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Abstract: Sweet chestnut tannins were treated with subcritical water at tempe-
ratures from 120 to 300 °C for reaction times of 15, 30 and 60 min. A great
influence of temperature and reaction time on the product yield was noticed.
Spectrophotometric methods were used to determine the total tannins, phenols
and carbohydrates contents and antioxidant activity. Furthermore, vescalin,
castalin, vescalagin, castalagin, 1-O-galloyl castalagin, gallic, ellagic and feru-
lic acids were analysed by HPLC. The results obtained from hydrothermal hyd-
rolysis were compared to results from acid hydrolysis. Finally, the reaction
parameters of the hydrothermal hydrolysis process were optimized aimed at
obtaining a product with a high concentration of ellagic acid. The optimal con-
ditions for obtaining the highest concentration of ellagic acid of 29.55 % were
250 °C and 5 min. The concentration of ellagic acid in tannin extract obtained
by acid hydrolysis was 8.19 %.

Keywords: sweet chestnut; subcritical water; ellagitannins; ellagic acid; gallic
acid.

INTRODUCTION

In recent times, all areas of chemistry and chemical engineering are search-
ing for alternatives to reduce negative impacts on the environment. Industrial
waste represents a great problem, which besides having a negative influence on
the environment, also represents additional costs for industry for their disposal.!-2
Therefore, the perfect solution is to use waste as a new raw material for the
production of various products. Subcritical water technology represents a green
alternative technology suitable for the treatment of biomass waste and thus, con-
tributes greatly to the maintenance of a clean and healthy environment.3

Water represents universal, non-toxic, cheap and environmentally friendly
solvent. At temperatures above 100 °C and below 374 °C, water is still liquid
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under sufficient pressure and it is known as subcritical water.3 The water at tem-
peratures above 374 °C represents supercritical water.3 On increasing the tempe-
rature and pressure, the properties of water are changed. The increase of tempe-
rature has the effect of the breaking of water hydrogen bonds. The water becomes
less polar, the dielectric constant of water is lower and thus more similar to org-
anic solvents.#© Another important property of subcritical water is ionic cons-
tant, which increases with increasing the temperature to 300 °C and then dec-
reases again.®7 Thus, subcritical water can be an important player in acid- and
base-catalysed reactions. Furthermore, under subcritical conditions, water mole-
cules have higher kinetic energy and mobility. The consequence is lower density
and higher diffusion coefficient.8 These properties make water a great extraction
medium that could replace organic solvents, which may be problematic, espe-
cially considering pollution, recycling and costs.”

Sweet chestnut (Castanea sativa) represents a tree from the Fagaceae
family.10 A great amount of sweet chestnut tannins are produced in France, Italy
and Slovenia. They have found great uses in different fields: in food, wood and
cosmetic industry, in culinary, in medicine, as a fuel, as an addition to animal
fodder, used for tanning leather.%>!! Chestnut wood and bark extracts contain
tannins in high amount. Tannins are divided into two groups: condensed and hyd-
rolysable tannins.!! Condensed tannins, also known as proanthocyanidins, are
polymers of flavan-3-ol without sugar residues.!2 There are different sources of
proanthocyanidins, such as quebarcho wood, mimosa bark, grape seeds, pine
barks and spruce barks. The condensed tannins are important components of
food, especially of red wine, green tea and chocolate.!3 Sweet chestnut wood and
bark contain a high amount of hydrolysable tannins. Hydrolysable tannins can be
classified into two categories: gallotannins and ellagitannins.!! The gallotannins
represent a sugar core substituted with galloyl groups, while ellagitannins are
esters of hexahydroxydiphenol groups with a sugar core that often contain galloyl
groups.1415 The high amount of ellagitannins makes sweet chestnut a very dur-
able tree because they are toxic to microorganisms and can prevent the rapid
decay of the wood.!6 It was proved that the structure of chestnut is the most sim-
ilar to oak.17 Therefore, chestnut wood is the only alternative to oak that has been
approved by the International Organization of Vine and Wine (OIV) for wine
ageing.!8 Moreover, chestnut wood was widely used as enological agent, not
only because it contains a high amount of ellagitannins and gallic acid, but also
due to its widespread availability and lower cost.!8 Vazquez et al. have analysed
the antioxidant activity and phenolic content of chestnut shell and eucalyptus
bark extracts.® They showed the composition of these materials and concluded
that chestnut shell contains much more extractable compounds and lignin but
much less carbohydrates and ash than eucalyptus bark. They also proved that the
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antioxidant activity and total phenol content of the extracts were higher in chest-
nut shell than in extracts of eucalyptus bark.

The aim of this work was the hydrothermal treatment of chestnut tannins in
the temperature range 120-300 °C and reaction times of 15, 30 and 60 min. Hyd-
rolysis of sweet chestnut tannins leads to the formation of two important phenolic
acids: gallic and ellagic acid. Gallic acid represents an antioxidant with promis-
ing therapeutic and industrial applications.!? Ellagic acid has been of commercial
interest in recent years due to many pharmaceutical and industrial application as
well as benefits for human health.20 Furthermore, sugars and their derivatives are
also the products of hydrothermal hydrolysis of chestnut tannins, which have
high potentials in fuel and polymer applications and applications in many indus-
tries (pharmaceutical, agrochemical, flavour, fragrance and food).2! There are a
few articles that are based on the study of the composition of chestnut tan-
nins!0:22-24 and their hydrolysis,!7 but there is no comparable study dealing with
subcritical water treatment of chestnut tannins. Furthermore, acid hydrolysis was
also made in order to compare these two methods. Therefore, the samples
obtained after treatment with subcritical water and acid hydrolysis were analysed
by HPLC to determine the degradation products of chestnut tannins. Moreover,
the total tannin, phenol and carbohydrate contents and antioxidant activity were
evaluated by simple colorimetric methods using spectrophotometer. The reaction
mechanism of degradation of sweet chestnut tannin extract by subcritical water
was proposed based on the obtained results. The last step of the work was the
optimization of the reaction parameters of the process in order to obtain a product
with a high content of ellagic acid.

EXPERIMENTAL
Materials

Gallic, ellagic and ferulic acid, Na,CO5; and phenol were obtained from Sigma—Aldrich
(Germany). Folin—Dennis and Folin—Ciocalteu reagents and sulphuric acid (95-97 %) were
purchased from Merck (Germany). Natural sweetened chestnut extract (KPS), which was the
material used in this research, was obtained from a local company Tannin Sevnica (Slovenia),
as part of neutralized sulphated pyrogallol tannins. The extract was produced from sweet
chestnut wood by water extraction. Besides tannins, it contained sodium sulphite, sodium hyd-
roxide and sugars. All other chemicals used for HPLC were of analytical grade.

Acid hydrolysis
A solution was prepared by dissolving 50 mg of the tannin extract in 20 mL of distilled
water of which 16 mL were mixed with 5 mL of 6 M HCI and 24 mL of pure ethanol.2> Acid

hydrolysis lasted for 3 h at 90 °C. After 3 h, the reaction mixture was cooled, supplemented
with 4 mL of water and analysed by HPLC.

Hydrothermal hydrolysis

The hydrothermal reactions of chestnut tannins were performed in a batch reactor (series
4740 stainless steel, Parr instruments, Moline, IL, USA) at temperatures from 120 to 300 °C
and reaction times of 15, 30 and 60 min. Chestnut tannin extract (2 g) was dissolved in 20 mL
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of deionised water and poured into the reactor. Nitrogen was used for venting the autoclave
and to remove atmospheric oxygen to avoid unwanted side-oxidation reactions. The initial
pressure in the autoclave, which was adjusted by nitrogen at room temperature, was 20 bar. As
the temperature increases the pressure also increases, thus at 300 °C, it reached the value of 90
bar. In all experiments, the water was in the liquid state. The reactor was heated by an elec-
trical wire. The reaction time was measured from when the temperature was at the desired
value. Stirring was applied at 600 rpm. After hydrothermal treatment, the autoclave was
rapidly cooled to room temperature and the obtained suspension was filtrated. The obtained
water solution was evaporated to dryness under reduced pressure at 40 °C. The water-soluble
phase and solid residue were collected. The water-soluble phase was analyzed by HPLC and
spectrophotometric methods. The yield of products was calculated by Eq. (1) and expressed in %:

Y /% =100"24 )
mg
where m; represents mass of water-soluble phase (myg) or mass of solid residue (mggr), while
my represents the mass of the initial material.

Methods for determination of total tannins, total phenols, total carbohydrates and anti-
oxidant activity, as well as HPLC method for analysis of water-soluble samples are described
in the Supplementary material to this paper.

Optimization of the reaction parameters

Response surface methodology, i.e., central composite design (CCD), was chosen for the
optimization of reaction parameters of hydrothermal process for hydrolysis of chestnut tannin
extract. The two variables were optimized: temperature (X;, °C) in the range from 150 to 250
°C and reaction time (X,, min) in range from 15 min to 60 min. The desired outcome was to
optimize reaction parameters to obtain the highest concentration of ellagic acid.

The whole design consists of 13 experimental points. Five replicates of centre points
were used for the determination of the pure error sum of squares.

Using CCD to optimize the process includes: a) proposal of experiments in a certain
range of factor variables and their performance; b) suggestion of the mathematical model
based on results obtained from the experiments, as well as graphs; c) checking the adequacy
of the model; d) determination of the optimal point of the process and comparison with the
obtained experimental value.

RESULTS AND DISCUSSION

Effect of temperature and reaction time on the yield of water-soluble and solid
products

It has already been mentioned that the temperature and reaction time under
subcritical water conditions have significant influences on the product yield. The
effect of temperature for reaction times of 15, 30 and 60 min on the yield of
water-soluble product is shown in Fig. 1A. The results show that the yield of
water-soluble product decreased with increasing the temperature and reaction
time. Therefore, the maximal yield of water-soluble product was 96.12 %
obtained when the tannin extract was treated with subcritical water at a tempe-
rature of 120 °C and a reaction time of 15 min.
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The yield of solid residue in dependence on different temperatures for react-
ion times of 15, 30 and 60 min is shown in Fig. 1B. The yield of solid residue
increased with temperature as well as with reaction time. The exception was the
temperature of 300 °C, where the yield of solid residue decreased after 15 min.
At temperatures from 150 to 180 °C, the solid residue drastically increased and at
a temperature of 300 °C, reached the maximal value of 39.62 % in 15 min, after
which it decreased with increasing reaction time.
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Fig. 1. The effect of temperature on: A — the yield of the water-soluble fraction and B — the
yield of solid residue, for reaction times of 15, 30 and 60 min.

It is evident that the water-soluble compounds were the major products of
hydrothermal treatment of sweet chestnut tannin at temperatures up to 150 °C,
where the amount of char was at the trace level. These results suggest that con-
version of chestnut tannin at low temperatures occurred only through reactions of
dissolution and hydrolysis to water-soluble carbohydrates and further to organic
acids. Secondary reactions of the water-soluble fraction to char and gases were
obvious at temperatures higher than 150 °C. As the yield of water-soluble pro-
duct started to decrease as the temperature increased, char formation by conden-
sation and re-polymerization of these liquid products was favoured.

Composition of the water-soluble product

Total tannins, phenols and carbohydrates content and antioxidant activity.
The total content of tannins in the water-soluble product in dependence of tem-
perature for reaction times of 15, 30 and 60 min is presented in Fig. 2A. The total
tannins content increased with increasing temperature and time at up to 200 °C.
At 250 °C, it increased from 15 to 30 min and reached the maximal value of
70.19 %, after which it decreased. At 300 °C, the total tannins content decreased
for all reaction times. The initial material contained 43.70 % of total tannins. It
could be concluded that tannin extract was degraded under hydrothermal condit-
ions into new simpler tannin compounds. The total tannins content in the product
obtained by acid hydrolysis was quite low and amounted to 1.79 %.
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874 GAGIC, KNEZ and SKERGET

Similar results as in the case of total tannins were obtained for the total con-
tent of phenols in the water-soluble product, as shown in Fig. 2B. The initial
material contained 45.20 % of total phenols. As in the case of the total tannins,
the content of total phenols increased with temperature and reaction time up to
200 °C. At 250 °C, it increased from 15 to 30 min, where the maximum of 72.93
% was reached, and then it decreased. At 300 °C, it decreased with increasing
reaction time. However, the total phenols content in the product obtained by acid
hydrolysis was extremely high and amounted to 87.4 %. It could be supposed
that on acid hydrolysis, almost all ellagitannins were hydrolysed mainly into
simple phenolic compounds, while by hydrothermal hydrolysis, the phenolic
compounds were probably further degraded to other organic compounds (alde-
hydes, ketones, alkanes, alkenes, etc.).

100 A 100 . . ) B
15 min 30 min 60 min 1S min 30 min 60 min
. . . . Dacid hydrolysis M iniial material
g0 + Dacid hydrolysis Binitial material 80 F

2 60

=

oF 40

20

ez
AR SSSNNRSSTR Y

ANANNNARNNRRN
ISSSSSRSSIIRRIONY

NG, SIS

N D i) N AN} N . > .
N N N & 5 o \5‘ 2 G S > &
& S &
T/eC & TieC &
100 < 100 N - N Lo .
. X . . . 15min 730 min 60min M initial material
S 15 min 30 min 60min  Minitial material .

30

® 60

7
7
7
7
7
7
7
7
7
7l
7
7
7
7
Z
7
7
7
7
7
7
7
7
7
9
/)

A T S RTRISURSIISIIS NSNS
ASSRTRRRRRIRRNINISNNNRNNNNNNY
S SIS R ORI I O C R NNORRRNY

ANRNNNRNRY

B
4

&
S
g

%
G,
s
Y)Oﬂ
%
300 E
%

<
%
/d;o
r’%

2,

T/oC & TieC &

Fig. 2. A — The content of total tannins; B — the content of total phenols; C — the content of
total carbohydrates; D — the antioxidant activity of the water-soluble product in dependence
on temperature for reaction times of 15, 30 and 60 min.

The content of total carbohydrates in water-soluble product in dependence of
temperature for different reaction time is presented in Fig. 2C. The total carbo-
hydrates content in the initial material was 32.88 %. The content of total carbo-
hydrates increased with reaction time at 120 and 150 °C. The maximal value of
total carbohydrates (53.95 %) was obtained at 120 °C after 60 min. When the
temperature exceeded 180 °C, the carbohydrates content decreased with reaction
time and temperature. It could be concluded that above 180 °C, the degradation
of sugars into furfurals, aldehydes, ketones and organic acids occurred.
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The antioxidant activity of water-soluble product in dependence on tempera-
ture for different reaction time is presented in Fig. 2D. The antioxidant activity of
initial material was 81.72 %. After hydrothermal treatment of the material at
120-200 °C for 15 min, the antioxidant activity slightly increased. However, with
further increasing the reaction time, it started to decrease. The maximal value of
the antioxidant activity (86.75 %) was obtained at 120 °C after 15 min, while the
minimal value was 69.2 %, obtained at 300 °C after 60 min.

HPLC analysis of tannins and derivatives. The effects of temperature and
reaction time on the concentration of ellagitannins are presented in Table I, while
Table II presents the concentrations of gallic and ellagic acid in dependence on
the reaction parameters. The most abundant compounds in the initial material
were castalagin (4.18 mass %) and vescalagin (5.65 mass %), followed by 1-O-
-galloyl castalagin (2.48 mass %) and gallic acid (3.33 mass %). The contents of
vescalin (0.848 mass %), castalin (0.33 mass %) and ellagic acid (0.57 mass %)
were lower. As could be observed, the concentrations of gallic acid and 1-O-gal-
loyl castalagin slightly increased with increasing time only in the case when the
tannin extract was treated with water at a temperature of 120 °C. On the other
hand, ellagic acid was present in trace amounts under these conditions. However,
as the temperature and reaction time increased, the concentrations of gallic acid
and ellagitannins decreased, while the content of ellagic acid increased. Gallic
acid was not present in the products obtained above 200 °C, while ellagitannins
were not detected in products obtained at temperatures higher than 150 °C. The
highest amount of ellagic acid (24.72 mass %) was obtained at a temperature of
250 °C and reaction time of 15 min. With further increasing of the temperature
and reaction time, the concentration of ellagic acid dramatically decreased. At a
temperature of 300 °C and a reaction time of 60 min, no ellagic acid was detected
in the product. Ferulic acid started to appear in a very low amount at a tempera-
ture of 300 °C. It could be assumed that its concentration would increase with
further increasing of the reaction time or temperature.

TABLE I. The effect of temperature and reaction time on the concentration of ellagitannins
(mass %)

Conditions
Compound 120 °C - - 150°C Acid
Time, min hydrolysis Non-treated
15 30 60 15 30 60
Vescalin 0.64 044 040 035 032 030 - 0.85
Castalin 042 038 035 036 025 0.18 - 0.33
Vescalagin 5.85 535 492 331 3.01 1.03 0.75 5.65
Castalagin 377 358 342 221 194 093 0.37 4.18
1-O-galloyl castalagin  2.63 2.73 2.87 3.00 2.89 1.12 0.29 2.48
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TABLE II. The effect of temperature and reaction time on the concentration of gallic and
ellagic acid (mass %)

Temperature, °C Time, min - - Component - -
Gallic acid Ellagic acid
120 15 3.24 0.69
30 345 0.73
60 3.67 0.83
150 15 2.73 1.29
30 2.46 1.35
60 2.18 3.58
180 15 2.55 6.24
30 1.75 7.80
60 1.32 8.27
200 15 0.32 9.04
30 0.18 12.35
60 / 20.13
250 15 / 24.72
30 / 21.48
60 / 6.99
300 15 / 8.54
30 / 2.07
60 / /
Acid hydrolysis 0.86 8.19
Non-treated 3.33 0.57

The acid hydrolysis of chestnut tannins mostly led to formation of ellagic
acid with a concentration of 8.19 mass %, while gallic acid occurred in a small
amount (0.86 mass %). Concentrations of vescalagin, castalagin and 1-O-galloyl
castalagin in acid hydrolysed product were 0.75, 0.37 and 0.29 mass %, respect-
ively, while vescalin and castalin were not present.

The proposed mechanism of degradation of sweet chestnut tannin extract by
subcritical water and the formation of important products is described in Fig.
3.17.26-28 Ellagitannins are biologically formed from pentagalloyl-glucose (gallo-
tannin).26 Canas et al. assumed that the gallic acid is a product of the hydrolysis
of some galloyl esters associated with the parietal composites of chestnut cells.2?

Vescalagin and castalagin are two aromatic glycosides with a 4,6-hexahyd-
roxydiphenyl coupling and an unique flavogallonyl group, which is composed of
three galloyl groups linked together with C—C bonds.!7 The presence of vescalin
and castalin is caused by hydrolysis of the hexahydroxydiphenyl unit of vesca-
lagin and castalagin.!” Ellagitannins are converted into ellagic acid by an intra-
-molecular esterification reaction of hexahydroxydiphenic acid.30 1-O-galloyl
castalagin is hydrolysable tannin previously identified in Eugenia grandis.3!
Comandini et al. deducted that this molecule could be formed by esterification of
castalagin or vescalagin with a gallic acid residue.22

Available on line at www.shd.org.rs/JSCS/

(CC) 2020 SCS.



HYDROLYSIS OF SWEET CHESTNUT TANNINS 877

7 A 5 NN i H
) ~ 0 )4 7 TN,
1 070 on .. o4 o o
HO [ SN OF ST\ ? ob S5
N NN SO T T N/ | = A~
i / i il 7\ /= NN A o YT Ty
! L A woll N_( \ on Y A il
I NP P N — Ve | il i [N
LS oo 1 \—/ N7 AN P PN o
3 i &a == — L e T
SEAR Ay O s on i i i !
~"on —c OH s A _OH
1 o HO” 3~ ~OH
on - -
_—= —~—
— Mocin ~nl ~~~
Taennt _— Ellagic aci ~
Vescalin _— ~ ~

Fig. 3. The proposed mechanism of the reaction of sweet chestnut tannins in subcritical water.

It was proved that vescalagin and castalagin can react with themselves to
produce oligomeric ellagitannins, such as roburin A and roburin D (dimers of
vescalagin and castalagin, respectively).32

Optimization of the reaction parameters

To obtain the highest concentration of ellagic acid, the hydrothermal hydro-
lysis process of the tannin extract was optimized using the response surface
methodology, exactly by central composite design (CCD). The proposed experi-
ments depending on two factors temperature (X7, °C) and reaction time (X3,
min), as well as experimental and predicted concentrations of ellagic acid, are
presented in Table III.

A quadratic model with natural logarithmic-transformed response to obtain
concentration of ellagic acid (Yga) was suggested as the best-fitted model:

InYgp =2.44+0.84X; +0.071X, —0.59.X.X, —0.77X7 +0.068X5 (1)
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where X7 and X> represent coded factors of the temperature and reaction time,
respectively.

TABLE III. CCD matrix and the experimental and predicted response values for the
concentration of ellagic acid

Std. Independent variable Yga: Concentration of ellagic acid, mass %
order  X;:temperature, °C  X,: time, min Experimental value  Predicted value
1 -1 (150.00) -1 (15.00) 1.29 1.27

2 +1 (250.00) -1 (15.00) 24.72 22.13

3 -1 (150.00) +1 (60.00) 4.25 4.75

4 +1 (250.00) +1 (60.00) 7.84 7.84

5 —1.41(129.29) 0(37.50) 0.785 0.760

6 +1.41 (270.71) 0(37.50) 7.50 8.11

7 0 (200.00) —1.41 (5.68) 10.80 11.88

8 0 (200.00) +1.41 (69.32) 15.61 14.52

9 0 (200.00) 0(37.50) 12.17 11.47

10 0 (200.00) 0(37.50) 11.67 11.47

11 0 (200.00) 0(37.50) 10.42 11.47

12 0 (200.00) 0(37.50) 11.87 11.47

13 0 (200.00) 0(37.50) 11.13 11.47

The regression coefficients of the intercept, linear, quadratic and interaction
terms of the model were significant model terms and are presented in Table IV.
Table IV also shows the analysis of variance (ANOVA) of the experimental
results of the CCD. The high F-value of the proposed model (260.60) implied
that the model is significant. F-value of 4.11 and p-value of 0.1027 of lack of fit
showed insignificant lack of fit relative to the pure error. The value R? was
0.9947, which confirmed good correlation between the experimental and pre-

TABLE IV. Estimated regression coefficients for the determined model and the analysis of the
variance (ANOVA) of the experimental results

Coefficient Standard Sumof Degrees of Mean p-value

Parameter . F-value .
estimate error squares freedom  square probability>F

Model 11.45 5 2.29 260.60 <0.0001
Intercept 2.44 0.042
X 0.84 0.033 5.71 1 5.71 649.42 <0.0001
X5 0.071 0.033 0.040 1 0.040 4.54 0.0706
X1 X, -0.59 0.047 1.37 1 1.37 155.85 <0.0001
X2 —0.77 0.036 4.13 1 4.13 47038 <0.0001
X22 0.068 0.036 0.032 1 0.032 3.64 0.0982
Residual 0.062 7 0.008788
Lack of fit 0.046 3 0.015 4.11 0.1027
Pure error 0.015 4 0.003765
R? 0.9947 Adj. R? 0.9908
CV.% 4.68 Pred. R? 0.9693
PRESS 0.35 Adeq. prec.  53.265
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dicted values of the ellagic acid concentrations and also the quality of the model.
The predicted R? value of 0.9693 was in reasonable agreement with the adjusted
R? value of 0.9908. Furthermore, the coefficient of variation (C.V. = 4.68 %) was
reproducible, due to its value being below 5 %. The value of adequate precision
of 53.265, which measures the signal to noise ratio, was adequate, due to its
value being greater than 4. This analysis of the model showed that the experi-
mental results fit to the proposed model, which could be used to navigate the
design space.

The graphical representations of the model to calculate the concentration of
ellagic acid as: A) the three-dimensional response surface and B) the two-dimen-
sional contour plot are shown in Fig 4.
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Fig. 4. Graphical representations of the model to calculate concentration of ellagic acid as:
A — the three-dimensional response surface and B — the two-dimensional contour plot.

The maximal concentration of ellagic acid predicted by the model was 22.13
mass %, obtained at 250 °C and 15 min. Due to the fact that at 250 °C the
concentration of ellagic acid increased almost linearly with decreasing reaction
time, the obtained mathematical model was extrapolated to lower reaction times
and the calculated optimum values of the variables were a temperature of 250 °C
and a reaction time of 5 min, when the concentration of ellagic acid was 29.82
mass %. Experiments were performed under determined optimized conditions, to
be compared with predicted results. The obtained experimental value of ellagic
acid concentration was 29.55 mass %, which showed the validity of the sug-
gested model due to insignificant difference between the experimental and pre-
dicted values.

CONCLUSIONS

The aim of the present work was to study the hydrothermal hydrolysis of
sweet chestnut tannins and to optimize this process in order to obtain a product
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with high concentration of ellagic acid. Thus, the effect of temperature from 120
to 300 °C and reaction times of 15, 30 and 60 min on the hydrothermal degrad-
ation of chestnut tannins was observed. The impact of these parameters on pro-
duct yield was obvious. The maximal amount of water-soluble fraction was 96.12
% obtained at temperature of 120 °C and 15 min. The highest yield of solid resi-
due was 39.62 % at 300 °C and 15 min. The yield of the water-soluble product
decreased with increasing temperature and reaction time, while the amount of
solid residue generally increased as the temperature and reaction time increased.
The spectrophotometric methods used for analysis of the water-soluble product
obtained by hydrothermal hydrolysis showed an increase in the contents of total
tannins and phenols up to 250 °C and 30 min and thereafter the content of total
tannins and phenols decreased with further increasing of the temperature and
reaction time. The content of carbohydrates increased with increasing reaction
time from 120 to 150 °C and then decreased with further increasing of the tempe-
rature and reaction time. The antioxidant activity decreased with increasing react-
ion time and temperature. Therefore, the maximal antioxidant activity of 86.75
%, which was slightly higher than that of the starting material, was obtained for
the water-soluble product produced at 120 °C and 15 min.

Based on a HPLC method found in the literature,?? the determined com-
pounds were vescalin, castalin, vescalagin, castalagin, 1-O-galloyl castalagin,
gallic, ellagic and ferulic acid. The content of ellagitannins (castalagin, vescal-
agin, 1-O-galloyl castalagin, castalin and vescalin) in the water-soluble product
obtained by hydrothermal hydrolysis, as well as the gallic acid content, decreased
with increasing temperature and reaction time. On the contrary, the ellagic acid
content reached the maximal value of 24.72 mass % at a temperature of 250 °C
and reaction time of 15 min when the tannin extract was treated by subcritical
water. Furthermore, the conventional acid hydrolysis of chestnut tannin extract
was also performed for comparison and the results showed that the tannins
content decreased to 1.79 %, while the phenols content increased to 87.4 %. The
concentration of ellagic acid in the sample obtained by acid hydrolysis was 8.19
mass %, while concentrations of gallic acid and ellagitannins were quite low.
Vescalin and castalin were not present in samples obtained by acid hydrolysis.
Ferulic acid occurred in a trace amount in the water-soluble products obtained by
hydrothermal hydrolysis at higher temperatures, and it could be assumed that its
content would increase with further increases in the temperature and reaction time.

By using CCD experimental design and fitting experimental data in the tem-
perature range from 150 to 250 °C and reaction time from 15 min to 60 min, a
quadratic mathematical model for calculating the concentration of ellagic acid
was determined. By extrapolation of the mathematical model to lower reaction
times, the optimal reaction conditions for obtaining the highest concentration of
ellagic acid were calculated as 250 °C for 5 min giving a concentration of ellagic
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acid of 29.82 mass %. The experimentally determined concentration under these
conditions was of 29.55 mass %, which confirmed the validity of the suggested
model because the difference between experimental and predicted values was not
significant.

It could be concluded that these results could serve as guidelines and the
basis for further research. In the present work, it was shown that by hydrothermal
hydrolysis of sweet chestnut tannins it is possible to obtain a product with a high
concentration of ellagic acid and no gallic acid. Based on these results, it could
be concluded that the reaction conditions favour the formation of ellagic acid that
is much more stable under these conditions than gallic acid. Nevertheless, further
research on tannin hydrolysis with subcritical water will be required in order to
investigate the reaction mechanism and the kinetics of the reaction.

SUPPLEMENTARY MATERIAL

Additional data is available electronically at the pages of the website of the journal:
http://www.shd.org.rs/JSCS/, or from the corresponding author on request.
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HU3BO[JO
XHUIPOTEPMAJIHA XUPOJIU3A TAHHUHA CJIATKOI KECTEHA (Castanea sativa)
TABA TATUR', )KEJbKO KHE3"? 1 MOJLIA IIKEPTET!
"Laboratory for Separation Processes and Product Design, Faculty of Chemistry and Chemical Engineering,
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TanunHM cnaTkor kecteHa (Castanea sdativa) Cy TpeTUpaHH CyOKPUTHUYHOM BOLOM Ha TEM-
nepaTtypama of 120 no 300 °C u peakunoHum BpemeHuma ox 15, 30 u 60 min. CactaB nobu-
jeHux npousBofa je aHanusupaH npumeHom HPLC. 3HavajaH yTuuaj TeMOepaType U peak-
IJUOHOT BpemeHa Ha NMpUHOC npowusBozna je mpumehen. CrnexTpodoToMeTpujcke MeTone cy
KopuirheHe 3a ofpehuBame TOTaTHUX TaHWHA, (PEHOMA, YITBEHUX XUApaTa U aHTHOKCHAA-
THUBHE akTUBHOCTH. OCHM TOra, aHa/IM3UPaHa jenumena mpumenoM HPLC cy: BeckanuH, Kac-
TaJlMH, BECKaJaruH, Kactaiarut, 1-O-rajoun kacTaaarvH, rajqHa, efaarsa 1 epyauyHa Kuce-
nuHa. Pesyntat fodUjeHH U3 XUAPOTEPMAIHe XUOPOIK3e Cy yrnopeheHu ca pe3ynaTaTuma U3
KHCeMUHCKe xugponuse. KoHauHO, ONTUMU3alMja peakljMoOHUX lTapaMeTapa XUIpoTepMaaHor
npoleca XUAPOoJK3e je HauWmbeHa C LUbEM Jia ce Jo0Huje NPOU3BOJ Ca BUCOKOM KOHLIEHTpa-
UujoM enarHe kucenuHe. ONTHMalTHM YCJIOBY 3a [00Wjame HajBHIIE KOHIEHTpAUUje elarHe
kucenuHe of 29,55 % cy 250 °C u 5 min. KoHueHTpauuja enarHe KUCEIWHE y eKCTPaKTy
TaHWHA NOOHjeHa KUCeMHCKOM XHUAPOIu3oM je duna 8,19 %. Ocum Tora, KHCETMHCKA XUIPO-
7M3a je mana APacTUYHO HIDKHM CafgprKaj TOTAJIHUX TaHWHA Yy mopehemy ca XUIpOTepMalHOM
XUIPOIU30M TaHHHA, 300T Jerpajalyje TaHWHA Y jeJHOCTaBHUja (DeHOJHA jeNuberha.

(ITpumsbeno 11. jyna, peBugupaHo 7. oktodpa, mpuxsaheno 10. oktodpa 2019)
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