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Study of the adsorption process between the phenolic compound
catechin and the dietary fiber zymosan A: The influence of pH

PETRA MATIC*, DANIELA KENJERIC, LIDIJA SOHER and LIDIJA JAKOBEK

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
tea, wine, fruits and cocoa products.3 Recently, tea catechins have been studied
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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 inves-
tigation 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 highest at pH
1.5. A Dubinin—Radushkevich adsorption model fit to the data and FTIR ana-
lysis 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 inc-
rease bioaccessibility of polyphenols.
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1178 MATIC et al.

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 catech-
ins.5:6 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,8 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 f-(1,3)-
-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!0-13 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.!4 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 adsorption datal5:16 in which various adsorption isotherms
can be applied in order to obtain information about the interactions.!”-18

The aim of this work was to study the stability of catechin in different sol-
vents (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.

EXPERIMENTAL
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, CA, 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
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ADSORPTION OF CATECHNIN AND ZYMOSAN A 1 1 79

from 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 adsor-
ption were prepared for catechin dissolved in each of the three different solvents (water, a sol-
ution 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,CO5/
/200 g L were added in a glass tube. The solution was mixed in a vortex (Grant Bio, Cam-
bridgeshire, 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 (yjpisia, 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, repres-
enting the amount that was not degraded and remained in the solvent after 180 min (yremainings
mg L1). The concentration of degraded catechin was calculated according to the Eq. (1):

Vdegraded = Vinitial ~ Yremaining (1)
The degradation ratio was determined according to Eq. (2):
Degradation = IOO[MJ #))
Vinitial

In addition, dilutions of catechin (100 mg L!) were prepared in water, pH 1.5 and 7.0. Those
dilutions were put 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 addit-
ional peaks that would be the evidence of the degradation of catechin. RP-HPLC method was
performed with 1260 Infinity II HPLC system (Agilent Technology, Santa Clara, CA, USA)
with a quaternary pump, a photodiode array (PDA) detector, a vial sampler and Poroshell 120
EC C-18 column (4.6 mmx>100 mm, 2.7 mm). The mobile phase A was 0.1 vol. % 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,
150, 200, 250, 300 and 500 mg L-1). Stock solutions of catechin were prepared in concentration
of 1000 mg L! in different solvents and appropriate volume was added into tubes to achieve
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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 pL 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 m,gsomeq / Mg Was calculated according to the Eq. (3):

Madsorbed = (%emaining —7e ) Vm (3)

where V,, (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, pH 1.5 and 7.0 was calculated with the following
Eq. (4) where m, (g) is the mass of zymosan A in the solution:

g = Madsorbed ( 4)
my

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—Radush-
kevich adsorption isotherms (Egs. (5) and (6)). A value y, corresponds to a value ¢, in the
adsorption isotherms. Parameters K| (L mg!, Langmuir equilibrium constant of adsorption),
gm (mg g, theoretical maximum adsorption capacity of zymosan A) from the Langmuir iso-
therm (Eq. (5)), as well as # (mol? J2, Dubinin—-Radushkevich constant related to the ads-
orption capacity) and g, (mg g1, the theoretical saturation capacity) and ¢, (mg L-!, the satur-
ation concentration) from the Dubinin—Radushkevich isotherm (Eq. (6)) were determined. Since
a theoretical ¢ value could be a higher concentration for which our experiment was not des-
igned, suitable ¢, values were predetermined according to the largest observed data value for
¢, and only the parameters f and ¢, were obtained from fitting the Dubinin—Radushkevich iso-
therm. R and T/ K in Eq. (6) represent the gas constant (8.314 J K-! mol'!) and the absolute
temperature, respectively:

K¢
g =-Im e (5)
1+KLCe
2
C,
e =45 eXp{—ﬂRZT Z[IHC—SJ J (6)
€

The mean free energy of adsorption, £, was calculated according to Eq. (7):

1
E=—nu

8

(M
FTIR analysis

Pure catechin, pure zymosan A and catechin—zymosan A binding samples were recorded
in the range of 4504000 cm™' with scanning resolution of 4 cm™! by FTIR (PerkinElmer
UATR, MA, USA). The catechin—zymosan A binding samples were prepared with concen-
tration 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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vacuum filtration unit with filters (LLG membrane filters MCE, 0.22 um). Catechin—zymosan
A binding samples retained on the filters. Samples were dried and put to FTIR analysis.

Statistical analysis

MS Excel (Redmond, Washington, USA) software was used for data analysis. The accur-
acy 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
(ntoTaL = 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 ith 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 £ = 1 or 2 is the number of
parameters to be determined:

m 2
SSE=Y"" ] gei~ f (ccnasb) ] ®)
SSE
S= 222 0
N-k ©
RESULTS AND DISCUSSION

Validation of Folin—Ciocateu method for catechin determination

The results for the linearity (R2), limit of detection (LOD), limit of quant-
ification (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 quantific-
ation (LOQ), accuracy) of spectrophotometric method for the determination of catechin in differ-
ent solvent; results are based on two replicate samples of each standard concentration, each
measured twice; 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 environ-
ments; range: 1-700 mg L-!

Validation parameter Ultrapure water pH L5 pH 7.0
Calibration curve
Calibration equation y=0.0011x+0.0104 y=0.0011x+0.0108 y=0.0012x + 0.0104

R? 0.9994 0.9950 0.9990
LOD /mgL! 0.85 0.85 0.19
LOQ/mgL'! 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
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Catechin showed linear calibration curves in all solvents (R2 from 0.9950—
—0.9994), with reasonably low LOD and LOQ. The method was accurate accor-
ding to the analysis with 95 % reliability, which rejected the existence of a sys-
tematic error (the confidence interval for the slope of the calibration curve inc-
ludes a value 1 and for the intercept includes a value 0). Validated Folin—Cio-
calteu method demonstrated to be suitable for the determination of the concen-
tration of catechin after the adsorption process in water, pH 1.5 and 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, sol-
vents 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—Ciocal-
teu method to see the concentration of remaining non-degraded catechin. Cat-
echin 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
4.19 However, catechin did degrade at pH 7.0 (Fig. 1a). The concentrations of
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Fig. 1. Degradation of catechin for different initial catechin concentrations (50, 100, 150,
200, 250, 300 and 500 mg/L) at: a) pH 7.0 after 180 min incubation determined with Folin—
Ciocalteu method, b) chromatograms of catechin (100 mg L) at 280 nm, after the
incubation for 180 min in ultrapure water and c¢) pH 1.5 and d) pH 7.0.
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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 9.0.20 Different
factors like pH, temperature, concentration or the presence of other substances
can influence the stability of catechin, which can lead to epimerization or degr-
adation of catechin.19:21.22 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 sol-
vents after the incubation for 180 min at 37 °C are shown in 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 (Eq. (1)).

Adsorption of catechin onto zymosan A in different solvents

The adsorption capacities between catechin and zymosan A in different sol-
vents are shown in Fig. 2. The adsorption capacities in the solvent of pH 7 rep-
orted here are values corrected for the degradation of catechin at this pH accord-
ing to Egs. (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,23 it is difficult to compare the results with the literature.
The adsorption capacity of standards of polyphenols from tea adsorbed onto oat
p-glucan in the amount of 156 to 405 mg g1 (at pH 5.80, then polyphenol concen-
tration 0.7 mg mL-!, at 50 °C and concentration of buffer 0.10 M),24 then tea
polyphenols at different pH values adsorbed onto S-glucan up to 116 mg g! (at
pH 5.56, at 50 °C and concentration of buffer 0.13 M).25

Adsorption capacity differed depending on different pH value (Fig. 2). Cat-
echin 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, cat-
echin 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 distri-
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bution diagram of species.2® At pH values lower than pK,, catechin exists mostly
in a non-dissociated form, while at pH values above pKj,, dissociated form dom-
inates. According to the observed pK; values for catechin (8.77, 9.97 and 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 dis-
sociated forms.
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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. Cat-
echin dissociated and possibly degraded, which affected lower amount of cat-
echin bonded to zymosan A at pH 7.0 and in water. Due to the higher ratio of
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 ¢.) are presented as ads-
orption isotherms (Fig. 2) and adsorption isotherm models were fitted in order to
possibly describe the adsorption process.
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Adsorption isotherm models

The obtained data in the adsorption process (ce vs. ¢o) can be analyzed with
adsorption isotherm equations. The non-linear equations of Langmuir and Dub-
inin—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 ¢, from the
Langmuir model and the g4 from the Dubinin—Radushkevich model which repre-
sent the predicted apparent maximum adsorption capacities/saturation capacities
of zymosan, were from 36 to 65 mg g1 with maximal S error 3. The R? was
between 0.8477 and 0.9697 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 (R2
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 g4 values
are in accordance with experimentally determined adsorption capacities (Fig. 2).

TABLE II. Theoretical parameters of Langmuir and Dubinin—Radushkevich adsorption iso-
therms for different solvent type and 37 °C

Solvent Langmuir Dubinin—Radushkevich
gm/mgg! K /Lmg! § R? g/mgg! E/Jmol! S R?
Water 44 0.01 3 0.8477 47 2384 2 0.9326
pH 1.5 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 zym-
osan 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.25:28 It has been
shown that the bonds between polyphenols and dietary fiber like f-glucan can be
hydrophobic interactions, hydrogen bonds and van der Waals interactions.2529-30
Also, a mechanism of interaction between polyphenols ((—)-epigallocatechin-3-
-gallate)) and S-glucan24 was proposed through oxygen atoms and OH-groups on
the S-glucan molecule and OH-groups on polyphenols. The formation of hydro-
gen bonds reduces the distance between the aromatic rings of polyphenols and f-
-glucans, which enables van der Waals interactions.2* The OH-groups of cat-
echin on benzene rings might be the main functional groups which bind to zymo-
san A in the adsorption process (Fig. 2d). It can be suggested that the studied
adsorption models reasonably fit the data and these models can be suitable for the
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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.!”7 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 literat-
ure.31:32 The catechin molecule poses five OH groups on benzene rings (Fig. 2d).
The OH—groups on ring A showed peaks 3276 (O—H group stretching) and 1142
cm~! (C-O-H stretching).3! The OH—groups on ring B show peaks 1354 cm™!

1142
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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.
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(O-H in plane bending)3!. Catechin showed other peaks like 1608 cm™! (ring A
deformation), 1519 (ring B deformation) and 730 (C—H out of plane bending).33

The FTIR spectra of catechin agree with those published in the literature.3132
The pure zymosan A showed characteristic peaks at 3293 (OH stretching groups),
2919 (C—H stretching), 1369 (C—H bond), 1250 (CH,OH stretch) and 1041 cm™!
(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.33 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 and 730 cm™!). Furthermore, the peaks of zymosan A were found in
all binding samples (1629, 1041 and 576 cm~! in water, pH 1.5 and 7 and addit-
ional 2919 cm! in water). The appearance of catechin and zymosan peaks in the
binding samples indicates possible catechin and zymosan A interactions. Differ-
ences 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 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 int-
ensity could indicate intermolecular interactions such as hydrogen bonding. In
earlier work, disappearance of peaks of hydrogen groups in phospholipid com-
plex of naringenin and naringin PLGA nanosphere complex33 also indicated such
intramolecular bonding. These results have significance for the behavior 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 com-
pounds together. More studies should be carried out before that.

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 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 degrad-
ation 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
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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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H3BOJ
HUCIIUTHUBAGE ITPOLIECA AIICOPITIIUIJE ITOJIUGEHOJIHOT JEOIUEHA KATEXUHA U
OUJETETCKOTI BJJAKHA 3UMOCAH A: YTULIAJ pH U KOHUEHTPALIMJE

PETRA MATIC!, DANIELA KENJERIC', LIDIJA SOHER' u LIDIJA JAKOBEK!

Josip Juraj Strossmayer University of Osijek, Faculty of Food Technology Osijek, Franje Kuhaca 18,
HR 31000 Osijek, Croatia

[MonudeHoNHA jefumbemda N0Ka3yjy pasnuyuTe edekTe KOPUCHE 3a JbYyACKO 34PaBibe
Kao ¥ onpeheHe DMOAKTUBHOCTH Kao LITO Cy MHTEpaKlHje ca JUjeTEeTCKUM BIaKHHUMa.
®axkTOpH KOjU yTUUYy Ha BUXOBE MUHTEpPaKLUHje ca AUjeTEeTCKUM BlIakHMMa ykbyuyjy pH
BPEIHOCT, CTadUIHOCT MONU(EHONHUX jenqumena U KoHUeHTpauujy. Llum oBor paza je
UCIIUTHBakE MHTEpakuuja usmehy NmonudeHONHOTr jenumema KaTeXWHA U OUjeTeTCKOT
BJIaKkHa 3UMocaH A u3 kBacua npahemeM npoueca agcopnuvje. McnutuBana je cradbui-
HOCT KaTeXWHa U yTULAj KOHIeHTpauuje u pH BpengHOCTH Ha MHTepakuuje. KaTtexuH je
nmoKasao HajHWKy ctabunHocT Ha pH 7,0 ca mpouenTtom gerpagauuje on 6 fo 15 %. Haj-
HHWXH KanaluTeT afcopnuuje je mocTUrHyT Ha pH 7,0, 3aTUM BUIIM y BOAW W HajBUINH
Ha pH 1,5. JydunuH—-PanymkeBud agcoOpNUUOHKA MOJeN NpUMeHmeH Ha nodujeHe mo-
natke 1 FTIR cnexkTpockoncka aHaau3a ykasyjy Ha MocTojake GU3MUKUX MHTEpaKLuja
usmehy xarexuHa u sumocaHa A. OBO HCNHUTHBAKBE MOXKE JONPUHETH Oo/beM pasy-
MeBawmy HHTepakluja u3Melhy monudeHona M AUjeTETCKUX BIakaHa 3a NOTEHUHWjalHU
Iu3ajH QyHUMOHANTHE XpaHe, Kao ¥ noBehamwy SHOAOCTYMHOCTH nonudeHona.

(TITpummeno 1. neuembpa 2023, pesuaupaHo 5. jyHa, mpuxsaheHo 15. jyna 2024)
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