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Abstract.

Most people source protein from animal products such as eggs, meat, and dairy products. However, they are more expensive
than plant sources of protein and their consumption can provoke severe allergic reactions. Enzymatic hydrolysis can reduce
the allergenicity of egg white, which has the most balanced amino acid composition. The functional properties of egg white
can be improved by mixing it with plant protein hydrolysates. This study aimed to select optimal conditions for obtaining
mixtures of egg albumin and globulin hydrolysates with plant protein hydrolysates that would have a balanced amino acid
composition, low allergenicity, and high functional and technological properties.

The study objects included chicken eggs (74% moisture, 11% crude protein), flax flour (7% moisture, 36% crude protein),
corn flour (12% moisture, 8% crude protein), and oat flour (11% moisture, 11% crude protein). The Lowry method, Anson
method, ion exchange chromatography, and the ELISA method were used to determine the amino acid composition, allergen-
icity, as well as functional and technological properties.

Chymopsin was selected as the most effective enzyme for the proteolysis of egg protein isolates — at 50 U/g for globulin
and 25 U/g for albumin. The globulin hydrolysates had lower water-holding, emulsifying, and foaming capacities compared
to the non-hydrolyzed globulin isolate. The 60-min globulin hydrolysate had the highest fat-holding capacity. The albumin
hydrolysates showed lower water-holding, fat-holding, emulsifying, and foaming capacities compared to the non-hydrolyzed
albumin isolate. The 90-min albumin hydrolysate was found to be not allergenic. Its mixtures with oat, corn, and flax flour
protein hydrolysates were analyzed to determine the ratio that would improve the mixture’s functional and technological
properties. A 1:5 ratio of albumin hydrolysate and oat flour hydrolysate had higher fat-holding capacity; a 1:5 ratio of albumin
hydrolysate and corn flour hydrolysate had higher water- and fat-holding capacities; and a 1:3 ratio of albumin hydrolysate
and flax flour hydrolysate had higher emulsifying and fat-holding capacities.

The study proved that mixtures of egg albumin hydrolysates with plant protein hydrolysates have better functional properties,
a balanced amino acid composition, and hypoallergenicity.

Keywords. Egg globulin, egg albumin, allergenicity, plant protein hydrolysates, functional and technological properties,
enzymatic hydrolysis, amino acid score
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AHHOTAIHA.

ITpomyKTHI )KUBOTHOTO MPOMCXOXKCHHSI, TAKUE KaK SiIa, MICO M MOJIOYHBIE MPOAYKTHI SBISIOTCS OCHOBHBIMU HCTOYHHUKAMHU
Oexnxa aust GonpIMHCTBA Jtozeil. OJTHAKO OHM XapaKTepH3yIOTCst 00Jiee BBICOKOH CTOMMOCTBIO, TI0 CPABHEHUIO C PACTUTEIIBHBIMHU
HCTOYHHKAaMH OeNka, ¥ UX MoTpebiIeHne MOXKET IIPOBOLUPOBATh TsDKEIbIe ajuleprudeckue peaknnu. CHIKEHNE alIepreHHOCTH
Haubonee cOANaHCUPOBAHHOTO 10 aMHHOKHCIIOTHOMY COCTaBY SIMYHOTO O€JIKa MOXET OBITh JOCTHUTHYTO MyTEM ero (epMeHTa-
THUBHOTO THAPOJN3a, a JUIS MOBBIMIECHUS €r0 (YHKIIHOHATBHBIX CBOHCTB MOKET MPHUMEHSTHCS CMELIEHHE C THAPOIN3aTaMHU pac-
TUTEJILHBIX OenkoB. Llenb paboThl — M0J00OPaTh ONTHMAJIbHBIC YCIOBHS MOJYUCHHUS CMECEi THAPOIN3aTOB SUYHOTO alnbOyMUHA
U TJI00YJIMHA C THAPOJIM3aTaMU PACTUTEIBHBIX OEJIKOB, 001a1aomuX cOaTaHCHPOBAHHBIM AMUHOKHCIOTHBIM COCTaBOM, HU3KOI
aJJIEPreHHOCTHIO M BEICOKUMH (DYHKIIHOHAIEHO-TEXHOJIOTHYECKAMH CBOHCTBAMH.

OOBeKkTaMy HCCIIe0BaHUS IOCIYKWIN KypHHBIE SHIa, IbHSIHAS, KyKypy3Hast 1 OBCSIHast MyKa. JIst onpeneneHuss aMIHOKHCIIOT-
HOTO COCTaBa, ATIEPTeHHOCTH U ()YHKIIMOHAIBHO-TEXHOIOTHYECKIX CBOHCTB B paboTe mpuMeHsiu MeTos!: JIoypH, AHCOHA, HOHO-
obmenHoii xpomarorpadun, UDA.

B xopne uccnenoBanust mogo0paHbl pepMEHTHBIE penapaTsl Ui IPOTEO0In3a SHYHBIX OSKOB: AJIst ro0yIuHa — xuMmorcuH (50 en/r),
IUTs anbOyMuHa — xuMmoricuH (25 en/r). ['uaponusatel rao0yarHa 06aaaamn 0ojiee HU3KUMH 3HAUYCHUSIME BOJIOYACPKUBAIOIICH,
SMYJIBTUPYIOIIEH U ITeHoo0pa3yoniel CrlocOOHOCTEeH B OTIMYNE OT HETHJIPOIN30BaHHBIX OenkoB. CaMoe BBICOKOE 3HAUCHHE
JKUPOYIepKUBatoNe criocobHocTH HabmoAanock y 60-MHHYTHOTO THAPOJIN3aTa TI00yIuHA. Y THAPOIN3aTOB anbOyMHHA
3HAYEHHUS BOJIO- U KHUPOYIEPKUBAIOIIEH, SMYIBIrHPYOIIEeH U MeHO00pa3yIomieil ClIocOOHOCTEH OKa3aluch HIXKE, YeM Yy HETHIIPO-
JM30BaHHOTO U30JITa anbOyMuHa. Y 90-MUHYTHOTO THAPOIHM3aTa AUYHOTO adbOyMHUHA OTMEYEHO OTCYTCTBHE alJIEPr€HHOCTH.
ITono6paHbl COOTHOIICHHS SIMYHOTO albOYMHHA M PACTUTEIBHOTO O€JKa B BUIE CMECH: AJIS YBEIMUYCHHUS KUPOYIEPKHUBaAIO-
el crocoOHOCTH — anbOyMHUHOBBINA THAPOIN3AT + TUAPOJIN3AT OBCSIHOW MYKHM B COOTHOLICHHMHU 1:5, nJist yBeNWYEHHS BOJO-
1 JKUPO-yJIEPXKUBAIOLIEH CIIOCOOHOCTEN — anbOYMUHOBBIA TUAPOIHM3AT + THAPOJIN3AT KyKypy3HOl MyKH B COOTHOIIEHHH 1:5,
JUISL YBEJINYEHHS AIMYJIbTUPYIOIIEH U KHUPOYAEPKUBAIOIICH cIOCOOHOCTEH — anbOyMHHOBBIN TUAPOJIN3AT + IHAPOIN3AT JILHIHON
MYKH B COOTHOIIEHHH 1:3.

JlokazaHa 11eecoo0pa3HOCTh MONyYEeHNs CMEceii Ha OCHOBE THAPOIHM3aTOB SUYHOTO adbOyMHUHA C THIPOIN3aTaMU PACTH-
TENBHOTO OelKa, OTJIMYAIOIUXCS YIy4YIICHHBIMH ()yHKIMOHAIbHO-TEXHOJIOTHYECKMMH CBOHCTBaMH, COalaHCHPOBAaHHBIM aMHHO-
KHCJIOTHBIM COCTaBOM M THIOQJUIEPTe€HHOCTHIO.

KunroueBble ciioBa. SIuaHbIi r00YyIHH, SIMIHBIN alb0yMUH, alIepreHHOCTh, THAPOIN3aT PACTUTEIBHOTO Oelka, (QyHKIIHOHAIBHO-
TEXHOJIOTHYECKHE CBOICTBA, (DepMEHTATHBHBINA THAPOIN3, AMUHOKHCIOTHBIN CKOD

s umtupoBanus: [Ipuxonsko . B., Kapnyxuna I1. A., KpacHomranosa A. A. [lonyuyeHne MHIPEAUEHTOB HA OCHOBE CMECU
SIMYHOTO U PACTHTENBHBIX OEJKOB C BHICOKMMH (YHKIIHOHAIBHBIMH M TEXHOJOTMYECKUMH CBOMCTBaMU. TeXHHKA M TEXHOJOTHUS
nmuIneBsIX mpou3BoacTB. 2025. T. 55. Ne 2. C. 341-351. (Ha anrn.) https://doi.org/10.21603/2074-9414-2025-2-2577

Introduction used as an alternative source of protein, most of them ha-
Currently, most people source protein from products ve an unbalanced amino acid composition, which limits
of animal origin, particularly eggs, meat, and dairy pro- their use. Mixing plant proteins with animal proteins can
ducts. However, these products are more expensive than reduce the cost of a product, make its protein composition
plant sources of protein. Although plant proteins can be more balanced, and improve its functional properties.
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Russia is one of the largest producers of eggs in the
world, but not dried or liquid egg products. In 2022,
the Russian poultry sector processed only about 30%
of egg production. Therefore, there is a need to develop
the technology for deep processing of egg components
to obtain bioactive substances with valuable functio-
nal properties [1].

Chicken egg white consists of 86—87% water, in
which nutrients and B vitamins are dissolved. Its main
component makes up 9.7-11.5% [2].

Egg white consists mainly of 69.7% ovalbumin, 9.5%
conalbumin, 6.7% ovoglobulin, 12.7% ovomucoid, 1.9%
ovomucin, 3% lysozyme, and 0.05% avidin [3]. Of these
proteins, ovalbumin and conalbumin (which is a flavo-
protein) have the greatest biological value. Ovoglobulin
is responsible for the foaminess of egg white, while ovo-
mucin stabilizes its foam [4].

Due to its balanced amino acid composition, egg
white protein can be used as a functional ingredient in
a wide range of specialized foods with high biological
and nutritional value [5]. However, the consumption of
egg white can cause severe allergic reactions [6]. People
who are allergic to chicken egg are often sensitive to
several proteins [7, 8], most commonly to ovomucoid
and ovotransferrin.

To prevent or alleviate allergy symptoms, people
have to either give up foods containing chicken egg
components or consume hypoallergenic products. The
second way seems more promising since hypoallergenic
products, which contain modified proteins [9], taste
like natural products.

To reduce the allergenicity of egg whites, they are ex-
posed to thermal treatment, enzymatic hydrolysis, radia-
tion, ultrasound, and other treatments [10, 11].

Modern food industry seeks to obtain functional food
ingredients, including enzymatic hydrolysates of pro-
tein isolates [12]. Their advantages over egg white pro-
tein are higher solubility in water and better digestibility
and absorption in the gastrointestinal tract. In addition,
proteolysis leads to the formation of a wide range of
bioactive peptides [13].

The most important functional and technological
properties of food ingredients are their water- and fat-
holding capacities, as well as emulsifying and foaming
capacities [14]. Although egg white hydrolysates do not
have high functional properties, their advantages over
non-hydrolyzed egg white include lower allergenicity
and a balanced amino acid composition. Their functi-
onal properties can be improved by using plant protein
isolates and hydrolysates, for example, obtained from
oat, corn or flax flours.

Oat flour has a balanced amino acid composition,
which is similar to that of muscle protein. On average,
oat flour consists of 12% protein containing albumins,
globulins, prolamins, and glutelins. Their content (=~ 40—
45%) can vary depending on the method of extraction [15].
Oat flour protein has a high water-holding capacity.
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Corn flour protein is low in tryptophan, methionine,
and lysine, but it is fairly rich in leucine [16]. This plant
protein contains 40.3% glutelins, 29.9% prolamins, 15.5%
scleroproteins, 9.6% albumins, and 4.7 % globulins [17].
Due to its good water-holding properties [18], corn flour
protein, when mixed with egg white, can increase the
water-holding capacity of chicken egg protein isolate.

Flax flour contains 21-26% of protein substances,
namely globulins (up to 95%), glutelins (3%), albumins
(1%), and prolamins (1%) [19]. Flax flour proteins have
a high emulsifying capacity [20], which can improve
this indicator in mixtures with egg white hydrolysates.

However, plant proteins can cause allergies. Therefore,
they are exposed to enzymatic hydrolysis in order to
produce allergen-free hydrolysates [21].

In this study, we aimed to select optimal conditi-
ons for obtaining mixtures of egg albumin and globulin
hydrolysates with plant protein hydrolysates that have
a balanced amino acid composition, low allergenicity,
and high functional and technological properties.

Study objects and methods

We used the following study objects: chicken eggs
according to State Standard 31654-2012 (74% moisture,
11% crude protein); flax flour (7% moisture, 36% crude
protein) (Kompas Zdorovya, Russia); corn flour (12%
moisture, 8% crude protein) (Garnets, Russia); oat flour
(11% moisture, 11% crude protein) (Garnets, Russia);
hydrolysates of egg globulin, egg albumin, oat protein,
corn protein, and flax protein; and mixtures of hydro-
lysates: egg albumin + oat protein (5:1, 3:1, 2:1, 1:1,
1:2, 1:3, and 1:5), egg albumin + corn protein (5:1, 3:1,
2:1,1:1, 1:2, 1:3, and 1:5), and egg albumin + flax pro-
tein (5:1, 3:1, 2:1, 1:1, 1:2, 1:3, and 1:5).

The enzymatic protein hydrolysates were obtained
from enzyme preparations with specific proteolytic acti-
vity measured by the Anson method (State Standard
20264.2-88), namely chymopsin (2000 U/g protein;
Samson-Med, Russia), pancreatin (177 U/g protein; Bio-
sintez, Russia), and beef pepsin (7500 U/g protein; Mos-
cow Rennet Plant, Russia).

Enzymatic hydrolysis of proteins. Proteins (40 g/L)
were enzymatically hydrolyzed for 2 h, with enzyme
activity of 50 U/g substrate, under optimal temperature
and pH conditions. The enzymatic reaction was stop-
ped and non-hydrolyzed protein was separated by pre-
cipitation with 50% trichloroacetic acid and subsequ-
ent centrifugation at 6000 rpm for 15 min. Then, the
concentration of hydrolysis products in the superna-
tant was measured using the modified Lowry method.
The degree of protein hydrolysis was determined as a
ratio between the concentration of the protein’s low-
molecular fraction in the hydrolysate and the initial pro-
tein concentration [22].

Selection of enzyme preparation. Three enzyme
preparations were studied, namely pepsin, pancreatin,
and chymopsin. Hydrolysis was carried out for 2 h ata
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substrate concentration of 40 g/L, proteolytic activity of
25-75 U/g substrate, 40°C, and pH 7.6—8.2. The hydro-
lysates were analyzed for the content of low-molecular
fraction of protein by the modified Lowry method. The
degree of protein hydrolysis was determined as descri-
bed above.

Egg globulin preparation. After separating the yolk,
a 4-fold volume of distilled water was added to the egg
white. The mixture was kept for 30 min at room tempe-
rature. The sediment was separated by centrifugation
at 6000 rpm, 20°C for 15 min and dried in air. The re-
sulting fraction of egg globulin contained 83% of the
main component.

Egg albumin preparation. The supernatant obtai-
ned after isolating the egg globulin was used to isolate
the albumin fraction. For this, a 3-fold volume of 96%
ethyl alcohol was added to the supernatant, and the
albumin fraction was precipitated at room temperature
for 1 h. The sediment was separated by centrifugation
at 6500 rpm, 20°C for 10 min and dried in air. The re-
sulting fraction of egg albumin contained 88% of the
main component.

Oat flour protein hydrolysis. Prior to protein isola-
tion, oat flour was separated from starch by washing
three times with water (3:20) for 20 min at room tempera-
ture and centrifuging at 5200 rpm for 15 min. Then, the
flour was diluted 10 times with distilled water at pH
adjusted to 7.0 and thermostatted for 1.5 h at 50°C. The
solid phase was separated by centrifugation at 5500 rpm
for 15 min. Protein was precipitated from the extract
at the isoelectric point at pH 3. The protein precipitate,
which was mainly a globulin fraction containing 82% of
the main component, was separated by filtration and
dried in air at room temperature. To obtain a protein
hydrolysate, a 1% suspension of the protein was hyd-
rolyzed with pancreatin (5 U/mL) for 60 min at 40°C
with constant stirring. The hydrolysate was dried in
air at room temperature.

Corn flour protein hydrolysis. Prior to protein extrac-
tion, starch was removed from corn flour as described
above for oat flour. Protein was extracted with a 0.1 N
sodium hydroxide solution from a 10% suspension with
constant stirring at room temperature for 30 min. The
supernatant was separated by centrifugation at 6000 rpm
for 15 min. Protein was precipitated from the supernatant
at pH 6.0, after which the precipitate was separated by
centrifugation at 6000 rpm for 15 min and dried in air
at room temperature. A 2% solution was prepared from
the protein precipitate, which was mainly a globulin
fraction containing 85% of the main component. The
pH was adjusted to 8.2, and the enzyme preparation
trypsin was added until an activity of 0.35 U/mL was
achieved. Hydrolysis was carried out at 40 °C for 60 min
with constant stirring. The hydrolysate was dried in air
at room temperature.

Flax flour protein hydrolysis. Protein extract was
obtained from flax flour with a 0.5 M sodium bicarbonate
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solution (flour to solution ratio of 1:8) at 25°C for 30 min
with constant stirring. The resulting suspension was sepa-
rated by centrifugation at 6500 rpm for 15 min. Then,
2 volumes of ethyl alcohol were added to precipitate
protein from the flax extract at a pH of 4.5-5.0 at a redu-
ced temperature (2—8°C) for 4 h. The precipitate was sepa-
rated by centrifugation at 2000 rpm for 15 min and dried
at room temperature. To obtain a hydrolysate, a 4% sus-
pension of the flax protein globulin fraction containing
84% of the main component was hydrolyzed with pan-
creatin (5 U/mL) at pH 7.6, 40°C for 30 min with con-
stant stirring. The resulting hydrolysate was dried in
air at room temperature.

The effect of enzymatic hydrolysis time on the func-
tional properties of hydrolysates. Hydrolysates based on
egg globulin and albumin, as well as oat, corn, and flax
globulins, were prepared at different enzymolysis times.
For this, 1 g of a hydrolysate was mixed with water (1:25)
and an enzyme preparation was added until its proteo-
lytic activity in the solution reached 40 U/g protein. Hy-
drolysis was carried out at the optimum temperature and
pH for 15, 30, 60, 90, and 120 min. Heating protein hy-
drolysates may produce an unpleasant odor due to side
chemical reactions such as the Maillard and Strecker
reactions [23]. Therefore, the enzymes were inactivated
by cooling to —10°C. The hydrolysates were dried at 50°C
prior to the analysis of their functional properties.

Protein content. The content of protein in the hydro-
lysates was quantified by a modified Lowry method
(high-molecular and low-molecular fractions determi-
ned separately), with a preliminary precipitation of the
high-molecular fraction with 50% trichloroacetic acid.

Total proteolytic activity. The total proteolytic acti-
vity was measured by a modified Anson method. A unit
of proteolytic activity was defined as an enzyme’s ability
to convert sodium caseinate into a form unprecipitable
with trichloroacetic acid in an amount corresponding
to 1 pmol of tyrosine in one min at 30°C.

Allergenicity of egg albumin and globulin hydro-
lysates. The allergenicity of egg albumin and globulin
hydrolysates was determined by an enzyme immunoassay
according to the ALINORM 08/31/26 Standard for food
products (Methodological Guidelines 4.1.2880-11 4.1).
The assay took into account the specific interaction be-
tween the allergenic protein in the sample and the an-
tibodies to it contained in the test solution (Siemens,
Germany). For the assay, we placed 100 pL of a 1% solu-
tion of the test sample into a well of the plate and added
100 pL of the test conjugate solution containing anti-
bodies to immunoglobulin E. This caused an “antibody-
antigen” complex to form and precipitate. The resulting
analytical signal, which depended on the interaction be-
tween the antibody-antigen complex and the conjugate
on the surface of the plate wells, was measured in terms
of optical density at 450 nm. Then, this value was recal-
culated for egg white (an optical density value of one cor-
responding to 50 pg/L (1 kU/L) of immunoglobulin E
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in the sample. Allergenicity was considered low if the
immunoglobulin E content was at least 35 pg/L and mo-
derate if it was under 150 pg/L.

Amino acid composition. The amino acid compo-
sition of the hydrolysate samples and their mixtures
was determined by ion exchange chromatography on
an ARACUS amino acid analyzer (membraPure GmbH,
Bodenheim, Germany) equipped with a C18 column and
a refractive index detector. High-performance liquid
chromatography was supplemented with mass spectro-
metry, with electrospray ionization for amino acid separa-
tion followed by a ninhydrin reaction and photometric
detection [24].

Fat-holding capacity. Glass centrifuge tubes were
filled with 0.5 g of the test sample and then 0.125 to
0.625 mL of vegetable oil was added at 0.125 mL inter-
vals. The contents of the tubes were mixed for 10 min,
after which the samples were stirred for 15 min, cooled
to room temperature, and centrifuged at 1500 rpm for
15 min. The fat-holding capacity was determined as the
maximum amount of added oil which did not cause the
oil phase to separate during the test (expressed in terms
of 1 g of preparation) [25].

Water-holding capacity. Glass centrifuge tubes were
filled with 0.5 g of the test sample and 1.5 to 2.5 mL
of water was added at 0.25 mL intervals. The test conti-
nued as described above for the fat-holding capacity.
The water-holding capacity was determined as the maxi-
mum amount of added water which did not cause the
aqueous phase to separate during the test (expressed
in terms of 1 g of preparation) [24].

Emulsifying capacity. Glass centrifuge tubes were
filled with 1 g of the test sample and then mixed with
5 mL of water and 5 mL of oil. The contents of the tu-
bes were stirred for 10 min, followed by the procedure
described above. The emulsifying capacity was determi-
ned as a percentage ratio between the aqueous and oil
phases separated from the emulsion [26].

Foaming capacity. Conical flasks (50 mL) were fil-
led with 0.25 g of the test sample and 25 mL of water
was added. The resulting solution was shaken with a
shaker for 30 s. It was then poured into a measuring
cylinder to measure the height of the foam column [27].

Results and discussion

Allergenicity is a significant disadvantage of egg pro-
tein isolates, which limits their use in the food industry.
This problem can be solved by modifying the protein
by hydrolysis. The resulting hydrolysates not only have
lower allergenicity, but also better functional and tech-
nological properties.

Enzymatic hydrolysis is the best method of protein
hydrolysis since it occurs under milder conditions com-
pared to acid or alkaline hydrolysis. However, its use
is constrained by the high cost of enzyme preparations.

The type of enzyme and hydrolysis time affect the
functional and technological properties of protein hydro-

345

lysates, as well as their allergenicity. First, to determine
the most effective enzyme, we hydrolyzed isolates of egg
white globulin and albumin fractions with pancreatin
(177 u/g), pepsin (1070 u/g), and chymopsin (2000 u/g)
(Table 1).

As can be seen, chymopsin with an activity of 2.0 U/mL
for globulin and 1.0 U/mL for albumin ensured the hi-
ghest degree of hydrolysis and enzyme efficiency. A fur-
ther increase in its activity did not lead to a higher de-
gree of hydrolysis.

Next, we determined the hydrolysis time that would
decrease the allergenicity of protein isolates and improve
their functional properties. For this, egg albumin and
globulin isolates were hydrolyzed with chymopsin at
a selected dosage for 10, 20, 30, 60, 90, and 120 min.
The resulting hydrolysates were dried in air at room tem-
perature, after which we determined their water-holding,
fat-holding, emulsifying, and foaming capacities (Fig. 1).

We found that the hydrolysates obtained at different
enzymolysis times had significantly different functional
and technological properties compared to the original
proteins.

The water-holding capacity of all egg globulin hydro-
lysates was significantly lower than that of the original
isolate (max. 4.24 g protein/g water). The fat-holding
capacity of egg globulin was high before hydrolysis and
increased slightly from 0.52 to 0.60 g protein/g oil af-
ter 60 min of hydrolysis. The emulsifying and foaming
capacity values were the highest in the original globulin
isolate.

As for egg albumin, the highest water-holding and
fat-holding values were observed in the non-hydrolyzed
isolate (4.55 g protein/g water and 0.88 g protein/g oil,
respectively). The emulsifying and foaming values were
also higher in the non-hydrolyzed isolate.

The hydrolysates with lower functional and techno-
logical properties compared to non-hydrolyzed proteins
should not be used to prepare functional food products.

Table 1. Determination of enzyme type and dosage
for effective hydrolysis of egg albumin and globulin

Tabauua 1. Onpenenenue Tuna GEepMEHTHOTO Tpenapara
U eT0 J03UPOBKHU ISl 3 HEKTHBHOTO THIPOIN3a STHIHOTO
anpOyMUHA U SIMYHOTO TI00yInHA

Enzyme Enzyme activity, Hydrolysis degree, %
U/mL Globulin | Albumin

Pancreatin 1.0 31+£2 31+2
2.0 35+£2 29+2

3.0 36+2 30+2

Pepsin 1.0 30+2 27+2
2.0 49+3 57+3

3.0 50+3 58+3

Chymopsin 1.0 68+3 74+ 4
2.0 71+4 70+ 4

3.0 70+ 4 71+4
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Figure 1. Effect of enzymatic hydrolysis time on the functional properties of egg albumin and globulin hydrolysates:
a — water-holding capacity, b — fat-holding capacity, ¢ — emulsifying capacity, and d — foaming capacity

Pucynok 1. BnusiHue BpeMeHH (epMEHTATHBHOTO MHAPOJIN3A SIMYHOTO anbOyMUHa U THYHOTO II00yIHHA Ha (GYHKIHOHAIbHBIE CBOCTBA
THIPOJIN3aTOB: a — BOJOYAEPKHUBAIOIIAs CMIOCOOHOCTB, b — XKUPOyIepKUBAIOIIAs CITOCOOHOCTE, C — AMYJIBIHPYIOIIas CIIOCOOHOCTH,
d — neHooOpa3zyromas cnocoOHOCTh

Table 2. Allergenicity of egg globulin and albumin and their hydrolysates

Taﬁnnua 2. I/ICCHGI[OB&HI/IC AJUIEPTE€HHOCTH SIUYHOT'O FJ'I06yJII/IHa U AUYHOTO aJ'II)6yMI/[Ha U UX TUAPOIN3aTOB

Study object Allergenicity, kU/L Allergen-specific IgE antibody level

Egg globulin 0.55+0.03 Low

Egg albumin 15.30+0.80 High

Egg albumin hydrolysate, 10 min 4.50+0.20 High

Egg albumin hydrolysate, 20 min 2.40+0.10 Medium

Egg albumin hydrolysate, 30 min 2.80£0.10 Medium

Egg albumin hydrolysate, 60 min 2.40=+0.10 Medium

Egg albumin hydrolysate, 90 min 0.35+0.02 Not detected

Egg albumin hydrolysate, 120 min 0.32+£0.02 Not detected

According to literature, egg white is highly allergenic.
Therefore, we tested egg albumin and globulin isolates
and their hydrolysates for allergenicity using the enzyme
immunoassay method described above (Table 2).

As can be seen in Table 2, allergenicity was low in
the globulin isolate and high in the albumin isolate. How-
ever, the longer egg albumin was hydrolyzed, the lower
was its allergenicity. Since no allergenicity was detected
after a 90 min enzymatic hydrolysis, this egg albumin
hydrolysate can be used to produce hypoallergenic food
products. In contrast, egg globulin hydrolysates can-
not be recommended for functional nutrition as their
functional properties are much lower compared to those
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of egg globulin isolates. Therefore, only egg albumin
hydrolysates were exposed to further analyses.

Although the 90-min egg albumin hydrolysate was
not allergenic, its functional properties needed improv-
ing. For this, we mixed it with oat, corn, and flax flour
globulins and their hydrolysates in different ratios.

Previous studies [28, 29] selected optimal condi-
tions for obtaining hydrolysates of oat, corn, and flax
flour globulins with high water-holding and emulsify-
ing capacities.

Figure 2 shows the values of water-holding, fat-hold-
ing, emulsifying, and foaming capacities for mixtures
of the 90-min enzymatic lysate of egg albumin with oat,
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Figure 2. Effect of egg albumin hydrolysate + plant protein hydrolysate ratios on the functional and technological
properties of mixed hydrolysates: a — water-holding capacity, b — fat-holding capacity, ¢ — emulsifying capacity,
and d — foaming capacity
PucyHok 2. BinusiHue MaccoBOTO COOTHOIICHHS THAPOJIU3AT SHYHOrO albOyMHUHA: THIPOJIU3AT PACTUTEIBHOTO Oeska Ha PyHKIIMOHAIBHO-

TEXHOJIOTHYECKHE CBOMCTBA CMEIIAHHEIX THAPOIHM3AaTOB: a — BOAOYAEPKUBAIONIAs CIOCOOHOCTH, b — JKUPOYAEpKUBAIONIAst CIOCOOHOCTD,
¢ — SMYJIBIUpYIOIIas crocoOHOCTh, d — meHooOpa3youas cCiocoOHOCTh

corn, and flax flour hydrolysates with the best func-  fore, the last two mixtures can be used to increase the
tional and technological properties. emulsifying capacity of food products.

The highest water-holding capacity was found in The foaming capacity values were lower in all the
the mixtures of albumin and corn flour globulin hydro- mixtures of albumin with plant proteins. The greatest
lysates, especially in a 1:5 ratio (4.24 g water/g pro-  foam height was observed in a 3:1 ratio of egg albumin
tein). The mixtures of albumin hydrolysates with oat and oat globulin, a 5:1 ratio of egg albumin and corn
and flax flour globulin hydrolysates had significantly globulin, and a 5:1 ratio of egg albumin and flax globu-
lower water-holding capacity (2.66 g water/g protein lin. Since the maximum foaming capacity was demon-
in a 5:1 ratio and 2.39 g water/g protein in a 1:5 ratio, strated by the mixture with flax protein, it can be used
respectively). Therefore, a 1:5 ratio of egg albumin hydro-  to increase the foaming capacity of food products.
lysate and corn protein hydrolysate can be recommen- Thus, our results showed that the water- and fat-hold-
ded for use to increase the water-holding capacity of ing capacities can be significantly increased by adding
food products. corn globulin to the egg albumin hydrolysate in a ratio of

The fat-holding capacity values were found to be in 1:5. However, the emulsifying capacity of this mixture
the same range for all the mixtures. The highest values was similar to that of the egg albumin hydrolysate, while
were observed in the mixtures of albumin + oat protein its foaming capacity decreased about 3 times. Adding

(1:5; 0.67 g oil/g protein), albumin + corn protein (1:2 oat globulin to the egg albumin hydrolysate in a ratio
and 1:5; 0.48 g oil/g protein), and albumin + flax pro-  of 1:5 more than doubled the fat-holding capacity, with
tein (1:5; 0.57 g oil/g protein). Thus, a 1:5 ratio of egg the water-holding and emulsifying capacities remain-

albumin hydrolysate and oat flour protein hydrolysate ing unchanged and the foaming capacity decreasing to
can be recommended to increase the fat-holding capa- its minimum. The emulsifying capacity can be improved
city of food products. by adding flax globulin to the egg albumin hydrolysate

The highest emulsifying capacity values were found in a ratio of 1:3. The mixture’s fat-holding capacity was
in a 1:2 ratio of egg albumin and oat globulin (38%), a also higher, while the water-holding and foaming ca-
5:1 ratio of egg albumin and corn globulin (57%), and pacities were lower compared to those of the egg white

a 1:1 ratio of albumin and flax protein (53%). There- hydrolysate.
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One of the significant disadvantages of plant pro-
teins is their low content of some amino acids. In parti-
cular, oat protein is low in glycine, cysteine, tryptophan,
and arginine. Corn protein is low in glycine, arginine,
tryptophan, methionine, cysteine, and histidine. Flax
protein has a reduced content of cysteine, methionine,
proline, and histidine. At the same time, egg proteins
have a balanced amino acid composition. Therefore, we
determined the amino acid composition of the obtained
mixtures of egg albumin with plant globulins in order
to select a sample with a balanced amino acid composi-
tion in addition to high functional properties (Table 3).

Table 4 shows amino acid scores for the selected
mixtures. As can be seen, the mixtures of egg albumin

hydrolysate and plant globulin hydrolysates had higher
scores for almost all essential amino acids.

The mixture of egg albumin hydrolysate with oat glo-
bulin hydrolysate had scores below 100 for lysine (87),
threonine (93), valine (94), as well as methionine and cys-
tine (71). The mixture of egg albumin hydrolysate with
corn globulin hydrolysate had the following limiting
amino acids: lysine (62), isoleucine (80), threonine (90),
methionine and cystine (71), and valine (79). In the mix-
ture of egg albumin hydrolysate with flax globulin hy-
drolysate, the limiting amino acids were valine (86) and
methionine + cystine (51).

Of the three mixtures under study, a 1:3 ratio of
egg albumin hydrolysate and flax globulin hydrolysate

Table 3. Amino acid composition of hydrolysates of egg albumin; oat, corn, and flax flour globulins; and their mixtures

Tabmuna 3. AMHHOKHCIIOTHBIH COCTaB THAPOIU3ATOB SUYHOTO alb0yMHHA, OBCSHOTO, KyKypy3HOTO, JIbHSHOTO [NIOOYJINHOB MyKH U HX CMeceH

Amino Hydrolysate of
acid, % | egg albumin, | oat globulin, | corn globulin, | flax globulin, egg albumin, 90 min +
90 min 60 min 30 min 30 min egg albumin + | corn globulin, flax globulin,
oat globulin, 1:5 1:5 1:3

Gly 3.20+0.20 0.63 +0.03 0.41 £0.02 14.00 £ 0.70 1.00£0.10 0.93 £0.05 11.00 + 1.00
Ala 7.20 £0.40 6.80 £ 0.30 6.40 =0.30 6.30+0.30 6.90 +0.30 6.50 +0.30 6.50 +0.30
Val 1.70 £0.10 5.30+£0.30 4.40 £0.20 5.20+0.30 470 £0.20 4.00+£0.20 4.30+0.20
Ile 5.50+£0.30 3.90+0.20 2.70 £0.10 4.70 £ 0.20 4.20+0.20 3.20+£0.20 4.90 £0.20
Leu 9.90 +0.50 7.40 £ 0.40 12.00 £1.00 7.00 +£0.40 12.00 £ 1.00 12.00 £ 1.00 7.70 £ 0.40
Pro 4.50 £0.20 4.30+0.20 5.90+0.30 1.90£0.10 4.30+0.20 5.70 £0.30 2.60+0.10
Ser 7.40 £0.40 6.00 +0.30 4.40 £0.20 7.50+£0.40 6.20+0.30 7.50 £0.40 7.50+0.40
Thr 5.80+£0.30 3.30+0.20 3.20+0.20 3.60+0.20 3.70 £0.20 3.60 £ 0.20 4.20+0.20
Cys 1.00+0.10 1.10£0.10 1.80£0.10 0.90 £0.10 1.10£0.10 1.70 £0.10 0.92+0.10
Met 3.50+£0.20 2.60£0.10 1.90 £0.10 1.40£0.10 2.80+£0.10 2.20+0.10 1.90 £0.10
Asp 6.30+0.30 9.10 £ 0.50 9.20 £ 0.50 3.80+0.20 8.60+0.40 8.70 £0.40 4.40+0.20
Glu 17.00£0.90 | 17.00£0.90 | 18.00+ 1.00 9.50 +0.50 17.00 £ 1.00 18.00 £ 1.00 11.00 £ 1.00
Lys 7.90 £ 0.40 4.20+0.20 2.50 £0.10 5.80+0.30 4.80+£0.20 3.40+0.20 6.30+£0.30
Arg 5.70£0.30 0.64 £0.03 0.44 £0.02 4.20+£0.20 1.50+0.10 1.30+0.10 4.60 +£0.20
His 2.40+0.10 0.32£0.02 0.36 £ 0.02 1.00£0.10 0.73 £ 0.04 1.20 £0.10 1.40+0.10
Phe 6.30+0.30 2.80+£0.10 4.90 £0.20 5.10+0.30 3.40+0.20 5.10+£0.30 5.40+0.30
Trp 5.70 £ 0.30 1.30+0.07 0.61 £0.03 3.50+0.20 2.00£0.10 3.90 +0.20 4.10£0.20
Tyr 2.80+£0.10 6.40 £ 0.30 3.80+£0.20 3.50+0.20 5.80+0.30 3.40+0.20 3.30+0.20

Table 4. Amino acid scores, %, for mixtures of egg albumin hydrolysates with plant globulin hydrolysates

Tabnuna 4. AMUHOKUCIOTHBIN CKOP, %, CMecel THAPOIN3aTOB SMYHOTO albOyMHHA C THAPOIN3aTaAMU PACTHTENBHBIX INI00YIHHOB

Amino Hydrolysate of
acid egg albumin, | oat globulin, | corn globulin, | flax globulin, albumin, 90 min +
90 min 60 min 30 min 30 min oat globulin, | corn globulin, | flax globulin,
1:5 1:5 1:3

Lys 144 £7 76 £ 4 45+2 105+5 87+4 62+3 115+6
Met+Cys 129+ 6 67+3 67+3 4242 71+4 71+4 51+3
Ile 138 £7 99+5 68+3 118+ 6 105+5 80+ 4 123+ 6
Leu 1417 106 £5 170+ 9 100£5 174 +£9 166 £8 110+ 6
Thr 145+7 83+4 80+4 90+5 93+5 90+5 105+5
Phe+Tyr 152 +£8 153+£8 145+7 156 £ 8 153 £8 142 +7 145+7
Trp 570 £29 1307 60+3 350+ 18 200+ 10 390 + 20 410+ 21
Val 34+2 106 + 5 88 +£4 104 +5 94+5 79+4 86+ 4
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had the best amino acid composition, with the highest
scores and fewer limiting amino acids.

Conclusion

Chymopsin was selected as the most effective enzyme
for the proteolysis of egg protein isolates — at 50 U/g
for globulin and 25 U/g for albumin.

Egg globulin and albumin isolates were hydrolyzed
at different times with the selected enzymes to study the
hydrolysates’ functional and technological properties.
All globulin hydrolysates had lower water-holding, emul-
sifying, and foaming capacities compared to the non-
hydrolyzed globulin isolate. The 60-min globulin hydro-
lysate had the highest fat-holding capacity. All albumin
hydrolysates showed lower water-holding, fat-holding,
emulsifying, and foaming capacities compared to the non-
hydrolyzed albumin isolate. The hydrolysis reduced the
allergenicity of egg albumin and its 90-min hydrolysate
was found to be not allergenic.

The non-allergenic 90-min egg albumin hydrolysate
was mixed with oat, corn, and flax flour protein hydrolysa-
tes to determine the ratio that would improve the mix-
ture’s functional and technological properties. According
to the results, a 1:5 ratio of albumin hydrolysate and oat
flour hydrolysate had higher fat-holding capacity; a 1:5
ratio of albumin hydrolysate and corn flour hydrolysate
had higher water- and fat-holding capacities; and a 1:3

ratio of albumin hydrolysate and flax flour hydrolysate
had higher emulsifying and fat-holding capacities.

The scores for most essential amino acids in the selec-
ted mixtures exceeded 100%.
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