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Abstract  

α-Glucosidase inhibitory activity (AGL) of fruit wine samples made from blueberry, black 

chokeberry, blackberry, raspberry and sour cherry cultivars grown in Serbia was studied  using an 

microvinification procedure. More precisely, both sugar and enzyme were added to the fruit must 
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before fermentation for half of the samples. This increased the extraction of phenolic compounds. 

All the samples showed higher bioactivity compared to acarbose, the compound used as a positive 

control. Blueberry (IC50 ~27 ± 1 µg/ml) and black chokeberry (IC50 ~28 ± 1 µg/ml) wine samples 

had the highest values regardless of the vinification method. In addition to this, chlorogenic and 

caffeic acids were recognised as their key AGL bioactives. Taken all together, the fruit wine 

samples or their lyophilised extracts may be considered as complementary medicine supplements 

of potential interest for the control of postprandial hyperglycemia.  

 

Keywords: Fruit wines, Blueberry, Black chokeberry, α-Glucosidase inhibitory activity,   

Chlorogenic  acid, Caffeic acid  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Introduction 

 

The consumption of fruits and vegetables in regular diets may prevent some chronic 

diseases including diabetes mellitus (Costacou and Mayer-Davis, 2003; Hung et al., 2004). Indeed, 

WHO recommends a daily intake of 400 g of fruits and vegetables as a health prevention measure 

(WHO, 2015). α-Glucosidase is the enzyme located in the small intestine tract that is involved in 
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the final step of carbohydrate digestion – the breakdown of starch and disaccharides to glucose. Its 

optimum pH and temperature are 6-7.4 and 37ºC, respectively (Bailey, 2003). Berry fruits are rich 

sources of polyphenolics, bioactive compounds with health-promoting effects (Szajdek and 

Borowska, 2008). Both flavonoid such as apigenin, morin, myricetin and non-flavonoid 

compounds such as calystegines may show α-glucosidase inhibitory activity (AGL    ocković et 

al., 2013; Zeng et al., 2016 . For example, α-glucosidase  α-Glu) inhibitors such as acarbose, 

miglitol and voglibose are able to suppress postprandial hyperglycemia, a prominent and early 

symptom of type 2 diabetes (Basha and Prasada Rao, 2017; Bailey, 2003; Potipiranun et al., 2017; 

Ramadhan et al., 2017). Most often natural α-glucosidase inhibitors show fewer and milder side 

effects (abdominal distention, flatulence and possibly diarrhea) than synthetic ones (Adisakwattana 

et al., 2009; Su et al., 2018; Wang et al., 2017; Vinholes et al., 2017). The overall effect of α-

glucosidase inhibition is to reduce the flow of glucose from complex dietary carbohydrates into the 

bloodstream, diminishing the postprandial effect of starch consumption on blood glucose levels 

which may cause the development of diabetes (Bolen et al., 2007). 

Previous studies with fruit wines used traditional procedures  Amidžić Klarić et al., 2011; 

Heinonen et al., 1998; Johnson et al., 2011). A new procedure, adding both sugar and enzyme 

before fermentation to increase phenolic extraction  Čakar et al., 2017 , was used within the 

current work. The aim was to determine the possible effects on AGL of fruit wine samples using 

fruit cultivars from Serbia. 

 

 

 

2. Materials and methods 

 

2.1 Plant material  

The fruits were purchased from commercial producers during 2014: blackberry (Rubus 

caesius  cultivar Čačanska bestrna was from Bojnik, Serbia; raspberry (Rubus idaeus) cultivar 

Meeker from Valjevo, Serbia; black chokeberry (Aronia melanocarpa Heynh.) and blueberry 

(Vaccinium myrtilus) were from the region of Rudnik mountain, Serbia; sour cherry (Prunus 

cerasus L.  cultivar Šumadinka was from the region of Grocka, Serbia. Fruit ripeness was 
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determined using a refractometer PAL-87S (Atago, Tokyo, Japan). As soon as the fruit was 

harvested, it was pressed into juice and the fermentation into the fruit wine begun. All fruits were 

free of mold and rotten fruits.  

 

2.2 Chemicals and reagents 

All chemicals and reagents of analytical grade were purchased from Sigma Aldrich 

(Steinheim, Germany . α-Glucosidase (lyophilised powder,) originated from the yeast 

Saccharomyces cerevisiae type I, containing ≥10 units/mg protein enzymatic activity (one unit 

liberates 1.0 µmol of D-glucose from p-nitrophenyl α-D-glucopyranoside per min at pH 6.8, 37 ºC) 

was used. 

 

 2.3 Preparation of wine samples  

The fruit wine samples were produced from raspberry, blackberry, blueberry, black 

chokeberry and sour cherry cultivars. The fruits were pressed with the hand press RP-17 (Hromil, 

Kovilj, Serbia). Prior to fermentation, sour cherries were processed in two ways. The pits were 

removed from the fruit using a hand machine RM-1 (Hromil, Kovilj, Serbia) before the cherries 

were pressed or sour cherries were pressed together with the non-cracked pits. The experiments 

were divided in two sets, without and with additional sugar and enzyme into the fruit pomace, 

respectively. Total soluble solids (expressed in °Brix) were initially measured using the 

refractometer PAL-87S (Atago, Tokyo, Japan) in the fruit must of the first set. In the second set, 

sugar (sucrose) was added in the amount to increase total soluble solids of the must to 20.5 °Brix 

or 11% alcohol. The enzymatic preparation glycosidase Enartis Zym (Enartis, San Martino, Italy) 

was added at 2 g/100 kg in the second set. The final ethanol content was determined at the end of 

fermentation using an alcohol density meter DMA 35 (Anton Paar, Graz, Austria) after samples 

distillation (Table 1). The strength by volume (vol. %) was calculated using 20°C/20°C tables 

(OIV, 2009). In both cases, 10 g of K2S2O5/100 kg was added to obtain 50 mg/kg of SO2 in fruit 

must to inhibit bacterial growth. Both sets were divided into two subsets and were inoculated with 

a pure wine Saccharomyces cerevisiae strain Lievito Secco EZ FERM (Enartis) and ICV D254 

(Lallemand, Montreal, Canada), respectively, at 20 g/100 kg. Both Saccharomyces cerevisiae 

strains had been successfully used. Specifically, 25 kg of fruit was fermented in 30 l barrels using 
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the pigeage system (Hromil, Kovilj, Serbia). Alcohol fermentation was done at 20°C over 7 to 10 

days. During this process, the pomace was stirred twice a day. After fermentation, each fruit wine 

was separated from the pomace by sedimentation. Afterwards, they were racked off leaving the 

lees and kept at 12°C for the next 6 months, for further studies  Čakar et al., 2017 . As an 

undesired ingredient for the screening of AGL, ethanol was removed using lyophilisation. The 

lyophilisation was carried out for 9 h at 0.30 mbar and -55°C  using a laboratory freezedryer Christ 

Alpha 1-2/LD plus (Osterode am Harz, Germany) (main drying time: 8.5 h; final drying time: 30 

min). The lyophilised wine samples were kept at −20ºC and used for further analysis within 5 day.   

 

Table 1 

 

2.4 Anti α-glucosidase assay  

Lyophilised fruit wine samples were screened for AGL as described previously (McCue et 

al., 2005). Briefly, 0.4 units/ml of α-glucosidase was dissolved in 0.1 M phosphate buffer 

(monosodium phosphate, disodium phosphate, pH = 6.8). The lyophilised samples were dissolved 

in dimethyl sulfoxide (DMSO) at 5×10
-2

 g powder/ml. Afterwards, solutions were diluted in the 

phosphate buffer 0.1 M (pH = 6.8) so that the concentration in each sample well ranged from 8×10
-

8
 to 1×10

-3
 g/ml. In each well, 50 μl of the sample solutions or 10% DMSO used as a blank were 

preincubated with 50 μl of the enzyme solution at 37°C for 15 min. Then, 50 μl of the substrate 

solution, p-nitrophenyl α-D-glucopyranoside (PNP-G in the phosphate buffer, 1.5 mg/ml) was 

added into each well. After measuring absorbance A1 at 405 nm, on the ELISA reader Multiskan 

EX (Thermo Scientific, Waltham, MA, USA) the solution was incubated at 37°C for 5 min. The 

second absorbance A2 was measured at 405 nm. The ΔA was obtained by the subtraction of A1 

from A2 for the sample and the blank.. ΔA for the samples and blank  were obtained in the same 

way. Acarbose was used as a positive control.  

The standards of epicatechin, protocatechuic acid, catechin, gallic acid, chlorogenic acid, 

caffeic acid, p-coumaric acid, ellagic acid and rutin were dissolved in DMSO (shortly before their 

use) to 50 mmol/l, while stock solutions were diluted as previously described for the fruit wine 

samples. All the experiments were done in triplicate. 
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2.5 The Hill analysis 

The dependence of the relative enzyme activity (REA; expressed as a percentage) for each 

phenolic compound of the concentration of each single phenolic compound was fitted to a sigmoid 

function. The relevant inhibitory parameters were obtained using the Hill analysis (Prinz, 2010) of 

the inhibitory curves, according to Eq. (1): 

 

         (1)        

 

 

where [I] represents the concentration of a single phenolic compound, while n is the Hill 

coefficient of cooperativity. 

Inhibitory curves for the fruit wine samples and standards of phenolic compounds were 

obtined using the Hill analysis. The abundance of these compounds was estimated on the basis of 

the quantitative analysis previously reported  Čakar et al., 2017 . 

The concentrations of the selected phenolics in the amount of the fruit wine samples 

inhibiting 50% AGL were used as a parameter for the estimation of their contributions to the IC50 

values of the analysed wines prepared with or without (Tables 2 and 3) addition of sugar before 

fermentation  Čakar et al., 2017 .  

 

Table 2 

Table 3 

 

2.6 Statistical analysis 

 Statistical analysis was done using the software SPSS Statistic V22.0 (IBM, Chicago, IL, 

USA; 2014) and pair samples t-test was used to compare IC50 values of control and wines made 

with adition of sugar and enyzme. The p<0.05 were considered significant. The authors have also 

chosen to use 0.01 for some of the data to indicate the greater significance of the differences. 

Inhibition curve were  prepared using the program Origin Pro 8 (OriginLab, Northampton, MA, 

USA; 2008). 

 

 
REA

log n log I n logIC
50100 REA
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3. Results and discussion 

 

3.1 α-Glucosidase inhibitory activity of the fruit wine samples 

Sigmoid-shaped inhibitory curves were obtained in all cases (Figures 1 and 2).  

Figure 1  

Figure 2  

Table 4 

The IC50 values obtained for the fruit wine samples had significant AGL (Table 4). Indeed, 

blueberry and black chokeberry wine samples (both without and with addition of sugar) were the 

most active. On the other hand, cherry with pit and raspberry were the least effective. Such results 

are in accordance with the previous ones for blueberry and raspberry acetic acid extracts 

(McDougall et al., 2005). A Norwegian study focussing on black chokeberry wine samples also 

supports the findings presented herein (Wangensteen et al., 2014). Another study on blackberry 

water and ethanol extracts has suggested that these beverages be used in diet as part of the 

therapeutic control of postprandial hyperglicemia (Sarkar et al., 2016). Methanol and acetone 

extracts of raspberries showed a strong AGL (Zhang et al., 2010). Furthermore, a study done in 

Poland has described the ability of cherry juice to inhibit α-glucosidase in vitro (Nowicka et al., 

2016). Difference between AGL of the various kinds of fruits may be explained by different 

cultivars and/or growing conditions.  

Indeed, the fruit wine samples produced with addition of sugar and enzyme before 

fermentation showed statistically higher AGL (p<0.01). The higher level of ethanol contributed to 

the increased extraction of total phenolics from the fruit pomace. The enzyme  was also added to 

increase the content of total phenolics in the final product. However, the t-test indicated no 

significant statistical difference  p≥0.05) for the IC50 values of the fruit wine samples prepared 

using different yeasts (Lievito Secco EZ FERM and ICV D254 yeasts). Previous work had 

suggested that biological activity of fruit wines was linked to the winemaking process and fruit 

used  Čakar et al., 2017). The wine lyophilisates (instead of the wine samples themselves) were 

used due to possible interference of the solvent (ethanol). However, it is well worth mentioning 

that that no AGL activity was found using the solvent (11% ethanol). AGL natural products are 

mainly distributed in the solid parts of the fruits, e.g.,  blueberry peel (McDougall et al., 2005; 
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Johnson et al., 2011; Wangensteen et al., 2014 ). In any case, their successful extraction represents 

a critical step for increasing the health-promoting effects of the fruit wines – the final products 

(Wang et al., 2012). The important thing is that they need to be in the liquid phase because solids 

are discarded. 

 

3.2 α-Glucosidase inhibitory activity of the selected ingredients (phenolic compounds)  

      from the fruit wine samples  

 

Table 5 

Figure 3 

 

Inhibitory curves for the standards of the phenolic compounds are shown in Figure 3. In 

brief, the highest AGL were found for ellagic acid (7.9×10
-6

 M), chlorogenic acid (4.8×10
-5

 M) and 

catechin (5.6×10
-5

 M), while rutin and p-coumaric acid showed slightly lower inhibitory activities 

(Table 5). The Hill coefficient provides a way to quantify the degree of interaction between ligand 

binding sites. It actually describes the cooperativity of the ligand binding. The values of the Hill 

coefficients (n) (Table 5) for the majority of the analysed phenolics were below 1 (n < 1) which 

actually indicated a negative cooperative binding to the enzyme. On the other hand, the value of 

the Hill coefficient for ellagic acid (n = 1.23) suggested a positive cooperative binding. Finally, 

some phenolic acids including caffeic, protocatechuic and gallic acids were also found to inhibit α-

glusosidase (Kwon et al., 2006). 

 

3.3 Contribution of the selected phenolic compounds to the IC50 values of the fruit  

       wine samples 

 

 

           Unlike ellagic acid, chlorogenic and caffeic acids significantly contributed to the inhibitory 

activity of the blueberry wine samples. Among hydroxybenzoic acid derivatives, protocatechuic 

and gallic acids were most effective. Similarly, chlorogenic acid mostly contributed to the 

inhibitory activity of the black chokeberry wine samples, followed by protocatechuic acid. On the 
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other hand, caffeic and gallic acids had less affect on the bioactivity of the same fruit wine samples 

(Tables 2 and 3). Such experimental data are in good agreement with the previous findings for the 

hypoglycemic action of both chlorogenic and caffeic acids (Hemmerle et al., 1997; Kwon et al., 

2008). 

Interestingly, protocatechuic acid mostly contributed to the IC50 values of the blackberry 

wines, both with and without  added sugar. But gallic and ellagic acids also contributed. However, 

caffeic, gallic and protocatechuic acids  predominantly contributed to the AGL of the raspberry 

wine samples. The existing data claiming that gallic acid has the ability to inhibit α-glucosidase are 

consistent with the current work (Oboh et al., 2016). As for the cherry wine samples with and 

without pits, chlorogenic and caffeic acids were most active. In contrast to the other samples, gallic 

acid did not contribute to their bioactivity (Tables 2 and 3). 

 

The lack of contribution of certain phenolic compounds to the IC50 values of the studied 

fruit wine samples may be at least partially explained by their low or very low concentrations. In 

any case, the possibility of a synergistic effect should not be excluded. Such a case has been 

observed for other plants (Suraiya et al., 2018). Anthocyanins should be thoroughly studied for 

AGL (Braunlich et al., 2013). Additionally, tannins may also be of interest (Toda et al., 2001). Last 

but not least, the influence of the food matrix on AGL should be taken into consideration. Indeed, 

proteins may react with phenolics thus, decreasing their inhibitory activity (Lavelli et al., 2016). 

Furthermore, hydrogen bonding coupled with hydrophobic interactions between polyphenolics and 

proteins lead to the formation of soluble or insoluble aggregates (Granato et al., 2010; Zhao et al., 

2013). Indeed, these aggregates were shown to release bioactive phenolics in an in vitro 

gastrointestinal model (Oliveira and Pintado, 2015). 

While some hydroxycinnamic acid derivatives (such as chlorogenic and caffeic acid) 

significantly contributed to the enzyme inhibition, other compounds belonging to the same class 

were less active. A previous study has reported their health-promoting effects based on AGL 

(Adisakwattana et al., 2004) Thus, hydroxycinnamic acid derivatives might be used in combination 

with acarbose for the control of hyperglycemia, if additional studies would confirm the efficacy of 

such an approach. The fact that a daily dietary intake of these compounds can affect the 
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suppression of postprandial hyperglycemia is particularly encouraging (Adisakwattana et al., 2009; 

Arabbi et al., 2004; Hertog et al., 1992, 1993). 

 

4. Conclusions 

 

This study has shown that fruit wines supplemented with sugar and enzyme Enartis Zym 

before fermentation may have a greater ability to inhibit α-Glu in vitro. Specifically, blueberry and 

black chokebery wine samples had the highest AGL levels. In any case, all fruit wines and/or 

lyophilised extracts studied will be the subject of the further ex vivo and in vivo studies aiming to 

determine their impact with moderate use, i.e., 150 to 200 ml/day, for he control of postprandial 

hyperglycemia.  
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Table 1. Total soluble solids of must and alcohol content.  

 

Wine sample 

Lievito Secco     

EZ FERM  yeast 

ICV D254  

yeast 

Total 

soluble 

solids must 

(º Brix) 

Alcohol 

content 

(Vol %) 

Total 

soluble 

solids must 

(º Brix) 

Alcohol 

content 

(Vol %) 

Black chokeberry 

control 
11.5 

±0.2 

6.6 

±0.1 

11.9 

±0.1 

6.9 

±0.1 

Black chokeberry 

+ sugar+ enzyme 

18.8 

±0.4 

11.1 

±0.1 

19.1 

±0.2 

11.2 

±0.1 

Blueberry 

control 
14.2 

±0.2 

8.3 

±0.1 

14.5 

±0.1 

8.4 

 ±0.1 

Blueberry  

+ sugar+ enzyme 

18.6 

±0.3 

10.9 

±0.1  

19.2 

±0.2 

11.3 

±0.1 

Blackberry 

control 
13.4 

±0.2 

7.8 

±0.1 

13.7 

±0.2 

7.9 

 ±0.1 

Blackberry  

+ sugar +enzyme 

17.6 

±0.2 

10.3 

±0.1 

17.7 

±0.2 

10.4 

±0.1 

Raspberry  

control 
12.8 

±0.1 

7.4 

±0.1 

12.6 

±0.1 

7.3 

±0.1 

Raspberry  

+ sugar+ enzyme 

16.7 

±0.2 

9.8 

±0.1 

16.5 

±0.2 

9.7 

 ±0.1 

Sour cherry  
control  −pit 

12.0 

±0.1 

6.9 

±0.1 

11.8 

±0.2 

6.8 

 ±0.1 

Sour cherry             

+ sugar +enzyme 

−pit 

18.4 

±0.2 

10.8 

±0.1 

18.2 

±0.3 

10.7 

±0.1 

Sour cherry    
control  +pit 

12.6 

±0.2 

7.3 

±0.1 

12.4 

±0.1 

7.2 

 ±0.1 

Sour cherry              

+sugar +enzyme 

+pit 

18.9 

±0.2 

11.2 

±0.1 

18.8 

±0.2 

11.0 

±0.1 

 

 

     Table 2. The concentrations of the selected phenolic compounds (M) and their contributions 

(%) to the IC50 values of the fruit  

                    wine samples made with Lievito Secco EZ FERM yeast. 

 

Type 

of 

Fruit 

Type 

of 

Vinifi

cation 

Epicate

chin 

Protocate

chuic 

acid 

Catech

in 

Gallic 

acid 

Chloro

genic 

acid 

Caff

eic 

acid 

p-

Coumar

ic     

acid 

  Ellagic 

  acid 

M % M % M % M % M % M % M % M % 

Black contro 3.5 - 4.2 7.7 8. - 3. 1. 2. 18 6. 5.6 2. - 5.4 - 



18 

 

choke

berry 

l 2 

×1

0
-9

 

5 

×1

0
-6

 

1 44 

×

10
-9

 

74 

×

10
-8

 

47 16 

×1

0
-6

 

.9 73 

×1

0
-7

 

7 60 

×1

0
-8

 

0 

×1

0
-8

 

Black 

choke

berry 

+ 

sugar 

+ 

enzym

e 

6.5

2 

×1

0
-9

 

- 

4.7

8 

×1

0
-6

 

8.3

5 

2.

48 

×

10
-8

 

- 

7.

73 

×

10
-8

 

1.

81 

2.

32 

×1

0
-6

 

19

.5 

9.

01 

×1

0
-7

 

6.1

5 

7.

33 

×1

0
-8

 

2.87 

9.3

7 

×1

0
-8

 

- 

Blueb

erry 

contro

l  

2.4

0 

×1

0
-7

 

2.

51 

8.8

4 

×1

0
-7

 

1.1

7 

1.

90 

×

10
-7

 

2.

10 

5.

43 

×

10
-7

 

3.

37 

3.

64 

×1

0
-6

 

21

.9 

9.

39 

×1

0
-7

 

6.3

8 

1.

97 

×1

0
-8

 

- 

1.4

3 

×1

0
-7

 

1.

3

7 

Blueb

erry 

+ 

sugar 

+ 

enzym

e 

2.0

3 

×1

0
-7

 

2.

02 

7.4

7 

×1

0
-7

 

1.0

5 

1.

52 

×

10
-7

 

1.

87 

4.

09 

×

10
-7

 

3.

19 

2.

26 

×1

0
-6

 

19

.0 

6.

74 

×1

0
-7

 

5.6

7 

2.

38 

×1

0
-8

 

- 

1.2

8 

×1

0
-7

 

1.

1

5 

Black

berry 

contro

l 

5.7

7 

×1

0
-9

 

- 

2.8

6 

×1

0
-6

 

6.4

5 

1.

26 

×

10
-7

 

1.

45 

1.

64 

×

10
-6

 

5.

86 

3.

21 

×1

0
-8

 

- 

2.

90 

×1

0
-8

 

1.1

7 

1.

92 

×1

0
-8

 

- 

4.9

3 

×1

0
-7

 

3.

3

0 

Black

berry  

+ 

sugar 

+ 

enzym

e 

1.5

2 

×1

0
-8

 

- 

2.7

7 

×1

0
-6

 

6.2

7 

1.

62 

×

10
-7

 

1.

91 

1.

94 

×

10
-6

 

6.

15 

3.

96 

×1

0
-8

 

1.

03 

6.

11 

×1

0
-8

 

1.3

7 

3.

18 

×1

0
-8

 

1.03 

5.0

7 

×1

0
-7

 

3.

3

2 

Raspb

erry  

contro

l 

9.5

2 

×1

0
-9

 

- 

1.2

4 

×1

0
-6

 

3.9

6 

1.

49 

×

10
-7

 

1.

85 

1.

89 

×

10
-6

 

6.

11 

7.

97 

×1

0
-9

 

- 

1.

71 

×1

0
-7

 

1.6

3 

2.

64 

×1

0
-8

 

- 

2.3

4 

×1

0
-7

 

2.

3

1 

Raspb

erry  

+ 

sugar 

+ 

enzym

e 

9.5

2 

×1

0
-9

 

- 

9.9

1 

×1

0
-7

 

1.4

8 

1.

53 

×

10
-7

 

1.

87 

1.

44 

×

10
-6

 

4.

93 

1.

58 

×1

0
-8

 

- 

2.

11 

×1

0
-7

 

3.7

6 

5.

06 

×1

0
-8

 

2.44 

2.3

1 

×1

0
-7

 

2.

3

0 

Sour  

cherry 

contro

l 

− pit 

1.4

7 

×1

0
-7

 

1.

57 

2.7

5 

×1

0
-6

 

6.1

5 

2.

81 

×

10
-7

 

3.

03 

8.

55 

×

10
-9

 

- 

5.

16 

×1

0
-6

 

29

.3 

1.

42 

×1

0
-6

 

7.6

7 

3.

81 

×1

0
-8

 

1.23 0 - 

Sour  + 2.6 2. 2.6 6.0 3. 3. 1. 1. 4. 27 1. 7.8 7. 3.35 0 - 
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cherry sugar 

+enzy

me 

/−pit 

0 

×1

0
-7

 

60 8 

×1

0
-6

 

3 31 

×

10
-7

 

27 58 

×

10
-8

 

12 52 

×1

0
-6

 

.2 51 

×1

0
-6

 

7 60 

×1

0
-8

 

Sour  

cherry 

contro

l 

+ pit 

1.6

5 

×1

0
-7

 

1.

74 

2.9

5 

×1

0
-6

 

6.5

7 

3.

12 

×

10
-7

 

3.

11 

1.

15 

×

10
-8

 

- 

5.

46 

×1

0
-6

 

31

.2 

1.

52 

×1

0
-6

 

7.9

0 

4.

85 

×1

0
-8

 

2.32 0 - 

Sour  

cherry 

+sugar 

+enzy

me 

/+pit 

2.4

7 

×1

0
-7

 

2.

55 

2.5

0 

×1

0
-6

 

5.5

2 

3.

31 

×

10
-7

 

3.

27 

1.

17 

×

10
-8

 

- 

4.

18 

×1

0
-6

 

25

.2 

1.

41 

×1

0
-6

 

7.6

5 

7.

19 

×1

0
-8

 

2.92 0 - 

Table 3. The concentrations of the selected phenolic compounds (M) and their contributions (%) 

to the IC50 values of the fruit wine    

Type 

of 

Fruit 

Type 

of 

Vinific

ation 

Epicate

chin 

Protocate

chuic 

acid 

Catech

in 

Gallic  

acid 

Chlorog

enic 

acid 

Caffeic  

acid 

p-

Coumaric 

acid 

Ellagic  

acid 

M % M % M % M % M % M % M % M % 

Black 

choke

berry 

control 

3.8

0 

×1

0
-9

 
- 

4.2

1 

×1

0
-6

 

7.5

9 

1.

06 

×

10
-8

 

- 

3.

90 

×

10
-8

 

1.

57 

2.

17 

×1

0
-6

 

19

.0 

5.

86 

×

10
-7

 

5.

15 

2.02 

×10
-

8
 

- 

5.

57 

×

10
-8

 

- 

Black 

choke

berry 

+ 

sugar 

+ 

enzym

e 

3.6

3 

×1

0
-9

 

- 

2.9

6 

×1

0
-6

 

6.5

5 

1.

61 

×

10
-8

 

- 

5.

42 

×

10
-8

 

1.

68 

1.

47 

×1

0
-6

 

16

.4 

4.

28 

×

10
-7

 

4.

78 

4.21 

×10
-

8
 

1.

81 

6.

24 

×

10
-8

 

- 

Blueb

erry 
control  

2.8

4 

×1

0
-7

 

2.

79 

1.0

3 

×1

0
-6

 

3.7

1 

2.

24 

×

10
-7

 

2.

15 

5.

75 

×

10
-7

 

3.

51 

4.

17 

×1

0
-6

 

25

.2 

1.

08 

×

10
-6

 

7.

13 

2.11 

×10
-

8
 

- 

1.

67 

×

10
-7

 

1.

43 

Blueb

erry 

+ 

sugar 

+ 

enzym

e 

2.6

6 

×1

0
-7

 

2.

62 

9.0

7 

×1

0
-7

 

1.2

1 

1.

87 

×

10
-7

 

2.

07 

5.

02 

×

10
-7

 

3.

17 

2.

70 

×1

0
-6

 

19

.6 

8.

18 

×

10
-7

 

5.

97 

2.71 

×10
-

8
 

- 

1.

60 

×

10
-7

 

1.

41 

Black

berry 
control 

4.3

8 

×1

0
-9

 

- 

3.1

2 

×1

0
-6

 

6.7

4 

1.

40 

×

10
-7

 

1.

83 

1.

75 

×

10
-6

 

5.

97 

3.

10 

×1

0
-8

 

- 

2.

88 

×

10
-8

 

1.

11 

1.71 

×10
-

8
 

- 

5.

33 

×

10
-7

 

3.

61 



20 

 

Black

berry  

+ 

sugar 

+ 

enzym

e 

1.6

1 

×1

0
-8

 

- 

2.7

9 

×1

0
-6

 

6.1

8 

1.

70 

×

10
-7

 

1.

93 

1.

93 

×

10
-6

 

6.

15 

3.

63 

×1

0
-8

 

- 

5.

65 

×

10
-8

 

1.

21 

2.78 

×10
-

8
 

- 

5.

07 

×

10
-7

 

3.

32 

Raspb

erry  
control 

1.0

0 

×1

0
-8

 

- 

7.0

3 

×1

0
-7

 

0.9

7 

8.

65 

×

10
-8

 

- 

9.

97 

×

10
-7

 

4.

45 

3.

69 

×1

0
-9

 

- 

1.

13 

×

10
-7

 

1.

47 

1.51 

×10
-

8
 

- 

1.

34 

×

10
-7

 

- 

Raspb

erry  

+ 

sugar 

+ 

enzym

e 

1.1

8 

×1

0
-8

 

- 

1.1

4 

×1

0
-6

 

3.7

2 

1.

81 

×

10
-7

 

2.

06 

1.

64 

×

10
-6

 

5.

25 

1.

32 

×1

0
-8

 

- 

2.

60 

×

10
-7

 

3.

91 

6.09 

×10
-

8
 

2.

56 

2.

65 

×

10
-7

 

2.

41 

Sour  

cherry 

control 

− pit 
1.5

7 

×1

0
-7

 

1.

61 

2.7

6 

×1

0
-6

 

6.1

5 

2.

78 

×

10
-7

 

2.

98 

8.

33 

×

10
-9

 

- 

5.

26 

×1

0
-6

 

29

.8 

1.

44 

×

10
-6

 

7.

71 

4.06 

×10
-

8
 

1.

55 
0 - 

Sour  

cherry 

+ 

sugar 

+ 

enzym

e 

/−pit 

2.3

0 

×1

0
-7

 

2.

47 

2.3

3 

×1

0
-6

 

5.3

1 

2.

95 

×

10
-7

 

3.

23 

1.

51 

×

10
-8

 

1.

07 

3.

97 

×1

0
-6

 

23

.0 

1.

34 

×

10
-6

 

7.

47 

7.08 

×10
-

8
 

3.

07 
0 - 

Sour  

cherry 

control 

+ pit 

1.6

3 

×1

0
-7

 

1.

73 

2.7

0 

×1

0
-6

 

6.0

7 

2.

82 

×

10
-7

 

3.

18 

1.

28 

×

10
-8

 

- 

5.

19 

×1

0
-6

 

29

.3 

1.

40 

×

10
-6

 

7.

57 

4.72 

×10
-

8
 

2.

17 
0 - 

Sour  

cherry 

+sugar 

+enzy

me 

/+pit 

2.2

5 

×1

0
-7

 

2.

37 

2.3

8 

×1

0
-6

 

5.3

8 

3.

05 

×

10
-7

 

3.

30 

1.

64 

×

10
-8

 

1.

14 

4.

06 

×1

0
-6

 

23

.1 

1.

39 

×

10
-6

 

7.

55 

7.35

×10
-

8
 

3.

25 
0 - 

               samples made with ICV D254 yeast.    

 

 

Table 4. The IC50 values of the fruit wine samples, along with the relevant lyophilised extract yield 

values. 
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IC50 Acarbose 77.8±5.7 µg/ml 
 

a 
- statistically significant different from control, *p<0.01 

b 
- statistically significant different from control − pit, *p<0.01 

c 
- statistically significant different from control + pit, *p<0.01 

 

Table 5. α-glucosidase inhibitory activity of the standards of the selected phenolic compounds: 

IC50 values and the Hill coefficients.         

Compound 

IC50 (M) 

n

 value p


 value Sigmoidal  

analysis 

The Hill  

analysis 

Epicatechin (1.6±0.2)×10
-4

 (1.2±0.04)×10
-4

 0.56±0.02 0.52±0.03 

Protocatechuic acid (2.9±0.2)×10
-4

 (2.9±0.07)×10
-4

 0.57±0.03 0.56±0.05 

Fruit type 
Type of 

vinification 

Lievito Secco EZ FERM 

yeast  

ICV D254  

yeast 

IC50 (µg/ml) 
Yield 

(%) 
IC50 (µg/ml) 

Yield  

(%) 

Black  

chokeberry 
control 49±2 4.7 50±2 4.9 

Black  

chokeberry 

+ sugar 

+ enzyme 
   28±1

a*
 4.7 30±1

a*
 4.8 

Blueberry control 48±1 2.7 49±2 2.4 

Blueberry  
+ sugar 

+ enzyme 
   27±1

a*
 2.8 29±1

a*
 2.5 

Blackberry control 50±1 2.3 53±2 2.3 

Blackberry  
+ sugar 

+ enzyme 
33±1

a*
 1.9 35±2

a*
 2.1 

Raspberry  control 60±1 2.4 59±2 2.7 

Raspberry  
+ sugar 

+ enzyme 
41±1

a*
 2.8 43±1

a*
 2.7 

Sour cherry 
control 

− pit 
73±1 2.8 71±2 2.7 

Sour cherry 
+ sugar 

+ enzyme/−pit 
57±2

b*
 2.7 55±2

b*
 2.9 

Sour cherry 
control 

+ pit 
72±1 2.6 71±2 3.0 

Sour cherry 
+sugar 

+enzyme/+pit 
57±2

c*
 2.9 58±2

c*
 3.0 
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Catechin (5.6±0.4)×10
-5

 (5.3±0.2)×10
-5

 0.64±0.04 0.61±0.03 

Gallic acid (2.0±0.2)×10
-4

 (2.3±0.1)×10
-4

 0.58±0.02 0.59±0.04 

Chlorogenic acid (4.8±0.4)×10
-5 

(5.0±0.2)×10
-5

 0.43±0.02 0.40±0.03 

Caffeic acid (3.5±0.3)×10
-4 

(3.7±0.1)×10
-4

 0.43±0.03 0.44±0.03 

p-Coumaric acid (7.6±0.6)×10
-5

 (7.3±0.3)×10
-5

 0.36±0.01 0.31±0.02 

Ellagic acid (7.9±0.5)×10
-6

 (7.8±0.3)× 10
-6

 1.26±0.10 1.23±0.10 

Rutin (6.1±0.5)×10
-5

 (6.4±0.2)×10
-5

 0.54±0.03 0.55±0.03 

 

 

                     the Hill coefficient 

                             


parameter of sigmoid function 

 

 

 

 

 

 

 

 

Figure captions 

 

Figure 1.  α-Glucosidase inhibitory activity induced by the lyophilisates of the fruit wine samples 

produced with Lievito Secco EZ FERM yeast, control and +sugar+enzyme  

(a and b, respectively) (REA - relative enzyme activity). 
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Figure 2.  α-Glucosidase inhibitory activity induced by the lyophilisates of the fruit wine samples 

produced with ICV D254 yeast, control and +sugar+enzyme  

(a and b, respectively) (REA - relative enzyme activity). 

 

Figure 3. α-glucosidase inhibitory activity induced by phenolic compounds (a) and the Hill 

analysis of the inhibitory curves (b). The given values represent the mean of at least three 

experiments. 
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Figure 1a and 1b 
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Figure 2a and 2b 
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Figure 3a and 3b 
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