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PLANT MODIFIERS OF COAGULATION AND PROTEIN RETENTION IN MIXTURES OF COW
AND CAMEL MILK

Abstract: The aim of this review is to analyse the mechanisms of plant extract action on milk coagulation
and to evaluate their applicability in mixtures of cow and camel milk. The review includes publications devoted
to the milk-clotting activity of plant proteases, the influence of polyphenolic compounds on casein micelle
aggregation, and the role of technological parameters in the coagulation process.

The analysis shows that plant extracts can act through two main mechanisms. The first mechanism is
associated with proteolytic hydrolysis of k-casein and the initiation of micelle aggregation. The second
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mechanism is related to interactions of polyphenols and pectic substances with proteins, which modifies
interparticle interactions and the water-holding capacity of the gel. The efficiency of extracts depends on their
composition, concentration, pH of the medium, temperature, and calcium content.

However, plant proteases often have lower selectivity compared to chymosin. This may lead to
excessive proteolysis and weakening of the curd structure. In mixtures of cow and camel milk, additional factors
are related to differences in protein composition and colloidal stability of the milk systems.

The review confirms the potential of plant-based modifiers of milk coagulation. At the same time, it
highlights the need for careful optimization of technological conditions and a mechanistic approach to their
application. For practical implementation, further studies are required to evaluate gel microstructure, protein
retention, and the balance between milk-clotting and proteolytic activities.

Key words: casein, k-casein, mixtures, extracts, gelation, syneresis, curd, stability.

Introduction

Milk coagulation is the process of protein clot formation. It is based on the destabilization of
casein micelles and their subsequent aggregation. In cow's milk, this mechanism has been well
studied. It involves the breakdown of k-casein and the formation of a three-dimensional protein
network with the participation of calcium [1].

Camel milk differs in composition and structure. It has a lower k-casein content. The micelles
are larger. The mineral balance differs from cow's milk. As a result, coagulation is slower. The
resulting curd is less dense. Protein loss into whey may be higher [2].

When cow and camel milk are mixed, their properties do not average out. A heterogeneous
system is formed. It contains different types of micelles. They have different surfaces and varying
sensitivities to pH and calcium. This leads to uneven aggregation. The gel network becomes non-
uniform, with zones of weakness forming within it [3].

This structure may explain the reduced yield of curd in mixtures. Protein losses are not due to
a protein deficiency, but to the specific properties of the spatial network.

Plant extracts are considered as potential modifiers of these processes. They contain
polyphenols, pectin substances, and organic acids. These components can alter micelle interactions
and influence the rate of aggregation and gel density.

However, most studies are applied in nature, assessing yield and texture. The mechanisms of
interaction are poorly described.

Therefore, a systemic analysis is needed. The influence of plant components should be
examined from the perspective of colloidal chemistry and protein network structure.

The aim of this review is to analyze the mechanisms by which plant extracts influence
coagulation and protein retention in cow and camel milk mixtures. A conceptual model explaining
the possible compensatory effect of such madifiers is also proposed.

Literature Review

Characteristics of the camel milk protein system and their relationship to coagulation

In the literature, camel milk is described as having a casein micelle structure distinct from that
of cow's milk. The low proportion of k-casein is often emphasized. k-casein is important for stabilizing
micelles and also determines the efficiency of enzymatic coagulation. Without it, micelles have
poorer control over aggregation. Therefore, the gel is weaker and more porous [4].

Many authors also note the larger micelles in camel milk. Large micelles can form a network
with large pores. This facilitates whey drainage but also increases the risk of protein loss and reduced
curd yield [5].

A separate block of research is devoted to the role of mineral balance in milk coagulation.
Calcium ions participate in the binding of casein particles and strengthen intermicellar contacts.
Changes in the content of micellar calcium phosphate and pH significantly affect the aggregation of
casein micelles and the structure of the forming gel [6]. For camel milk, features of micelle
mineralization and calcium distribution are described, which can alter the sensitivity of the protein
system to Ca?* and pH. As a result, the same concentration of CaCl, can have different effects in
cow's and camel's milk.

Some publications discuss the composition of whey proteins. Camel milk lacks 3-lactoglobulin.
This alters thermal denaturation and subsequent interactions with caseins. Therefore, the system's
behavior during heating and acid coagulation may differ from that of cow's milk.
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The main conclusion of this line of research is simple. The difficulties in coagulating camel milk
are related to its basic micellar architecture. These limitations cannot be completely eliminated by
technological modifications alone. The aggregation pathway or network structure must be altered.

Coagulation in mixtures of cow and camel milk.

Studies on mixtures typically show improved coagulation with increasing cow's milk content.
However, the improvement is often nonlinear. This is because the mixture becomes a heterogeneous
system. It contains two types of micelles simultaneously. They have different surface properties and
different sensitivities to calcium and pH. Therefore, aggregation can occur asynchronously.

Some studies note that the mixture produces a gel, but the curd yield remains lower than that
of pure cow's milk. This is explained by the poor integration of camel micelles into the overall network.
As a result, the network is non-uniform, with «weak zones» appearing. These zones facilitate whey
release, which reduces protein retention [4].

It's important to note that there's a discrepancy in the literature between the «gel strength» and
«yield» parameters. Sometimes, yield can be higher with a looser gel. This occurs due to water
retention. Therefore, comparisons between studies are often inaccurate. Different authors measure
different endpoints. Some evaluate yield. Others evaluate texture. Still others evaluate syneresis.
This creates a perception of «contradictions», although in fact, the evaluation criteria vary [7-10].

Another source of discrepancies is the coagulation method. Mixtures employ acid coagulation,
enzymatic coagulation, or a combined approach. These mechanisms produce different types of
networks. They also respond differently to plant components.

Plant modifiers: general composition and principle of action

Plant extracts typically contain several classes of compounds. These include polyphenols,
polysaccharides (including pectins), and organic acids. Proteases are sometimes present.
Therefore, a single extract can act through several mechanisms simultaneously [11].

The literature often uses the term «natural coagulants». However, mechanistically, it is
important to distinguish two cases. The first is when the extract acts as an enzyme source. This is
similar to a Rennet-like pathway. The second is when the extract acts as a colloid modifier. In this
case, it alters the charge, hydrophobicity, and interactions of micelles. These two cases can produce
the same visual result (a coagulant), but different structures and different quality [8].

Polyphenols: bridging aggregation and precipitation risk

Polyphenols bind to proteins through hydrogen bonds and hydrophobic interactions. Caseins
are particularly sensitive to polyphenols. This is due to their open structure. At moderate
concentrations, polyphenols can enhance aggregation. They can act as «bridges» between
particles, increasing the network density. This may improve protein retention [12].

However, the literature also notes a reverse effect. At high polyphenol concentrations,
independent coagulation of protein-polyphenol complexes is possible. This leads to the formation of
aggregates that do not integrate into the continuous gel network. This deteriorates the structure. This
can increase turbidity. This can impair flavor due to astringency [13-15].

There is another important aspect. Protein-polyphenol complexes can alter protein digestibility.
Some studies show a decrease in the rate of proteolysis [16, 17].

Therefore, technological gains can be accompanied by nutritional tradeoffs. This issue
is rarely considered in applied studies.

Pectins can influence coagulation in several ways. At neutral pH, they can cause a depletion
effect. This increases the effective attraction of particles, accelerating flocculation [18]. However, it
can also increase heterogeneity. In acidic coagulation, the role of electrostatics and calcium
increases. Pectin can form complexes with casein [19].

This increases water-holding capacity. This can reduce syneresis. Contradictions in the
literature often arise from the different types of pectin. The degree of esterification is important. The
molecular distribution is important. The calcium concentration is important. The rate at which the pH
drops is important [20, 21].

Therefore, the same component can either improve the gel or destroy its structure. This is the
«narrow process window».

lonic factor: CaCl,, phosphates and buffer capacity

Adding CacCl, typically accelerates coagulation and strengthens the network. This is due to the
strengthening of bonds between casein particles. However, excess calcium can increase syneresis,
making the network more rigid and prone to drainage [22].
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The role of phosphates is also discussed in publications. They can bind calcium and alter the
availability of ions. Therefore, the effect of CaCl, depends on the initial mineralization of the milk and
on the additives [23-25].

In cow and camel milk mixtures, ionic balance is particularly important. This is due to the
different "tuning" of the micelles in each milk. Therefore, the same additives produce different results
at different mixing ratios.

Plant extracts are typically low in protein. They can only influence the amino acid profile
indirectly. This indirect effect is related to the retention of different protein fractions. If the protein
chain retains more whey proteins, the relative distribution of amino acids changes. However, this
does not mean a true enrichment of the limiting amino acid. To truly improve the amino acid profile,
protein ingredients are needed, such as isolates or hydrolysates.

Review Methods

To analyze the effect of plant extracts on milk coagulation, the authors used publications
obtained from international scientific databases, including PubMed, ScienceDirect, Food Chemistry,
and other high-impact journals. The review included both experimental studies and comparative and
mechanistic papers on plant coagulants and their properties. Inclusion criteria included data on the
milk-coagulating activity of plant extracts, descriptions of the mechanisms of interaction with the milk
protein system, measurements of rennin-like activity, or changes in the structural properties of the
clot.

Data evaluation methods included the following parameters:

— Milk coagulation activity (MCA) over various pH and temperature ranges;

— Milk coagulation activity/proteolytic activity (MCA/PA) ratio;

— The effect of extracts on the structural characteristics of the resulting gel (texture, viscosity
modulus, microstructure);

— Specific mechanisms of hydrolysis of casein fractions, including k-casein;

— Comparative analysis with commercial coagulants (e.g., chymaosin).

The studies were evaluated in terms of the use of plant extracts as an alternative to animal or
microbial coagulants, as well as their impact on the technological properties of milk and solid milk
products.

Review results

4. Results

The analysis of published studies showed that plant extracts influence milk coagulation through
different mechanisms, including enzymatic, colloidal, and ionic interactions. Their effect depends on
the type of active compounds and the composition of the milk system. To better understand their
applicability in cow and camel milk mixtures, the results were grouped according to the main classes
of modifiers.

4.1 Plant proteases

Plant proteases are the most studied group of plant milk coagulants. Their action is similar to
animal rennet because they hydrolyse k-casein and initiate aggregation of casein micelles. However,
unlike chymosin, most plant proteases are less selective.

Chymosin specifically cleaves the Phe105-Met106 bond of k-casein. Plant proteases can also
hydrolyse k-casein, but they often continue degrading other casein fractions such as asl1-, as2-, and
B-caseins after coagulation has already started. As a result, the formed gel becomes softer, protein
losses into whey increase, and the MCA/PA ratio decreases compared to chymosin [28].

This does not mean that plant proteases cannot be used in dairy systems. However, their
application requires more precise control of technological conditions.

Among the studied plant sources, pumpkin seed peptidases (Cucurbita moschata)
demonstrated one of the widest activity ranges (pH 4.5-8.5; 20-80°C) and formed gels with high
elastic modulus G' [11]. Kiwi extract containing actinidin produced curd with texture similar to
chymosin-induced gels at approximately 40°C [9]. Artichoke flower extract (Cynara scolymus)
showed stable proteolytic activity and provided curd yields up to 17% in mini-cheese systems at pH
6.4 and 37°C [26].
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At the same time, melon and Solanum elaeagnifolium extracts demonstrated lower MCA/PA
ratios and produced looser gels because of extensive non-selective proteolysis [9, 27]. Therefore,
their use as independent coagulants may be limited. Table 1 presents the comparative
characteristics of the main plant milk coagulants.

Table 1 — Comparative characteristics of plant milk coagulants

Plant / source Active component | Opt. pH Teorgp., MCA/PA | Curd characteristics Ref.
Artichoke Phenolic/protease Yield up to 17%
(Cynara extract 6.4 37-45 | Moderate | (mini-cheese); stable [26]
scolymus L.) (lyophilisate) proteolytic activity
Pumpkin Strong gel; high elastic
(Cucurbita Seed peptidases 45-8.5 | 20-80 High modulus G'; [11]
moschata) wide working range
Curd texture
. . . comparable to
Kiwi Actinidin (cysteine n/d ~40 Moderate | chymosin; [9]
(Actinidia sp.) protease)
narrow temperature
range
Melon . Pulp proteases n/d 45-75 | Moderate L(_)ose curd; lower yield; [9]
(Cucumis melo) wide temperature range
Glr_lger (Zingiber | Zingibain (cysteine n/d 63 Moderate Narrow optimum; activity [9]
officinale) protease) at high temperature
Tompillo Aspartate Slow coagulation; less
(Solanum protease from n/d n/d Low dense gel; extensive [27]
elaeagnifolium) | fruits non-selective proteolysis
Chvmosin Aspartate Reference: dense curd,
Y protease (animal 6.0-6.6 | 30-37 High high selectivity for [28]
(control) e .
origin) K-casein

Note: MCA/PA — milk-clotting to proteolytic activity ratio; n/d — no data; G'— storage modulus of gel

An important observation from the literature is that practical applicability depends not only on
coagulation time, but also on the MCA/PA ratio. Rapid coagulation combined with excessive
proteolytic activity may lead to high protein losses and deterioration of curd texture during storage
and ripening. However, this parameter is not reported consistently in many studies, which
complicates direct comparison between different plant coagulants.

4.2 Polyphenols

Polyphenols affect milk coagulation through mechanisms different from proteases. They do
not hydrolyse k-casein. Instead, they interact with casein proteins through hydrogen bonds and
hydrophobic interactions [14].

At moderate concentrations, polyphenols may act as bridges between casein micelles. This
increases interparticle attraction and promotes formation of a denser gel network. As a result, protein
retention may improve even without enzymatic activity.

However, the positive effect is observed only within a limited concentration range. At high
concentrations, protein-polyphenol complexes precipitate independently from the continuous gel
network. This leads to formation of isolated aggregates, increased turbidity, syneresis, and defects
in gel structure [13-15].

Another important aspect is the effect of polyphenols on protein digestibility. Several studies
reported that stable protein-polyphenol complexes are more resistant to proteolysis, which may
reduce protein bioavailability [16, 17]. Therefore, improvement of texture may be accompanied by
nutritional limitations. The concentration-dependent effects of polyphenols are summarised in Table
2.

In cow and camel milk mixtures, the effect of polyphenols may become more complex because
the two micelle populations have different surface properties. Camel milk micelles are larger and
contain less k-casein, which may influence their interaction with polyphenols differently compared to
cow milk micelles. At present, this mechanism remains poorly studied.
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Table 2 — Concentration-dependent effects of polyphenols on milk gel structure
Polyphenol

. Effect on casein micelles Gel/curd outcome Ref.
concentration

Hydrogen bonding and hydrophobic -
. ) . . . | Increased network density;

Moderate interactions with open casein structure; improved protein retention [12, 14]
bridging between particles
Independent coagulation of protein- Fragmented gel structure;

High polyphenol complexes outside the gel increased turbidity; astringent off- [13-15]
network flavour
Formation of stable protein-polyphenol | Reduced digestibility of retained

Any level : X ) " [16, 17]
complexes resistant to proteolysis proteins — nutritional tradeoff

4.3 Pectins

Pectin itself is not a direct milk coagulant. Its main role is associated with modification of the
colloidal environment around casein micelles. Depending on pH, ionic strength, and degree of
esterification, pectin may either stabilise or destabilise the system.

At neutral pH, high-molecular-weight pectin promotes depletion interactions between micelles,
increasing effective attraction and accelerating flocculation [18]. However, this may also increase
heterogeneity of mixed milk systems.

Under acidic conditions, the mechanism changes. Low-esterified pectins can interact with
casein micelles through calcium bridges [19]. This interaction improves water-holding capacity and
reduces syneresis, which may increase curd yield.

Differences reported in the literature are mainly associated with variations in pectin structure,
degree of esterification, molecular weight distribution, calcium concentration, and acidification rate
[20, 21]. Since these parameters are not always described in publications, comparison between
studies is often difficult. The main effects of pectin under different conditions are presented in Table
3.

Table 3 — Pectin effects on milk gel depending on pH and esterification degree

Condition Mechanism Effect on gel Key variables
Depletion interaction — Accelerated flocculation; .
. . . . Pectin MW,
Neutral pH increased effective attraction risk of heterogeneous .
: concentration
between micelles network
Acidic pH, high Limited casein-pectin Minimal influence on Degree of esterification,
esterification electrostatic interaction coagulation rate pH drop rate
Acidic pH, low Casein—pectin complex Increasgd water-holding Ca?* concentration,
o . ; PO capacity; reduced e
esterification formation via Ca?* bridges syneresis esterification degree

Note: MW — molecular weight; Ca?*— calcium ion concentration.

4.4 lonic effects

Although calcium is not a plant modifier, it strongly influences the activity of plant coagulants
because the ionic environment determines aggregation behaviour of casein micelles.

Addition of CaCl, strengthens intermicellar calcium phosphate bridges, accelerates
aggregation, and increases gel firmness [22]. In cow milk systems, the optimal concentration range
is relatively well established.

However, camel milk behaves differently. Camel milk micelles have another mineralisation
pattern and respond differently to added calcium ions [6]. Therefore, the same CaCl, concentration
may produce different effects depending on the ratio of cow and camel milk in the mixture.

Phosphates further complicate the system because they can bind free calcium ions and reduce
their availability for intermicellar interactions [23, 24]. In addition, differences in buffer capacity
between cow and camel milk influence pH reduction during acidification and affect aggregation
kinetics.

These findings indicate that optimisation of ionic conditions in mixed milk systems cannot be
directly transferred from single-milk systems. Separate optimisation is required for each milk ratio.

The main ionic effects observed in cow/camel milk mixtures are summarised in Table 4.
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Table 4 — lonic factors and their behaviour in cow/camel milk mixtures

. Effect when excessive / Specific features in cow/camel
Factor Effect at optimal level .
absent mixture
Strengthens inter-micellar Excess (increased Same CaCl, dose acts differently
CacCl, bonds; accelerates syneresis, overly rigid at different mixing ratios due to
aggregation gel prone to drainage) distinct micelle mineralization
Camel milk micelles have
Inorganic Modulate Ca?* availability; Sequester calcium different micellar calcium
phosphates | buffer capacity adjustment (impaired aggregation) phosphate content — complicates
additive predictions
Lowering pH reduces zeta- Too low (acid-induced Asynchronous pH sensitivity of
pH potential, promotes micelle | precipitation rather than two micelle populations —
approach and aggregation | structured gel formation) coagulation proceeds unevenly

4.5 Comparative analysis of plant modifier classes

The comparison of different modifier classes showed that plant proteases, polyphenols,
pectins, and ionic factors do not act independently. Their effects may interact with each other within
the milk system.

For example, extracts containing both proteases and polyphenols may simultaneously induce
k-casein hydrolysis and polyphenol-mediated interactions with casein proteins. Depending on
process conditions, these effects may either improve or destabilise the gel structure.

In cow and camel milk mixtures, none of the modifier classes alone fully solves the problem of
heterogeneous aggregation. Plant proteases initiate coagulation but cannot completely synchronise
aggregation of structurally different micelles. Polyphenols may partially improve interactions between
particles, whereas pectins mainly contribute to water retention and reduction of syneresis. lonic
adjustment is also necessary, but alone it is insufficient.

These observations suggest that combined approaches may be more promising than the use
of a single modifier class. Combinations of plant proteases with moderate MCA/PA ratios and low-
esterified pectins under controlled Ca%* concentrations may improve both coagulation kinetics and
structural stability of mixed milk gels. However, direct experimental validation of such systems
remains limited. The comparative characteristics of the main modifier classes are presented in Table
5.

The overall analysis showed that effective optimisation of cow and camel milk mixtures
requires consideration of multiple interacting factors rather than isolated technological parameters.
Particular attention should be given not only to curd yield, but also to gel microstructure, protein
retention, and stability of the formed network.

Discussion

The review data highlights that the activity of plant coagulants depends not only on their source
but also on process parameters. Milk pH-lowering the pH accelerates coagulation for many plant
extracts — is important. Process temperature-optimal activity ranges vary significantly between
sources — is important. Enzyme concentration influences both coagulation time and curd texture.
These parameters must be optimized for each plant coagulant and specific milk raw material.

Summary of the Effects of Plant Extracts

Overall, publications show that:

— Plant extracts can act as milk coagulants similar to rennet, but with broader proteolytic
activity.

— They alter aggregation kinetics and gel structural characteristics through interaction with
casein fractions.

— Their effectiveness and clot properties depend on the starting material, extract composition,
and process conditions.

These data confirm that plant extracts are promising coagulation modifiers in dairy systems,
but require precise optimization to achieve results comparable in structure and functionality to
traditional coagulants.

Literature shows that the coagulation problem in cow and camel milk mixtures is structural in
nature. It is associated with micellar heterogeneity and asynchronous aggregation. Plant extracts
can act as aggregation pathway modifiers. However, their effect depends on the extract's
composition and the process conditions.
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Table 5 — Comparative analysis of plant modifier classes in the context of cow/camel milk
mixtures

. Applicability in
Criterion Plant proteases Polyphenols Pectins lonic factors cow/camel milk
(CacCly) ;
mixture
All mechanisms can
. Enzymatic Bridging / Depletion / Inter-micellar work simultaneously
Coagulation : ; .
: hydrolysis of complex electrostatic bond — combined effects
mechanism ; ) . A
K-casein formation complex reinforcement poorly studied in
mixed systems
Low MCA/PA of plant
Lower than Non- proteases is a risk —
. . enzymatic; no Non- . ; .
Selectivity chymosin; broad ; : Non-enzymatic | excessive proteolysis
: K-casein enzymatic .
proteolysis specificit worsens protein
P Y retention
Comparatieto | NITPOUE | Sdiees | con morease | Comoeion
Effect on chymosin when densification (hiyher ield yield through tr))e most relevazmt foyr
curd yield optimised (Kkiwi, d gnery faster network ) )
umpkin) at moderate via water formation camel milk mlcelle
P levels retention) integration
High Effect highly .
Narrow concentration dependent No standard|s'ed
. temperature Excess causes | protocols for mixed
Main optimum; causes off- on syneresis and | milk systems — direct
limitation v%riable, flavour and esterification y rigid gel compzrison between
MCA/PA structural degzria e and studies impossible
defects Ca?" level
Reduced Nutritional tradeoffs
Nutritional Risk of protein protein Minor — of polyphenol-protein
impact fragmentation in | digestibility via | dietary fibre Negligible interactions rarely
P whey complex addition addressed in applied
formation studies

Key gaps remain:

— Extracts are rarely standardized by composition;

— Gel microstructure is rarely analyzed,;

— Little data exists on protein loss in whey by fraction;

— Studies on the digestibility of protein—polyphenol complexes are limited;

— Few models describe heterogeneous aggregation in mixtures.

These gaps form the basis for further mechanistic research and rational process design.

It is also important to note that temperature and pH have a significant impact on the activity of
milk-clotting enzymes from plant sources. Optimal activity ranges vary depending on the plant and
the specific protease, requiring adaptation of process parameters for each specific case. Without
standardized conditions, it is impossible to compare results or apply them in practice.

Thus, plant proteases can act as functional coagulants, but their use requires precise control
of process parameters: temperature, pH, calcium concentration, and coagulation time. Furthermore,
their impact on the micro- and macrostructure of the gel must be analyzed in terms of fractional
protein retention, not just visual clot formation.

Conclusion

The review showed that plant extracts have the ability to modulate the milk coagulation process
through enzymatic and colloidal mechanisms. Many plants contain proteases that can break down
K-casein and initiate micelle aggregation, making them potential alternatives to animal and microbial
coagulants. Their effectiveness and impact on product properties depend on the specificity of the
enzymes, process conditions (pH, temperature, calcium concentration), and the composition of the
source milk.

Plant proteases can improve protein retention and modify the network structure, but are often
accompanied by decreased selectivity, excessive hydrolysis, and altered gel quality. This
emphasizes the need for a mechanistic approach to their use, including optimization of process
parameters.
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Further research should ensure:

— standardization of extracts by composition and activity,

— study of the effect of proteases on the micro- and macrostructure of the gel,

— modeling of the interaction of plant enzymes with milk proteins at the molecular level,

— assessment of the impact on the nutritional and organoleptic properties of finished products.

Only such an interdisciplinary approach will enable the use of plant extracts as complete and
controllable coagulation modifiers in dairy systems, including complex mixtures such as cow's and
camel's milk.
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CUbIP MEH TYUE CYTIHIH KOCNANAPbIHAA AKYbI3[blH KOATYNALMUACHI MEH CAKTANYbIHbIH
oCIMAIK MOOND®UKATOPIIAPDI

Ocbl wonydbiH Makcambi-eCiMOiK CbifbIHObIIaPbIHbIH CYM KoazgynsyusicCbiHa acep emy MexaHu3moepiH
masiday xoHe osiapObiH CubIp MEeH myte CymiHiH KocnanapbiHa KondaHbiniyblH 6aranay. LLlony makanacbiHa
KipemiH cym-ecimMOiKk npomea3sarnapbiHbiH Koa2ynsauusnbik 6esnceHiniai, mofugeHosn KochblbicmapbiHblH
KaseuH muuernnanapbiHblH agpeaayusicbiHa acepi XoHe npouecmiH mexHono2ausbIK napamempriepiHiy peri.
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Tanday Hemuxenepi ecimOiK cbifbIHObIIAPbI €Ki Hezi32i MexaHUu3M apKbliibl 9peKkem eme anambiHbIH
kepcemeli. bBipiHWi MexaHU3M K-Ka3eUHHIH M[pomeonumukasblK 2UOpOosusiMeH XXoHe Muuesina
aspezayusicbiHbiH bacmarnybiMeH 6alnaHbicmbl. EKiHWi MexaHusm nonugheHondap MeH neKmuHOIK
3ammapobiH akKybi30apMeH e3apa opekemmecyiHe 6alnaHbicmbl, 6yn eenbliH 6enuwekmik e3apa
apekemmecyi MeH cydbl ycmay kabinemiH e32epmedi. CbifbiHObINapPObiH muimdiniei onapobiH KypambiHa,
KOHUeHmpauyusicbiHa, opmaHbiH pH-Ha, memnepamypara xxeHe KanbUyul KypambiHa baliaHbiCmebl.

LlezeHmeH, ecimOik npomea3sanapbi KebiHece XUMO3UHMEH carnbiCmbipFaHda memMeH CeflieKmusmisnikke
ue. byn apmbik npomeonusze xoHe MpomMb KypbirbiMbIHbIH 8rcipeyiHe akenyi MyMmKiH. Cubip MeH myte
CymiHiH KocrianapbiHOa aKybi3 npoguriHoezai xeHe KOMIoHeHmMmepdiH KomnoudmalK mypakmbiibifbiHOafbI
alibipmMalblinbIK KOCbiMWwa pesn amkapadsbi.

Lllony ecimdik Koa2ynsayusicbiHbIH MOOUUKamopnapbiH KonndaHy repcriekmusachiH pacmadiobl, 6ipak
mexHooaussbIK xardalnapdbl 0as1 OHmMaunaHobipy XeHe oniapldbl KosidaHyra MexaHUKallblK Ke3kapac
KaxxemminieiH kepcemedi. [NpakmukarbiK iCKe acbIpy YWiH 2enib0iH MUKPOKYPbINbIMbIH, aKybl30bl cakmayob!
JK8He rpomeosiumukarnbiK bernceHdinikmiH mene-meHdieiH baranayra barbimmarifaH 3epmmeyrep Kaxem.

TyliH ce3dep: Ka3euH, K-Ka3euH, Kocranap, cbifbiIHObIap, 2e51b0ey, CuHepesuc, cy3be, mypakmbirbiK.
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PACTUTENbHbLIE MOOAN®UKATOPDBI KOATYNAUWN N YOEPXXAHUA BEJNKA B CMECAX
KOPOBBLEIO U BEPBJTHOXXbEINO MOJIOKA

Llenb Hacmosiuwleeo o0630pa — rfpoaHanusuposamb MexaHusMbl Oelcmeusi pacmumersibHbIX
3KCMpakKmoe Ha Koazayrsiyuro MoJioKa U OUeHUMb UX puMeHUMocmse 0risl cmecell Kopoabeao U 8epbIItoXbe20
Mosioka. B 0630p 6KmoYeHbl nybnukayuu, nocesiuéHHbIe MOJIOKO-Koazynupyrowel akmueHocmu
pacmumeribHbIX POmMeas, 8/IUSHUK MOUGEHObHbIX COeOUHEHUU Ha aspe2ayuio KazeuHo8bIX MUuesn u
POJSIU MEeXHOI02UYECKUX Napamempos rpoyecca.

Pe3ynbmamsbi aHanu3a rnokasbiealom, 4Ymo pacmumersibHble 3Kcmpakmbl mMoaym Jdelicmeosamb
yepe3 08a OCHOBHbIX MexaHu3ma. lepabili MexaHU3M c8si3aH C PoMmMeouUMuUYeCcKUM 2uOpPOu30oM K-Ka3euHa
U UHuyuayuel azpezauyuu muuyesnsn. Bmopol mexaHusm cesizaH ¢ 83aumodelicmeueM MonueHonos u
NMeKmMuHo8bIX eeuwjecme ¢ benkamMu, 4YmMO U3MEHSem Mexyacmu4yHble 83aumodelicmeusi U
godoydepxusarowlyto crocobHocmb eensi. ShhekmusHOCMb 3KCMpakmosg 3asucum om Ux cocmasa,
KOHyeHmpauuu, pH cpedbl, memnepamypbi U coOepXaHUs Kaslbyusl.

O0Hako pacmumernbHbie fnpomeasbl 4Yacmo obnadarom 6onee HU3KOU CernekmueHOCmbio 10
CpasHeHU0 C XUMO3UHOM. 3Omo Moxem rpugsoOumb K U30bIMOYHOMY rpomeonu3y U ocnabneHuro
cmpykmypbl ceycmka. B cmecsx koposbez2o U 8epbritoxbe20 Mosioka OOrnofHUMESbHY Posb uzgpaem
pasnu4ue 8 6enikogomM ripoghurse u KonmoudHol cmaburibHoCmuU KOMIOHEHMOS.

O63op nodmeepxdaem MepPCrnekKmMuUeHOCMb MPUMEHEHUST pacmumersibHbIX MoOuguKamopos
Koazynayuu, HO rnodyépkueaem HeobxoOUMOCMb MOYHOU ONMUMU3ayuUu MEeXHOI02UYeCcKUX ycnosud u
MexaHucmu4yeckoz2o nodxoda K UX ucrnonb3osaHuro. [lns npakmu4veckol peanulayuu mpebyromces
uccrnedogaHusi, Harpaes/ieHHble Ha OUEHKYy MUKPOCMpyKmypbl 2ens, ydepxaHue 6enka u 6anaHc
rpomeosIuUMuUYecKol akmugHoCcmu.

Knroyeesnle crioea: Ka3euH, K-Ka3eUH, CMeCU, 3KCmpakmsl, 2erieobpasosaHue, CUHeEPe3UC, Maopoe,
cmabusibHoCMb.
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THE EFFECT OF ROSE HIP LEAF EXTRACT ON THE QUALITATIVE AND
MICROBIOLOGICAL INDICATORS OF WHOLE GRAIN BREAD

Annotation: An analysis was conducted of the organoleptic, physicochemical, and microbiological
parameters of the finished product to determine the effect of rosehip leaf extract on the quality parameters of
whole-grain bread and its shelf life.

Rosehip leaf extract was used as a plant raw material. The effective amount of rosehip leaf extract
has been established. Rosehip leaf extract contains biologically active substances belonging to different
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