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Aims Bioactive peptides with antioxidant properties derived from fish by-products and wastes
by enzymatic hydrolysis have become a topic of great interest for pharmaceutical, health food,
and processing/preservation industries.

Materials & Methods This study aimed to characterize peptide fractions with antioxidative
activity recovered from rainbow trout gelatin hydrolysate. Four peptide fractions (<3 kDa, 3-10
kDa, 10-30 kDa, and >30 kDa) were obtained from gelatin hydrolysate by subjecting them to
centrifugal ultrafiltration using successively a 30 kDa, 10 kDa, and a 3 kDa membrane. The
10-30 kDa fraction was characterized in terms of amino acid composition. The antioxidant
activity of all fractions was monitored by 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2-azino
bis(3-ethylbenzthiazoline)-6-sulfonic acid (ABTS) radical scavenging as well as reducing
power activity.

Findings The free amino acids in 10-30 kDa fraction were dominated by Gly, Pro, Ala, and
Hyp; the total hydrophobic amino acid of 10-30 kDa fraction was also 61.5%. All hydrolysate
and peptidic fractions demonstrated high antioxidant activities. Moreover, 10-30 kDa fraction
exhibited the highest DPPH and ABTS radical scavenging activity (2, 5, and 10 mg ml™*) and
reducing power (10 mg ml™) compared to other fractions (p<0.05).

Conclusion These results revealed the potential of peptide fractions recovered from rainbow
trout skin gelatin as source of natural antioxidants for use in food products.
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Recovery of Bioactive Peptides from Fish Waste Hydrolysates

Introduction

There is an increasing knowledge that
dietary origin and form of food could
influence overall health.) Hence, a new
class of food, known as functional foods,
has been initiated for improving human
health and/or disease risk reduction.??! Due
to physiological functions, with medicinal
features and health profits, marine-
originated bioactive constituents have good
potential as functional/nutraceutical food
elements.™

The significance of fish as a valuable source
of protein and novel bioactive compounds
is growing rapidly as compared to other
protein sources.

One of the issues that have the greatest
influence on the environment is the
management of fish rest raw materials
(RRMs) from seafood processing plants.
Recycling of marketable materials from
fish wastes is a substantial waste reduction
approach for the industry. Large amounts
of protein-rich RRMs from the seafood
industry are rejected without any effort to
recovery.’! Fish processing discard after
filleting is estimated approximately 75% of
the total weight, in which 30% of the waste is
in the form of bones and skins, which lead to
environmental pollution.!® In the past years,
the use of fish RRMs as a safe material has
been of growing attention.!

Itis described that fish skin provides the best
source of gelatin due to its high availability,
reducing pollution, and no religious
barriers.”? Therefore, there has been an
increased need to investigate an efficient
means to utilize this by-product.’®

In this context, rainbow trout fish
(Oncorhynchus mykiss) from the Salmonidae
family are one of the valuable farmed cold
water species in Iran, which its production
reached 126,515 tons in 2014.°! Rainbow
trout are usually processed into skinless
fillets (mainly for gefilte fish), so there is a
plentiful quantity of raw skins accessible.'”
Here, a study on the properties of rainbow
trout skin gelatin could be helpful in
rationalizing the use of fish residuals.[*"!
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Hydrolyzed gelatin has been known as the
potential source of bioactive peptides with
high antioxidative activity.'*! In general,
biologically active peptides consist of 2-20
amino acid units,*? molecular masses
<6000 Da and have been recognized to have
nutraceutical potentials. Marine bioactive
peptides have been shown to display a
wide range of biological functions including

antihypertensive, immunomodulatory,
mineral binding, hypocholesterolemic,
antimicrobial, and antioxidant effects.!**!

The antioxidant activity of peptides can be
attributed to their specific ability to scavenge
free radicals formed during peroxidation,
in addition to scavenging of oxygen

containing  compounds, and  metal
chelation.!* Synthetic antioxidants such
as butylated hydroxyanisole, butylated

hydroxytoluene, and tert-butylhydroquinone
have strong antioxidant activities, but there
is an increasing worry about their potential
risks to health.['*>l Hence, the development of
natural antioxidants, which have synergistic
effects of amino acids, peptides, and proteins,
has attracted considerable attention.[*®!
Gelatin-derived bioactive peptides with
antioxidant characteristics have become a
topic of great interest for health food and
processing industries.'”” Production of
fish protein hydrolysate with antioxidant
activities will allow increased value-added
utilization of seafood and processing
byproducts.!¥ Fish protein hydrolysates
such as skin gelatin hydrolysates from hoki
(Johnius belengerii),*®! cobia (Rachycentron
canadum),! Pacific cod (Gadus
macrocephalus),”) and cuttlefish (Sepia
officinalis)!'”! have been also reported to
exhibit antioxidant activity.

The aims of the present study were (a)
to isolate different peptide fractions
from rainbow trout (0. mykiss) gelatin by
ultrafiltration and (b) to evaluate the isolated
fractions for antioxidant activities including
1,1-diphenyl-2-picrylhydrazyl (DPPH) and
2,2-azino bis(3-ethylbenzthiazoline)-6-
sulfonic acid (ABTS) radical scavenging
assays as well as reducing power.
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Materials & Methods

Chemicals

Alcalase enzyme, DPPH, and ascorbic acid
were purchased from Sigma-Aldrich (St.
Louis,MO,USA).Bovineserumalbumin, Folin-
Ciocalteu reagent (1.9-2.1 N), trichloroacetic
acid (TCA), potassium persulfate, and
ferric chloride were provided by Merck
Chemicals Co. (Darmstadt, Germany).
Sodium hydroxide and ABTS were supplied
from Applichem (Darmstadt, Germany) and
Biobasic Inc., (Ontario, Canada), respectively.
Furthermore, potassium ferricyanide was
obtained from Rankem (Haryana, India).
Collection and preparation of
rainbow trout skin

Rainbow trout (0. mykiss) with average
weight of 880.66 * 40.55g and average
length of 37.40 + 1.84 cm were provided by
a local aquaculture farm (Amol, Mazandaran
province). Fish were placed in polyethylene
bag, stored in ice and rapidly transported to
seafood processing laboratory within 1 h of
harvesting. They were gutted, filleted with
skin; the obtained skin was packaged in
sealed polyethylene bag, frozen promptly,
and stored at 20°C before using for gelatin
extraction and further analysis.
Determination of proximate
composition

The moisture, protein, ash, and fat content of
skin were ascertained in accordance with the
AOACEY official method with the analytical
Nos. 0f 950.46, 928.08,920.153, and 960.39,
respectively. A conversion factor of 5.4 was
used in calculating the protein content from
the Kjeldahl nitrogen content.

Fish gelatin extraction

Cleaned rainbow trout skins were subjected
to gelatin extraction following the method of
Tabarestani et al.'” with some modifications.
Frozen skin was thawed overnightat4°C, and
then, the adhering tissues were removed.
Thawed skin was cut into small pieces
(1 cm x 1 cm) and then washed in cold water
(~4°C). To remove non-collagenous proteins,
the small pieces of skin were soaked in 0.19
N of NaOH with a skin/solution ratio of 1:7
(w/v) for 3 h, and the solution was changed
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every 1h, then washed with cold distilled
water. Afterward, the washed skins were
then soaked in cold 0.21 N of acetic acid with
a skin/solution ratio of 1:7 (w/v) and then
washed by cold distilled water until neutral
or slightly basic pH (pH 7-7.5) of wash water
was obtained. The pretreated skins were
mixed with deionized water at a ratio of 1:2
(w/v). The gelatin extraction was performed
by incubating the mixture in a water bath
(WNB 14, Memmert, Germany) at 50°C for 16
* 2 h. The resulting gelatin solution was then
filtered using two layers of cheesecloth. The
filtrate was further filtered using a Whatman
No. 41 filter paper, followed by drying the
solution in freeze drying equipment (FDU-
7012, Operon, South Korea).

Preparation of gelatin hydrolysates
Gelatin hydrolysis (GH) was performed
according to the method described by
Aleman etal™ with some modifications.
The gelatin powder was dissolved in distilled
water (5% w/w) and subjected to enzymatic
hydrolysis using alcalase with an enzyme/
substrate ratio 1:100 (w:w) in optimal
conditions for enzymatic activity (pH S8,
50°C) for 4 h. During the reaction, the pH
of the mixture was maintained constant by
continuous addition of 1 N NaOH solution to the
reaction medium. After hydrolysis, the mixture
was heated in a water bath at 90 C for 10 min
to inactivate the enzyme and then centrifuged
at 7000x g for 20 min at 4°C (Universal 320 R,
hettichlab, Germany). The supernatants were
collected and stored at -80°C until use.

The degree of hydrolysis (DH), defined as
the percent ratio of peptide bonds, broken
number to the total number of peptide
bonds in the protein substrate, was analyzed
using TCA method. Briefly, an aliquot of the
hydrolysis solution was mixed with 10%
TCA, then centrifuged at 6700x g for 5 min at
4°C. The supernatant was used to determine
the concentration of soluble proteins by
Lowry method with bovine serum albumin
(BSA) as the standard (0-1000 pg/ml). DH is
calculated as the ratio between the amount
of total protein present in the substrate
and the amount of soluble proteins.l?2l The
resulting DH was 46.5 + 0.34%.
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Recovery of peptide fractions from

hydrolysate
A portion of hydrolysate was fractionated
further by centrifugal ultrafiltration

(Millipore, Billerica, MA, USA) with Millipore
membranes having molecular mass cutoffs
of 30, 10, and 3 kDa. The fractions were
collected as follows: >30kDa (PF>30),
peptides retained without passing through
30kDa MWCO membrane; 10-30KkDa
(PF30), peptides permeating through the
30kDa MWCO membrane but not the
10 kDa MWCO membrane; 3-10 kDa (PF10),
peptides permeating through the 10 kDa
MWCO membrane but not the 3 kDa MWCO
membrane; and <3 kDa (PF3), peptides
permeating through the 3kDa MWCO
membrane. All fractions recovered were
stored at —80°C until required for further use.
Amino acid composition analysis
About 100 mg of freeze-dried sample was
dissolved in 7.5 ml of 6 mol L ™! HCI, and the
mixture was hydrolyzed in vacuum-sealed
glasstubes at 110°C for 24 h. After hydrolysis,
the sample was again vacuum-dried and
filtered through a 0.22-mm Minisart syringe
filter (Sartorius AG, Gottingen, Germany)
before analysis. Amino acids were separated
on a reverse phase column sphere-
Image 80-5 ODS 2 (25 cm, Knauer, Berlin,
Germany) using methanol-acetate buffer as
the mobile phase. Ultrapure water (Milli-Q,
Millipore) and HPLC-grade methanol
(Merck, Darmstadt, Germany) were used for
elution and a mixture of amino acids was
used as the standards (Sigma-Aldrich, Inc,,
St. Louis, Mo., USA). The amino acid content
was determined from standard curves based
on peak area measurements, using EZChrom
Elite software and expressed as a percentage
of total amino acids in the sample.
Antioxidant activities

DPPH radical scavenging activity assay

The scavenging effects of the peptidic
fractions on the DPPH free radical were
measured as previously described in Taheri
et al?® with some modifications. Briefly,
a volume of 2 ml of the sample or ascorbic
acid (400 pg ml™?) as positive control was
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added to 2ml of 0.16 mM DPPH in 95%
ethanol. The mixture was then kept at room
temperature in the dark for 30 min, and the
reduction of DPPH radical was measured at
517 nm. The blank was prepared in the same
manner, except that 95% ethanol was used
instead of the sample. The scavenging effect
of DPPH radical was expressed as follows:
Scavenging activity (%)=

Blank absorbance-sampleabsorbance 100

Blank absorbance

(1)
ABTS radical scavenging activity
ABTS radical scavenging activity was
determined according to a modified version
of the method of Aleman et al.'*) The ABTS
radical was produced by reacting ABTS stock
solution (7 mM) with potassium persulfate
(2.45 mM) and allowing the mixture to react
in dark at room temperature for 16 h before
use. The ABTS solution was diluted with
distilled water to obtain an absorbance of
0.7 £ 0.02 at 734 nm. A 20 pl aliquot sample
or ascorbic acid (400 pg ml™!) as a positive
control was mixed with 980 pl of ABTS
reagent and then left to stand in the dark
at 30 2C for 10 min. The absorbance values
were read at 734 nm. The ABTS scavenging
activity of samples was calculated from
following Eq. (2):
ABTS  scavenging  activity (%) =
[(Ablank - Asample)/Ablank] X 100 (2)
Where, A is the absorbance without
sample at 734 nm, and ASample is the
absorbance of the test solution.

Reducing power assay

The reducing power of peptide fractions
was determined according to the method
of Taheri etal!?®. 1mL of each sample
or ascorbic acid (400 ug ml™) as positive
control was added to 2.5mL of 0.1 M
phosphate buffer (pH 6.6) and 2.5 mL of
1% potassium ferricyanide. Then, samples
were incubated (50 C, 20 min). After that,
2.5 mL of 10% TCA was added and they were
centrifuged at 1650x g for 10 min. A 2.5 mL
aliquot of the supernatant was mixed with
2.5 mL distilled water and 0.5 ml of 0.1%

Winter 2018, Volume 6, Issue 1



35

(w/v) ferric chloride. The absorbance of the
resulting solution was measured at 700 nm
after a 30 min reaction. Higher absorbance
of the reaction mixture indicated higher
reducing power.

Statistical analysis

Statistical analyses were performed with
SPSS statistic program (SPSS 16.0 for
window, SPSS Inc., Chicago, IL, USA). All data
were subjected to analysis of variance and
differences between means were evaluated
by Duncan’s test at 5% significance level. All
results are given as mean values of triplicates
with indication of standard deviation unless
otherwise stated.

Findings and Discussions
Proximate composition of the skin
The proximate composition of rainbow trout
skin is as summarized in Table 1. In general,
skin of rainbow trout had high moisture
(64.3%) and protein (31.6%) contents with
low ash (2.7%) and fat (1.3%) contents.
Similar results were observed for Nile
tilapia (Oreochromis niloticus(skin (67.7%
moisture, 30.6% protein, 2.1% ash, and 1.1%
fat),?* but different to the result obtained
for the Nile perch skin (68.4% moisture,
21.6% protein, 6% ash, and 6.8% fat).[*! It is
a known fact that the chemical composition
of skin varies with age and sex of the animal
as well as the treatment of the skin on the
removal from the carcass.??

Amino acid composition analysis

The amino acid profile of the PF30 is shown
in Table 2. The results showed that the most
abundant amino acids are Gly (31%), Pro
(10.2%), and Ala (9.4%), followed by Glu
and Hyp. High concentration of Gly in gelatin
hydrolysate and peptide fractions has been
reported in previous studies.'”! As described
in Table 1, the total hydrophobic amino acids
PF30 contribute up to 61.5% of total amino
acids. Jridi et al™ have reported similar
hydrophobic amino acid level for cuttlefish
(S. officinalis) skin gelatin hydrolysate
(58.5%). According to Mosquera et al.,[*®! the
antioxidant activity of protein hydrolysates
has been positively linked to the high content

ECOPERSIA

Leila Ramezanzade et al.

Table 1: Proximate compositions of rainbow
trout skin

Composition Content (% wet
weight)
Moisture 64.35 £ 0.87
Protein 31.66 +1.27°
Ash 2.71 £ 0.53¢
Fat 1.37 £ 0.2¢

Different superscript letters in column indicate statistically
significant difference (P < 0.05). Values are given as

mean * SD from triplicate determinations, SD: Standard
deviation

Table 2: Amino acid composition of PF30
peptide fraction

Amino acid Residues/100
residues
Aspartic acid (Asp) 3.49
Glutamic acid (Glu) 7.4
Serine (Ser) 5.47
Histidine 1.91
Glycine (Gly) 31.04
Threonine (Thr) 2.58
Arginine (Arg) 5.24
Alanine (Ala) 9.43
Proline (Pro) 10.29
Tyrosine (Tyr) 0.11
Methionine (Met) 2.13
Valine (Val) 2.87
Phenylalanine (Phe) 1.73
Isoleucine (Ile) 1.66
Leucine (Leu) 2.4
Lysine (Lys) 1.55
Hydroxyproline (Hyp) 7.35
Amino 17.64
acids (Pro + Hyp)
> Hydrophobic? 61.55

Gly, Ala, Pro, Met, Val, Phe, Ile, Leu

of hydrophobic amino acids. Furthermore,
Mendis etal’™® have suggested that the
presence of hydrophobic amino acids in
the peptide sequences in jumbo squid skin
gelatin contributed greatly to its antioxidant
properties. Hydrophobic amino acids have
been observed in several antioxidant peptide
sequences.l”!) In addition, it is thought that
acidic amino acids such as Glu and Asp play
an important role in the antioxidant ability
owing to the presence of excess electrons
that can be donated during interactions with
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free radicals; also the presence of Met, His,
Lys, and Tyr has been shown to contribute
greatly to the potency of antioxidant
peptides.’” The total level of amino acid
residues (Pro and Hyp) was estimated at
17.6%. The stability of collagen and gelatin
has been described to be proportional to
the total content of pyrrolidine amino acids,
given that it is the Pro + Hyp rich zones of
the molecules that are most likely included
in the formation of junction zones stabilized
by hydrogen bonding.!?®!

Antioxidant activities

DPPH radical scavenging activity assay

DPPH is a stable radical that gives a strong
absorption band at 517 nm. When DPPH
radicals meet a proton-donating substrate
like antioxidant, the radicals would be
scavenged and the absorbance is decreased.
(299 Figure 1 shows the DPPH radical
scavenging activity of the gelatin hydrolysate
(GH) and peptidic fractions at various
concentrations. The results revealed that all
hydrolysates were able to scavenge DPPH
radicals and the GH at lower concentrations

36

(i.e. 1 and 2 mg ml™?) had a lower scavenging
activity than peptidic fractions which was
similar to the result of Girgih et al® who
studied the antioxidant activity of cod
protein hydrolysate and peptide fractions.
The DPPH scavenging effects (%) of ascorbic
acid, which was used as positive control was
about 69.6% at a concentration of 400 ug/
ml, which was close to DPPH scavenging
activity of 10 mg m'"1 of PF30. Furthermore,
there was a positive correlation between
the concentration (1-10mg ml?) and
DPPH radical scavenging activity (7.44-
67.77%). The result showed that PF30
exhibited highest DPPH radical scavenging
activity in comparison to other samples
at all concentrations (P < 0.05) except for
1 mg ml™? concentration. Furthermore, the
highest DPPH radical scavenging activity
was obtained for 10 mg ml™* PF30 which was
able to scavenge almost 67.7% of DPPH free
radicals.Bamdad et al.*’ demonstrated thata
critical peptide size is required to display the
excellent scavenging capability and medium-
sized peptides may play an important role in
antioxidant activity. Furthermore, according

EGH ®PF3 ®mPFI0
80 1
X 70 A ;
Z
Z 60 -
o
<
.%ﬂ 50 - b
g b
S 40 - I ¢ ¢
2 d
- e o .
<
2
b=
<
=
=
-
A
=)
5 1
Concentration (mg/ml!) 0

Figure 1: DPPH radical scavenging capacity of rainbow trout gelatin hydrolysate and its membrane
ultrafiltration peptide fractions. Bars (mean * standard deviation, n = 3) with different letters have
mean values that are significantly differentat P < 0.05
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to Aleman etal,”” radical scavenging
capacity could notbe well correlated with the
molecular weight distribution of the whole
hydrolysate. Cheung et al.®' suggested that
some factor such as substrate, protease type,
hydrolysis conditions, peptide composition,
molecular size of the peptides, and sequence
might also influence the radical scavenging
activity. A literature review demonstrated
that the antioxidant activity of protein
hydrolysates was related to the DH since
DH greatly influenced the molecular weight
and amino acid residue composition of
protein hydrolysate, and further influenced
the antioxidant activity;®? there was
a tendency for increasing antioxidant
activity with increasing DH. The protein
DH in the present study was relatively high
(46.5%), which is similar to the results
described by Gémez-Guillén et al.®® for the
hydrolysates of tuna skin gelatin (47.52%)
and remarkably higher than the DH values
for marine fish skin gelatins documented
in the literature!. Furthermore, The high
level of DPPH free radical scavenging activity
of protein hydrolysates is associated with
a high amount of hydrophobic amino acids
or peptide hydrophobicity (61.5% in this
study).* The results of the present study
suggest that PF30 probably contained more
peptides than the other peptidic fractions,
which are electron donors that could react
with free radicals to convert them to more
stable products and terminate the radical
chain reaction.l'”!

ABTS radical scavenging activity
Oxidized ABTS generates a colored cation
radical, which shows strong absorbance
at  734nm.*!  Figure2 showed all
hydrolysate exhibited ABTS free radical
scavenging activities to different extents
in a concentration-dependent manner.
According to results, with increasing
concentrations, the scavenging effects of
hydrolysate on ABTS radical increased until
about 74.7% in 10 mg/ml in PF30. The ABTS
radical scavenging effects (%) of 400 pg/ml
ascorbic acid were about 79.2%, which was
comparable to ABTS scavenging activity
of 10 mg/ml of PF30. Furthermore, the
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scavenging activity of PF30 was higher than
thatof other hydrolysate and its four fractions
at in concentration of 2, 5, and 10 mg ml™™.
All peptidic fractions showed higher ABTS
radical scavenging ability than their parent
hydrolysates (GH) at the test concentrations,
demonstrated that the fractionation of GH
resulted in fractions with better antioxidant
activity than their parent hydrolysates. The
abilities of all hydrolysate to quench the
ABTS radical reflected the capacities of them
to donate electrons or hydrogen atoms to
inactivate this radical species.*® It seems the
plenty of hydrophobic amino acids in gelatin
peptides sequences be responsible for the
higher antioxidant impacts, owing to an
increase of their solubility in lipids.[?®
Reducing power assay

Reducing power is related to the ability of
compound to donate an electron to free
radicals making them into more stable
compounds. By this electron donation,
an oxidized antioxidant molecule can be
regenerated.’®® Depending on the reducing
power of each hydrolysate, the yellow color
of the solution shifts to different shades of
green and blue. There is a direct correlation
between antioxidant activities and reducing
power of certain bioactive constituents, as
reported in various studies.?”

As shown in Figure 3, the reducing power
was found to be very low for all the fractions
and exhibited a concentration dependency.
Reducing power of all hydrolysates
increased with increasing concentrations
(1-10 mg/ml), which was corresponded
to result of Jridi et al®”! Furthermore, the
higher activity was found in followed by
PF30 when the concentration was increased
to 10 mg/ml (absorbance of 0.19 at 700 nm).
Furthermore, none of the fractions were
as efficient as ascorbic acid as a positive
control, which showed an absorbance of
1.34 when assayed at a concentration of
400 pug/ml. The increase in reducing power
for PF30 may be ascribed to the exposure of
electron-dense amino acid side chain groups
such as polar or charged moieties.*” Similar
results were observed by Bamdad et al.l®”
who stated that the peptide fractions, with
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Figure 2: 2,2-azino bis(3-ethylbenzthiazoline)-6-sulfonic acid radical scavenging capacity of rainbow
trout gelatin hydrolysate and its membrane ultrafiltration peptide fractions. Bars (mean * standard
deviation, n = 3) with different letters have mean values that are significantly different at P < 0.05
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Figure 3: Reducing power assay of rainbow trout gelatin hydrolysate and its membrane ultrafiltration
peptide fractions. Bars (mean * standard deviation, n = 3) with different letters have mean values that
are significantly different at P < 0.05

the relatively higher molecular weight antioxidant capacity of peptides has been
peptides of the medium-sized range group observed in some research.?” The difference
displaying greater activity. A high correlation of the activities that samples presented may
between certain amino acid residues and the  be related to the amino acid composition and
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the peptides size.[®)

Conclusion

This study determined the antioxidant
activity of fractionated (<3 kDa, 3-10 kDa,
10-30 kDa, and >30kDa) rainbow trout
gelatin hydrolysate, which was prepared
enzymatically using alcalase. All GH and
its ultrafiltration fractions were found
to possess effective in vitro antioxidant
properties. The fractionated GH had better
antioxidant activity than their parent
hydrolysates and may provide a better
alternative as an ingredient to formulate
antioxidant foods when compared to the
unfractionated GH. PF30 was generally
the most effective scavengers of DPPH and
ABTS free radicals but had weaker reducing
power when compared to other peptide
fractions. The above results show that
fish skin, an industrial by-product, can be
exploited by enzymatic hydrolysis producing
hydrolysates with antioxidant activity. Such
hydrolysates may be used in functional foods
to alleviate high blood pressure, as well as to
increase the products shelf life. However, in
vivo availability, potency, and safety must be
determined before the products can be used
for therapeutic purposes. Further, works
should be done to isolate and identify the
specific peptides in rainbow trout gelatin
hydrolysates that are responsible for the
overall antioxidative capability.
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