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Summary 

 
This work aimed to evaluate polyphenols from two traditional apple varieties as a-glucosidase 
inhibitors. Polyphenols were extracted from the flesh and skin of two traditional apple 
varieties ('Božićnica' and 'Batulenka') by using ultrasonic-assisted extraction. Total 
polyphenols in extracts were determined by the spectrophotometric Folin-Ciocalteu method, 
expressed as gallic acid equivalents (GAE). The α-glucosidase activity was evaluated based 
on the spectrophotometric determination of p-nitrophenol (pNP) released from p-nitrophenyl-
α-D-glucopyranoside (p-NPG) substrate by the action of the enzyme. To inhibit enzyme 
activity, various polyphenol concentrations were added to the reaction mixture. IC50 value 
was calculated (concentration of polyphenols that gives 50 % inhibition). 'Božićnica' and 
'Batulenka' contained 337.24 and 202.17 mg GAE/kg in the flesh and 2132.91 and 824.43 mg 
GAE/kg in the peel, respectively. Polyphenols inhibited a-glucosidase activity and inhibition 
reached a steady state. IC50 values, expressed as µg of gallic acid equivalents (GAE) per mL 
of reaction solution, of the flesh of 'Batulenka' and 'Božićnica' were 1.69 and 1.47, 
respectively. Peel showed similar IC50 values (1.07, and 0.33 μg GAE/mL, for the peel of 
'Batulenka' and 'Božićnica', respectively). These results suggest that polyphenols from the 
flesh and skin of traditional apple varieties are potent inhibitors of α-glucosidase activity. 
 
Keywords: α-glucosidase, inhibition, polyphenols, apple 
 
Introduction 
 
Traditional apple varieties have proven to be a good source of polyphenols (Jakobek and 
Barron, 2016). Polyphenols are a large group of naturally occurring compounds, produced in 
plants as secondary metabolites. The structural complexity of these bioactive compounds led 
to a classification in major classes, like flavonoids, phenolic acids, stilbenes, lignans, and 
others (Belščak-Cvitanović et al., 2018). Major polyphenolic classes in apples are phenolic 
acids and flavonoids (flavanols, flavonols, dihydrochalcones, and anthocyanins) (Ceymann et 
al., 2012; Tsao et al., 2003). Polyphenols are studied extensively due to their ability to exert 
various potential bioactivities in the human body. Although there is a need for further 
research, some studies suggest that a diet rich in certain polyphenol groups might have 
beneficial effects on chronic diseases (Cvejić Hogervors et al., 2018). Polyphenols from 
apples have also shown potential positive effects on specific cancers (Wu et al., 2018; Kao et 
al., 2017), anti-allergic activities (Kojima et al., 2000), antiviral properties (Suárez et al., 
2010), and possible therapeutic potential for obesity (Tamura et al., 2020).  
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All the proposed positive effects of apple polyphenols are not fully explained, and further 
research is necessary.Polyphenols are also studied for their potential antidiabetic effect 
(García-Pérez et al., 2017). Diabetes Mellitus (DM) is a metabolic disorder characterized by a 
chronic hyperglycemic condition (Chen et al., 2018). Type 2 diabetes mellitus (T2DM) is 
caused by decreased sensitivity of target tissue to insulin along with impaired glucose 
tolerance and accounts for 90 % of total DM cases worldwide (Ozougwu et al., 2013). 
Regular high postprandial glucose spikes in the blood increase the chance of developing 
impaired glucose tolerance. Hydrolysis of starch by the action of digestive enzymes such as α-
amylase and α-glucosidase is the main source of postprandial glucose in blood (Nyambe-
Silavwe et al., 2015). Therefore, inhibition of these enzymes is one of the approaches for 
T2DM treatment. 
α-glucosidase is a digestive enzyme located in the brush-border surface membrane of 
intestinal cells. It hydrolyzes oligosaccharides derived from starch to glucose and therefore is 
the key enzyme in the digestive process of carbohydrates (Nyambe-Silavwe et al., 2015; 
Kumar et al., 2011). α-glucosidase inhibitors, such as acarbose or miglitol, lower postprandial 
glucose in blood via competitive inhibition of α-glucosidase enzyme (Krentz et al., 2018). 
However, these drugs are associated with significant gastrointestinal side effects, like 
abdominal bloating, cramping, flatulence, or diarrhea, that affect over 50 % of individuals 
(Shmeltz and Metzger, 2007). Therefore, a need for natural α-glucosidase inhibitors was 
developed. Apple polyphenols have proven to be potent α-glucosidase inhibitors (Gong et al., 
2020; Li et al., 2019). However, inhibition of α-glucosidase by polyphenols from old, 
traditional apple varieties from Croatia (to the best of our knowledge) has not been 
investigated. 
This work aimed to evaluate polyphenols extracted from old traditional apple varieties as α-
glucosidase inhibitors. Furthermore, possible differences in the inhibition activity of 
polyphenols from the peel and the flesh will be examined. 
 
Materials and Methods 
 
Chemicals 
 
Chemicals used in this study were purchased from several firms. α-glucosidase (19.3 U/mg) 
from Saccharomyces cerevisiae, acarbose (≥95 %), and 4-nitrophenyl α-D-glucopyranoside 
(p-NPG, ≥99 %) were purchased from Sigma-Aldrich (St. Louise, MO, USA). Sodium 
dihydrogen phosphate dihydrate (p.a.), disodium hydrogen phosphate dodecahydrate (p.a.) 
and Folin-Ciocalteu reagent (p.a.) were obtained from Kemika (Zagreb, Croatia). The 
methanol (HPLC grade) was from J.T. Baker (Gliwice, Poland), while sodium carbonate 
anhydrous (p.a.) was from Gram-mol (Zagreb, Croatia). 
 
Samples 
 
Around 2 kg of apples was collected from local orchards (apple variety 'Božićnica' from 
Gornji Tkalec (45°58024.0” N 16°27012.0” E) and apple variety 'Batulenka' from Rude 
(45°46035.6” N 15°40035.8” E)). 'Božićnica' is a medium sized apple, with red peel and 
white flesh. 'Batulenka' is a medium sized apple, with distinctly green peel interspersed with 
white dots and white flesh.  
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The difference in peel colour, along with both apples being traditional varieties, was the main 
reasoning for this choice of apples since the red peel apples usually have more anthocyanins. 
Both apple varieties were harvested ripe. Approximately 1 kg of apples was peeled with a 
commercial peeler. For each variety, the peel was pooled together and homogenized with the 
help of a coffee grinder. The remaining apple flesh was then cut into four equal parts, the 
seeds were removed and the flesh pieces were pooled together. The flesh was homogenized 
with a stick blender. These samples were frozen, stored at −18 °C for no more than 30 days 
before extracts for the determination of polyphenolic compounds were made.  
 
Extraction of polyphenolic compounds 
 
Approximately 0.2 g of peel or flesh was weighed and added to a plastic cuvette. This 
procedure was repeated 10 times for each variety, both peel, and flesh. Then, 1 mL of a 
solvent consisting of 80 % methanol and 20 % water was added into each cuvette and the 
solution was homogenized in a vortex mixer. The extraction was performed on an ultrasonic 
bath (Bandelin Sonorex RK 100, Berlin, Germany) for 15 min. The solution was centrifuged 
(Eppendorf Minispin centrifuge, Eppendorf, Hamburg, Germany) for 10 min at 10,000 RPMs. 
Extracts were separated from the residue and combined to make a finale volume of 
approximately 10 mL. Lastly, methanol was removed from extracts using a rotary evaporator 
(IKA RV 10 Digital D Distilling Rotary Evaporator, Germany) and the finale volume was 
approximately 2 mL. Two parallel samples were prepared for each variety. 
 
Spectrophotometric method for total polyphenols (Folin-Ciocalteu method) 
 
Total polyphenol content (TPC) was determined by the Folin-Ciocalteau micro method 
(Singleton et al., 1999). An aliquot (20 μl) of the extract was mixed with 1580 μl of distilled 
water and 100 μl of Folin-Ciocalteau reagent. Three hundred microliters of sodium carbonate 
solution (200 g/L ) was added to the mixture. The mixture was incubated at 40 °C for 30 min 
(IN 30, Memmert, Schwabach, Germany). The absorbance was read at 765 nm on a UV–vis 
spectrophotometer (UV-Vis spectrophotometer, Shimadzu UV-1280, Kyoto, Japan). 
Solutions of gallic acid from 0 to 500 mg/L were measured with the same procedure, for the 
creation of the calibration curve.  
 
Inhibition of α-glucosidase  
 
α-glucosidase activity, with or without the presence of the inhibitor, was assayed 
spectrophotometrically using pNPG as substrate. Stock solutions of α-glucosidase (0.55 
U/mL), pNPG (0.3955 mg/mL), acarbose (2 mg/mL) and different concentrations (2-80 
µg/mL) of polyphenolic extracts were prepared in 0.1 M phosphate buffer (pH 6.8). The 
inhibition assay was conducted as presented in Table 1. Briefly, inhibition assay for every 
inhibitor contained negative control (0 % inhibition), negative control blank, inhibition, and 
inhibition blank. The assay solution containing 165 µL each of phosphate buffer and different 
concentrations of inhibitor and 85 µL of substrate (pNPG) was pre-incubated for 5 minutes at 
37 °C (IN 30, Memmert, Schwabach, Germany). For the negative control, the inhibitor was 
replaced with an equal amount of phosphate buffer, while acarbose (a well-known inhibitor) 
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was used as a positive control. The reaction was started by adding 85 µL of enzyme to the 
assay solution and was carried out at 37 °C for 17.5 min.  
The reaction was stopped by adding 665 µl of 0.1 M sodium carbonate (Na2CO3) and 
absorbance was measured at 405 nm on a UV–vis spectrophotometer (UV-Vis 
spectrophotometer, Shimadzu UV-1280, Kyoto, Japan). The rate of enzyme inhibition was 
calculated as a percentage of the control (without inhibitor) using the formula (Eq. 1): 
 

% = ((Abs Control - Abs sample)/ Abs control)* 100        (1) 
 
wherein, Abs Control represents the substracted value between negative control and control 
blank, while Abs sample represents the substracted value between inhibition and inhibition 
blank.  
IC50 values (concentration of inhibitor giving 50 % inhibition) were calculated graphically 
using dose-dependent inhibition. 
 
Table 1. The conditions for α-glucosidase inhibition assay 
 
 Control 

blank 
Negative control 

(0 % of inhibition) 
Inhibition 

blank Inhibition 

Buffer (0.1 M, pH 6.8) 250 µL 165 µL 85 µL 0 
Acarbose/sample  
(different concentrations) 

 
0 µL 

 
0 µL 

 
165 µL 

 
165 µL 

pNPG 85 µL 85 µL 85 µL 85 µL 
Preincubation at 37 °C for 5 minutes 

α-glucosidase (0.55 U/mL) 0 µL 85 µL 0 µL 85 µL 
Incubation at 37 °C for 17.5 minutes 

Na2CO3 (0.1 M) 665 µL 665 µL 665 µL 665 µL 
Absorbance measurement at 405 nm 

 
Statistical analysis 
 
Total polyphenols determination was performed in duplicates, while inhibition assay was 
performed in triplicates. All results were expressed as a mean value. All figures were plotted 
by Excel 2016 software and the IC50 value of enzyme activity was calculated using related 
equations. 
 
Results and Discussion 
 
Total phenolic content 
 
The total phenolic content of the flesh and peel of two old traditional apple varieties was 
evaluated and results are reported in Fig. 1. The amount of polyphenols, for both varieties, 
was higher in the peel than in the flesh, which is the usual trend (Jakobek and Barron, 2016; 
Vieira et al., 2011). As can be seen from Fig. 1, the peel of 'Božićnica' had the highest TPC 
(2132.9 mg GAE/kg of fresh peel weight), while the flesh of 'Batulenka' had the lowest values 
(202.17 mg GAE/kg of fresh flesh weight). The amount is in the accordance with the 
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literature data for TPC determined with the Folin-Ciocalteu method for different apple 
varieties (Carbone et al., 2011; Iacopini et al., 2010; Podsędek et al., 2000; Sanoner et al., 
1999; Vrhovsek et al., 2004). TPC of peeled cider and dessert apples reported by the Phenol 
explorer database was similar to these values (http://phenol-explorer.eu/). Higher amounts of 
polyphenols in the flesh and the peel of 'Batulenka' and 'Božićnica' were reported in our 
previous work (Jakobek et al., 2020), wherein the content of polyphenols was determined by 
High-performance liquid chromatography (HPLC). Slightly different extraction procedures, 
as well as different harvesting seasons (year 2018 for the HPLC and year 2019 for the Folin-
Ciocalteu method), might explain this divergence (van der Sluis et al., 2001). However, the 
trend wherein the 'Božićnica' had higher amounts of polyphenols than 'Batulenka', both for the 
peel and the flesh, remained the same for both methods. When assessing apples as a source of 
polyphenols, it is worth mentioning that peel represents only about 10 % of the whole fruit 
and it is not always consumed. Hence, the flesh of apples, despite having lower amounts of 
polyphenols, contributes more to the total polyphenol intake (Jakobek and Barron, 2016). 
 

 
 
Figure 1. Mean values and standard deviations of the content of polyphenols in the flesh and 

the peel of the traditional apple varieties, expressed in mg of gallic acid  
equivalent per kg of fresh fruit. 

 
α-glucosidase inhibition 
 
To properly evaluate α-glucosidase inhibition activity of certain test samples it is important to 
have a reference compound (positive control). Acarbose, the first drug developed for 
prediabetes treatment, is most commonly used as a positive control (Granados-Guzmán et al., 
2018). However, due to the minor modification of assay conditions, the mean inhibition 
concentration (IC50) values of acarbose vary greatly from one study to another (Gong et al., 
2020; Les et al., 2018; Yilmazer-Musa et al., 2012), making it difficult to compare results 
between laboratories. As can be seen from Fig. 2, acarbose inhibited α-glucosidase and the 
IC50 value of 206.1881 µg/mL was determined. This value is in accordance with IC50 value 
determined by Granados-Guzmán et al. (2018) in a study whose main objective was to 
optimize and validate the in vitro method to assess the inhibition of α-glucosidase (Granados-
Guzmán et al., 2018). The α-glucosidase inhibition activity of polyphenolic extracts from two 

http://phenol-explorer.eu/
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old traditional apple varieties was evaluated and IC50 values are reported in Table 2. All of the 
polyphenolic extracts had tremendously higher IC50 values than acarbose.  
Similar findings, where polyphenolic extracts were more potent α-glucosidase inhibitors than 
acarbose, have been reported previously (de Oliveira Raphaelli et al., 2019; Les et al., 2018; 
Yilmazer-Musa et al., 2012).  
 

 
 

Figure 2. The inhibition of α-glucosidase by acarbose (each concentration was measured 
three times and analysis was done by the method of least squares). 

 
Table 2. Experimental IC50 values of acarbose and the flesh and the peel of the traditional 
apple varieties 
 

Inhibitor IC50
a

Flesh of 'Batulenka' 1.6979 
Flesh of 'Božićnica' 1.4715 
Peel of 'Batulenka' 1.0769 
Peel of 'Božićnica' 0.3293 

Acarbose 206.1881 
aThe IC50 values of tested polyphenol extracts are expressed as mg of gallic acid equivalent per mililiter. For 
acarbose, IC50 value is expressed in µg/mL 
 
On the other hand, in a recent study done by Gong et al. (2020), young apple polyphenols had 
higher IC50 values (≈15 µg/mL) compared to acarbose (0.76 µg/mL) (Gong et al., 2020). As 
can be observed from Table 2, the IC50 values (µg GAE/mL) of the peel of 'Božićnica', the 
peel of 'Batulenka', the flesh of 'Božićnica' and the flesh of 'Batulenka' were 0.33, 1.08, 1.47 
and 1.69, respectively. Similar results were observed by Ci et al. (2018) for the flesh and the 
peel of mini apple (Malus domestica cv. „Alps Otome“) (Ci et al., 2018). However, acarbose 
was not used as a positive control for this study, so the comparison might not be reliable. For 
both varieties, the peel polyphenols had stronger inhibition activity than the flesh 
polyphenols, and inhibition reached a steady state in all cases (Fig. 3). These findings are in 
agreement with literature data (Adyanthaya et al., 2010; Barbosa et al., 2010). Higher 
amounts of condensed tannins (procyanidin B1 and procyanidin B2) in the peel compared to 
the flesh of both apple varieties reported in our previous work (Jakobek et al., 2020) might 
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explain these differences. Namely, Wei et al. (2017) showed that proanthocyanidins extracted 
from Pyrachanta fortuneana were excellent α-glucosidase inhibitors, being more than 2000 
times more effective than acarbose (Wei et al., 2017).  
This is probably due to the fact the binding of polyphenols to an enzyme is the driving force 
for the inhibition of enzyme activity (Gong et al., 2020), and that binding is primarily through 
hydrogen bonds between hydroxyl groups of polyphenols and amino acid residues of α-
glucosidase (Uddin et al., 2012). The higher condensed tannins (polyhydroxy compounds) 
content in the peel than in the flesh might explain better inhibitory effect of the peel 
polyphenols. 
 

 
 

Figure 3. The inhibition of α-glucosidase by polyphenols extracted from the flesh and the 
peel of 'Batulenka' and 'Božićnica' (data points are expressed as mean with standard 

deviations(n=3)). 
 
Conclusions 
 
The polyphenolic extracts from flesh and the peel of two traditional apple varieties, strongly 
inhibit α-glucosidase, with the peel of 'Božićnica' being the most potent inhibitor (IC50 0.33 
µg GAE/mL). Furthermore, polyphenols from peel showed better inhibitory effect than 
polyphenols form flesh, for both varieties.  
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