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Abstract: Herein, the antioxidant peptides from a Thai traditional semi-dried fermented farmed
hybrid catfish (Clarias macrocephalus × Clarias gariepinus) catfish, Pla Duk Ra, were characterized.
After extraction and deproteinization, Pla Duk Ra crude peptide extract (CPE) was fractioned us-
ing 2 connected Hitrap Sephadex-G25 columns, yielding two significant fractions, F1 with higher
browning intensity (A420) and F2. CPE, F1, and F2 had different amino acid profiles, contents, and
sequences evaluated by LC-MS/MS, which could be responsible for their antioxidant properties.
F2 contained the highest numbers of hydrophobic amino acid (HBA) (47.45%) and aromatic amino
acid (27.31%), followed by F1, and CPE. The peptides with 8–24 amino acid residues were detected in
CPE and its fractions. In CPE, F1, and F2, there were 69, 68, and 85 peptides with varied HBA content,
respectively. ARHSYGMLYCSCPPND (50% HBA), ALRKMGRK (37.5% HBA), and ANWMIPLM
(87.5% HBA) were the most prevalent peptides found in CPE, F1, and F2. Overall, F2 was the most
effective at inhibiting free radicals (DPPH• and ABTS•+) and reactive oxygen species (hydroxyl
radical, singlet oxygen, and hydrogen peroxide), followed by F1 and CPE. The metal chelation of
F1 was, however, superior to that of F2 and CPE. For the stability test, the effects of pH, heating
temperature, and in vitro digestion on the DPPH• scavenging activity of F2 were investigated. The
activity was boosted by lowering the pH and raising the heating temperature. In the gastrointestinal
tract model system, however, roughly 50% of DPPH• scavenging activity reduced after digesting.

Keywords: peptide; traditional fermented fish; catfish; antioxidant; lipid oxidation

1. Introduction

Pla Duk Ra, a semi-dried fermented catfish, is one of Thailand’s most popular tradi-
tional fish products, especially in the south. It is created by salting and fermenting the
farmed hybrid catfish (Clarias macrocephalus × Clarias gariepinus), which is Thailand’s most
intensively farmed freshwater fish [1,2]. According to the document of Thai Community
Product Standard [3] and the observation from local producers in Southern Thailand, fresh
fish was cleaned, headed, eviscerated, and drained for 3 h. The fish was then mixed with
salt and sugar in a 10:0.4:0.4 (w/w/w) ratio and kept tightly sealed in earthen jar for 1 night
at room temperature (27–29 ◦C) for fermentation. After that, the salted fish was sun-dried
for 5 h. Then it was left to ferment for two days under the same conditions. The exudates
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are allowed to drip off during the fermenting process. Finally, sun drying for 5 h was
done till the aw of ≤0.85 was achieved, which was within the range of semi-dried food
(aw = 0.6–0.85) [3]. This product with high protein content has unique nutritional benefits
for humans, and it also imparts delicacy with a strong excellent flavor developed during
fermentation [1].

Fermented fish is a natural source of protein hydrolysate with a wide range of peptides
with flavorful taste components and biological activity potential [4,5]. Enzymatic hydrolysis
can liberate active peptides that are inactive in their original protein sequence [6]. Peptides’
biological effect is determined by their amino acid profile and sequence [5–7]. Bioactive
peptides are protein fragments that exhibit specialized functions such as antioxidant,
antibacterial, anti-inflammatory, antihypertensive, and anticancer [5–7]. To be effective,
peptides must reach the target receptors and avoid enzymatic digestion [8]. Bioactive
peptides have gotten a lot of attention across the world because of their health-promoting
potential as well as their natural and safe features [9]. Peptides generated from protein
resources have been extensively explored as functional additives in recent years, owing to
the growing need for daily diet supplements to improve human health and wellness [9].

Peptides produced from various fish proteins have been shown to behave as potential
antioxidants with various modalities of antioxidant activity, including electron/hydrogen
atom donation, scavenging of reactive oxygen species (ROS)/free radicals, and seques-
tration of pro-oxidants [10–15]. One of the most significant antioxidant mechanisms in
biological systems is the removal of ROS and other free radicals [16]. Because of their
higher activity and stabilities, antioxidant peptides derived from dietary proteins could be
used as a potential substitute for synthetic antioxidants [16]. This is in line with the trend
of replacing synthetic antioxidants with natural antioxidants derived from dietary origins
because of its potential health advantages and devoid of negative effects [10]. Antioxidants
are frequently utilized in food products to lower the risk of diseases (e.g., cancer and
coronary heart disease) since they can increase the stability of food lipids. By generating
secondary oxidation products during processing and storage, oxidative degradation is a
serious risk to the quality of lipid-containing foods, producing off-flavors and lowering
the nutritional value and safety of the food [17]. Antioxidants also have a variety of indus-
trial applications, such as preservatives in food and cosmetics [10]. Generally, the liquid
fraction or sauce contained the majority of the bioactive peptides from fermented fish
products [14,18]. Antioxidative peptides from semi-dried fermented fish, such as Pla Duk
Ra, a traditional fermented catfish product, have not been evaluated. Therefore, the goals
of this work were to fractionate and characterize the antioxidant peptides from semi-dried
fermented catfish in vitro.

2. Materials and Methods
2.1. Chemicals

Acetonitrile, 2,2′-azinobis-(3-ethylbenzthiazolin-6-sulfonic acid (ABTS), 2,2-diphenyl-
1-picrylhydrazyl (DPPH), ethanol, hydrogen peroxide (H2O2), N-tert-butyldimethylsilyl-
N-methyltrifluoroacetamide (MTBSTFA), tert-Butyldimethylchlorosilane, trichloroacetic
acid (TCA), thiobarbituric acid (TBA), and thioglycolic acid were purchased from Sigma
Aldrich Co. (St. Louis, MO, USA).

2.2. Pla Duk Ra Sample

Freshly produced Pla Duk Ra (10 kg) was purchased from Tha Sak community enter-
prise, Muang, Nakhon Si Thammarat, Thailand in February 2021. Samples packed in plastic
bags were carried to Walailak University’s laboratory in a polystyrene foam box within 1 h.
The flesh was manually separated from the bone upon arrival and mashed together using
an MK 5087M Panasonic Food Processor (Selangor Darul Ehsan, Malaysia) at speed 1 for
10 min at room temperature to create a composite sample before peptide extraction. All the
centesimal composition analysis were performed according to the AOAC guidelines [19].
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The Pla Duk Ra sample had 40.16 ± 0.13% moisture, 35.95 ± 0.60% protein, 10.86 ± 0.45%
fat, 7.71 ± 0.24% ash, and 5.32 ± 1.19% carbohydrate.

2.3. Peptide Extraction, Deproteinization, and Fractionation

The method of Xiao et al. [9] was used for peptide extraction and deproteinization.
Minced Pla Duk Ra (30 g) was homogenized with 120 mL of 0.01 M HCl using an IKA®

homogenizer (Staufen, Germany) with an on-off cycle of 20 s each (8 min total homogeniza-
tion) under the iced bath to prevent overheating. The homogenate was then centrifuged
(20 min/4 ◦C/12,000× g) using an RC-5B plus centrifuge (Sorvall, Norwalk, CT, USA).
The supernatant was collected, and 3 vol of absolute ethanol was added after that. To
remove the proteins, the mixture was maintained at 4 ◦C for 20 h. Subsequently, the sample
was centrifuged at 12,000× g (4 ◦C/20 min). The supernatant was filtered with a 0.45 µm
Nylon filter after centrifugation under the same conditions, and ethanol was evaporated
by an Eyela rotary evaporator (Model N-100, Tokyo, Japan). The residual was referred to
as Pla Duk Ra crude peptide extract (CPE). The CPE sample (5 mL) was then fractionated
by two jointed HiTrap Sephadex-G25 column (5 mL/bead size 15–70 µm, GE Healthcare,
Sweden) according to Hamzeh et al. [14]. The samples were eluted with distilled water
at a flow rate of 1 mL/min, and the absorbance of the 1.0-mL fractions was measured at
280, and 420 nm using a UV-Vis spectrophotometer (UV-1900, Shimadzu, Kyoto, Japan) to
monitor peptides, and Maillard reaction products (MRPs), respectively. Due to differences
in size distribution and browning intensity, two fractions were obtained: fraction 1 (F1)
and fraction 2 (F2). Colorimetrically, the peptide content of samples (CPE, F1, and F2)
was measured by the Lowry method [20] using L-tyrosine as a standard. The L-tyrosine
equivalents were utilized to adjust the peptide concentrations in this study.

2.4. Amino Acid Composition

The amino acid profiles of CPE, F1, and F2 were analyzed using an Agilent 7000D
Triple Quadrupole GC/MS (Santa Clara, CA, USA) according to Chinarak et al. [21].

2.5. Peptide Identification Using LC-MS/MS

To examine specific peptide sequences, samples were purified using C18 ZipTip
(Merck Millipore, Darmstadt, Germany). The concentration of peptides was measured
using the Bradford method [22], which used bovine serum albumin as a standard. Then,
peptide samples were examined by LC-MS/MS using an Ultimate3000 Nano/Capillary
LC System (Thermo Scientific, Loughborough, UK) linked to a Hybrid quadrupole Q-Tof
impact II™ (Bruker Daltonics, MA, USA) equipped with a Nano-captive spray ion source.
Specifically, 1 µL of peptide digests was enriched on a µ-Precolumn 300 µm i.d. × 5 mm
C18 Pepmap 100, 5 µm, 100 Å (Thermo Scientific, Loughborough, UK), separated on a
75 µm i.d. × 15 cm and packed with Acclaim PepMap RSLC C18, 2 µm, 100 Å, nanoViper
(Thermo Scientific, Loughborough, UK). The C18 column was placed in a thermostatic
column oven (60 ◦C). Solvent A (0.1% aqueous formic acid and solvent B (0.1 % formic
acid in 80% acetonitrile) were used to elute the peptides by a gradient of 5–55% solvent B
for 30 min at a flow rate of 0.3µL/min. Electrospray ionization was performed at 1.6 kV
using the CaptiveSpray. Nitrogen was employed as a drying gas (flow rate ~50 L/h).
The product ion mass spectra of collision-induced-dissociation (CID) were obtained using
nitrogen gas as the collision gas. Mass spectra (MS) and MS/MS spectra were acquired
in the positive-ion mode at 2 Hz over the range (m/z) 150–2200. As a function of the m/z
value, the collision energy was modified to 10 eV. The LC-MS analysis of each sample
was done in triplicate. The Andromeda search engine was used to link MS/MS spectra to
the Uniprot Clarias database, and MaxQuant 1.6.6.0 was used to quantify the proteins in
individual samples [23].
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2.6. Antioxidant Activities

The antiradical activity (DPPH• and ABTS•+), inhibitory activity against ROS (hy-
droxyl radical (OH•), H2O2, and singlet oxygen (1O2)), and metal chelation were deter-
mined. For all antioxidant activities, the half maximum inhibitory concentration (IC50;
mg/mL) was recorded.

The scavenging activities of DPPH•, ABTS•+, OH•, and H2O2 were determined using
Chaijan and Panpipat’s procedures [24]. The capacity of samples to inhibit 1O2 was
measured using the method of Benjakul et al. [25]. Metal chelating activity was analyzed
using the method of Chaijan and Panpipat [24].

2.7. Effects of Heating Temperature, pH, and In Vitro Digestion on DPPH• Scavenging Activity of
Selected Peptide Fraction

Because it was the most effective antioxidant mechanism, the DPPH• scavenging
activity was chosen to be studied in this section. The impact of heating temperature and
pH on the DPPH• scavenging activity of a peptide fraction with the strongest antioxidant
efficacy was investigated. The selected peptide fraction at the IC50 value was heated
for 30 min at 60, 70, 80, 90, and 100 ◦C, then cooled in ice water for 5 min. The heated
samples were then analyzed for DPPH• scavenging activity. The control was kept at room
temperature for 30 min before being placed in ice water for 5 min. For the influence of pH
over the ranges of 1–14, samples were kept at room temperature for 30 min at each pH at
the IC50 concentration. After pH treatment, the DPPH• scavenging activity was evaluated.

Simulated gastrointestinal digestion was performed using an in vitro pepsin-pancreatin
hydrolysis method [26]. The pH of the chosen peptide fraction was brought to 2.0 using
2 M HCl and pepsin (dissolved in 0.1 M HCl) was added to get a final concentration of
40 g pepsin/kg peptide. The reaction mixture was kept at 37 ◦C for 1 h with constant
shaking. Before adding 20 g pancreatin/kg peptide, the pH of the reaction mixture was
modified to 5.3 using 1 M NaOH. After that, 1 M NaOH was utilized to bring the pH to 7.5.
The mixture was again incubated (37 ◦C/3 h/constant shaking). The solution was soaked
in hot water for 10 min to stop the digestion. During digestion, samples were obtained at
random intervals between 0 and 240 min to determine DPPH• scavenging activity.

2.8. Statistical Analysis

The data were expressed as means ± standard deviations (SD) of three replications
(n = 3) for all analyses. Data analysis was performed by the SPSS 23.0 for Windows (SPSS
Inc., Chicago, IL, USA). Significant variations (p < 0.05) across samples were examined
using Duncan’s multiple-range test.

3. Results and Discussion
3.1. Peptide Fractionation Using Hitrap Sephadex-G25 Columns

Figure 1a shows chromatograms acquired using Hitrap Sephadex-G25 columns. The
peptide distribution was represented by A280, while the browning product was represented
by A420. F1 with higher A420 was eluted first, followed by F2. Figure 1b depicts the
appearance of CPE, F1, and F2. The A420 of 2.70 ± 0.08, indicated the existence of MRPs
in the CPE. Because of the reaction between amine-carbonyl compounds, MRPs can be
produced during Pla Duk Ra fermentation. F1 (A420 = 0.07 ± 0.00) was light yellow as
well, although with a lesser intensity than CPE. The low intensity of A420 (0.05 ± 0.00)
made F2 the clearest. The higher molecular weight MRPs can be isolated sooner using gel
filtration. As a result, they were predominantly found in the F1.



Fermentation 2021, 7, 262 5 of 14
Fermentation 2021, 7, x FOR PEER REVIEW 5 of 15 
 

 

 
Figure 1. Representative chromatogram of crude peptide samples extracted from semi-dried fer-
mented catfish (Pla Duk Ra) (CPE) fractionated by two connected Sephadex-G25 desalting columns 
(5 mL, bead size of 15–70 μm) (a) and appearance of CPE and fraction 1 (F1) and fraction 2 (F2) (b). 
F1 represented the pooled fractions 3–10, while F2 represented the pooled fractions 11–18. The A420 

of CPE, F1, and F2 was 2.70 ± 0.08, 0.07 ± 0.00, and 0.05 ± 0.00, respectively. 

3.2. Amino Acid Composition 
Table 1 shows the amino acid contents of CPE and its fractions. A variety of amino 

acid types and concentrations were discovered in the samples. F1 and F2 contained 19 and 
14 amino acids, respectively, whereas CPE contained 20 amino acids. Hydrophobic amino 
acid (HBA) (47.45%) and aromatic amino acid (ARA) (27.31%) were found in the highest 
concentrations in F2, followed by F1 and CPE. For each individual amino acid, CPE had 
the highest levels of alanine, valine, leucine, isoleucine, phenylalanine, lysine, and hy-
droxylysine (p < 0.05). F1 had the greatest levels of arginine and histidine (p < 0.05). The 
most prevalent amino acids in F2 were tryptophan, glutamic acid, aspartic acid, hydrox-
yproline, serine, glycine, tyrosine, threonine, proline, and methionine. Their antioxidant 
action (see Sections 3.4 and 3.5) may be due to differences in amino acid profile, content, 
and sequence (see Section 3.3). 

  

Figure 1. Representative chromatogram of crude peptide samples extracted from semi-dried fer-
mented catfish (Pla Duk Ra) (CPE) fractionated by two connected Sephadex-G25 desalting columns
(5 mL, bead size of 15–70 µm) (a) and appearance of CPE and fraction 1 (F1) and fraction 2 (F2) (b).
F1 represented the pooled fractions 3–10, while F2 represented the pooled fractions 11–18. The A420

of CPE, F1, and F2 was 2.70 ± 0.08, 0.07 ± 0.00, and 0.05 ± 0.00, respectively.

3.2. Amino Acid Composition

Table 1 shows the amino acid contents of CPE and its fractions. A variety of amino
acid types and concentrations were discovered in the samples. F1 and F2 contained
19 and 14 amino acids, respectively, whereas CPE contained 20 amino acids. Hydropho-
bic amino acid (HBA) (47.45%) and aromatic amino acid (ARA) (27.31%) were found in
the highest concentrations in F2, followed by F1 and CPE. For each individual amino
acid, CPE had the highest levels of alanine, valine, leucine, isoleucine, phenylalanine,
lysine, and hydroxylysine (p < 0.05). F1 had the greatest levels of arginine and histidine
(p < 0.05). The most prevalent amino acids in F2 were tryptophan, glutamic acid, aspartic
acid, hydroxyproline, serine, glycine, tyrosine, threonine, proline, and methionine. Their
antioxidant action (see Sections 3.4 and 3.5) may be due to differences in amino acid profile,
content, and sequence (see Section 3.3).
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Table 1. Amino acid composition of Pla Duk Ra crude peptide extract, fraction 1, and fraction 2.

Amino Acid (%) Crude Extract Fraction 1 Fraction 2

Alanine * 7.68 ± 0.18 c 7.07 ± 0.02 b 3.03 ± 0.00 a
Glycine * 5.46 ± 0.11 a 6.22 ± 0.03 b 7.67 ± 0.00 c
Valine * 4.59 ± 0.06 c 4.01 ± 0.04 b 1.45 ± 0.00 a

Leucine * 6.80 ± 0.20 b 5.24 ± 0.05 a ND
Isoleucine * 3.79 ± 0.08 c 2.83 ± 0.03 b 0.23 ± 0.00 a

Proline * 3.03 ± 0.09 a 3.15 ± 0.03 b 3.39 ± 0.00 c
Methionine * 2.62 ± 0.04 a 3.38 ± 0.00 b 4.37 ± 0.00 c

Serine 2.66 ± 0.09 a 4.34 ± 0.04 b 8.30 ± 0.00 c
Threonine 2.59 ± 0.05 a 3.43 ± 0.02 b 5.63 ± 0.00 c

Phenylalanine *,� 2.16 ± 0.02 b 1.81 ± 0.02 a 1.81 ± 0.00 a
Aspartic acid 5.66 ± 0.11 a 7.66 ± 0.06 b 13.15 ± 0.01 c

Hydroxyproline 3.39 ± 0.21 a 5.12 ± 0.09 b 9.05 ± 0.00 c
Cysteine 3.19 ± 0.10 a 5.31 ± 0.03 b ND

Glutamic acid 14.78 ± 0.08 a 15.36 ± 0.08 b 16.38 ± 0.00 c
Lysine 13.00 ± 0.86 b 0.39 ± 0.29 a ND

Arginine 1.05 ± 0.02 a 1.31 ± 0.02 b ND
Histidine 7.11 ± 0.21 a 10.36 ± 0.07 b ND

Tyrosine *,� 2.13 ± 0.06 a 3.32 ± 0.02 b 6.20 ± 0.00 c
Hydroxylysine 3.04 ± 0.14 ND ND
Tryptophan *,� 5.25 ± 0.26 a 9.69 ± 0.90 b 19.30 ± 0.01 c

Total hydrophobic amino acid 43.51 46.72 47.45
Total aromatic amino acid 9.54 14.82 27.31

Values are given as mean ± standard deviation from triplicate determinations. Different letters in the same
row indicate significant differences (p < 0.05). ND = non-detectable; * Hydrophobic amino acid; � Aromatic
amino acid.

According to Zhu et al. [27], amino acid concentration, type, and sequence have a sig-
nificant effect on peptide antioxidant activity. Some amino acids have been shown to have
antioxidant properties. The capacity of amino acid residues to interact with free radicals
impacts the peptide’s overall antioxidant power [28]. Cysteine and methionine residues
with nucleophilic sulfur side chains, as well as tryptophan, tyrosine, and phenylalanine
residues with aromatic side chains can promptly donate hydrogen atoms to stop the radical
chain reaction [27]. By transferring a hydrogen from its thiol group, cysteine is supposed
to serve as an antioxidant [29]. Methionine is an excellent oxidant scavenger, preventing
oxidants from attacking components that are crucial to cellular structure and function [30].
Hernández-Ledesma et al. [31] calculated the oxygen radical absorbance capacity (ORAC)
values of different amino acids to evaluate their radical scavenging activity. The antioxidant
capacity of tryptophan was found to be the highest, followed by methionine and cysteine.

3.3. Peptide Profiles

In CPE and its fractions, peptides with 8–24 amino acid residues were found
(Figure 2a–c). Other antioxidant peptides extracted and identified from the muscle protein
of diverse aquatic species have distinct sequences [16,32,33]. The peptide length of Pla Duk
Ra product, which was fermented and processed in a short period of time (<7 days), was
significantly longer than that of other fermented fish products that required long-term fer-
mentation, such as fish sauce (2–6 residues) [14], fish sauce by-products (4–6 residues) [13],
Budu (8–11 residues) [18], and Pekasam (8–11 residues) [34]. This was linked to the degree
of proteolysis and how fermentation time influenced it. CPE (Figure 2a), F1 (Figure 2b),
and F2 (Figure 2c) each had 69, 68, and 85 peptides, respectively. The HBA content of
each peptide was varied. ARHSYGMLYCSCPPND (50% HBA), GTPTPLIPILIII (76.9%
HBA), DTQAARKSDDDD (20% HBA), AACNSHECGWDGGDCSLN (22.2% HBA), and
ADMMEKNSSSPVAATP (50% HBA) were the top five peptides discovered in CPE. AL-
RKMGRK (37.5% HBA), AEFPCGDRRC (30% HBA), DTQAARKSDDDD (16.7 % HBA),
ARHSYGMLYCSCPPND (50% HBA), and AACNSHECGWDGGDCSLN (22.2% HBA)
were thein vito top five peptides discovered in F1. The top five peptides found in F2 were
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ANWMIPLM (87.5% HBA), LILQRRKFLRMKREKYGFIYKTHL (37.5% HBA), AEFPCG-
DRRC (30% HBA), DTQAARKSDDDD (20% HBA), and DATMDRKEDKDSKEFESCSPP
(23.8% HBA). The peptides DTQAARKSDDDD, LILQRRKFLRMKREKYGFIYKTHL, and
AAGCLLFLLIIIILI were found in all samples.
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3.4. Antiradical Scavenging Activities

Table 2 shows the antiradical scavenging activities of CPE, F1, and F2 as assessed
by DPPH and ABTS tests. F2 had the highest DPPH• and ABTS•+ scavenging activities,
followed by F1 and CPE (p < 0.05). This was in line with the fact that this fraction contained
the most hydrophobic and aromatic amino acids (Table 1 and Figure 2c). By interacting
with reactive species, the presence of HBA in the peptide increased antioxidant activity [35].
Furthermore, F2 had more short chain peptides (less than 10 residues) than F1. Short chain
peptides, according to Hamzeh et al. [14], are thought to have higher radical scavenging
action. The lower IC50 value for DPPH• scavenging activity (IC50 = 0.23–2.21 mg/mL)
compared to ABTS•+ one (IC50 = 0.37–3.45 mg/mL) suggested that all samples had better
action against hydrophobic free radicals. This was probably due to the presence of HBA in
the peptide mixtures (Table 1 and Figure 2). Hydrophobic free radical scavenging action
was aided by peptides containing HBA, such as valine and leucine [27]. In CPE, F1, and
F2, for example, valine-containing peptides were determined to be 26, 30, and 26 peptides,
respectively. In addition, aromatic amino acids boosted the antioxidant power of peptides
by efficiently donating protons to electron-deficient radicals and maintaining their stabil-
ities via resonance structures, as well as increasing radical scavenging activities [16]. In
CPE, F1, and F2, phenylalanine-containing peptides were determined to be 22, 25, and
32 peptides. As a result, F1 and F2’s high hydrophobic and aromatic amino acid concen-
trations may play a role in their strong anti-oxidation. AAVIAGGAVGLLFAVLLILLLI,
for example, contained 86.4% HBA in F2, with 3 valine residues, 7 leucine residues, and
1 phenylalanine residue in the sequence, which could be one of the potential candidates.
CPE and its fractions appeared to have superior free radical scavenging activity than Budu
extract [18]. Budu extract and its fractions had IC50 values for DPPH• scavenging activity
in the range of 0.76–1.06 mg/mL, and IC50 values for ABTS•+ scavenging activity in the
range of 0.54–2.15 mg/mL [18]. Also, CPE and its fractions demonstrated better activity
as compared to DPPH• scavenging activity of protein hydrolysates from dark muscle
of tuna (IC50 = 4.54–9.36 mg/mL) [16]. The results showed that CPE and its fractions
contained peptides that scavenge free radicals and stop the radical chain reaction, resulting
in stable products. Despite the fact that MRPs have been shown to exhibit anti-oxidative
action [36], larger molecular weight MRPs have been shown to have less activity [37]. Thus,
rather than MRPs, peptides appear to be significant candidates contributing to Pla Duk Ra’s
antioxidant action.

Table 2. Antioxidant activities of Pla Duk Ra crude peptide extract, fraction 1, and fraction 2.

Antioxidant Activity (IC50; mg/mL) Crude Extract Fraction 1 Fraction 2

Free radical scavenging activity
DPPH radical scavenging activity 2.21 ± 0.67 c 0.69 ± 0.01 b 0.23 ± 0.00 a
ABTS radical scavenging activity 3.45 ± 0.78 c 1.12 ± 0.08 b 0.37 ± 0.06 a

Inhibitory activity against reactive oxygen species
Hydroxyl radical scavenging activity 8.27 ± 0.17 c 4.92 ± 0.52 b 0.54 ± 0.21 a

Hydrogen peroxide scavenging activity 3.35 ± 0.05 c 2.12 ± 0.20 b 0.35 ± 0.10 a
Singlet oxygen scavenging activity 6.86 ± 0.87 c 1.87 ± 0.07 b 0.32 ± 0.11 a

Metal chelating activity 4.74 ± 0.07 c 2.18 ± 0.04 a 3.21 ± 0.32 b
Values are means ± standard deviation from triplicate determinations. Different letters in the same row indicate
significant different (p < 0.05).

3.5. Inhibitory Activity against ROS (OH•, H2O2, and 1O2)

The same trend in inhibitory activity against OH•, H2O2, and 1O2 was observed
where the lowest IC50 values were found in F2, followed by F1, and CPE (p < 0.05; Table 1),
suggesting the most effective in ROS inhibition of F2. As presented in Table 1, the IC50 for
OH• scavenging activity of CPE, F1, and F2 was 8.27, 4.92, and 0.54 mg/mL, respectively.
At the same order, the IC50 for H2O2 was 3.35, 2.12, and 0.35 mg/mL and those for 1O2
was 6.86, 1.87, and 0.32 mg/mL, respectively. Chi et al. [16] reported the IC50 values for
OH• scavenging activity of protein hydrolysate and its fraction from tuna dark muscle in
the ranges of 0.22–4.09 mg/mL, depending on enzyme type and fraction collected.
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Inhibitory action against OH•, H2O2, and 1O2 followed a similar pattern, with the
lowest IC50 values obtained in F2, followed by F1, and CPE (Table 1), implying that F2 is
the most effective in ROS inhibition. The IC50 for OH• scavenging activity of CPE, F1,
and F2 was 8.27, 4.92, and 0.54 mg/mL, respectively, as indicated in Table 2. The IC50 for
H2O2 of CPE, F1, and F2 was 3.35, 2.12, and 0.35 mg/mL, respectively, whereas the IC50
for 1O2 was 6.86, 1.87, and 0.32 mg/mL. IC50 values for OH• scavenging activity of protein
hydrolysate and its fraction from tuna dark muscle were reported by Chi et al. [16] to be
in the range of 0.22–4.09 mg/mL, depending on enzyme type and fraction collected. The
IC50 for OH• scavenging activity was significantly greater in all samples when compared
to other ROS and DPPH/ABTS free radicals. This demonstrated that OH• has a high
oxidation potential. Because of its reactivity with biological macromolecules like protein,
lipid, and DNA, OH• is the most damaging of the many ROS [27]. As a result, inhibiting
OH• is likely one of a live body’s most effective defenses against numerous diseases.

Carcinogenesis, aging, and oxygen toxicity appear to be linked to 1O2 interactions with
biological molecules [38]. The ability of a vasoactive intestinal peptide, histidine-containing
peptides (histidine at C terminal), to quench 1O2 has been documented. All of the samples
in this investigation had roughly 20 histidine-containing peptides. In F2, however, only
one peptide, HKWYFEKFEDYPKS, began with histidine. As a result, it was assumed to be
one of the 1O2 quenchers. Alanine, methionine, tryptophan, and histidine have all been
shown to physically quench 1O2 [39]. The five amino acids methionine, cysteine, histidine,
tyrosine, and tryptophan exhibit substantial rate constants for 1O2 quenching, according to
Sjöberg et al. [40].

Peptides with high effective quantities of oxidatively labile amino acid residues
(e.g., tryptophan, methionine, and cysteine) can suppress oxidation reactions [41]. As
stated in Table 2, the free radical and ROS scavenging capabilities of F2 with the high-
est tryptophan and methionine levels (Table 1) were the highest. F2 (Figure 2c) had
17 tryptophan-containing peptides, whereas CPE (Figure 2a) and F1 (Figure 2b) each had
13 peptides (Figure 2b). In F2, F1, and CPE, methionine-containing peptides were detected
in 32, 27, and 18 peptides, respectively. ANWMIPLM, a tryptophan and methionine-
containing octapeptide, was found to be the most prevalent in F2 and may be responsible
for the fraction’s ROS inhibition. Tryptophan has been shown in studies to be effective
antioxidants in organisms, eliminating ROS and improving the resistance to free radical
damage [42–44]. Tryptophan was discovered to be a potent free radical scavenger found in
human milk [45,46].

3.6. Metal Chelating Activity

Table 2 presents the metal chelating activities of CPE and its fractions as revealed by
IC50 values. CPE, F1, and F2 had IC50 values of 4.74, 2.18, and 3.21 mg/mL, respectively.
Metal chelation was ranked in a different order than other antioxidant activities, with
F1 having the best metal chelating activity. This was most likely owing to the peptides’
differing amino acid content and sequence. Metal-chelating residues within the sequences
of these peptides, such as methionine, glutamic acid, glutamine, arginine, and, lysine have
been shown to contribute to the antioxidant peptides’ enhanced Fe2+-chelating capacity
as well as their strong radical scavenging capability [47]. F1 had the greatest levels of
arginine and histidine (p < 0.05) (Table 1). Due to the metal binding activity of an imidazole
moiety, histidine-containing peptides are thought to operate as metal chelators [48]. F1
(Figure 2b) included 23 histidine-containing peptides, whereas F2 (Figure 2c) and CPE
(Figure 2a) contained 20 and 17 peptides, respectively. In F1, the possible chelating pep-
tide AVSVQPPQPGEPSHAQFIKERT was discovered, which contains 2 alanine residues,
3 glutamine residues, 2 glutamic acid residues, a histidine residue, a lysine residue, and
an arginine residue. ALRKMGRK, the most common peptide in F1, contains 2 arginine
residues, a methionine residue, and a lysine residue, which could be one of F1’s active
metal chelators. EEEQQATGGMSSTAHYLDGTFDYA, which included 3 glutamic acid
residues, 2 glutamine residues, 3 alanine residues, a methionine residue, and a histidine
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residue, was another probable metal chelating peptide in CPE. AHEKRLKQLK, a peptide
with 83.3% probable chelating amino acids, could be one of F2’s active chelating peptides.

3.7. Effects of Heating Temperature, pH, and In Vitro Digestion on DPPH• Scavenging Activity of
Selected Peptide Fraction

The heating temperature (Figure 3a) was evaluated at 60–100 ◦C to mimic the heat
treatment of food in comparison to a control that was held at room temperature. The
DPPH• scavenging activity increased with raising heating temperature (p < 0.05), accord-
ing to the results. In other peptides, the same pattern has been observed. The trolox
equivalent antioxidant capacity (TEAC) of dipeptides (TY and LY) extracted from brown
rice hydrolysates tended to increase with increasing heating temperature from 40 to
80 ◦C, according to Du et al. [49]. The DPPH• scavenging activity of a sample heated
to 100 ◦C was enhanced to 66.4% in this study. The peptides from the Pla Duk Ra fraction
appeared to be heat-activated peptides. Since the inhibitory activity of DPPH• increased
as the heating temperature was raised. Heating can break the hydrogen bonds between
the side chains of a peptide and the water molecule, exposing the reactive side chains
and allowing free radicals to bind. It has been observed that at high temperatures, all
water molecules are virtually free and hydrogen bonds between protein residues and water
molecules are impossible to form [50]. Furthermore, it has been observed that although
short-chain and low-molecular-weight peptides lack tertiary and quaternary structures,
they can nevertheless form secondary structures [27,49]. The secondary structure may be
broken as the temperature rises, exposing the reactive R-group, which can then be triggered
for radical inhibition. As a result, the peptides were shown to be heat stable. As a result,
these antioxidant peptides appeared to be promising for usage in the food industry, where
heat treatment is used in the majority of food processing methods.

According to the findings, F2 had the most potent antioxidant peptide. As a result, the
influence of temperature, pH, and in vitro digestion on F2’s DPPH• scavenging activity
was investigated. Those circumstances were created to resemble the conditions of food
processing and digestion. For the effect of pH (Figure 3b), the DPPH• scavenging activity
of F2 at the original pH (pH 5) was determined as IC50. The DPPH• scavenging activity
changed when the pH was shifted away from this pH. The DPPH• scavenging activity
increased as the pH decreased, reaching its maximum value at pH 1.0. With decreasing pH,
the equilibrium protonation of the carbonyl oxygen increases, increasing the electrophilicity
of the carbonyl carbon [51]. The occurrence of the deactivating protonated amino group
and radical stabilizing clusters on side chains accounted for the positional selectivity and
rates of radical assault on peptides [52]. As the pH was raised, the DPPH• scavenging
activity declined marginally at pH 6–10 and increased at pH 11–13. At pH 14, however,
the activity fell dramatically. Over the pH range of 3 to 10, the DPPH• scavenging activity
appeared to be steady or barely changed in certain situations. In the food processing
industry, this was a good connotation. The increase in DPPH• scavenging activity at
extreme acidic pH may be linked to the stability during digestion. At severe alkaline pH,
racemization and deamination of amino acids can occur, resulting in peptides losing their
antioxidant activity [27]. As a result of the structural modification of peptides that occurs
during pH adjustment, their antioxidant capacity was altered.

To be functional, bioactive peptides must elude enzymatic degradation and reach
the intestinal lumen [8]. Measurement of DPPH• scavenging activity was used to track
F2’s antioxidative activity in a gastrointestinal tract model system (Figure 3c). Under the
stomach situation, F2’s DPPH• scavenging activity remained consistent (p > 0.05). Despite
the fact that pepsin may further cleave peptides under acidic conditions, the peptides’
DPPH• scavenging activity remained unaltered. Following that, the DPPH• scavenging
activity in the duodenal condition fell dramatically (p < 0.05). When compared to the initial
activity, the residual activity after 240 min digesting was roughly 54%.
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Figure 3. Effect of heating temperature (a), pH (b), and in vitro digestion (c) on DPPH• scavenging
activity of fraction 2 fractioned from Pla Duk Ra crude peptide extract (CPE) at the IC50 concentration
(0.2 mg/mL). Bars represent standard deviation from triplicate determinations. Different letters
indicate significant different (p < 0.05). For effect of heating temperature, samples were heated for
30 min, followed by cooling down in ice water for 5 min. Control (black bar) was kept at room
temperature (25–27 ◦C) for 30 min, and kept in ice water for 5 min. For the effect of pH, samples
were incubated at each pH for 30 min at room temperature. The initial pH of the sample was around
5.0 (black bar).
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The results showed that both digestion and pH conditions can cause a decrease in
DPPH• scavenging activity during in vitro digestion. The DPPH• scavenging activity was
more stable in the acidic condition than in the alkaline condition, according to the pH sta-
bility test (Figure 3a,b). Antioxidant peptides from dry-cured ham [53] and Jinhua ham [27]
have been shown to reduce DPPH• scavenging activity in a simulated gastrointestinal
system. The peptides were reported to be more thoroughly degraded during digestion,
making them more hydrophilic and thus more difficult to interact with the hydrophobic
DPPH• [27]. As a result, the DPPH• scavenging activity decreased during the digestion in
the gastrointestinal tract model system.

4. Conclusions

Pla Duk Ra, a Thai traditional semi-dried fermented catfish, can be characterized
as a source of antioxidant peptides. CPE and its fraction with 8–24 amino acid residue
had different amino acid profiles and sequences. F2 has the largest concentrations of
hydrophobic and aromatic amino acids, which may explain why it was the most effective
in inhibiting free radicals (DPPH• and ABTS•+) and ROS (OH•, H2O2, and 1O2). Lowering
the pH and increasing the heating temperature increased F2’s DPPH• scavenging activity.
However, following digestion, nearly half of the DPPH• scavenging activity was lost in the
gastrointestinal tract model system. As a result, the antioxidant activity of peptides were
influenced by both amino acid content and peptide sequences. The synergist or additive
effect of peptide combinations should account for the antioxidant activity of peptides
fractionated from Pla Duk Ra.
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