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v Resume

The effect of gastric hydrolysis of proteins on the formation of protein-polysaccharide
complexes was studied. The study was conducted in vitro, gastric juice, starch, casein,
albumin solutions, as well as casein and albumin hydrolysates were used in the work. It is
concluded that the use of a mixture of starch and casein or albumin contributes to a
significant decrease in light transmission, which is the inverse of the increase in turbidity of
the solution. Simultaneously, an increase in turbidity may be a consequence of the formation
of starch-casein or starch-albumin complexes. Simultaneously, the use of a mixture of starch
and casein hydrolysate or albumin hydrolysate contributes to higher light transmission or
lower turbidity of the solution, which may be a consequence of the low formation of starch
complexes and protein hydrolysates. The obtained results also demonstrate that the
hydrolysis of proteins by pepsin of the stomach contributes to a decrease in the number of
protein-polysaccharide complexes.

BJIMAHUE XKEJIYAOYHOI'O I'NAPOJIN3A BEJIKOB HA OBPA30OBAHUE BEJIKOBO-
INOJIMCAXAPUJHBIX KOMIIJIEKCOB

Mamaoxcanosa O.C., Aneiinux B.A., Xyoasposa A.I'., Babuu C.M.
AHIKaHCKAN TOCYIapCTBEHHBINA METUITMHCKUI HHCTUTYT, AHIMKaH, Y30eKICcTaH

v’ Pestome

H3yyunu enuanue cenay0ouH020 2uoponu3za 0e1koé Ha 00pa3oeanue 0e1K060-
noaucaxapuonvlx Komniexcos. Hecnedosanue nposoounu in Vitro, ¢ pabome ucnovzosanu
HCEIYOOUHDBLIL COK, PACMEOPbl KPAXMANA, KA3eUHA, A1bOyMUHA, A MAKMce 2UOPOIU3aAmbl
Kazeuna, anvoymuna. Coenano 3aKiiouenue, 4mo UCHOIL306AHUE CMeCU Kpaxmana u
Kazeuna uau anbOymuna cnocoocmaeyem 3HaUUmeabHOMY CHUNCEHUIO C6EMONPONYCKAHUSL,
Komopoe A61aemca 00pamHuoil 8eIUYUHON yeenuueHus nomymuenus pacmeopa. Ilpu
IMOM  yeenuueHue NOMYMHEHUA MOMCEm  AGNAMbBCA  CleOCmeuem 00pa3o6anus
KPAXMAIbHO-KA3EUHOGBIX WU KPAXMAIbHO-A160YMUHOGLIX KOMNIEKCco8. B moiice epema
npumenenue cmecu Kpaxmana u 2u0ponu3ama Ka3euHa uiu uoponusama anbO0ymuna
cnocoocmeyem 0onee 6blCOKOMY CEEHIONPONYCKAHUIO WU NOHUNCEHUI) NOMYMHEHUs
pacmeopa, 4mo Modxcem AGAAMbCA CAEOCHEUEM HU3K020 00pa306anHus KOMNJIEKCO8
Kpaxmana u 2uoponuzamog 6eaxos. Ilonyuennsle pesynvomamol makyice 0emMoHcmpupyom,
umo 2udponu3 0enKk0é NEenCUHAMU JHCEIYOKA CROCOOCMEYem CHUMNCEHUIO KOau4ecmea
0e1K060-nOIUCAXAPUOHBIX KOMNIEKCO8.

MHNPOTEUH-ITIOJIUCAKKAPUJ KOMIIVIEKCJIAPUHUHI INAKJIJIAHULINAT A
OIKO30H r'maAPOJIM3UHUHI OKCUJIJIAPHU TABCUPU
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v’ Pestome

OKcunnapnune mev0a 2uOPOIUUHUHZ OKCUT-ROJIUCAXAPUO MAHCMYATAPUHUHZ XOCUJI
oynuwuza mavcupu ypeanunou. Taokukom ymkazunou in vitro, Mevoa wiupacu, Kpaxmain,
Kazeun, aiOyMuH Ipummanapu, WYHUH20€K Kda3euH 6a a10yMuH 2uopoOaUIAMAAPUOAH
doitoananunzan. Bynoan wiynoaii xyaoca Keaud YuKaouKku, Kpaxmai 6a Kazeun éKu anoymun
apanawimacuoan goioananunt EpyauK y3amuwiHuH2 ce3unapau nacaiuuwiuza époam depaou,
0y 3ca Ipummanunz nouKanucu opmumuza meckapu nponopcuonanoup. Illy ounan éupea,
JOUKAIUK OpMUMU KPAXMAn-Ka3eun EéKu Kpaxman-aioymMun KOMNIEKCAapu WAaKIIaHUuu
Hamudicacuoa Oynuwiu mymxun. Illy é6unan odupza, Kpaxman ea Kazeun uoponuzam éxu
alOyMuH 2UOpoIU3IAm apanauimMacudan Qonodanranuuwt Kpaxmail KOMHAEKCAapu 6a OKCUl
2UOPONIU3AMIIAGPUHUHZ RACI WAKIAHUWU HAMUNCACUOA OYIUIU MYMKUH HOKOPU EPYIUK
y3amuwi éKu pumma nacm JOUKAMUK Xucca Kyuwiaou. Onunzan namuxicanap, WiyHUH2o0eK,

OWIKO30H nencuniapu MOMOHUOAH

OKCUJL1apPHUHZ

2UOpoU3U  OKCUI-ROUCAXAPUO

KOMRJIeKcaapu CORUHUNZ Kamauuwuza époam depaou.

Relevance

F ood proteins and polysaccharides are two key

structural elements of food substances. As a
rule, polysaccharides can form  various
types of physical complexes with proteins,
depending on the pH, ionic strength, and the
charge distribution of the biopolymer. The
formation of such complexes presupposes the
predominance of short forces of attraction.
Protein-polysaccharide interactions can be
strong (long-lasting) or weak (reversible).
Physical and chemical factors, such as pH,
ionic strength, protein-to-polysaccharide ratio,
polysaccharide, and protein charge, as well as
molecular weight, affect the formation and

stability of such complexes [5].
Precipitation is a constant problem for
the increasingly widespread use of

protein-polysaccharide complexes, but the
relationship between the two types of phase
separation is not fully understood. It was found
that the formation of complexes and
precipitation are, in fact, different phenomena
that react to different factors, but their
simultaneity (for example, with a change in pH)
can be confused with transitions from one state
to another. The formation of complexes does not
turn into a precipitate, but rather that both the
complexes and precipitate are in equilibrium with
a free protein and a polysaccharide so that
the dissolution of one and the formation of the
other can overlap in time [2].

The pH factor is of great importance for the
implementation of many intermolecular
interactions since it affects the ionisation of some
functional groups of biopolymer compounds [1].

Proteins are usually sensitive to hydrolysis
under the action of gastric pepsin, but when they
interact with polysaccharides, they may
decompose to a lesser extent than free proteins
[4,6].

The complex formation of protein and
polysaccharides causes the formation of insoluble

and soluble complexes that can resist the
degradation of pepsin to varying degrees [3].

The aim of the study: To study the effect of
gastric hydrolysis of proteins on the formation of
protein-polysaccharide complexes.

Material and methods

The effect of casein and egg albumin proteins
(albumin) and their gastric hydrolysates on
interactions with starch and the formation of
protein-polysaccharide complexes was studied in
vitro. The degree of formation of protein-
polysaccharide complexes was studied by
changing the light transmission at pH 2—7 and 520
nm corresponding to the inverse value of the
turbidity of the liquid, separately starch (0.2%),
casein (1.0%), and albumin (1.0%), as well as a
mixture of starch (0.2%) + casein (1.0%), starch
(0.2%) + albumin (1.0%). Additionally, the light
transmission of a joint mixture of starch (0.2%) +
pepsin hydrolysate obtained after a 30-minute pre-
incubation of casein (1.0%) with gastric juice was
studied. Also, starch (0.2%) + pepsin hydrolysate
was obtained after 30 min of preincubation of
albumin (1.0%) with gastric juice. Mixtures of
starch with proteins or with protein hydrolysates
were used to determine the light transmission after
a preliminary joint 30-minute incubation. The
light transmission at 520 nm was determined as a
percentage of the light transmission of water.

Result and discussion

Based on the obtained results of changes in the
level of starch light transmission, it was found that
this indicator at pH 2 was 73+£6.9%. With an
increase in pH, the level of starch light
transmission decreased slightly, and at pH 5 it
reached the minimum values and was 64+6.2%,
which was unreliably lower than the result at pH
2. With a further increase in pH, an unreliable
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increase in the degree of light transmission was
noted, and at pH 7 this indicator was 70+6.5%
(Fig. 1A).

Simultaneously, the level of light transmission
of casein at pH 2 was 6245.7%, which was not
significantly lower than the results of starch at pH
2. A further increase in pH contributed to a
decrease in the level of light transmission, and at
pH 4 this level was 454+4.1%, which was
significantly lower than the similar result of starch
at pH 4. At the same time, at pH 5, the value of
casein light transmission reached the minimum
values and was 45+4.1%, which was significantly
lower than similar starch data. The subsequent
increase in pH 6 increased the light transmission
of casein, but this indicator was significantly
lower than the similar result of starch. At pH 7, the

light transmission of casein also increased and was
unreliable for the same result of starch (Fig. 1A).

According to the results of studying the light
transmission value of a mixture of starch and
casein, at pH 2, the light transmission index was
41+3.9%, which was significantly less than both
starch and protein separately. A further increase in
pH contributed to a further significant decrease in
the light transmission of the starch and casein
mixture relative to the starch and protein mixture
separately. Simultaneously, at pH 5, the minimum
light transmission was detected, which was
15+1.6%. The subsequent increase in pH
contributed to a significant increase in the light
transmission of the starch and casein mixture, and
at pH 7 this indicator was 37+3.9%, but this result
was significantly lower than similar starch data
(Fig. 1A).
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The degree of light transmission at pH 2 of the
casein hydrolysate was 68+7.1%, which was
slightly less than the similar results of starch. With
an increase in pH, the level of light transmission
of casein hydrolysate decreased and was
unreliably lower than similar starch results and at
pH 5 it reached a minimum value and was

52+5.1%, but also unreliable in relation to similar
starch results. With a further increase in pH, an
unreliable increase in the light transmission of
casein hydrolysate indicators was noted, and these
results were unreliable to those of starch, and at
pH 7, the indicator was 64+5.9% (Fig. 1B).
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Figure 1. Study of light transmission at
different pH values. A-a solution of starch, casein
and a mixture of starch + casein. B-a solution of
starch, casein hydrolysate and a mixture of starch
+ casein hydrolysate.

* - significantly different values of light
transmission in relation to starch.

+ - significantly different values of light
transmission in relation to casein or casein
hydrolysate.

When measuring the level of light transmission
of a mixture of starch and casein hydrolysate, it
was found that at pH 2, slightly less light
transmission was observed (65+6.3%), compared
with similar indicators of starch. With an increase
in pH, the value of light transmission of a mixture
of starch and casein hydrolysate in relation to
similar starch results decreased significantly at pH
4 (4944.5%), and reached reliable minimum

values at pH 5 (49+4.5%). With a further increase
in pH, an unreliable increase in the light
transmission of a mixture of starch and casein
hydrolysate was noted in relation to similar starch
data (Fig. 1B).

The result of the study of albumin light
transmission at pH 2 was 51+4.9%, which was
significantly lower than similar starch results.
Simultaneously, an increase in pH contributed to a
decrease in light transmission indicators to pH 5,
when this indicator reached a minimum and was
2142.4%, simultaneously, this result was
significantly and significantly lower in relation to
starch indicators. A further increase in pH
contributed to an increase in albumin light
transmission, but these results were significantly
lower than those of starch, and at pH 7 they were
48+5.1% (Fig. 2A).
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Figure 2. Investigation of light transmission at

different pH values. A-a solution of starch,

albumin and a mixture of starch + albumin. B-a
solution of starch, albumin hydrolysate and a

mixture of starch + albumin hydrolysate.

* - significantly different values of light
transmission in relation to starch.

+ - significantly different values of light
transmission in relation to albumin or albumin
hydrolysate.
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When studying the degree of light transmission
of a mixture of starch and albumin, at pH 2, the
light transmission level was 32+3.5%, which was
significantly less than both starch and protein
separately. A further increase in pH contributed to
an additional significant decrease in the light
transmission of the starch and albumin mixture in
relation to starch and protein separately.
Simultaneously, at pH 5, the minimum light
transmission was detected, which was 7+0.6%.
The subsequent increase in pH contributed to a
significant increase in the light transmission of the
starch and albumin mixture, and at pH 7 this
indicator was 28+3.2%. Which was also
significantly lower separately for both starch and
protein (Fig. 2A).

From the obtained data, it was found that at pH
2, the light transmission of albumin hydrolysate
was 65+6.8% and was slightly less than the similar
results of starch. With an increase in pH, the level
of light transmission of albumin hydrolysate
decreased and was unreliably lower than similar
results of starch. And at pH 5, it reached the
minimum value and was 47+5.0%, but it was
reliable in relation to similar starch results. With
further increase in pH was observed insignificant
increase in light transmission hydrolysate of
albumin, and at pH 7 was 64+5,9%, which was
inaccurate to such data starch (Fig. 2B).

The results of the study of light transmission
level of the mixture of starch and albumin
hydrolysate at pH 2 were observed slightly lower
transmittance compared to with similar indicators
of starch, which was 60+6.1 percent. The value of
the light transmission of the mixture of starch and
albumin hydrolysate decreased with increasing pH
and was significantly lower with respect to similar
starch results at pH 4 and pH 5. Simultaneously, at
pH 5, it reached reliable minimum values and was
36+3.2%. A further increase in pH caused a
significant increase in the light transmission of a
mixture of starch and albumin hydrolysate at pH 6
and an unreliable increase at pH 7 with respect to
similar starch data (Fig. 2B).

Discussion of the results

The obtained results of these studies showed
that the level of starch light transmission
decreased slightly with increasing pH, and
reached a minimum at pH 5, and then increased to
a maximum at pH 7. Simultaneously, the amount
of light transmission of casein had significant
changes, decreasing with increasing acidity from
pH 2 and reaching minimum values at pH 5. These
changes in light transmission were lower than
similar starch data, and at pH 4 and pH 5, there
were significantly less starch results. With the

subsequent increase in pH, an increase in light
transmission was observed at pH 6 significantly,
and at pH 7 it was not significantly lower than
those of starch. When studying the light
transmission of a mixture of casein and starch that
can form protein-polysaccharide complexes, a
significant change was also noted, which was
manifested by similar dynamics of casein changes
with an increase from pH 2 to pH 7.
Simultaneously, there was a decrease in light
transmission indicators in the range from pH 2 to
pH 5, and with a further increase to pH 7, an
increase in these indicators was observed.
Nevertheless, all the results from pH 2 to pH 7
were significantly and significantly lower, both
for starch and casein.

The conducted studies also showed a less
pronounced decrease in the light transmission of
casein hydrolysate, in relation to those results of
starch, as well as less pronounced compared with
similar results of casein. Simultaneously, there
was a less pronounced decrease in the light
transmission of a mixture of starch and casein
hydrolysate, =~ which can  form  protein-
polysaccharide complexes in relation to those
results of starch, and also less pronounced
compared with those results of a mixture of starch
and casein.

Additionally, from the data obtained, it was
found that the level of albumin light transmission
had significantly pronounced changes, while there
was a decrease in light transmission from pH 2,
which reached the minimum values at pH 5. All
these changes in light transmission were also
significantly and significantly lower than the
results of starch, as well as less than those of
casein. With a further increase to pH 7, an increase
in light transmission was observed, and these
increase indicators were significantly lower than
those of starch data. Simultaneously, there was a
significant change in the light transmission of a
mixture of albumin and starch, which can form
protein-polysaccharide complexes, which was
manifested by similar dynamics of albumin
changes with an increase from pH 2 to pH 7.
Simultaneously, there was a decrease in light
transmission indicators in the range from pH 2 to
pH 5, and with a further increase to pH 7, an
increase in these indicators was observed.
Nevertheless, all the results of the mixture of
albumin and starch from pH 2 to pH 7 were
significantly and significantly lower than both the
indicators of starch and the mixture of starch and
casein.

Also, the obtained results showed a slight
decrease in the light transmission of albumin
hydrolysate, compared with similar results of
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starch, and lower than similar results of casein
hydrolysate. Additionally, there was a less
pronounced decrease in the light transmission of a
mixture of starch and albumin hydrolysate, which
can form protein-polysaccharide complexes, in
relation to those results of starch, as well as less
pronounced compared with those results of a
mixture of starch and casein.

Thus, the use of a mixture of starch and casein
or albumin, which canform protein-
polysaccharide complexes, contributes to a
significant decrease in light transmission, which is
the inverse of the increase in turbidity of the
solution. Simultaneously, we can talk about an
increase in turbidity, which may be a consequence
of the formation of starch-casein or starch-
albumin complexes. Simultaneously, the use of a
mixture of starch and casein hydrolysate or
albumin hydrolysate contributes to higher light
transmission or reduced turbidity of the solution,
which may be due to the low formation of starch
complexes and protein hydrolysates. The obtained
results also demonstrate that the hydrolysis of
proteins by pepsin of the stomach reduces the
number of protein-polysaccharide complexes that
can interfere with the hydrolysis of proteins under
the influence of pepsin in the stomach.

Conclusions

The use of a mixture of starch and casein or
albumin contributes to a significant decrease in
light transmission, which is the inverse of the
increase in turbidity of the
solution. Simultaneously, an increase in turbidity
may be a consequence of the formation of starch-
casein or starch-albumin complexes.
Simultaneously, the use of a mixture of starch and
casein hydrolysate or albumin hydrolysate
contributes to higher light transmission or reduced
turbidity of the solution, which may be due to the
low formation of starch complexes and protein
hydrolysates. The obtained results also

demonstrate that the hydrolysis of proteins by
pepsin of the stomach contributes to a decrease in
the number of protein-polysaccharide complexes.
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