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Abstract: Subcritical water extraction of horse chestnut (Aesculus hippocas-
tanum) parts, such as seeds, seed shell, bark and leaves has been performed in a 
batch reactor at temperatures of 150, 200 and 250 °C and extraction times of 5, 
15 and 30 min. The obtained extracts were analyzed by spectrophotometric 
methods to determine the total phenols, total carbohydrates and antioxidant act-
ivity. Furthermore, the compounds detected in the extracts, such as triterpene 
saponins (escins), coumarin glycosides (esculin and fraxin), phenolic com-
pounds (chlorogenic, neochlorogenic and gallic acids) and furfurals (5-hydro-
xymethyfurfural, furfural, and 5-methylfufrual) were quantified using HPLC. 
High amount of escins was obtained in the seed extracts, while the highest 
amounts of esculin and fraxin were obtained in bark extracts. The total phenol 
content was the highest in shell and bark extracts, which implies that these 
extracts gave the highest antioxidant activity. 

Keywords: antioxidant activity; extraction; escins; coumarin glycosides; phen-
olic compounds. 

INTRODUCTION 
The horse chestnut (Aesculus hippocastanum) tree is widely distributed all 

over the world due to its excellent resistance to environmental conditions.1 Horse 
chestnut seeds contain high amounts of starch, minerals, vitamins, flavonoids, 
carotenoids, fatty acids, but they are not edible due to presence of saponins.2 
Knowing that horse chestnut seeds are not edible, they are usually treated as 
biowaste.3 The most important bioactive component found in horse chestnut 
seeds is aescin, which represents a mixture of triterpene saponins mainly con-
sisting of escin Ia, escin Ib, isoescin Ia and isoescin Ib.4 Escin Ia and Ib are 
β-escins that are dominant in seeds, while isoescin Ia and Ib are α-escins.4 In 
order to use horse chestnut seeds in the food industry and as a safe addition to the 
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food supply, Rafiq et al. studied the method for reduction of toxic compounds 
found in horse chestnut (Aesculus indica) seeds.2 They showed that pre-treat-
ments, such as soaking and especially microwave heating, drastically reduced the 
anti-nutritional components.2 

Although these escins are toxic compounds and are the reason why seeds are 
not edible, they have other positive properties, such as anti-oedematous, anti- 
-inflammatory and venotonic properties.1 Thus, the extracts of horse chestnut 
seed could find application in the cosmetic and pharmaceutical industry in the 
treatment of chronic venous insufficiency, varicose veins, haemorrhoids, post-
operative edemas, burns, epidermis abrasion, skin inflammations and frostbites.5 

Takahashi et al. showed that horse chestnut seed, especially the outer theca 
(seed shell), has strong antibacterial properties toward Staphylococcus aureus, 
Escherichia coli and Streptococcus mutans.3 Furthermore, the polyphenol con-
tent of the outer theca was around three times higher than that of “sarcocarp and 
endodermis”. The good antioxidant properties are probably the reason why the 
theca possess high antibacterial properties. The outer theca also showed high 
deodorizing activity against basic and acidic odors. Moreover, Kimura et al. 
showed that Japanese horse chestnut seed shell contains highly polymerized pro-
anthocyanidins that possess strong antiobesity effects.6 

In this research subcritical water was used for the extraction of different 
parts of horse chestnut (seeds, bark, seed shells and leaves). No comparable study 
could be found in the literature. This method was used because generally, 
compared to conventional extraction techniques, subcritical water shows high 
extraction efficiency, the process needs shorter extraction time and it is a clean 
and non-toxic method. 

EXPERIMENTAL 
Materials 

Seeds, bark, seed shell and leaves of horse chestnut (Aesculus hippocastanum) were col-
lected in Serbia in June 2018. All parts of the horse chestnut were air-dried and ground before 
the extraction. Furfural (purity 99%) and 5-HMF (purity 98 %) were purchased from Acros 
Organics (Geel, Belgium). Chlorogenic acid (purity 98 %), neochlorogenic acid (purity 98 %), 
gallic acid, escin, esculin hydrate and fraxin were purchased from Sigma–Aldrich (Steinheim, 
Germany). 
Subcritical water extraction 

The subcritical water extraction was performed in a 75 mL Parr batch reactor (series 
4740 stainless steel, Parr instruments, Moline, IL, USA) at temperatures of 150, 200 and 250 
°C and extraction times of 5, 15 and 30 min using a material–solvent ratio of 1 g in 20 mL. 
The procedure of the extraction was described in a previous work.7 Nitrogen was used to 
remove the oxygen present and to control the pressure. The mixture was stirred at 600 rpm. 
The reactor was heated by electrical wire. The reaction time was measured when the reactor 
reached the desired temperature. After the reaction, the reactor was rapidly cooled. The reac-
tor content was filtrated and washed with water.  
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The extraction yield was calculated by Eq. (1): 

 e
i

0
100 mY

m
=  (1) 

where Yi – the extraction yield; me – the mass of the extract; m0 – the initial mass of material. 
Total phenol content 

The total phenol content in the extracts was determined using the Folin–Ciocalteu 
method, as described in a previous work.7 Extract (0.5 mL) was mixed with 2.5 mL of Folin– 
–Ciocalteu reagent (diluted 1:10 with water) and 2 mL of Na2CO3 solution (75 g L-1). The 
sample was heated at a temperature of 50 °C for 5 min in a water bath and then cooled to 
room temperature. after 30 min, the absorbance was measured at 760 nm using a UV-Vis 
spectrophotometer. Results are expressed as mg of gallic acid per g of material. 
Total carbohydrate content 

The total carbohydrates in the extracts was determined with the phenol–sulfuric colori-
metric method explained in a previous work.8 Extract (1 mL) was mixed with 0.5 mL of 5 % 
aqueous solution of phenol and 2.5 mL of concentrated sulfuric acid. The sample was placed 
in an ultrasonic bath for a 10 min and then kept at room temperature for 20 min for color 
development. The absorbance was measured at 490 nm using a UV–Vis spectrophotometer. 
All measurement were performed in triplicate. The results are expressed in mg g-1 of material.  
Antioxidant activity 

The antioxidant activity of the extracts obtained by subcritical water extraction was 
determined by the DPPH method, as explained in a previous work.7 The extract (77 μL) (con-
centration 1 mg mL-1) was mixed with 3 mL of DPPH solution. The mixture was incubated in 
a dark room for 15 min. The absorbance of the sample at 515 nm was measured using a UV– 
–Vis spectrophotometer. The antioxidant activity is expressed in %.  
HPLC methods 

The HPLC method for detection of esculin, fraxin, 5-HMF, furfural and 5-MF is des-
cribed in the literature.9 The extracts were analyzed using an Agilent 1100 Series HPLC sys-
tem (Agilent Technologies, Waldbronn, Germany) equipped with a binary pump, an auto-
sampler, a column heater, a variable wavelength detector (VWD) and an Agilent Zorbax 
Eclipse XDB C18 (4.6 mm×150 mm, 3.5 m) column. The column temperature was 25 °C. The 
mobile phase consisted of two solvents: methanol (solvent A) and water + 0.1 % trifluorocetic 
acid (solvent B). The flow rate was 1 mL min-1. The following gradient was set: 0 min 90 % 
B, 18 min 65 % B, 20 min 90 % B. The injection volume was 10 µL. Detection of the com-
pounds was achieved at 254 nm for esculin and fraxin and 280 nm for 5-HMF, furfural, 5-MF. 

The escins were determined by the HPLC method as described in the literature10 with 
minor modifications. The same HPLC system was used with a C18 column (150 mm×4.6 mm, 
3.5 µm) heated to 30 °C. The method was isocratic and the mobile phase was a mixture of 
acetonitrile and 0.1 % orthophosphoric acid (39:61 volume ratio). The flow rate was 1 mL 
min-1, while the injection volume was set to 10 µL. The escins were detected at 210 nm. The 
quantifications was performed using standard calibration curves. 
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RESULTS AND DISCUSSION 
Extraction yield 

The yields of the extractions performed under different operating conditions 
are presented in Table I. The highest yields were obtained in the case of seeds, 
i.e., 82.66 % at 150 °C and 15 min and 82.22 % at 200 °C and 5 min. The extract-
ion yield in the case of seeds was much higher than in the case of the other mat-
erials (shell, bark and leaves) because seeds contain much higher amounts of com-
pounds that are soluble in subcritical water (carbohydrates and especially fats). 
Kapusta et al. obtained a significantly lower extraction yield (25.2 %) using 80 % 
ethanol as extraction solvent at room temperature and extraction time of 72 h.11  

TABLE I. The extraction yields of seed (YSE), bark (YBE), seed shell (YShE) and leaf (YLE) 
T / °C t / min YSE / % YBE / % YShE / % YLE / % 
150 5 69.01 23.91 26.91 31.64 
150 15 82.66 29.37 36.51 32.21 
150 30 75.92 30.91 34.00 32.67 
200 5 82.22 38.43 24.45 36.96 
200 15 69.63 43.59 27.14 31.90 
200 30 64.82 26.32 27.02 31.82 
250 5 32.13 23.04 11.63 34.41 
250 15 25.23 23.54 14.39 34.41 
250 30 24.97 16.40 13.74 30.39 

Total phenols, total carbohydrates and antioxidant activity 
The amounts of total phenols and carbohydrates extracted from different 

parts of chestnut are given in Table II. The highest amounts of total phenols 
isolated from seeds and leaves were obtained at 250 °C and 5 min and were 26.01 
and 24.48 mg g–1, respectively, while the maximal amount of total phenols from 
seed shell and bark were obtained at 200 °C and 15 min and were 50.99 mg g–1 
and 33.29 mg mL–1, respectively. 

TABLE II. The amount (mg g-1) of total phenols (YTP) and total carbohydrates (YTC) extracted 
from seeds (S), bark (B), seed shell (Sh) and leaves (L) 

T / °C t / min Parameter  
YTPS YTPB YTPSh YTPL YTCS YTCB YTCSh YTCL 

150 5 6.46 20.18 36.06 7.81 198.12 49.49 57.76 36.54 
150 15 5.63 22.32 39.87 11.87 227.91 60.85 57.78 36.30 
150 30 6.47 22.78 35.55 9.47 260.99 76.37 57.75 46.13 
200 5 17.32 29.40 33.10 18.98 252.40 77.76 59.39 44.56 
200 15 20.98 33.29 50.99 21.28 253.30 85.25 87.22 37.36 
200 30 21.58 28.57 22.16 19.95 244.12 81.78 38.65 21.20 
250 5 26.01 29.21 25.96 24.48 139.58 48.29 28.17 13.40 
250 15 23.73 25.77 24.72 20.86 91.24 37.23 25.72 7.48 
250 30 22.70 24.29 25.60 17.63 82.40 30.87 13.16 5.83 
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The effect of temperature on the amount of carbohydrates obtained from 
each material was similar. In the case of seeds, seed shell and leaves at extraction 
times of 5 and 15 min, on increasing the temperature from 150 to 200 °C, the 
amount of carbohydrate increased and then decreased on further increasing of the 
temperature, while at 30 min it decreased on increasing the temperature over the 
whole temperature range. The exception was horse chestnut bark, where the car-
bohydrate amount increases at temperatures from 150 to 200 °C and then dec-
reases at 250 °C.  

The highest amount of total carbohydrates extracted from seed and leaves 
were 260.99 mg g–1 material and 46.13 mg g–1 material obtained at 150 °C and 
30 min, respectively, while the maximal amount of total carbohydrates from seed 
shell and bark obtained at 200 °C and 15 min were 87.22 and 85.25 mg g–1, res-
pectively. 

The antioxidant activities of the horse chestnut extracts are presented in 
Table III. The antioxidant activity of seed extracts was the lowest compared to 
the other materials and it increased with extraction temperature and time, reach-
ing the maximal value of 54.15 % at 250 °C and 30 min.  

TABLE III. Antioxidant activity of seed (AAS), bark (AAB), seed shell (AASh) and leaf (AAL) 
extracts 
T / °C t / min AAS / % AAB / % AASh / % AAL / % 
150 5 3.34 67.79 89.20 18.35 
150 15 2.45 61.01 90.47 25.22 
150 30 3.52 57.08 90.06 21.33 
200 5 9.30 55.42 89.46 32.89 
200 15 15.10 60.05 87.89 42.86 
200 30 16.51 83.51 84.90 41.29 
250 5 47.34 92.05 89.57 57.87 
250 15 53.04 88.98 88.86 47.02 
250 30 54.15 91.34 90.54 40.39 

The highest antioxidant activity in the case of leaf extracts was 57.87 % 
obtained at 250 °C and 5 min. The bark and seed shell extracts show the highest 
antioxidant activities (around 90 %), which could be probably attributed to higher 
total phenol content in extracts of these materials (in the range from 73.71 to 
148.11 mg g–1 of extract and from 82.0 to 223.25 mg g–1 of extract, respectively) 
compared to seeds and leaves (in the range from 6.81 to 94.06 mg g–1 of extract 
and from 24.68 to 71.14 mg g–1 of extract, respectively). Otajagić et al. deter-
mined total phenolic content and antioxidant activity of ethanolic extracts of dif-
ferent parts of Aesculus hippocastanum (bark of young twigs (BT) and fruits 
(BF), bark of fruit with pulp (BF+P) and pulp itself (P)).12 The highest amounts 
of total phenolics were detected in the BF and BT extracts, 158–202 mg GAE g–1 
and 178–216.97 mg GAE g–1, respectively, and the antioxidant activities of these 
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extracts were around 90 %. These results are in agreement with the presented 
results for seed shell and bark, but in present work, where subcritical water was 
used as extraction medium, the total phenol content and antioxidant activity of 
seed extract was 94.06 mg g–1 of extract and 53.04 %, respectively, at 250 °C 
and 15 min, which is much higher than in the case of ethanol extraction (8.80– 
–12.36 mg GAE g–1 and 15–25 %, respectively). Probably, at higher tempera-
tures (200 and 250 °C), the hydrolysis of phenolic glycosides occurred and phe-
nolic aglycones, which possess higher antioxidant activity than phenolic glyco-
sides, were formed in the extracts. Kimura et al. studied the antioxidant activities 
and content of flavonol O-glycosides of whole seeds, peeled seeds and seed 
shells from Japanese horse chestnut (Aesculus turbinata) extracts, obtained with 
an acetone–water–acetic acid mixture (70:29.5:0.5 volume ratio).13 The results 
indicate that the peeled seeds are a good source of flavonol O-glycosides serving 
as antioxidants to be used as food additives and dietary supplements. They obtained 
lower content of polyphenols (5.71 mg g–1 of seed extract and 68 mg g–1 of seed 
shell extract) compared to results obtained using subcritical water extraction. 
Triterpene saponins, coumarin glycosides, phenolic acids and furfurals 

The amount of escins, esculin and fraxin extracted from seed, seed shell, 
bark and leaf of horse chestnut are presented in Table IV. The escins were 
detected only in seed extracts. From the results, it could be observed that at 150 
°C, the amount of escins decreases with increasing extraction time, while at 200 
°C after 5 min, they are completely degraded. At 150 °C and 5 min, the amount 
of escins extracted from seeds was 33.11 mg g–1 of material, which shows that 
the amount of escins in seed extracts obtained by subcritical water extraction was 
almost the same as that obtained by extraction with methanol (34.9 mg g–1 for 
the year of 2014) published by Abudayeh et al.10. Chen et al. determined four 
main saponins (escin Ia, escin Ib, isoescin Ia, isoescin Ib) from a different variety 
of horse chestnut (Aesculus chinensis) using accelerated solvent extraction.14 The 
solvents used were n-butanol, 70 % methanol, methanol, 30 % ethanol, 50 % 
ethanol and 80 % ethanol with 0.5 % of acetic acid. The quantities of these com-
pounds extracted by 70 % methanol were the highest (average content of escins 
in different chestnut samples were 42.8 mg g–1 of extract), which is similar to the 
results obtained by subcritical water extraction.  

Esculin and fraxin were the dominant compounds in bark extracts, but they 
were also found in other extracts. The amounts of both esculin and fraxin isolated 
from bark decrease with extraction time and temperature, except at 150 °C when 
the esculin amount increased from 5 min to 15 min. In the case of bark extracts, 
esculin was not detected anymore at the conditions of 250 °C and 15 min, while 
fraxin was no longer present already at 200 °C and 15 min. Similar amounts of 
esculin and fraxin in horse chestnut bark were obtained by Stanić et al.,15 where 
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methanol was used as the extraction solvent and the highest amounts obtained in 
bark samples (branch diameter of 5 cm) were in the range from 36 to 59.6 mg g–1 
of material for esculin and from 15.3 to 26.2 mg g–1 of material for fraxin. Thus, 
subcritical water as non-toxic and environmentally friendly medium could be 
good replacement for organic extraction solvents for the extraction of these com-
pounds. In the case of other materials (seeds, seed shell and leaves), esculin and 
fraxin were detected in the extracts obtained at 200 °C, while above 250 °C at an 
extraction of 5 min, they were no longer present in the extracts. 

TABLE IV. The amount (mg g-1) of escins (YEscin), esculin (YEscul) and fraxin (YFrax) extracted 
from seed (S), bark (B), seed shell (Sh) and leaves (L) 

T / °C t / min Parameter  
YEscinS YEsculS YEsculB YEsculSh YEsculL YFraxS YFraxB YFraxSh YFraxL 

150 5 33.11 n.d. 41.63 n.d. 2.26 n.d. 20.38 n.d. 1.79 
150 15 29.85 n.d. 46.18 n.d. 2.33 n.d. 18.01 n.d. 1.67 
150 30 26.02 n.d. 44.19 n.d. 2.23 n.d. n.d. n.d. 1.79 
200 5 17.08 n.d. 32.21 1.87 2.33 2.69 4.06 2.08 n.d. 
200 15 n.d. 2.12 21.76 1.88 n.d. 1.74 n.d. 2.09 n.d. 
200 30 n.d. 3.09 9.98 1.87 n.d. 1.74 n.d. 2.02 n.d. 
250 5 n.d. 2.95 1.71 n.d. 1.92 2.75 n.d. n.d. 1.67 
250 15 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
250 30 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Typical chromatograms are shown in Fig. 1 of the escin mixture standard 
(A) and chestnut seed extract treated with water at a temperature of 150 °C and 
an extraction time of 5 min (B). As can be seen from the chromatograms, the 
detected peaks represent escins, such as escin Ia (1), escin Ib (2), isoescin Ia (3) 
and isoescin Ib (4). The peaks were identified based on the data published by 
Abudayeh et al.10 

The amounts of chlorogenic acid, neochlorogenic acid and galic acid ext-
racted from different parts of horse chestnut are presented in Table V. Chloro-
genic acid was detected in higher amounts only in extracts from bark, while in 
extracts from other chestnut parts, it was present only in trace amounts. The 
results obtained for bark at 150 and 200 °C show that the amount of chlorogenic 
acid decreases with increasing temperature and time, while at 250 °C it was no 
longer present in the extract. Furthermore, the highest amount of neochlorogenic 
acid was detected in seed shell extracts. In the cases of seed shell, bark and leaf, 
the amount of neochlorogenic acid increases with increasing extraction time at 
150 °C and reaches the highest value at 200 °C and 5 min. However, in the case 
of seeds, the amount of neochlorogenic acid increases with increasing time and 
temperature and reaches the highest value at 200 °C and 30 min, while at 250 °C, 
it was no longer present in the extracts. Oszmaiański et al. extracted leaves of 
horse chestnut with methanol acidified with 1 % acetic acid for 20 min under 
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sonication.16 They found different phenolic compounds (neochlorogenic acid, 
epicatechin, proanthocyanidins and quercetin and kaempferol derivatives) in the 
extracts of white and red horse chestnut leaves. The content of neochlorogenic 
acid found in the literature was 1.26 mg g–1 of leaf extracts, while in the present 
work, the highest content of neochlorogenic acid was 2.41 mg g–1 of leaf extract 
at 200 °C and 15 min. Gallic acid was detected only in leaf extracts and at 150 
°C, the amount decreased with increasing extraction time, while after 200 °C and 
5 min, it was no longer present in the extracts. Postoyuk et al. identified various 
components in leaf extracts: 1) different phenolic compounds among which the 
dominant were gallic acid, hyperoside, epigallocatechin-gallate, luteolin-7-glu-
coside and cichoric acid; 2) organic acids such as citric, tartaric, malic, ascorbic, 
oxalic and lactic acid; 3) sugars such as glucose and fructose; 4) escin.17 They 
obtained an amount of gallic acid of 146 mg g–1 of leaf extract, while in the case 
of subcritical water extraction, this value was 4.96 mg g–1 of leaf extract at 150 
°C and 5 min, probably because hydrolysis of gallic acid occurred. 

 
Fig. 1. Typical chromatogram of :A) escin mixture standard and B) chestnut seed extract 
treated with water at a temperature of 150 °C and an extraction time of 5 min. Identified 

peaks: 1 – escin Ia, 2 – escin Ib, 3 – isoescin Ia, 4 – isoescin Ib. 

The extracted amounts of 5-HMF, furfural and 5-MF are presented in Table 
VI. Furfurals are the main sugar degradation products. Baraldi et al. studied 
chemical composition of seed samples (pure and hybrid) of Aesculus hippocas-
tanum found in Italy and they obtained a glucose concentration of 6.8 % and a 
fructose concentration of 8.4 % in pure seed sample.18 As can be seen from 
Table VI, the highest amounts of 5-HMF and furfural were obtained in seed ext-
racts, which is a consequence of higher content of total carbohydrates in seeds 
than in the other materials. The furfurals are in negligible low content or even not 
found in the extracts obtained at 150 °C. The amounts started to increase by inc-
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reasing the temperature to 200 °C and by increasing the extraction time. At 250 
°C, the amounts of 5-HMF and furfural started to decrease with increasing ext-
raction time. For all materials, the amount of 5-HMF reached the maximal value 
at 250 °C and 5 min (42.60 mg g–1 for seed, 4.52 mg g–1 for bark and 2.90 mg g–1 
for seed shell and 0.143 mg g–1 for leaf). In the case of seed, the maximal amount 
of furfural was 6.34 mg g–1 at 250 °C and 5 min, while in the cases of bark, seed 
shell and leaf, the amount of furfural reached the maximum at 200 °C and 30 min 
(7.42, 3.22 and 0.496 mg g–1, respectively). The leaf extracts contained the 
lowest amount of total carbohydrates and thus they contained significantly lower 
amounts of 5-HMF and furfural than the other parts of chestnut. 5-Methylfurfural 
was detected in seed, bark and seed shell extracts. In the case of seed, the amount 
of 5-methyfurfural increased with extraction temperature and time, while in the 
case of bark and seed shell, it reached the maximal values at 200 °C and 30 min 
and then started to decrease at 250 °C. 

TABLE V. The amount (mg g-1) of chlorogenic (YCh), neochlorogenic (YNCh) and gallic (YGA) 
acids extracted from seed (S), bark (B), seed shell (Sh) and leaves (L) 

T / °C t / min Parameter 
YChB YNChS YNChB YNChSh YNChL YGAL 

150 5 0.69 0.27 0.34 0.91 0.48 1.57 
150 15 0.68 0.30 0.45 1.21 0.55 1.56 
150 30 0.61 0.38 0.52 1.36 0.65 1.34 
200 5 0.49 0.45 0.88 2.19 0.79 1.10 
200 15 0.48 0.53 0.85 2.10 0.77 n.d. 
200 30 n.d. 0.56 0.62 1.51 0.54 n.d. 
250 5 n.d. n.d. 0.37 0.58 0.31 n.d. 
250 15 n.d. n.d. n.d. 0.40 n.d. n.d. 
250 30 n.d. n.d. n.d. n.d. n.d. n.d. 

TABLE VI. The amount (mg g-1) of extracted 5-HMF (YHMF), furfural (YF) and 5-methyfur-
fural (YMF) from seed (S), bark (B), seed shell (Sh) and leaves (L) 
T 
°C 

t 
min 

Parameter 
Y5-HMFS Y5-HMFB Y5-HMFSh Y5-HMFL YFS YFB YFSh YFL YMFS YMFB YMFSh 

150 5 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
150 15 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
150 30 0.16 0.11 n.d. n.d. 0.41 0.41 n.d. n.d. n.d. n.d. n.d. 
200 5 3.10 0.62 0.24 0.11 0.79 1.03 0.94 0.42 0.42 0.56 0.52 
200 15 13.82 1.90 0.69 0.12 2.85 3.48 2.11 0.47 0.72 0.61 0.78 
200 30 33.45 4.05 1.95 0.13 5.09 7.42 3.22 0.50 0.83 1.66 0.92 
250 5 42.60 4.52 2.90 0.14 6.34 4.31 2.07 0.43 1.11 1.09 0.80 
250 15 31.32 3.88 1.96 0.14 4.64 3.36 1.33 0.43 1.30 1.03 0.68 
250 30 18.79 2.47 0.99 0.14 3.25 1.95 0.76 0.43 1.38 0.82 0.49 
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CONCLUSIONS 

In the present work it was shown that subcritical water could be a suitable 
replacement for organic solvents and could be efficiently used as the extraction 
medium to extract important compounds from horse chestnut parts. Based on the 
results, it could be concluded that by adjusting the extraction conditions, the 
extraction of certain compounds could be favored. Namely, the results showed, 
that higher content of escins, esculin, fraxin, phenolics and carbohydrates were 
obtained at a lower extraction temperature (150 °C) and time, due to their degrad-
ation under rigorous conditions. On the other hand, if the desired compounds are 
furfurals, subcritical water extraction has to be performed at higher temperatures 
(200 and 250 °C) and longer times. 
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ЕКСТРАКЦИЈА САСТОЈАКА ИЗ ДЕЛОВА ДИВЉЕГ КЕСТЕНА (Aesculus hippocastanum)  
СУБКРИТИЧНОМ ВОДОМ 

TANJA GAGIĆ1, ŽELJKO KNEZ1,2 и MOJCA ŠKERGET1 

1
Laboratory for Separation Processes and Product Design, Faculty of Chemistry and Chemical Engineering, 

University of Maribor, Smetanova ulica 17, 2000 Maribor, Slovenia и 
2
Faculty of Medicine, University of 

Maribor, Taborska ulica 8, 2000 Maribor, Slovenia 

Екстракција састојака из делова дивљег кестена (Aesculus hippocastanum), као што су 
плодови, омотач плода, кора и листови, субкритичном водом је изведена у шаржном ре-
актору на температурама од 150, 200 и 250 °C и екстракцијским временима од 5, 15 и 30 
min. Добијени екстракти су анализирани методом спектрофотометрије ради одређивања 
тоталних фенола, угљених хидрата и антиоксидативне активности. Осим тога, детекто-
вана једињења у екстрактима, као што су тритерпеноидни сапонини (ескини), кумарин-
ски гликозиди (ескулин и фраксин), фенолна једињења (хлорогенска, неохлорогенска и 
гална киселина) и фурфурали (5-хидроксиметилфуфурал, фурфурал, 5-метилфурфу-
рал) су квантификовани применом HPLC. Велика количина ескина је добијена у екс-
трактима плода, док су највеће количине ескулина и фраксина добијене у екстрактима 
коре. Садржај тоталних фенола је био највећи у екстрактима омотача и коре, што имп-
лицира да ти екстракти дају највећу антиоксидативну активност. 

(Примљено 11. новембра 2020, ревидирано и прихваћено 18. фебруара 2021) 
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