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Introduction
The problem of vitamin deficiency among the inhab-

itants of Russia is quite common and relevant to this 
day. A more acute deficiency is observed in people liv-
ing in the north of the country. For example, in one of 
the settlements of the northern region in the spring, ap-
proximately 20% of the surveyed had a lack of retinol. 
An effective method of solving this issue is the enrich-
ment of food with vitamins [1]. However, some of them, 
due to their instability, need additional protection. Re-
cent studies suggest that milk proteins can provide such 
preservation. Nowadays milk proteins found a wide ap-
plication in the production of various products due to 
their availability, low cost, physicochemical properties, 
and high amino acid content [2–5]. Being a milk protein 
casein exists as micelles and consists of αS1- and αS2, β-, 
κ-caseins and calcium phosphate [6]. The properties of 
micellar casein began to be widely studied after the de-
velopment of microfiltration methods for its isolation 
from milk. Simultaneously, an active search for ways to 
use casein in various areas of food production started. 
A range of articles can be found about the application of 
micellar casein concentrates in the production of sports 
nutrition, cheeses, yogurts, and high protein/low carbo-
hydrate drinks [3,7]. Another direction of study is the use 
of casein and its components for the delivery of unstable 
products and medicines in human organisms [8–12]. This 
topic has been actively studied by many scientists in re-
cent years and is of great interest.

The introduction of various organic compounds in the 
casein’s structure allows us to control their concentration 
and ensure their transport in an unchanged form. Due to 
its micellar structure, casein exhibits a high ability to bind 
ions and small molecules, stabilizing them [13]. This prop-
erty of micelles is especially seen in binding with water-
insoluble compounds. It happens due to hydrophobic in-
teractions, van der Waals forces, and hydrogen bonds [14]. 
Among the unstable hydrophobic molecules, fat-soluble 
vitamins A and D have a special place. These compounds 
are sensitive to light, UV radiation, and elevated tempera-
tures. Casein can absorb radiation at 200–300 nm and pro-
tect these compounds [15]. Using vitamin D as an example, 
the ability of casein to protect molecules from exposure 
to high temperatures and destructive changes that occur 
during storage at low temperatures was shown. It favor-
ably distinguishes the “casein” method of storing vitamins 
from, for example, storing a vitamin dissolved in vegetable 
oil or an aqueous emulsion stabilized by surfactants (e. g., 
tween-80) [14]. Generally, the recombination of casein is 
used to introduce vitamins in casein micelle. Initially, ca-
sein is taken not in its native micellar form, but as its pro-
cessing product — sodium caseinate. After the introduc-
tion of vitamin to caseinate, solutions of K2HPO4, calcium 
citrate, and CaCl2 are added to the reaction mixture. Under 
the action of these compounds, the micellar structure of 
casein is restored with vitamins presumably encapsulated 
in micelles. However, these restored micelles still differ 
from native ones [16,17].
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In papers [15–19] researchers concluded that recom-
bined and native micelles can protect some molecules 
(including retinol) by encapsulation. Heating β‐carotene 
(vitamin A precursor) at 80 °C for 8 hours the concentra-
tion of carotene decreased by 83.5%, while using MCC the 
level of degradation was only 31%. Encapsulated vitamins 
also showed higher stability under high-pressure treat-
ment. It is worth noting that the maximum decrease in the 
amount of β-carotene was observed in the first hours of 
heating; subsequently, its concentration ceased to change 
[18]. In the study of Mohan et al. [20] it was reliably shown 
that in milk enriched with vitamin A, most retinol mol-
ecules are contained in the casein fraction. To prove this, 
researchers separated milk proteins into different pro-
tein fractions using size-exclusion chromatography, and 
extracted vitamin A for quantitative determination by 
high-performance liquid chromatography (HPLC). After 
extraction, the composition of each protein fraction was 
determined by SDS-PAGE.

For a long time, micellar casein itself has been used 
during the production of various types of food products, 
including its application as vitamin transport [13,16,21–
23]. However, in meat production, other additives based 
on milk proteins are mainly used, such as whey proteins, 
caseinates, and milk powder (the main protein of which 
is casein) [24–29]. Using the example of sausage produc-
tion technology [30], it was shown that MCC has a posi-
tive effect on the functional and technological properties 
of minced meat systems and cooked products. Thus, ana-
lytical studies give reason to believe that the application of 
micellar casein concentrate in meat product formulations 
is an insufficiently studied topic, especially when used as a 
vehicle that transports and preserves vitamins in sausage 
products.

Based on these data, we hypothesized that the encap-
sulating ability of native casein can be effectively used to 
fortify boiled sausages with vitamin A.  During produc-
tion, these sausages are subjected to prolonged exposure to 
relatively high temperatures. Such heating, in the absence 
of protection, can lead to the degradation of most retinol. 
Thus, this study aimed to investigate the MCC protective 
properties towards unstable molecules of retinol and its 
palmitate in vitro and in model minced meat systems such 
as boiled sausages.

To implement this idea, it was necessary to develop a 
method for encapsulating vitamin A molecules in casein 
micelles which would include such requirements as easy 
scalability and implementation into production. Because 
native micellar casein was the object of our studies, rela-
tively simple approaches using caseinate recombination 
in micelles were not of interest. Also approaches based on 
encapsulations in native micelles accompanied by rather 
specific conditions, such as excessively high pressure did 
not suit us. The second goal was to estimate the vitamin’s 
degree of degradation under model conditions in an un-
protected form, as well as with protection in the form of 

casein micelles. The last task was to study the preservation 
rate of vitamin A in the meat system. This work is devoted 
to the solution of these issues.

Objects and methods
The objects of this study were retinyl palmitate (phar-

maceutical drug, 50 mL, JSC “Retinoids”), retinol (derived 
from retinyl palmitate), concentrate of micellar casein 
Lactoprima Pro MicCC85 (BaltMilk, Lithuania), retinol 
mixed with MCC, retinol mixed with MCC and tween-80 
(IGL, India), retinyl palmitate, retinyl palmitate mixed 
with MCC and tween-80, vitamin premix based on micel-
lar casein concentrate, minced meat system.

The studied minced meat system was manufactured 
according to the formulation presented in [30]. This sys-
tem was an emulsion for the production of meat products 
such as boiled sausages. The heat treatment included three 
stages (drying, frying, and cooking) until the center of a 
sample reached an internal temperature of 72 °C, while the 
temperature in the thermal chamber reached 80 °C [30].

The solvents were purified and dried by standard 
 methods.

1H NMR spectra were recorded on a DPX-250 (Bruker, 
Germany) (250 MHz, Scientific and Educational Labora-
tory of Resonance Spectroscopy, Department of Natural 
and High Molecular Compounds Chemistry of Southern 
Federal University) spectrometer using CDCl3 as a solvent 
with the solvent residual peaks as the internal standard.

High-performance liquid chromatography was carried 
out using the Gilson analytical HPLC system (USA).

Products were purified by chromatography (chroma-
tography columns were used) on Al2O3 (Brockmann activ-
ity III). The progress of reactions and the purity of prod-
ucts were monitored by thin-layer chromatography (TLC) 
on Al2O3 plates and developed with iodine vapor or UV 
light (UV-viewing cabinet (Spectroline, USA)).

Stirring was carried out using an overhead stirrer 
 SH-II-6C (Huanghua Faithful Instrument Co., China).

Distillation was conducted on a Hei-VAP Core rotary 
evaporator (Heidolph, Germany).

For ultrasonic exposure, an ultrasonic bath Sonorex 
 Super RK 31 (Bandelin, Germany) was used.

In the experimental part, optimal procedures are indi-
cated (taking into account the yield of retinol).

To select model conditions various technological pro-
cesses and heat treatment parameters used in the produc-
tion of boiled sausages were investigated and analyzed. 
Studies showed that the temperature of the chamber does 
not usually exceed 80 °C and the time of heat treatment is 
less than 3 hours. Thus, we chose the harshest conditions 
as a model one in which molecules of the vitamin can be in 
meat emulsions. These conditions included maintaining a 
constant temperature in the range of 78–80 °C and varying 
the time the sample was exposed to temperature, ranging 
from 0 to 3 hours. It is worth noting that the processes took 
place in the absence of light sources.
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Isolation of native retinol from a drug
A mixture of the drug (50 mL), EtOH (200 mL), and 

50% aqueous KOH (80 mL) was saponified for 30 min at 
80 °C with vigorous stirring. Then H2O (300 mL) was add-
ed, and the reaction mixture was allowed to cool to rt. The 
crude product was extracted with n-hexane (4 × 50 mL). 
Most of the solvent was distilled off, and the product was 
purified by column chromatography (Al2O3, n-hexane). 
A  yellow-colored fraction luminous in UV was isolated. 
After evaporation of the solvent yellow-orange oil (solu-
tions have a weak green fluorescence in UV) with a total 
weight of 259 mg was afforded.

The resulting mixture was dissolved in 8 mL of EtOH, 
0.5 mL was taken and evaporated. 3 mg of anthracene was 
added to the sample containing 0.5 mL of ethanol solution 
and the mass of retinol in the sample was calculated using 
the 1H NMR method. There were no antioxidants in the 
spectrum, the mass of vitamin A was 9.1 mg, therefore, the 
content of retinol in the resulting mixture is 56% (145 mg).

The degree of homogenization of an MCC  
and retinol mixture
The study was carried out at stirring for 1, 2, and 3 h. 

Ultrasound (ultrasonic exposure was carried out in an 
ultrasonic bath) and tween-80 were used as additional 
factors leading to homogenization. A control sample was 
stirred without the addition of tween-80 or ultrasonic 
exposure: 1 g of casein was hydrated in a ratio of 1:20. 
Then 0.5 mL of retinol’s solution in EtOH (9.1 mg of reti-
nol) was added. The resulting mixture was stirred at rt 
for 1, 2, and 3 h in darkness. A sample with tween-80 was 
prepared by adding surfactant (0.5 mL) and 0.5 mL of 
retinol’s solution in EtOH (9.1 mg of retinol) to hydrat-
ed casein. With the additional action of ultrasound, the 
sample was placed in an ultrasonic bath for 15 minutes 
before stirring. Then it was subjected to ultrasound every 
30 min for 5 min.

The study of the preservation of the vitamin depending 
on the stirring time
1 g of casein was hydrated in a ratio of 1:20. Then 

tween-80 (0.5 mL) was poured in, the mixture was stirred 
and 0.5 mL of retinol’s solution in EtOH (9.1 mg of retinol) 
was added. The resulting mixture was stirred at rt for 1, 
2, and 3 h in darkness and heated at 80 °C in silicone oil 
(Merck, Germany) for oil baths for 3 h with constant stir-
ring. After heating dibutylhydroxytoluene (BHT) (30 mg), 
50% aqueous KOH (15 mL), and EtOH (30 mL) were 
added. Saponification was carried out at 80 °C for 30 min. 
Then H2O (10 mL) was poured, and the reaction mixture 
was allowed to cool to rt. The product was extracted with 
n-hexane (4 × 10 mL). After the evaporation of the solvent 
yellow oil was afforded.

4 mg of anthracene was added to the sample. The 
amount of retinol was calculated using 1H NMR spectros-
copy. The yield after 1 h was 5.2 mg, 2 and 3 h — 6.9 mg.

Retinol stability study
A mixture of H2O (10 mL) and 0.5 mL of retinol’s solution 

in EtOH (9.1 mg of retinol) was heated at 80 °C in silicone oil 
(Merck, Germany) for oil baths for 3 h with constant stirring. 
After heating BHT (30 mg), 50% aqueous KOH (15 mL), and 
EtOH (30 mL) were added. Saponification was carried out 
at 80 °C for 30 min. Then H2O (10 mL) was poured, and the 
reaction mixture was allowed to cool to rt. The product was 
extracted with n-hexane (4 × 10 mL). After the evaporation 
of the solvent yellow-orange oil was afforded.

3 mg of anthracene was added to the sample. The 
amount of retinol was calculated using 1H NMR spectros-
copy. The yield was 2.6 mg, therefore, the content of retinol 
decreased by 71%.

Retinol stability study using a surfactant
A mixture of H2O (10 mL), tween-80 (0.5 mL), and 

0.5  mL retinol solution in EtOH (9.1 mg of retinol) was 
stirred at rt for 30 min in darkness. Then the reaction 
mixture was heated at 80 °C in silicone oil (Merck, Ger-
many) for oil baths for 3 h with constant stirring. After 
heating BHT (30 mg), 50% aqueous KOH (15 mL), and 
EtOH (30 mL) were added. Saponification was carried out 
at 80 °C for 30 min. Then H2O (10 mL) was poured, and 
the reaction mixture was allowed to cool to rt. The product 
was extracted with n-hexane (4 × 10 mL). After the evapo-
ration of the solvent yellow oil was afforded.

3 mg of anthracene was added to the sample. The 
amount of retinol was calculated using 1H NMR spectros-
copy. The yield was 3.3 mg, therefore, the content of retinol 
decreased by 64%.

Retinol stability study using MCC
1 g of casein was hydrated in a ratio of 1:20. Then 

tween-80 (0.5 mL) was poured in, the mixture was stirred 
and 0.5 mL of retinol’s solution in EtOH (9.1 mg of retinol) 
was added. The resulting mixture was stirred at rt for 1 or 
3 h in darkness and heated at 80 °C in silicone oil (Merck, 
Germany) for oil baths for 3 h with constant stirring. Af-
ter heating BHT (30 mg), 50% aqueous KOH (15 mL), and 
EtOH (30 mL) were added. Saponification was carried out 
at 80 °C for 30 min. Then H2O (10 mL) was poured, and 
the reaction mixture was allowed to cool to rt. The product 
was extracted with n-hexane (4 × 10 mL). After the evapo-
ration of the solvent yellow oil was afforded.

3 mg of anthracene was added to the sample. The 
amount of retinol was calculated using 1H NMR spectros-
copy. The yield after 1 h was 8.3 mg (the content of retinol 
decreased by 9%), 3 h — 7.0 mg, hence the content of reti-
nol decreased by 23%.

Preparation of a premix based on MCC for its further 
incorporation into sausages
Tween-80 (0.15%, this volume is within the range of rec-

ommended safe doses for its use, and also provides a good 
degree of homogenization [31,32]) was added to hydrated 



68

Dzhangiryan et al. THEORY AND PRACTICE OF MEAT PROCESSING, 2024, vol. 9, no. 1, pp. 65–74

(1:4) MCC (8 kg of MCC, 2 kg of water). Then retinyl pal-
mitate (1.8 mL) was gradually poured into the mixture. The 
resulting mixture was stirred for 2 h. After stirring a pre-
mix was cooled to 4 °C and added to the cutter according 
to formulation [30].

Determination of vitamin A by HPLC
Sample preparation for HPLC was carried out accord-

ing to GOST 32307–2013 1. After the isolation of vitamin A, 
it was dissolved in acetonitrile (0.05 mL). Then 0.02 mL of 
solution was taken and studied by HPLC. The amount of 
a vitamin was calculated using the formula presented in 
GOST 32307–2013. For example, the mass concentration of 
the vitamin in the calibration solution is Cst mg/cm3, peak 
area of an individual vitamin in a sample Sx, peak area of 
an individual vitamin in a calibration solution — Sst, the 
volume of solvent taken to dissolve the dry residue is Vs 
mL, mass of the test sample — m g.

 X = 
Cst × Sst × 0.5 × 1000

Sx × m
 (mg/kg) (1)

Each experiment was repeated 15 times. The main vari-
able is measured in metric scale, therefore, to select statis-
tical processing, a comprehensive check of the normality 
of data distribution was carried out (graphical analysis 
of histograms and calculation of the Shapiro-Wilk test). 
Since the variables almost always showed a distribution 
other than normal, non-parametric Wilcoxon T test (for 
dependent samples, comparisons between phases of the 
same experiment), Kruskal-Wallis H test and Mann-
Whitney U test (for independent samples, comparison of 
the final mass of retinol in stability studies under differ-
ent conditions) were applied. In order to study the pres-
ervation of the vitamin depending on the stirring time, 
we also used the calculation of the Spearman’s rank cor-
relation coefficient.

Results and discussion
The most common method for the quantitative deter-

mination of fat-soluble vitamins is HPLC. However, this 
method, like any other, has its drawbacks. In this work, a 
fast and effective method for the quantitative determina-
tion of fat-soluble vitamins using nuclear magnetic reso-
nance spectroscopy was successfully used. It is consistent 
with the results obtained previously [33].

Firstly, the optimal conditions were selected to intro-
duce vitamin into casein. Vegetable oil and ethanol were 
chosen as solvents. The “encapsulation” process was ac-
companied by intensive stirring and took place at room 
temperature. Stirring time varied from 1 to 3 hours. Ultra-
sound (US), surfactants (tween-80), and their combined 
effect were applied as factors contributing to the transition 
of vitamin molecules into micelles (Table 1). The addition 
of surfactants is common in the enrichment of milk and 

 1 GOST 32307–2013 “Meat and meat products. Determination of fat-sol-
uble vitamins by high performance liquid chromatography”. Retrieved from 
https://docs.cntd.ru/document/1200107182. Accessed August 05, 2023

milk products with fat-soluble vitamins [34]. The idea of 
ultrasound application is based on the obvious need to dis-
perse fat globules of vitamin mixtures. For a preliminary 
visual determination of the interaction effectiveness, the 
degree of reaction mixture homogenization was assessed. 
This method of vitamin protection is easier than the ones 
described earlier based on the recombination of protein 
[11,15,17,18]. Besides, this approach allows one to preserve 
protein micelles in their native state.

Table 1. Homogenization of a mixture of micellar casein 
concentrate and retinol with stirring

Tstir. = 1 h Tstir. = 2 h Tstir. = 3 h

— US Su
rf

.

US
 +

 Su
rf

.

— US Su
rf

.

US
 +

 Su
rf

.

— US Su
rf

.

US
 +

 Su
rf

.

Retinol in EtOH — — * ** ** ** *** *** ** ** *** ***

Retinol in oil — — * ** * * *** *** * * *** ***
The degree of homogenization: —, no homogenization; *, poor; **, good; 
***, excellent. Tstir. — time of stirring

Since micellar casein is an emulsifier, although not as 
good as sodium caseinate, it has been suggested that a vi-
tamin solution with hydrated MCC be kept under vigor-
ous stirring. However, visible results were achieved only 
after 2–3 hours of stirring. As can be seen from the table, 
homogenization and, as a result, encapsulation proceed 
slowly without the use of auxiliary factors. Due to the hy-
drophobic nature of the vitamin, oil makes it more diffi-
cult to introduce it into casein. Ethanol mixes with water 
and creates conditions for effective penetration of retinol 
into the interior and pores of casein micelle. Short-term 
exposure to ultrasound does not significantly affect emul-
sification, while long-term exposure is undesirable due to 
the instability of the vitamin. At the same time, the use of 
tween-80 significantly accelerates the mixing and encapsu-
lation processes. After an hour of stirring polysorbate in-
troduction leads to partial homogenization with a gradual 
separation of the solution without stirring. After two hours 
of stirring the solution looks mostly homogenized. Ad-
ditional stirring for one more hour does not lead to any 
visible changes. There were not any noticeable differences 
when the combination of ultrasound and surfactant was 
used. Thus, based on preliminary tests the MCC/tween-80 
system was chosen to produce vitamin premix (the addi-
tion of surfactant leads to more effective homogenization).

As noted earlier, quantification was carried out using 
NMR spectroscopy. A given amount of anthracene was in-
troduced into the samples as a standard. In this case, an 
important factor in the selection of a standard substance 
is the absence of signals in the spectrum that would in-
tersect with the characteristic peaks of the substance stud-
ied. Anthracene signals are at 7.46 (dd, J = 6.5, 3.3  Hz, 
4H), 8.00 (dd, J = 6.5, 3.3 Hz, 4H), 8.43 (s, 2H) ppm. Reti-
nol peaks are at 1.03 (s, 6H), 1.46 (m, 2H), 1.61 (m, 2H), 
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1.71  (s, 3H), 1.89 (s, 3H), 2.00 (s, 3H), 2.02 (t, J = 6.1 Hz, 
2H), 4.32 (d, J = 7.0 Hz, 2H), 5.69 (t, J = 7.0 Hz, 1H), 6.09 (d, 
J = 11.2 Hz, 1H), 6.10 (d, J = 14.1 Hz, 1H), 6.14 (d, J = 13.9 Hz, 
1H), 6.28 (d, J = 15.1 Hz, 1H), 6.64 (dd, J = 15.1, 11.3 Hz, 1H) 
ppm [33]. In the 1H NMR spectrum of vitamin A, upfield 
signals cannot be used for quantitative assessment, since 
other aliphatic signals are present in the region of 1–3 ppm 
as well as water. In the downfield region, there are signals 
from the methylene unit associated with the OH group and 
 Csp

2–H protons, which do not intersect with other signals 
and can be used to estimate the content of retinol in the 
sample (Figure 1).

To estimate the influence of stirring on the “encapsu-
lation” degree of retinol molecules into protein micelles, 
we carried out experiments with time of preliminary stir-
ring varied from 1 to 3 hours. After stirring for a given time 
samples were subjected to three hours of heating under the 
same conditions. Figure 2 shows selected signals in 1H NMR 
spectra obtained in our experiments. We calculated the 
amount of retinol using an anthracene singlet at 8.43 ppm 
(marked in orange) and a triplet from one of the CH retinol 
units (5.69 ppm), marked in green on the structure.

Initially, we supposed that there is a dependence on 
retinol concentration from stirring time. To test this 

Figure 1. Fragment of the 1H NMR spectrum of retinol isolated chromatographically from a drug
 

8 
 

 
Figure 2. Fragments of 1H NMR spectra of anthracene and retinol mixture with stirring for 1, 2, and 
3 h 
 

Initially, we supposed that there is a dependence on retinol concentration from stirring time. 
To test this hypothesis, we calculated Spearman's correlations between two variables. Indeed, the 
resulting correlation coefficient confirms that the stirring time and the mass of the vitamin in the 
mixture are directly proportional to each other (positive correlation r = 0.799421, p≤0.005). To 
determine when the most significant increase in retinol concentration occurs, a comparative analysis 
was carried out. 

Significant differences between the yield of retinol depending on stirring time were tested 
using the Wilcoxon test. Table 2 shows the results of calculating the criterion for pairwise 
comparisons of experimental phases, indicating the empirical value of the T-criterion and the level 
achieved. 

 
Table 2. Results of comparison of the retinol mass in the samples depending on the stirring time 

  
  Comparison between different points 

M ± sd, mg Before stirring 1 h 2 h 
Before stirring 9.1       

1 h 5.18 ± 0.161 T=0, 
p=0.00065     

2 h 6.86 ± 0.073 T=0, 
p=0.00065 T=0, p=0.00065   

3 h 6.90 ± 0.065 T=0, 
p=0.00065 T=0, p=0.00065 T=0, p=0.06789 

Tstir. = 1 h 

Tstir. = 2 h 

Tstir. = 3 h 

Figure 2. Fragments of 1H NMR spectra of anthracene and retinol mixture with stirring for 1, 2, and 3 h
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 hypothesis, we calculated Spearman’s correlations between 
two variables. Indeed, the resulting correlation coefficient 
confirms that the stirring time and the mass of the vita-
min in the mixture are directly proportional to each other 
(positive correlation r = 0.799421, p ≤ 0.005). To determine 
when the most significant increase in retinol concentration 
occurs, a comparative analysis was carried out.

Significant differences between the yield of retinol de-
pending on stirring time were tested using the Wilcoxon 
test. Table 2 shows the results of calculating the criterion 
for pairwise comparisons of experimental phases, indi-
cating the empirical value of the T-criterion and the level 
achieved.

Table 2. Results of comparison of the retinol mass in the samples 
depending on the stirring time

Comparison between different points

M ± sd, mg Before 
stirring 1 h 2 h

Before stirring 9.1

1 h 5.18 ± 0.161 T = 0, 
p = 0.00065

2 h 6.86 ± 0.073 T = 0, 
p = 0.00065

T = 0, 
p = 0.00065

3 h 6.90 ± 0.065 T = 0, 
p = 0.00065

T = 0, 
p = 0.00065

T = 0, 
p = 0.06789

M — mean; sd — standard deviation; T — empirical value of the Wilcoxon 
test; p — significance level

In this work, significant differences are those in which 
the significance level is p ≤ 0.05. Figure 3 shows a graph of 
the average retinol mass values depending on the stirring 
time. To visualize the spread of values curves with mini-
mums and maximums are presented. The level of signifi-
cance of differences (p ≤ 0.005) between phases was also 
noted.

The result of this comparison allows us to conclude that 
there is a significant (p = 0.0007) difference in the mass of 
retinol before mixing and after 1 hour (the concentration 
decreases by 42.86%). Comparing the retinol concentra-
tion in the mixture after 1 and 2 hours the level of vita-
min A increased almost by 20% which is also a statistically 

significant difference (p = 0.0007). There is no statistical 
difference between retinol mass after 2 and 3 h of stirring 
(p = 0.067). Thus, the optimal stirring time is 2 hours as 
the additional hour gives no significant difference for the 
increase in the vitamin concentration.

To estimate the efficiency of vitamin protection by ca-
sein it was necessary to understand at what rate retinol 
itself would undergo thermal degradation. Experiments 
were carried out using retinol solutions in sunflower oil 
or ethanol. The saponification stage was carried out in 
both cases since this stage is mandatory for the quanti-
tative determination of vitamins in sausages. Saponifi-
cation results in the removal of casein since its peptide 
bonds are subjected to alkaline hydrolysis. As described 
earlier, the alcohol solution mixes more easily with ca-
sein, so it was chosen to be used in further experiments. 
In Figure 4A fragments of 1H NMR spectra are shown. 
They allow one to calculate the amount of vitamin A in 
samples without casein’s protection after heating at 80 °C 
for 3 hours.

The first spectrum shows the initial concentration of 
the vitamin (Figure 4, A1). Since retinol was isolated from 
a drug and subjected to purification by column chroma-
tography, it was decided to remove only the most mobile 
fraction which contained antioxidants to optimize the 
time. Thus, the isolated vitamin contained some impuri-
ties that did not affect the accuracy of the experiment, but 
the initial amount of the vitamin needed to be determined 
spectroscopically. NMR reliability in the determination of 
fat-soluble vitamins was verified by repeated quantitative 
evaluation of the same sample by HPLC. The discrepancy 
between the two methods is no more than 5%. The same 
results were obtained in work [33] in which pharmaceuti-
cal drugs were studied by the NMR method. Re-determi-
nation of the concentration is possible because 1H NMR 
spectroscopy is a non-destructive method of analysis. 
Using the Wilcoxon test, we confirmed that the decrease 
in retinol concentration as a result of three-hour heat-
ing is significant, most of the retinol is decomposed, and 
its residual content does not exceed 30% (Figure 4, A2; 
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 Figure 5). The reduction of vitamin concentration in such 
conditions is in agreement with statistical calculations at 
the significance level p ≤ 0.005.

As expected, retinol in its pure form without any protec-
tion shows the worst results even in contrast to a vitamin 
sample emulsified with polysorbate (Figure 4, A3). Most 
likely, the micellar shell created by surfactant molecules can 
protect vitamin molecules to some extent. In general, it is 
seen that retinol at this temperature is largely subjected to 
destructive changes, the residual content of the vitamin after 
heating for 3 hours, even with the use of tween-80, is no more 
than 40% (Figure 4, A3). The Wilcoxon T-test allowed us to 
validate that the decrease in retinol amount in this experi-
ment is significant. The difference between the mass of the 
vitamin in the mixture before and after heat treatment shows 
a statistically significant reduction (p ≤ 0.005) (Figure 6).

These results are consistent with a study on the preser-
vation of β-carotene by recombined casein, in which after 
8 hours of heating at 80 °C the amount of vitamin A pre-
cursor was 16.5% [18].

The retinol stability using MCC was studied at 1 and 
3 hours. The results of descriptive statistics are shown in 
Table 3.

Figure 4B shows the spectra of three retinol samples 
prepared using MCC and polysorbate. The first one is 

the sample that did not undergo any heating used for the 
 determination of initial concentration (Figure 4, B1). The 
second sample was subjected to heating for 1 hour (Figure 4, 
B2) and the third one was heated for 3 hours (Figure 4, B3). 
According to the spectra, after an hour of heating, only 9% 
of the total number of vitamin molecules underwent de-
struction. After three hours, 77% of retinol was retained in 
the sample. All the described dependencies are presented 
for greater clarity in the form of a graph in Figure 7. Thus, 
the use of micellar protection provided more than a twofold 
increase in the residual content of retinol after three hours 
of heating at 80 °C. All experiments were repeated several 
times and showed high reproducibility. The results are con-
sistent with similar data obtained by Sáiz-Abajo et al. [18].

Table 3. Main descriptive statistics for experiments with a vitamin 
premix based on MCC

Average amount, 
mg

Standard 
deviation

Initial mass 9.1 0
Mass after 1 h, t = 80 °C;
Vitamin A + surf. + MCC 8.3 0.151186

Mass after 3 h, t = 80 °C;
Vitamin A + surf. + MCC 7.0 0.109978

A comparison of the final retinol concentration in 
formulations obtained by different technologies was con-
ducted in two stages. Firstly, in the Kruskal-Wallis test the 
variable H was calculated (a nonparametric analog of anal-
ysis of variance, since the data is not normally distributed) 
(Table 4).
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Table 4. Primary results of comparison of the retinol mass 
in samples obtained by different techniques

Kruskal-Wallis ANOVA by Ranks 
Kruskal-Wallis test:

H = 55.75857 p ≤ 0.005
Number 

of measure-
ments (N)

Sum 
of ranks

Average 
of ranks

Mass after 3 h, t = 80 °C;  
pure vitamin A 15 120 8

Mass after 3 h, t = 80 °C;
Vitamin A + surf. 15 345 23

Mass after 1 h, t = 80 °C;
Vitamin A + surf. + MCC 15 795 53

Mass after 3 h, t = 80 °C;
Vitamin A + surf. + MCC 15 570 38

Pairwise comparisons were performed using the 
Mann-Whitney U test for independent samples. Since 
all the shifts were typical (i. e., between any two groups, 
changes in the concentration of the substance were ob-
served only in one direction, and the sets did not inter-
sect), the result of calculating the criterion for all pairs 
was similar and amounted U = 0, p = 0.000003393, which 
corresponds to the required significance level p ≤ 0.005. 
A visual comparison of the stability of vitamin A at heat-
ing at 80 °C for 3  hours in the presence of additional 
protection (tween-80 or its combination with MCC) is 
shown in Figure 8.

Even though we did not set the task of determining the 
localization of retinol molecules and whether they undergo 
encapsulation, we can indirectly assume that this probably 
occurs. This is supported by the rather effective protection 
of vitamin A provided by casein, as well as the fact that a 
shorter stirring (encapsulation) time leads to a decrease in 
the degree of protection.

The final stage of the research was to estimate the pres-
ervation of vitamin A in model minced meat systems such 
as boiled sausages. These systems were based on poultry 
meat partially replaced with micellar casein concentrate. 
The technology of manufacturing minced meat systems 
with minor modifications (the stage of obtaining hydrated 

casein) is presented in patent № 2801108, and the original 
formulation is given in Table 5.

Table 5. Formulation of model minced meat system

Component Mass
(kg/100 kg of minced meat)

Poultry meat (chicken fillet) 80
Pork rind 20
Spice mixture “Munich sausages” 0.7
Salt 2.5

A developed vitamin premix of retinyl palmitate based 
on MCC was added to meat systems. Casein concentrate was 
hydrated in a 1:4 ratio to achieve a protein percentage close 
to that in poultry meat. Then it was added to the recipe re-
placing 10% of raw meat. Firstly, we calculated the amount of 
vitamin added to the premix. To do this, data on the adults’ 
physiological requirement for vitamin A (900 μg RAE/d) 
was taken as a basis 2. According to the order of the Ministry 
of Health of the Russian Federation dated August 19, 2016, 
№ 614 3, the standard consumption of poultry meat per year 
is 31 kg or about 85 g per day. The formulation of the studied 
systems with the partial meat replacement with MCC pro-
vides for the use of 72 kg of poultry meat per 100 kg of raw 
materials. It means 120 g of the finished product will contain 
the recommended daily intake. To eliminate the possibility 
of vitamin A overdose, the required dose of retinol was cal-
culated as 10% (90 μg RAE) of the daily intake of vitamin per 
100 g of the product. Thus, 90 mg of the vitamin would be 
used for 100 kg of the product. Taking into account the fact 
that the retinyl palmitate drug used contains about 55 mg of 
retinyl palmitate in 1 mL, 1.8 mL of the drug should be taken 
per 100 kg of raw materials. At the same time, the content 

 2 MR2.3.1.2432–08 “Balanced diet. Norms of physiological needs for en-
ergy and nutrients for various groups of the population of the Russian Federa-
tion”. Retrieved from https://fcgie.ru/download/elektronnaya_baza_metod_
dokum/mr_2432–08.pdf. Accessed August 09, 2023
 3 Order of the Ministry of Health of the Russian Federation (August 19, 
2016 No. 614) “On approval of recommendations on rational standards of 
food consumption that meet modern healthy nutrition requirements”. Re-
trieved from https://nadn.ru/upload/iblock/58d/58df042069fa850e7d425d9f
2b06244f.pdf. Accessed August 09, 2023
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of vitamin A in the raw materials used for the production 
of sausages can be not taken into consideration due to its 
extremely low content in cooked products, which was estab-
lished in different studies [35,36].

It is also worth noting that the quantitative ratio of ca-
sein/retinol in the product is much lower than in model 
systems. This allowed us to reduce the surfactant’s amount 
required for more efficient homogenization to 0.15% vol.

Determination of retinol at sufficiently high concentra-
tions was conducted by 1H NMR in experimental studies. 
However, with the addition of vitamin A into the product 
according to the recommendations given, its amount would 
not exceed 1 mg in 1 kg of sausages. For such measurements, 
the nuclear magnetic resonance method is not applicable. 
Also due to the large mass of the sample tested, its prepara-
tion for analysis becomes difficult. Therefore, in this case, 
the concentration of retinol was determined by HPLC.

It was found that the model samples contained an aver-
age of 0.87 ± 0.05 mg of vitamin per 1 kg of finished prod-
uct. This confirms the effectiveness of fortification of boiled 
sausages with a retinyl palmitate premix based on MCC.

Conclusion
It has been found that casein micelles are indeed able 

to protect unstable hydrophobic molecules (retinol in this 
case). Technology has been developed for the introduction 
of vitamin A into MCC, which involves the use of surfac-
tants and intensive stirring at room temperature for two 
hours. With a decrease in time, the degree of protection 
reduces, and with an increase, it remains practically un-
changed. When the vitamin is heated in the presence of 
casein for 3 hours at 80 °C (model conditions), the residual 
content of retinol reaches almost 80%, while without milk 
protein the maximum yield is 36%.

The study and verification of deep processes that oc-
cur during the so-called “encapsulation” is fascinating but 
at the same time difficult task for further research. At the 
same time, this goal is more fundamental than practical. In 
our opinion from a practical point of view, the results ob-
tained, are enough to talk about the effectiveness and expe-
diency of using MCC in the fortification of food products, 
in particular sausages, with such important substances as 
fat-soluble vitamins.

REFERENCES
1. Kodentsova, V. M., Beketova, N. A., Nikityuk, D. B., Tutelyan, 

V. A. (2018). Characteristics of vitamin provision in the adult 
population of the Russian Federation. The Russian Journal of 
Preventive Medicine, 21(4), 32–37. https://doi.org/10.17116/
profmed201821432 (In Russian)

2. Dzhangiryan, N. A., Shipulin, V. I. (April 4–9, 2022). Ap-
plication of milk proteins in the meat industry: Achievements 
and prospects. Biodiversity, bioresources, biotechnology and 
health of the population of the north caucasus region. Mate-
rials of the IX (66th) Annual Scientific and Practical Confer-
ence. Stavropol, Russia, 2022. (In Russian)

3. Shipulin, V. I., Dzhangiryan, N. A. (2023). Properties of mi-
cellar casein and application in food industry. Modern Sci-
ence and Innovations, 1, 56–64.

4. Morr, C. V. (1979). Utilization of milk proteins as starting ma-
terials for other foodstuffs. Journal of Dairy Research, 46(2), 
369–376. https://doi.org/10.1017/S0022029900017337

5. Singh, H. (2011). Milk Protein Products: Functional Prop-
erties of Milk Proteins. Chapter in a book: Encyclopedia of 
Dairy Sciences. Academic Press, 2011. https://doi.org/10.1016/
B978-0-12-374407-4.00352-6

6. Horne, D. S. (2006). Casein micelle structure: Models and 
muddles. Current Opinion in Colloid and Interface Science, 
11(2–3), 148–153. https://doi.org/10.1016/J.COCIS.2005.11.004

7. Hammam, A. R. A., Martínez-Monteagudo, S. I., Metzger, L. 
E. (2021). Progress in micellar casein concentrate: Production 
and applications. Comprehensive Reviews in Food Science and 
Food Safety, 20(5), 4426–4449. https://doi.org/10.1111/1541-
4337.12795

8. Penalva, R., Esparza, I., Agüeros, M., Gonzalez-Navarro, C. J., 
Gonzalez-Ferrero, C., Irache, J. M. (2015). Casein nanoparticles 
as carriers for the oral delivery of folic acid. Food Hydrocolloids, 
44, 399–406. https://doi.org/10.1016/j.foodhyd.2014.10.004

9. Morçöl, T., Nagappan, P., Nerenbaum, L., Mitchell, A., 
Bell, S. J. D. (2004). Calcium phosphate-PEG-insulin-ca-
sein (CAPIC) particles as oral delivery systems for insu-
lin. International Journal of Pharmaceutics, 277(1–2), 91–97. 
https://doi.org/10.1016/j.ijpharm.2003.07.015

10. Esmaili, M., Ghaffari, S. M., Moosavi-Movahedi, Z., Atri, M. 
S., Sharifizadeh, A., Farhadi, M. et al. (2011). Beta casein-mi-
celle as a nano vehicle for solubility enhancement of curcum-
in; food industry application. LWT-Food Science and Technol-
ogy, 44(10), 2166–2172. https://doi.org/10.1016/j.lwt.2011.05.023

11. Menéndez-Aguirre, O., Kessler, A., Stuetz, W., Grune, T., 
Weiss, J., Hinrichs, J. (2014). Increased loading of vitamin D2 
in reassembled casein micelles with temperature-modulated 
high pressure treatment. Food Research International, 64, 74–
80. https://doi.org/10.1016/j.foodres.2014.06.010

12. Huang, J., Shu, Q., Wang, L., Wu, H., Wang, A. Y., Mao, H. 
(2015). Layer-by-layer assembled milk protein coated mag-
netic nanoparticle enabled oral drug delivery with high sta-
bility in stomach and enzyme-responsive release in small in-
testine. Biomaterials, 39, 105–113. https://doi.org/10.1016/j.
biomaterials.2014.10.059

13. Ranadheera, C. S., Liyanaarachchi, W. S., Chandrapala, J., 
Dissanayake, M., Vasiljevic, T. (2016). Utilizing unique prop-
erties of caseins and the casein micelle for delivery of sensi-
tive food ingredients and bioactives. Trends in Food Science 
and Technology, 57(Part A), 178–187. https://doi.org/10.1016/j.
tifs.2016.10.005

14. Livney, Y. D. (2010). Milk proteins as vehicles for bioactives. 
Current Opinion in Colloid and Interface Science, 15(1–2), 73–
83. https://doi.org/10.1016/j.cocis.2009.11.002

15. Semo, E., Kesselman, E., Danino, D., Livney, Y. (2007). Ca-
sein micelle as a natural nano-capsular vehicle for nutra-
ceuticals. Food Hydrocolloids, 21(5–6), 936–942. https://doi.
org/10.1016/j.foodhyd.2006.09.006

16. Levinson, Y., Ish-Shalom, S., Segal, E., Livney, Y. D. (2016). 
Bioavailability, rheology and sensory evaluation of fat-free 
yogurt enriched with VD3 encapsulated in re-assembled ca-
sein micelles. Food and Function, 7(3), 1477–1482. https://doi.
org/10.1039/c5fo01111f

17. Haham, M., Ish-Shalom, S., Nodelman, M., Duek, I., Segal, E., 
Kustanovich, M., Livney, Y. D. (2012). Stability and bioavailabil-
ity of vitamin D nanoencapsulated in casein micelles. Food and 
Function, 3(7), 737–744. https://doi.org/10.1039/c2fo10249h



74

Dzhangiryan et al. THEORY AND PRACTICE OF MEAT PROCESSING, 2024, vol. 9, no. 1, pp. 65–74

18. Sáiz-Abajo, M.-J., González-Ferrero, C., Moreno-Ruiz, A., 
Romo-Hualde, A., González-Navarro, C. J. (2013). Thermal 
protection of β-carotene in re-assembled casein micelles 
during different processing technologies applied in food in-
dustry. Food Chemistry, 138(2–3), 1581–1587. https://doi.
org/10.1016/j.foodchem.2012.11.016

19. Jarunglumlert, T., Nakagawa, K., Adachi, S. (2015). Influence 
of aggregate structure of casein on the encapsulation efficien-
cy of β-carotene entrapped via hydrophobic interaction. Food 
Structure, 5, 42–50. https://doi.org/10.1016/j.foostr.2015.05.001

20. Mohan, M. S., Jurat-Fuentes, J. L., Harte, F. (2013). Binding of 
vitamin A by casein micelles in commercial skim milk. Jour-
nal of Dairy Science, 96(2), 790–798. https://doi.org/10.3168/
jds.2012-5777

21. Li, Y., Li, Y., Yuan, D., Wang, Y., Li, M., Zhang, L. (2020). The 
effect of caseins on the stability and whipping properties of 
recombined dairy creams. International Dairy Journal, 105, 
Article 104658. https://doi.org/10.1016/j.idairyj.2020.104658

22. Karam, M. C., Gaiani, C., Hosri, C., Burgain, J., Scher, J. 
(2013). Effect of dairy powders fortification on yogurt textural 
and sensorial properties: A review. Journal of Dairy Research, 
80(4), 400–409. https://doi.org/10.1017/S0022029913000514

23. Amelia, I., Drake, M., Nelson, B., Barbano, D. M. (2013). 
A new method for the production of low-fat Cheddar cheese. 
Journal of Dairy Science, 96(8), 4870–4884. https://doi.
org/10.3168/jds.2012-6542

24. Ozturk-Kerimoglu, B., Urgu-Ozturk, M., Serdaroglu, M., 
Koca, N. (2022). Chemical, technological, instrumental, mi-
crostructural, oxidative and sensory properties of emulsified 
sausages formulated with microparticulated whey protein 
to substitute animal fat. Meat Science, 184, Article 108672. 
https://doi.org/10.1016/j.meatsci.2021.108672

25. Barbut, S. (2006). Effects of caseinate, whey and milk pow-
ders on the texture and microstructure of emulsified chick-
en meat batters. LWT — Food Science and Technology, 39(6), 
660–664. https://doi.org/10.1016/J.LWT.2005.03.017

26. Barbut, S. (2010). Effects of milk powder and its compo-
nents on texture, yield, and color of a lean poultry meat 
model system. Poultry Science, 89(6), 1320–1324. https://doi.
org/10.3382/ps.2009-00506

27. Hongsprabhas, P., Barbut, S. (1999). Effect of pre-heated 
whey protein level and salt on texture development of poul-
try meat batters. Food Research International, 32(2), 145–149. 
https://doi.org/10.1016/S0963-9969(99)00065-4

28. Youssef, M. K., Barbut, S. (2011). Effects of two types of soy 
protein isolates, native and preheated whey protein isolates 
on emulsified meat batters prepared at different protein 
levels. Meat Science, 87(1), 54–60. https://doi.org/10.1016/ 
j.meatsci.2010.09.002

29. Andrès, S., Zaritzky, N., Califano, A. (2006). The effect of 
whey protein concentrates and hydrocolloids on the texture 
and colour characteristics of chicken sausages. Internation-
al Journal of Food Science and Technology, 41(8), 954–961. 
https://doi.org/10.1111/j.1365-2621.2005.01152.x

30. Statsenko, E.N., Shipulin, V.I., Dzhangiryan, N.A., Volodin, 
D. N. Method for production of white sausages from poultry 
meat. Patent RF, no. 2801108, 2022. (In Russian)

31. Goff, H. D., Liboff, M., Jordan, W. K., Kinsella, J. E. (1987). 
The effects of polysorbate 80 on the fat emulsion in ice cream 
mix: Evidence from transmission electron microscopy stud-
ies. Food Microstrusture, 6(2), 193–198.

32. CovInfo. (2011). Food and drug administration, depart-
ment of health and human services. Section: Polysorbate 
80. Chapter in Code of Federal Regulations. Retrieved from 
https://www.govinfo.gov/app/details/CFR-2011-title21-vol3/
CFR-2011-title21-vol3-sec172–840. Accessed August 7, 2023.

33. Choi, Y. H., Kim, H. K., Wilson, E. G., Erkelens, C., Trijz-
elaar, B., Verpoorte, R. (2004). Quantitative analysis of reti-
nol and retinol palmitate in vitamin tablets using 1H-nucle-
ar magnetic resonance spectroscopy. Analytica Chimica Acta, 
512(1), 141–147. https://doi.org/10.1016/j.aca.2004.02.024

34. Yeh, E. B., Barbano, D. M., Drake, M. (2017). Vitamin fortifi-
cation of fluid milk. Journal of Food Science, 82(4), 856–864. 
https://doi.org/10.1111/1750-3841.13648

35. Lovkis, Z.V., Pochitskaja, I.M., Labazava, I.E., Komarova, 
N.V. (2020). Monitoring of meat products presented in the 
consumer market of Minsk. Food Industry: Science and Tech-
nologies, 13(3), 91–110. (In Russian)

36. Tolkunova, N.N, (2004). Mineral and vitamin composition of 
new types of boiled sausages. Food Industry, 10, 86. (In Russian)

AUTHOR INFORMATION

Narek A. Dzhangiryan, PhD student, Department of Food Technologies and Engineering, Faculty of Food Engineering and 
Biotechnology, North-Caucasus Federal University. 1, Pushkin Street, 355017, Stavropol, Russia. Tel.: +7–918–574–86–56, 
E-mail: dzhangiryan.na@mail.ru
ORCID: https://orcid.org/0000-0001-9528-5501
* corresponding author

Valentin I. Shipulin, Doctor of Technical Sciences, Professor, Department of Food Technologies and Engineering, Faculty 
of Food Engineering and Biotechnology, North-Caucasus Federal University.
1, Pushkin Street, 355017, Stavropol, Russia. Tel.: +7–962–400–55–40, E-mail: vshipulin@ncfu.ru
ORCID: https://orcid.org/0000-0002-7046-2601

Dmitry N. Volodin, Candidate of Technical Science, Director of “DMP” LLC. 160, Dzerzhinsky Street, 355003, Stavropol, Russia, 
Tel.: +7–865–299–89–88, E-mail: info@dmprocess.ru
ORCID: https://orcid.org/0000-0003-1098-160X

All authors bear responsibility for the work and presented data.

All authors made an equal contribution to the work.

The authors were equally involved in writing the manuscript and bear the equal responsibility for plagiarism.

The authors declare no conflict of interest.


