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Abstract: Polyphenolic compounds have shown various beneficial effects on
human health as well as certain bioactivities such as interactions with dietary
fiber. Factors that can influence their interactions with dietary fibers include the
pH value, the polyphenolic compound concentration, and compound stability.
The aim of this work was to study the interactions between the polyphenolic
compound catechin and the dietary fiber zymosan A from yeast through
investigation of the adsorption process. The catechin stability and the influence
of concentration and pH value on interactions were investigated. Catechin
showed the lowest stability at pH 7.0 with degradation ratio from 6 % to 15 %.
The lowest adsorption capacity was at pH 7.0, then higher in water and the
highestat pH 1.5. A Dubinin-Radushkevich adsorption model fit to the data and
FTIR analysis indicates the presence of physical interactions between catechin
and zymosan A. This study can contribute to better understanding of interactions
of polyphenols and dietary fiber for possible design of functional food, or to
increase bioaccessibility of polyphenols.

Keywords: catechin; zymosan A; adsorption; interactions; stability; bioavailability.
INTRODUCTION

Polyphenols are a large group of secondary plant metabolites. Based on their
chemical structure, polyphenols can be classified as phenolic acids, flavonoids,
stilbens and lignans. Flavonoids can be further divided to flavonols, flavones,
isoflavones, flavanones, anthocyanidins, and flavanols.! Polyphenols have shown
many potentially positive bioactivities, but since their role is not completely
understood they are still intensively studied.? Catechins are polyphenols that
belong to the flavan-3-ols group. They can be found in different products such as
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tea, wine, fruits, and cocoa products.® Recently, tea catechins have been studied
due to its potentially beneficial effects on human health*, but they have shown low
absorption and poor bioaccessibility in the digestive tract.* One of the reasons for
their poor bioaccessibility can be instability in the digestive tract which depends
on pH, temperature, and the presence of other substances.’ Such environmental
conditions can lead to the epimerization and oxidation of catechins.”® Oxidation
reactions occur in the upper small intestine. The degradation of catechins is also
directly correlated to pH value.® Indeed, catechins are very unstable in alkaline
solutions.” To better understand the potential beneficial effects of catechins, their
behavior, stability/instability, degradation rate, or degradation products in the
digestive system should be further studied. Besides environmental conditions of
the gastrointestinal tract, catechins can be affected by interactions with dietary
fibers. Dietary fibers have the potential to bond to polyphenols, as well as
catechins, protect them from environmental conditions, and “carry” them to the
lower parts of the digestive tract®, where they can be released and show potential
bioeffects. Those interactions still need additional studies. One of the insoluble
dietary fibers from Saccharomyces cerevisiae is zymosan or B-(1,3)-(1,6)-glucan.’
By itself, zymosan has shown several different biological activities related to
inflammatory and immune responses, to protecting and delivering drugs, or to the
adsorption of toxins'®!* which have enabled its use in functional food and dietary
supplement development.”. The knowledge of its interactions with phenolic
compounds, such as catechins might help to understand possible design of
functional food.'* To the best of our knowledge, the adsorption between catechin
and zymosan has not been studied before. The most common and simple method
for the study of the interactions between catechins and dietary fiber is the analysis
of adserption data'>'® in which various adsorption isotherms can be applied in
ordér to obtain information about the interactions.!”!3

Theaim of this work was to study the stability of catechin in different solvents
(water, solutions of pH 1.5 and 7.0), and the interactions between catechin and the
dietary fiber zymosan A, likewise in different solvents (water, solutions of pH 1.5
and 7.0). The adsorption was studied with different concentrations of catechin, and
Langmuir and Dubinin-Radushkevich adsorption isotherm models were used to
analyze the data.

EXPERIMENTATION
Chemicals and reagents

Methanol (HPLC grade) was purchased from J.T. Baker (Deventer, Netherlands). (+)-
catechin hydrate (> 98 %, C1251) and zymosan A from Saccharomyces cerevisiae (Z4250) were
purchased from Sigma Aldrich (St. Louis, USA). Sodium carbonate and potassium chloride
were purchased from Gram-mol (Zagreb, Croatia), hydrochloric acid (37 %) from Avantor
(Arnhem, Netherlands), Folin—Ciocalteu reagents from Merck (Darmstadt, Germany), and
sodium hydrogen phosphate dodecahydrate and sodium dihydrogen phosphate dihydrate from
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Kemika (Zagreb, Croatia). The solution of pH 1.5 was prepared by using hydrochloric acid-
potassium chloride (0.1 M). The buffer of pH 7.0 was a phosphate buffer (0.1 M).

Validation of Folin-Ciocalteu method for catechin determination

Separate calibration curves to accurately determine the amounts of catechin after
adsorption were prepared for catechin dissolved in each of the three different solvents (water, a
solution of pH 1.5, and a solution of pH 7.0). In short, dilutions of catechin‘were prepared (1,
10, 50, 150, 250, 450, 550 and 700 mg L) in water, in solutions of pH 1.5 and in solutions of
pH 7 from stock solutions of catechin /1000 mg L™! prepared in the same solvents. All dilutions
of catechin were measured according to Folin-Ciocalteu procedure. In particular, 30 pL of
catechin dilution, 2370 pL of distilled water, 150 pL of Folin-Ciocalteu reagent, and 450 pL of
Na,CO; /200 g L' were added in a glass tube. The solution was mixed in a vortex (Grant Bio,
Cambridgeshire, England), and incubated at 40 °C for 30 min in an incubator (Memert, IN 30,
Schwabach, Germany). The absorbance was measured at 765 nm against a blank solution with
a UV-Vis spectrophotometer (Shimadzu, UV-1280, Kyoto, Japan). The linearity, the limit of
detection (LOD), the limit of quatification (LOQ).and the accuracy were determined. The same
Folin-Ciocalteu procedure was used to determine the amount of un-adsorbed catechin after the
experiment of adsorption with these newly created calibration curves.

Stability/degradation of catechin in different solvents

The degradation of catechin in water, and in solvents of pH 1.5 and 7.0 was studied.
Dilutions of catechin (yinita) (50, 100, 150, 200, 250, 300 and 500 mg L") were prepared in
water, solvents of pH 1.5 and 7.0. They were incubated at 37°C in the incubator for 180 min.
The amount of catechin after 180 min was determined with the Folin-Ciocalteu method,
representing the amount that was not degraded and remained in the solvent after 180 min
(Premaining in mg L)), The concentration of degraded catechin was calculated according to the Eq.
1:

ydegraded = Vinitial ~ yremaining (1)
The degradation ratio was determined according to Eq. 2:
. Y
% degradation = (M) x 100 )
Yinitial

where yiniia / mg L' is the initial concentration of catechin and yremainine/ mg L' is the
catechin concentration after 180 min at 37 °C. In addition, dilutions of catechin (100 mg L)
were prepared in water, pH 1.5 and 7.0. Those dilutions were putt in the incubator at 37 °C for
180 min. After that, they were filtrated through a PTFE syringe filter 0.2 pm, and analyzed with
RP-HPLC method to see if there are additional peaks that would be the evidence of the
degradation of catechin. RP-HPLC method was performed with 1260 Infinity I HPLC system
(Agilent Technology, Santa Clara, CA, USA) with a quaternary pump, a photodiode array
(PDA) detector, a vialsampler, and Poroshell 120 EC C-18 column (4.6x100 mm, 2.7 mm). The
mobile phase A was 0.1% (v/v) H3PO, and mobile phase B 100% methanol and following
gradient: a gradient 0 min 5% B, 5 min 25% B, 14 min 34% B, 25 min 37% B, 28 min 80% B,
30 min 80% B, 32 min 5% B min, 34 min 5% B min. Each sample was injected in 10 pl. The
flow rate was set to 0.5 mL min™..

Adsorption of catechin and zymosan A in different solvents

The adsorption between catechin and zymosan A was studied at 37 °C, in three different
solvents (water, solutions of pH 1.5 and 7.0), with varying concentrations of catechin (50, 100,
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150, 200, 250, 300 and 500 mg L"). Stock solutions of catechin were prepared in concentration
of 1000 mg g in different solvents and appropriate volume was added into tubes to achieve
these concentrations in final volume of 2 mL. Zymosan A was weighed directly into tubes to
achieve concentration of 500 mg L'}, and appropriate solvents were added (water, solvents of
pH 1.5 or 7.0) to reach the final volume of 2 mL. Solutions were put in rotator (Grant-bio PTR-
35, Oxon, England) and at 37 °C in the incubator for 180 min, then centrifuged (Eppendorf,
Hamburg, Germany) and aliquot of 700 puL was taken. Un-adsorbed catechin y. / mg L! was
quantified with the Folin-Ciocalteu method using the new calibration curves. The amount of
catechin adsorbed onto zymosan A madsorved (in mg) was calculated according to the Eq. 3.

Madsorbed = (Vremaining - Ve)Vm (3)

Where Yremaining /mg L is the remaining catechin mass concentration after the degradation
in different solvents, y /mg L' is un-adsorbed mass concentration of catechin after the
adsorption process, and Vy, / L is the total volume of a model solution.

Adsorption capacity ¢. (the adsorbed amount of catechin (mg) onto g of zymosan A at
specific equilibrium concentration) in water, pH1.5 and 7.0 was calculated with the following
Eq. 4 where m, /g is the mass of zymosan A in the solution:

. Madsorbed
Qo= 4)
Adsorption isotherm models

The experimentally determined data of g./ mg g™! (adsorption capacity) and y. /mg L' (un-
adsorbed catechin) were fitted by non-linear forms of Langmuir and Dubinin-Radushkevich
adsorption isotherms (Eq.(5) and (6)). A value y. corresponds to a value c. in the adsorption
isotherms. Parameters Ki /L mg"! (Langmuir equilibrium constant of adsorption), ¢m /mg g’!
(theoretical maximum adsorption capacity of zymosan A) from the Langmuir isotherm (Eq. 5),
as well as 8 /mol® J (Dubinin-Radushkevich constant related to the adsorption capacity) and gs
/ mg g (the theoretical saturation capacity) and ¢; /mg L'! (the saturation concentration) from
the Dubinin-Radushkevich isotherm (Eq. 6) were determined. Since a theoretical ¢s value could
be a higher concentration for which our experiment was not designed, suitable ¢s values were
predetermined according to the largest observed data value for c., and only the parameters f and
qs were obtained from fitting the Dubinin-Radushkevich isotherm. R and 7 /K in equation 6
represent the gas constant (8.314 J K™' mol!) and the absolute temperature, respectively.

AmKice
T 1+Kyce )

de = qsexp (—ﬁRZT 2 (lnﬁ—:)z) (6)

The mean free energy of adsorption, £, was calculated according to Eq. 7.
1

E=ﬁ (7

e

FTIR analysis

Pure catechin, pure zymosan A and catechin-zymosan A binding samples were recorded
in the range of 450-4000 cm™! with scanning resolution of 4 cm™! by FTIR (PerkinElmer UATR,
Massachusetts, U.S.). The catechin-zymosan A binding samples were prepared with
concentration of 500 mg L' catechin and 300 mg L' zymosan A in 10 mL water, then pH 1.5
and pH 7.0. Samples were putted in incubator at 37 °C for 180 min and then filtrated through
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vakuum filtration unit with filters (LLG membrane filters MCE, 0.22 pum). Catechin-zymosan
A binding samples retained on the filters. Samples were dried and putted to FTIR analysis:

Statistical analysis

MS Excel (Redmond, Washington, USA) software was used for data analysis. The
accuracy of the Folin-Ciocalteu method was determined by performing a regression analysis in
MS Excel 2013 using the Data Analysis tool, with a confidence interval of 95 %. All adsorption
experiments were conducted in two parallels, each concentration measured three times
(ntorar=6). Non-linear regression analysis was performed in the MS Excel tool Solver. The sum
of squared errors (SSE) was calculated according to the Eq. (8), where m is the number of initial
concentrations used in the adsorption experiments, c.; and g., are the means of the measured c.
and g. values for the i initial concentration, f{c., a, b) is the non-linear model function with
generic parameters a and b, and n; is number of data points for the i initial concentration. The
standard error, S, of nonlinear regression was calculated according to Eq. (9), where N is the
total number of initial concentration cases and k=1 or 2 is the number of parameters to be
determined.

2
SSE = Zﬁl n; [Qe,i - f(ce,i' a, b)] (8)
_ [sse
' N—k ©)
RESULTS AND DISCUSSION

Validation of Folin-Ciocateu method for catechin determination

The results for the linearity (R?), limit of detection (LOD), limit of
quantification (LOQ), and accuracy for the catechin determination in different
solvents (ultrapure water, pH 1.5 and pH 7.0) are presented in Table I.

Table 1. Validation parameters (linearity (R?), limit of detection (LOD), limit of quantification
(LOQ), accuracy) of spectrophotometric method for the determination of catechin in different
solvent

Validation parameter’ ultrapure water pH 1.5 pH 7.0
Calibration curve:
Range /mg L' 1-700 1-700 1-700
Calibration equation y=0.0011x+0.0104  y=0.0011x+0.0108  y=0.0012+0.0104
R? 0.9994 0.9950 0.9990
LOD /mg L™ 0.85 0.85 0.19
LOQ /mg L"! 2.57 2.57 0.59
Accuracy?:
Slope 1.0164 0.9920 1.0411
95 % confidence interval 0.9994-1.0334 0.9518-1.0322 0.9795-1.0195
Intercept 0.5018 1.3745 0.3197
95 % confidence interval -4.9923-5.9958 -13.4753-16.224 -6.5074—7.1468

Iresults are based on two replicate samples of each standard concentration, each measured twice
2 accuracy was determined by performing a regression analysis with a confidence interval of 95 %
catechin solutions were incubated for 180 min in different solutions to enable degradation and
calibration according to the actual presence of catechins in different environments
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Catechin showed linear calibration curves in all solvents (R?> from 0.9950-
0.9994), with reasonably low LOD and LOQ. The method was accurate according
to the analysis with 95 % reliability, which rejected the existence of a
systematic error (the confidence interval for the slope of the calibration
curve includes a value 1, and for the intercept includes a value 0). Validated
Folin-Ciocalteu method demonstrated to be suitable for the determination of the
concentration of catechin after the adsorption process in water, pH 1.5 and
pH 7.0.

Degradation of catechin in different solvents

The degradation of catechin was studied for initial concentrations of catechin
50, 100, 150, 200, 250, 300 and 500 mg L' which were diluted in water, solvents
of pH 1.5 and 7.0. Dilutions were incubated for 180 min and 37 °C. After that
period the concentration of catechin was determined with the Folin-Ciocalteu
method to see the concentration of remaining non-degraded catechin. Catechin was
stable in water and pH 1.5 and it did not degrade (data not shown). An earlier study
also reported the stability of catechins from green tea around pH 4." However,
catechin did degrade at pH 7.0 (Fig. 1a). The concentrations of remaining catechin
after 180 min were lower than the initial concentrations which suggested the
degradation of catechin due to elevated pH. The degradation degree was from 6 to
15 %. Furthermore, the degradation percentage increased with the increasing initial
concentration of catechin. This agrees with earlier study that reported the
degradation of catechin at pH from 5.0 to 9.0.° Different factors like pH,
temperature, concentration or the presence of other substances can influence the
stability of catechin, which can lead to epimerization or degradation of
catechin.®!%21-?? The degradation (or stability) of catechin in different solvents was
investigated with the HPLC method in order to see any additional peaks on
chromatograms. The HPLC chromatograms of catechin in different solvents after
the incubation for 180 min at 37 °C are shown at Fig. 1. Catechin showed stability
in water and at pH 1.5, but less stability at pH 7.0. Additional peaks appeared on
the chromatogram at pH 7.0 (Fig. 1d) This agrees with our results obtained
with the Folin-Ciocalteu method which indicated that catechin degraded at
pH 7 into different products which need further identification. An earlier
study found different semiquinones and dimerization products at near-neutral or
greater pH.® The degradation of catechin can influence the adsorption capacity
since the degraded catechin might be calculated into the amount that actually
adsorb onto zymosan A. That is why we used the concentration of non-degraded
catechin in the calculation of adsorption capacity after the adsorption experiment
(equation 1).
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Adsorption of catechin onto zymosan A in different solvents

The adsorption capacities between catechin and zymosan A in different
solvents are shown in Fig. 2. The adsorption capacities in the solvent of pH 7
reported here are values corrected for the degradation of catechin at this pH
according to equations 3 and 4. Catechin adsorbed onto zymosan A in amounts
from 5 to 61 mg g' depending on the initial of catechin and the pH of the
surrounding. Since the adsorption capacity depends on various factors such
as the properties of the adsorbent, the properties of the adsorbate, the
properties of the solution, or the type of experiment®, it is difficult to
compare the results with the literature. The adsorption capacity of standards of
polyphenols from tea adsorbed onto oat f-glucan in the amount of 156 to 405 mg
¢! (at pH 5.80, then polyphenol concentration 0.7 mg mL’!, at 50 °C and
concentration of buffer 0.10 M) %%, then tea polyphenols at different pH values

adsorbed onto B-glucan up to 116 mg g (at pH 5.56, at 50 °C and concentration
of buffer 0.13 M). %

500 A —[ 100
g 400 A 80 250 20
£ 300 g 200 =
E g Z0
g £ _ 150 =
3 200 052
£ 2 7100 4 0+ ;
o1 0 5 10 15 20
g 100 20 50 +/ min
0 - 0 0 T T T 1
[ remaining catechin concentration / mg T - 0 5 10 15 20 23 30 35
B degradated catechin concentration / mg L t/ min
@ degradation ratio / %
a) b)
250 4 20 200 4 20
200 A _ 160 A
<10 510
E g
150 A 120 +
2 =
z 2
100 0 + v : : ) - 804 0
o5 101520 0 5 10 15 20
50 - ¢/ min 40 t/ min
0 T R e S ———
0 5 10 15 20 25 30 35 0 5 10 Is 20 25 30 35
7/ min ¢/ min
c) d)

Fig. 1. Degradation of catechin for different initial catechin concentrations (50, 100, 150, 200,
250, 300, 500 mg/L), at pH 7.0 after 180 min incubation determined with Folin-Ciocalteu
method (a) and chromatograms of catechin (100 mg L) at 280 nm, after the incubation for
180 min in ultrapure water (b), pH 1.5 (c) and pH 7.0 (d).
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Adsorption capacity differed depending on different pH value (Fig. 2).
Catechin showed the lowest adsorption capacity in pH 7.0, higher in water, and the
highest at pH 1.5, depending on the catechin concentration. At different pH,
catechin can be present in dissociated or non-dissociated forms. Which
chemical forms of catechin exist at certain pH, can be seen in the pK, value!” and
distribution diagram of species.?® At pH values lower than pKj; catéchin exists
mostly in a non-dissociated form, while at pH values above pK., dissociated form
dominates. According to the observed pK, values for catechin (8.77, 9.97, 11.99)
26 it appears that catechin exist in non-dissociated form at pH 1.5 and in water (pH
5.47). This might have caused higher amounts of catechin in non-dissociated form
to bond to zymosan A at pH 1.5 and as a result show a higher adsorption capacity.
At pH 7.0, catechin could be present in both non-dissociated and dissociated forms.

70 -
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60 0 | .

50 N
_ICO [ ] -
% 40 s ! 40 | {
=30 2
K L 2 :

201 ; (] 20 - :

0] @ 0 | : :

0 ‘ ' ; ; - 0 . : : : .

0 100 20087 3004 400 500 0 100 200 300 400 500
cqmat 2 ce /g L~
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g s .
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= ]
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.
0 ‘ ' ; ' ! Hydrogen bonds
0 100 200 300 400 500 ydrog OH
¢, /mg L-!
c) d)

Fig. 2. Adsorption capacities g./ mg g of zymosan A for catechin at different concentrations
of catechin. a) adsorption in water; b) pH 1.5; ¢) pH 7.0; d) possible interactions between
catechin and zymosan A

The ratio of dissociated/non-dissociated form increases with the increase of
pH. This could explain the lower adsorption capacity of catechin at pH 7.0.
Catechin dissociated and possibly degraded, which affected lower amount of
catechin bonded to zymosan A at pH 7.0 and in water. Due to the higher ratio of
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dissociated/non-dissociated forms with higher pH, some studies have pointed to
the less stability of catechin in neutral and alkaline area?” which agrees with our
results. The data after the adsorption process (the amount of catechin adsorbed on
zymosan A ¢. and unadsorbed catechin concentration c.) are presented as
adsorption isotherms (Fig. 2) and adsorption isotherm models were fitted in order
to possibly describe the adsorption process.

Adsorption isotherm models

The obtained data in the adsorption process (c. vs. g¢) can be analyzed with
adsorption isotherm equations. The non-linear equations of Langmuir and
Dubinin-Radushkevich were fit to the experimental data. Table II summarizes the
values of the determined parameters of the isotherm models obtained with least
possible error S using the add-in called Solver. The parameters g from the
Langmuir model and the ¢ from the Dubinin-Radushkevich model which
represent the predicted apparent maximum adsorption capacities/saturation
capacities of zymosan, were from 36 to 65 mg g with maximal S error 3. The R*
was between 0.8477 and 9697 for both Langmuir and Dubinin-Radushkevich
model. Due to error S and R* both models fit the experimental data well, except
Langmuir models for adsorption in water which fit les the experimental data (R is
0.8477). The result of Langmuir fit for adsorption at pH 1.5 should be taken with
caution, since the equilibrium has not been reached. The ¢ and ¢, values are in
accordance with experimentally determined adsorption capacities (Fig. 2).

Table II. Theoretical parameters of Langmuir and Dubinin-Radushkevich adsorption isotherms
for different solvent type and 37 °C

Langmuir Dubinin-Radushkevich
Solvent ¢gm/mgg! Ki/Lmg' § R ¢g/mgg' E/Jmol! § R
water -4 0.01 3 0.8477 47 2384 2 0.9326
pH 15 62 0.005 3 0.9231 65 2047 3 0.9638
pH 7.0 37 0.01 2 0.9665 36 2805 3 0.9697

All determined free energies of adsorption (E) were lower than 8,000 J mol,
which indicates the presence of physical interactions between catechin and
zymosan A, like the formation of H-bonds, hydrophobic interactions or Van der
Waals forces (Fig. 2d). The bonds between catechin and zymosan A could be
through oxygen atoms and OH-groups on the zymosan A molecule and OH-
groups on catechin molecule. This agrees with earlier studies.>*?® It has been
shown that the bonds between polyphenols and dietary fiber like B-glucan
can be hydrophobic interactions, hydrogen bonds and van der Waals
interactions.?>**3% Also, a mechanism of interaction between polyphenols
((-)-epigallocatechin-3-gallate)) and B-glucan®* was proposed through
oxygen atoms and OH-groups on the B-glucan molecule and OH-groups on
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polyphenols. The formation of hydrogen bonds reduces the distance
between the aromatic rings of polyphenols and B-glucans, which enables
van der Waals interactions.>* The OH groups of catechin on benzene rings
might be the main functional groups which bind to zymosan ‘A in the
adsorption process (Fig. 2d). It can be suggested that the studied adserption
models reasonably fit the data, and these models can be suitable for the adsorption
studies in this work. In an earlier study, the Langmuir model was also suitable for
describing the catechin adsorption onto cellulose.!’

FTIR spectrum

FTIR analysis can be used to identify functional groups in the adsorption
process!’. Fig. 3 shows the FTIR spectra of pure catechin and zymosan A,
and a sample of zymosan A with bonded catehin, all in three different
solvents (water, pH 1.5 and 7). Catechin peaks were compared with those
found in the literature.’!*? The catechin molecule poses five OH groups on
benzene rings (Fig. 2d). The OH groups on ring A showed peaks 3276 cm™ (O-H
group stretching), 1142 cm™ (C-O-H stretching).’! The OH groups on ring B show
peaks 1354 cm™ (O-H in plane bending)’!. Catechin showed other peaks like 1608
cm! (ring A deformation), 1519 (ring B deformation), and 730 (C-H out of plane
bending).*

The FTIR spectra of catechin agree with those published in the literature.
The pure zymosan A showed characteristic peaks at 3293 cm™ (OH stretching
groups), 2919 em (C-H stretching), 1369 cm™ (C-H bond), 1250 cm™ (CH,OH
stretch) and 1041 em! (C-O-C stretch). The FTIR spectra of zymosan A agree with
those published in the literature.” Comparing the FTIR spectra of pure zymosan
and pure catechin molecule with FTIR spectra of binding samples, the formation
of complex can be confirmed.*® Similar peaks to the peaks for the catechin
molecule were observed in the characteristic peaks of catechin-zymosan A binding
sample (Fig. 3) (1519, 1354, 1142, 730 cm™). Furthermore, the peaks of
zymosan A were found in all binding samples (1629, 1041 and 576 cm™ at
water, pH 1.5 and pH 7, and additional 2919 cm™' in water). The appearance of
catechin and zymosan peaks in the binding samples indicates possible
catechin and zymosan A interactions. Differences in the FTIR spectrum for
all the binding samples can be seen (Fig. 3). The decrease in intensity of
peaks (around 1100-1600 cm™) for binding samples at pH 1.5 and pH 7 was
stronger than for peaks at water. Also, the peak of OH groups of the binding
samples at water (3282 cm™!) were not so strong and less broad then peaks at pH
1.5 (3338 cm™) and at pH 7.0 (3326 cm™). The decrease in intensity could
indicate intermolecular interactions such as hydrogen bonding. In earlier
work, disappearance of peaks of hydrogen groups in phospholipid complex
of naringenin and naringin PLGA nanosphere complex ** also indicated
such intramolecular bonding. These results have significance for the behavior

31,32
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in the digestive system, for carrying catechins with dietary fibers through the
digestive system. Due to the fact that catechin degrade in intestinal tract, one way
to improve its bioaccessibility can be the delivery system with dietary fiber* like
zymosan A. This offers an additional chance for pharmaceutical industry to create
some other dietary supplements based on zymosan A and phenolic. compounds
together. More studies should be carried out before that.
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Fig. 3. FTIR spectrum of catechin, catechin-zymosan A binding sample and zymosan A. a) at
water; b) at pH 1.5; and c) at pH 7.0.

CONCLUSION

The stability/degradation of catechin and catechin adsorption onto zymosan A
in different solvents (water, pH 1.5 and 7.0) was studied. The stability of catechin
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was pH dependent. After incubation in water, pH 1.5 and 7.0 for 180 min at 37 °C,
catechin was stable in water and at pH 1.5. However, it degraded up to 15 % at pH
7.0. HPLC analysis revealed additional peaks of the degradation product. Catechin
did adsorb onto zymosan A in water, pH 1.5 and 7.0. The lowest adsorption
capacity was found to be at pH 7.0, higher at water, and the highest at pH 1.5.
Different ratios of non-dissociated/dissociated forms of catechin affected the
higher adsorption at pH 1.5 and lower at pH 7.0 and in water. Langmuir and
Dubinin-Radushkevich models gave additional information on the adsorption
process. The Dubinin-Radushkevich model indicated the presence of physical
interactions between catechin and zymosan A. FTIR analysis showed that
catechin could bond on zymosan A through OH groups on benzene rings of
catechin. This study can contribute to better understanding of interactions between
catechin and zymosan A and possible design of functional food.
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HU3BO O

HCITUTHUBAILE ITPOLECA AICOPITIUJE [TOJIMGEHOJHOTI JETUBEHA KATEXUHA U
OUJETETCKOI BJIAKHA 3SUMOCAH A: YTULIAJ pH U KOHUEHTPALTUJE

METPA MATHR, JAHUETIA KEFLEPWUR, TUIWJA IIOXEP AHJ TMIUJA JAKOBEK

Ceeyuunuwite Jocutia Jypja llwmpocmajepa y Ocjexy, ITpexpamdero wiexHonowxku Gaxynimeini Ocujex,
dpawe Kyxaua 18, XP 31000, Ocujex, Xpsaiticka

[MonudeHonHa jenvmena Nokasyjy pasnuuure edekre KOPHUCHE 3a JbYACKO 3[paBibe Kao U
ompeheHe 5M0aKTUBHOCTH Kao IITO Cy UHTEpaKIMje ca AUjeTeTCKUM BilakHHMa. PaKkTopy Koju
yTHYy Ha BUXOBE MHTEPAKLHUje ca JUjeTeTCKUM BlaKHUMa yK/bydyjy pH BpemHocT, craduiHoCT
NoMU(EHOTHUX jeJHUbeha U KOHLEHTpanyjy. LIub 0BOT pajia je HCIUTHBake HHTEpaKLuja u3mehy
nonudeHOTHOT jefubena KaTeXWHa U JUjeTeTCKOr BlaKHa 3MMocaH A W3 KkBacma mpahewmem
mporeca apcoprnuuje. McrmuTrBaHa je CTabDWIHOCT KaTeXWHA M YTHULAj KOHLeHTpanuje U pH
BPEAHOCTH Ha MHTepakuuje. KarexuH je nmokasao HajHWKy crabunHoct Ha pH 7,0 ca npoueHToM
merpajgauyje of 6 % mo 15 %. HajHuwxu kamauuTeT ajfcopnuyje je nocturHyT Ha pH 7,0, 3aTum
BUIIK y BOAY U HajBuiuu Ha pH 1,5. lyduHUH-PajyikeBUY ancopIIHOHY MOZIeT IPUMEHeH Ha
nodoujene momatke ¥ OTHILL cmexTpockoncka aHanusa yKasyjy Ha IOCTOjame (DU3MYKHX
uHTepakuHja usmebhy karexuHa U 3umocaHa A. OBO HCIHTHUBaBE MOXE JONPHHETH OosbeM
pasyMeBamy HHTepaKLHja u3Mel)y nonudeHosna v IHjeTeTCKUX BlakaHa 3a MOTEeHIWjaTHA JU3ajH
(yHIIMOHATHE XpaHe, kao U nosehawy duomocTynHOCTH nonudeHona.

(ITpummeno 30. HoBemOpa 2023; pesunuparo 10. janyapa 20234; npuxsaheno 16. jyna 2024.)
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