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Abstract

Polyphenols are the secondary me-
tabolites that possess scavenging properties
towards radical oxygen species. Polyphenols
have antioxidant properties which are in de-
mand because of their therapeutic uses in sev-
eral diseases like diabetes, cancer, inflamma-
tory, cardiovascular diseases etc. The problem
arises with the lack of long-term stability of the
polyphenols when exposed to heat and light.
It masks the bitter and astringent taste, which
limits their use. Nonetheless, the restricted sta-
bility and/or solubility needs to be addressed
to make these polyphenols capable to answer
the increasing demand for food supplements/
Nutraceuticals. We attempted to develop an
encapsulation procedure using calcium alginate
beads, which retain the anti-oxidant properties
and polyphenol content of Swietenia macro-
phylla (Sky fruit). Effect of time and tempera-
ture on polyphenol release from calcium algi-
nate encapsulated Swietenia macrophylla was
studied. Results show that the calcium alginate
influenced micro-encapsulation efficiency, poly-
phenol content and stability. The short-term sta-
bility of the microbeads was studied for three
months. Due to the excellent polyphenol stabil-
ity, the encapsulated beads showed stable an-
ti-oxidant activity compared to unencapsulated
beads. Thus, the results revealed that calcium
alginate beads prove to be a promising tech-
nique for food supplements.
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Introduction

Plants contain beneficial phytochemi-
cals which supplement the human body’s needs
by acting as natural antioxidants [1]. These
anti-oxidants control and reduce the oxidative
injury in foods, thereby delaying/inhibiting the
oxidation, and hence leading to increased shelf-
life and quality of these foods [2]. Polyphenolic
compounds are the major secondary metabo-
lites found in many plants and show anti-oxidant
properties [3]. Polyphenols are known for their
therapeutic properties and consumption of plant
polyphenols rich food protects against cancer,
delaying aging, diabetes mellitus, osteoporo-
sis, cardiovascular diseases, reducing inflam-
mation and neurodegenerative diseases [4, 5].
Polyphenols are generally stable in plants but
once extracted from the plants, they are prone
to degradation. The instability of these polyphe-
nols during the processing of food, distribution
and/or storage, or in the digestive tract restricts
the activity and the promising health advantag-
es of polyphenols. Polyphenols are sensitive to-
wards temperature, oxygen, light, pH, moisture
content etc. [6]. Degradation of natural anti-oxi-
dants may hamper the efficacy of application of
these polyphenols in nutraceutical and pharma-
ceutical applications and also produces delete-
rious effects. To address these limitations and to
retain polyphenol content and their anti-oxidant
stability, microencapsulation has been used as
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a reliable technique to bypass the degradation
of bioactive compounds, protecting them from
adverse environmental effects [7]. Microencap-
sulation is a process that helps to retain volatile
compounds or bioactive material inside a pro-
tective layer that prevents it from the external
environment [8]. Additionally, it masks the as-
tringency and bitterness that most of the poly-
phenolic compounds display [9]. Biopolymers
like sodium alginate are reported to provide an
effective barrier if used for encapsulation, there-
by resulting in increasing the encapsulation ef-
ficiency of polyphenols from plant extracts [10].
It is a naturally occurring widely used polymer,
a biocompatible, nontoxic, biodegradable hy-
drophilic polymer that has been widely used
to encapsulate various formulations, including
plant extracts prevents the degradation of the
compounds [11].

Swietenia macrophylla (Family Melia-
ceae), also known as “Sky fruit”, is a medicinal
plant found in most of the southeast Asian coun-
tries [12]. This plant contains different bioactive
compounds such as polyphenols, which exhibit
activities like antimicrobial, anti-oxidant, anti-in-
flammatory, anticancer, hypo-lipidemic and an-
titumor properties [13]. This study is the first to
explore the efficiency of encapsulated S. mac-
rophylla extract with alginate beads for polyphe-
nols stability and their anti-oxidant properties
over a three-month storage period.

Materials and Methods

Quercetin standard, aluminium chlo-
ride, potassium acetate, ethanol, methanol,
gallic acid standard, Folin-Ciocalteu’s (FC) re-
agent, sodium carbonate, ascorbic acid, sul-
phuric acid, sodium phosphate, ammonium
molybdate, BSA, glucose, ferrous ammonium
sulphate, hydrogen peroxide, ferrozine, ferrous
sulphate, potassium persulfate, phosphate buf-
fer, potassium ferrocyanide, trichloroacetic acid,
ferric chloride, sodium hydroxide, were obtained
from Sisco Research Laboratory while DPPH
powder, phenanthroline, ABTS tablets were
bought from Sigma-Aldrich (USA).

Collection of plant sample: Swietenia macro-
phylla was bought from the local market near
Vellore Institute of Technology, Vellore, Tamil
Nadu, India. The Swietenia macrophylla plant
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was authenticated by Dr. T Sekar, Pachaiyap-
pa’s College, Chennai, and the Voucher spec-
imen was preserved at the center (vit201901-
03). The sample was stored at 4°C for further
use.

Preparation of swietenia macrophylla ex-
tract and phytochemical analysis: Swietenia
macrophylla (S. macrophylla) extract was pre-
pared by grinding it to powder form. The powder
was dissolved in 70% ethanol, refluxed for 4h
and concentrated under vacuum with rotavapor
(Buchi). The resulting powder was further taken
up to estimate polyphenols, flavonoids and an-
ti-oxidant [14].

Estimation of total polyphenols: The determi-
nation of S. macrophylla extract’s total polyphe-
nolic content was done by using Folin-Ciocal-
teu’s (FC) reagent, and absorbance was noted
at 725nm [14]. The compound used as a stan-
dard was Gallic acid (GAE).

Estimation of total flavonoids: Total flavo-
noid content in S. macrophylla extract was de-
termined using aluminium chloride, potassium
acetate, 95% ethanol, and 80% methanol [14,
15] and absorbance was noted at 415nm. Quer-
cetin (QE) was taken as a standard compound.

Identification of polyphenol by using RP-
HPLC: Polyphenolic compounds present in
S. macrophylla extract were determined by
RP-HPLC and UV visible detector (A=290nm).
HPLC water pumps-1525 binary pump system,
and C18 column (Waters, 150 x 3.9mm, i.d.,
5um) was used. Gradient elution was of sam-
ple and standards was carried out with solvents
0.1% acetic acid in water and acetonitrile [14]
at 1mL/min flow rate and the eluent was mon-
itored at 290nm. Breeze data (waters) system
was used for performing data acquisition and
processing, and the retention time of the sample
was compared with the standards.

Estimation of total antioxidant: The determi-
nation of S. macrophylla extract’s antioxidant ac-
tivity was done by phosphomolybdenum meth-
od [14] and absorbance was noted at 695nm,
with ascorbic acid as standard compound.

Preparation of alginate beads with S. macro-
phylla extract: The alginate beads were made
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as per the protocol of Reddy et al., [16], with
minimum modifications. For preparing the en-
capsulation beads, distilled water was mixed
with glycerol, sodium alginate and xanthan with
and without S. macrophylla extract as control.
The prepared solution with 2% CaCl, was agi-
tated for 1h at 10000rpm it was centrifuged for
10 min at 20°C. The mixture was homogenized
and dropped into 1 litre of 2N hydrochloric acid
from a burette to obtain the beads. Microencap-
sulation efficiency [17] was calculated accord-
ingly to the formula:

Encapsulation efficiency = (Theoretical weight
of the polyphenols/Polyphenols to be encapsu-
lated) x 100%

SEM analysis: To learn about features of al-
ginate beads like morphology and structure,
Scanning Electron Microscopy or SEM was
performed. Before analysis beads were taken,
washed with 70% ethanol and was incubated
overnight at -80°C and kept for lyophilization for
3-4 h and further air-dried in an oven overnight
at 40-45°C [18]. The surface and the bead’s in-
ternal structure were analyzed using SEM (Carl
Zeiss, EVO/18 Research) at room temperature.
The beads were attached to the specimen alu-
minium holder and bombarded with gold parti-
cles for 45min. The SEM images were obtained
at a magnification of 86X and 90X at ambient
temperature and an acceleration voltage of
10kV, working distance of 12mm and 12.5mm,
respectively. Microparticle’s size and size distri-
bution were also performed by analyzing SEM
photomicrographs.

Destabilization of the encapsulated beads:
The destabilization of the alginate beads of S.
macrophylla extract was performed by dissolv-
ing the beads in 1ml of distilled water and boiled
at 40°C, 50°C, 60°C, 70°C and 80°C separate-
ly at different time intervals (1h, 4h and 7h). To
each of the test tubes, 20% TCA was added and
centrifuged for 20min at 2000rpm. The superna-
tant was collected and polyphenol content was
estimated with the FC method.

Stability study of polyphenols of encapsu-
lated beads of S. macrophylla extract

Estimation of total polyphenols: Total poly-
phenolic compound was estimated by using

Folin-Ciocalteu’s reagent. The absorbance was
noted at 725nm [14, 19] with encapsulated and
unencapsulated extracts of S. macrophylla with
gallic acid as standard.

Estimation of total antioxidant: The determi-
nation of Anti-oxidant activity was done by phos-
phomolybdenum method [14] and absorbance
was noted at 695nm with encapsulated and
unencapsulated extracts of S. macrophylla with
ascorbic acid as standard.

Stability of antioxidant activity encapsulated
beads of s. macrophylla extract

DPPH Radical scavenging assay: The plant
extract's antioxidant activity was determined by
its ability to scavenge DPPH radicals [20, 21].
The test was performed by measuring the de-
cline in the absorbance of DPPH with encapsu-
lated and unencapsulated extracts of S. macro-
phylla. DPPH with and without the extract was
incubated for 15min in the dark and absorbance
was noted at 517nm, with ascorbic acid used as
a standard. DPPH scavenging activity percent-
age was calculated as mentioned:

DPPH radical scavenging (%) = (A o~ Acmpie’
Acontrol) X1OO

Wherein, ASample is test sample absorbance and
A is control’s absorbance.

control

ABTS radical scavenging activity: ABTS rad-
ical decolorization test determines free radical
scavenging activity [22, 23]. ABTS was mixed
with 2.45mM potassium persulfate and incubat-
ed for 12-16h for preparation of ABTS reagent.
ABTS reagent was diluted with methanol to
measure the absorbance at 734nm (Control).
Unencapsulated and encapsulated extracts
were mixed with diluted ABTS reagent and it
was incubated for 15 min in the dark condition
and by taking ascorbic acid as standard the ab-
sorbance was measured.

ABTS scavenging activity percentage was cal-
culated as mentioned:

Radical scavenging (%) = (A

control sample’ control)

x100
Wherein, A___ is test sample absorbance and
A is control’'s absorbance.

control
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H,0, scavenging activity: Hydrogen peroxide
scavenging assay of the S. macrophylla extract
was carried out according to the protocol [14].
Unencapsulated and encapsulated extracts
were mixed with 1TmM ferrous ammonium sul-
phate and 5mM hydrogen peroxide and incubat-
ed for 5 min in dark conditions. To this, 1mM
phenanthroline was added and it was incubated
at room temperature for 10 min. Solution with-
out extracts served as control and ascorbic acid
served as standard with absorbance measured
at 510nm.

H,O, scavenging activity percentage was calcu-
lated as mentioned:

Radical scavenging (%) = (A
x100

Wherein, Asarnple is test sample absorbance and
A is control’s absorbance.

control

control sample/ control)

Metal chelating activity: The determination of
metal chelating assay of plant extract was car-
ried out according to the protocol [14] where-
in unencapsulated and encapsulated extracts
were mixed with 0.1mM ferrous sulphate,
0.25mM ferrozine and 80% methanol and incu-
bated for 10min in dark condition with ascorbic
acid as standard and absorbance were mea-
sured at 562nm. Solution without the extracts
served as control

The metal chelating activity was calculated as
follow:

Metal chelating activity (%) = (A
A__ ) %100

control

Wherein, Asarnple is test sample absorbance and
A is control’s absorbance.

control

Statistical Analysis: Statistical analysis be-
tween groups was performed with Two-way
ANOVA followed by the Bonferroni method
for independent observation using Graph Pad
Prism 6 at p < 0.05. Each experiment was per-
formed in triplicates.

control sample’

Results and Discussion

Phytochemical analysis of the S. macrophyl-
la and identification of polyphenols by RP-
HPLC
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S. macrophylla extract was estimated
for its polyphenol, flavonoid and antioxidant
content. Polyphenol, flavonoid and anti-oxidant
content was 59.2 + 2.4mg of  GAE/g, 51.7
2.2mg of QE/g and 35.10 £ 1.9 mg of AAE/g re-
spectively. The total polyphenol content in etha-
nolic extract was more in S. macrophylla, which
suggests that the alcoholic solution increases
the extraction efficiency and total phenolic con-
tent [24].

In RP-HPLC analysis sharp peaks were
obtained at 290nm. Identification of polyphenols
was performed by comparing retention time in
the extract against standards. These peaks con-
firm the presence of ascorbic acid, gallic acid,
catechin, naringenin, myricetin, naringin, luteo-
lin (Table 1). In this study, it was observed that
the ethanolic extracts of S. macrophylla showed
the maximum anti-oxidant activity which corrob-
orates with recent studies that have proved that
polyphenol compounds are known to contribute
vastly to the ability to scavenge phosphomo-
lybdate complex [25]. The presence of different
polyphenols like myricetin, luteolin, gallic acid,
catechin may contribute to the antioxidant po-
tential of the extract [14].

Encapsulation of S. macrophylla and SEM
analysis

The diameter of the microcapsules of
the S. macrophylla was 2.01 £ 0.1mm and the
findings indicated that the average efficiency
of the S. macrophylla after encapsulation was
61.67%, Also, the encapsulation yield of S.
macrophylla extract after encapsulation and
6.87 +0.9%. Higher encapsulation efficiency
correlates with the better stability of polyphe-
nols. Previous reports have suggested that en-
capsulation of plant extracts with alginate was
able to maintain the anti-oxidant property [26].
The encapsulation of S. macrophylla extract
with alginate may increase polyphenols’ stability
as the encapsulation efficiency is higher, as ob-
served in this study.

The shape of the control alginate beads
(without extracts), beads encapsulated with S.
macrophylla extract into the alginate matrix was
evaluated by SEM analysis. The SEM photo-
graphs of the control beads (without S. mac-
rophylla extract) were compared with encap-
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sulated beads and showed a difference in the
shape and surface morphology for the extrusion
method. The smoothness of the beads was in-
creased when the extracts were encapsulated
with S. macrophylla extract. It was also ob-
served that the beads had a rigid exterior, which
may contribute to the prevention of the degrada-
tion of the polyphenol contents. It was observed
that the encapsulated beads had a non-porous
surface, whereas the control (without extracts)
beads had a porous surface (Figure 1a, 1b).
This result corroborates with another study that
the system is a polymeric matrix system by ex-
trusion method [27].

Figure 1: SEM microphotographs of (a) con-
trol bead (b) encapsulated bead (c) surface
morphology of control bead and (d) surface
morphology of encapsulated bead of Swietenia
macrophylla.

Effect of temperature and time on the release
of polyphenols from alginate encapsulated
s. Macrophylla extract

To check the impact of time and tem-
perature of incubation on the polyphenol re-
lease from the encapsulated alginate beads,
they were heated at different temperatures
and at several periods. There was a gradual
increase in temperature and incubation time
in the polyphenol release of the encapsulated
beads of ethanolic extract of S. macrophylla till
60°C for 4h. After 60°C, the release of polyphe-
nols decreased with high temperature and in-
cubation time (Figure 2). There was a gradual
increase up to 60°C due to the proper diges-

tion of the calcium alginate, which released the
contents that were encapsulated [16, 28]. After
60°C, the polyphenol content decreased due to
the polyphenols’ degradation, suggesting that
the proper selection of temperature and time
are the key factors in the assurance of the poly-
phenols stability and amount in the beads. The
results corroborate with Reddy et al., that the
temperature showed a remarkable impact on
the total polyphenol content of extracts that are
encapsulated [16].

Swietenia macrophylla

%
>

3
=
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Temperature (°C)

B 4hours ®A 7 hours

Figure 2: Effect of temperature and time on
polyphenol release from calcium alginate en-
capsulated ethanolic extracts of Swietenia mac-
rophylla.

Polyphenol and antioxidant stability in en-
capsulated alginate beads during three
months of storage

The polyphenol content of the en-
capsulated ethanolic extract was found to
be 44.58mg/g polyphenols equivalent of gal-
lic acid at day 1. The polyphenol content of
these extracts for every month was evaluated
for a time period of three months, and stability
was observed with an average mean value of
44.28mg/g of GAE. In the case of unencapsu-
lated S. macrophylla, polyphenol content was
59.2mg/g of GAE at day1. There was a de-
crease in polyphenol amount in the unencapsu-
lated extract as at the end of three months, it
was 41.74mg/g of GAE (Figure3a).

The anti-oxidant activity in the encapsu-
lated extract at day 1 was 31.73 mg/g of AAE
and by the end of three months study period,
the anti-oxidant content was 31.23mg/g of AAE.
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However, in the unencapsulated extract, the an-
ti-oxidant content was 35.95mg/g of AAE on day
1 and by the end of three months study period, it
decreased to 27.8mg/g of AAE (Figure 3b).

These results are in accordance with the
reports of Montoro et al., 2012, that over a pe-
riod of time, polyphenols, flavonoids and antho-

cyanins are precarious or unstable by nature.
The concentrates can’t be utilized following
three months of their preparation [29]. Polyphe-
nol stability may be due to the bond formed be-
tween the matrix of the alginate beads and the
hydroxyl group of polyphenols. This bond may
have disintegrated due to heat during destabi-
lization, releasing the polyphenols and thereby
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Py encapsulated SM-E
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Figure 3: Stability of (a) Polyphenol content and (b) Anti-oxidant content in unencapsulated and
encapsulated Swietenia macrophylla extract for a period of three months of storage.
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Table 1: HPLC analysis of ethanolic extract of S. macrophylla compared with the standards

Standards Retention Class Methanolic sample
Time (min) of S. macrophylla
Ascorbic Acid 2.32 Vitamin C T
Gallic Acid 2.85 Hydroxybenzoic acid
Catechin 4.59 Flavon(ol)es +
Naringin 6.90 Flavanon(ol)es +
Taxifolin 7.10 Flavanon(ol)es +
Pelargonidin Chloride 7.47 Anthocyanidin -
Myricetin 8.35 Flavon(ol)es +
Luteolin 9.23 Flavon(ol)es +
Quercetin 9.8 Flavon(ol)es +
Naringenin 10.32 Flavanon(ol)es +
Kaempferol 10.42 Flavon(ol)es +

All experiments done in Triplicates

Figure 4: Antioxidant stability in unencapsulated
extractand encapsulated Swietenia macrophylla
extract during three months study by (a) DPPH
(b) ABTS (c) H,O, and (d) Metal chelating
activity

Antioxidant potential in encapsulated algi-
nate beads during three months of storage

The percentage inhibition values of the
antioxidant activity by DPPH, ABTS, H,O, scav-
enging method and metal chelating method in
the encapsulated extracts at day 1 was 43.12%,
46.6%, 35.4%, 43.4%, respectively. For every
month over three months, the anti-oxidant ac-
tivity was analysed and it was found out that the
encapsulated extracts showed a stable pattern
for anti-oxidant activity i.e., 43.04% (DPPH),
46.3% (ABTS), 33% (H,0,), 43.4% (Metal che-
lating) respectively (Figure 4). Encapsulated
ethanolic extracts showed significant protection
of anti-oxidant activity compared to unencapsu-
lated extracts. The protective effect in alginate
encapsulated beads can be responsible due
to the amphiphilic properties of phenolic com-
pounds [31]. Also, it can be assumed that an
increase in the number of hydroxyl groups in

phenols can enhance the inhibition of oxidation,
thereby enhancing the hydrogen donor abili-
ty [31]. The better anti-oxidant potential of the
encapsulated S. macrophylla extract suggests
that encapsulated beads have maintained the
polyphenol content which has better potential to
scavenge the free radicals and metal chelating
property compared to unencapsulated extract.

Conclusion

From this study, it can be concluded that
the ethanolic extract of S. macrophylla yielded
a higher amount of polyphenols and exhibited
better antioxidant activity. Encapsulated beads
obtained from the extrusion method exhibited a
more uniform, homogeneous morphology than
control beads [32, 33]. No significant change
in the color of the encapsulated beads was ob-
served when stored at room temperature over a
period of three months. Also, the polyphenolic
content and the antioxidant activity were found
to be stable in the alginate beads at nontoxic
levels. Therefore, it can be said that alginate is
suitable for encapsulation of polyphenols of the
S. macrophylla extract. As time and tempera-
ture are important characteristics in the release
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of the polyphenols and anti-oxidant capacity, fu-
ture studies need to be carried out for a longer
period of time and check the bioavailability in
the animal models. Encapsulation method with
alginate may help in the formulation of a novel
nutraceutical product appropriate for the various
applications in the industries.
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