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ABSTRACT
Nowadays, legume plants have been considered not only a source of valuable proteins necessary for the proper functioning and growth of the body but also a source of bioactive compounds such as bioactive peptides,
that may be beneficial to human health and protect against negative change in food. The aim of this study
was to investigate the effect of heat treatment on the release of antioxidant peptides obtained by hydrolysis
of the yellow string beans protein. The antioxidant properties of the hydrolysates were evaluated through
free radical scavenging activities (DPPH and ABTS) and inhibition of iron activities (chelation of Fe2+). The
results show that the heat treatment had influence on both increased peptides content and antioxidant activity
after pepsin hydrolysis of string bean protein. The peptides content after protein hydrolysis derived from raw
and heat treated beans were noted 2.10 and 2.50 mg·ml-1, respectively. The hydrolysates obtained from raw
(PHR) and heat treated (PHT) beans showed better antioxidant properties than protein isolates (PIR and PIT).
Moreover, the hydrolysates obtained from heat treated beans showed the higher ability to scavenge DPPH•
(46.12%) and ABTS+• (92.32%) than obtained from raw beans (38.02% and 88.24%, correspondingly). The
IC50 value for Fe2+ chelating ability for pepsin hydrolysates obtained from raw and heat treatment beans were
noted 0.81 and 0.19 mg·ml-1, respectively. In conclusion, the results of this study showed that the heat treatment string beans caused increase in the antioxidant activities of peptide-rich hydrolysates.
Key words: protein hydrolysates, bioactive peptides, antioxidant activity, yellow string bean

INTRODUCTION
Legume plants are a good source of protein, fiber,
carbohydrates, many essential vitamins or minerals.
Nowadays, it is known that they are also a source of
various bioactive compounds including antioxidants/
peptides, and many of those compounds have important beneficial effects on human health. On the
other hand, antioxidants can play an important role


in food technology to improve the shelf life of foods
[Di Bernardini et al. 2011], due to the fact that lipid
peroxidation is a main cause of quality changes which
affect the flavour, texture and appearance of foods
[Rajapakse et al. 2005]. Free radicals, that inevitably
form during the oxygen metabolism may contribute to
the development of several diseases such as cancer,
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cardiovascular and neurological degenerative diseases
or inflammation [Halliwell et al. 1995]. In recent years
attention has been focused on antioxidants derived
from natural sources, due to the fact that antioxidative activity of peptides and protein hydrolysates from
plants or animals, in some cases, is similar or higher
than that of commonly used synthetic antioxidants,
such as butylated hydroxytoluene (BHA), butylated
hydroxylanisole (BHT) [Samaranayaka and Li-Chan
2008]. Antioxidants can lower the pace of lipid autoxidation process, they also act as the heavy metal
ions acceptors, scavengers of free radicals and are involved in anti-inflammatory processes [Ruiz-Ruiz et
al. 2013]. Bioactive peptides and peptide rich hydrolysates derived from plants and animals proteins are of
particular interest in the area of human nutrition and
food technology due to their beneficial antihypertensive, anticancer, hypocholesterolemic, anti-inflammatory and antioxidant properties [Chakrabarti et al.
2014, Hartmann and Meisel 2007]. The ability to ions
chelating, scavenge or neutralize free radicals, oxygen
quencher or hydrogen donor has been described as antioxidative properties [Moure 2006]. It is reported that
transition metal ions (e.g. Fe2+ or Cu2+) are involved
in many oxidation reactions in vitro. These ions can
catalyse Haber-Weiss reaction and induce superoxide
anion to form more hazardous hydroxyl radicals that
react rapidly with the adjacent biomolecules and cause
severe damage. One of the products formed in Fenton
reaction is Fe2+, where hydrogen superoxide produces
hydroxyl radical [Afans et al. 1989]. It was found that
the scavenging of hydroxyl radicals by antioxidant
was effective mainly via chelating of metal ions [Gordon 1990]. These have been at least partially attributed
to the presence of biologically active components in
beans (other legume plants) especially polyphenols
[Xu and Chang 2008, Gawlik-Dziki et al. 2012] or
peptides that can be released from plants or animals
proteins during digestion or technology process as
microwave cooking, heating or frozen process [Karaś
and Baraniak 2010].
Several studies have reported the antioxidant potential of biologically active peptides from protein
hydrolysates [Wu et al. 2003, Iwaniak and Minkiewicz 2007, Jakubczyk et al. 2011, Carrasco-Castilla et
al. 2012] but have not investigated the effect of high
temperature on antioxidant of peptides derived from
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yellow string bean proteins. The aim of this study was
to investigate the influence of heat treatment on antioxidative activity (the ability to Fe2+ chelating and
radical scavenging activity) of peptides obtained from
yellow bean proteins hydrolysates.
MATERIAL AND METHODS
Chemicals
The following chemicals were used: ABTS
(2,2’-azinobis-(3-ethyl-benzothiazoline-6-sulphonic
acid) diammonium salt); DPPH (2,2-diphenyl-1-picrylhydrazyl); TNBS (2,4,6-trinitrobenzenesulfonic);
ferrozine (3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazine-p,p′-disulfonic acid monosodium salt hydrate); pepsin
from porcine gastric mucosa (250 U·mg-1). All chemicals were of the highest analytical grade and purchased
from Sigma-Aldrich Company, USA.
Plant material
The research materials were raw and boiled (10 min,
100°C) frozen yellow string beans (Phaseolus vulgaris) purchased in local market.
Preparation of protein isolates and enzymatic
hydrolysis
The protein isolates from raw pods yellow string
beans (PIR) and heat-treated yellow string beans (PIT)
were prepared according to Morales-de León et al.
[2007] with slight modification. The materials were
dispersed in 0.2% NaOH in ratio 1:10 (w/v) and protein extraction was carried out under stirring for 1 h at
room temperature. The solutions were centrifuged for
20 min (8000 g, 4°C). After that, pH of supernatants
was adjusted to the isoelectric point of bean proteins
(pH = 4.5) with 0.1 M HCl. Precipitated proteins were
centrifuged for 20 min, 4°C, 8000 g and were washed
with distilled water. Isolates of protein were stored at
–18°C until further use.
Protein isolates (PIR and PIT) were hydrolysed by
treatment with pepsin. Hydrolysis parameters were
used as follows: protein isolate concentration – 4%
(w/v); enzyme/substrate ratio 1:20 (w:w); temperature
37°C, pH = 2. A digestion was carried out for 120 min.
During the hydrolysis, the samples were taken every
15 minutes to determine the content of released peptides. At the end of hydrolysis the reaction mixture was
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immediately heated (100°C, 5 min) to inactivate the enzyme. Hydrolysates obtained from raw bean (PHR) and
heat-treated bean (PHT) were clarified by centrifuged
8000 g, 20 min and stored at –18°C until further use.
Determination of peptide concentration
The concentration of peptides during hydrolysis of
PIR and PIT was determined by the 2,4,6-trinitrobenzenesulfonic (TNBS) method using L-leucine as the
standard [Adler-Nissen 1979]. All assays were performed in triplicates.
Fe2+ chelation assay
The method of Decker and Welch [1990] was used
to investigate the ferrous ion chelating ability of protein isolates and hydrolysates (PIR, PIT and PHR,
PHT). Briefly, the sample (1 ml) was added to 0.02 ml
2 mM FeCl2 solution and 0.04 ml 5 mM ferrozine. The
mixture was shaken vigorously and incubated at room
temperature for 10 min. The absorbance was subsequently measured at 562 nm in the spectrophotometer.
The percentage of inhibition of ferrozine-Fe2+ complex
formation was calculated using the formula below:
ª
A º
% chelating activity = «1  §¨ s ·¸» · 100
¬ © Ac ¹ ¼

where: As – absorbance of sample, Ac – absorbance of
control.
The IC50 value (concentration of peptides to decrease 50% of Fe2+ chelating activity) was obtained
from the plot of % inhibition of ferrozine-Fe2+ complex formation against concentration of bean peptides.
Radical-scavenging activity
DPPH• radical-scavenging activities. DPPH radical scavenging activity of protein isolates (PIR, PIT)
and hydrolysates (PHR, PHT) was performed according to Brand-Williams et al. [1995] with slight modification. 0.2 ml of sample was mixed with 1.8 ml of 6
μM solution of DPPH• in 75% methanol. The absorbance of sample was determined at 515 nm after 10 min
of incubation (75% methanol was used as a blank).
Scavenging activity of the samples was expressed as
the percentage of free radical-scavenging effect following the equation:
ª
A º
Scavenging activity % = «1  §¨ s ·¸» · 100
A
©
c ¹¼
¬
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where: As – absorbance of sample, Ac – absorbance of
control (DPPH solution).
ABTS•+ radical-scavenging activities. ABTS radical cation scavenging activity of protein isolates (PIR,
PIT) and hydrolysates (PHR, PHT) was determined by
the method according to Re et al. [1999] with slight
modification. This reaction is based on decolourization of the green solution of the free ABTS radical cation (ABTS•+). The radical solution was prepared with
ABTS and potassium persulfate, diluted in ethanol, at
final concentration of 2.45 mM and left at dark for 16
h to allow radical development. The solution was diluted to reach absorbance measures around 0.70-0.72
at 734 nm. 1.8 ml ABTS•+ solution was mixed with
0.04 ml of each sample. The absorbance was measured
in even minute of reaction during 10 min at 734 nm.
Deionized water was used as blank. Percentage inhibition of the ABTS•+ radical was then calculated using
the equation:
ª
A º
Scavenging activity % = «1  §¨ s ·¸» · 100
A
©
c ¹¼
¬

where: As – absorbance of sample, Ac – absorbance of
control (ABTS solution).
Statistical analysis
Each treatment was conducted in triplicate and the
results were presented as mean ± standard deviation.
STATISTICA 7.0 was used for statistical analysis.
Tukey’s test was used to estimate significant differences among the mean values at the 5% probability
level (α = 0.05).
RESULTS AND DISCUSSION
For improving ability to Fe2+ chelating and antiradical properties the protein isolate obtained from raw or
heat treated yellow string bean (PIR or PIT) were digested by pepsin under optimal conditions during 120
min. After this time, peptides content reached a plateau
(Fig. 1). The peptides content (mg·ml-1, with L-leucine as a standard) during pepsin treatment in even 15
minutes of hydrolysis process was determined and increased after enzymatic hydrolysis from 0.18 ±0.01 up
to 2.10 ±0.2 and from 0.19 ±0.02 up to 2.5 ±0.3 mg·ml-1
for protein hydrolysates obtained from raw bean (PHR)
and heat treatment bean (PHT), respectively.
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Fig. 1. Influence of time hydrolysis on release of peptides
from proteins raw and heat-treated string beans

The results indicate that technology process as
heat treatment had influence on improving accessibility of proteins to act by enzymes and to increase the
content of peptides. The biological properties of peptides depend on the type of enzyme used and degree
of proteins hydrolysis [Wu et al. 2003, Jakubczyk et
al. 2011, Carrasco-Castilla et al. 2012]. During enzyme digestion, a wide various smaller peptides and
free amino acids are released depending on protein
specificity. Changes in size, content and composition
of peptides and free amino acids affect on antioxidant
activity [Wu et al. 2003].
The ability to Fe2+ chelating activity of protein
isolates and pepsin hydrolysates were noted as a IC50
value. As seems in Table 1, the peptides obtained
from heat-treated beans (PHT) showed the strongest
Fe2+ chelating ability (0.19 ±0.01 mg·ml-1). In hydrolyzed samples the chelating capacity increased nearly

2-fold than in samples obtained from no hydrolyzed
proteins (PIR, PIT). It seems, that the conformation
of protein and composition of hydrolysates caused by
heat treatment increased accessibility to ferric chelating groups of yellow bean peptides. These results are
corresponding well with those reported by Arcan and
Yemenicioğlu [2007] that investigated effect of thermal processing on Fe2+ chelating ability crude or partially purified protein extract from chickpea and white
bean. The results showed, that the thermal processing
increased the Fe+2-chelating capacity of lyophilized
chickpea crude protein extracts 1.8-fold whereas it
caused a 2.3-fold reduction in the Fe+2-chelating capacity of lyophilized white bean crude protein extracts
[Arcan and Yemenicioğlu 2007]. Moreover, the heat
treatment had also influence on ions chelating ability
of peptides from loach proteins. The peptides obtained
from heat treated material (63°C, 30 min and 121°C,
15 min) were characterized by higher Cu2+ chelating
activity than the proteins treated at 100°C, 20 min
[You et al. 2012]. Zhu et al. reported that the specific
peptide structure and amino acid side chain groups
played an important role in terminating the free radical
chain reactions and also in chelating transition metal
ions [Zhu et al. 2008].
The antiradical activity was measured as ability
to reduce DPPH• and ABTS•+ by peptides obtained
from yellow bean proteins hydrolysates. As shown

Table 1. Comparison of Fe2+ chelating ability of protein isolates and hydrolysates obtained from string beans, expressed
as IC50 value
IC50 value, mg·ml-1
Sample

raw string bean

heat-treated string
bean

Isolate

0.42 ±0.01aA

0.33 ±0.02aB

Hydrolysate

0.81 ±0.03bA

0.19 ±0.01bB

Values with different letters superscripts are significantly different at α = 0.05.
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Fig. 2. Comparison of DPPH• scavenging capacities of protein isolates and hydrolysates obtained from string bean: PIR
– protein isolate from raw bean, PHR – protein hydrolysates
from raw bean, PIT – protein isolate from heat treated bean,
PHT – protein hydrolysates from heat treated bean
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ABTS solution than with lipid-soluble DPPH solution
[You et al. 2012].
CONCLUSION

Fig. 3. Comparison of ABTS•+ scavenging capacities of
protein isolates and hydrolysates obtained from string bean:
PIR – protein isolate from raw bean, PHR – protein hydrolysates from raw bean, PIT – protein isolate from heat treated bean, PHT – protein hydrolysates from heat treated bean

in Figure 2 the value of DPPH radical scavenging activity increased to the greatest extent for peptides derived from hydrolysates from protein after heat treatment and it was noted as 46.12%.
The higher antiradical activity against DPPH• was
determined for PHT and PHR (46.12 ±1.84% and
38.02 ±2.28%) than for PIR or PIT (22.99 ±1.60% and
32.09 ±2.24%, respectively).
Moreover, the ABTS radical scavenging activity
(Fig. 3) of peptides from both PHR and PHT (88.24
±2.64 and 92.35 ±4.31%, respectively) increased
nearly 2-fold higher than activity of protein isolates
PIR and PIT (54.36 ±4.34 and 50.54 ±4.04%). The
similar results were obtained in previous study where
protein obtained from pea sprouts was hydrolysed by
pepsin and the antiradical activity was measured. The
ABTS radical scavenging activity of peptides was
noted 99.57 % (0.2 mg·ml-1) and was 5-fold higher
than antiradical activity of raw protein [Jakubczyk et
al. 2011]. The heat treatment process contributed to
the improved accessibility of peptide bonds to the proteases and this resulted in higher release of the antioxidant peptides. The reason of significant changes of
antioxidant activity against ABTS•+ and DPPH• may
be that during heat treatment and hydrolysis of bean
proteins the compositions of free amino acids and released peptides were changed and more hydrophilic
amino residue side chain groups were exposed [Zhu
et al. 2008]. Thus, they better react with hydro-soluble
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Obtained results indicate, that the heat treatment
process significantly influences the antiradical activity and Fe2+ chelating ability of peptide-rich protein
hydrolysates obtained after pepsin hydrolysis. These
peptides can be used as additives or compounds to
functional foods. These results should be supported by
the study of effect of heat treatment of yellow bean
on release of antioxidant peptides during hydrolysis
under gastrointestinal conditions.
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AKTYWNOŚĆ PRZECIWUTLENIAJĄCA HYDROLIZATÓW BIAŁKOWYCH
OTRZYMANYCH Z SUROWEJ I PODDANEJ OBRÓBCE TERMICZNEJ
ŻÓŁTEJ FASOLI SZPARAGOWEJ (PHASEOLUS VULGARIS L.)
STRESZCZENIE
Obecnie rośliny strączkowe są uznawane nie tylko za źródło wartościowego białka niezbędnego do prawidłowego funkcjonowania i wzrostu, ale także źródło biologicznie aktywnych peptydów, które mogą korzystnie
wpływać na zdrowie ludzi oraz zapobiegać niekorzystnym zmianom zachodzącym w żywności. Celem badań
było określenie wpływu obróbki cieplnej na właściwości przeciwutleniające peptydów uzyskanych w wyniku hydrolizy białek żółtej fasoli szparagowej. Właściwości przeciwutleniające hydrolizatów wyrażono jako
zdolności do neutralizacji wolnych rodników (DPPH• i ABTS+•) i chelatowania jonów żelaza (II). Otrzymane
wyniki wykazały, iż obróbka cieplna znacząco wpłynęła zarówno na podatność białek fasoli szparagowej na
działania pepsyny, jak i uwolnienie peptydów o właściwościach przeciwutleniających. Oznaczona zawartość peptydów po hydrolizie białek surowej i ugotowanej fasoli wyniosła odpowiednio: 2,10 i 2,5 mg·ml-1.
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Hydrolizaty otrzymane z surowych (PHR) oraz poddanych obróbce termicznej (PHT) strąków fasoli odznaczały się lepszymi właściwościami przeciwutleniającymi niż izolaty białkowe (PIR i PIT). Ponadto hydrolizaty otrzymane z poddanych obróbce termicznej strąków fasoli wykazywały większą zdolność do neutralizowania wolnych rodników DPPH• (46,12%) i ABTS+• (92,32%) niż hydrolizaty uzyskane z fasoli surowej
(odpowiednio 38,02% i 88,24%). Hydrolizaty białkowe otrzymane z surowych oraz poddanych obróbce
termicznej strąków fasoli wykazywały zdolność do chelatowania jonów Fe2+, która wyrażona jako wartość
IC50 wyniosła odpowiednio 0,81 i 0,19 mg·ml-1. Podsumowując, wyniki prezentowanych badań wykazały, że
obróbka cieplna wpłynęła na polepszenie właściwości przeciwutleniających bogatych w peptydy hydrolizatów białek fasoli szparagowej.
Słowa kluczowe: hydrolizaty białkowe, bioaktywne peptydy, aktywność przeciwutleniająca, żółta fasola
szparagowa
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