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1. Introduction
Quercus spp. (Fagaceae family) is an important group 
of evergreen or deciduous trees that mostly grow in the 
regions with high temperate or tropical climate. The genus 
Quercus consists of approximately 450 species worldwide, 
often differing in flowering and fruiting dynamics (Tejerina 
et al., 2011). These species produce a fruit commonly 
described as an acorn (Vinha et al., 2016). Türkiye is one 
of the richest regions in the world for oak taxa and also 
has the world’s largest span of them (Yaltırık, 1984). Oak 
represents approximately 25.9% of the broad-leaved trees 
in the forests of Türkiye. Therefore, it is a dominant tree in 
central and eastern Anatolia (Kayacık, 1977).

In traditional medicine, acorns were used as astringents 
(antidiarrhea) and antidotes (Popović et al., 2013). Acorns 
contain important macronutrients and proteins, which 
are one of the most important compounds for human 
metabolism (Gea-Izquierdo et al., 2008). Bioactive peptides 
can be present as free or are simply described as the organic 
substances structured by amino acids along with peptide 
or amide bonds. Bioactive peptides (BP) are organic 
substances formed by amino acids joined by covalent 
bonds known as amide or peptide bonds. Although some 
BPs exist free in their natural source, the vast majority of 
known BPs are encrypted in the structure of the parent 

proteins and are released mainly by enzymatic processes. 
Bioactive peptides are responsible for health-promoting 
characteristics of proteins (Gobbetti et al., 2007). In vivo 
and in vitro studies reported that bioactive peptides are 
beneficial for the prevention of hypertension, diabetes, 
hypocholesterolemia, and cancer (Coda et al., 2012). 

Diabetes is one of the most common noncommunicable 
diseases caused by an insufficiency of the pancreas in 
insulin production or secretion. Because the number of 
diabetes patients has been increasing in recent years, many 
researchers have investigated potential treatments for this 
disease (Agarwal and Gupta, 2016). Today, incretion-
based therapies have been developed for the treatment of 
diabetes via glucose and weight control (Sebokova et al., 
2007). These treatments are based on dipeptidyl peptidase-
IV (DPP-IV) inhibitors and glucagon-like peptide-1 (GLP-
1) receptor agonists (Sebokova et al., 2007).

ACE (angiotensin I-converting enzyme) is a 
fundamental compound of the renin- angiotensin 
system which restrains the blood pressure and provides 
a water-salt balance in the arteries (Volpe et al., 2002). 
ACE plays a crucial role as a catalyst in the conversion 
of the angiotensin I hormone (inactive) that degrades 
bradykinin, a vasodilator to angiotensin II hormone 
(active). Angiotensin I-converting enzyme (ACE) 
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inhibitory peptides are bioactive peptides that have the 
potential to provide lower blood pressure (Gülseren et al., 
2019).

Antioxidative peptides are known as compounds that 
preventing the oxidation and formation of free radicals 
(Gu et al., 2015). Due to the adverse effects of synthetic 
antioxidants, both academic and industrial researchers 
have investigated natural antioxidants, which are preferred 
by consumers because of their bioavailability, low 
molecular weight, and high activity (Xie et al., 2008). 

In the present study, three different defatted acorn 
meal protein hydrolysates were obtained by trypsin 
hydrolysis. The antioxidant activity was determined by the 
superoxide anion retention activity, the antihypertensive 
effects were examined by the ACE inhibition activity, and 
the antidiabetic effects were demonstrated by the DPP-IV 
inhibition activity.

2. Material and methods
2.1. Materials 
Quercus cerris and Quercus coccifera were collected by 
hand from the forests in Isparta region, and Quercus ilex 
was collected by hand from the forests in Antalya region in 
2019, in Türkiye. All the other chemicals and reagents were 
obtained from Merck (Merck, Darmstadt, Germany) and 
Sigma Chemicals (Sigma-Aldrich, Steinheim, Germany).
2.2. Isolation of proteins from vegetable pulp
For the isolation of proteins, the method of Karaca et al. 
(2011) was used. Ten grams of acorn seeds were extracted 
for deoiling using hexane for 6 h in a Soxhlet system 
according to the AOCS method (AOCS, 1993). In this 
method, deoiled acorn seed was dispersed by mixing with 
water (1:15 by mass; sample: water). The pH of the medium 
was adjusted to pH 9.5 using a 1N NaOH solution, and the 
dispersion was allowed to stand for 1 h at 500 rpm with 
a magnetic stirrer at room temperature. The mixture was 
then centrifuged at 5000 × g for 30 min. The solute was 
collected, and the pH of the medium was fixed to 4.5 with 
1 N HCl. Thus, isoelectric precipitation was promoted. 
The precipitated fraction was collected and stored at –20 
°C until lyophilization (Stone et al., 2015).
2.3. Proteolytic hydrolysis of isolated proteins
Hydrolysis of the acorn protein was performed by trypsin 
enzyme. Acorn proteins were prepared in a 100 mM Tris-
HCl pH: 8 buffer containing 1% in solution. The enzyme 
was added to the protein solutions using Eppendorf tubes 
(1:100 unit for trypsin, enzyme:substrate). The enzymatic 
process was carried out using a suitable thermomixer 
at 37 °C 1000 rpm for one night (18 h). In addition, 
solutions for enzyme inhibition were heated at 95 °C for 
5 min. Afterwards, the solutions were put in an ice bath 
and cooled rapidly. Finally, the samples were centrifuged 

(30 min, 5000 × g) and passed through a 0.45-μm filter 
(Gülseren and Corredig, 2013).
2.4. Fractionation of peptides
The peptide fraction of the hydrolyzed acorn proteins 
was performed by the ÄKTA-Pure 25-L1 FPLC 
chromatography system (USA). The process was carried 
out on ion exchange columns (HiTrap DEAE FF, Capto-Q, 
Capto DEAE, Capto-S) and hydrophobic interaction 
columns (HiTrap Phenyl FF, HiTrap Butyl-S FF, HiTrap 
Octyl FF). For acorn samples, anion exchange columns 
were preferred for fractionation because the binding rate of 
the anion exchange columns was high, the elution was easy, 
and the resulting fractions did not require pretreatment in 
activity tests. In addition, according to the experiments, it 
was decided to inject 30% of the column binding capacity 
(Caglar et al., 2021).
2.5. DPP-IV inhibitory activity (antidiabetic)
DPP-IV inhibitory activity assays were described in 
Nongonierma et al. (2018). In this study, samples of a 
protein hydrolysates fractionated with 100 mM Tris-HCl 
(pH 8) buffer were used. DPP-IV inhibitor Diprotin A was 
used as the reference molecule. The sample and substrate 
(0.2 mM Gly-Pro-pNA) were mixed into an Eppendorf 
tube of 25 µL. The mixture was allowed to preincubate in a 
thermomixer at 37 °C for 10 min. At the end of this period, 
50 µL of DPP-IV enzyme (0.01 unit/mL) was added, and 
the reaction was started. The amount of pNA released from 
the substrate after a 1-h reaction period was measured 
at 405 nm by spectrophotometer (Shimadzu® BioSpec, 
Japan). All reagents were prepared in a 100 mM Tris-HCl 
buffer (pH 8). The negative control was similarly prepared 
with only substrate and buffer solution. The % inhibition 
values of the samples were calculated by comparing with 
the negative control sample.
2.6. Angiotensin-converting enzyme (ACE) inhibitory 
activity
In vitro ACE-inhibitory activity was performed using 
the method of Sinha et al. (2007). In this study, using the 
ODS-3 C18 column, the analysis was performed using 
HPLC (Shimadzu Corporation International Marketing 
Division, Tokyo, Japan). In the HPLC system, the liquid 
chromatography LC-20AD consists of a solvent dispenser 
module, a SIL-20A HT autosampler, a DGU-20A5R 
degasser, an SPD-20A UV-VIS detector, and a CTO-10AS 
VP column furnace. The salt concentrations of peptide 
fractions previously purified in the 20 mM Tris-HCl 
buffer were adjusted to contain 0.6M NaCl. The 1.68 mU 
of 250 ACL ACE and 250 µL of peptide fraction prepared 
in sodium borate (0.1 M, pH 8.3) buffer were mixed and 
preincubated in a thermomixer for 5 min at 37 °C 500 
rpm. After this, 3.94 mM HHL (15 µL) was added to the 
mixture, and the reaction was continued for 1 h. At the end 
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of the time, 1M HCl (500 µL) was added to the mixture to 
stop the reaction.

The ACE inhibition was monitored at 228 nm by 
injecting 10 µL of this mixture directly into the column. 
0.1% TFA prepared in 50% methanol was used as the 
mobile phase. The isocratic flow rate was used as 0.6 mL 
min and 20 mM Tris-HCl + 0.6 M NaCl buffer was used as 
control. At the control value, HHL is assumed to be 100% 
HA in the presence of ACE. Fraction samples in which the 
decrease in HA was investigated were compared with the 
control sample, and the percentage of inhibition values 
were calculated. In addition, a captopril inhibitor was used 
as positive control.
2.7. Superoxide anion retention activity test
In this study, the method performed by Marklund and 
Marklund (1974) was modified and used. Two milliliters 
of peptide solutions fractionated in Tris-HCl buffer 
solution (20 mM, pH 8.3) were mixed with 40 mL of 45 
mM pyrogallol (prepared in 10 mM HCl). The absorbance 
at 420 nm was measured in the spectrophotometer 
(Shimadzu UV-1280 model, UK) in the first 5 min of the 
mixing time. Trolox (0.02 mg/mL) and BHT (0.03 mg/mL) 
were used as positive controls. 
2.8. LC/MS-MS analysis
Mass scanning of peptides were performed on the Agilent 
Infinity 1290 HPLC system (Agilent Technologies, Santa 
Clara, CA, USA) consisting of a binary pump (G4220A), 
column compartment (G1316C) and an autosampler 
(G7167B) coupled with 6470 triple quadrupole mass 
spectrometry (6470A, Agilent Technologies, Santa Clara, 
CA, USA) in the range of 100–1500 m/z (amu) for positive 
polarity modes. The solutions of peptides were placed in 
the autosampler and directly infused to triple quadrupole 
mass spectrometer without utilizing an analytical column. 
During infusion, the composition of eluent was 30% 
mobile phase A (20 mM ammonium format in water) and 
70% mobile phase B (methanol) in a constant flow at 0.2 
mL/min. The mass spectrometer settings of the scanning 
method were as follows: drying gas temperature 350 °C, 
drying gas flow 10 L/min, nebulizer pressure 40 psi, sheath 
gas temperature 400 °C, sheath gas flow 10 L/min, and 
capillary voltage for positive and negative, 3000 V and 
2500 V, respectively (Wang et al., 2010).
2.9. Statistical analysis
Statistical analysis was performed using the JMP 16.0 
(USA) statistical package program. In the study, single 
factor (ANOVA) analysis of variance was used to determine 
the differences between the parameters (p < 0.01).

3. Results and discussion
3.1. Inhibitory activity of acorn peptides against DPP-IV
The inhibitory activity of three acorn peptides is given in 
Table 1. As can be seen in the table, six fractions of CER, 15 

fractions of CO, and 10 fractions of M showed antidiabetic 
effects. Among the peptide fractions, while the CO2 
fraction (2nd fraction of Q. coccifera) had the highest 
antidiabetic activity (50.10% ± 0.18), the CE13 fraction 
(13th fraction of Q. cerris) had the lowest antidiabetic 
activity (0.47% ± 0.07). When the DPP-IV inhibitions of 
the Quercus species peptides were compared, Q. coccifera 
was generally found to have a higher antidiabetic activity 
than those of Q. cerris and Q. ilex. 

In this study, the peptide sequence of the CO2 fraction 
was identified as SSLLIIK and NYGR (Figure 1). The 
probability of these sequences’ bioactivity is 41% and 48%, 
respectively (identified by peptide ranker) (Mooney et al., 
2012). The SSLLIIK peptide sequence contained Ser-Leu, 
Ile-Ile, Leu-Ile dipeptides, and the DPP-IV inhibitory 
activity of these peptides is mentioned in some studies 
(Nongonierma and Fitzgerald, 2013; Nongonierma et al., 
2013; Lan et al., 2015). The NYGR sequence also contained 
Asn-Tyr and Tyr-Gly dipeptides. Lan et al. (2015) studied 
337 dipeptides to evaluate their DPP-IV inhibitory effect, 
and they reported that Asn-Tyr and Tyr-Gly dipeptides 
had DPP-IV inhibitory activity. Considering these results, 
the antidiabetic effect of the CO2 peptide fraction may 
depend on these dipeptides.The peptide sequence of CO14 
fraction was identified as AMHAVIDR and GGLDFTH. 
The probabilities of bioactivity of these sequences were 
28% and 50%, respectively (identified by peptide ranker) 
(Mooney et al., 2012). The AMHAVIDR peptide sequence 
consisted of Ala-Val, Asp- Arg, Met-His, and Val-Ile 
dipeptides. Some studies reported DPP-IV inhibitory 
activities with these peptides (Nongonierma and Fitzgerald, 
2013; Nongonierma et al., 2013; Lan et al., 2015). The other 
sequence was found to have Gly-Leu, Gly-Gly and Thr-His 
dipeptides and similarly had DPP-IV inhibitory activity 
(Nongonierma et al., 2013; Lan et al., 2015) (Figure 2). 

Xu et al. (2018) indicated that the polyphenols of 
Quercus liaotungensis leaves had inhibitory effect on 
α-glucosidase, protein tyrosine phosphatase 1B and 
protective effects on normal pancreatic beta cells. Ahmed 
et al. (2017) examined the α-amylase inhibition effect 
of 14 extracts of Q. dilatata, and they concluded that 
chloroform extracts were more effective on α-amylase 
inhibition than ethanol + ethyl acetate, chloroform + 
methanol, ethanol + ethyl acetate extracts. Lyophilized 
extracts of Quercus brantii was examined for α-glycosidase 
activity in rat small intestine and polyphenols of Quercus 
brantii showed antidiabetic activity (Dogan et al., 2015). 
Although many studies regarding the antidiabetic effect 
of acorn polyphenols have been reported, no study on the 
antidiabetic properties of bioactive peptides derived from 
acorn proteins has yet been reported. 

Vealvarde-Salcedo et al. (2013) examined the DPP-
IV inhibitory effect of amaranth, soybean, black bean, 
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Table 1. Antidiabetic activity of Quercus species peptide fraction.

Fraction of 
species

Antidiabetic 
activity (%)

Fraction of 
species

Antidiabetic 
activity (%)

Fraction of 
species

Antidiabetic activity 
(%)

Diprotein A 46.11 ± 0.98A Diprotein A 46.11 ± 0.98B Diprotein A 46.11 ± 0.98A

CER1 10.95 ± 0.22 D CO1 25.05 ± 0.22 F M1 8.51 ± 0.43 G

CER2 17.49 ± 0.22 C CO2 50.10 ± 0.18 A M2 11.35 ± 0.29 F

CER3 n.d. CO3 25.31 ± 0.31 F M3 n.d.

CER4 n.d. CO4 32.34 ± 0.24 D M4 n.d.

CER5 n.d. CO5 29.69 ± 0.97 E M5 n.d.

CER6 n.d. CO6 12.08 ± 0.26 J M6 n.d.

CER7 n.d. CO7 6.61 ± 0.42 KL M7 7.33 ± 0.30 H

CER8 n.d. CO8 19.11 ± 0.38 H M8 n.d.

CER9 n.d. CO9 7.86 ± 0.25 K M9 7.09 ± 0.12 H

CER10 n.d. CO10 14.32 ± 0.41 I M10 14.42 ± 0.31 E

CER11 1.18 ± 0.19 E CO11 21.56 ± 0.27 G M11 22.93± 0.57 D

CER12 10.72 ± 0.32 D CO12 22.14 ± 0.22 G M12 13.71 ± 0.36 EF

CER13 0.47 ± 0.07 E CO13 33.49 ± 0.42 D M13 24.82 ± 0.73 C

CER14 n.d. CO14 36.82 ± 0.19 C M14 29.08 ± 0.22 A

CER15 n.d. CO15 15.21 ± 0.31 I M15 25.53 ± 0.10 C

CER16 20.88 ± 0.38 B CO16 n.d. M16 n.d.

A-D: Levels not connected by the same letter are significantly different (p < 0.01).
CER1 - CER16: Peptide fraction of Quercus cerris, CO1 - CO16: Peptide fraction of Quercus coccifera, M1 - M16: Peptide 
fraction of Quercus ilex, ± standard deviation (n = 3).

and wheat and reported that the bioactive peptides of 
amaranth showed the highest antidiabetic effect which was 
attributed to globulin peptides and which hinder active 
dimer formation. In a related study, the DPP-IV inhibitory 
effects of bioactive peptides of rice bran were tested, and 
Ile-Pro dipeptide was found to have higher antidiabetic 
activity than the other peptides (Hatanaka et al., 2012). 
Thus, vegetable bioactive peptides have potential for the 
prevention of diabetes. 
3.2. Inhibitory activity of acorn peptides against 
angiotensin I-Converting enzyme 
The ACE inhibitory effects of acorn peptides are given 
in Table 2. The results showed that the majority of acorn 
peptide fractions did not inhibit ACE, and only four peptide 
fractions including the Q. ilex M4, Q. cerris CE7, Q. cerris 
CE8, and Q. coccifera CO7 showed ACE inhibition. Out of 
all peptide fractions, the CE7 fraction had the highest ACE 
inhibition activity (5.88% ± 0.69) (Figure 3), and the CO7 
fraction showed the lowest ACE inhibition (0.01% ± 0.63) 
(Figure 4) (Table 2) (p < 0.01). In the literature, Gulseren 
et al. (2019) compared the ACE inhibition activity of 
the untreated hazelnut protein concentrate and trypsin-

treated hazelnut protein concentrate, and their activities 
were 7.6% and 40%, respectively. The ACE inhibition 
activities of acorn peptides studied in our research were 
not as high as that of the hazelnuts. This difference might 
be attributed to the sample matrix and the hydrolyzation 
time of proteins which was 4 h with trypsin. In another 
study, Wu and Muir (2008) reported that the ACE 
inhibitory effects of isoflavones-enriched soybean peptides 
were not significant, as expected. The ɣ-aminobutyric acid 
of fermented soy milk was found to be more effective on 
the reduction of hypertension than its peptides (Tsai et al., 
2006). 

In another study, Dumandan et al. (2014) studied the 
ACE inhibition activity of pistachio nuts and determined 
the trypsin enzyme to be 70.83% at 24 h. Compared to 
the present study, this difference might originate from 
enzyme treatment time and difference in food. The 
ACE inhibition activity of peptides was based on short 
peptide sequences (Hernández-Ledesma et al., 2011). 
Many bioactive peptides were isolated and identified 
for the ACE inhibition activity of protein in plants, 
microorganisms, and animals, and the positive effect on 
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hypertension was indicated in both animal and human 
studies (Bhat et al., 2017; Bougle and Bouhallab, 2017). 
Overall, all the studies performed on the ACE inhibition 
effects of different plant peptides were found to be higher 
than that of our study. 
3.3. Antioxidant activity of acorn peptides
The antioxidant activity of acorn peptides is shown in Table 
3 where it may be seen that four out of 48 acorn peptide 
fractions showed antioxidant activity; these were M1, 
M2, M3, and M4 fractions of the Q. ilex species. Among 
the all-peptide fractions, while the M2 fraction showed 
the highest antioxidant activity (13.33% ± 0.31), the M4 
fraction showed the lowest antioxidant activity (1.75% ± 
0.07) (Table 3) (p < 0.01). Although the peptide fraction of 
the Q. cerris and Q. coccifera species had antidiabetic and 
antihypertensive activity, they did not show antioxidant 
activity. It was estimated that this might be related to the 
amino acid sequence and peptide structure. Also, the 
antioxidative effect of peptides was mostly associated 

with the structure, hydrophobicity, and electron transfer 
capability (Lemes et al., 2016). Besides the number 
and types of amino acids in the peptide structure, the 
locations of these amino acids in the peptide sequence 
are also important for the antioxidative effect (Arcan and 
Yemenicioğlu, 2007). In the in silico study conducted by 
Gülseren (2018) on hazelnut (Corylus avellana L.) peptides, 
antioxidant activity can be observed to some extent 
and less frequently than other bioactivities (e.g., ACE-
inhibitory and DPP-4 inhibitory activities). Of the 138 
proteolytic scenarios, antioxidant activity was predicted 
in only 44 cases (31.9%). Our 48 proteolytic scenarios (16 
peptide fractions × 3 Quercus species), only four peptide 
fractions had antioxidant activity (8.33%). Therefore, this 
difference might be attributed to the enzyme type and food 
matrix used in the study. 

The antioxidant activities of peptides are based on the 
amino acids they contain (Srivastava, 2013). For example, 
the antioxidant activities of aromatic amino acids such 
as tyrosine, phenylalanine and tryptophan, and cysteine 

Figure 1. LC/MSMS chromatogram of CO2 peptide fraction.
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are connected to their ability to deliver protons to free 
radicals (Srivastava, 2013). Basic amino acids such 
as lysine and arginine and acidic amino acids such as 
aspartic acid and glutamic acid exhibit antioxidant 

activity based on the ability to form chelates with metal 
ions (Chen et al., 1996). The bioactivities and benefits of 
oak species were indicated by some researchers (Sagdic et 
al., 2021; Morales, 2022).

Table 2. ACE inhibitory effects of Quercus species peptide fraction.

Fraction of species ACE inhibition (%)

Captopril 53.23 ± 0.91 A

CE7 5.88 ± 0.69 B

CE8 4.77 ± 0.49 C

CO7 0.01 ± 0.63 E

M4 0.06 ± 0.57 D

A-D: Levels not connected by the same letter are significantly different (p < 0.01).
CER: Peptide fraction of Quercus cerris, CO: Peptide fraction of Quercus coccifera, M: Peptide 
fraction of Quercus ilex, ± standard deviation (n = 3).

Figure 2. LC/MSMS chromatogram of CO14 peptide fraction.
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Table 3. Antioxidant capacity of Quercus species peptide fractions.

Fraction of species Superoxide anion retention activity (%)

BHT 48.20 ± 0.56 A

M1 10.42 ± 0.03 C

M2 13.33 ± 0.31 B

M3 7.79 ± 0.16 D

M4 1.75 ± 0.07 E

A-D: Levels not connected by the same letter are significantly different (p < 0.01).
M: Peptide fraction of Quercus ilex, ± standard deviation (n = 3).

Figure 3. HPLC choromatogram of ACE inhibition activity of CE7 peptide fraction.

Figure 4. HPLC choromatogram of ACE inhibition activity of CO7 peptide fraction.
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4. Conclusion
In this study, the potential bioactivity of peptides obtained 
by the hydrolysis of Quercus coccifera, Quercus ilex, and 
Quercus cerris proteins was studied. In the literature, the 
presence of antioxidant, antidiabetic and antihypertensive 
properties in Quercus polyphenols has been investigated, 
but this study is the first to investigate the peptides of 
Quercus. In addition to the studies that improve these 
activities in acorns, new studies can be conducted on 
different bioactive properties such as antimicrobial and 
anticancer activities. In the future, these active peptides 
could be subject to pharmacological studies, or their 
usefulness as a functional compound in foods that can be 

consumed uncontrollably could be investigated. In this 
way, it would be possible to make important contributions 
to the fight against hypertension and diabetes.
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