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Abstract

Soft confections can serve as a reservoir for bioactive peptide delivery in both functional food and food supplement
applications. In this study, pectin-based soft confections were fortified with proteolytic plant protein hydrolysates and the
residual bioactivity of hydrolysates was studied after processing or simulated digestion. Cold press sunflower or hazelnut
cakes were used in the manufacture of protein isolates based on an alkali extraction-isoelectric precipitation (AE-IP)
method. Trypsin or bromelain were utilized in the proteolysis of the isolates and thus prepared liquid hydrolysates were
used in confectionery manufacture. DPP-IV (dipeptidyl peptidase-IV) inhibitory activity (i.e., in vitro antidiabetic activ-
ity) and antioxidative activities were measured. In addition, sensory and textural attributes were investigated. In all cases,
a significant concentration of hydrolysates were added to the confections (27%), which lead to significant changes in
color, texture and sensory acceptance. The peptide profile and size distribution mostly altered such characteristics, while
observed bioactivity was significant after processing. Simulated digestion enhanced DPP-IV inhibitory activity up to
approx. 40%, whereas antioxidative performance decreased. While the applicability of the current findings is limited by
hydrolysate solubility, ingredient interactions, and processing costs, the relevance of degree of hydrolysis (DH%), peptide
characteristics and phenolic-peptide interactions on product quality and eventual bioactivity are being discussed.

Keywords Functional confectionery - Vegan food supplements - Bioactive peptides - Simulated digestion - Texture
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TNBS 2,4,6-Trinitrobenzenesulfonic Acid
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capabilities may be considered in this regard. Due to its
biological activities, Dipeptidyl peptidase-IV (DPP-IV) has
been associated with the development of various diseases
including or affecting glucose metabolism, intestinal motil-
ity, immune system, and diabetes. Consequently, inhibition
of DPP-1V is a target in the treatment of diabetes and natural
ingredients that inhibit DPP-IV activity may be considered
as antidiabetic agents [4].

Recently, foods with high protein content have also
become increasingly popular among the consumers. While
gelatin-based confections demonstrate relatively high pro-
tein contents (mostly 5-10% gelatin) [5], plant protein iso-
late or hydrolysate bearing confections suitable for vegans
or vegetarians is quite limited in the global market. In any
case, the extent of plant protein or protein hydrolysate for-
tification remains to be mostly < 1% in recent commercial
products.

Protein fortification could enhance the nutritional and
bioactive characteristics of confections, whereas the inter-
actions between protein molecules and water or other gell-
ing agents could affect the sensory and textural attributes,
especially due to the competition for water. This can be pri-
marily attributed to the pronounced water holding capacities
(WHC) of protein ingredients [6]. Although some opposite
arguments are available in the literature, protein hydro-
lysates may be anticipated to demonstrate a lower WHC
compared to their parent proteins [7] and hence, minimally
affect textural attributes. While plant protein hydrolysates
may exert various bioactivities due to their bioactive pep-
tide contents, the presence of other bioactive components
such as phenolic compounds may further influence their
bioactivities. The presence of phenolic compounds was
clearly shown to affect the behavior of both hazelnut and
sunflower proteins in the previous literature [8, 9]. Conse-
quently, protein-phenolic or peptide-phenolic interactions
need to be carefully investigated [10].

In the current study, the fortification of soft confections
with hazelnut and sunflower protein hydrolysates demon-
strating prominent bioactive properties is examined. The
potential changes in bioactive (antidiabetic and antioxi-
dative), sensory and textural attributes were investigated
throughout manufacture and digestion processes.

Materials and methods

Materials

Confectionery supplies were acquired from a local vendor
(Smart Chemistry Ltd., Izmir, Tiirkiye) at industrial grade.

Laboratory chemicals were purchased from Sigma-Aldrich
(Schnelldorf, Germany) at reagent grade. Bromelain

(B4882), trypsin (T4799), pepsin (P6887), and DPP-IV
(D4943) were acquired from the same company, whereas
pancreatin was purchased from Bio Basic (PB0681).

Production of protein isolates from hazelnut and
sunflower press cakes

Protein isolate manufacture was based on Goksu et al.
[11]. In order to obtain protein from cold press sunflower
or hazelnut cakes, the samples were mixed with distilled
water at a ratio of 1:15 until dispersion was complete. Then,
the medium pH was adjusted to pH 9.5 using 1 N NaOH.
The dispersion was mixed with a magnetic stirrer for 1 h at
500 rpm. Once, protein dissolution was ensured, the disper-
sion was centrifuged at 11,000xg (25 °C) for 30 min with a
high-speed centrifuge (Himac CR22N, Hitachi, Japan). The
supernatant was filtered and medium pH was adjusted to 4.5
in order to encourage the precipitation of proteins. The cen-
trifugation step was repeated and precipitated pellets were
collected and frozen at -20 °C. The frozen samples were
dried using a lyophilizer (TRS 2/2V, Teknosem, Istanbul,
Tiirkiye).

Proteolysis

Trypsin or bromelain were used in the preparation of hazel-
nut or sunflower protein hydrolysates [12]. The sample
coding for trypsin hydrolysates (TH) and bromelain hydro-
lysates (BH) of hazelnut (H) samples were HTH and HBH,
respectively. Similar coding was also utilized for sunflower
seed (S) samples. The dispersion for trypsin was prepared at
aratio of 1:100 (enzyme: protein). As a buffer solution, 100
mM Tris-HCI (pH 8) was used. Then, the enzymatic hydro-
lysis of prepared dispersion was carried out for 18 h (over-
night) using a water-bath at 37 °C. The sample dispersion
for bromelain treatment was prepared at a ratio of 1:100
(enzyme: protein). As a buffer solution, 30 mM sodium ace-
tate buffer (pH 4.5) was used. Then, the enzymatic hydroly-
sis of prepared dispersion was carried out at 45 °C using a
water bath for 150 min. The hydrolysates were transferred
to a water bath at 95 °C for 5 min to stop the enzymatic
hydrolysis. Then, the hydrolysates were quickly placed in
an ice bath and cooled to ambient temperature. The cooled
hydrolysates were centrifuged (Himac CR22N, Hitachi,
Japan) for 30 min at 5000xg to remove insoluble particles.
Finally, the samples were filtered through a 0.45 pm PVDF
syringe filter.

Degree of hydrolysis (%DH)

The degree of hydrolysis (%DH) was based on the TNBS
(2,4,6-Trinitrobenzenesulfonic acid) method [13]. For this
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test, 400 pl hydrolysate, 400 pl SDS solution (% 0.44)
and 190 pl 0.2 M sodium phosphate buffer (pH 8.2) was
mixed. Then, 300 pl of TNBS (0.1%) solution was added to
the mixture. The reaction was continued in a water bath at
50 °C for 1 h. Afterwards, the reaction was stopped by add-
ing 1 ml 0.1 M HCI. Sample absorbance was measured at
340 nm. In this assay, L-leucine (0—2 mM) was used as the
reference reagent.

Manufacture of confectionery products

The formulation of the pectin-based soft confections
included crystalline sugar, apple pectin (high methoxyl
pectin, HMP, with a %DE (degree of esterification) value
of 58-64%), glucose syrup with dextrose equivalency of
38-42%, and 50% citric acid solution. The concentration
of liquid hydrolysates varied between 0 and 30% (wW/w%)
in the trials. Table sugar, pectin, glucose syrup, hydroly-
sate samples and citric acid were mixed, where acid addi-
tion was carried dropwise using a conventional stove and
the ingredients were cooked on low heat until they reached
105 °C. The mixture was then poured into silicone cups,
left at room temperature for 24 h, and then removed from
the molds (dimensions: 2.3 2.3 and 1.3 ¢cm) covered with
granulated crystalline table sugar to limit stickiness.

Texture profile analysis (TPA)

Instrumental analysis of sample texture was carried out at
TUBITAK-MAM (Kocaeli, Tiirkiye) using the institutional
protocols. Samples removed from the molds were used to
generate at least 10 different sub-samples from each batch.
Using Stable Micro Systems TA.XT plus texture analyzer
supplied with a P/100 probe and a 100 mm compression
plate setup, the samples were analyzed for hardness, spring-
iness, cohesiveness, gumminess, chewiness and resilience
parameters along with appropriate controls.

Sensory analysis

Sensory analysis was carried out by 9 trained panelists at
SELUZ. The panelists analyzed the samples according to
color and odor characteristics subjectively, whereas taste
characteristics were graded on a scale of 0—5. Panels were
held between 10:30 and 11:30 a.m. The panel room was
a neutrally furnished environment away from all kinds of
smells and sounds. Before the panels, a 1-week preliminary
study was conducted with the panelists on general confec-
tionery flavors. Within the scope of the preliminary study,
sensory properties of various commercial confections pur-
chased from the local markets were examined.
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Simulated in vitro digestion tests

A dissolution device (PharmaTest PTWS 310 Dissolution
Tester, Hainburg, Germany) was used to conduct simulated
gastrointestinal digestion studies. Confections were placed
in basket-shaped apparatus in the vessel. The system was
used in accordance with USP-2 regulations and proteolytic
protocols of Rivero-Pino et al. [14]. Shortly, 10 g sample
was mixed with 150 ml of simulated gastric juice and 4%
pepsin was added to this mixture and the contents were kept
stirred (100 rpm) for 1 h at 37 °C. Afterwards, 4% pancre-
atin and 1 M NaOH were added to the medium in order to
adjust the pH to 7.5. This step was continued for 2 h, and the
aliquots were placed in a water bath set to 90 °C for 5 min to
inactivate the enzymes.

Total phenolic content (TPC) and antioxidative activity

In TPC analysis, 0.1 g sample, 750 pl Folin-Ciocalteu
reagent and 750 ul sodium carbonate (6%) were mixed
and incubated for 90 min. Afterwards, sample absorbance
was measured at 765 nm [15]. In DPPH (2,2-Diphenyl-
I-picrylhydrazyl)-inhibitory activity tests, 2 ml 0.1 mM
DPPH prepared in methanol was mixed with 0.1 g sample
and the mixture was incubated for 30 min. Immediately
afterwards, the samples were subjected to absorbance mea-
surements at 517 nm. Methanol (100 pl) was added as the
blank sample [16]. In cupric ion reducing antioxidant activ-
ity (CUPRAC) tests, 100 pl sample, 1 mL CuCl,, 1 mL
neocuproine, | mL ammonium acetate and 1 mL distilled
water were mixed and incubated at ambient temperature for
30 min. Sample absorbance was measured at 450 nm [17].

DPP-1V (Dipeptidyl peptidase) inhibitory activity
test

Fifty pl sample was mixed with 50 pl Gly-Pro-pNA sub-
strate (0.8 mmol.L™") and kept pre-incubated for 10 min
at 37 °C using a shaker incubator. Immediately afterwards,
100 pl DPP-IV (0.01 U. mL™") was added to the mixture to
initiate the reaction, and incubation was continued for 1 h.
Afterwards, the reaction was stopped with 200 pl sodium
acetate buffer (pH 4.0). Diprotin A (Ile-Pro-Ile, CAS 90614-
48-5) was used as the reference inhibitor [12].

Results and discussion

Degree of hydrolysis (%DH)

The degree of hydrolysis (%DH) is defined as the total
percentage of peptide bonds that has been cleaved during
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Fig. 1 Confectionery samples prepared in the current study

Table 1 Textural characteristics of protein hydrolysate bearing soft confectionery products

Sample Hardness (g) Springiness Cohesiveness Gumminess Chewiness Resilience

Control 1151.9+ 12 0.781+0.07* 0.565+0.05° 650.5+71° 507.8+45° 0.253+0.03 °
SBH 2022.1+208° 0.801+0.06° 0.642+0.05° 1298.4+134° 1039.5+72°¢ 0.327+0.05°
STH 1759.2+212° 0.806+0.04 ° 0.612+0.05° 1024.7+77 ¢ 825.5+40° 0.310+0.05°
HBH 2135.8+220¢ 0.803+0.04° 0.634+0.04° 1354.1+139° 1087.7+51° 0.321+£0.04°

proteolysis. While partial hydrolysis has been shown to
improve the foaming and emulsifying properties of pro-
teins, higher DH values may increase the solubility of food
proteins or peptides [18]. The degree of hydrolysis values
for HBH, SBH and STH samples analyzed using the TNBS
method was approx. 11, 13 and 15%, respectively. DH value
for STH was higher than hydrolysates obtained using bro-
melain. Martinez et al. [19] found that DH values of sun-
flower protein hydrolysates were in the range of 1.5-9.5%.
The reason for the higher DH values obtained here may be
due to the variety of seeds or amount of proteases used, as
well as the differences in proteolytic protocols.

Manufacture of the confectionery products

First of all, how the confections held their form and how
neatly they were removed from the molds were visually
examined, and the formulation was updated accordingly
to generate samples that could be intact and sellable in a

commercial setting (Fig. 1). As a result of the preliminary
experiments, the amount of liquid hydrolysate added to
the confections was determined to be 27% (w/w) to ensure
intact structure and enhanced bioactivity, whereas HTH
samples did not meet the expectations (data not shown for
brevity). pH value is a critical factor in structuring pectin-
based confections and citric acid were utilized in order to
control gelation. Consequently, pectin and citric acid con-
centrations were adjusted to maintain the sample geometry
and integrity.

Textural analysis

In order to investigate the influence of hydrolysate addi-
tion, confections were analyzed for textural characteristics
(Table 1). In all cases, hydrolysate addition increased the
hardness, gumminess and chewiness score of the confec-
tions, while trypsin treated sunflower protein hydrolysates
(STH) increased these parameters to a lesser extent. For
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STH samples, the changes in springiness, cohesiveness
and resilience were relatively small, even when signifi-
cant. Firstly, it is anticipated that a higher protein or pep-
tide content may improve structural bonding [20], which
in turn could lead to increased hardness. Although the
hydrolysate concentrations in the confections were identi-
cal, the changes in protein composition (i.e., sunflower vs.
hazelnut) and DH values (i.e., SBH vs. STH) affected the
textural characteristics. As detailed earlier, since DH values
were higher for STH, the average molecular weight of thus
formed peptides may be anticipated to be lower. Therefore,
the presence of smaller peptides lowered the hardness val-
ues. Consequently, the increased DH values could serve 2
specific purposes in functional confections: the hardness is
less pronounced and secondly, smaller peptides are more
likely to be characterized with various bioactivities [11],
which might further improve the bioactive attributes.

Springiness measures how quickly a sample that has
been distorted returns to its original shape when the deform-
ing force has been removed. The springiness values for con-
fections were previously determined to vary between 0.9
and 1.5 [21], and the findings from this study fall slightly
below this range (Table 1). The cohesiveness is related
to the degree of deformation of the food under mechani-
cal influence. The cohesiveness and flexibility of products
are affected by the elastic network structure developed by
proteins in food formulations [22]. According to Mutlu et
al. [23], the cohesiveness of jelly candies ranged between
0.54 and 0.82, which was similar to the current results. Fur-
thermore, gumminess and chewiness were stated to increase
with hardness. In general, fortification with protein hydro-
lysates generated harder, more flexible, and chewable struc-
ture, where the extent of which could be affected by DH
values and peptide profile.

Sensory analysis

To complement textural data, hydrolysate bearing confec-
tions were analyzed for sensory attributes by a professional
team of panelists. In the current studies, no extra efforts were
made to enhance color or flavor characteristics of the con-
fections per se and it was thought that negatively perceived
colors or odors could be readily masked in industrial pro-
duction. In the evaluation of color performance, the controls
were the most preferred sample by the panelists (data not

Table 2 Sensory analysis of sample taste

Sensory attribute Control SBH HBH STH
Sweetness 3 3 3 3
Off-taste 1 1 1 1.5
Sourness 1.5 1.5 1.5 1.5
Aftertaste 1 1.5 1.8 2
Overall acceptance 35 32 3 2.6
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shown). In order of preference in color evaluation control,
HBH, SBH and STH samples were preferred, respectively,
where the sample with the most negative color perception
was STH. This could be due to the greenish colors imparted
by sunflower ingredients [24].

In the evaluation of odors, HBH sample was evaluated
negatively by all the panelists. In the STH sample, on the
other hand, burnt, caramel and sugary odors were dominant.
While the control sample was evaluated as the most neutral
sample in terms of odor, the second most acceptable sample
in terms of odor was SBH. Consequently, differing peptide
profiles in the samples could lead to varying characteris-
tics such as surface hydrophobicity, increasing alkalinity or
acidity, which in turn could affect the perception of odors.
In addition, the likelihood of Maillard reaction to gener-
ate burnt and caramel flavors increases with DH. The most
balanced sample in terms of overall flavor balance was the
control sample, followed by SBH, HBH and STH samples,
respectively (Table 2). The highest aftertaste and off-taste
perception was perceived in the STH sample, which was the
sample with the weakest overall taste balance as graded by
all panelists.

Consequently, based on the findings, while objective
hardness determined by TPA was relatively favorable for
STH, some of its sensory attributes were relatively unac-
ceptable. This finding may be due to the interactions of
peptides present in hydrolysates with other ingredients
including pectin and water, which could also point to differ-
ences in the macro- and microstructure of the confections.
As proteinaceous materials are added to the confectionery
matrices, competition for water becomes a critical issue.
Peptide contents of hydrolysate bearing confections affect
sensory, textural and potentially bioactive attributes, which
remains to be investigated in the following sections.

Antioxidative activity tests

In the previous literature, hazelnut and sunflower protein
hydrolysates were found to demonstrate antioxidative activ-
ity (for example, Goksu et al. [11]). Consequently, here,
TPC (total phenolic content), DPPH (2,2-diphenyl-1-picryl-
hydrazyl), and CUPRAC (copper (II) reducing antioxidant
capacity) assays were performed in order to determine to
what extent these hydrolysates preserved their antioxida-
tive content and/or activity during processing or simulated
digestion. CUPRAC, DPPH and TPC values of the hydroly-
sate bearing confections and their respective post-digestion
products are given in Table 3.

Post-digestion antioxidative activity decreased for
each fortified confection in antioxidative tests. CUPRAC,
DPPH, and TPC values of the controls were lower than each
of the post-digestion samples. As anticipated, however,



Bioactive, textural and sensory attributes of soft confections enriched with plant protein hydrolysates 5539

Table 3 CUPRAC, DPPH and TPC values of protein hydrolysates
and hydrolysate bearing digested confectionery. D stands for digested
samples

Sample CUPRAC (TE DPPH (TE TPC (GAE
mg/100 g) mg/100 g) mg/100 g)
Control 5.31+0.6 2.98+0.2 2.33+0.7
STH 137.9+£8.2 100.63+12.9 81.46+3.9
SBH 49.53+1.8 14.58 +0.1 14.96 +0.1
HBH 9.42+0.6 527+6.5 3.65+0.1
D-STH 7.76+1.6 2.99+0.1 2.98+0.4
D-SBH 6.47+0.2 2.86+0.2 345+1.1
D-HBH 6.41+0.7 2.77+0.1 0.97+0.2

Table 4 DPP-1V inhibitory activity values of protein hydrolysates
and hydrolysate bearing digested confectionery. D stands for digested
samples. ND: not detected

Sample DPP-1V inhibitory activity (%)
STH ND

SBH 8.05+£13%

HBH 20.52+03°

D-STH 40.62+6.8°¢

D-SBH 42.79+83°

D-HBH 41.18+74°

antioxidative activity was observed in the fortified confec-
tions. In addition to peptides, the antioxidant property of
the hydrolysates could potentially be due to the phenolic
compounds remaining in the cold press cakes and protein
isolates used as raw materials in confections. For example,
sunflower seeds are known to be rich in antioxidants includ-
ing phenolic compounds and have been reported to contain
4.2 g of total phenolic components and about 3 g of chloro-
genic acid in the kernel [24]. In the case of hazelnuts, pro-
tein-phenolic interactions were observed to yield complexes
between the two moeities [8]. As detailed in the earlier sec-
tions, the color of confections could also be affected by phe-
nolic compounds.

Total phenolic content and antioxidative activity values
of confections bearing trypsin hydrolysates were signifi-
cantly higher than the bromelain counterparts. In addition,
samples bearing hydrolysates with higher %DH were found
to generate higher antioxidative activities, which once
again pointed towards higher bioactivity of smaller pep-
tides. Previously bromelain hydrolysates were observed to
demonstrate the lowest DPPH inhibitory activities among a
number of proteases [25], which could be attributed to pep-
tide characteristics.

Dipeptidyl peptidase-1V (DPP-1V) inhibitory activity
test

DPP-IV inhibitory activity of hydrolysates and digested
confectionery was investigated and the results were sum-
marized on Table 4. DPP-IV inhibitory activities of HBH

and SBH were measured as approx. 20.5 and 8.1%, respec-
tively. STH did not demonstrate significant DPP-IV inhibi-
tory activity. Meanwhile, DPP-IV inhibitory activities of
post-digestion samples D-STH, D-SBH and D-HBH were
measured as approx. 40.6, 42.8, and 41.2%, respectively.

When the results of hydrolysates and post-digestion
products were compared, DPP-IV inhibitory (i.e., in vitro
anti-diabetic) activities were observed to increase after
simulated digestion. In the studies of our team with hazel-
nut protein hydrolysates, DPP-IV inhibitory activity was
found to increase as a result of simulated digestion in func-
tional hazelnut cocoa cream [26]. Martini et al. [27] also
demonstrated that DPP-IV inhibitory activities of various
animal protein hydrolysates increased after simulated diges-
tion. The authors attributed the increase in activity to the
formation of small peptides that were mostly <500 Da. In
addition, more bioactive peptides emerged as a result of
multiple protease treatments during simulated digestion,
which in turn could enhance DPP-IV inhibitory activities
of the digesta [28]. DPP-IV inhibitory activities of vari-
ous dietary proteins, including milk, fish, hemp, bean, and
cricket proteins, also increased after in vitro digestion [29].
This may be due in part to the known preference of pepsin
for hydrophobic and aromatic amino acids such as leucine,
phenylalanine, tryptophan and tyrosine located at the C-ter-
minus of its substrates, which provides the emergence of
many potent DPP-IV inhibitory peptide chains that contain
aromatic amino acids (especially tryptophan) and/or a polar
group at their N-terminals.

Conclusion

In this study, the influence of production and digestion
processes was examined on the stability of bioactive pep-
tides in soft confections. Hazelnut and sunflower seed pro-
tein hydrolysates imparted varying degrees of antidiabetic
and antioxidative activity to the confections and their cor-
responding digesta. While in vitro antidiabetic effect was
enhanced by the digestion protocols, there was a reduction
in the antioxidative capacity. The textural and sensory attri-
butes were significantly affected by the peptide concentra-
tion, size and proteases used. While product characteristics
require optimization for enhanced acceptability, confections
represent a suitable platform to stabilize bioactive peptides
both as an enjoyable food products and an alternative deliv-
ery tool for food supplements.
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