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Abstract: In this study, experimental samples of extensive enzymatic hydrolysates of bovine colostrum 

and whey, inclusion complexes of β-cyclodextrin with dairy peptides were derived. 1.6-fold increase in 

the degree of proteolysis was established for whey hydrolysate compared to cleaved first milk. 

A significant decline in the bitterness of peptide constituents of clathrates was recorded versus samples 

of initial extensive hydrolysates. The thermogravimetric analysis confirmed the formation of inclusion 

complexes of cyclic oligosaccharide with dairy peptides. The Ames test demonstrated comparable 

induced mutation rates for samples of hydrolysates and clathrates. Antimutagenic activity of the 

samples reached 23.9–28.3 % when tested on strain Salmonella typhimurium TA 98 and 19.4–21.8 % 

on strain TA 100. According to the impedimetric method, the antibacterial potential of extensive 

colostrum hydrolysate exceeded the action of cleaved whey against Escherichia coli ATCC 8739 and 

Staphylococcus aureus ATCC 6538. Enhanced antibacterial activity was found for whey and colostrum 

peptide fractions included in clathrates with a cyclic oligosaccharide. β-cyclodextrin complexing 

preserved antimutagenic capacity, promoted antibacterial effect, and improved organoleptic properties 

of milk peptides. These advantages acquire maximum relevance during the clathrate upgrading of 

specialized nutrition formulas. 

Keywords: Whey; Colostrum; Extensive hydrolysate; Peptide bitterness; β-Cyclodextrin clathrates 

with peptides; Thermogravimetry; Organoleptic properties; Antimutagenic action; Antibacterial 

effect. 
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1. Introduction 

Enzymatic hydrolysates of dairy proteins are potential sources of biologically active 

peptides with antioxidant, antimutagenic, hypotensive, antimicrobial, immunomodulatory, and 

other effects [1-4]. Proteolytic enzymes of microbial, animal, and plant origin with diverse 

mechanisms of catalytic action are used to produce hydrolysates with specified parameters 

(cleavage degree, molecular mass distribution of peptides, biological activities) [5–8].  
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Partial hydrolysates of proteins with a medium and profound degree of hydrolysis 

(extensive hydrolysates) are distinguished. Semi-hydrolyzed samples include peptides of 

various lengths (molecular mass, mr <10 kDa) and a minimum amount of free amino acids, 

whereas deep hydrolysates contain short-chain peptides (mr 3–5 kDa or less) [9–12]. An 

increase in proteolysis degree directly affects their allergenicity [13, 14].  

Concentrates of dairy proteins are chosen as the optimal substrates for hydrolysis. A 

readily available proteinaceous feedstock is derived by processing whey – a by-product of 

cheese and casein manufacturing [5, 9, 15]. At the same time, colostrum (first milk) differs 

significantly from regular milk in nutritional value and composition of biologically active 

components. Colostrum is characterized by a high content of valuable whey proteins, immune 

factors, and natural antioxidants, allowing it to refer it to promising hydrolysate sources [16–

20].  

It should be noted that extensive protein hydrolysates with low allergenic potential 

possess bitterness that limits their use as food components [5, 21]. The bitterness is mainly 

determined by the composition of amino acids and their polarity, as well as by peptide size, 

temperature, and active acidity of the medium. The major amino acids imparting bitter taste to 

peptides are phenylalanine, tryptophan, tyrosine, isoleucine, proline, and histidine [22, 23]. 

It is advisable to introduce new methods to preserve biologically active components and 

improve the organoleptic properties of hydrolysates.  

Cyclodextrins (CD) are cyclic oligosaccharides consisting of 6 (α-CD), 7 (β-CD), 

8 (γ-CD) and more glucopyranose residues linked by α-(1,4)-bonds. Due to specific conical 

spatial structure, comprising a hydrophobic cavity, CDs display the ability to form inclusion 

complexes with various compounds [24–27]. The formation of α- and β-CD clathrates with 

phenylalanine, tryptophan, tyrosine, isoleucine, proline, and histidine was proved using 

NMR-techniques. Complexing process diminished sensation of bitterness in some amino 

acids [28–30], and soybean protein hydrolysate [22], so that α- and β-CD were recommended 

as promising flavor modifiers of novel functional foodstuffs.  

The previous studies [31–36] demonstrated decreased antigenic capacity of milk 

protein hydrolysates with middle decomposition rate and enhanced antiradical, antimicrobial, 

and antimutagenic activities of peptide fraction (over those of the native substrates). 

In addition, organoleptic and antioxidant properties of β-CD clathrates with commercial whey 

hydrolysate were characterized [37].  

Currently, the derived supramolecular complex (insulin/R8-carboxymethyl-β-CD) has 

been shown to significantly promote insulin permeability, achieving the best biological effect 

in tests on diabetic rats [38]. Results of the trials qualified R8-СM-β-CD as an excellent carrier 

for the delivery of protein macromolecules. β-CD complexing raised proteolysis resistance of 

antimicrobial peptides ABP-CM4 [39] and nisin [40] and preserved their biological activities. 

The proposed approaches can be applied to obtain clathrates with antimicrobial peptides for 

the food industry.  

In general, the formation of inclusion complexes with cyclodextrins subdues bitterness 

of peptides. However, so far, the effect of complexing on functional characteristics of dairy 

peptides has not been explored in detail. The relevance of research is determined by the need 

to optimize the technology for producing extensive hydrolysates of dairy proteins with desired 

physicochemical parameters and acceptable organoleptic properties, as well as confirmed 

biological action.  
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Experimental findings on optimization of β-CD complexing with peptides, 

characterization of bioactive properties of clathrates lay the basis for the formulation of 

technology specifying the production of inclusion complexes with extensive dairy 

hydrolysates. Potential practical usage of extensive hydrolysates and clathrates may be related 

to the enrichment of specialized diets. The novelty of this research implies collecting new data 

describing biological activities of whey and colostrum extensive proteins hydrolysates, the 

impact of β-CD complexes on properties of dairy peptides. The effect is achieved by including 

amino acid residues of specific peptides into the hydrophobic cavity of cyclic oligosaccharide.  

The aim of this study was to obtain extensive hydrolysates of whey and colostrum 

proteins and their inclusion complexes with β-CD, to estimate antimutagenic activity and 

antimicrobial action of hydrolysates and clathrates.  

2. Materials and Methods 

2.1. Production of hydrolysate/clathrate samples and their physical-chemical characterization.  

Whey protein concentrate (specifications BY 100377914.550–2008), dry defatted 

colostrum (All-Russian Research Institute of Dairy Industry, Moscow, Russia), serine protease 

(Alcalase® 2.4L, EC 3.4.21.62, derived from Bacillus licheniformis, enzyme activity 2.4 U/g, 

Sigma, USA), β-CD manufactured by Roquette (France) were used in experimental work.  

2.1.1. Production of extensive hydrolysates of dairy proteins.  

5 % solutions of first milk and whey in phosphate buffer (pH 7.4) were prepared. 

The resulting solutions were centrifuged to remove insoluble particles at 10,000 rpm for 

30 min, and the supernatant was applied for hydrolysis. The enzymatic splitting reaction was 

carried out at enzyme/substrate ratio 5 %, temperature 50 °C, and pH value 7.4 during 3 h with 

colostrum substrate and 2 h in case of whey. Spin-X UF Concentrator 20 filters (Corning, 

England) with sieving capacity 5 kDa were chosen for hydrolysate fractionation. The samples 

were frozen at –20 °C for subsequent analysis.  

The content of total protein in the samples of colostrum and whey, their hydrolysates, 

and ultrafiltrates was estimated in compliance with ISO 8968–1:2014 [41], the concentration 

of solids was determined according to ISO 6731:2010 [42]. The amount of low molecular 

mass (LMM) fraction (%) was computed as the ratio of protein amount in ultrafiltrate to protein 

content in the initial hydrolysate.  

The share of hydrolysed protein fraction in the samples was calculated by the 

formula (1):  

 100
NN

NN
DP

C

CUF 
−

−
=  (1), 

where DP – degree of proteolysis, %; NUF – the amount of total protein in ultrafiltrate of the 

hydrolyzed sample, mg/ml; N – the amount of total protein in a hydrolyzed sample, mg/ml; NС 

– the amount of total protein in ultrafiltrate of the native sample (control), mg/ml. The research 

results were adduced as arithmetic means of 3 experiments.  

The peptide profile of whey and colostrum samples was dissected by chromato-mass-

spectrometry. Chromato-mass-spectrometric system Agilent 1290 (Agilent, USA)) with high-

resolution MS-detector Q-TOF 6550 in positive electrospray ionization (ESI+) mode was used 

to record mass spectra. The spectral detection range was 100–3200 m/z (mass to charge ratio). 
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HPLC-analysis was conducted using liquid chromatograph Agilent 1290 with the Hypersil 

Gold column (100×2.1 mm, 1.9 μm, Agilent, USA).  

2.1.2. Production of β-CD clathrates with dairy peptides. 

Solutions containing cyclic oligosaccharide and dairy hydrolysates in mass proportion 

2:1 (calculated as solids) were prepared. The obtained solutions were incubated during 4 h at 

temperature 50 °C with continuous stirring (200 rpm). Organoleptic properties of liquid 

samples were defined using the procedure described in [30]. When tasting, whey and colostrum 

hydrolysates served as the control. Experimental samples of hydrolysates and clathrates were 

freeze-dried at temperature –53 ºС, pressure 0.1 atm during 48 h for successive analysis.  

Thermal decomposition parameters of β-CD clathrates with dairy peptides were 

determined by thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) 

using TGA/DSCI instrument (Mettler Toledo, Switzerland). The sample amount was 20 mg, 

analysis resolution limit equaled 1 μg. TGA/DSC procedure was conducted in the range 30–

600 °С; the rate of temperature rise attained 5 °С/min; the accuracy of temperature control 

was ±2 °С. The effective activation energy (Еа) was assessed in accordance with the Broido 

method using TGA-curves [43]. Pure compounds (peptides and β-CD) and their mixtures in 

mass ratio 2:1 served as the control samples.  

2.2. Estimation of antimutagenic activity.  

Antimutagenic activity of whey and colostrum peptide fractions and their clathrates 

with β-CD was determined by the modified Ames test in accordance with [32, 44]. Salmonella 

typhimurium TA 98 and TA 100 strains were used as short-term indicators of antimutagenic 

action. Ethidium bromide and sodium azide (10 μg per plate) were introduced as direct 

mutagens for strains TA 98 and TA 100, respectively. The antimutagenic effect of hydrolysate 

and clathrate samples was examined in the concentration range 0.5–0.25–0.123–0.063–

0.03 mg of protein per plate (in 3 replicates). Reduction of the mutation rate (Im, %) was 

computed by the formula (2):  

 100
N

N
100I

2

1

M
−=

 (2), 

where N1 – the number of revertants in the experiment, N2 – the number of revertants in the 

positive control. The statistical significance of the results was verified by Dunnett's multiple 

comparison test.  

2.3. Investigation of antibacterial action.  

Antibacterial activity of extensive colostrum/whey hydrolysates and their clathrates 

with cyclic oligosaccharide was evaluated by the impedimetric method described in [45–47]. 

The final concentration of the solids in the tested samples was 1.0 mg/ml. Bacterial strains 

Escherichia coli ATCC 8739 (E. coli ATCC 8739) and Staphylococcus aureus ATCC 6538 

(S. aureus ATCC 6538) were provided by All-Russian collection of industrial microorganisms 

as the test cultures. The studies were carried out using BacTrac 4300 microbiological 

impedance analyzer (SY–LAB, Austria). Inhibition index I (%) calculated by the formula (3) 

was taken as a quantitative criterion for assessing antibacterial action:  

 100
IDT

IDTIDT
I

2

12 
−

=

 (3), 
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where IDT1 – the time of growth detection of the test culture in control, h; IDT2 – the time of 

growth detection of the test culture in the experiment, h. I index over zero marks denotes the 

expression of antimicrobial activity by the tested compound. I values under 15 % signify a 

weak antibacterial effect on the test cultures, I ranging from 15 to 50 % means a moderate 

antibacterial action, I exceeding 50 % indicate strong antibacterial impact. The research results 

were presented as the arithmetic means (n=3).  

3. Results and Discussion 

3.1. Physical-chemical and organoleptic properties of extensive dairy hydrolysates/derived 

clathrates.  

The peptide composition of extensive dairy hydrolysates was analyzed based on total 

protein content in the respective ultrafiltrates and chromato-mass-spectrometry data. It was 

found that proteolysis degree in samples of extensive whey and first milk hydrolysates reached 

37.2 and 22.7 %, while the percentage of a low molecular mass fraction (mr ≤ 5 kDa) equaled 

39.0 and 30.8 %, respectively. The obtained results evidence that the share of split protein 

component in whey protein hydrolysate was enlarged over that in hydrolyzed colostrum by 1.6 

and 1.3 times in terms of proteolysis degree and content of low molecular mass fraction, 

respectively. The comparative characterization of hydrolysates and clathrates is presented in 

Table 1.  

Table 1. Comparative analysis of the physical-chemical and organoleptic properties of extensive dairy 

hydrolysates and their clathrates with β-CD. 

Sample name  

LMM fraction 

content/degree of 

proteolysis, % 

Characteristics of peptide 

fraction  

Relative 

bitterness, % 

Activation 

energy (Ea), 

kJ/mol  

Whey hydrolysate (WH)  39.0 / 37.2 
peptides with mr ≈680 Da 

predominated 
80 76 

Clathrate (WH–β-CD) – – 50 105 

Colostrum hydrolysate (CH) 30.8 / 22.7 
peptides with mr 560–650 Da 

preponderated 
100 66 

Clathrate (CH–β-CD)  – – 50 107 

Chromato-mass-spectrometry of hydrolyzed whey revealed domination of mono-

charged ions with m/z values 680–900, corresponding to peptide size 680–900 Da, or peptide 

length of 6–8 amino acid residues. Mass spectrometry of cleaved colostrum detected the 

maximum signal at m/z 560–650, matching the equivalent peptide size, or peptide length of 5–

6 amino acid residues. Thus, colostrum treated with highly active protease (alcalase) was 

distinguished by the presence of peptides with inferior molecular mass.  

In general, alcalase-cleaved whey samples differed by a higher proteolysis degree and 

a larger amount of peptide fraction from hydrolyzed first milk samples. However, according to 

mass spectrometry, extensive colostrum hydrolysate contained peptides with a lower molecular 

mass. This is due to the more effective enzymatic splitting of colostrum casein as compared 

with whey proteins.  

At the next stage, β-CD inclusion complexes with whey and colostrum peptides were 

derived, and their organoleptic properties were evaluated. Samples of extensive whey and 

colostrum hydrolysates displayed pronounced bitter taste. The level of bitterness of colostrum 

hydrolysate was rated as 100 % on 10-point scale, while the sample of cleaved whey proteins 

scored 8 points. Incubation of peptides with a cyclic oligosaccharide mildened the taste to 
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moderately bitter (5 points) when compared with control samples of hydrolysates. Thus, β-CD 

complexing considerably upgraded flavor of the resulting clathrates.  

In order to confirm the formation of β-CD complexes with whey/colostrum peptides, 

TGA/DSC method was applied. The curve of sample mass loss (thermogravimetry, TG/TG) 

and the curve correlating sample mass alteration with the temperature of the system 

(differential thermogravimetry, DTG/DTG) were subjected to comparative analysis. 

The dominant peak of β-CD thermal decomposition, albeit shifted and altered in shape, was 

shown to be retained in the clathrate samples. Noteworthy, that decomposition peaks typical 

for simple peptide mixtures were virtually not recorded, providing thereby indirect evidence of 

complexing process. Ea measurements support the assumption that peptides derived from whey 

and colostrum tend to be more stable upon mixing and complexing with β-CD.  

3.2. Antimutagenic effect of colostrum and whey peptides and their clathrates.  

Antimutagenic action of peptide fractions (mr≤5 kDa) of hydrolyzed whey and 

colostrum was studied. As a rule, the antimutagenic potential of dairy peptides is assessed in 

the Ames test based on the frequency of reverse mutations to histidine prototrophy in 

Salmonella typhimurium strains [44, 48–51]. When choosing the concentration range of the 

samples, potential antibacterial effect, and the previous results evaluating the antimutagenic 

activity of colostrum enzymatic hydrolysates were considered [33, 34, 36].  

Hydrolysate and clathrate samples in concentration range 0.03–0.5 mg protein per plate 

did not demonstrate a bacteriostatic or bactericidal effect in relation to test models 

S. typhimurium TA 98 and TA 100, which could lead to false-positive results. The strain 

response to mutagens (positive control) varied within standard fluctuations. Differences 

between the revertants number in the experiment were statistically negligible relative to the 

negative control (p<0.05).  

A statistically significant decline in induced mutation rate was recorded for samples of 

hydrolysates and clathrates. The revealed distinctions in revertants number for control and test 

samples were statistically authentic in the studied concentrations range. Nevertheless, 

ultrafiltrates of native whey and colostrum, and cyclic oligosaccharide sample lacked 

antimutagenic activity.  

Table 2. Statistical evaluation of the antimutagenic activity of whey protein hydrolysate (mr ≤ 5 kDa). 

Sample amount, mg solids/protein per plate 
Decrease of mutation rate, % 

S. typhimurium ТА 100 S. typhimurium ТА 100 

0.85 / 0.50 25.9 20.3 

0.43 / 0.25 23.1 18.8 

0.21 / 0.13 20.3 16.4 

0.10 / 0.06 17.3 14.2 

0.05 / 0.03 14.1 12.1 

0 – – 

Table 3. Statistical evaluation of the antimutagenic activity of colostrum protein hydrolysate (mr≤5 kDa). 

Sample amount, mg solids/protein per plate  
Decrease of mutation rate, %  

S. typhimurium ТА 100  S. typhimurium ТА 100  

1.17 / 0.50 23.9 19.4 

0.59 / 0.25 20.0 17.1 

0.29 / 0.13 16.4 15.4 

0.15 / 0.06 13.2 15.0 

0.07 / 0.03 9.2 8.6 

0 – – 
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According to the results presented in Tables 2–5, the decrease in induced mutation rate 

when samples were added at maximum concentration 0.5 mg protein per plate reached 23.9–

28.3 % for strain S. typhimurium TA 98 and 19.4–21.8 % in the experiment with TA 100. It 

was found that hydrolysate and clathrate samples in the examined concentration range showed 

comparable antimutagenic effects on S. typhimurium TA 100 strain.  

Table 4. Statistical evaluation of the antimutagenic activity of β-cyclodextrin clathrate with whey peptides 

(whey protein hydrolysate, mr≤5 kDa). 

Sample amount, mg solids/protein per plate  
Decrease of mutation rate, % 

S. typhimurium ТА 100 S. typhimurium ТА 100 

2.75 / 0.50 28.3 21.8 

1.37 / 0.25 24.2 20.0 

0.69 / 0.13 20.3 17.9 

0.34 / 0.06 16.4 15.9 

0.17 / 0.03 14.1 12.5 

0 – – 

Table 5. Statistical evaluation of the antimutagenic activity of β-cyclodextrin clathrate with colostrum peptides 

(colostrum protein hydrolysate, mr≤5 kDa). 

Sample amount, mg solids/protein per plate  
Decrease of mutation rate, % 

S. typhimurium ТА 100 S. typhimurium ТА 100 

3.51 / 0.50 25.2 21.2 

1.75 / 0.25 21.0 18.6 

0.88 / 0.13 18.3 17.0 

0.44 / 0.06 14.9 15.1 

0.22 / 0.03 10.0 13.8 

0 – – 

It is of special interest that a more dramatic increase in antimutagenic activity was 

observed in experiments with S. typhimurium TA 98 following supply of 0.03–0.50 mg/ml of 

whey hydrolysate into the test system when compared with colostrum hydrolysate sample 

(14.1–25.9 % versus 9.2–23.9 %). A similar effect was established for clathrates: the 

antimutagenic potential of β-CD inclusion complex with whey peptides (14.1–28.3 %) 

exceeded the values of its analog with colostrum peptides (10.0–25.2 %). It should be noted 

that samples of dairy protein hydrolysates and corresponding clathrates were characterized by 

the comparable level of induced mutation activity. It may be deduced, therefore, that the 

antimutagenic capacity of whey/colostrum peptides was not affected by β-CD complexing. 

Table 6. Statistical evaluation of the antimutagenic activity of fermented colostrum ultrafiltrate (mr ≤ 

10 kDa) [52]. 

Sample amount, mg solids/protein per plate  
Decrease of mutation rate, % 

S. typhimurium ТА 100 S. typhimurium ТА 100 

1.70 / 0.49  15.3 11.1 

0.85 / 0.25  13.3 9.0 

0.43 / 0.12  9.5 4.6 

0.21 / 0.06  0 0 

0.11 / 0.03  0 0 

0 – – 

According to the previous studies [52], induced mutation level of fermented colostrum 

(peptide fraction with mr ≤ 10 kDa) in the same concentration range was 9.5–15.3 % for strain 

S. typhimurium TA 98 and 4.6–11.1 % for strain TA 100, as reflected in Table 6. The increased 

amount of peptide fraction promoted the enhanced antimutagenic activity of the fermented 

colostrum in comparison with the initial defatted sample. 
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Furthermore, analysis of peptide fraction with mr ≤ 10 kDa resulting from hydrolysis 

with alcalase and ultrafiltration stated 10.0–21.2 % reduction of mutation rate in a test system 

with S. typhimurium TA 98 (protein concentration 0.03–0.54 mg per plate) [33, 34, 36], as 

illustrated by Table 7. Consequently, the antimutagenic activity of the sample with an average 

degree of hydrolysis was considerably lower than that of extensive whey hydrolysate 

containing fraction with mr≤5 kDa. Relatively high antimutagenic effect of deep hydrolysate 

may be accounted for by the presence of low molecular mass peptide components.  

The reports of M.B.E. Turbay et al. (2012) [48] and B.N.P. Sah et al. 

(2014, 2015) [49, 51], our experimental findings [33, 34, 36, 52] and the present study vividly 

demonstrated the elevated antimutagenic potential of fermented and enzymatically hydrolyzed 

dairy proteins. 

Table 7. Statistical evaluation of the antimutagenic activity of hydrolyzed colostrum ultrafiltrate 

(mr≤10 kDa) [36]. 

Sample amount, mg solids/protein per plate  
Decrease of mutation rate, % 

S. typhimurium ТА 100 S. typhimurium ТА 100 

10.88 / 8.70  29.6 32.4 

2.72 / 2.18  23.6 29.1 

0.68 / 0.54  21.2 20.0 

0.17 / 0.14  15.6 18.0 

0.04 / 0.03 10.0 12.5 

0 – – 

3.3. Antibacterial activity of cyclodextrin complexes with extensive dairy hydrolysates.  

Subsequently, antibacterial properties of extensive colostrum and whey hydrolysates 

(peptide fractions with mr ≤ 5 kDa) and their clathrates with β-CD were studied in relation to 

the Gram-negative test strain E. coli ATCC 8739 and Gram-positive test strain S. aureus 

ATCC 6538.  

Antibacterial peptides are known to inhibit growth or cause the death of microbial cells. 

Amino acid composition, amphipathicity, cationic charge, and size of peptides determine the 

ability to bind with anionic cell walls and to integrate into membrane bilayers of 

microorganisms [1, 53–55].  

Growth retardation of test cultures was assessed after supply into the nutrient medium 

of ultrafiltrates of native and hydrolyzed whey and colostrum, corresponding clathrates, and a 

control sample of β-CD. Antimicrobial activity was not revealed in experiments with 

ultrafiltrates of native milk proteins and cyclic oligosaccharide. Alongside this, an increase in 

IDT growth detection time parameter was established for test strains E. coli ATCC 8739 and 

S. aureus ATCC 6538 in the medium with extensive dairy hydrolysates and their clathrates as 

compared with IDT in control.  

The results evaluating the antibacterial activity of colostrum/whey hydrolysates and 

their clathrates in relation to testing strains are shown in Table 8. In particular, the growth delay 

of E. coli ATCC 8739 was 1.0/3.6 h when extensive whey/colostrum hydrolysates were added 

to the nutrient medium, indicating a moderately expressed effect (I from 15 to 50 %). 

The similar antibacterial action was displayed by β-CD clathrate with whey peptides 

causing 1.5 h growth inhibition of Gram-negative microorganisms upon introduction into the 

culture medium. Of special note was a strong antibacterial effect of β-CD clathrate with 

colostrum peptides (68.1 %), inducing growth cessation of E. coli ATCC 8739 for 10.9 h.  
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Table 8. The level of antibacterial activity of extensive dairy hydrolysates (peptide fractions, mr ≤ 5 kDa) and 

their clathrates in relation to testing strains. 

Sample description  

Sample amount,  

mg solids/protein per 

plate 

Percentage of inhibition index (I) toward test strains  

E. coli АТСС 8739 S. aureus АТСС 6538 

Whey hydrolysate (WH)  1.0 / 0.59 16.4 % (moderate) 7.2 % (weak) 

Colostrum hydrolysate (CH)  1.0 / 0.43 41.4 % (moderate) 13.5 % (weak) 

Complex β-CD+WH  1.0 / 0.18 22.7 % (moderate) 8.6 % (weak) 

Complex β-CD+CH 1.0 / 0.14 68.1 % (strong) 17.9 % (moderate) 

In relation to S. aureus ATCC 6538, the impact of extensive hydrolysates and β-CD 

clathrate with whey peptides was relatively weak (7.2–13.5 % of growth inhibition), resulting 

in IDT rise of 0.5–1.0 h. On the contrary, growth retardation of 1.4 h and the augmented 

antibacterial activity up to 17.9 % was manifested by β-CD clathrate with colostrum peptides.  

In general, colostrum and whey protein hydrolysates proved more active against Gram-

negative test strain E. coli ATCC 8739 rather than Gram-positive strain S. aureus ATCC 6538. 

Antibacterial properties of colostrum peptide fraction were more pronounced than those of 

whey peptides. Cyclic oligosaccharide complexing with whey and colostrum peptides 

promoted antibacterial potential. The maximum growth delay of E. coli ATCC 8739 and 

S. aureus ATCC 6538 was established when β-CD clathrate with colostrum peptides was added 

to the culture medium.  

According to the previous studies [35, 36, 52], the antibacterial action of hydrolyzed 

colostrum was greater in comparison with fermented variant and digested whey, as reflected 

by Table 9. In addition, peptide fractions of cleaved whey and colostrum with mr ≤ 10 kDa 

displayed a more potent antibacterial effect than extensive hydrolysates with smaller peptides 

(mr ≤ 5 kDa).  

Table 9. The level of antibacterial activity of hydrolyzed and fermented colostrum, cleaved whey (peptide 

fractions, mr≤ 10 kDa) in relation to testing strains [35, 36, 52]. 

Sample description  
Sample amount,  

mg solids/protein per plate 

Percentage of inhibition index (I) toward test strains  

E. coli АТСС 8739 S. aureus АТСС 6538 

Fermented colostrum  1.0 / 0.29 38 % (moderate) 6.2 % (weak) 

Hydrolysed colostrum  1.27 / 0.30 57 % (strong) 9 % (weak) 

Hydrolysed whey  0.38 / 0.30 34 % (moderate) 13 % (weak) 

Distinctions in the level of antibacterial action may be accounted for by milk proteolysis 

with various enzymes (alcalase and proteolytic system of Lactobacillus acidophilus), the 

composition of the protein component of colostrum and whey, governing the generation of 

specific peptides with antimicrobial activity. Moreover, post-hydrolytic ultrafiltration of 

samples also contributes to the profile of resulting peptide fractions.  

Analysis of available survey data [53–56] has revealed that peptides with antimicrobial 

properties identified to date originated from cleavage of milk proteins by enzymes of the 

gastrointestinal tract (pepsin, chymosin, trypsin, and chymotrypsin) and from fermentation by 

probiotic lactic acid bacteria (Lb. rhamnosus, Lb helveticus, Lb. delbrueckii ssp. bulgaricus). 

The novelty of this research consists of a comprehensive comparative investigation of 

antimutagenic and antibacterial effects of alcalase-derived extensive hydrolysates of whey and 

colostrum proteins and their clathrates with β-CD. 

4. Conclusions 

Comparative examination of the peptide composition of hydrolyzed whey and 

colostrum was conducted. In whey hydrolysate, the share of split protein component rose by 
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1.6 and 1.3 times calculated as a degree of proteolysis and content of low molecular mass 

fraction, respectively. However, peptides with a lower molecular mass were detected by 

chromato-mass-spectrometry in extensive colostrum hydrolysate. These findings may be due 

to the more effective splitting of first milk casein into short-chain peptides as compared with 

globular whey proteins relatively resistant to alcalase proteolysis. 

Experimental samples of β-cyclodextrin clathrates with peptides of whey and colostrum 

were produced, and their organoleptic properties were evaluated. A considerable decrease of 

peptide bitterness in the inclusion complexes was established versus samples of extensive 

hydrolysates. The thermogravimetric analysis confirmed the formation of β-cyclodextrin 

clathrates with whey and colostrum peptides.  

In the Ames test, a statistically significant decline in induced mutation rate was noted 

for hydrolysate and clathrate samples. They showed a comparable level of antimutagenic 

activity. Reduction in induced mutation rate when samples were introduced at maximum 

concentration 0.5 mg protein per plate reached 23.9–28.3 % in the test system with 

S. typhimurium TA 98 and 19.4–21.8 % in the case of S. typhimurium TA 100. The 

antimutagenic effect of whey/colostrum peptides remained at the same level after complexing 

with a cyclic oligosaccharide.  

According to the impedimetric method, low molecular mass fractions of first milk and 

whey were more active against Gram-negative test strain E. coli ATCC 8739 than Gram-

positive strain S. aureus ATCC 6538. Experimental results proved superior antibacterial 

activity of hydrolyzed colostrum over cleaved whey. β-cyclodextrin complexing ensured 

enhanced antibacterial action of bound peptide fractions of whey and colostrum. The maximum 

growth retardation of E. coli ATCC 8739 and S. aureus ATCC 6538 (inhibition degree 68.1 % 

and 17.9 %, respectively) was observed upon the supply of β-cyclodextrin clathrate with 

colostrum peptides into the culture medium.  

Application prospects of dairy peptides included in clathrates with β-cyclodextrin 

appear promising as ingredients of specialized food formulas (infant, sports, dietetic nutrition). 
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