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Abstract

The growing value of industrial collagen by-products has given rise to interest in ex-
tracting them from different species of animals. Intrinsic protein structure variation of
collagen sources and its hydrolysis can bring about different bioactivities. This study
aimed to characterize and evaluate the differences in vitro biological potential of com-
mercial bovine (BH), fish (FH), and porcine hydrolysates (PH) regarding their antioxidant
and hypoglycemic activities. All samples showed percentages above 90% of protein
content, with high levels of amino acids (glycine, proline, and hydroxyproline), respon-
sible for the specific structure of collagen. The BH sample showed a higher degree of
hydrolysis (DH) (8.7%) and a higher percentage of smaller than 2 kDa peptides (74.1%).
All collagens analyzed in vitro showed inhibition of pancreatic enzymes (x-amylase and
a-glucosidase), with the potential to prevent diabetes mellitus. The PH sample showed
higher antioxidant activities measured by ORAC (67.08 +4.23 umol Trolox Eq./g) and
ABTS radical scavenging (65.69 + 3.53 umol Trolox Eq./g) methods. For the first time,
DNA protection was analyzed to hydrolyzed collagen peptides, and the FH sample
showed a protective antioxidant action to supercoiled DNA both in the presence
(39.51%) and in the absence (96.36%) of AAPH (reagent 2,2'-azobis(2-amidinopropane)).
The results confirmed that the source of native collagen reflects on the bioactivity of

hydrolyzed collagen peptides, probably due to its amino acid composition.

Practical applications

Our data provide new application for collagen hydrolysates with hypoglycemiant and
antioxidant activity. These data open discussion for future studies on the additional
benefits arising from collagen peptide consumption for the prevention of aging com-
plications or hyperglycemic conditions as observed in chronic diseases such as diabe-
tes mellitus type Il (DM 2). The confirmation of these results can open new market
areas for the use of collagen with pharmacological applications or to produce new
supplements. Furthermore, provides a solution for waste collagen from meat indus-

tries and adds value to the product.
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1 | INTRODUCTION

The world began to age more in recent years since developed and
developing countries began to present reduced mortality and fertility
rates, as well as an increase in the population's life expectancy. With
the increase in longevity, chronic diseases associated with aging took
on a greater proportion, along with hospital costs with this popula-
tion (Martin et al., 2005). One of the consequences of aging is the
degradation or reduction of collagen in the body. Collagen is the main
connective tissue protein and is important regarding structural in-
tegrity and adhesion to the extracellular matrix. In recent decades,
collagen has become more important in the market, due to its numer-
ous applications. Studies show that hydrolyzed collagen peptides can
favor the regeneration and recovery of injuries, act as anti-skin aging,
increase bone density, as well as fight age-related diseases such as
tendinitis, bursitis, osteoporosis, osteoarthritis, and muscle strain
(Bello & Oesser, 2006; Moskowitz, 2000; Porfirio & Fanaro, 2016).

The bioactive properties of collagen peptides are still poorly
explored when considering aging complications, which include oxi-
dative stress, DNA damage, and hyperglycemic condition (observed
in Diabetes mellitus type [I-DM2). It has been stated that the pre-
vention of oxidative stress can help in the treatment of DM 2, by
reducing reactive oxygen species (ROS) and biomolecules damage.
Antioxidant potential must be evaluated through various methods
because most natural antioxidants are multifunctional (Wang, Luo
et al., 2018). There are several antioxidants in vitro techniques that
serve as a good screening parameter, including the 2,2"-azino-bis (3-e
thylbenzothiazoline-6-sulfonic acid) radical solution (ABTS-+) assay,
oxygen radical absorbance capacity (ORAC) and DNA plasmid su-
percoiled assays (Al-Duais et al., 2009; Brand-Williams et al., 1995;
Chisté et al., 2011; Yarnpakdee et al., 2015).

The hypoglycemic action in vitro has been evaluated by the in-
hibition of enzymes of the gastrointestinal tract related to glucose
metabolism, such as alpha-amylase and alpha-glucosidase. These
studies are based on the mechanism of action of the drug acarbose,
which acts by inhibiting specific gastrointestinal enzymes (alpha-
amylase and alpha-glucosidase) in the breakdown of carbohydrates.
Thus, as a result of acarbose activity, there is a reduction in the ab-
sorption rate of monosaccharides and preventing the increase in
postprandial glycemia (Perfetti et al., 1998). Therefore, it has been
mentioned in the literature that compounds that reduce glucose up-
take via the same biochemical pathway as acarbose may show hy-
poglycemic potential (Abesundara et al., 2004; Ranilla et al., 2010;
Shinde et al., 2008; Yoon & Robyt, 2003).

Peptides are defined as inactive or encrypted fragments in the
native protein, which, when released by enzymatic proteolysis, have
health-promoting bioactivity (Chakrabarti et al., 2014; Sgarbieri
et al., 2020). Hydrolyzed collagen can be obtained from different
animal processing sources and represents an industrial by product
with wide application in cosmetic and food products. In recent years,
collagen hydrolysates have received increasing appreciation and in-
terest in the pharmaceutical industry regarding the production of
bioactive compounds with anti-aging activity.

Highlights

e Fish hydrolyzed collagen showed a protective antioxi-
dant action to supercoiled DNA.

e Source of native collagen reflected on the bioactivity of
hydrolyzed collagen peptides.

o Commercial collagens hydrolyzed showed in vitro inhibi-
tion of pancreatic enzymes.

e a-amylase and a-glucosidase enzymes were inhibited by

hydrolyzed collagen.

Despite its important structural action, the bioactivity and action
mechanisms of collagen peptides have not been thoroughly explored
in other areas, especially regarding their antioxidant and hypogly-
cemic activity. Hydrolyzed collagen can be obtained from several
animal species, varying according to their intrinsic characteristics,
extraction process, and specific hydrolysis conditions. Such diver-
sities probably generate differentiated peptides which may present
multi bioactivity that, to our knowledge, have not been evidenced.
Considering these issues, commercial collagens from porcine, bo-
vine, and fish were evaluated through physicochemical character-
ization (hydrolysis degree, hydrophobicity, and amino acid profile),
determination of antioxidant, and hypoglycemic potential, in order

to evaluate other aspects of health promotion.

2 | METHODS
2.1 | Materials

Commercial hydrolyzed collagens were used in this study, and the
samples were named according to their origin: BH (bovine hydro-
lysate), FH (fish hydrolysate), and PH (porcine hydrolysate).

Porcine pancreatic alpha-amylase enzymes, type VI-B
(EC3.2.1.1-A3176-500KU);  Saccharomyces cerevisiae alpha-
glycosidase (EC3.2.1.20-G5003-100UN); 2,2-Azobis amidinopro-
pane (AAPH-440914); fluorescein sodium salt (F6377); 2,2-azinobis
(3-ethylbenzothiazoline-6-sulfonic  acid) (ABTS-10102946001);
(DPPH-D9132); 6-hydroxy-2,5,7,
8-tetramethylchroman acid; 2-carboxylic acid (Trolox-238,813) and

2,2-diphenyl-1-picrylhydrazyl
gallic acid (G7384) were purchased from Sigma-Aldrich All other
chemicals were analytical or chromatographic.

2.2 | Sample characterization

2.2.1 | Physicochemical composition

The samples were characterized by the methods recommended by

the AOAC (AOAC International, 2012), regarding: moisture (method
n.925.45b), ash (method n.923.03), proteins (method n.960.52) using
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the Kjeldahl method, considering the nitrogen conversion factor
for protein content of 5.55. The degree of hydrolysis of the sam-
ples was determined by the o-phthaldehyde (OPA) method accord-
ing to Church et al. (1983), in this case, gelatin was the reference of
htot = 11.1 g/kg of protein, with h referring to the number of hy-
drolyzed bonds (Nielsen et al., 2001). The summary of the analyzes

performed are described in the flowchart in Figure 1.

2.2.2 | Total and free amino acid profile

The total amino acid profile was performed by precolumn deri-
vatization of amino acids released after acid hydrolysis (6 mol/L)
under heating (110°C/20h) according to White et al. (1986). Free
amino acids were determined without performing the acid hydroly-
sis step (Hagen et al., 1989). The analysis of the derivatized amino
acids was performed in high-performance liquid chromatography,
HPLC (Shimadzu Organismoration, Kyoto, Japan). The amino acids
were dissolved in diluent and introduced into the RP-HPLC col-
umn with a UV detector at 254nm (Shimadzu Organismoration,
Tokyo, Japan), equipped with a C18 Luna/Phenomenex column
(250mmx4.6mmx5 p; Phenomenex Inc., Torrence, USA). The
amino acids were quantified by comparison using the Thermo
Scientific amino acid standard (Rockford, IL, USA) and the DL-2-
aminobutyric acid (Sigma-Aldrich®, St. Louis, MO, USA) was used as

an internal standard.

2.2.3 | Hydrophobicity profile

Collagen hydrolysates were analyzed by reversed-phase liquid chro-
matography, according to the methodology of Bezerra et al. (2016)
with some modifications. The 30mg mass of the sample was dis-
solved in 10 ml with Eluent A (0.03% (v/v) trifluoroacetic acid (TFA)

3of14
Food Biochemistry -Wl LEYJ—

in ultrapure water) followed by centrifugation at 3500g, ultrasound
for 10 min, centrifugation at 2700g, and filtration of hydrophilic pol-
ytetrafluoroethylene membrane (PTFE; 0.45um). The Phenomenex-
Luna C18 reversed-phase column was used (250mmx4.6mmx5 y;
Phenomenex Inc., Torrence, USA). The injection volume of collagen
hydrolysate (0.3 mg/ml) was 50 ul, using a mobile phase gradient es-
tablished as: Eluent A and Eluent B (0.04% TFA in acetonitrile). After
balancing the column with 100% eluent A, the peptides were eluted
for 40 min with 70% eluent B at a flow rate of 1 ml/min and detec-
tion of 214 nm for peptide bonds and 280nm for aromatic peptides
(Hexis Scientific, DR3900, Sdo Paulo). Based on the classification
developed by Legay et al. (1997), the hydrolysate chromatograms
were divided into three zones, classifying the peptides as: (I) low hy-
drophobicity, which retention time up to 10 min, with an eluent con-
centration gradient of 25%; (Il) medium hydrophobicity eluted with
solution B concentration gradient of 40% (between 10 and 25 min)
and (l11) high hydrophobicity with a gradient of solution B above 40%
(after 25 min).

The molecular size distribution profile was provided by the in-

dustry (supplemental material).

2.3 | Bioactivity assessment of samples
2.3.1 | Oxygen radical absorption capacity (ORAC)

The ORAC assay is based on the capacity to reduce the per-
oxyl radical (ROO-) generated by the thermal degradation of
(2,2'-azobis(2-amidinopropane)dihydrochloride) (AAPH) and pres-
ervation of the fluorescein molecule by the antioxidant fluorescein
against the action of the peroxyl radical. The fluorescence decay
is monitored in kinetic mode with reading every minute for 2h at
pH 7.4 (Chisté et al., 2011). The analysis was conducted in a 96-well
microplate fluorescence reader (Synergy, BioTek®, Gen5 software)

Bovine (BH) Fish (FH) Porcine (PH)
( J
Description Bioactivities
L J
Physicochemical Hydrophilicity r .
composition peptide profile Antioxidant
activity
Amino acid In vitro tests | |
profile Hypoglycemic
activity
Degree of
hydrolysis -

FIGURE 1 Flowchart of analytical procedures (Source: Author).
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with fluorescence filters for excitation at 485nm and emission at

528nm at 37°C. A standard Trolox curve was used to express the
ORAC values of the samples at concentrations of 250, 500, and
1000ppm. A 75mM potassium phosphate buffer (pH 7.4) was used
for curve dilution, sample substrate. Each microplate well had the
addition of 30pl sample or standard; 60ul 508.25nM fluorescein
solution; 110pl 76 mM AAPH solution. The samples and protection
standard (AUCnet) were calculated by the difference between the
area under the fluorescence decay curve of samples/standard (AUC
sample/standard) and the area under the fluorescence decay curve
without sample or addition of Trolox (white AUC). The results were
expressed in pmol equivalent of Trolox/g of sample, in triplicate.

2.3.2 | ABTS radical scavenging method

The antioxidant assay measured the ability of collagen peptides to
scavenge the ABTS according to Al-Duais et al. (2009). Briefly, 2,
2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) radical solution
(ABTS-+) was performed by mixing potassium persulfate in aqueous
solution (K25208) 140mM and ABTS 7mM. The mixture remained
in the dark. For 16 h and had its absorbance adjusted to 0.7 +0.02
at 734 nm by using a UV-Vis spectrophotometer before analysis. An
aliquot of 20l of the sample (500, 1000, 2500, and 5000 ppm) was
placed in a microplate well and 220 pl of ABTS working solution (Abs
0.7 +0.02) were added to react for 6 min. After that, the absorbance
was 730nm on the microplate UV-Vis Reader Synergy (BioTek®,
software Gen5). A Trolox standard curve in 75mM phosphate buffer
and pH 7.4 was used to express the ABTS values. The volume of
240l of sodium phosphate buffer (75mM, pH 7.4) was diminished
from the absorbances of the samples and standard by the analytical
curve, the final results were expressed in pmol Trolox equivalent/g

of sample, in triplicate.

2.3.3 | Ability to inhibit DNA breakdown by
free radicals

Some compounds have the ability to protect DNA from oxidative
stress caused mainly by the presence of free radicals in the cell en-
vironment. This analysis is based on allowing the DNA to retain its
native supercoil structure when exposed to pro-oxidant agents. In
this type of assay, the plasmid DNA molecule is inserted into a reac-
tion medium containing the oxidizing agent and antioxidant com-
pound, reacting at body temperature, so that with 0.8% agarose
gel electrophoresis, “super-coiled” DNA bands (original structure)
can be observed, as well as the increase in UV light intensity, of
the circular and linear bands, formed as a result of the breakage of
the original DNA (Zhang et al., 2014). The method of Yarnpakdee
et al. (2015) was used with some modifications to evaluate the anti-
oxidant capacity of the aqueous solution of hydrolyzed collagen at
concentrations of 25,000, 30,000, and 50,000 ppm against the per-
oxyl radical, generated by the thermal degradation (90°C/10 min)

of AAPH through the 0.8% agarose gel electrophoresis. Gallic acid
was used as a positive control for antioxidant activity. Supercoiled
plasmid DNA was diluted in 10 mM Tris-HCI containing 1 mM EDTA
(pH 8.0) at a concentration of 0.125ug/pl. In a DNAse-free micro-
tube, these reagents were added in the following order: 4 ul of the
supercoiled plasmid DNA, 2 pl of the aqueous extracts of collagen
and 4 ul of the 30mM AAPH solution made during the analysis.
In the AAPH positive control the extract was replaced by water.
All assays were incubated in the dark at 37°C for 1 h. The reaction
mixture (10 pul) was applied to a 0.8% agarose gel prepared with Tris-
acetate EDTA (TAE) along with 2 pl of loading buffer. The run time
was 90 min at 80V followed by 120V for 1h. The gel was stained
with 1:20,000 SYBR Safe (Thermo Scientific) added to the TAE
buffer and then the bands were visualized under ultraviolet light
on the ChemiDoc Imaging System (Bio-Rad). The quantification was
performed in J image software. The results were expressed accord-
ing to the equation:

| )
% Supercoiled DNA band retention = _supercoiled sample x 100

supercoiled control

In which:

lsampte = Intensity of the supercoiled band (sample)

lcontrol = INtensity of the supercoiled band (control)
2.3.4 | Inhibition of a-amylase enzyme activity

The methodology for inhibiting the activity of porcine pancreatic
a-amylase, type VI-B (14U/mg solid, Sigma-Aldrich) was based
on studies by Apostolidis et al. (2007), Ranilla et al. (2010), Yu
et al. (2012) with some modifications. 250 ul of each aqueous sample
extract at 0.1 and 1 mg/ml and 250l of a-amylase solution (4 U/
ml) in 20mM sodium phosphate buffer (pH 6.9) were added, both
were preincubated together at 37°C in a water bath for 5min. After
preincubation, 250l of a 1% starch solution soluble in 20mM so-
dium phosphate buffer (pH 6.9) was added to each tube at timed
intervals. The reaction of the mixtures was then incubated again at
37°C for 10 min and was finished with 500 ul of the reagent dinitro-
salicylic acid (DNS) at 97°C for 15 min, so the tubes were cooled in
an ice bath until reaching room temperature. The reaction mixture
was then diluted with the addition of 5 ml of distilled water and the
absorbance was measured at 540nm in a spectrophotometer (Varian
Cary 50 UV-Vis, Australian). A common blank was prepared for the
extracts and control in duplicate and the extracts and control were
done in triplicate. Acarbose in an aqueous solution was used as a
positive control for enzyme activity inhibition at concentrations
0.25,0.5,and 1 mg/ml. The percentage inhibition of enzyme activity
in the presence of the sample and acarbose was calculated according

to the equation below:

[(Ca~—Ba)—(Sa/Caa—Ba)]

%Inhibition= Ca_Ba)

%100
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In which:

Sa = Sample Absorbance (sample+ enzyme+ starch+ DNS+
water);

Ba = Blank Absorbance (buffer + starch + DNS + water);

Ca = Control Absorbance (-) (buffer+enzyme+starch+DNS+
water);

Caa = Control Absorbance (+) (acarbose+enzyme+starch+
DNS +water).

2.3.5 | Inhibition of a-glucosidase enzyme activity

The enzymatic activity of a-glucosidase from S. cerevisiae type
| is based on the determination of the continuous hydrolysis of
pNPG to pNP. The methodology of inhibition of a-glucosidase en-
zyme activity was based on the studies by Ranilla et al. (2010) and
Shinde et al. (2008), with some modifications. A mixture was pre-
incubated at 37°C for 10 min and consisted of: 50 ul of aqueous
collagen peptide extract (0.1 and 1 mg/ml) dissolved in 50 mM po-
tassium phosphate buffer (pH 6.8), 50 pl of 50 mM potassium phos-
phate buffer (pH 6.8) and 100 ul of a-glycosidase solution (0.4 U/
ml) in 50mM potassium phosphate buffer (pH 6.8). Afterwards,
50ul of the substrate (5mM p-nitrophenyl-a-p-glucuronide so-
lution) was added and this mixture was incubated again at 37°C
for 5min. The reaction was finished with the addition of 100 pl of
sodium carbonate solution (1 M) and with the addition of 700l
of distilled water, the final volume being 1.05ml. Immediately,
they were transferred from the microtubes (duplicate) to a 96-
well plate, 200 ul of the mixture, and the reading was performed
at 405nm in a microplate spectrophotometer (EIx800TM BioTek,
Vermont). In the control, buffer solution was added instead of
collagen extract, and in the blank, buffer solution was added to
replace enzyme and extract. Acarbose in aqueous solution was
used as a positive control for the inhibition of enzyme activity
at concentrations of 500; 100; 50; 1; 0.5 and 0.25mg/ml. Every
assay was performed within 20 s in duplicate and triplicate in the
microplate. The percentage inhibition of enzyme activity in the
presence of the sample and acarbose was calculated according to

the equation below:

[(Ca™—Ba)—(Sa/Aac—Ba)]

%Inhibition= 100
nhibition Cac—Ba) X
TABLE 1 Physicochemical lysis of
! ysicochemical analysis o SAMPLES
commercial collagen hydrolysates from
different animal species g/100g sample
BH
FH
PH

Journal of 50f 14
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In which:

Sa = Sample Absorbance (extract+enzyme+substract+
Na,CO,+water);

Ba = Blank Absorbance (buffer+substract+ Na,CO, + water);

Ca = Control Absorbance (-) (buffer+enzyme+substract+
Na,CO, +water);

Caa = Control Absorbance (+) (acarbose +enzyme +substract+
Na,CO,+water).

The following flowchart explains the conducted analysis

(Figure 1):

2.4 | Statistical analysis

The experimental results were statistically analyzed by the
STATGRAPHICS program, Centurion XV.II version through Analysis
of Variance (ANOVA) and the differences between the studied
groups were analyzed using the Tukey test for comparison of means
at the 5% significance level (p<.05). DNA Protection analysis was

performed using GraphPad Prism 8.0.1. software.

3 | RESULTS
3.1 | Physicochemical analysis

The results of the physicochemical analysis regarding collagen hy-
drolysates are shown in Table 1. Although the samples had the same
total solids content (around 92%), they varied in relation to the pro-
tein content. Collagen porcine hydrolysate (PH) had the highest per-
centage (97.2%), followed by fish hydrolysate (FH) with 96.6% and
bovine (BH) with 94.3, respectively. Bovine hydrolysate (BH) had a
higher percentage of moisture and ash, although lower protein con-
tent compared to the others.

Table 2 shows that the BH and FH samples had a higher degree
of hydrolysis (DH) (8.7% and 8.1%, respectively), which is associated
to the higher percentage of smaller than 2 kDa peptides (62.5%). The
PH sample had the lowest DH (6.1%) and, consequently, the highest
percentage of peptides with a molecular weight of 5-10 kDa (5.3%)
compared to the others. Therefore, it was observed that the highest
DH is related to a bigger amount of lower molecular weight pep-
tides. Several studies state that lower molecular weight peptides

Total solids Moisture Ash Protein

92.25 +0.06° 7.85+0.18° 1.11 +0.005° 94.37 +0.06°
92.67 +0.06° 7.50 £0.30° 0.61+0.02° 96.63 +0.06"
92.92 +0.40° 7.07 +0.02° 0.25 +0.04¢ 97.20 +0.41°

Note: Values followed by the same letter do not differ according to Tukey's test (p <.05) on the

column.

Abbreviations: BH, hydrolyzed bovine collagen; FH, hydrolyzed fish collagen; PH, hydrolyzed

porcine collagen.
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TABLE 2 Degree of hydrolysis and molecular weight of
commercial hydrolyzed collagens from different animal species

% Molecular weight (kDa)
Sample % DH <1 1-2 2-5 5-10 >10
BH 8.7 +0.01° 11.6 62.5 24.3 1.1 0.5
FH 8.1 +0.03% 9.2 56.7 329 0.9 0.2
PH 6.1+0.01° 79 489 377 53 0.1

Note: Values followed by the same letter do not differ according to
Tukey's test (p <.05) on the column.

Abbreviations: BH, hydrolyzed bovine collagen; FH, hydrolyzed fish
collagen; PH, hydrolyzed porcine collagen.

have bigger potential for biological activity (Ahmed et al., 2015; Ao
& Li, 2012; Chi et al., 2014; Liu et al., 2012; Rabiei et al., 2019; Shazly
et al,, 2019). In fact, ACE inhibition activity of collagen alkaline pro-
tease hydrolysates was gradually increased as low molecular weight
peptides increased (Sun et al., 2022).

However, the DH of collagen peptides was relatively low when
compared to other proteins, ranging from 8.7 to 6.1% in different
samples. Other studies have also shown DH values below 10%,
confirming the difficulty of enzymes in breaking the triple-helix
structure of collagen during hydrolysis (Chi et al., 2014; Jamdar
etal., 2010).

In this study, collagen was obtained from a company, therefore
the authors could not obtain information regarding the enzymes
and conditions that were used for the hydrolysis process. However,
several studies have shown that the type of enzyme used to break-
down collagen protein can influence the DH effectiveness. The use
of the enzyme subtilisin in gelatin hydrolysates from bovine skin
showed lower DH compared to our data (6.57%) (Nufiez et al., 2020).
Furthermore, the use of pepsin, papain, and protease enzymes in-
creased the DH in fish collagen by 10, 20, and 28%, respectively
(Hema et al., 2017). In another study with turkey head collagen, DH
varied according to the mixture of enzymes: 5.07% (alcalase/trypsin),
6.63% (alcalase/flavourzyme), and 10.42% with the mixture of three
enzymes (alcalase, flavourzyme, and trypsin) (Khiari et al., 2014). A
study with hydrolyzed bovine collagen concluded that the cleavage
rates of peptide bonds were higher when using alcalase and trypsin
than flavourzyme (Feng & Betti, 2017). Furthermore, the enzyme ki-
netics of the collagen hydrolyzing process is not static and may vary
according to the time of incubation of the enzyme (Sun et al., 2022).

Several factors can interfere with collagen breakdown in addition
to the intrinsic characteristics of animal origin. In this study, fish hy-
drolysate (FH) showed lower DH and consequently higher molecular
weight peptides compared to the other two sources. Other studies
have also observed differences in the intrinsic characteristics of the
collagen structure between bovine and porcine skin with rheological
assays (Kluver & Meyer, 2013). It has been described in the literature
that fish gelatines had lower molecular weight peptides than porcine
and bovine gelatins (Chiou et al., 2006; Muyonga et al., 2004). It is
worth mentioning that peptides with a high content of the amino
acid proline, which are resistant to the hydrolysis process, is one of

the main amino acids of collagen and largely found in our samples
(Mizuno et al., 2004; Savoie et al., 2005).

3.2 | Assessment of total amino acid profile

Regarding the analysis of total amino acids (Table 3), all samples
showed high amounts of amino acids alanine (Ala), glycine (Gly), pro-
line (Pro), hydroxyproline (Hyp), aspartic acid (Asp), and glutamic acid
(Glu), confirming a study by other authors (Aleman et al., 2011; Ao &
Li, 2012; Bawn, 1987). These amino acids are characteristic of those
that are a part of the three-dimensional structure of collagen, which
has a repeated triplet unit (Gly-X-Y), in the amino acid sequence, with
X being proline (Pro) and Y being hydroxyproline (Hyp) (Damodaran
et al., 2018; Ferreira et al., 2012).

Considering bioactivity, the amino acids Pro and Gly, predomi-
nantly expressed in our sample, are related to stability and cartilage
regeneration, presenting beneficial effects to the body (Walrand
etal., 2008). Furthermore, glycine, an hydrophobic amino acid, highly
present in our sample, participates in the synthesis of the tripeptide
glutathione (Glu-Cys-Gly) which plays a fundamental role in cellular
antioxidant reactions in the human body. In fact, the presence of
hydrophobic amino acids in peptides may be an important factor in
its antioxidant activity (Zou et al., 2016).

Regarding free amino acids (Table 4), the FH sample had the
highest release rate (484.9 mg/100g) compared to the other two
samples BH (275.1 mg/100g) and PH (186.6 mg/100g), showing an
intrinsic variation of the origin-dependent protein and the use of
specific enzymes for the cleavage of the protein and consequently
leaving free amino acids. The highest proportion of amino acids re-
leased in the FH sample were aliphatic: alanine, glycine, and isoleu-
cine (48.2, 69.9, and 76.6 mg/100g, respectively); the hydroxylated
threonine (61.2 mg/100g) and histidine (40.4 mg/100g). Regarding
the BH sample, the predominant amino acid was the aromatic amino
acid phenylalanine (75.9 mg/100g), while the PH sample showed a
high level of the aromatic amino acid, tyrosine (22.3 mg/100g).

Previous studies demonstrate that the presence of hydrophobic
amino acids in the peptide structure may increase antioxidant activ-
ity due to its hydrophobic interactions with the plasma membrane,
ensuring greater penetrability, and scavenging radical properties
(Xie et al., 2015; Zou et al., 2016).

3.3 | Hydrophobicity profile

Collagen peptides are consumed as a dietary supplement because
they are easily soluble in water and absorbed by the body. Therefore,
the hydrophobicity profile of collagen hydrolyzed samples from
bovine (BH), fish (FH), and porcine (PH) sources were considered.
Regarding the hydrophobicity analysis, as expected, all hydrolysates
showed a high concentration of peptides in parts with lower hydro-
phobicity (low and intermediate), confirming the solubility in water
and/or polar solvents (Figure 2). The same chromatogram profile was
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Collagen peptides

collagen hydrolysates from different Total amino acid (g/100g) BH FH PH

animal species
Aliphatic
Alanine 8.75 +0.04° 9.86 +0.05% 8.68 +0.05°
Glicine 20.53 +0.18" 20.97 +0.18° 20.95 +0.18%
Isoleucine 1.45 +0.01% 1.34 +0.01° 1.21 £0.01°
Leucine 3.03+0.01° 2.95+0.01° 3.04 +0.01°
Valine 2.36 +0.00° 2.53+0.00° 2.56 +0.00°
Aromatics
Phenylalanine 1.80 +0.08¢ 1.90 +0.04° 2.00 +0.01°
Tyrosine 0.86 +0.04 0.85 +0.00° 0.96 +0.06
Hidroxylates
Serine 3.17 +0.01° 3.26 +0.01° 3.31 +0.01°
Threonine 1.79 +0.00° 2.47 +£0.00° 1.72 +0.00°
Sulfurous
Cystine 0.16 +0.00¢ 0.32 +0.00° 0.23 +0.01°
Methionine 0.57 +0.01¢ 1.20 +0.00% 0.84 +0.02°
Imino acids
Proline 9.07 +0.08? 8.77 +0.08° 9.25 +0.08?
Hydroxyproline 10.99 +0.09* 9.54 +0.06" 11.24 +0.16°
Acids
Aspartic acid 5.94 +0.03¢ 5.81 +0.03" 6.06 +0.01°
Glutamic acid 10.61 +0.16° 10.39 +0.11° 10.83 +0.02°
Basics
Arginine 8.21 +0.01°¢ 9.08 +0.02% 8.43+0.02°
Histidine 1.12 +0.00° 1.12 +0.00° 1.16 +0.00°
Lysine 3.81 +0.00° 3.82 +0.00° 4.01 +0.00°

Note: Means followed by the same letter do not differ, according to the Tukey test (p < .05),

referring to the line.

Abbreviations: BH, hydrolyzed bovine collagen; FH, hydrolyzed fish collagen; PH, hydrolyzed

porcine collagen.

observed by Zhang et al. (2014) for bovine collagen, which demon-
strated united peaks without much resolution (Zhang et al., 2014).
The study involving the identification of peptides and their synthesis
reveals that a high number of amino acids and sequences result in
aggregations by attracting charges, thus justifying the difficulty of
obtaining well-defined peaks. Moreover, as a result of their union,
bands are formed in the synthesis products and more complex chro-
matograms (Hansen & Oddo, 2015).

3.4 | Antioxidant capacity

To determine the antioxidant potential of collagen samples we
used ABTS, ORAC, and the ability to inhibit DNA breakdown by
free radicals. Currently, different methods are used to explore the
antioxidant capacity, to cover different mechanisms of action of
the compounds (Aleman et al., 2011; Chalamaiah et al., 2012; Chi
et al., 2014; Park et al., 2001; Pefia-Ramos et al., 2004; Pownall

et al., 2010; Wang, Jiang et al., 2018; Wang & Xiong, 2005). The
radical scavenging method (ABTS) is a rapid test that can be used
to analyses compounds of both hydrophilic and lipophilic nature (Al-
Duais et al., 2009). While ABTS is based on electron transfer, the
ORAC method is based on the transfer of hydrogen atoms (Sarmadi
& Ismail, 2010) similar to what occurs in living cells. Both ORAC and
DNA cleavage methods use the same oxidizing compound AAPH
(2,2-Azobis amidinopropane) in determining the antioxidant poten-
tial of the compounds and are considered to be the ones that most
closely resemble the physiological conditions of the body (Chisté
et al., 2011; Yarnpakdee et al., 2015).

The results of the ORAC and ABTS radical assays are shown in
Table 5. All samples presented antioxidant capacity with both meth-
ods, however porcine hydrolysates (PH) presented higher antioxidant
potential in the reduction of the ABTS radical and oxygen radical
absorption capacity (ORAC). The response regarding the ORAC
method becomes physiologically relevant, since this method better
reflects the antioxidant actions in vivo. Similarly, other sources of
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TABLE 4 Distribution of free amino
acids (mg/100g of sample) of commercial

(mg/100g) BH FH

> Free Amino Acids 2751 484.9

Aliphatic

Alanine ND 48.25+0.00°

Glicine 21.52+0.00¢ 69.97 +0.00°

Isoleucine 24.70+0.00° 76.64+0.00°

Leucine 16.10+0.00¢ 30.50+0.007

Valine 25.68+0.00° ND

Aromatics

Phenylalanine 75.87 +0.002° 20.84+0.00°

Tirosine 21.4+0.00° ND

Hidroxylates

Serine ND ND

Threonine 27.67 +0.00° 61.20+0.00%
Sulfurous

Cystine 30.82+0.00° 27.44+0.00°

Metionine 16.13+0.00° 21.74+0.02°

Imino acids

Proline 14.98+0.00¢ 101.85+0.007

Hydroxyproline ND 20.98+0.00°

Acids

Aspartic acid ND 57.54+0.00°

Glutamic acid 11.05+0.00° 10.83+0.00°

Basics

Histidine 23.77+0.00° 40.42+0.00°

Arginine ND ND

Lysine 14.43+0.00% ND

PH collagen hydrolysates from different

animal species
186.6

ND
20.14.+0.00°
10.20+0.00°
29.00+0.00°
ND

ND
22.29+0.00°

ND
32.95+0.00°

34.00+0.00°
17.14+0.00°

27.50+0.00°
ND

22.19+0.00°
26.49 +0.007

ND
ND
ND

Note: Means followed by the same letter do not differ, according to the Tukey test (p<.05),

referring to the line. ND <10.00mg/100g.

Abbreviations: BH, hydrolyzed bovine collagen; FH, hydrolyzed fish collagen; PH, hydrolyzed

porcine collagen.

collagen, such as chicken peptides also presented positive effect in
the ABTS assay (Bezerra et al., 2020).

Although the PH had lower DH and peptides of larger mo-
lecular size, it had a higher content of the amino acid tyrosine
(22.29mg/100g), glutamic acid, and cysteine when compared
to the other samples. Tyrosine is an aromatic amino acid that has
a high antioxidant potential due to its ability to donate hydrogen
and promotes the inhibition of peroxidation (de Souza et al., 2019;
Hernandez-Ledesma et al., 2005). The free glutamic acid which is a
negatively charged amino acids, with the presence of excess elec-
tron, displaying free radical quenching activity. Corroborating with
our data, large amount of amino acid residues glutamic acid and
aspartic acid were fundamental for the antioxidant potential of mi-
ofibrilal peptides (Saiga et al., 2003). The acidic amino acids with
ionizable side chains, mainly present in FH and PH samples, have a
property that provides a greater antioxidant potential, as observed

in our analysis of supercoiled DNA for FH and in the in vitro antioxi-
dant activity of PH (Zou et al., 2016).

Data obtained through the divided physico-chemical property
scores (DPPS) descriptor system have revealed that the hydrophobic
and electronic properties of the n-terminal amino acid play a greater
role in the peptide antioxidant activity. This activity can be poten-
tiated as a function of the amino acid that binds in the peptide se-
quence, and basic hydrogen (Arg, Lys, and His) binding amino acids
help in this property (Li et al., 2011).

To complete the antioxidant study, the ability of hydrolyzed
collagen peptides to protect supercoiled DNA from reactive ox-
ygen species generated by the thermal degradation of AAPH (ox-
idant agent) was evaluated. Plasmid DNA oxidation promotes the
cleavage of one of its supercoiled phosphodiester chains, generat-
ing a linear, open, and relaxed shape, suggesting structure damage
(Singh et al., 2009). For this study, concentrations of 25,000 and
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FIGURE 2 Hydrophobicity profile of commercial hydrolyzed collagen peptides obtained at 214 and 280 nm. Separations were carried out
in gradient from 0% to 70% TFA in 0.04% acetonitrile for 40 min, at a flow rate of 1 ml/min. BH, bovine hydrolyzed; FH, fish hydrolyzed; PH,

porcine hydrolyzed.

TABLE 5 Antioxidant capacity

by ORAC and ABTS of commercial
hydrolyzed collagen peptides from
different sources at a concentration of
1000 ppm

eq./g sample)
ORAC
ABTS

Antioxidant activity (umol Trolox

Collagen peptides

BH FH PH
33.06 +1.41° 43.54 +4.50° 67.08 +4.23°
47.29 +2.96° 51.57 +1.33° 65.69 +3.53°

Note: Different letters for the same method indicate that between the samples they showed a
significant difference by the Tukey test (p <.05). N = 3. The results were expressed in (pmol Trolox

eq./g sample) +SD.

Abbreviations: BH, hydrolyzed bovine collagen; FH, hydrolyzed fish collagen; PH, hydrolyzed

porcine collagen.

50,000ppm of different collagen sources (bovine, fish, and porcine)
were initially used. Figure 3a demonstrates that the tests with por-
cine collagens did not protect the supercoiled DNA from the oxidiz-
ing agent (AAPH), since a drag band is observed in the gel. This result
indicates the degradation of the DNA supercoil structure. However,
fish and bovine collagen partially protected the supercoiled DNA at
25,000ppm, because they were similar to the control, without band
dragging. However, this protection was not maintained at the high-
est concentration of 50,000 ppm.

Regarding the positive results of fish collagen, its antioxidant ac-
tivity was confirmed at a concentration of 30,000ppm (Figure 3b).
The protection of the DNA supercoiled band was maintained both in
the presence (39.51%) and in the absence of AAPH (96.36%) in colla-
gen peptides (Figure 3c). It is noteworthy that even in the presence
of AAPH, the fish hydrolysate protected the supercoiled band from
total degradation, showing a significant difference in the protection

of the supercoiled band of plasmid DNA, which can be considered
an antioxidant agent of plasmid DNA. The FH sample was reached in
free hydrophobic and aromatic amino acids, important for antioxidant
capacity, as also observed in hydrolyzed collagen of Asian sea bass
skin (Chotphruethipong et al., 2021). FH samples were reached in his-
tidine and proline residues, which may explain the higher antioxidant
potential. Histidine is able to donate protons from its imidazole ring
(two-nitrogen pentagonal aromatic ring). Its action was determinant
in sintetic peptide, since antioxidant activity was reduced after it was
removed from C-terminal residuos (Hernandez-Ledesma et al., 2005;
Pefia-Ramos et al., 2004; Wang & Xiong, 2005).

There are no studies of hydrolyzed collagen peptides regarding
the protection of supercoiled DNA. Other studies have also demon-
strated a protective effect against supercoiled DNA, however with
other types of peptides derived from bovine casein and cashew nut
flour (Shazly et al., 2019; Sisconeto Bisinotto et al., 2021).
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FIGURE 3 (a) Evaluation of the protective effect of three hydrolyzed collagens from different sources and gallic acid (positive control)

to DNA, data were analyzed using the ImageJ program, n = 1; (b) Hydrolyzed fish collagen at a concentration of 30,000 ppm compared to a
positive control (gallic acid), n = 3. (c) Values were expressed in triplicate as mean, n = 3. Statistical analysis were performed using the t-test,
in prism software, with ****<.0001 for a significant difference. The + and - Sign indicate the presence or absence of AAPH.

4 | ASSESSMENT OF INHIBITION OF
HYPOGLYCEMIC ACTIVITY

The ability of collagen peptides to inhibit the a-amylase enzyme
was tested to assess the potential of the samples to minimize
post-brandial glycemia (Figure 4a). The results were compared
with the specific enzymatic inhibitor, the drug acarbose, used as a
positive control, which also acts by competitive inhibition, i.e., the
same mechanism of action evaluated (Figure 4a). Peptide concen-
trations of 100 and 1000ug/ml were evaluated, with the lowest

concentration resulting in the highest percentage inhibition. The
three collagen sources showed a percentage inhibition percentage
close to 15.5%, being even lower than the positive control, which
inhibited the enzyme around 60% (p<.05) at a concentration of
1000 pug/ml. Therefore, the inhibition values found in the concentra-
tions evaluated in this study were relatively low when compared to
plant extracts presented in the literature (Kim et al., 2005; Ohara
et al., 2021; Ranilla et al., 2010; Wang, Luo et al., 2018).

Regarding the a-glucosidase enzyme inhibition assay, the result
of the sample concentration in relation to the percentage inhibition
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FIGURE 4 (a) Percentage inhibition of collagen hydrolyzed from different sources reacting to a-amylase enzyme; (b) percentage inhibition
of the hydrolyzed collagen extract from different sources reacting to a-glucosidase enzyme. Values were expressed in triplicate as mean,
n = 3. a, b, c: Significant difference between sample concentrations, in the Tukey test (p <.05).

was equivalent in the three sources of hydrolyzed collagen and sim-
ilar to the amylase behavior. The lowest concentrations of hydroly-
sates (100 pg/ml) resulted in a higher percentage inhibition. The fish
collagen presented an inhibition of 14.8%, not differing statistically
from the bovine and porcine collagen, with 10.4% and 10.9%, re-
spectively. However, in this assay, the positive control also showed
lower activity regarding the enzyme, with only 33% (p<.05) of its
inhibition (Figure 4b). In this case, we can state that in relation to the
inhibitory activity of the positive control, the hydrolyzed fish colla-
gen sample reached 50% of inhibition of the positive control.

Our results demonstrate the potential hypoglycemic action
of collagen peptides for the first time in the literature, but there
are other studies with plant-derived peptides (pine bark; jamelon
seeds; dried Ranawara flowers; theaflavins and catechins present
in green and black teas; anthocyanins of raspberries; ellagitannins
present in strawberries; acai powder; olive leaves extracts; chloro-
phyll; beans; lentils) which indicated greater inhibition of a-amylase
and a-glucosidase enzymes (Kim et al., 1999; Koch & Deo, 2016;
Lee et al., 2010; Magro et al., 2019; McDougall et al., 2005; Ohara
et al., 2021; Shinde et al., 2008).

Studies suggest that porcine pancreatic a-amylase has com-
petitive inhibition, while a-glucosidase from S. cerevisiae has non-
competitive inhibition. Moreover, acarbose also has a competitive

inhibition mechanism with both enzymes (Kim et al., 1999; Truscheit
et al., 1988). Furthermore, inhibition may vary from one enzyme to

another at the same sample concentration.

5 | CONCLUSION

The hydrolyzed collagens showed high protein content with a typi-
cal amino acid profile regardless of the animal species. The peptides
showed low molecular weight and probably due to the structural
complexity of the raw material the percentage of DH was moder-
ate. The antioxidant activity was found in all collagen hydrolysates,
but with variation regarding the species of collagen origin, as well as
the tested antioxidant technique. PH proved to be more effective
when using DPPH and ORAC technique, while FH collagen showed
significant protection to DNA, probably because of the presence of
hydrophobic and aromatic amino acids in this sample. In addition,
the inhibitory activity of hydrolyzed collagen against gastrointestinal
hypoglycemic enzymes, especially a-amylase by competitive inhibi-
tion, was demonstrated. Thus, the results confirm that the source
of native collagen influences the bio functionality of the peptides,
and there is a need for further studies to elucidate the amino acid
sequence of the peptides and thus better explain the mechanisms
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of biological action. In addition, the inhibitory activity of hydrolyzed

collagen against gastrointestinal hypoglycemic enzymes, especially

a-amylase by competitive inhibition, was demonstrated.

AUTHOR CONTRIBUTIONS

Ana Lais Andrade Gaspardi: Funding acquisition; Investigation;
Writing - original draft; Methodology; Writing - review & edit-
ing; Conceptualization; Formal analysis; Resources; Data curation;
Visualization. Daniele Cristina da Silva: Investigation; Methodology;
Validation. Luis Gustavo Saboia Ponte: Investigation; Methodology;
Validation; Software. Fabiana Galland: Writing - review & editing;
Investigation; Writing - original draft; Methodology; Supervision;
Visualization. Vera Sonia Nunes da Silva: Methodology; Investigation;
Validation. Fernando Moreira Simabuco: Investigation; Methodology;
Formal analysis; Visualization. Rosangela Maria Neves Bezerra:
Supervision; Investigation; Writing - review & editing; Resources.
Maria Teresa Bertoldo Pacheco: Funding acquisition; Writing - origi-
nal draft; Methodology; Conceptualization; Supervision; Project ad-

ministration; Resources; Data curation; Visualization.

ACKNOWLEDGMENTS

The authors acknowledge the financial support of FAPESP (process
2017/50349-0). Ana Lais Andrade Gaspardi acknowledges FAPESP
for the fellowship (process 2019/11200-7).

CONFLICT OF INTEREST

The authors declared that they have no conflict of interest.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from

the corresponding author upon reasonable request.

ORCID

Daniele Cristina da Silva "= https://orcid.org/0000-0001-5624-9321

Maria Teresa Bertoldo Pacheco "= https://orcid.

org/0000-0003-4776-1571

REFERENCES

Abesundara, K. J., Matsui, T., & Matsumoto, K. (2004). a-Glucosidase inhib-
itory activity of some Sri Lanka plant extracts, one of which, Cassia
auriculata, exerts a strong antihyperglycemic effect in rats compara-
ble to the therapeutic drug acarbose. Journal of Agricultural and Food
Chemistry, 52, 2541-2545. https://doi.org/10.1021/jf035330s

Ahmed, A. S., El-Bassiony, T., Elmalt, L. M., & Ibrahim, H. R. (2015).
Identification of potent antioxidant bioactive peptides from goat
milk proteins. Food Research International, 74, 80-88. https://doi.
org/10.1016/j.foodres.2015.04.032

Aleman, A., Giménez, B., Montero, P., & Gomez-Guillén, M. C. (2011).
Antioxidant activity of several marine skin gelatins. LWT—Food
Science and Technology, 44, 407-413. https://doi.org/10.1016/j.lwt.
2010.09.003

Al-Duais, M., Miiller, L., B6hm, V., & Jetschke, G. (2009). Antioxidant
capacity and total phenolics of Cyphostemma digitatum before
and after processing: Use of different assays. European Food
Research and Technology, 228, 813-821. https://doi.org/10.1007/
s00217-008-0994-8

Ao, J., & Li, B. (2012). Amino acid composition and antioxidant activi-
ties of hydrolysates and peptide fractions from porcine collagen.
Food Science and Technology International, 18, 425-434. https://doi.
org/10.1177/1082013211428219

AOAC International. (2012). Official Methods of Analysis of AOAC
International. (19th ed.). https://www.techstreet.com/standards/
official-methods-83 of-analysis-of-aoac-international-19th-edition-
2012?product_id=1881941

Apostolidis, E., Kwon, Y. I.,Ghaedian, R., & Shetty, K. (2007). Fermentation
of milk and soymilk by Lactobacillus bulgaricus and Lactobacillus ac-
idophilus enhances functionality for potential dietary management
of hyperglycemia and hypertension. Food Biotechnology, 21, 217-
236. https://doi.org/10.1080/08905430701534032

Bawn, C. S. H. (1987). Encyclopedia of polymer science and engineering.
Polymer, 28, 1234. https://doi.org/10.1016/0032-3861(87)90274-6

Bello, A. E., & Oesser, S. (2006). Collagen hydrolysate for the treatment
of osteoarthritis and other joint disorders: A review of the litera-
ture. Current Medical Research and Opinion, 22, 2221-2232. https://
doi.org/10.1185/030079906X148373

Bezerra, T. K. A,, De Araujo, A. R. R., Do Nascimento, E. S., De Matos Paz,
J. E., Gadelha, C. A., Gadelha, T. S., Pacheco, M. T. B., Do Egypto
Queiroga, R. D. C.R., De Oliveira, M. E. G., & Madruga, M. S. (2016).
Proteolysis in goat “coalho” cheese supplemented with probiotic
lactic acid bacteria. Food Chemistry, 196, 359-366. https://doi.
org/10.1016/j.foodchem.2015.09.066

Bezerra, T., Estévez, M., Lacerda, J. T., Dias, M., Juliano, M., Mendes,
M. A., Morgano, M., Pacheco, M. T., & Madruga, M. (2020). Chicken
combs and wattles as sources of bioactive peptides: Optimization
of hydrolysis, identification by LC-ESI-MS2 and bioactivity assess-
ment. Molecules, 25, 1698. https://doi.org/10.3390/molecules2
5071698

Brand-Williams, W., Cuvelier, M. E., & Berset, C. L. W. T. (1995). Use
of a free radical method to evaluate antioxidant activity. LWT—
Food Science and Technology, 28, 25-30. https://doi.org/10.1016/
S0023-6438(95)80008-5

Chakrabarti, S., Jahandideh, F., & Wu, J. (2014). Food-derived bioactive
peptides on inflammation and oxidative stress. BioMed Research
International, 2014, 1-11. https://doi.org/10.1155/2014/608979

Chalamaiah, M., Hemalatha, R., & Jyothirmayi, T. (2012). Fish protein hy-
drolysates: Proximate composition, amino acid composition, anti-
oxidant activities and applications: A review. Food Chemistry, 135,
3020-3038. https://doi.org/10.1016/j.foodchem.2012.06.100

Chi, C. F, Cao, Z. H., Wang, B., Hu, F. Y,, Li, Z. R., & Zhang, B. (2014).
Antioxidant and functional properties of collagen hydrolysates
from Spanish mackerel skin as influenced by average molecular
weight. Molecules, 19, 11211-11230. https://doi.org/10.3390/
molecules190811211

Chiou, B. S., Avena-Bustillos, R. J., Shey, J., Yee, E., Bechtel, P. J., Imam,
S. H., Glenn, G. M., & Orts, W. (2006). Rheological and mechanical
properties of cross-linked fish gelatins. Polymer, 47, 6379-6386.
https://doi.org/10.1016/j.polymer.2006.07.004

Chisté, R. C., Mercadante, A. Z., Gomes, A., Fernandes, E., Lima,
J. L. F. D. C., & Bragagnolo, N. (2011). In vitro scavenging capac-
ity of annatto seed extracts against reactive oxygen and nitrogen
species. Food Chemistry, 127, 419-426. https://doi.org/10.1016/
j.foodchem.2010.12.139

Chotphruethipong, L., Sukketsiri, W., Aluko, R. E., Sae-leaw, T., & Benjakul,
S. (2021). Effect of hydrolyzed collagen from defatted Asian sea
bass (Lates calcarifer) skin on fibroblast proliferation, migration and
antioxidant activities. Journal of Food Science and Technology, 58,
541-551. https://doi.org/10.1007/513197-020-04566-4

Church, F. C., Swaisgood, H. E., Porter, D. H., & Catignani, G. L. (1983).
Spectrophotometric assay using o-phthaldialdehyde for deter-
mination of proteolysis in Milk and isolated Milk proteins. Journal
of Dairy Science, 66, 1219-1227. https://doi.org/10.3168/jds.
S50022-0302(83)81926-2

858017 SUOWIWIOD BA 11810 8 cedt dde aup Aq pausenob a1e sjole YO ‘s JO sejni o} Akeid18UIIUQO AB]IM UO (SUORIPUOD-PUe-SUWLBIW0D" A8 1WA Leiq 1 putjuo//:Sdiy) SUonIpuod pue swie 1 8y} 88s *[€202/70/2T] Uo ARiqiTauliuo A8|1m ‘soiusui|y ap e150[ouds | ap oimisu| - VL1 AQ €8EXT 904/ TTTT 0T/I0p/LI00 A8 ImArelq i jpuluo//:sdny woly pepeojumod ‘2T ‘220z ‘vISySy.T


https://orcid.org/0000-0001-5624-9321
https://orcid.org/0000-0001-5624-9321
https://orcid.org/0000-0003-4776-1571
https://orcid.org/0000-0003-4776-1571
https://orcid.org/0000-0003-4776-1571
https://doi.org/10.1021/jf035330s
https://doi.org/10.1016/j.foodres.2015.04.032
https://doi.org/10.1016/j.foodres.2015.04.032
https://doi.org/10.1016/j.lwt.2010.09.003
https://doi.org/10.1016/j.lwt.2010.09.003
https://doi.org/10.1007/s00217-008-0994-8
https://doi.org/10.1007/s00217-008-0994-8
https://doi.org/10.1177/1082013211428219
https://doi.org/10.1177/1082013211428219
https://www.techstreet.com/standards/official-methods-83of-analysis-of-aoac-international-19th-edition-2012? product_id=1881941
https://www.techstreet.com/standards/official-methods-83of-analysis-of-aoac-international-19th-edition-2012? product_id=1881941
https://www.techstreet.com/standards/official-methods-83of-analysis-of-aoac-international-19th-edition-2012? product_id=1881941
https://doi.org/10.1080/08905430701534032
https://doi.org/10.1016/0032-3861(87)90274-6
https://doi.org/10.1185/030079906X148373
https://doi.org/10.1185/030079906X148373
https://doi.org/10.1016/j.foodchem.2015.09.066
https://doi.org/10.1016/j.foodchem.2015.09.066
https://doi.org/10.3390/molecules25071698
https://doi.org/10.3390/molecules25071698
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1155/2014/608979
https://doi.org/10.1016/j.foodchem.2012.06.100
https://doi.org/10.3390/molecules190811211
https://doi.org/10.3390/molecules190811211
https://doi.org/10.1016/j.polymer.2006.07.004
https://doi.org/10.1016/j.foodchem.2010.12.139
https://doi.org/10.1016/j.foodchem.2010.12.139
https://doi.org/10.1007/s13197-020-04566-4
https://doi.org/10.3168/jds.S0022-0302(83)81926-2
https://doi.org/10.3168/jds.S0022-0302(83)81926-2

GASPARDI ET AL.

Damodaran, S., Parkin, K. L., & Fennema, O. R. (2018). Fenema's Food
Chemistry. (5th ed.). CRC Press

de Souza, R. S. C., Tonon, R. V., Stephan, M. P,, Silva, C. M., Penteado,
A. L., Cabral, L. M. C., & Kurozawa, L. E. (2019). Evaluation of
the antioxidant potential of whey protein concentrated by ul-
trafiltration and hydrolyzed by different commercial proteases.
Brazilian Journal of Food Technology, 22, e2018021. https://doi.
org/10.1590/1981-6723.02118

Feng, M., & Betti, M. (2017). Transepithelial transport efficiency of bo-
vine collagen hydrolysates in a human Caco-2 cell line model. Food
Chemistry, 224, 242-250. https://doi.org/10.1016/j.foodchem.
2016.12.044

Ferreira, A. M., Gentile, P., Chiono, V., & Ciardelli, G. (2012). Collagen for
bone tissue regeneration. Acta Biomaterialia, 8, 3191-3200. https://
doi.org/10.1016/j.actbio.2012.06.014

Hagen, S. R., Frost, B., & Augustin, J. (1989). Precolumn phenylisothio-
cyanate derivatization and liquid chromatography of amino acids in
food. Journal—Association of Official Analytical Chemists., 72, 912-
916. https://doi.org/10.1093/jaocac/72.6.912

Hansen, P. R., & Oddo, A. (2015). Fmoc solid-phase peptide synthesis.
In G. Houen (eds), Methods in Molecular Biology. Humana Press.
https://doi.org/10.1007/978-1-4939-2999-3_5

Hema, G.S., Joshy, C. G., Shyni, K., Chatterjee, N. S., Ninan, G., & Suseela,
M. (2017). Optimization of process parameters for the production
of collagen peptides from fish skin (Epinephelus malabaricus) using
response surface methodology and its characterization. Journal of
Food Science Technology, 54, 488-496. https://doi.org/10.1007/
s13197-017-2490-2

Hernandez-Ledesma, B., Davalos, A., Bartolomé, B., & Amigo, L. (2005).
Preparation of antioxidant enzymatic hydrolysates from a-lactalbumin
and p-lactoglobulin. Identification of active peptides by HPLC-MS/
MS. Journal of Agricultural and Food Chemistry, 53, 588-593. https://
doi.org/10.1021/jf048626m

Jamdar, S. N., Rajalakshmi, V., Pednekar, M. D., Juan, F, Yardi, V., &
Sharma, A. (2010). Influence of degree of hydrolysis on functional
properties, antioxidant activity and ACE inhibitory activity of pea-
nut protein hydrolysate. Food Chemistry, 121, 178-184. https://doi.
org/10.1016/j.foodchem.2009.12.027

Khiari, Z., Ndagijimana, M., & Betti, M. (2014). Low molecular weight bio-
active peptides derived from the enzymatic hydrolysis of collagen
after isoelectric solubilization/precipitation process of Turkey by-
products. Poultry Science, 93, 2347-2362. https://doi.org/10.3382/
ps.2014-03953

Kim, M. J., Lee, S. B., Lee, H. S, Lee, S. Y., Baek, J. S., Kim, D., Moon,
T. W, Robyt, J. F., & Park, K. H. (1999). Comparative study of the
inhibition of a-glucosidase, a-amylase, and cyclomaltodextrin glu-
canosyltransferase by acarbose, isoacarbose, and acarviosine-
glucose. Archives of Biochemistry and Biophysics, 371, 277-283.
https://doi.org/10.1006/abbi.1999.1423

Kim, Y. M., Jeong, Y. K., Wang, M. H., Lee, W. Y., & Rhee, H. I. (2005).
Inhibitory effect of pine extract on a-glucosidase activity and
postprandial hyperglycemia. Nutrition, 21, 756-761. https://doi.
org/10.1016/j.nut.2004.10.014

Kltver, E. & Meyer, M.T. (2013). Preparation , processing, and rheology
of thermoplastic collagen. Journal of Applied Polymer Science, 128,
4201-4211.

Koch, E. R., & Deo, P. (2016). Nutritional supplements modulate fluores-
cent protein-bound advanced glycation endproducts and digestive
enzymes related to type 2 diabetes mellitus. BMC Complementary
and Alternative Medicine, 16, 338. https://doi.org/10.1186/s1290
6-016-1329-0

Lee, W. K., Wong, L. L., Loo, Y. Y., Kasapis, S., & Huang, D. (2010).
Evaluation of different teas against starch digestibility by mam-
malian glycosidases. Journal of Agricultural and Food Chemistry, 58,
148-154. https://doi.org/10.1021/jf903011g

Journal of

13 of 14
Food Biochemistry -Wl LEYJ—

Legay, C., Popineau, Y., Bérot, S., & Guéguen, J. (1997). Comparative
study of enzymatichydrolysis of a/B- and y-gliadins. Food/Nahrung,
41, 201-207. https://doi.org/10.1002/fo0d.19970410404

Li, Y. W,, Li, B., He, J., & Qian, P. (2011). Quantitative structure-activity
relationship study of antioxidative peptide by using different sets
of amino acids descriptors. Journal of Molecular Structure, 998, 53-
61. https://doi.org/10.1016/j.molstruc.2011.05.011

Liu, D., Liang, L., Regenstein, J. M., & Zhou, P. (2012). Extraction and char-
acterisation of pepsin-solubilised collagen from fins, scales, skins,
bones and swim bladders of bighead carp (Hypophthalmichthys no-
bilis). Food Chemistry, 133, 1441-1448. https://doi.org/10.1016/j.
foodchem.2012.02.032

Magro, A. E. A, Silva, L. C., Rasera, G. B., & de Castro, R. J. S. (2019).
Solid-state fermentation as an efficient strategy for the biotrans-
formation of lentils: Enhancing their antioxidant and antidia-
betic potentials. Bioresources and Bioprocessing, 6, 38. https://doi.
org/10.1186/s40643-019-0273-5

Martin, B. W., Marques, M., Gouveia, M,, Leal, I., Lee, |. M., Shiroma, E.
J., Lobelo, F., Puska, P., Blair, S. N., Katzmarzyk, P. T., Alkandari,
J. R., Andersen, L. B., Bauman, A. E., Brownson, R. C., Bull, F. C.,
Craig, C. L., Ekelund, U., Goenka, S., Guthold, R., ... Luiz, C. (2005).
Envelhecimento ativo: Uma politica de sadde/World Health
Organization. The Lancet, 366, 275-276.

McDougall, G. J., Shpiro, F., Dobson, P., Smith, P., Blake, A., & Stewart,
D. (2005). Different polyphenolic components of soft fruits in-
hibit a-amylase and a-glycosidase. Journal of Agricultural and Food
Chemistry, 53, 2760-2766. https://doi.org/10.1021/jf0489926

Mizuno, S., Nishimura, S., Matsuura, K., Gotou, T., & Yamamoto, N. J.
J. O. D. S. (2004). Release of short and proline-rich antihyperten-
sive peptides from casein hydrolysate with an Aspergillus oryzae
protease. Journal of Dairy Science, 87, 3183-3188. https://doi.
org/10.3168/jds.S0022-0302(04)73453-0

Moskowitz, R. W. (2000). Role of collagen hydrolysate in bone and joint
disease. Seminars in Arthritis and Rheumatism, 30, 87-99. https://doi.
org/10.1053/sarh.2000.9622

Muyonga, J. H., Cole, C. G. B., & Duodu, K. G. (2004). Characterisation of
acid soluble collagen from skins of young and adult Nile perch (Lates
niloticus). Food Chemistry, 85, 81-89. https://doi.org/10.1016/j.
foodchem.2003.06.006

Nielsen, P. M., Petersen, D., & Dambmann, C. (2001). Improved method for
determining food protein degree of hydrolysis. Journal of Food Science,
66, 642-646. https://doi.org/10.1111/j.1365-2621.2001.tb04614.x

Nufez, S. M., Cardenas, C., Pinto, M., Valencia, P., Cataldo, P., Guzman,
F., & Almonacid, S. (2020). Bovine skin gelatin hydrolysates as po-
tential substitutes for polyphosphates: The role of degree of hydro-
lysis and pH on water-holding capacity. Journal of Food Science, 85,
1988-1996. https://doi.org/10.1111/1750-3841.15299

Ohara, A., Cason, V. G,, Nishide, T. G., Miranda de Matos, F., & de Castro,
R. J. S. (2021). Improving the antioxidant and antidiabetic prop-
erties of common bean proteins by enzymatic hydrolysis using a
blend of proteases. Biocatalysis and Biotransformation, 39, 100-108.
https://doi.org/10.1080/10242422.2020.1789114

Park, P. J., Jung, W. K., Nam, K. S., Shahidi, F., & Kim, S. K. (2001). Purification
and characterization of antioxidative peptides from protein hydroly-
sate of lecithin-free egg yolk. Journal of the American Oil Chemists'
Society, 78, 651-656. https://doi.org/10.1007/s11746-001-0321-0

Perfetti, R., Barnett, P. S., Mathur, R., Egan, J. M. (1998). Novel thera-
peutic strategies for the treatment of type 2 diabetes. Diabetes/
Metabolism Reviews,14, 207-250.

Pefa-Ramos, E. A., Xiong, Y. L., & Arteaga, G. E. (2004). Fractionation
and characterisation for antioxidant activity of hydrolysed whey
protein. Journal of the Science of Food and Agriculture, 84, 1908-
1918. https://doi.org/10.1002/jsfa.1886

Porfirio, E., & Fanaro, G. B. (2016). Suplementacdo com coldgeno como
terapia complementar na prevencao e tratamento de osteoporose e

858017 SUOWIWIOD BA 11810 8 cedt dde aup Aq pausenob a1e sjole YO ‘s JO sejni o} Akeid18UIIUQO AB]IM UO (SUORIPUOD-PUe-SUWLBIW0D" A8 1WA Leiq 1 putjuo//:Sdiy) SUonIpuod pue swie 1 8y} 88s *[€202/70/2T] Uo ARiqiTauliuo A8|1m ‘soiusui|y ap e150[ouds | ap oimisu| - VL1 AQ €8EXT 904/ TTTT 0T/I0p/LI00 A8 ImArelq i jpuluo//:sdny woly pepeojumod ‘2T ‘220z ‘vISySy.T


https://doi.org/10.1590/1981-6723.02118
https://doi.org/10.1590/1981-6723.02118
https://doi.org/10.1016/j.foodchem.2016.12.044
https://doi.org/10.1016/j.foodchem.2016.12.044
https://doi.org/10.1016/j.actbio.2012.06.014
https://doi.org/10.1016/j.actbio.2012.06.014
https://doi.org/10.1093/jaoac/72.6.912
https://doi.org/10.1007/978-1-4939-2999-3_5
https://doi.org/10.1007/s13197-017-2490-2
https://doi.org/10.1007/s13197-017-2490-2
https://doi.org/10.1021/jf048626m
https://doi.org/10.1021/jf048626m
https://doi.org/10.1016/j.foodchem.2009.12.027
https://doi.org/10.1016/j.foodchem.2009.12.027
https://doi.org/10.3382/ps.2014-03953
https://doi.org/10.3382/ps.2014-03953
https://doi.org/10.1006/abbi.1999.1423
https://doi.org/10.1016/j.nut.2004.10.014
https://doi.org/10.1016/j.nut.2004.10.014
https://doi.org/10.1186/s12906-016-1329-0
https://doi.org/10.1186/s12906-016-1329-0
https://doi.org/10.1021/jf903011g
https://doi.org/10.1002/food.19970410404
https://doi.org/10.1016/j.molstruc.2011.05.011
https://doi.org/10.1016/j.foodchem.2012.02.032
https://doi.org/10.1016/j.foodchem.2012.02.032
https://doi.org/10.1186/s40643-019-0273-5
https://doi.org/10.1186/s40643-019-0273-5
https://doi.org/10.1021/jf0489926
https://doi.org/10.3168/jds.S0022-0302(04)73453-0
https://doi.org/10.3168/jds.S0022-0302(04)73453-0
https://doi.org/10.1053/sarh.2000.9622
https://doi.org/10.1053/sarh.2000.9622
https://doi.org/10.1016/j.foodchem.2003.06.006
https://doi.org/10.1016/j.foodchem.2003.06.006
https://doi.org/10.1111/j.1365-2621.2001.tb04614.x
https://doi.org/10.1111/1750-3841.15299
https://doi.org/10.1080/10242422.2020.1789114
https://doi.org/10.1007/s11746-001-0321-0
https://doi.org/10.1002/jsfa.1886

GASPARDI ET AL.

14 of 14 Journal of
WILEY-Food Biochemistry -

osteoartrite: uma revisao sistematica. Revista Brasileira de Geriatria
e Gerontologia, 19, 153-164.

Pownall, T. L., Udenigwe, C. C., & Aluko, R. E. (2010). Amino acid com-
position and antioxidant properties of pea seed (Pisum sativum L.)
enzymatic protein hydrolysate fractions. Journal of Agricultural and
Food Chemistry, 58, 4712-4718. https://doi.org/10.1021/jf904456r

Rabiei, S., Rezaei, M., Asgharzade, S., Nikoo, M., & Rafieia-Kopai, M.
(2019). Antioxidant and cytotoxic properties of protein hydro-
lysates obtained from enzymatic hydrolysis of Klunzinger's mul-
let (Liza klunzingeri) muscle. Brazilian Journal of Pharmaceutical
Sciences, 55, 1-10. https://doi.org/10.1590/s2175-9790201900
0218304

Ranilla, L. G., Kwon, Y. I, Genovese, M. |., Lajolo, F. M., & Shetty, K.
(2010). Effect of thermal treatment on phenolic compounds and
functionality linked to type 2 diabetes and hypertension manage-
ment of peruvian and brazilian bean cultivars (Phaseolus Vulgaris L.)
using in vitro methods. Journal of Food Biochemistry, 34, 329-355.
https://doi.org/10.1111/j.1745-4514.2009.00281.x

Saiga, A. |., Tanabe, S., & Nishimura, T. (2003). Antioxidant activity of
peptides obtained from porcine myofibrillar proteins by protease
treatment. Journal of Agricultural and Food Chemistry, 51, 3661-
3667. https://doi.org/10.1021/jf021156g

Sarmadi, B. H., & Ismail, A. (2010). Antioxidative peptides from food pro-
teins: A review. Peptides, 31, 1949-1956. https://doi.org/10.1016/
j.peptides.2010.06.020

Savoie, L., Agudelo, R. A, Gauthier, S. F., Marin, J., & Pouliot, Y. (2005).
In vitro determination of the release kinetics of peptides and
free amino acids during the digestion of food proteins. Journal of
AOAC International, 88, 935-948. https://doi.org/10.1093/jaoac/
88.3.935

Sgarbieri, V. C., Pacheco, M. T. B., Gibrin, N. F.,, de Oliveira, D. A. G., & Silva,
M. E. C. (2020). Importance of diet, genetic and lifestyle on human aging,
health and cognition (pp. 135-147). Book Publisher International.
https://doi.org/10.9734/bpi/mono/978-93-90516-73-5

Shazly, A.B.,Mu, H., Liu, Z., ElI-Aziz, M. A., Zeng, M., Qin, F., Zhang, S., He,
Z., & Chen, J. (2019). Release of antioxidant peptides from buffalo
and bovine caseins: Influence of proteases on antioxidant capaci-
ties. Food Chemistry, 274, 261-267. https://doi.org/10.1016/j.foodc
hem.2018.08.137

Shinde, J., Taldone, T., Barletta, M., Kunaparaju, N., Hu, B., Kumar, S.,
Placido, J., & Zito, S. W. (2008). a-Glucosidase inhibitory activity
of Syzygium cumini (Linn.) Skeels seed kernel in vitro and in Goto-
Kakizaki (GK) rats. Carbohydrate Research, 343, 1278-1281. https://
doi.org/10.1016/j.carres.2008.03.003

Singh, B. N., Singh, B. R., Singh, R. L., Prakash, D., Dhakarey, R., Upadhyay,
G., & Singh, H. B. (2009). Oxidative DNA damage protective ac-
tivity, antioxidant and anti-quorum sensing potentials of Moringa
oleifera. Food and Chemical Toxicology, 47, 1109-1116. https://doi.
org/10.1016/j.fct.2009.01.034

Sisconeto Bisinotto, M., da Silva, D. C., de Carvalho Fino, L., Moreira
Simabuco, F., Neves Bezerra, R. M., Costa Antunes, A. E., & Bertoldo
Pacheco, M. T. (2021). Bioaccessibility of cashew nut kernel flour
compounds released after simulated in vitro human gastrointesti-
nal digestion. Food Research International., 139, 109906. https://doi.
org/10.1016/j.foodres.2020.109906

Sun, S., Gao, Y., Chen, J., & Liu, R. (2022). Identification and release ki-
netics of peptides from tilapia skin collagen during alcalase hydro-
lysis. Food Chemistry, 378, 132089. https://doi.org/10.1016/j.foodc
hem.2022.132089

Truscheit, E., Hillebrand, 1., Junge, B., Miller, L., Puls, W., & Schmidt, D.
(1988). Microbial a-glucosidase inhibitors: Chemistry, biochem-
istry, and therapeutic potential. In Drug Concentration Monitoring
Microbial Alpha-Glucosidase Inhibitors Plasminogen Activators.
Progress in Clinical Biochemistry and Medicine (Vol 7, pp. 83).
Springer. https://doi.org/10.1007/978-3-642-73461-8_2

Walrand, S., Chiotelli, E., Noirt, F., Mwewa, S., & Lassel, T. (2008).
Consumption of a functional fermented milk containing collagen
hydrolysate improves the concentration of collagen-specific amino
acids in plasma. Journal of Agricultural and Food Chemistry, 56,7790~
7795. https://doi.org/10.1021/jf800691f

Wang, L., Jiang, Y., Wang, X., Zhou, J., Cui, H., Xu, W., He, Y., Ma, H., & Gao,
R. (2018). Effect of oral administration of collagen hydrolysates from
Nile tilapia on the chronologically aged skin. Journal of Functional
Foods, 44, 112-117. https://doi.org/10.1016/j.jff.2018.03.005

Wang, J., Luo, D., Liang, M., Zhang, T., Yin, X., Zhang, Y., Yang, X., & Liu, W.
(2018). Spectrum-effect relationships between high-performance
liquid chromatography (HPLC) fingerprints and the antioxidant and
anti-inflammatory activities of collagen peptides. Molecules, 23,
3257. https://doi.org/10.3390/molecules23123257

Wang, L. L., & Xiong, Y. L. (2005). Inhibition of lipid oxidation in cooked
beef patties by hydrolyzed potato protein is related to its reduc-
ing and radical scavenging ability. Journal of Agricultural and Food
Chemistry, 53(23), 9186-9192. https://doi.org/10.1021/jf051213g

White, J.A.,Hart,R.J.,&Fry,J. C.(1986). An evaluation of the waters Pico-
tag system for the amino-acid analysis of food materials. Journal of
Automatic Chemistry, 8, 170-177. https://doi.org/10.1155/51463
924686000330

Xie, N., Wang, B., Jiang, L., Liu, C., & Li, B. (2015). Hydrophobicity ex-
erts different effects on bioavailability and stability of antioxidant
peptide fractions from casein during simulated gastrointestinal di-
gestion and Caco-2 cell absorption. Food Research International, 76,
518-526. https://doi.org/10.1016/j.foodres.2015.06.025

Yarnpakdee, S., Benjakul, S., Kristinsson, H. G., & Bakken, H. E. (2015).
Preventive effect of Nile tilapia hydrolysate against oxidative
damage of HepG2 cells and DNA mediated by H,0, and AAPH.
Journal of Food Science and Technology, 52, 6194-6205. https://doi.
org/10.1007/s13197-014-1672-4

Yoon, S. H., & Robyt, J. F. (2003). Study of the inhibition of four alpha
amylases by acarbose and its 41V-alpha-maltohexaosyl and 41V-
alpha-maltododecaosyl analogues. Carbohydrate Research, 338,
1969-1980. https://doi.org/10.1016/s0008-6215(03)00293-3

Yu, Z., Yin, Y., Zhao, W,, Liu, J., & Chen, F. (2012). Anti-diabetic activ-
ity peptides from albumin against a-glucosidase and «-amylase.
Food Chemistry, 135, 2078-2085. https://doi.org/10.1016/j.foodc
hem.2012.06.088

Zhang, M., Mu, T. H., & Sun, M. J. (2014). Purification and identification
of antioxidant peptides from sweet potato protein hydrolysates
by Alcalase. Journal of Functional Foods, 7, 191-200. https://doi.
org/10.1016/j.jff.2014.02.012

Zou, T. B, He, T. P, Li, H. B,, Tang, H. W., & Xia, E. Q. (2016). The
structure-activity relationship of the antioxidant peptides from
natural proteins. Molecules, 21, 72. https://doi.org/10.3390/molec
ules21010072

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Gaspardi, A. L. A., da Silva, D. C.,
Ponte, L. G. S., Galland, F., da Silva, V. S. N., Simabuco, F. M.,
Bezerra, R. M. N., & Pacheco, M. T. B. (2022). In vitro inhibition
of glucose gastro-intestinal enzymes and antioxidant activity
of hydrolyzed collagen peptides from different species. Journal
of Food Biochemistry, 46, €14383. https://doi.org/10.1111/
jfbc.14383

858017 SUOWIWIOD BA 11810 8 cedt dde aup Aq pausenob a1e sjole YO ‘s JO sejni o} Akeid18UIIUQO AB]IM UO (SUORIPUOD-PUe-SUWLBIW0D" A8 1WA Leiq 1 putjuo//:Sdiy) SUonIpuod pue swie 1 8y} 88s *[€202/70/2T] Uo ARiqiTauliuo A8|1m ‘soiusui|y ap e150[ouds | ap oimisu| - VL1 AQ €8EXT 904/ TTTT 0T/I0p/LI00 A8 ImArelq i jpuluo//:sdny woly pepeojumod ‘2T ‘220z ‘vISySy.T


https://doi.org/10.1021/jf904456r
https://doi.org/10.1590/s2175-97902019000218304
https://doi.org/10.1590/s2175-97902019000218304
https://doi.org/10.1111/j.1745-4514.2009.00281.x
https://doi.org/10.1021/jf021156g
https://doi.org/10.1016/j.peptides.2010.06.020
https://doi.org/10.1016/j.peptides.2010.06.020
https://doi.org/10.1093/jaoac/88.3.935
https://doi.org/10.1093/jaoac/88.3.935
https://doi.org/10.9734/bpi/mono/978-93-90516-73-5
https://doi.org/10.1016/j.foodchem.2018.08.137
https://doi.org/10.1016/j.foodchem.2018.08.137
https://doi.org/10.1016/j.carres.2008.03.003
https://doi.org/10.1016/j.carres.2008.03.003
https://doi.org/10.1016/j.fct.2009.01.034
https://doi.org/10.1016/j.fct.2009.01.034
https://doi.org/10.1016/j.foodres.2020.109906
https://doi.org/10.1016/j.foodres.2020.109906
https://doi.org/10.1016/j.foodchem.2022.132089
https://doi.org/10.1016/j.foodchem.2022.132089
https://doi.org/10.1007/978-3-642-73461-8_2
https://doi.org/10.1021/jf800691f
https://doi.org/10.1016/j.jff.2018.03.005
https://doi.org/10.3390/molecules23123257
https://doi.org/10.1021/jf051213g
https://doi.org/10.1155/S1463924686000330
https://doi.org/10.1155/S1463924686000330
https://doi.org/10.1016/j.foodres.2015.06.025
https://doi.org/10.1007/s13197-014-1672-4
https://doi.org/10.1007/s13197-014-1672-4
https://doi.org/10.1016/s0008-6215(03)00293-3
https://doi.org/10.1016/j.foodchem.2012.06.088
https://doi.org/10.1016/j.foodchem.2012.06.088
https://doi.org/10.1016/j.jff.2014.02.012
https://doi.org/10.1016/j.jff.2014.02.012
https://doi.org/10.3390/molecules21010072
https://doi.org/10.3390/molecules21010072
https://doi.org/10.1111/jfbc.14383
https://doi.org/10.1111/jfbc.14383

	In vitro inhibition of glucose gastro-­intestinal enzymes and antioxidant activity of hydrolyzed collagen peptides from different species
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Materials
	2.2|Sample characterization
	2.2.1|Physicochemical composition
	2.2.2|Total and free amino acid profile
	2.2.3|Hydrophobicity profile

	2.3|Bioactivity assessment of samples
	2.3.1|Oxygen radical absorption capacity (ORAC)
	2.3.2|ABTS radical scavenging method
	2.3.3|Ability to inhibit DNA breakdown by free radicals
	2.3.4|Inhibition of α-­amylase enzyme activity
	2.3.5|Inhibition of α-­glucosidase enzyme activity

	2.4|Statistical analysis

	3|RESULTS
	3.1|Physicochemical analysis
	3.2|Assessment of total amino acid profile
	3.3|Hydrophobicity profile
	3.4|Antioxidant capacity

	4|ASSESSMENT OF INHIBITION OF HYPOGLYCEMIC ACTIVITY
	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


