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Abstract
Background: This study evaluated the antioxidant activities of avocado seed extract as affected by solvent for extrac‑
tion and formulation of microcapsule from the extract. Avocado seed powder was extracted using ethanol, aqueous
ethanol, and water as solvents. The extract with the highest bioactive activity was encapsulated using corn and cas‑
sava starches as cell wall materials. The antioxidant activity, storage stability, in vitro starch digestibility and Fouriertransform infrared spectroscopy (FTIR) of the microcapsules were evaluated.
Results: Results indicated that 100% ethanolic extract had the highest flavonoid and total phenolic contents and the
highest antioxidant activity. Cassava starch was observed as a better cell wall material for the entrapment of phenolic
and bioactive compounds as compared to corn starch. After 30 days of storage at room temperature, there was a
significant reduction (p ≤ 0.05) in the DPPH and OH* of the microcapsules, while the total phenol contents increased
significantly (p ≤ 0.05). The FTIR showed that the microcapsules contained primarily alcohol (O–H), carbonyl, (C=O,),
alkyne (C≡C) and benzene ring functional groups. The microcapsules were able to retain the bioactive contents dur‑
ing storage.
Conclusion: Microcapsule produced could be used for the formulation of several functional food products and
supplements.
Keywords: Antioxidant, Avocado seed extract, Cell wall material, FTIR, Food wastes, In vitro starch digestibility,
Microencapsulation
Background
Recently, increased incidence of chronic metabolic
diseases has been linked to lifestyle changes and the
use of synthetic drugs for treatment and management
of these conditions has been associated with adverse
effects. However, functional diets rich in plant-based
foods have been suggested as a safer strategy for
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managing these diseases due to the presence of high
bioactive compounds in the plants (Awolu and Oladeji
2021; Ogundele et al. 2016). Furthermore, lowered risk
of many of these diseases has been linked to the consumption of plant-based functional diets. This has
recently, increased the demand for functional foods and
supplements with bioactive components due to their
health-promoting properties (Awolu and Oladeji 2021).
However, most of the commercially available functional
foods and nutraceuticals are expensive and usually
not affordable for the most segment of the population,
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especially in developing countries where poverty is high
and on the increase. As such, recent research interest
has been directed at exploring locally available plants
as low-cost raw materials for the development of functional foods and nutraceuticals.
Interestingly, several food wastes are rich in bioactive
compounds and so are being employed in the preparation of functional foods (Awolu and Osigwe 2019; Awolu
et al. 2016; Sharma et al. 2017). Furthermore, several
low-cost locally available underutilized crops and food
wastes have been found to possess a potential for the
development of low-cost functional foods and nutraceuticals (Naik et al. 2010; Ayala-Zavala et al. 2011). This, on
the other hand, reduces the negative impacts of wastes
on the environment and the health of the people.
Food nanotechnology has become a vital tool for
increasing the effectiveness of the use of nutraceuticals.
This is because food nanotechnology ensures the bioavailability of the bioactive compounds at micro- and
nano-scales (Awolu and Manohar 2019), thereby promoting controlled release of the encapsulated nutrient to
targeted sites (Shahidi and Han, 1993). Approximately,
20% of identified plants have been used in pharmaceutical studies, impacting the healthcare system in positive
ways such as treatment of cancer and harmful diseases
(Naczk and Shahidi 2006). Plants comprising of beneficial phytochemicals may supplement the needs of the
human body by acting as natural antioxidants (Panche
et al. 2015).
Avocado pear (Persea Americana Mill.) is an evergreen
tropical and subtropical fruit, rich in oil, and traditionally cultivated for food and medicinal purposes due to
its high nutritional properties (Ding et al. 2007). Avocado pear has also been reported to possess anticancer
activity (Lu et al. 2005). Avocado by-products, mainly
peel and seed are usually discarded as wastes. They are,
however, sources of important phytochemical compounds (Melo et al 2015; Saavedra et al 2017). Avocado
seed by-products also contain large quantities of extractable polyphenols which have attracted the attention
of food and cosmetic industries due to their high antioxidant capacity (Segovia et al. 2016). Although studies
have been carried out on the nutritional and functional
properties of avocado waste (the seed), as well as the
inhibitory effect of the phenolic content of the fruit
(Tremocoldi et al. 2018), there is a dearth of information
on the suitability, bioavailability and effectiveness of the
seed antioxidant components as nutraceuticals. Hence,
this study was carried out to evaluate the usefulness of
avocado pear seed, as nutraceuticals, by encapsulation.
Digestibility and stability of different cell wall materials
of varied ratios for the production of microcapsules were
also investigated.
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Methods
Collection and authentication of materials

Avocado fruit (Persea Americana Mil) was purchased
from new Benin market, Edo state Nigeria.
The species was authenticated at the Department of
Crop, Soil and Pest Management, Federal University of
Technology Akure, Ondo State, Nigeria. All chemicals
used for the analysis were of analytical grade.
Preparation of avocado seed powder

Mature, fresh green avocado fruits (Persea Americana
Mil) were washed with tap water, drained and packed
into a black polyethylene bag until ripen. The seeds of
ripe avocado fruits were manually separated from the
pulp, thoroughly washed, cleaned, sliced and sundried
for 3 to 5 days and thereafter packed in an airtight plastic container. The dried seeds were milled using hammer
mill (Model, YL-90L-40), and the avocado seed powder
obtained was packed in an airtight plastic container and
stored at room temperature until further use.
Extraction of avocado seed extract

The method described by Awolu et al. (2013) with slight
modification was used for extraction of the seed. About
50 g of the avocado seed powder was weighed and defatted in a soxhlet apparatus. The extraction was carried out
using different solvents and solvent ratios (100% ethanol, 50% aqueous ethanol and 100% water). Excess solvent after extraction was removed in a rotary evaporator
(Buchi R- 210, Flawil, Switzerland). The extracts obtained
were stored in an air tight bottle in a laboratory fridge
prior to further analysis.
Determination of total phenolic and total flavonoid
content

The total phenol of the extracts were determined using
Folin-Ciocalteu method as described by Singleton et al.,
(1999). Exactly 0.2 mL of each sample extract were measured into a test tube and mixed with 2.5 mL of 10% Folin
ciocalteau’s reagent and 2 mL of 7.5% sodium carbonate.
The reaction mixture was subsequently incubated at 45 ºC
for 40 min, and the absorbance was measure at 700 nm in
the spectrophotometer. Garlic acid was used as standard
phenol and total phenol was estimated with the expression:


Total phenolic content mg GAE/ g


Sample × conc of standard mg/ml
(1)


=
Abs standard × sample cong mg/g
The total flavonoid content of the extracts was determined using a colorimeter assay developed by Bao et al.
(2005). About 0.2 mL of each of the sample extract were
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measured into a test tube and added to 0.3 mL of 5%
NaN03 at zero time. After 5 min, 0.6 mL of 10% A
 ICI3
was added, and after 6 min, 2 mL of 1 M NaOH was also
added to the mixture followed by the addition of 2.1 mL
of distilled water. Absorbance was read at 510 nm against
the reagent blank and flavonoid content was expressed as
mg quercertin equivalent.
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where Ac—Absorbance of control; As—Absorbance
of sample. TMW = Molecular mass of Trolox (264.32 g/
mol).
The ability of each sample extract to prevent F
 e2+/H2O2
induced decomposition of deoxyribose was carried out
using the method of Halliwell and Gutteridge (1981).
Briefly, freshly prepared sample extract (0–100 μl) was



Sample × conc of standard mg/ml


Total flavonoid content mg QE/ g =
Abs standard × sample cong mg/g




• Abs standard is the absorbance of the solution containing 500 μL quercetin, about 50 μL 10% AlCl3
and 1 M CH3COOK.
• Blank is the mixture of 500 μL of distilled water,
500 μL of methanol, 50 μL distilled water and 1M
CH3COOK.
Determination of antioxidant activities

The free radical scavenging ability of the sample extracts
against DPPH (2, 2- diphenyl-1-picryhydrazyl) was carried out as described by Gyamfi et al. (1999). About 1 mL
of each sample extract was measured into a test tube and
mixed with 1 mL of the 0.4 mM methanolic solution of
the DPPH. The mixture was left in the dark for 30 min
before measuring the absorbance at 516 nm with spectrophotometer. The percent DPPH radical scavenging
activity of the samples were determined using the following equation:

DHHP radical scavenging activity (%) =

ABTS radical scavenging activity (%) =

added to a reaction mixture containing 120 μL of 20-mM
deoxyribose in a test tube, 400 μL of 0.1 M phosphate
buffer pH 7.4, 40 μL, 20-mM hydrogen peroxide and
40 μL, 500 μM FeSO4, were added and the volume was
made up to 800 μL with distilled water. The reaction mixture were incubated at 37 °C for 30 min and the reaction
was stopped by the addition of 0.5 ml of 2.8% TCA, then
followed by the addition of 0.4 ml of 0.6% TBA solution.
The tubes were subsequently incubated in boiling water
for 20 min. The absorbance was measured at 532 nm
using spectrophotometer at 10 min intervals for 1 h. The
hydroxyl radical scavenging activity was calculated using
the reaction rate (DA/min) equation.
The ability of each sample extract to chelate F
 e2+ were
determined using a modified method of Puntel et al.
(2005). Briefly, 150-mM FeSO4 was added to a reaction
mixture containing 168 ml of 0.1 M Tris–HCl pH 7.4
in a test tube, 218-ml saline and extract was added, and

Abscontrol − Abssample
Abscontrol

where Abs = Absorbance.
The ABTS scavenging ability of the extract was determined according to the method described by Re et al.
(1999). The ABTS was generated by reacting a 7 mM
ABTS aqueous solution with K2S2O8 (2.45 mM/L, final
concentration) in the dark for 16 h and adjusting the
absorbance at 734 nm to 0.700 with ethanol. Exactly,
0.2 mL of the appropriate dilution of the extract was then
added to 2.0 mL of ABTS solution, and the absorbance
was read at 732 nm after 15 min. The TROLOX equivalent antioxidant capacity was subsequently calculated
using TMW (264.32 g/mol). The ABTS scavenging activity was calculated using,

Ac − As
(4)
Ac

(2)

(3)

then the volume is made up with 1-ml distilled water. The
reaction mixture was incubated for 5 min, before 13 ml of
1, 10-phenantroline was added, and the absorbance was
read at 510 nm using spectrophotometer. The percentage
chelating effect (%) was calculated using the following
equation:

Metal chelating activity (%) =

(1 − Asample ) × 100
Ablank
(5)

A = Absorbance.
The ferric-reducing power (FRAP) of each samples
extract were determined by the method described by
Pulido et al. (2003). Exactly, 0.25 ml of each samples
extract were measured into a test tube and mixed with
0.25 ml of 200 mM of sodium phosphate buffer pH 6.6,
and then 0.25 ml of 1% KFC was added. The mixture
was incubated at 50 °C for 20 min; thereafter, 0.25 ml of
10% TCA was also added and centrifuge at 2000 rpm for
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10 min, 1 ml of the supernatant was mixed with 1 ml of
distilled water and 0.1% of FeCl3 was added. The absorbance was measured at 700 nm with spectrophotometer.
Encapsulation of avocado seed extract

The method of Sangeeta et al. (2015) was adopted for
encapsulation of the extracts. The crude extract obtained
from 100% ethanol was used for microencapsulation due
to its high antioxidant potentials. Appropriate quantity of
crude extract was weighed respectively into 250 ml plastic beaker, cell wall materials (corn starch (A) and cassava starch (B)), gum Arabic, Tween 80 and water were
weighed respectively into 25 ml plastic beaker (Table 1).
Each was mixed evenly inside the beaker with little portion of water added gradually with continuous manual
mixing until a liquid mix was obtained. The mixture
was homogenized at 12,000 rpm for 7 min using a Lab
homogenizer (GEN 700 Cole Parmer). The mixtures
were frozen at -20 ºC in a freezer for 24 h and lyophilized
in a freeze dryer. The freeze dried microencapsulates
were thereafter stored in an airtight container at room
temperature.
Determination of in vitro starch digestibility of the
microencapsulates

The in vitro starch digestibility of encapsulates were
determined using pancreatic amylase and alpha glucosidase according to the method of Englyst et al. (1992).
About 50 mg of each sample encapsulate were dispersed
in 1 ml of 0.2 M phosphate buffer with pH 6.9. Then,
20 mg of the enzyme was dissolve in 50 ml of the same
buffer, and 0.2 ml of both the sample and enzyme were
added, 1 ml of DNSA reagent was added and the mixture
was heated for 5 min in a boiling water bath. After cooling the absorbance of the solution was read at 540 nm
against the blank containing buffer and maltose was used
as a standard.
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Determination of storage stability of microcapsule

Microcapsule samples were kept for 30 days at room
temperature. The microcapsules were analyzed for DPPH
(Gyamfi et al. 1999), metal ions Chelation (Puntel et al.
2005) and total phenol (Singleton et al. 1999) immediately after freeze drying (day Zero) and 30 days after.
Moisture content of the microcapsule immediately after
freeze drying (day Zero) and 30 days after was also determined using the method described by AOAC (2012).
Fourier transform infrared spectroscopy (FTIR)
of the microencapsulate

The microencapsulates with the highest high antioxidant
activities for both corn starch (A2) and cassava starch
(B2) wall material were characterized using Fouriertransform infrared spectroscopy (FTIR) (Infrared spectrometer Varian 660 MidIR Dual MCT/DTGS Bundle
with ATR). Before analysis, the samples were dried in an
auto-desiccator for 24 h. Samples were directly applied to
a diamante crystal of ATR and resulting spectra of them
were corrected for background air absorbance. Potassium
bromide (KBr) disks were prepared from powdered samples mixed with dry KBr in the ratio of 1:100. The spectra were recorded in a transmittance mode from 4000 to
500 cm−1 wavenumbers at a resolution of 4 cm. Infrared
spectrum was Fourier transformed and recorded in the
absorption mode. The background spectrum was collected at the beginning of each experimental session in
which the selected samples were analyzed in sequence. IR
solution software is employed for getting the spectrum.
Statistical analysis

All experiments were carried out in triplicates and errors
were recorded as standard deviation from the mean. The
data were subjected to Duncan’s multiple range tests at
p < 0.05 significance level using SPSS version, while some
were subjected to T test.

Table 1 Microencapsulation formulation of avocado seed extract and in vitro digestibility of the microcapsule
Avocado extract
(ml)

Gum Arabic

Tween 80 (ml)

Water (ml)

Microcapsule

In Vitro
digestibility
(mg/g)

Corn starch, A (g)
50

5.0

0

0.5

199.5

A1

49

4.9

1.0

0.5

199.5

A2

48

4.8

2.0

0.5

199.5

A3
B1

23.96 ± 0.34

Cassava starch, B (g)
50

5.0

0

0.5

199.5

49

4.9

1.0

0.5

199.5

B2

48

4.8

2.0

0.5

199.5

B3

1.04 ± 0.08

Total Phenol (mg/g)

30

a

20
c

Total Flavonoid (mg/g)

b

1
c

100E

5 0 W :5 0 E

Total Flavonoid content of aqueous, ethanol and aqueous ethanol extracts of
avocado Seed.

f

DPPH Scavenging
Ability (%)

100

100E

5 0 W :5 0 E

80
a

60

b

c

40
20
0

100W

100E

5 0 W :5 0 E

2+

Fe Chelating activities of aqueous, ethanol, aqueous ethanol extracts of avocado
seed.
40

b

c

40
20

100W

100E

5 0 W :5 0 E

DPPH free radical scavenging ability of aqueous, ethanol and aqueous ethanol
extracts of avocado seed.
25

ABTS (mol/g)

100W

a

80
60

20

0

ethanol extracts of avocado seed.

2

100W

20

e Hydroxyl ion free radical scavenging ability of aqueous, ethanol and aqueous

a

3

0

b
c

40

-

5 0 W :5 0 E

4

0

c

100E

a

60

OH

100W

80

2+

0

Fe Chelating Ability (%)

10

b

Total phenolic contents of aqueous, ethanol and aqueous ethanol extracts of
Avocado Seed.

b
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b

c

100W

100E

a

FRAP (mg/g)

a
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Scavenging Ability (%)
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30

b

20
10
0

g

a

c

100W

100E

5 0 W :5 0 E

FRAP inhibitory activities of aqueous, ethanol and aqueous ethanol extracts of
avocado seed.

Keys: 100W: Aqueous extract
100E: Ethanol extract
50E:50W: Aqueous ethanol extract.

15
10
5
0

d

5 0 W :5 0 E

ABTS activities of ethanol, aqueous and aqueous ethanol extracts of
avocado seed.

Fig.1 a Total phenolic contents of aqueous, ethanol and aqueous ethanol extracts of avocado seed. b Total flavonoid content of aqueous, ethanol
and aqueous ethanol extracts of avocado seed. c DPPH free radical scavenging ability of aqueous, ethanol and aqueous ethanol extracts of avocado
seed. d ABTS activities of ethanol, aqueous and aqueous ethanol extracts of avocado seed. e Hydroxyl ion free radical scavenging ability of aqueous,
ethanol and aqueous ethanol extracts of avocado seed. f Fe2+ Chelating activities of aqueous, ethanol, aqueous ethanol extracts of avocado seed.
g FRAP inhibitory activities of aqueous, ethanol and aqueous ethanol extracts of avocado seed. Keys: 100 W: Aqueous extract. 100E: Ethanol extract.
50E:50 W: Aqueous ethanol extract

Results
Total phenolic and flavonoid contents of avocado seed
extracts

The total phenolic and flavonoid contents of avocado
seed extract as influenced by solvents for extraction are
shown in Fig. 1a and b, respectively. The total phenol
content (TPC) ranged from 8.21 mg/g in aqueous solution (100 W) to 25.51 mg/g in 100% ethanol (100E). On
the other hand, flavonoid content ranged from 3.21 mg/g
in 100E to 0.19 mg/g in 100 W.

Antioxidant activities of avocado seed extract

Figure 1c–g present the antioxidant activities of avocado
seed extracts using several assays (2, 2-diphenyl-1-picrylhydrazyl (DPPH), 2, 2-Azino-bis (3-ethylbenzthiazoline6-sulphonic acid) (ABTS), Hydroxyl ion (OH−), metal
Chelating and ferric reducing assays).
Antioxidant properties of microencapsulate

The results of antioxidant properties of the freshly prepared avocado seed extract microcapsules are shown
in Fig. 2a–c. Total phenolic content value ranges
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Total Phenol (mg/g)

from 15.0 mg/g in sample A1 (corn starch cell wall) to
16.70 mg/g (sample B2) in microcapsule with cassava
starch.
Storage stability evaluation of avocado seed extract
microencapsulate

Fourier transform infrared spectroscopy (FTIR)
of microencapsulate

The results of the FTIR for the microcapsules are shown
in Fig. 4a and b for corn starch and cassava starch microcapsules, respectively, while spectrum obtained by IR
solution software are given in Tables 2 and 3.

Discussion
These results indicate that 100E was more effective for
the extraction of total phenol and flavonoid in avocado
seeds followed by aqueous ethanol, and then 100 W.
TPC are important plant constituents with redox properties responsible for antioxidant activities (Aryal 2019).
Phenolics are capable of scavenging free radicals, chelate
metal catalysts, activating antioxidant enzymes, reducing α-tocopherol radicals, and inhibiting oxidases (Amic
et al. 2003). Flavonoids are polyphenolic molecules synthesized by plants, they are powerful antioxidants with
anti-inflammatory and immune system benefits (Melgar
et al. 2018) causing modulation and prevention of oxidation produced by free radicals within the body cells.
The TPC and TFC of avocado seed extract indicate that
the extracts may possess the antioxidant power needed
to reduce the risk of several diseases (Tremocoldi et al.
2018).
The 100E extract had the highest DPPH, Fe2+ Chelation, and FRAP activities. While the aqueous ethanol
(50E:50 W) had the highest ABTS activity, the aqueous
extract had the highest hydroxyl ion free radical scavenging ability. The best extracting solvent for the bioactive
compounds in avocado pear seed, therefore, followed the
trend: ethanol > aqueous ethanol > water. Previous studies

DPPH Scavenging
Ability (%)

The in vitro starch digestibility of microencapsulates
is given in Table 1. Corn starch cell wall microcapsule
(sample A2) had a higher digestibility (23.96 mg/g) than
1.04 mg/g observed in cassava starch cell wall microcapsule (sample B2).

a

d

b

A3

B1

c

10
5
0

A1

A2

B2

B3

Keys: A1: Corn Starch (50g): Gum Arabic (0): Tween 80 (0.5ml): Seed extract (5ml)
A2: Corn Starch (49g): Gum Arabic (1g): Tween 80 (0.5ml): Seed extract (4.9ml)
A3: Corn Starch (48g): Gum Arabic (2g): Tween 80 (0.5ml): Seed extract (4.8ml)
B1: Cassava Starch (50g): Gum Arabic (0): Tween 80 (0.5ml): Seed extract (5ml)
B2: Cassava Starch (49g): Gum Arabic (1g): Tween 80 (0.5ml): Seed extract (4.9ml)
B3: Cassava Starch (48g): Gum Arabic (2g): Tween 80 (0.5ml): Seed extract (4.8ml)
100

a

b

80

c
d

60

e

f

40
20
0

A1

A2

A3

B1

B2

B3

b

DPPH free radical scavenging ability of encap
sulates from avocado seed extract
(day 1).

Keys: A1: Corn Starch (50g): Gum Arabic (0): Tween 80 (0.5ml): Seed extract (5ml)
A2: Corn Starch (49g): Gum Arabic (1g): Tween 80 (0.5ml): Seed extract (4.9ml)
A3: Corn Starch (48g): Gum Arabic (2g): Tween 80 ( 0.5ml): Seed extract (4.8ml)
B1: Cassava Starch (50g): Gum Arabic (0): Tween 80 (0.5ml): Seed extract (5ml)
B2: Cassava Starch (49g): Gum Arabic (1g): Tween 80 (0.5ml): Seed extract (4.9ml)
B3: Cassava Starch (48g): Gum Arabic (2g): Tween 80 (0.5ml): See d extract (4.8ml)

-

In vitro evaluation of starch digestibility of avocado seed
microencapsulate

b,c

e

15

a Total phenol content of encapsulates from avocado seed extract (day1)

OH Scavenging Ability (%)

The moisture contents of freshly-prepared microcapsules
and after storage at room temperature (27 °C) for 30 days
are shown in Fig. 3a. At day 1, the moisture content of
the microcapsules ranged from 3.0–3.3%, while after
30 days, it ranged from 4.2 to 5.4%, indicating a significant increase (p ≤ 0.05).

20

80
60

a
b

c

d

40

e

20
0

f

A1

A2

A3

B1

B2

B3

c Hydroxyl ion free radical scavenging ability of encapsulates from avocado seed
extract (day1).

Keys: A1: Corn Starch (50g): Gum Arabic (0): Tween 80 (0.5ml): Seed extract (5ml)
A2: Corn Starch (49g): Gum Arabic (1g): Tween 80 (0.5ml): Seed extract (4.9ml)
A3: Corn Starch (48g): Gum Arabic (2g): Tween 80 (0.5ml): Seed extract (4.8ml)
B1: Cassava Starch (50g): Gum Arabic (0): Tween 80 (0.5ml): Seed extract (5ml)
B2: Cassava Starch (49g): Gum Arabic (1g): Tween 80 (0.5ml): Seed extract (4.9ml)
B3: Cassava Starch (48g): Gum Arabic (2g): Tween 80 (0.5ml): Seed extract (4.8ml)

Fig. 2 a Total phenol content of encapsulates from avocado seed
extract (day1). b DPPH free radical scavenging ability of encapsulates
from avocado seed extract (day 1). c Hydroxyl ion free radical
scavenging ability of encapsulates from avocado seed extract (day1).
Keys: A1: Corn Starch (50 g): Gum Arabic (0): Tween 80 (0.5 ml): Seed
extract (5 ml). A2: Corn Starch (49 g): Gum Arabic (1 g): Tween 80
(0.5 ml): Seed extract (4.9 ml). A3: Corn Starch (48 g): Gum Arabic (2 g):
Tween 80 (0.5 ml): Seed extract (4.8 ml). B1: Cassava Starch (50 g):
Gum Arabic (0): Tween 80 (0.5 ml): Seed extract (5 ml). B2: Cassava
Starch (49 g): Gum Arabic (1 g): Tween 80 (0.5 ml): Seed extract
(4.9 ml). B3: Cassava Starch (48 g): Gum Arabic (2 g): Tween 80 (0.5 ml):
Seed extract (4.8 ml)

with leaves of kedrostis foetidissima reported methanol
as the best solvent for extracts with the highest antioxidant properties in comparison to chloroform and aqueous extract (Pavithra and Vadivukkarasi 2015).. This was
attributed to the presence of the hydroxyl group in the
phenolic compounds. This may apply to the present study
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a Moisture content of avocado seed extract microencapsulate

Total Phenol (mg/g)

Keys: A1: Corn Starch (50g): Gum Arabic (0): Tween 80 (0.5ml): Seed extract (5ml)
A2: Corn Starch (49g): Gum Arabic (1g): Tween 80 (0.5ml): Seed extract (4.9ml)
A3: Corn Starch (48g): Gum Arabic (2g): Tween 80 (0.5ml): Seed extract (4.8ml)
B1: Cassava Starch (50g): Gum Arabic (0): Tween 80 (0.5ml): Seed extract (5ml)
B2: Cassava Starch (49g): Gum Arabic (1g): Tween 80 (0.5ml): Seed extract (4.9ml)
B3: Cassava Starch (48g): Gum Arabic (2g): Tween 80 (0.5ml): Seed extract (4.8ml)
50

Day 1

40

Day 30

30
20
10
0

A1

A2

A3

B1

B2

B3

b Total phenol content of storage stability of microcapsules

DPPH Scavenging
Ability (%)

Keys: A1: Corn Starch (50g): Gum Arabic (0): Tween 80 (0.5ml): Seed extract (5ml)
A2: Corn Starch (49g): Gum Arabic (1g): Tween 80 (0.5ml): Seed extract (4.9ml)
A3: Corn Starch (48g): Gum Arabic (2g): Tween 80 (0.5ml): Seed extract (4.8ml)
B1: Cassava Starch (50g): Gum Arabic (0): Tween 80 (0.5ml): Seed extract (5ml)
B2: Cassava Starch (49g): Gum Arabic (1g): Tween 80 (0.5ml): Seed extract (4.9ml)
B3: Cassava Starch (48g): Gum Arabic (2g): Tween 80 (0.5ml): Seed extract (4.8ml)
100
Day 1

80

Day 30

60
40
20
0

A1

A2

A3

B1

B2

B3

c DPPH scavenging ability storage stability of microcapsules

80

Ability (%)

Hydroxyl Ion Scavenging

Keys: A1: Corn Starch (50g): Gum Arabic (0): Tween 80 (0.5ml): Seed extract (5ml)
A2: Corn Starch (49g): Gum Arabic (1g): Tween 80 (0.5ml): Seed extract (4.9ml)
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since methanol has the same functional group as ethanol. Furthermore, the poisonous nature of both methanol
and chloroform make ethanol the best option for solvent extraction of the bioactive compounds in avocado
pear seed. However, all three extracts used in the present
study showed considerably high antioxidant activities
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Fig. 3 a Moisture content of avocado seed extract microencapsulate.
b Total phenol content of storage stability of microcapsules. c DPPH
scavenging ability storage stability of microcapsules. d Hydroxyl ion
scavenging ability storage stability of microcapsules. Keys: A1: Corn
Starch (50 g): Gum Arabic (0): Tween 80 (0.5 ml): Seed extract (5 ml).
A2: Corn Starch (49 g): Gum Arabic (1 g): Tween 80 (0.5 ml): Seed
extract (4.9 ml). A3: Corn Starch (48 g): Gum Arabic (2 g): Tween 80
(0.5 ml): Seed extract (4.8 ml). B1: Cassava Starch (50 g): Gum Arabic
(0): Tween 80 (0.5 ml): Seed extract (5 ml). B2: Cassava Starch (49 g):
Gum Arabic (1 g): Tween 80 (0.5 ml): Seed extract (4.9 ml). B3: Cassava
Starch (48 g): Gum Arabic (2 g): Tween 80 (0.5 ml): Seed extract
(4.8 ml)

and may serve as potential sources for protection against
oxidative stress (Araujo et al. 2018).
The values were significantly different (p ≤ 0.05) from
each other (Fig. 2a). Compared to 100% ethanolic extract
which was used for the microcapsule, there was about
50% retention of phenolic compound in the microcapsules. Kuck et al. (2017) also reported such reduction in
frozen and spray-dried Bordo grape skin extract microparticles. The reduction in the phenolic content of microcapsule when compared with that of the extract used may
be attributed to the effect of homogenization, freeze-drying and interaction of the phenol with the hydroxyl group
of wall material used (starch and gum Arabic) (Özbek
and Ergönül 2020).
The 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radicals
(Fig. 2b) scavenging ability of encapsulating of corn starch
microcapsule (A) ranged from 45.69% in A1 to 76.79% in
A2, while cassava starch microcapsule (B) ranged from
66.42% in B3 to 87.22% in B2. DPPH scavenging ability
of the microcapsules were significantly (p ≤ 0.05) higher
in cassava starch cell wall material samples (B1, B2 and
B3) than those of corn starch cell wall materials (A1, A2
and A3). The higher DPPH scavenging ability of cassava
starch wall material microcapsules may be attributed to
the synergistic activities of some antioxidant compounds
also present in cassava (Mehran et al. 2014). There was
a slight reduction in the DPPH activity of the microcapsules compared to the avocado fresh extracts. Generally,
the decrease in DPPH scavenging ability of microcapsule
as compared with that of the fresh extract could be as a
result of the decrease in the phenol content, the same
trend was also reported by Flores et al. (2014).
The ability of the microcapsules to prevent F
e2+/
H2O2 induced decomposition of deoxyribose had its
highest degrading ability for corn starch microcapsule
at 66% in A1 and the least at 19% in A2, while cassava
starch microencapsulate (B1, B2, B3) had its highest degradation ability at 73% in B3 and the least at 43% in B2
(Fig. 2c). This indicates microcapsules with corn starch
cell wall had the least O
 H− scavenging ability, while
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Fig. 4 a FT-IR spectra of corn starch microencapsulate. b FT-IR spectra of cassava starch microencapsulate
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Table 2 FTIR analysis spectra for corn starch (A2) microcapsules
Run (corn starch)

Absorption (cm-1)

Appearance

Group

1

3240.71

Strong broad

O–H stretching

Alcohol, Carboxylic acid

2

2822.46

Medium

CH2 stretching vibration

Alkane

3

2790.14

Medium

C=O stretching vibration

Aldehyde

4

2224.91

Weak

O–H bending

Alkyne

5

1548.26

Medium

CH2 bending

Alkane

Group

Compound class

Compound class

Table 3 FTIR analysis spectra for cassava starch (B2) microcapsules
Run (Cassava starch)

Absorption (cm-1)

Appearance

1

3490.63

Strong broad

O–H stretching

Alcohol

2

2866.91

Medium

C-H stretching vibration

Alkane

3

2820.38

Medium

C≡C stretching

Aldehyde

4

2196.05

Weak

C≡C stretching

Aldehyde

5

1921.60

Weak

C-H stretching vibration

Aromatic compound

6

1610.71

Strong

C=O stretching vibration

α, β unsaturated ketone

microcapsules with cassava starch cell wall material had
the highest., the result obtained shows that each encapsulate hydroxyl radical decreases after encapsulation but
with A2 possesses a higher superoxide radical scavenging
capacity than B2 by its ability to prevent the least induced
hydrogen peroxide (H2O2) by superoxide dismutase into
hydroxyl radicals (OH*) via the Fenton or Haber–Weiss
reactions (Cannizzo et al. 2011).
Therefore, encapsulate with antioxidant activity
against the DPPH radical scavenging ability and a superior hydroxyl free radical scavenging ability to the least
hydroxyl radical induced by decomposition of deoxyribose may be A2 microcapsule.
The increase in moisture content may suggest that
microcapsules absorbed moisture from the environment
due to the hydrophilic nature of starch granules (Wang
et al. 2019). However, the moisture contents are still
within the acceptable range limit (< 10) as recommended
by WHO (2003).
The total phenolic content of samples stored for 30 days
(Fig. 3b) showed that values for samples with corn starch
cell wall material (A) ranged from 34.87—40.91 mg/g,
while those for cassava starch cell wall material (B)
ranged from 32.22—41.76 mg/g. The microcapsules
exhibited increased phenolic content after storage for
30 days. These increases have been observed in other
studies and are attributed to the ability of these compounds to react with each other and hydrolyze to smaller
molecules (Sun-Waterhouse et al 2013). Other factors
reported to having influenced such increase include the
chemical structures of the phenolic compounds, the

matrix in which they are dispersed, physicochemical
characteristics of the powders, such as surface area, processing and storage conditions may result in increased
phenolic content (Sun-Waterhouse et al 2013).
The DPPH scavenging ability of the microcapsules after
30 days’ storage ranged from 22–71% and 51- 75% for
samples with corn (A) and cassava (B) starch cell wall,
respectively (Fig. 3c). The radical scavenging ability of
sample B2 was significantly (p < 0.05) higher than other
encapsulate. Results also showed about 20% reduction
in DPPH of the microcapsules after 30 days storage. This
reduction could be as a result of the microencapsulation
which prevented the deterioration of the core materials.
Also, the ability of the sample microcapsules to prevent Fe2+/H2O2 induced decomposition of deoxyribose
(Fig. 3d) was reduced at 30 days. The decomposition of
deoxyribose ability of the corn starch microencapsulate (A1, A2, A3) had its degradation ability at 48% in
A1 and the least degradation ability at 12% in A2 while
samples with cassava starch microencapsulate (B1, B2,
B3) had its degradation ability at 62% in B3 and the
least at 17% in B2. The least activities is found in sample A2. This is an indication that sample A2 will display
a higher superoxide radical scavenging capacity than
other samples by preventing the convection of the least
hydrogen peroxide (H2O2) form in the body cells by
superoxide dismutase into hydroxyl radicals (OH*) via
the Fenton or Haber–Weiss reactions (Cannizzo et al.
2011).
The results of antioxidant capacity of the different avocado encapsulate obtained in this study after 30 days
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of storage showed that there is a significant increase in
phenolic composition with a decrease in their DPPH and
hydroxyl free radical scavenging ability. However, sample
A2 possesses a superior hydroxyl free radical scavenging
ability of 12% than the other encapsulates by the ability
to prevent convection of least hydrogen peroxide ( H2O2)
form in the body cells via Fenton reactions. Thus, this
makes A2 the best encapsulated with superior antioxidant activity.
Corn starch cell wall microcapsule (sample A2) had a
higher digestibility (23.96 mg/g) than 1.04 mg/g observed
in cassava starch cell wall microcapsule (sample B2). This
may be attributed to the smaller molecular weight of
corn starch which might have contributed to the higher
digestibility (Waterschoot et al. 2015; Zue et al. 2015) of
sample A2 as compared to sample B2. The increase in the
utilization of corn starch in food and medicine has been
linked to its mineral richness, availability, low cost, biodegradability and hydrophilicity which allow the starch
to be easily broken down by enzymes in the digestive
tract (Waterschoot et al. 2015). However, the low in vitro
digestibility of cassava starch microcapsule may be useful in the production of microcapsules that would not be
easily degraded by hydrolytic enzymes, thereby ensuring shelf stability. Some studies have confirmed that the
behavior of encapsulates is always dependent on the
surrounding matrix composition and their resistance or
susceptibility molecular materials with abundant natural
reserve and biodegradability (Zue et al. 2015).
Sample A2 (corn starch cell wall microcapsules) and
B2 (cassava starch cell wall microcapsules) with the
highest antioxidant activities were selected for FTIR
analysis. The major functional groups in sample A2
were O–H (3240.17), C=O (2790.91), ring (750.38) and
C≡C (2224.91) indicating alcohol, carbonyl, benzene
ring and alkyne groups respectively). In sample B2, the
functional groups were O–H (3490.63), C=O (2820.38),
ring (700.86) and C=C (1610.71) indicating alcohol,
carbonyl, benzene ring and alkene groups, respectively. Benzene ring with OH group is an indication of
the presence of polyphenols. Polyphenols are natural
compounds characterized by the presence of resorcinol
(benzene ring with several hydroxyl groups), catechol
and phenol (Liana et al. 2020). Carbonyl group is also
an indication of the presence of phenolic acid.

Conclusions
The study established that avocado seed contained
appreciable amount of bioactive compounds. The ethanolic avocado seed extract exhibited superior free
radical scavenging abilities over encapsulate. Although
there was slight reduction in DPPH and hydroxyl free
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radical scavenging ability of encapsulates after 30 days
of storage, the encapsulate had moisture contents that
were shelf stable, less than maximum acceptable allowable limit for moisture content (< 10). However, cassava
starch was a better cell wall material for the microencapsulation of avocado seeds extract. The in vitro
starch digestibility was higher in corn than in cassava
starch cell wall materials. The FTIR indicated that the
primary functional groups in microcapsules were OH,
C=O, benzene ring and C≡C.
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