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1 Introduction
The knowledge about bioactive peptides is increasing, 

and the studies are being related to general health conditions 
or a reduced risk of certain chronic diseases (Bhandari et al., 
2020). The biofunctional properties of these compounds are 
related to an antihypertensive function associated with ACE 
inhibition (Yousr & Howell, 2015), antidiabetic property related 
to α-amylase inhibition (Nair  et  al., 2013), and antioxidant 
activity (Zhuang et al., 2013). In the Americas, around 62 million 
people have diabetes. People with this condition live in low and 
middle-income countries (Pan American Health Organization, 
2021). In 2020, 151,000 people died from diabetes mellitus 
in Mexico. Peptides from plants can help diabetics through a 
variety of pathways (Akbarian et al., 2022). It is crucial to find 
antidiabetic compounds that are accessible to all communities. 
Peptides can be produced naturally by enzymatic proteolysis 
during gastrointestinal digestion. In vitro, these compounds 
can be obtained by hydrolysis of proteins with the use of 
proteolytic enzymes (Abdel-Hamid et al., 2017). Several plants, 
microorganisms, and animals proteins sources have been used for 
generating bioactive peptides (Bechaux et al., 2019). Few studies 
detail the bioactive peptides from seed protein of cacti, and their 
biofunctional properties (Loo et al., 2017).

Cactaceae plants grow in arid areas. In Mexico, 47.7% of 
cacti are endemic (Ramírez-Rodríguez et al., 2020). Cacti fruits 

are valued for their distinctive organoleptic properties such as 
taste and color (Chuck-Hernández et al., 2016). Some cacti fruits 
are underutilized in Mexico (Ramírez-Rodríguez et al., 2020), 
which are sustainable sources to obtain bioactive peptides and 
other compounds. The fruits with the greatest potential to obtain 
these compounds are the “Jiotilla” from Escontria chiotilla and 
“Pitaya” from Stenocereus pruinosus. The fruits of E. chiotilla are 
important edible resources with anticancer properties (Sandate-
Flores et al., 2020). Furthermore, pitaya has also drawn attention 
for its potential nutraceutical properties since it has natural 
pigments (betalains), vitamin C, high contents of iron and phenolic 
compounds, and antiproliferative activity on human cancer 
cell lines (García-Cruz et al., 2013, 2017; Martínez et al., 2021). 
The pitaya and jiotilla are highly valued in the region because 
the fruits are an important source of income for communities 
(Chuck-Hernández  et  al., 2016; García-Suárez  et  al., 2007). 
Nevertheless, the short shelf life of cacti fruits after the harvest 
is a problem (Hernández-Valencia et al., 2019).

Based on the literature, the ways to deal with this obstacle are 
to produce products such as jams, juices, marmalades (Ali et al., 
2020), ice cream, and jellies (Arellano & Casas, 2003) with fruits. 
Regarding the seeds, cacti can be used as additives in foods 
(El-Safy et al., 2012). However, the knowledge about peptides 
of the seeds from the Mexican plants Escontria Chiotilla and 
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Stenocereus pruinosus is limited. Studies on the potentialities of 
cacti fruits have increased, but there is still a lack of information 
regarding bioactive peptides. Based on the above, the proposal of 
this study was to characterize in vitro biofunctional properties 
(antioxidant, antihypertensive, and antidiabetic activities) of 
bioactive peptides from cacti seed flour.

2 Materials and methods
2.1 Chemicals

2,2´-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) 
(Item A1888-1G), (±)-6-Hidroxy-2,5+,7,8-tetramethylchromane-
2-carboxylic acid (Trolox) (Item 238813), 2-Mercaptoethanol (Item 
M3148), N-Hippuryl-His-Leu hydrate (Item H1635-100MG), 
bovine trypsin (Item T4799-5G) and bovine chymotrypsin 
(Item C4129-250MG) were purchased from Sigma-Aldrich (St. 
Louis, MO, USA). N, N, N´, N´-Tetramethylethylenediamine 
(TEMED) (Item 1610801) was acquired from Bio Rad (Hercules, 
CA). Ammonium Persulfate (Item 009342 A) was purchased 
from Bio Rad (Japan). Brilliant Blue R-250 (Item 1610400) was 
acquired from Bio Rad (Canada). Prestained protein ladder 
(3.5-245 kDa) unstained standards (Item ENZ-ACC131-0500) 
was purchased Enzo Life Science (Farmingdale, NY). Methyl 
alcohol RA (Item CTR 01220), glacial acetic acid (Item CTR 
138937), and phosphoric acid (H3PO4, Item CTR 00696) were 
acquired from CTR (Mexico). Laemmli (SDS-Sample) (Item 
10570018-1) was acquired from bioworld (Dublin, OH). Pepsin 
(Item 10108057001) from pig gastric mucosa was purchased 
from Roche (Germany).

2.2 Collection and preprocessing of jiotilla and pitaya

Two batches of jiotilla fruits (10 kg) were collected from a 
crop field in San Pedro Totolapam, Oaxaca, Mexico 16° 40´latitude 
(North) and 96°18´ longitude (West). The batch of pitaya fruits 
(30 kg) was bought in the Puebla market (Central de abastos de 
Puebla). The collected fruit samples were stored at 5 ◦C for 24 h 
and processed within 48 h of harvest from the plant. The prickles 
were removed manually with care. Then, the collected fruits of 
jiotilla and pitaya were preprocessed by washing with tap water 
and soap (Axion, Item 7509546017143, Guanajuato, Mexico).

2.3 Preparation of seed flour

The electric extractor (Model 67800, Hamilton Beach, China) 
was used to separate the seeds from the pulps. Subsequently, 
100 g of seeds were washed with tap water, then the seeds were 
placed in a 600 mL beaker, 400 mL of deionized water was 
added, and the seeds were agitated for 30 min. The seeds were 
dried in a hybridization oven (Model 400, Robbins Scientific, 
Sunnyvale, CA) at 45 °C for 24 h. The seeds were grounded in 
a blender (Model 4090-014, Osterizer Blender, México). Flour 
was defatted with a 1:5 (flour: methanol) ratio by stirring (3 rpm, 
45 min) and then filtrating to eliminate fatty residues. The mix 
of flour and methanol from each fruit was placed in 50 mL 
polypropylene centrifuge tubes. The tubes were subjected to 
centrifugation (6000 rpm, 4 °C, 10 min, Model Z 400k, Labnet, 
Wertheim, Germany). The supernatant was removed, and the 

pellet was used. The flour was dried at 25 ± 2 °C for 24 h. Then 
flour was sieved through 425 μm meshes and labeled as fine flour.

2.4 Storage protein extraction and fractionation procedure

The storage protein extractions were carried out on base 
the method of Osborne & Campbell (1898), considering the 
criteria the solubility (Kumar et al., 2019).

Albumin extraction

For each fine flour, 2 g were weighed and placed in 20 mL 
beakers; 10 mL of deionized water were added, and then the 
solutions were agitated for one hour at 4 °C; the solution from 
each fruit was placed in 15 mL polypropylene centrifuge tubes. 
The tubes were subjected to centrifugation (5,000 rpm, 4 °C, 
15 min, Z 400 k, Labnet, Germany). The supernatants were 
removed and labeled as albumin fraction. The pellets were used 
in globulin extraction.

Globulin extraction

The pellets of albumin extraction were placed in 20 mL 
beakers; 10 mL of the Tris-HCl buffer with 0.3 M NaCl pH 7.8 were 
added, and then the solutions were agitated for one hour at 4 °C; 
the solutions were placed in 15 mL polypropylene centrifuge 
tubes. The tubes were subjected to centrifugation (5,000 rpm, 
4 °C, 15 min, Z 400 k, Labnet, Germany). The supernatants were 
removed and designated as globulin fractions. The pellets were 
used in the glutelin extraction.

Glutelin extraction

The pellets of globulin extraction were placed in 20 mL 
beakers; 10 mL of the sodium borate buffer was added, and then 
the solutions were agitated for one hour at 4 °C; the solutions were 
placed in 15 mL polypropylene centrifuge tubes. The supernatants 
were removed and labeled as glutelin fraction.

2.5 Protein quantification

Another technique used for the determination of the 
protein content was the Bradford (1976) method. A standard 
curve was prepared with a 2 mg/mL stock solution of BSA. 
A volume of 30 µL of the sample was added to 1.5 mL spinwinTM 
microcentrifuge tubes (Tarsons, India) and mixed with 1 mL 
Bradford reagent. The mixture was then agitated, allowed to 
stand for 5 min. Finally, absorbance was measured at 595 nm. 
All measurements were made in triplicate.

2.6 Total protein isolate

For both fine flours, 5 g were weighed and placed in 50 mL 
beakers. The method followed was Poms  et  al. (2004) with 
modification, 25 mL of sodium borate buffer 0.3 M were added, 
and then the solutions were agitated for 45 min at 4 °C pH 10. 
Then the solution was subjected to centrifugation at 7,000 rpm 
for 20 min at 4 °C. The supernatant was recovered and pH was 
adjusted to pH 4.5 with HCl (Pedroche et al., 2002). The next 
supernatant was centrifugated at 7,000 rpm for 20 min at 4 °C. 
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The supernatant was discarded and the precipitate was preserved. 
The precipitate was labeled as total proteins isolate.

2.7 Protein analysis by SDS-PAGE

The protein profiles of storage protein were visualized on 
10% SDS-PAGE (Laemmli, 1970). A total of 20 μL of protein 
sample in buffer Laemmli were loaded. Electrophoresis was run 
at 80 V for 30 min for the first step to concentrate the sample 
in the gel well and then at 120 V for 90 min to resolve proteins 
according to their molecular weight.

2.8 In vitro enzymatic hydrolysis

The hydrolysis treatments were performed with pepsin, trypsin, 
and chymotrypsin to simulate gastric fluid. Pepsin was used to 
simulate the gastric phase, then protein digestion was carried 
out with trypsin and chymotrypsin (Verhoeckx et al., 2015). 
Sequential digestion using pepsin and trypsin-chymotrypsin 
for 5 h of total hydrolysis was performed. The methodology 
followed was Garza et al. (2017) with modifications.

In the first, 2 mL of glutelin fraction were dissolved in 23 mL 
deionized water, and the second 200 mg of total proteins isolate 
were dissolved in 25 mL deionized water. After the aforementioned, 
the following steps were the same for both methods. Then 10 mg 
of digestive enzymes were dissolved and added to the previous 
solution and digestion was performed at 37 °C. The solution was 
adjusted to pH 2.0 for the pepsin digestion process and 7.8 for 
trypsin-chymotrypsin digestions. The temperature and pH were 
monitored during the process. After 2.5 h of hydrolysis with 
pepsin and 2.5 h with trypsin-chymotrypsin, the reaction was 
stopped by heating at 80 °C for 10 min and then centrifuged at 
7,000 g for 10 min; the supernatant was recovered and labeled 
as hydrolysate of glutelin and hydrolysate of total glutelin isolate.

2.9 Bio functionality property evaluations of peptides

Antioxidant activity by ABTS

For the ABTS method, the reported method of Re et al. 
(1999) was used. The ABTS, a single electron transfer (ET) 
reaction-based assay, was carried out following a solution of 
ABTS at 7 mM and 2.45 mM potassium persulfate were prepared 
and mixed. The solutions were left mixing in the dark for 16 h. 
A dilution of the reagent (absolute ethanol) was needed until it 
has an absorbance of 0.7 at 734 nm. Thereafter, the absorbance 
was read using Trolox as a standard in concentrations ranging 
from 100 to 1200 ppm. Reactions were prepared with 10 μL of 
each sample or standard and 1 mL of reagent; absorbance at 
734 nm was determined after 6 min.

ACE inhibition activity

The antihypertensive property was performed based on the 
procedure described Hayakari et al. (1978). The Angiotensin-
Converting Enzyme (ACE) was extracted from rabbit lungs and 
dissolved in 0.1 M buffer of KH2PO4, pH 8.3 and His-His-Leu 
(HHL) tripeptide was used as substrate. Absorbance at 382 nm 
was determined in the supernatant obtained after centrifugation 

at 10,000 g for 10 min (Minispin®, Eppendorf AG, Germany). 
The percentages of ECA activity and inhibition of ECA were 
quantified using Equation 1 and Equation 2, respectively.

  % 100ESM BEMECAactivity x
ES BES

−
=

−
	 (1)

  % 100   %ECAinhibition ECAactivity= − 	 (2)

Where ESM is the absorbance of the sample substrate enzyme, 
BEM is the absorbance of the blank sample enzyme, ES is the 
absorbance of the enzyme sample. BES is the absorbance of the 
blank substrate enzyme.

α-amylase inhibition activity

In order to determine the antidiabetic activity, the Nair et al. 
(2013) procedure was used. A milliliter of human saliva was 
centrifuged (10,000 rpm, 25 °C, 10 min, Minispin®, Eppendorf 
AG, Germany). The supernatant was removed, and 2 mL buffer 
NaH2PO4 at pH 6.8 were added to the pellet. In a beaker, it 
was added 8 mL of NaOH 2M and 12 g of potassium sodium 
tartrate. The solution was heated at 70 °C and mixed until 
homogeneous. In another beaker, it was added 20 mL of distilled 
water and 0.4374 g of 3,5-dinitrosalicylic acid (DNS). The DNS 
solution was mixed until homogeneous. The aforementioned 
solutions were mixed and heated at 70 °C until homogeneous. 
Then 100 μL of 1% starch and 100 μL of the human enzyme 
were added to each sample and incubated at 37 °C for 30 min. 
Subsequently, 100 μL of DNS solution were added and heated 
at 90 °C for 5 min. Then samples were cooled and diluted with 
900 µL of deionized water after recording the absorbance at 
540 nm. The percentages of α-amylase activity and inhibition 
of α-amylase were quantified using Equation 3 and Equation 4, 
respectively. Where SSE is the absorbance of the sample substrate 
enzyme, BSE is the absorbance of the blank sample enzyme, SE 
is the absorbance of the enzyme sample. BSE is the absorbance 
of blank substrate enzyme.

Amylase  % 100SSE BSEactivity x
SE BSE

−
a − =

−
	 (3)

Amylase  % 100  amylase  %inhibition activitya − = −a 	 (4)

2.10 Statistical analysis

All experiments were carried out in triplicates. The variables 
were analyzed using the following statistical model (Equation 5):

ij i j ij ijky µ= + τ +β + τβ + ε 	 (5)

Where ijy  = variables measured; μ = treatments global mean; 
iτ  = effect of the factor fine flour of pitaya; jβ  = effect of the 

fine flour of jiotilla j; ijτβ  = effect of the interaction between 
the fine flours; ijkε  = residual error. The significance level used 
for all statistical analyses was 5%; the Tukey statistical test was 
performed to compare the means between treatments.
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3 Results and discussion
3.1 Protein quantification

After protein isolation and hydrolysis procedures from fine 
flour, it was important to determine the concentration of protein 
at each step in the purification procedure. The method used was 
Bradford. The results show in Table 1. The storage proteins were 
classified as albumins, globulins and glutelins. The glutelins 
were the main fraction present and for this reason, the glutelin 
fraction was chose for later analyses of bifunctional properties. 
Compared with other flours, in Chia seeds, the glutelin fraction is 
the principal fraction (Segura-Campos, 2020). In rice, the major 
storage proteins are glutelins (Singh et al., 2021; Takahashi et al., 
2019); but in dicots, albumins and globulins occupy a major 
proportion (Kumar et al., 2019).

3.2 Protein analysis by SDS-PAGE

The protein profiles of albumins extraction showed a band 
with molecular weights between 25 and 35 KDa (Figure 1) in 
jiotilla. The protein profile of globulin extraction exhibited a 
band with molecular weights between 25 and 35 KDa in both 
fruits. The protein profile of glutelin extraction showed bands 
with molecular weights between 25 and 75 kDa in pitaya and 
jiotilla. Antioxidant and other biological activities of protein 

hydrolysates are correlated with the type of enzyme, the reaction 
time and degree of hydrolysis (Wang  et  al., 2018), and the 
sequence of peptides (Mojica & Mejía, 2016). The antioxidant 
activity of peptides is related to their amino acid composition 
(Wong et al., 2020). Some amino acids, such as isoleucine, leucine, 
proline, and tyrosine had been reported to exhibit antioxidant 
properties (Jiang et al., 2018; Sun et al., 2019). Glutenins are rich 
in hydrophobic amino acids like proline, tyrosine and leucine 
(Ewart, 1967). The amino acids before mentioned could be present 
in the glutelins of cacti biopeptides and these compounds could 
give the biological activities presented.

3.3 Bio functionality property evaluations of peptides

The common method for producing hydrolysates is based 
on in vitro hydrolysis with proteolytic enzymes that simulate 
the gastrointestinal process (Garza et al., 2017). The hydrolysis 
with enzymes can generate bioactive peptides that have been 
studied in terms of their biofunctional or nutraceutical potential 
(Bhandari et al., 2020).

Antioxidant activity by ABTS

The results of antioxidant properties assays in general, 
showed that both glutelin fraction and total protein isolates 
could have antioxidant properties in both pitaya (Table 2) and 
jiotilla. The hydrolysates had higher antioxidant properties 
than the non-hydrolyzed proteins i.e. in pitaya an increasing 
until 241% and 384.8% for hydrolyzed glutelin fraction and 
hydrolyzed total protein isolate was found, respectively compared 
with their non-hydrolyzed protein. Similar behavior in the 
antioxidant property in the glutelin fraction and total protein 
isolate of jiotilla was observed (Table 2). Based on the literature, 
this behavior has been reported in bioactive peptide of walnut 
(Moghadam et al., 2020) and soy (Coscueta et al., 2019). The rise 
in antioxidant properties is probably due to the increased usability 
of hydrogen ions obtained by bioactive peptides released after 
hydrolysis (Guan et al., 2018). Comparing antioxidant properties 
with the total hydrolysates from protein of moringa seeds with 
5,260 µM Trolox equivalent/mg protein, (Garza et al., 2017), 
protein hydrolysates of pitaya and jiotilla had lower antioxidant 
properties. But the pitaya seeds total protein isolate hydrolysates 

Table 1. Protein concentration in the different fractions of fine.

Fraction Bradford* (mg/mL)
Pitaya Albumin fraction 3.19 ± 0.15b; C

Globulin fraction 4.08 ± 0.06b; C

Glutelin fraction 86.45 ± 1.40a; A

Jiotilla Albumin fraction 1.29 ± 0.00b; D

Globulin fraction 1.23 ± 0.00b; D

Glutelin fraction 82.94 ± 0.25a; B

*Bradford methods to determine the concentration of protein. a-bmeans (n = 3/method of 
quantification of proteins/fraction) within the same fruit at each fraction with different 
lowercase superscripts differ significantly when the p-value of ( iτ ) < .05; A-Dmeans (n = 3/
method of quantification of proteins/fraction) within the same column, for both methods 
and for all fractions, with different uppercase superscripts differ significantly when the 
p-value of ijτβ  < .05.

Figure 1. Polyacrylamide gel electrophoresis profile in 10% SDS- PAGE. (A) Pitaya. (B) Jiotilla. Lane 1 molecular weight marker. Lane 2 albumin 
fraction. Lane 3 globulin fraction. Lane 4 glutelin fraction. The jiotilla glutelin fraction was diluted by a factor of 4.
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showed an antioxidant property of 1,328.4 µM Trolox equivalent/
mg protein, which is 772 ± 27 µM trolox/g sample superior to 
the value presented by the digestion of proteins extracted from 
plum seeds with thermolysin (González-García et al., 2014).

α-amylase inhibition activity

α-Amylase hydrolyzed the starch to simple sugar; therefore, 
the inhibition of this enzyme is related to decrements in blood 
glucose levels (Visvanathan et al., 2016). In general, the protein 
hydrolysates had higher inhibition activity of α-amylase than 
the non-hydrolyzed proteins. The highest α-amylase inhibition 
activity 76.74% was found in the glutelin fraction hydrolysates 
of pitaya seeds (Table  2). The α-amylase inhibition activity 
increased until 144.32% in total protein isolate hydrolysates 
of jiotilla compared to the non-hydrolyzed proteins. However, 
in the pitaya α-amylase inhibition activity increased by 78% in 
hydrolyzed total protein isolate compared to non-hydrolyzed 
proteins. The α-amylase-inhibitory activities in pitaya and 
jiotilla seeds were slightly lower than reported by hydrolysates 
of moringa oleifera seed flour with pepsin (77.59 ± 0.17%) 
(Olusola et al., 2018). Nevertheless, protein hydrolysate with 
tryptic and alcalase obtained from the seed of Luffa cylindrica 
(27.96 ± 0.06% and 36.36 ± 0.71% respectively) (Arise et al., 
2019), demonstrated a lower α-amylase inhibition than all 
hydrolyzed samples of pitaya and jiotilla. The hydrolyzed glutelin 
fraction from pitaya was higher than protein hydrolysates with 
trypsin from Pawpaw (Carica papaya) seeds (63.64 ± 1.55%) 
(James et al., 2020).

ACE inhibition activity

ACE activity increases is correlated to the production of 
a vasoconstrictor angiotensin II derived from angiotensin I, 
resulting in high blood pressure. Hydrophobic amino acid 
residues in peptides are linked to ACE inhibitors (Daskaya-
Dikmen et al., 2017; Nuchprapha et al., 2020). The no-hydrolyzed 
glutelin fraction and total protein isolate from jiotilla showed 
the lowest ACE inhibition activity. This behavior is similar to 
published work on longan seed protein isolates, where ACE 
inhibition activity was only detected after the enzymatic 
hydrolysis (Nuchprapha  et  al., 2020). The ACE inhibition 

activity of hydrolyzed total protein isolate of pitaya and jiotilla 
were 40.4% and 47.6% respectively, resulting higher than 
their no hydrolyzed proteins. In pitaya, the ACE inhibition 
activity increased until 33% in hydrolyzed glutelin fraction 
compared to the non-hydrolyzed fraction (Table 2). However, 
surprisingly in the jiotilla, ACE inhibition activity increased 
3,682% in hydrolyzed glutelin fraction compared with non-
hydrolyzed fraction. When compared with other seeds, ACE 
inhibitory activity was lower than the values reported for Lens 
culinaris 89.74 ± 0.56% (Park et al., 2019) and fruit seeds of 
peach (Prunus genus) 90.3 ± 0.2 (González-García et al., 2018). 
A direct comparison of our results with other seeds such as 
Avena sativa (26.01 ± 1.90%) and Arachis hypogaea (21.14 ± 
1.79) (Park et al., 2019), jiotilla, and pitaya represents higher 
ACE inhibition activity than seeds mentioned before.

4 Conclusion
Seed storage protein of Pitaya and Jiotilla were quantified, 

and the major and more abundant were the glutelin’s fraction. 
Both glutelin fraction as total isolated protein in both cacti 
fruits exhibit the best biofunctional properties when they are 
hydrolyzed sequentially with pepsin, trypsin-chymotrypsin for 5 h 
of total hydrolysis, which increases their nutraceutical activities 
as antioxidants, antihypertensives, and antidiabetics. In recent 
years, the research in cacti fruits have increased. However, 
more investigation is needed to identify other potential health 
benefits of bioactive peptides from seed proteins of pitaya and 
jiotilla as well as to validate through in vivo studies the bioactive 
capacities established.
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Table 2. Biofunctional properties of bioactive peptides of pitaya and jiotilla seeds.

Treatment ABTS* μM %IAA** %IECA***
Pitaya Glutelin fraction 367.30 ± 26.50bC 56.43 ± 0.81bBC 21.23 ± 2.35bCD

Hydrolyzed glutelin fraction 1254.00 ± 119.30aA 76.74 ± 2.15a A 28.16 ± 4.47abBCD

Total protein isolate 274.00 ± 59.00bCD 29.41 ± 3.29c F 20.06 ± 7.75bD

Hydrolyzed total protein isolate 1328.40 ± 63.50a A 52.34 ± 2.24bCD 40.39 ± 8.43a AB

Jiotilla Glutelin fraction 420.70 ± 64.30cC 47.17 ± 2.01bDE 0.93 ± 0.05cE

Hydrolyzed glutelin fraction 1236.90 ± 112.30aA 58.65 ± 1.42a B 35.17 ± 3.55bABC

Total protein isolate 68.40 ± 8.39dD 17.19 ± 2.31d G 2.88 ± 0.05cE

Hydrolyzed total protein isolate 944.00 ± 58.60bB 42.00 ± 1.83c E 47.64 ± 3.16aA

*ABTS is antioxidant activity. Trolox were used in calibration curves. The units used in ABTS were trolox equivalent/mg protein; **%IAA is percentage of α-amylase inhibition of 
α-amylase; ***%IECA is percentage of inhibition of angiotensin-converting enzyme. a-dmeans (n = 3/biofunctionality evaluation method/treatment) within the same column and within 
each bio functionality evaluation method and at each treatment with different lowercase superscripts differ significantly when the p-value of ( iτ ) < .05; A-Emeans (n = 3/bio functionality 
evaluation method/treatment) within the same column, for all bio functionality evaluation method and for all treatments, with different uppercase superscripts differ significantly when 
the p-value of ijτβ  < .05. The assays were carried out at the concentration of 1 mg/mL of proteins.
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