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Abstract

The inclusion complexes of 8 cyclodextrin with extensive protein hydrolysates of whey and colostrum were derived. A significant decrease
in bitterness of peptides included into clathrates with cyclic oligosaccharide was established in comparison with initial samples of hydrolysates.
According to thermo gravimetric analysis, the formation of  cyclodextrin inclusion complexes with milk peptides was confirmed. A 2.1/1.3 fold
increase in antioxidant potential of cyclic oligosaccharide clathrates with whey/colostrum hydrolysateswas revealed, when compared with peptide
fractions. B cyclodextrin complexing with whey and colostrum peptides resulted in enhanced radical-reducing activity and improved organoleptic
properties, making the clathrates promising ingredients of special nutrition formulas.
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Introduction

Cyclodextrins (CDs), or

distinguished by a cone-shaped spatial structure with hydrophobic

cyclic oligosaccharides, are
cavity, which accounts forthe ability to form inclusion complexes
with various compounds [1]. Increased solubility, resistance to
physical and chemical factors, tolerance and bioavailability were
shown for clathrates in contrast to the initial biologically active
substances [2]. CD complexing with peptides and amino acids
known to possess a pronounced bitter taste leads to upgraded flavor
[3-5]. Introduction of a CD softened bitterness of pure amino acid
solutions (phenylalanine, tryptophan, proline, isoleucine, tyrosine,
histidine) and soy peptides [4]. 5 % (3 CD supply (as complexing
agent) eliminated bitterness of 5 % soy bean hydrolysate solution by
90 % [5]. It appears natural therefore that f CD was recommended
as a preferential component of functional nutrition. Supra
molecular complex (insulin/R8 carboxymethyl-f CD) tested on
diabetic rut line showed a considerable rise in insulin permeability
and excellent biological effect [6]. B CD complexing demonstrated
increased resistance of antimicrobial peptides ABP-CM4 [7] and
nisin [8] to proteolysis accompanied by stable biological activity.

Antioxidantactivity (AOA) of proteins and peptides is associated
with reducing properties of amino acid radicals of methionine,
histidine, tryptophan, and tyrosine [9-10]. Effect of enzymatic
hydrolysis and fermentation on AOA of whey and colostrum protein
component was evaluated [11-13], organoleptic and antioxidant
properties of 3 CD clathrates with commercial whey hydrolysate
were characterizedin the previous studies [14]. This research was
aimed at production of cyclic oligosaccharide complexes with milk
peptides (extensive hydrolysates of colostrum and whey).

Materials and Methods

Production of 8 cyclodextrin clathrates with milk pep-
tides

 CD manufactured by Roquette (France) and extensive whey/
colostrum hydrolysates (produced atlaboratory of applied biology,
Faculty of Biology, BSU, Belarus) were engaged for clathrate
complexing. Solutions containing § CD and hydrolysates in mass
ratio 2:1 (calculated as solids) were prepared. The resulting
solutions of cyclic oligosaccharide and peptides were incubated
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during 4h at temperature 50 °C with constant stirring (200 rpm).
Organoleptic properties of liquid samples were evaluated according
to the procedure described in [5]. Samples of whey and colostrum
hydrolysates were used as the control. Clathrate and hydrolysate
samples were freeze-dried at temperature-53 2C and pressure
0.1atm during 24-48h for subsequent experiments.

Thermo-gravimetric analysis of clathrates and hydro-
lysates

Thermal degradation parameters of clathrate and hydrolysate
samples were determined by thermo-gravimetric analysis
(TGA) and differential scanning calorimetry (DSC) on TGA/DSCI
instrument (Mettler Toledo, Switzerland). The sample weight was
20mg, resolution of analysis equalled 1pg. TGA/DSC was carried
out in the range 30-600 °C, the rate of temperature rise reached
5 °C/min, the accuracy of temperature control was *2 °C. Effective
activation energy (Ea) was calculated according to Broydo method
using TGA curves [15]. Pure substances (peptides and $ CD) and
their mixtures in mass ratio 2:1 were chosenas the control samples.

Estimation of antioxidant activity

AOA of experimental samples was evaluated by fluorimetric
method (Oxygen Radical Absorbance Capacity, ORAC). It is based
on the suppression of fluorescein (FI) fluorescence as a result of
its oxidation by oxygen radicals and inhibition of this process by
antioxidants. The technique presented in EI Tarun’s paper (2014)
[16] was applied in this research. The results of 3 independent
experiments were expressed as the mean value * confidence
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Results and Discussion

Organoleptic properties of extensive dairy hydrolysates
and the derived clathrates

 CD inclusion complexes with whey and colostrum peptides
were producedin this studyunder optimized conditions. Solutions
containing hydrolysates and 3 CD in mass ratio (1:2) were prepared
and further incubated for 4h at temperature 50 °C. Samples of
hydrolysates and corresponding clathrates were subjected to
organoleptic test, and freeze-dried for thermo-gravimetric analysis.
The obtained extensive hydrolysates of whey and colostrum
displayed evident bitter taste. The bitterness of colostrum
hydrolysate hit the maximum on 10 point scale, while the sample of
cleaved whey proteins scored only 8 points. Incubation of peptides
with cyclic oligosaccharide altered the taste to moderately bitter
(5 points) when compared with control samples of hydrolysates.
Thus, B CD complexing drastically upgraded flavor of the resulting
clathrates.

Thermal degradation parameters of inclusion complexes
and hydrolysates

TGA/DSC analysis was performed to corroboratethe formation
of B CD clathrates with whey and colostrum peptides. TGA results
were presented as the curve of sample weight loss (thermo-
gravimetry, TG/TG) and the curve correlating sample weight
alteration with temperature of the system (differential thermo-
gravimetry, DTG/DTG). The stages of thermal decomposition of
samples under controlled heating regime from 30 °C to 600 °C at
therate 5 °C/min were determined.

interval.
Table 1: Comparative analysis of thermal decomposition parameters of control hydrolysate samples and their clathrates according to data of DTG/
TG profiles (in the region of dominant peak corresponding to thermal degradation of B CD).
amploName | mbertUES I | asimum degradation | MU OTEN | pcivaion Energ (5,
rate (TV__),°C rate (V,,,,), Mr/*C initial cm:'taént el
Whey hydrolysate (WH) 268.3 0.029 80.9 76
Mixture (WH:B CD=1:2) 297.5 0.29 68.8 118
Clathrate(WH:p CD=1:2) 305.1 0.15 55.6 105
Colostrum hydrolysate (CH) 285.8 0.027 77 66
Mixture (CH:p CD=1:2) 289.7 72.4 125
Clathrate(CH:f CD=1:2) 289.7 0.14 64.3 107
B cyclodextrin 301.8 0.43 67.1 324

Thermal decomposition parameters of pure substances
(hydrolysates of whey and colostrum, § CD), mixtures thereof and
clathrates according to DTG/TG profiles in the region of dominant
peak corresponding to 3 CD thermal degradation were reflected in

Table 1.

DTG profiles indicated the maximum weight loss of 3 CD
sampleat 301.8 °C, with the highestthermal decomposition
rate reaching 0.43mg/°C. In case of whey protein hydrolysate
decomposition peaks with maximal values of mass decay were

recorded at 159.6, 203.9, 268.3 and 541.3 C (0.006, 0.014, 0.29 and
0.40mg/°C, respectively). Upon thermal break-down of colostrum
protein hydrolysate the peaks of weight decline were detected at
158.8,285.8and 531.3°C(0.016,0.27 and 0.55 mg/°C, respectively).

DTG profiles of hydrolysates mixtures with 8 CD represent an
overlap of mass loss peaks of separate compounds (Figure 1). The
shift of thermal degradation peak of cyclic oligosaccharide from
301.8 to 297.5/289.7 °C was revealed during analysis of mixtures
containing whey/colostrum hydrolysates, respectively.
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Figure 1: DTG profiles of control and test samples of whey (a) and
Colostrum hydrolysate.

colostrum (b) B CD — B cyclodextrin, WH — Whey Hydrolysate, CH —

Clathrate samples retained the prevalent peak of 8 CD thermal
decomposition somewhat shifted in temperature and shape whereas
degradation peaks typical for peptide mixture were not observed,
evidencing generation of inclusion complexes. A shift of § CD
thermal degradation peak from 297.5 to 305.1 °C and a decrease in
mass loss rate of the sample from 0.29 to 0.15mg/°C was shown for
clathrate derived from cyclic oligosaccharide and whey hydrolysate
as compared with peptide mixture (Figure 1a). This indicated an
increased resistance of clathrate sample to thermal degradation. A
decrease in the rate of thermal degradation from 0.30 to 0.14mg/°C
was found for inclusion complex containing colostrum hydrolysate
at the same melting temperature peak of 289.7 2C (Figure 1b). In
general, enhanced thermal stability of peptides as components of
clathrates with cyclic oligosaccharide was confirmed.

TG profiles demonstrated the larger weight loss of whey-based
complex at the temperature of maximal  CD degradation (13.2

%) than that of clathrate with colostrum hydrolysate (8.1 %) in
comparison with peptide mixtures (Table 1). The data clearly
prove superior thermal stability of colostrum-containing clathrate.
Eaparameter of whey and colostrum hydrolysates as constituents
of mixtures and clathrates was estimated to rise by 1.4-1.6 times
and 1.6-1.9 times, respectively (Table 1). It may be deduced that
dairy peptides originating from whey and colostrum tend to be
more stable upon mixing and complexing with {3 CD.

Antioxidant activity of B cyclodextrin clathrates with
milk peptides

Antioxidant activity of § CD clathrates with whey and colostrum
peptides was determined. Correlations of FL fluorescence intensity
with concentrations of hydrolysates, cyclic oligosaccharide and
inclusion complexes were established. The studies were conducted

in wide concentration range of tested compounds (0.002-0.8 mg
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solids/ml). Experimental samples restored the FL fluorescence
to 67-96 %. The IC50 values were graphically presented(the
concentration of samples accounting for 50 % inhibition of reactive

oxygen species).

According to literature reports, AOA of peptides is determined
by reducing capacityof amino acid radicals, while antiradical
properties of 3 CD are due to additional hydroxyl groups in
cyclic oligosaccharide molecule [1,2,9]. Accordingly the IC50 was
calculated relative to solids content and protein ratioin composition
of hydrolysates and clathrates as reflected in Table 2. IC50 values
computed per solids concentration were comparable for initial
substrates (whey, colostrum) and  CD. Hydrolysis of wheyand
first milk with alcalase and subsequent ultra-filtration promoted
radical-reducing potential of peptide fractions by 4.7 and 5.1 times,
respectively. Comparison of clathrates and hydrolysates pointed
out reduction of antioxidant activity with shrinking of peptide
fraction. Evaluation of IC50 parameters per content of protein
component showed augmentation of AOA in hydrolysed and
fractionated whey and colostrum by 5.6 and 7.8 times, respectively.
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It should be noted that radical-reducing activity of whey peptides
was 1.7 times higher than that of cleaved colostrum. Complexing
with B CD caused an increase in antiradical properties of whey/
colostrum hydrolysates by 2.1/1.3 times when compared with the
respective peptide fractions. However, no significant distinctions
were stated for both clathrate samples in recovery of fluorescence
level. According to literature sources [3-5], production of clathrates
with B CD improved organoleptic properties of amino acids
and peptides. The previous paper [13] was focused on growing
antioxidant ability of inclusion complexes exceeding 1.3-1.6 times
AOA level of commercial whey protein hydrolysate.

The present study investigated effect of complexing process
on flavor and antiradical activity of dairy hydrolysate samples.
Clathrates of B CD with peptides of first milk and whey exhibited
increased antioxidant potential surpassing by 1.3 and 2.1 times the
similar values of unbound peptide fraction. The difference in AOA
levels of native substrates and hydrolysates may be interpreted by
peculiarities of protein-peptide composition (the ratio of casein to
whey proteins) and the content of non-protein constituent.

Table 2: Parameters of antioxidant activity of whey and colostrum hydrolysates, B CD and their clath rates.

Sample name IC,, pg solids/ml IC,, ug protein/ml

Whey (W) 117.6+10.6 81.3+7.3

Whey hydrolysate (WH) 24.8+0.6 14.5+0.3

ComplexWH+{ CD 38.1+3.4 6.9£0.6

Colostrum 104.7+4.7 68.0+3.1

Colostrum hydrolysate (CH) 20.4+1.8 8.7+0.8

Complex CH+f CD 46.8+2.1 6.7+0.3

B cyclodextrin 114.9+0.3 -
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