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Salvia hispanica L. is a tiny seed from a herbaceous plant originally from Southern Mexico and Northern 
Guatemala. Generally, the chia oil industrial production produced an under utilised by-product known as 
defatted chia flour (DCF), considered a potential source of antioxidative peptides. This study aims to 
determine the total phenolic content, antioxidant activities, and amino acid profiles of different molecular 
weight of chia hydrolysates (CH), subsequently to identify the antioxidative peptide sequences. A 
completely randomised block design was used to conduct the experiment. The chia protein was isolated 
from the DCF before hydrolysis using three different proteases (alcalase, papain and pancreatin). 
Among the prepared hydrolysates, alcalase-CH demonstrated the highest total phenolic content (3.67 
mg GAE g-1) and antioxidant activities (DPPH: 35.46 µM TE mg-1; ABTS: 34.45 µM TE mg-1; FRAP: 
23.11 µM Fe (II) mg-1), thus being selected to further fractionated into molecular weight (MW) fractions 
(>10 kDa, 4-10 kDa and ≤3 kDa) via ultrafiltration. The ≤ 3kDa MW fraction of alcalase-CH demonstrated 
the highest hydrophilic (48.33 %) and aromatic (25.00 %) amino acid, and exhibited the highest total 
phenolic content (5.46 mg GAE g-1) and antioxidant activities (DPPH: 70.16 µM TE mg-1; ABTS: 79.82 
µM TE mg-1; FRAP: 43.21 µM Fe(II) mg-1), hence was selected for antioxidative peptides sequence 
identification. Two potential antioxidative peptide sequences, LFVTAAVAAR and VSAPGPVLTR were 
identified via in-gel digestion coupled with mass spectrometric analysis. The antioxidative chia 
hydrolysates can be developed and used as a natural antioxidant ingredient for functional food and 
nutraceutical applications. 
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INTRODUCTION 

Oxidative stress refers to the imbalance 
between the formation of reactive oxygen species 
(free radicals), and antioxidant defences cause an 
oxidative damage of protein, fat, nucleic acid, and 
carbohydrates (Adwas et al. 2019; Azab et al. 
2017). The oxidative stress develops when 
electron-deficient molecules reactive enough to 
remove electrons from adjacent molecules 

accumulate inside cells or in extracellular spaces 
(Nugent, 2019). Free radicals serve an important 
function in physiological control and cellular 
signalling at low concentrations (Manisha et al. 
2017). However, at high concentration, they are 
considered as harmful compound that might 
contribute to toxic, mutagenic, and carcinogenic 
bioactivities of different chemical and physical 
stressor (Zarkovic, 2020) and can cause severe 
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cell damage, which might lead to the development 
of chronic and degenerative diseases such as 
autoimmune disorder, cardiovascular disease, 
arthritis, cancer, ageing, as well as 
neurodegenerative diseases (Jakubczyk et al. 
2020; Adwas et al. 2019).  

In recent years there is an increasing 
awareness among people in the prevention of 
disease, especially by consuming nutritional and 
functional natural products. Natural products and 
its derivatives have been used as therapeutic 
agents and folklore from various ailments since 
ancient times (Gayathiri et al. 2016). About 40% 
of all medicines were obtained from natural or 
semi-synthetic derivatives and developed a lead 
compound initially obtained from a natural source 
(Lahlou, 2013). Antioxidants are compounds that 
potentially may protect cells from free radical 
damage. The increment intake of exogenous 
antioxidants would reduce the oxidative stress 
damage by inhibiting the initiation or propagation 
of oxidative chain reactions, serving as free 
radical scavengers, singlet oxygen quenchers, 
and reducing agents. (Baiano and del Nobile, 
2016). Tremendous interest has gained among 
researcher discovering the naturally occurring 
antioxidants that may be used in foods and plants 
to replace the synthetic antioxidants, mainly 
because of ideational/emotional reasons on the 
natural compounds are healthier than the 
synthetics (Scott et al. 2020) and the rising issues 
on synthetics antioxidant which are being 
restricted due to their possible negative 
consequences on human health (Blasi and 
Cossignani, 2020; Sylvie et al. 2014). Plants 
generate plenty of antioxidants that can signify a 
vital source of the new compound with promising 
antioxidant properties (Ayoub et al. 2017). Natural 
plant antioxidant products have been used to 
prevent illness since ancient times due to their 
ability to scavenge reactive oxygen species, which 
helps to prevent oxidative stress (Hrelia and 
Angeloni, 2020). Antioxidant peptides are a 
prominent natural functional ingredient that has 
piqued the interest of researchers, consumers, 
and the food industry due to their potential 
application in the development of health-
promoting foods (Chai et al. 2017; Zapadka et al. 
2017). 

Chia (Salvia hispanica L.) is an edible seed 
from the mint family's (Lamiaceae), which grows 
as an annual herbaceous plant (Deka and Das, 
2017). Among the genus Salvia species, chia is a 
2 mm length herbaceous plant that stands out due 
to its high nutritional and functional values. Chia 

was mainly composed of a high content of protein 
(18-25%), fibre (30-35%) and lipids (30-38%) 
(Brites et al. 2019; Chaves et al. 2018; Huerta et 
al. 2018). Since it is one of the richest sources of 
plant-based omega-3 (alpha-linolenic acid), chia 
seed is becoming more popular in the functional 
food industry (Timilsina et al. 2016). Despite the 
popularity of the chia oil market, the DCF (the 
residue/by-product of chia oil production) is not 
yet industrially utilised due to their newly realised 
nutritional benefits and scarcity of knowledge on 
their composition and technological functionality. 
The by-product of the food industry poses a huge 
challenge especially in waste treatment and final 
disposal of waste and drives a crucial economic 
cost. Therefore, researchers' immense interest in 
utilizing and adding value to the generated by-
products aims to develop new sources that could 
potentially deliver a decent financial return to the 
industrial process (Cotabarren et al. 2019). The 
growing interest in developing unique functional 
proteins/peptides from the waste product might 
consider the DCF as one of the highly possible 
sources of future novel bioactive peptides. 
Besides, the protein content of chia is reported 
higher than that of other cereals such as corn 
(9.4%), rice (6.5%), quinoa (13%) and wheat 
(12.6%) (Noshe and Al-Bayyar, 2017; Taopanta et 
al.2016; Ullah et al. 2016) and therefore a 
promising source of therapeutic peptides (Coelho 
et al. 2018).  

The peptides and free amino acids produced 
via the proteolysis of native proteins will determine 
the functional properties that may occur (Halim et 
al. 2016). Various factors such as process 
conditions, protein sources, molecular weight, 
peptide sequences, and amino acid compositions 
can all have an impact on peptide bioactivity. (de 
Castro and Sato, 2015). The antioxidant peptides 
are typically low molecular weight peptides with 5-
11 amino acids units and are inactive within the 
precursor complex molecule but become active 
following release or delivery to the active site via 
enzymatic hydrolysis, fermentation, or 
gastrointestinal digestion (Rao et al. 2020; Karas, 
2019). The enzymatic hydrolysis is a method of 
producing bioactive peptides by degrading the 
dietary proteins using endogenous or exogenous 
proteases (Stefanucci et al. 2016). It is a proven 
natural and safe method effectively to release and 
generated bioactive peptides from various 
sources of protein, including the chia seed 
(Cotabarren et al. 2019; Segura-Campos et al. 
2013). The enzymatic hydrolysis is considered a 
good method because it produces a high-quality 
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protein hydrolysate with better functional 
properties as they are more precise in the 
cleavage of peptides and reciprocate under mild 
conditions (Najafian and Babji, 2018; Wang et al. 
2017). Besides, there is no or few negative effects 
of enzymatic hydrolysis, and the further 
purification and recovery processes are simple 
(Auwal et al. 2017; Bashir et al. 2017). The 
microbial-derived industrial proteases (alcalase, 
flavourzyme, protamex and neutral proteases), 
plant-derived proteases (papain and bromelain) 
and animal-derived proteases (pancreatin, pepsin 
and trypsin) are the most often utilized enzymes in 
the synthesis of food-derived peptides (Pan et al. 
2020). Generally, the low molecular weight 
peptides containing hydrophobic and aromatic 
amino acids have higher antioxidant potential 
(Zhang et al. 2019; Nwachukwu and Aluko, 2018).  

The ultrafiltration process is a pressure-driven 
process used for proteinaceous, fractionation, 
isolation, and purification of the interest peptides 
(permeate and retentate) from the fractionation 
cascade (Marson et al. 2020; Saxena et al. 2009). 
By increasing the peptide purity, downstream 
processing of protein hydrolysates with 
appropriate designed ultrafiltration can refine 
bioactive peptide fractions and improve their 
functional and biological activity (Etzel and 
Arunkumar, 2016). The sequences' identification 
and characterization are a vital part of analyzing 
the structure-activity relationship of the peptide. 
The combination of in-gel digestion of sodium 
dodecyl sulphate polyacrylamide gel 
electrophoresis (SDS-PAGE) and mass 
spectrometric analysis is considered as a potent, 
yet relatively simple technique for identifying and 
characterizing peptides (Paulo, 2016). 
Furthermore, the pre-fractionation of protein 
mixture via PAGE-based fractionation strategies 
following enzymatic digestion, prior to mass 
spectrometric analysis offers several benefits over 
in-solution digestion: 1) Can identify specific gel 
bands (useful for figuring out the protein 
behaviours under different biological 
circumstances); 2) Allows for protein visualisation 
and colourimetric estimation; 3)  Samples that are 
susceptible to degradation, determining sample 
quality is critical and can be visually done using 
SDS-PAGE (Paulo, 2016).                                  

Thus, the aim of this study was to hydrolyse 
the chia protein from the underutilised DCF using 
different proteolysis enzymes, followed by 
fractionation of the CH by ultrafiltration into 
defined molecular weight peptides (<3 kDa, 4-10 
kDa, >10 kDa), determination of total phenolic 

content, antioxidative activities and amino acid 
profiles of different molecular weight fractions of 
CH, and finally to identify the antioxidative peptide 
sequence of the CH. 
  
MATERIALS AND METHODS 
 
Materials 

The DCF was supplied by The Chia Company 
(Australia). The alcalase from Bacillus 
lechinoformis (≥2.4 U g-1) and papain from Carica 
papaya (30 U mg-1) were supplied by Sigma-
Aldrich (USA), while the pancreatin from bovine 
(protease ≥100 USPu mg-1; amylase ≥100USPu 
mg-1; lipase ≥8 USPu mg-1) was supplied by 
Wisapple Biotech (China). All the other reagents 
and chemicals used were of analytical grade from 
Sigma Aldrich (USA). 
 
Methods 
 
Isolation of chia protein 

The protein isolation method to produce the 
chia isolated (CI) was performed according to 
Lopez et al. (2017) with slight modification. The 
DCF sample was dissolved in distilled water 
(1:20), agitated for 30 min and centrifuged at 
10000 × g for 15 min to remove the mucilage. The 
mucilaginous intermediate phase of the slurry was 
removed, while the chia protein was recovered in 
the upper aqueous phase and the bottom phase. 
The demucilaged DCF was then disseminated 
into pH alkaline water based on a DCF-to-water 
ratio of 1:20 for protein extraction (Ibrahim and 
Ghani, 2020). The slurry was agitated using a 
magnetic stirrer at ambient temperature for 1 h to 
solubilize the protein, followed by centrifugation 
(Allegra 64R Centrifuge, Beckman Coulter Inc., 
USA) for 30 min at 10,000 × g. The supernatant 
was collected, filtered with the use of filter paper 
(Whatman No. 4) and further acidified to pH 3.5 to 
precipitate the protein (Ibrahim and Ghani 2020). 
The centrifugation method was used to recover 
the protein precipitate, which was then washed 
thrice with 50 mL of Milli-Q water before 
resuspended in Milli-Q water at pH 7.0. The 
mixture was stirred for 10 min to solubilise the 
protein. The protein was lyophilised using a freeze 
dryer (Scanvac CoolSafe Touch 110-4, Labogene, 
France). Prior to further analysis, the lyophilised 
chia protein isolated (CI) was stored in an airtight 
packaging at 4°C until further analysis. 

 
Enzymatic hydrolysis of CI 
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The CH was prepared via enzymatic 
hydrolysis using three different proteases: 
alcalase, papain and pancreatin using a method 
as described by Ibrahim and Ghani (2020). The 
lyophilised CI were solubilized in distilled water at 
a ratio of 1:100 (w v-1) and incubated with alcalase 
(pH 8, 60°C), pancreatin (pH 8.5, 40°C) or papain 
(pH 7, 60°C) for 60 min. For enzyme deactivation, 
the hydrolyzed CH was heated to 95°C for 5 min. 
Each solution's pH was adjusted to the desired 
value using 1M NaOH or 1M HCl. All the CH 
samples were centrifuged for 20 min at 3000 × g 
(Kubota 2800, Japan) and the filtrates were 
lyophilised using a freeze dryer (Scanvac 
CoolSafe Touch 110-4, Labogene, France) prior 
to further analysis. 

 
Determination of degree of hydrolysis, DH 

The degree of hydrolysis (DH) of CH was 
determined according to Klompong et al. (2007) 
using the trichloroacetic acid (TCA) method. The 
10% TCA-soluble nitrogen and 10% TCA-
insoluble nitrogen was prepared by adding 10 mL 
of the enzyme-treated aqueous suspension to 10 
mL of 20% trichloroacetic acid (TCA). The mixture 
was centrifuged at 15770 × g for 15 min at 4°C. 
The supernatant was then collected and the 
Kjeldahl method (Kjeltec TM 2100, Foss, 
Denmark) was used to determine the soluble 
nitrogen content (N). The DH percentage is 
expressed as follows.  

 

DH (%) = 
𝑆𝑜𝑙𝑢𝑏𝑙𝑒 𝑁 𝑖𝑛 𝑇𝐶𝐴 10% (

𝑤

𝑣
)

𝑇𝑜𝑡𝑎𝑙 𝑁 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒
 × 100 

            
Molecular Weight Fractionation by Ultra-
filtration 

The molecular weight (MW) fractions of 
solution were separated by ultrafiltration at 4 °C 
according to the method suggested by Ibrahim 
and Ghani (2020). The CH solution was passed 
through the 10 kDa molecular weight cut-off 
(MWCO) membrane (Vivaflow 200, Sartorius, 
Germany) and followed by the 3 kDa MWCO 
(Vivaflow 50) membrane. The hydrolysates were 
then separated into three fractions: the >10 kDa 
MW fraction, 10-3 kDa MW fraction and ≤3 kDa 
MW fraction. All fractions were lyophilised and 
stored at −20 °C until further use. 

 
Determination of Amino Acid Profile 

The amino acid profile of CH was measured 
according to the method reported by Ghassem et 
al. (2014) with slight modification. First, the CH 
samples were mixed with 6 M hydrochloric acid 

and kept at 110 °C for 24 hours for protein 
hydrolysis. The hydrolyzed samples were added 
to the aminobutyric acid and filtered through a 0.2 
mm cellulose acetate membrane filter (Whatman 
No. 1). The amino acids were synthesized in a 
heating block at 55 °C for 10 min, and the amino 
acids were separated using a C18 AccQ-Tag 
amino acid analysis column (3.9 x 150 mm, 
Waters, USA) with a flow rate of 1 mL min-1 and 
temperature-controlled of 37 °C. The UV 
detector’s wavelength for peak identification was 
280 nm, while the fluorescence detector's 
excitation and emission wavelengths for amino 
acid quantification were 250 and 395 nm, 
respectively. The amino acids composition was 
computed based on the peak area relative to the 
standard. The amount of Tryptophan was 
determined via alkaline hydrolysis. 

 
Determination of Total Phenolic Content 

The total phenolic content of CH was 
determined according to the method outlined by 
El-Faham et al. (2016) with slight modification. A 
20 µL sample of DH was diluted with 1.58 mL of 
MilliQ water, mixed with 100 µL Folin-Ciocalteu 
reagent, and left to react for 3 min. A 300 µL of 20 
% sodium carbonate Na2CO3 was added into the 
mixture and incubated for 30 min in the dark at 
room temperature. A spectrophotometer (UV-
160A, Shimadzu, Kyoto, Japan) at 765 nm was 
used to determine the absorbance. A standard 
curve was plotted using an increasing 
concentration of gallic acid (0-1000 µM) in 
methanol. Total phenolic content was estimated 
as µM gallic acid equivalents (GAE). 
 
Determination of Antioxidative Activities 

 
DPPH Radical Scavenging Assay 

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
scavenging activity of CH was determined using a 
slightly modified version of the method outlined by 
Ahn et al. (2014). A 70 μL of DPPH solution (150 
μM in MeOH) was added to 70 μL of CH and 
allowed to stand at room temperature for 30 min 
in the dark. A microplate reader (Tecan GENios, 
Austria GmbH, Austria) at 517 nm was used to 
measure the absorbance (A). An ascorbic acid 
standard curve (10–50 μM) was plotted and the 
DPPH radical scavenging activity was reported as 
the ascorbic acid equivalent (AAE). 

 

DPPH activity =  
𝐴 𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝐴 𝑠𝑎𝑚𝑝𝑙𝑒

𝐴 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 × 100 
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ABTS Radical Scavenging Assay 
The 2,2′-Azinobis-(3-Ethylbenzthiazolin-6-

Sulfonic Acid (ABTS) stock solution was prepared 
according to the method reported by Ahn et al. 
(2014). The working solution was obtained by 
dilution (absorbance 1.5 at 414 nm). A 50 μL of 
DH sample was mixed with 150 μL of ABTS+ 
solution and left to react for 10 min. A microplate 
reader (Tecan GENios, Austria GmbH, Austria) 
was used to measure the absorbance (A) at 
414nm. A Trolox standard curve (10–50 μM) was 
plotted, and the scavenging activity was reported 
in μM Trolox equivalent (TE). 

 

ABTS activity = 
𝐴 𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝐴 𝑠𝑎𝑚𝑝𝑙𝑒

𝐴 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 × 100 

 
Ferric Reducing Antioxidant Power (FRAP) 
assay 

The ferric reducing antioxidant power (FRAP) 
of the CH was determined using a method as 
described by Guo et al. (2003). The fresh FRAP 
reagent was prepared accordingly: 2.5 mL of 10 
mmol L-1 TPTZ solution in 40 mmol L-1 HCl, 2.5 
mL of 20 mmol L-1 FeCl3 and 25 mL of 0.3 mol L-1 
acetate buffer (pH 3.6). A 1.8 mL of FRAP reagent 
and 0.2 mL of distilled water was added to 40 µL 
of CH sample. After a 10 min incubation period at 
37 °C, the absorbance (A) of the reaction mixture 
was measured using a spectrophotometer (UV-
160A, Shimadzu, Kyoto, Japan) at 593 nm. The 
FeSO4 was employed as the standard. The result 
was expressed as µM FeSO4.7H2O equivalent. 

 
Identification of the Potential Antioxidative 
Peptide Sequences 

Sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE) fractionation 

The collected ultrafiltrate CH fraction with the 
highest antioxidant activity was chosen for 
subsequent peptide sequences identification. The 
SDS-PAGE protocol was carried out according to 
Roy and Kumar (2014) with slight modification. 
The 5 % acrylamide stacking gel and 16 % 
acrylamide resolving gel were implemented. A 
300 µL of sample buffer (0.5 M Tris-HCl pH 6.8, 
glycerol,10 % SDS, 0.5 % bromophenol blue, 
v/w/w) was added to 2 mg of lyophilised DH and 
heated at 95 °C for 5 min. Each individual sample 
well was loaded with 5 µL of the DH solution. The 
electrophoresis was then run at 70 V for about 30 
min in the stacking gel, followed by 100 V for 1 h 
in the resolving gel.  The gel was stained for 30 
min with Coomassie Brilliant Blue G-250 before 
being destained using the destaining solution 

(water, methanol, acetic acid, 7:2:1, v/v/v). The 
standard ultra-low range molecular weight marker 
(MW 1.06 – 26.6 kDa) was used as the standard 
protein ladder (Sigma Aldrich, Germany). The 
desired protein bands were then executed from 
the destained gel, vacuum dried and stored at -20 
°C for further tryptic digestion.  

 
In-gel digestion 

The CH protein samples were digested with 
trypsin and the peptides were extracted according 
to standard techniques outlined by Bringans et al. 
(2008). The gel piece was incubated at 37 °C 
overnight with a 10 µL trypsin digest solution (12.5 
µg ml-1 trypsin, 25 mM ammonium bicarbonate). 
The digested peptides were then incubated for 20 
min with 20 µL acetonitrile containing 1 % 
trifluoroacetic acid. A rotary evaporator was used 
to evaporate the pooled extracts, which were then 
stored at -20 °C for subsequent MS analysis. 

 
Mass spectrometric analysis 

The digested extract of CH was dissolved in 
formic acid (0.1 %) at 20 mg ml-1 prior filled onto 
the Agilent 1200 HPLC-chip MS interface. 
Equipped with a 75 μm × 150 mm analytical 
column and160 nl C18 enrichment column 
(Agilent part no: G4240- 62010), 1 μl of the CH 
sample was loaded onto the chip, 300 Å. The 0.1 
% formic acid (FA) in water was marked as eluent 
A, while the 90 % acetonitrile (ACN) in water 
containing 0.1 % formic acid was represented 
eluent B. An Agilent 1200 Series nanoflow LC 
pump with a linear gradient and flow rate of 0.3 μl 
min-1 was arranged as follows: initial 3 % B; 0–30 
min, 3–50 % B; 30–32 min, 50–9 5% B; 32–37 
min, 95 % B; 37–38 min, 95–3 % B; 38– 47 min. 
An Agilent 6520 Accurate-Mass Q-TOF LC/MS 
was performed in positive ion mode for mass 
detection. The MS/MS mode of spectra was 
performed. A MS scan (range of 110–3000 m z-1) 
and MS/MS scan (range of 50–3000 m z-1) were 
performed on the 6520 Q-TOF in 2 GHz Extended 
Dynamic Range mode. The Q-TOF MS 
Conditions were set to Mode: Auto MS/MS; Drying 
gas: 5 L min-1, 325 °C; Fragmentor: 175 V; Data-
dependent: max 3 precursors (TH 200 Abs.), 
Active exclusion on after 1 spectra for 0.2 min; 
Preferred charge state: 2, 3, > 3, unknown. The 
data acquisition and processing were performed 
using Agilent ESI Q-TOF and the Agilent 
Spectrum Mill MS Proteomics Workbench 
software SwissProt.MAR.2013 fasta was used for 
database search. 
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Statistical analyses 
All the analysis were carried out in triplicate. A 

one-way analysis of variance (ANOVA) was 
conducted. The differences between means were 
assessed using Duncan's multiple range test. The 
data were analyzed using SAS version 9.4 
(Statistical Analysis Software). The data were 
expressed as the mean±standard deviation, and 
the p<0.05 determined the significant differences 
between data. 
 
RESULTS AND DISCUSSION 
 
The total phenolic content and antioxidative 
activities of chia hydrolysates 

Enzymolysis or enzymatic hydrolysis is 
currently the most recurring utilized approach in 
the preparation of antioxidative peptides because 
the process conditions are generally gentle and 
simple to manage (Shazly et al. 2017). The types 
of enzymes used significantly affect the peptides 
distribution and amino acid composition, 
determining the peptides' mechanism and efficacy 
as an antioxidant (Lapsongphon and 
Yongsawatdigul, 2013). The CI was enzymatically 
hydrolysed according to the previous study by 
Ibrahim and Ghani (2020) using three different 
proteolysis enzymes, namely: alcalase, pancreatin 
and papain. The SDS-PAGE (Figure 1) indicated 
that these enzymes successfully digested the chia 
isolated by the peptide bond cleavage, breakdown 
the peptide chains into the simpler di-peptides and 
amino acids, resulting in a significant reduction in 
the molecular weight of peptides. 

The phenolic compounds are known to be 
widely distributed in the plant kingdom and have 
significant antioxidant capacity because of their 
ability to yield hydrogen and form stable 
intermediate radicals. The total phenolic content 
and antioxidative activities (as measured by 
DPPH and ABTS radical scavenging assays, and 
FRAP reducing power assay were shown in Table 
1. The non-hydrolysed CI showed the lowest 
amount of total phenolic content (1.13 mg GAE g-

1) among all samples. The proteolysis process by 
alcalase (Alcalase-CH) is seen to successfully 
increase the phenolic content by 3.25-fold (3.67 
mg GAE g-1), while an average of 2.33-fold for 
Pancreatin-CH and Papain-CH with values of 2.52 
mg GAE g-1 and 2.75 mg GAE g-1, respectively 

 
 
Figure 1: The SDS-PAGE of molecular weight 
markers and chia hydrolysates digested using 
different enzymes. (1) Protein molecular 
weight markers; (2) Non-hydrolyzed CI; (3) 
Alcalase-CH; (4) Pancreatin-CH; (5) Papain-CH. 
 

Generally, the enzymes perform hydrolysis 
by disrupting the bonds between cell components, 
phenolics and conjugated compounds, allowing 
the more phenolic compound to be released (Liu 
et al. 2017). The hydrolysis rate has a close 
relation to the type and specificity of the enzyme, 
the available substrates, the hydrolysis conditions 
and resistance, and the other constituents' effects 
during the proteolysis process (Vas Patto et al. 
2014). To our knowledge, there is no previous 
studies have reported the relationship between 
the enzyme's treatments and the additional 
release of the phenolic compound from chia 
protein. However, there are previous reports 
suggesting that enzymatic hydrolysis has 
enhanced the release of phenolic compounds 
from butterfly pea seeds by bromelain and trypsin 
(Ee et al. 2019), flaxseed meal by alcalase, 
pancreatin, papain, flavourzyme, and pepsin 
(Ribeiro, Barreto, and Coelho, 2013), rice bran by 
complex enzyme hydrolysis of combination α-
amylase, glucoamylase, protease and cellulose 
(Malagulati et al. 2014) as well as other cereals 
and legumes (Liu et al. 2017). 
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DPPH assay is one of the straightforward 
and frequently used approaches for determining 
antioxidant activity, especially in plants and food 
source (Alshaal et al. 2019). The presence of an 
unpaired electron of the nitrogen atom in the 
centre of the DPPH molecule causes the radical 
to be reactive (Yeo and Shahidi, 2019), and this 
imposes steric constraints for big molecules as 
they are unable to inhibit the radical part located 
in the centre (Holtz, 2009). The enzymatic 
hydrolysis of protein influenced the molecular 
weight distribution and produced a high proportion 
of low molecular weight peptides (Arteaga et al. 
2020). These low molecular weight peptides 
effectively overcome the DPPH molecule’s steric 
barrier, thus enhancing the radical scavenging 
activity. As expected, the enzymatic hydrolysis of 
chia isolated using all enzymes tested has 
successfully improved the DPPH radical 
scavenging potential by an average of 3.7-fold 
(Table 1). The release of biologically active low 
molecular weight peptides and polyphenols during 
the proteolysis process may enhance the DPPH 
scavenging potential of CH (Cian et al. 2013). The 
protein denaturation, as well as loss of natural 
structure through hydrolysis, are known to cause 
the unfolding and expose the active amino acids 
to react with the free radicals (Halim et al. 2016). 
Furthermore, there is a definite relation between 
the amino acid hydrogen donation ability and the 
free radical scavenging activity (Mazloomi-
Kiyapey et al. 2019). The DPPH scavenging 
activity in this study, expressed by the Trolox 
equivalent was directly proportional to the DH 
value. Among all, the Alcalase-CH possessed the 
highest DPPH scavenging activity (35.46 µM TE 
mg-1; DH 47.09 %), followed by Papain-CH (33.09 
µM TE mg-1; DH 44.29 %) and Pancreatin-CH 
(32.49 µM TE mg-1; DH 42.69). Alcalase is an 
endopeptidase alkaline protease, capable of 
hydrolysing protein with a broad spectrum of the 
peptide bond, and it is commonly used to 
synthesize antioxidant peptides (Arise et al. 
2016). A similar finding was reported by Shahi et 
al. (2020), where the alcalase-digested black 
cumin (Bunium persicum Bioss.) protein 
hydrolysates had significantly higher DPPH 
scavenging activity than that using pancreatin. 
Furthermore, Li et al. (2015) also reported a 
substantially greater DPPH scavenging activity of 
Camilla oleifera peptides hydrolysed using 
alcalase than papain.  

Alternatively, the ABTS assay is another 
antioxidant activity determination method 
commonly practised due to its short analysis time 

and has an advantage especially for coloured 
compounds (Lim et al. 2019; Wan et al. 2018). 
The ABTS method is based on single-electron 
transfer and usually applied in hydrophilic and 
lipophilic antioxidants (Acsova et al. 2019). 
According to the result obtained (Table 1), the CH 
for all the three enzymes exhibited more 
significant ABTS radical scavenging activity than 
the non-hydrolysed CI. The higher scavenging 
value demonstrated by the Alcalase-CH (34.45 
µM TE mg-1) indicated that the alcalase enzyme 
successfully released an abundant electron and 
hydrogen donating potential antioxidant. There is 
no significant difference between the ABTS 
scavenging activity of the Pancreatin-CH and 
Papain-CH. The release of antioxidative peptides 
from the intact protein during the enzymatic 
hydrolysis might have resulted in to increase in 
the scavenging activity as reported by Bashkar et 
al. (2018) and Zhang et al. (2017), in horse gram 
hydrolysates and soybean hydrolysates, 
respectively. 

FRAP reducing antioxidant activity is a 
sensitive primary approach for determining the 
total antioxidant activity evaluated by the electron 
or hydrogen donor ability (Acsova et al. 2019; 
Arise et al. 2016). The antioxidant activities and 
the reducing power of the protein hydrolysates 
fractions were found to be directly related in the 
previous report (Pownall et al. 2010). The 
Alcalase-CH presented a higher (23.11 µM Fe(II) 
mg-1) ferric reducing antioxidant power than that 
hydrolysed by pancreatin and papain. Even 
though the papain hit a higher DH value (44.29 %) 
compared to the pancreatin (42.69 %), however, 
the reducing power of Pancreatin-CH (21.99 µM 
Fe(II) mg-1) was higher compared to the Papain-
CH (20.16 µM Fe(II) mg-1). This result explained 
the fact that the antioxidant potential of the 
hydrolysates is not solely affected by the DH. It 
might be due to the amino acid sequences of the 
produced peptides related to the protease 
specificity (Cian et al. 2013). The result (Table 1) 
suggested that the total phenolic content and the 
antioxidant activities of the Alcalase-CH were 
higher than those of the Pancreatin-CH and 
Papain-CH. Therefore, the Alcalase-CH was 
selected for further fractionation study.  
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Table 1: The degree of hydrolysis, total phenolic content, and antioxidative activities of CH 
hydrolysed with alcalase, pancreatin, and papain. 

 

Sample 
Degree of  

hydrolysis, 
 DH (%) 

Total phenolic 
content 

(mg GAE g-1) 

DPPH radical 
 scavenging  

activity 
(µM TE mg-1) 

ABTS radical 
scavenging  

activity 
(µM TE mg-1) 

FRAP reducing 
 Power 

(µM Fe(II) mg-1) 

CI - 1.13 ± 0.15c 9.19 ±0.27d 8.45 ±0.16c 6.75 ±0.28d 

Alcalase-CH 47.09 ± 0.86a 3.67 ± 0.19a 35.46 ± 0.32a 34.45 ± 0.31a 23.11 ± 0.31a 

Pancreatin-CH 42.69 ± 0.43c 2.52 ± 0.25b 32.49 ± 0.24b 29.52 ± 0.31b 21.99 ± 0.21b 

Papain-CH 44.29 ± 1.01b 2.75 ± 0.21b 33.09 ± 0.41c 29.32 ± 0.28b 20.16 ± 0.25c 

The data shown are mean ± standard deviation (n = 3). Values in the same column with different superscript letters 
are significantly different (p <0.05). 

 
The total phenolic content and antioxidant 
activities of different MW fractions CH 

The structural properties and molecular 
weight are significantly determining the peptides' 
bioactivity once they are liberated from their 
parental protein (Zou et al. 2016). Generally, 
peptides with 2-10 amino acids within their 
sequence and have a molecular weight below 3 
kDa as well as the presence of hydrophobic 
amino acids were found to exhibit potent 
antioxidant potential (Ketnawa et al. 2018; Yang 
et al. 2019). In contrast to larger peptides, low 
molecular weight peptides are frequently 
associated with increased antioxidant activity 
(Yang et al. 2017). In this study, the CH was 
separated into three predetermined molecular size 
fractions (>10 kDa, 4-10 kDa, and 3 kDa) using 
the ultrafiltration method with two different 
molecular weight cut off membranes (10 and 3 
kDa). The molecular weight distribution of the 
peptides was presented in Table 2. 
 
Table 2 The molecular weight distribution of 
Alcalase-CH protein hydrolysates. 

 
The data shown are mean ± standard deviation (n = 3). 
Values in the same column with different superscript 
letters are significantly different (p <0.05). 

 
Among the three defined Alcalase-CH 

fractions, the hydrolysates with 4-10 kDa was 
dominated (43.29 %) of the total percentage 
hydrolysates, followed by the ≤3 kDa fraction 
(35.12 %) and the least was >10kDa fraction 

(21.59 %). This result indicated that the Alcalase-
CH mainly consists of low molecular weight 
peptides. Peptides with low molecular weight are 
known to have improved antioxidant capability in 
contrast to larger peptides, primarily due to the 
increase in functional side chain's availability to 
the free radical, as well as the electron-dense 
peptide bonds formed by the enzyme hydrolysis 
(Yang et al. 2017; Udenigwe and Aluko, 2011). 
Thus, each of the resulted ultrafiltrated Alcalase-
CH fractions was further analysed for the total 
phenolic content and antioxidant activities. The 
phenolic content assay is currently used to 
compare the phenolic composition of different 
samples, and the result obtained usually correlate 
with the antioxidant activity data. The total 
phenolic content of each different molecular 
weight Alcalase-CH fractions was quantified, and 
the result was presented in Table 3. The Alcalase-
CH1 represented the >10 kDa fraction, while the 
Alcalase-CH2 and Alcalase-CH3 subsequently 
represented the 4-10 kDa and <3 kDa fractions.  It 
is revealed that the Alcalase-CH3 fraction was the 
one with the remarkably highest value (5.46 mg 
GAE g-1) followed by the Alcalase-CH2 (4.23 mg 
GAE g-1), Alcalase-CH1 (3.89 mg GAE g-1) and CI 
(1.13 mg GAE g-1). This result suggested that the 
peptide fractions with higher molecular weight 
exhibited the lowest phenolic content and has 
been supported by the previous report by Hu et al. 
(2020) where the total phenolic content of corn 
gluten meal peptide hydrolysed using papain are 
reversely proportional to the molecular weight of 
the peptide. 

Practically, the antioxidant mechanism of 
proteins and peptides were performed through 
several analytical techniques. Hence, the 
antioxidant capacity of all the Alcalase-CH 
fractions was analyzed through several different 
assays, including the DPPH and ABTS radical 

Molecular 
weights 

(kDa) 
Distribution (%) 

≤3 35.12 ± 0.22b 

4-10 43.29± 1.06a 

>10 21.59 ± 0.43c 
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scavenging activity, as well as FRAP reducing 
antioxidant power. The DPPH radical scavenging 
activities of different fractions of Alcalase-CH are 
shown in Table 3. The result varied depending on 
the peptide size with the Alcalase-CH3 possessed 
the highest (p<0.05) scavenging ability (70.16 µM 
TE mg-1), approximately two-fold higher compared 
to the mixture molecular weight of non-ultra-
filtrated Alcalase-CH. The Alcalase-CH2 and 
Alcalase-CH1 fractions indicated a lower activity 
(p<0.05), 57.23 µM TE mg-1 and 29.11 µM TE mg-

1, respectively. The result showed that the DPPH 
scavenging activity of Alcalase-CH is inversely 
related to its molecular weight. This might be 
because the larger molecular weight peptides 
have a more compact structure, resulting in 
stronger intramolecular hydrogen bonds and 
restricting hydroxyl and amine groups from 
reacting with radicals or metal ions. This result is 
in agreement with those by Kim et al. (2019) 
where peptides from perilla seed (Perilla 
frutescens) prepared using trypsin proteolysis with 
the lowest molecular weight fraction (<3 kDa) had 
the highest DPPH radical scavenging activity. 
Furthermore, a previous study of different 
molecular weight peptide fractions in potato 
protein hydrolysates (Zhang and Mu, 2017) and 
rice bran protein hydrolysates (Pongthai et al. 
2017) also reported a stronger DPPH radical 
scavenging activity on the smaller peptides (<3 
kDa) compared to that the bigger peptides. 
Moreover, the low molecular weight peptides are 
assembled of more hydrophobic amino acid 
capable to interact with the DPPH radicals (Kim et 
al. 2019). On the contrary, the lower scavenging 
ability of the bigger peptides is ascribed to 
probable steric hindrance due to their size and 
higher peptide repulsion (Nwachukwu and Aluko, 
2019). 

The ABTS radical scavenging activity, as 
shown in Table 3, also indicated that the Alcalase-
CH3 fraction exhibited the highest (p<0.05) level 
of activity (79.82 µM TE mg-1). The Alcalase-CH1 
showed a lower (p<0.05) ABTS scavenging 
capacity than the non-fractionated Alcalase-CH, 
which might be due to the higher ability of the 
mixture molecular weight peptides to react with 
the free radicals and convert them into stable 
products, consequently, terminate the radical 
chain reaction (Pazinatto et al. 2013). The result 
proved that the low molecular weight peptide 
manifested superior radical scavenging ability 
probably because of their excellent electron-
donating capacity, resulted in forming the stable 
radicals or nonreactive conjugated through 

radical-peptide condensation compared to the 
heavier varieties. This is related to their ready 
accessibility through the biological membrane to 
the effective site and absorbed by the oxidative 
agents (Li and Yu, 2015).  Hwang et al. (2016) 
reported higher ABTS radical scavenging potential 
of low molecular weight (<3 kDa) flaxseed peptide 
fractions compared to the lower scavenging 
capacity of the fraction containing larger peptides. 
In parallel, the low molecular weight (<3 kDa and 
3-5 kDa) ultra-filtrated rice bran protein 
hydrolysates prepared with the pepsin-trypsin 
system were established to possess a higher 
ABTS cation compared to the larger peptides 
(Phongthai et al. 2017). The result of DPPH and 
ABTS scavenging activities are entirely in 
agreement, proven that the small-sized peptides 
were thought to have better scavenging/ 
quenching activities against the free radicals. 

The reducing ability of the peptides may be a 
significant indicator of their antioxidant capacity. 
Thus, the ferric reducing power activity has been 
implemented to evaluate the peptide fractions' 
ability to donate an electron and reduce the ferric 
cyanide complex (Fe3+) to the stable ferrous form 
(Sadeer et al. 2020). The result was presented in 
Table 3. Alcalase-CH3 revealed significantly 
higher (p<0.05) reducing activity (43.21 µM Fe(II) 
mg-1) than the other fractions. No significant 
differences were observed between the Alcalase-
CH2 and the non-fractionated Alcalase-CH. The 
lowest FRAP reducing power was found in the 
Alcalase-CH1 fraction (19.43 µM Fe(II) mg-1). This 
result suggested that the smaller-sized peptides 
had more reducing power than the large 
molecular weight fraction. Likewise, the present 
results are similar to the reducing power observed 
in African yam bean seed (Sphenostylis 
stenocarpa) protein hydrolysates fractions, 
reported a reverse proportional of molecular 
weight fractions and FRAP reducing power 
(Ajibola et al. 2011). Furthermore, several other 
studies have found that the antioxidant activities 
are closely related to the peptide size, with the 
shorter chain peptides having better antioxidant 
activity than the longer chain peptides (Hu et al. 
2020; Wang et al. 2014). Besides, the significant 
amount of hydrophobic amino acids was also 
suggested to be responsible for the high peptides’ 
reducing power (Zhang et al. 2009). The previous 
study by Pownall et al. (2010) has also revealed a 
positive relationship between the content of 
hydrophobic amino acid and the reducing power 
of pea seed (Pisum sativum L.) protein 
hydrolysate fractions. 
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Table 3: The total phenolic content and antioxidative activities of different molecular weight 
Alcalase-CH 
 

Sample 
Molecular 

weight cut-
off (kDa) 

Total 
phenolic 
content 

(mg GAE g-1) 

DPPH radical 
scavenging 

activity 
(µM TE mg-1) 

ABTS radical 
scavenging  

activity 
(µM TE mg-1) 

FRAP reducing 
power 

(µM Fe(II) mg-1) 

Alcalase-CH - 1.13 ± 0.15d 35.46 ± 0.32c 34.45 ± 0.27c 23.11 ± 0.41b 

Alcalase-CH1 > 10 3.89 ± 0.11c 29.11 ± 0.15d 30.29 ± 0.10d 19.43 ± 0.12c 

Alcalase-CH2 10-4 4.23 ± 0.07b 57.23 ± 0.09b 60.17 ± 0.11b 23.50 ± 0.15b 

Alcalase-CH3 ≤ 3 5.46 ± 0.05a 70.16 ± 0.07a 79.82 ± 0.08a 43.21 ± 0.09a 

The data shown are mean ± standard deviation (n = 3). Values in the same column with different superscript letters 
are significantly different (p <0.05)

The amino acid profiles of different MW 
fractions CH 

Besides the molecular weight of peptides, the 
amino acid composition, hydrophobicity, and the 
sequence also are thought to be the critical 
determinants of antioxidative property in peptides 
(Zou et al. 2016; Torres-Fuentes et al. 2015). 
According to Matsui et al. (2018), the antioxidant 
capacity of the peptide depends on the properties 
of their amino acids side residues. The amino acid 
composition of the different molecular weight 
fractions Alcalase-CH was summarised in Table 
4. Generally, the Alcalase-CH contain all essential 
amino acids for human nutrition such as 
methionine, lysine, threonine, isoleucine, 
tryptophan, leucine, phenylalanine, histidine, and 
valine. Among all, glutamine dominated the 
highest concentration, and the least was cysteine. 
The essential amino acids values from the highest 
to the lowest are as follows; Alcalase-CH3 (48.16 
%), Alcalase-CH2 (45.16 %), Alcalase-CH (43.85 
%), Alcalase-CH1 (40.80 %). The Alcalase-CH3 
seen to be the most promising dietary source of 
essential amino acids among all fractions. 

Hydrophobic amino acids and aromatic 
amino acids are perceived to have a close 
correlation to antioxidant activity. According to 
Table 4, the Alcalase-CH3 exhibited the highest 
(p<0.05) hydrophobic amino acid content (48.33 
%) compared to the other larger molecular weight 
fractions. However, the mixture-size fraction of 
Alcalase-CH possessed slight but significantly 
(p<0.05) higher hydrophobic amino acids (42.50 
%) compared to the medium-size fraction of 
Alcalase-CH2 (42.07 %). Among all fractions, the 
largest size of Alcalase-CH1 fraction 
demonstrated the lowest (p<0.05) hydrophobic 
amino acids with a value of 45.16 %. The amino 
acid composition effect on the antioxidant 
activities of the peptides  

has been stressed in the literature. In general, the  
more hydrophobic amino acids content, the 
stronger the antioxidant activity. The peptide's 
capacity to scavenge radicals is mostly due to its 
high number of hydrophobic amino acids (Zho et 
al. 2016). This is due to the potential of the 
hydrophobic amino acids to interact with free 
radicals via hydrophobic forces, thereby 
increasing the radical's proximity bringing the 
radical closer to the active functional groups 
(Udenigwe and Aluko, 2011). The hydrophobic 
amino acids such as tryptophan, valine, proline, 
and phenylalanine confer the antioxidant capacity 
to the peptides, owing to their electrons' bundle 
that can be donated to quench the free radical, 
thus possess strong scavenging properties 
(Nwachukwu and Aluko, 2018; Ketnawa et al. 
2018). Tyrosine (Tyr) provide a proton quenching 
free radicals, and the proton donation ability was 
enhanced by the carboxylate base of its 
neighbouring aspartic acid (Asp) and glutamate 
(Glu), which had an electron-withdrawing effect (Li 
and Yu, 2015). The antioxidant tripeptide that 
consists of hydrophobic amino acids with a low 
isoelectric point, such as Ala, Gly, Val, and Leu in 
its N-terminal is thought to have a high 
antioxidative activity (Li et al. 2011). This finding 
did support the result of radical scavenging and 
reducing power activities as discussed above. The 
Alcalase-CH3 fraction containing the highest 
hydrophobic amino acids scavenged the highest 
DPPH and ABTS radicals and highly reduced the 
Fe3+ to Fe2+. Furthermore, previous works 
illustrated the direct relationship of hydrophobicity 
with DPPH radical scavenging activity of Fucus 
spiralis L. (Paiva et al. 2017) and Mucuna pruriens 
(Chale et al. 2014) peptide fractions. 
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Table 4: The amino acid profiles of different molecular weight Alcalase-CH. 
 

Amino acids 
Alcalase-CH 

(%) 
Alcalase-CH1 

(%) 
Alcalase-CH2 

(%) 
Alcalase-CH3 

(%) 

Asp 6.35 ± 0.03c 9.22 ± 0.05a 9.24 ± 0.04a 9.01 ± 0.03b 

Ser 6.34 ± 0.12a 5.98 ± 0.08b 4.21 ± 0.11c 3.29 ± 0.07d 

Glu 12.24 ± 0.14c 14.58 ± 0.12a 12.44 ± 0.09b 11.52 ± 0.19d 

Gly 5.12 ± 0.17a 4.80 ± 0.08b 4.12 ± 0.12c 3.10 ± 0.15d 

His 4.93 ± 0.04c 4.82 ± 0.06d 5.87 ± 0.05b 6.65 ± 0.05a 

Arg 11.20 ± 0.15a 11.15 ± 0.09a 10.74 ± 0.11b 8.77 ± 0.13c 

Thr 4.68 ± 0.02a 4.23 ± 0.07b 3.87 ± 0.10c 2.23 ± 0.04d 

Ala 4.08 ± 0.02b 3.88 ± 0.01c 4.03 ± 0.05b 4.92 ± 0.05a 

Pro 4.64 ± 0.02c 4.70 ± 0.06c 4.85 ± 0.09b 5.49 ± 0.07a 

Tyr 5.20 ± 0.09a 4.22 ± 0.05c 4.55 ± 0.11b 5.22 ± 0.04a 

Val 4.97 ± 0.08d 5.10 ± 0.10c 5.29 ± 0.05b 6.85 ± 0.03a 

Lys 2.87 ± 0.15c 3.99 ± 0.07a 3.26 ± 0.06b 2.46 ± 0.02d 

Ile 4.17 ± 0.01b 3.89 ± 0.03c 4.18 ± 0.02b 4.23 ± 0.01a 

Leu 6.92 ± 0.02a 4.41 ± 0.01d 4.56 ± 0.02c 5.66 ± 0.01b 

Phe 7.20 ± 0.01d 7.25 ± 0.03c 8.21 ± 0.02b 9.01 ± 0.04a 

Cys 0.98 ± 0.03a 0.67 ± 0.01b 0.66 ± 0.02b 0.52 ± 0.01c 

Met 5.32 ± 0.03c 5.39 ± 0.07c 6.40 ± 0.02b 6.95 ± 0.03a 

Trp 2.79 ± 0.04c 1.72 ± 0.02d 3.52 ± 0.01b 4.12 ± 0.02a 

Total EAA1 43.85 ± 0.22c 40.80 ± 0.13d 45.16 ± 0.11b 48.16 ± 0.10a 

Total AAH2 42.50 ± 0.09b 38.84 ± 0.08d 42.07 ± 0.10c 48.33 ± 0.09a 

Total AAR3 20.12 ± 0.16c 18.01 ± 0.09d 22.15 ± 0.11b 25.00 ± 0.12a 

The data shown are mean ± standard deviation (n = 3). Values in the same row with different superscript letters are 
significantly different (p <0.05). 
1EAA = Essential amino acids (His, Thr, Val, Lys, Ile, Leu, Phe, Met, Trp) 
2HAA = Hydrophobic amino acids (Ala, Val, Met, Ile, Leu, Phe, Pro, Tyr) 
3AAR = Aromatic amino acids (Phe, His, Trp, Tyr) 

 
Besides hydrophobic amino acids, the 

antioxidant capacity of peptides is thought to 
improve, particularly by the presence of aromatic 
amino acids (Girgih et al. 2014). As shown in 
Table 4, the aromatic amino acid content in the 
Alcalase-CH3 fraction increases to 25.00 % 
compared to the Alcalase-CH (20.12 %). In 
contrast, the Alcalase-CH1 and Alcalase-CH2 
exhibited a lower (p<0.05) aromatic amino acid 
content compared to the Alcalase-CH3, with the 
values of 18.01 % and 22.15 % respectively. This 
result is in accordance with Nwachukwu and 
Aluko (2018), the higher the aromatic and 
hydrophobic content of the peptide, the greater 
antioxidant activity it possesses. The aromatic 
amino acids are recognized for their improved 
radical scavenging capacity, which is achieved by 
contributing protons to stabilize electron-deficient 
radicals while maintaining their stability through 
resonance structure (Kimatu et al. 2017). This 

result was supported by Phongthai et al. (2017) 
reported that the radical scavenging and reducing 
activities of rice bran peptides have a positive 
relationship to the aromatic amino acid content. 
Besides, the proton donor found in amino acid 
residues including Tyr and Trp is an essential 
component of an antioxidant peptide, since it 
supplies hydrogen atoms to free radicals through 
its hydrogen donating capacity (Li and Yu, 2015). 
Furthermore, peptides containing a higher 
proportion of Leu, Ala, and Pro, and the aromatic 
amino acids Tyr, Trp, Phe, and His have a 
significant ability to direct transfer of electrons, 
hence associated with the intense free radical 
scavenging activities (Ketnawa et al. 2018). 
However, it is noteworthy that the antioxidant 
activity of free amino acid is significantly lower 
than that of the peptide containing the amino 
acids sequence (Zhu et al. 2012). The excessive 
enzymolysis might disrupt the antioxidant 
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capability. At a certain point, the bioactive peptide 
sequences are most likely to be converted into 
free hydrophilic amino acids which are considered 
as inactive antioxidant (Chen et al. 2015). Thus, 
the higher (p<0.05) hydrophobic and aromatic 
amino acid content found in the Alcalase-CH3 
fraction might be the significant cause of the 
fraction's high antioxidant activity. 
 
The potential antioxidative chia peptides 
sequence 

In addition to the molecular weight and amino 
acid composition, the length of the peptide chain 
and the positioning of the individual amino acids in 
the chain may be important determinants in its 
antioxidant potential (Gallego et al. 2018). The 
antioxidant capabilities of amino acids at the C- 
and N-terminals have been linked to their steric, 
hydrogen bonding, electrical, and hydrophobic 
properties (Nwachukwu and Aluko, 2018). Thus, 
identifying the specific features of the antioxidant 
peptides sequence is necessary for this study. 
The Alcalase-CH3 fraction possessed the highest 
antioxidative activities, and it is chosen to identify 
potential antioxidative peptide sequences further. 
Combining classical and modern biochemistry 
methodologies, in-gel digestion combined with 
mass spectrometric analysis is a cornerstone for 
protein identification and characterization (Paulo, 
2016). The polyacrylamide gel matrix works as an 
excellent filter to separate the proteins from low 
molecular weight substances and buffer 
components potentially interfering with the mass 
spectrometric detection in PAGE-based 
fractionation techniques. Moreover, in-gel 
digestion can be used to target and detect certain 
specific molecular weight gel bands, as well as to 
analyze proteins that differ under different 
physiological circumstances (Paulo, 2016). The 
present study involved protein fractionation using 
SDS-PAGE coupled with mass spectrometry to 
analyse the antioxidant peptide sequence of the 
Alcalase-CH3. Two different individual protein 
spots were identified from the gel electrophoresis, 
manual microtome excised, trypsin digested and 
further processed for mass spectrometric 
analysis. The de novo MS/MS spectra are 
presented in Figure 2 (a) and 2 (b). 

The result showed two differently peptides 
sequences: Leu-Phe-Val-Thr-Ala-Ala-Val-Ala-Ala-
Arg (LFVTAAVAAR), molecular weight 1018.22 
Da, position 38-47 of the parent protein Alkyl 
hydroperoxide reductase AhpD (SwissProt 
accession number Q20Y19.1) and Val-Ser-Ala-
Pro-Gly-Pro-Val-Leu-Thr-Arg (VSAPGPVLTR), 

molecular weight 996.17 Da, position 55-65, of the 
parent protein Interleukin-17 receptor C 
(SwissProt accession number Q8K4C2.3). The 
amino acids Leu, Val, Ala, Thr and Arg are found 
in both peptide sequences. According to Thorat et 
al. (2013), the bioactive peptides are tiny subunits 
of endogenous proteins with molecular weights 
ranging from 500 to 1800 Da and usually consist 
of 2-20 amino acids. This figure is comparable to 
the recent study, where the number of amino acid 
residues of both two potential antioxidative 
peptides found were 10 residues with a molecular 
weight of 1018.22 Da and 996.17 Da. The 
antioxidant potential of bioactive peptides is 
influenced by the presence of certain amino acids. 
The hydrophobic amino acid Leu and Val at the N-
terminus of both sequences found in Alcalase-
CH3 might stimulate the high antioxidant activity 
of the fraction. Moreover, the presence of 
hydrophobic amino acids Ala, Val, Leu, Pro and 
aromatic amino acid Phe in the peptide 
sequences are thought to grant the high 
antioxidant activity of Alcalase-CH3. According to 
Liu et al. (2016), peptides having the low 
molecular weight aromatic amino acids such as 
Trp, Phe and Tyr, as well as hydrophobic amino 
acid including Val or Leu at its N-terminus, with 
Pro, His, Tyr, Trp, Met, and Cys in their 
sequences, commonly demonstrate high 
antioxidant activity. The Lys, Gly, Val, and Ile may 
also assist the peptide molecules to generate a 
favourable hydrophobic microenvironment for 
peptide molecules (Zou et al. 2016). Besides, the 
amino and carboxyl groups of acidic and basic 
amino acids can function as hydrogen donors and 
metal ion chelators, respectively (Qian et al. 
2008). Furthermore, the pyrrolidine and indole ring 
in Pro and Trp could operate as hydrogen donors 
and hydroxyl radical scavengers due to their 
hydroxyl groups (Zou et al. 2016). All the 
properties mentioned above on both sequences 
found are believed to be the cause of that 
Alcalase-CH3 fraction having good antioxidant 
potential. 
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a)
 

b)
 
Figure 2: The de novo spectra for peptides (a) LFVTAAVAAR; m/z 509.79 (MH2)2+ (b) 
VSAPGPVLTR; m/z 498.79 (MH2)2+. 
 
CONCLUSION 

Enzymatic hydrolysis of CI using alcalase, 
pancreatin, and papain significantly improve the 
total phenolic content and antioxidant activities 
with the highest activities being achieved by the 
Alcalase-CH. The low molecular weight peptides 
(Alcalase-CH3) exhibited the highest total 
phenolic content and potent radical scavenging 
activities and reducing power. Two antioxidative 
peptide sequences were identified, namely: 
LFVTAAVAAR and VSAPGPVLTR. Overall, this 
study confirms that the molecular weight of 
peptides and the amino acids compositions and 

sequences in the peptide chains significantly 
affect the antioxidant activities. The Alcalase-CH3 
fraction developed from the under-utilised defatted 
chia flour has a high potential to be employed as a 
new natural antioxidant ingredient for functional 
food and nutraceutical applications. 
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