have been identified in the baby food
market. However, it was found that the main protective
factors in the child's body are immunoglobulin A and
lactoferrin [2]. And nucleotides in breast milk in the
first months of lactation are found in small quantities,
so they can not be fully responsible for the formation
of the immune response.

Despite the high content of mare's and sheep's
immunoglobulin A and lactoferrin in milk, the
effectiveness of using Ligans and Agnus mixtures to
increase the child's body resistance was studied.

The level of secretory immunoglobulin A in
coprofiltrates testifies to the effectiveness of the use of
mixtures. The research results are presented in table 8.
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Table 6 — Data on the tolerance of the tested mixture Ligans (n=2, p<0,95)

Indexes Group | Group Il Group 111
V, V, Vs V, V, V, Vs V, V, V, Vs V,
Colitis (frequency of 25, 35. | 35. 23.
manifestation) % 25.0 0 125 0 82.0 0 0 29.0 72.0 0 45 45
Flatulence 12. 76. 59. 18. 18.
(frequency).% 125 5 0 0 88.0 0 9 59.0 91.0 0 0 45
Frequency of atopic 0 0 0 0 | 100 | % |8 | 710 100 0| 0 0
dermatitis 0 0
The level of total IgE, 3.8 B B ioz 34.8 3 3 148 | 327 3 3 3.4
ml +0.8 6’ +4.2 +4.2 +3.5 +0.3

Table 7 — Data on the tolerance of the tested mixture Agnus and the dynamics of the main indicators (n=2, p<0,95)

Indexes Group | Group I Group 111

V, V, V, V, V, V, | Vi, V, V, V, | Vi | V,
Colitis (frequency of 25. 35. | 35. 27. | 14.
manifestation),% 250 0 125 0 820 0 0 200 | 880 0 0 0
Flatulence 12. 76. | 59. 27. | 23.
(frequency),% 12.5 5 0 0 88.0 0 9 59.0 | 72.0 0 0 0
Frequency of atopic o [ o] o | o |10 % |8 |70 10|00/ o
dermatitis 0 0
The level of total IgE, 3.8 B B ioz 34.8 B B 148 | 343 a 3 4.1
ml +0.8 6. +4.2 +4.2 +3.2 +0.4

Table 8 — The level of sIgA in coprofiltrates of children while taking formula (n=2, p<0,95)
Group | Group Il
- Group 111
Indicator . (mixtures th?t (mixtures enriched Group IV
Ligans Agnus do not contain . . (breastfeeding)
. in nucleotides)
nucleotides)

slgA, mg/ml 0.071+0.005 0.070+0.005 0.006+0.001 0.032+0.004 0.074+0.005

Analysis of slgA content in coprofiltrates of
children showed that the initial content of SIgA in
coprofiltrates of breastfed children is almost no
different from that of children who consumed Ligans
and Agnus. At the same time, the level of sIgA in
coprofiltrates of formula-fed infants with nucleotide-
free "initial" mixtures and nucleotide-enriched "initial"
mixtures is significantly lower than in breastfed
infants. This is explained by the low level of
immunoglobulins in these mixtures and in the milk
from which they are made.

The ability to increase the level of secretory
immunoglobulin A gives grounds to recommend
mixtures of Ligans and Agnus for breastfeeding infants
with reduced immunity to increase the body's
resistance.

Conclusion

The possibility and expediency of using mare's
and sheep's milk in the technology of dry milk
formulas for baby food have been studied.
Formulations of dry milk formulas based on mare's
milk Ligans and sheep's milk Agnus for feeding
children from birth to 6 months have been developed.
Developed products meet the requirements for
mandatory composition for this category of children's
products. Changes in microbiological parameters of
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dry milk formulas during their storage have been
studied. It was found that during the year of storage of
Ligans mixtures, the number of B.Cereu and
mesophilic  aerobic and facultative anaerobic
microorganisms (MAFAM) increased 2.5-3 times, and
the number of microscopic fungi increased more than 4
times. No pathogenic microorganisms were detected in
the mixtures. It was found that the microbiological
parameters of Ligans and Agnus mixtures after a year
of storage are normal.

The loss of vitamins in Ligans and Agnus mixtures
during their storage was studied. Vitamins A, Bg and
By, suffer the largest losses (9.0-12.0%). Some
vitamins (A, E, By, C) are gradually destroyed during
storage. Vitamins B, and B12 are characterized by
stability during six months of storage. Taking into
account the losses during the year of storage, the
content of vitamins in the mixtures of Ligans and
Agnus meets the requirements.

When taking a mixture of Ligans, the incidence of
colitis decreased by 94%, and flatulence — by 95%.
Signs of atopic dermatitis disappeared. Colitis,
flatulence and atopic dermatitis in children completely
disappeared when consuming Agnus mixture. A
decrease in the total level of IgE by 88-90% in the
blood of children indicates the hypoallergenic
properties of mixtures of Ligans and Agnus.
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The content of sIgA in the co-filtrates of breastfed  effectiveness of using these products to increase the

infants and those consuming Ligans and Agnus was  body's resistance.
found to be almost the same. This confirms the
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1Kaq)enpa TYpPU3MY Ta TOTEJILHO-PECTOPAHHOI CIIpaBU

'Kam’ sirenp-TloinbchKnit HalioHANBHII yHiBEpCHTET iMeHi IBaHa OrieHka

Byn. CyBopoBa, 52, M. Kam’saenp-Iloninecekmii, Ykpaina, 32300

Kadespa TeXHONOTi XTiGOMeKapCHKIX i KOHIMTEPCHKUX BUPOGIB

HarjioHaneHuit yHIBEPCHTET XapUOBHX TEXHOJIOTIH, Byl BomoximMupcnka, 68, M. Kuis, Yipaina, 01601

AHoTanisi. Benuka KinbKicTh AiTel i3 pi3HUX NPUYMH HE MOXKE OTPHMYBATH INPUPOJHE XapdyyBaHHA. Y TakoMy
BUIIAJKy MiTel INepeBOAATh Ha INTyYyHe BHroaoByBaHHs. llITyuHe BHMromoByBaHHS 3a0e3NEUYyEThCS 32 PAXYHOK CYXHX
MOJIOYHHX CyMileil. 31e6iIb1oro cyxi MOJIOYHI CyMilli, IpeCcTaBiIeHi Ha PHHKY, BUTOTOBISIOTHCS 3 KOPOB’SYOTO MOJIOKA.
Ane XiMIYHHH CKJIaJ KOpPOB’SYOTO MOJIOKa 3a OaraTbMa IOKa3HHKaMH HE BiINOBiZae XIHOYOMY MOJIOKY. st po3poOku
CyMilIel JUIsi JUTSYOrO Xap4yyBaHHsS 3alpOINIOHOBAHO BHKOPHCTOBYBAaTH MOJIOKO KOOWIISYe Ta OBede. BHKOPHCTOBYBAJOCH
MOJIOKO, 3i0paHe y (epMepcrkux rocmomaperBax CximHoi, 3aximHoi Ta LleHTpamsHoi Yipainn. Cyxe MOJOKO OTpUMYBaJH
PO3NITIOBATBHUM CYIIIHHAM. PO3paxyHOK peuentyp NpOBOIWIM HUIIXOM ONTHMi3allil XiMIi9YHOTO CKIaxy 3a JOIOMOTOIO
cranmapTHOi nporpamu Simplex. Po3po6ieHo cyxi MOIOYHI CyMillli Ha OCHOBI KOOWITYOro MoJioka Ligans Ta oBe4oro Mosoka
Agnus, MpU3HAYCHI IJs XapuyBaHHs JITeH Bil HapoKeHHS 1o 6 MicsmiB. [IpoBeneHi MOCTiKEHHS MIiKpOOiOJOTTYHUX
MOKA3HMKIB CyMillleil Mokasajiu, [0 NpoTAroMm 12 MicsamiB 30epiraHHs B KOPTOHHHX Iaykax 3 BHYTPIIIHIM HakeTOM 3
KOMOIHOBAaHOr0 MOJIMEPHOTO MaTtepially OTpHUMaHi MPOAYKTH 30epiraloTh sKICTh. 3a BKa3aHMH TEpPMiH BMICT BiTaMiHiB, sIKi
3JaTHI A0 po3mamy Hpu 30epiraHHi, TakoX Bixmosimae Hopwmi. OIiHIOIOUM IepeHocHMOCTi cymimeid Ligans i Agnus
BCTaHOBJICHO, L0 3 NPHHOMOM CyMilleil 4acToTa BHHHKHEHHS KOJIITY Ta METECOPU3MY IHTEHCHBHO TIOYaja 3HHKYBATHCA.
3amwkenHs 3aransHoro piBHS IgE Ha 8890% y kpoBi xiTell cBimYMTH MpO TimoajepreHHi BIAacTHUBOCTI cymimed Ligans Ta
Agnus. JloBeneHo, 1m0 BUXiTHHUIA BMICT SIgA y kompodinbTpaTax IiTed, siki mepeOyBaroTh Ha TPYAHOMY BHUTOJOBYBaHHI,
Maibke He BiJpi3HIETHCS Bijl TAKOTo y AiTeH, siki croxkuBanu cyminn Ligans ta Agnus. Po3po0iieni cyMiri peKoMeHIYIOThCs
JUTS ABUILCHHS PE3UCTEHTHOCTI opraHi3My. EQeKkTHBHICTh cyMilleil miATBEpPKEHO MEANKO-010JI0TTYHUMH JTOCITiIKSHHIMH.

Kiio4oBi ciioBa: qutsiue Xxap4ayBaHHs, CyXi CyMillli, OBe€Ye MOJIOKO, KOOMIISTYE MOJIOKO.

Xapuosa Hayxka i Texuonorist / Food science and technology 86 Volume 15 Issue 4/ 2021


https://doi.org/10.1017/S1751731119000211
https://doi.org/10.1016/j.clnu.2020.05.012
https://doi.org/10.1016/j.fbio.2019.03.005
https://doi.org/10.1016/j.ifset.2018.02.014
https://doi.org/10.1016/j.paed.2020.04.003
https://www.emerald.com/insight/publication/issn/0034-6659
https://www.emerald.com/insight/publication/issn/0034-6659
https://doi.org/10.1108/NFS-11-2017-0250

