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Abstract

Crude ethanolic extract of Eucalyptus camaldulensis was encapsulated with sodium alginate–

sodium carboxymethyl cellulose (CMC) using freeze-drying techniques. The microcapsules were 

characterized for particle size, morphology, physicochemical parameters, and micromeritics 

properties. Antioxidant and antimicrobial activities of the microcapsules were also demonstrated. 

Results revealed an irregular-shaped microparticles with a mean diameter ranging from 6.7 to 

26.6 µm. Zeta potential and polydispersity index ranged from −17.01 to 2.23 mV and 0.34 to 0.49, 

respectively. Percentage yield ranged between 70.4 and 81.5 per cent whereas encapsulation 

efficiency ranged between 74.2 ± 0.011 and 82.43 ± 0.77 per cent. Swelling index and solubility 

varied inversely with extract concentration, with a range of 54.4%–84.0% and 18.8%–22.2%, 

respectively. Antioxidant activities varied directly with the concentration of the extract. Minimum 

inhibitory and minimum bactericidal concentrations of the microcapsules against Gram-positive 

foodborne pathogens ranged from 0.19 to 3.12 and 0.19–12.25 mg/ml, respectively. The Higuchi 

model indicated a time-dependent, delayed, and regulated release of polyphenols at 37°C. The 

results suggested that alginate–CMC possessed good encapsulant properties that preserved the 

bioactive extract, thus might be employed for application of natural products in food systems.
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Introduction

The growing demand for natural products in food and other con-

sumables and overall distaste for synthetic chemicals have resulted 

in heightened search for appropriate methods of incorporating inert 

natural products into processing systems. Plant extracts and phen-

olic compounds are healthy sources of green components that might 

replace or limit the use of synthetic chemicals. Numerous plants have 

demonstrated bioactive properties that can be exploited in the devel-

opment of useful consumer products. Plant extracts, essential oils, 

and phenolic phytochemicals have been employed as preservatives 

(Dhiman and Aggarwal, 2019), �avours, colouring agents (Dikshit 

and Tallapragada, 2018; Allahdad et al., 2019), taste enhancers, and 

as functional food (da Silva et al., 2016). However, the use of natural 

products in food and other industrial applications is limited by fac-

tors such as the instability of these products to food processing and 

adverse effects on food sensory and nutritional properties.

Encapsulation of inert bioactive components prevents destruc-

tive interaction that might result in the loss of activity (Saikia et al., 

2015), regulates release, and ensures masking of unpleasant prop-

erties (Rezende et al., 2018). Spray drying and freeze-drying are the 

most commonly used methods with practical applications in food 

and pharmaceutical industries.

Alginates are polyanionic copolymers produced by algae spe-

cies including Ascophyllum nodosum, Laminaria hyperborea, and 

Macrocystis pyrifera. Alginates are also produced as metabolites by 

bacteria species such as Azotobacter and Pseudomonas. However, 

isolation from bacteria is usually expensive for commercial appli-

cations (Goh et al., 2012). The use of alginate in the encapsulation 

of nutraceuticals and bioactive compounds is widely employed in 

the food and pharmaceutical sectors (Goh et  al., 2012). Sodium 

carboxymethyl cellulose (CMC) are water soluble, chemically 

modi�ed natural cellulose with remarkable physical and chemical 

properties. In the food industry, it is used as stabilizer and thickener, 

and widely employed in the production of milk drinks, yogurt, ice 

cream, baked goods, and syrups. Encapsulation of pharmaceuticals 

and nutraceutical products using blends of sodium alginate and so-

dium CMC showed good stability with an  enhanced release (Lee 

et al., 2019; Qiu et al., 2020).

Eucalyptus is a plant genus of the family myrtaceae widely used 

as a source of essential oil. Leaf extract of the specie E. globulus is 

an approved food additive with the Generally Recognized as Safe 

(GRAS) status. Wood from the specie E. camaldulensis is commonly 

used in the paper industries, and the leaves have been reported to 

exhibit good antibacterial activity against the foodborne pathogen 

Listeria moncytogenes with good antioxidant properties (Nwabor 

et al., 2019). In this study, E. camaldulensis ethanolic leaf extracts 

were encapsulated using sodium alginate and sodium CMC as a 

possible method of preserving the inert bioactive components and 

incorporation into industrial processing. The microcapsules were 

characterized tested for micromeritics properties as well as bio-

activity and cytotoxicity.

Materials and methods

Materials

Sodium alginate and sodium CMC were purchased from Sigma-

Aldrich, Singapore. Tetrazolium bromide (3-(4,5-dimethyl-2-

thiazolyl)-2,5-diphenyl-2H, MTT) and trypsin were obtained from 

Merck (Darmstadt, Germany), Dulbecco’s modi�ed eagle medium 

(DMEM), and foetal bovine serum were purchased from Gibco, UK. 

All bacteriological media were purchased from Thermo Fisher.
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Methods

Extraction procedure

Classi�ed reference voucher specimen of E. camaldulensis was de-

posited at the herbarium of Faculty of Pharmaceutical Sciences, 

Prince of Songkla University, Thailand. The leaves were extracted by 

cold maceration method with 95% ethanol as solvent.

Formation of alginate–CMC microcapsules

Alginate–CMC microcapsules were formulated using the freeze-dry 

method. A 2% sodium alginate solution was mixed with 1% CMC 

solution in a 1:1 ratio. One millilitre of varying concentrations 

250 mg (F1), 500 mg (F2) and 1000 mg (F5) of ethanolic leaf extract 

of E. camaldulensis was then added to the alginate–CMC mixture 

and allowed to stir for 20 min. The mixture was added dropwise 

into a 3% CaCl·2H
2
O solution at a �ow rate of 1 ml/10 min under 

high-speed homogenization at 15 000 rpm. The mixture was left to 

further homogenize for 60 min and centrifuged at 10 000 rpm for 

30 min. Pelleted microcapsules were then freeze dried and pulverized 

into powder.

Encapsulation yield

The amount of microcapsule (in g) obtained after freeze-drying was 

calculated as percentage encapsulation yield using the following 

equation:

% Encapsulation yield =
W1

W2
× 100

where W
1
 is the total mass of microcapsules after being freeze dried 

and W
2
 is the mass of Na alginate, CMC, and E. camaldulensis ex-

tract that were fed in the encapsulation process.

Encapsulation efficiency

Encapsulation ef�ciency representing the amount of bioactive 

(extract) encapsulated in the polymer matrix was estimated 

calorimetrically using the indirect method.

The percentage of  encapsulation was calculated using the fol-

lowing equation:

Ainitial − Asupernatant

Ainitial

× 100

where A
initial

 is the optical density (OD) of the microcapsule mix-

ture before centrifugation and A
supernatant

 is the OD of the supernatant 

after centrifugation.

Particle size analyser

The particle size of the microcapsules was determined using a laser 

scattering particle size distribution analyser (Horiba LA-300, Japan). 

The measurements were made in triplicate.

Fourier-transform infrared spectroscopy

Fourier-transform infrared spectroscopy (FTIR) spectra were 

obtained with a Spectrum 100 series FTIR spectrometer 

(PerkinElmer) at range 4000 and 650 cm−1.

Micromeritic properties of microcapsules

The micromeritic properties including angle of repose, bulk density, 

tapped density, Carr’s index, and Hausner’s ratio were evaluated. 

The angle of repose was determined by the �xed funnel method 

using the following equation:

tan θ =

h

r

where h is height of the microcapsules pile and r is radius of the 

microcapsules pile.

For determination of bulk and tapped density, microcapsules 

were tapped using USP tapped density tester (Electrolab, model 

ETD–1020) for 250 taps and the change in volume was measured. 

Carr’s index and Hausner’s ratio were calculated using the following 

equation:

Compressibility index =
(Vf − Vo)× 100

Vo

Hausner ratio =

Vf

Vo

where Vo is the initial volume and Vf is the tapped volume.

Determination of moisture (loss on drying)

Loss on drying (LOD) was determined by drying 1 g of microcap-

sules in an oven at 100–105°C for 3 h and then sample was kept in 

a desiccator for 24 h and reweighed. The difference in weights was 

recorded and LOD was calculated using the following equation:

% LOD =
W2 − W3

W2 − W1
× 100

where W1 is weight of empty weighing bottle, W2 weight of 

weighing bottle with sample, and W3 is weight of weighing bottle 

with dried sample.

Determination of swelling index

The swelling index was determined as described by Surini et  al. 

(2018) with modi�cations. Microcapsules (500  mg) were intro-

duced into 10 ml of distilled water and left to stand at 37°C with 

constant shaking. After 60 min, the microcapsules were centrifuged 

at 4500 rpm for 10 min and the supernatant was carefully discarded. 

The swelling index was calculated using the following equation:

Swelling index =

W1 − W2

W1

where W1 is weight of microcapsules swelling and W2 is weight of 

microcapsules after swelling.

Solubility

The solubility of the formulated micro-capsules was measured as 

described by Hussain et  al. (2018), with modi�cations. Samples 

weighing 1.0 g were dispersed in 10 ml of distilled water and stirred 

for 30 min. The mixture was then centrifuged at 3000×g for 10 min. 

The supernatant was oven dried at 105°C for 4 h. The solubility was 

measured as a result of weight difference and demonstrated in the 

term of percentage.

Colour measurements

Colour of the microcapsules was determined using a colorimeter 

(ColorFlex, Hunter Lab Reston, VA, USA), and recorded in terms of 

L*, a*, b*, where L* indicates the lightness, a* redness and green-

ness, and b* yellowness and blueness. The manufacturer’s standard 

white plate was used for the calibration (L* = 92.84; a* = −1.29; 

b* = 0.55). The parameters L*, a*, and b* were used to calculate 

Chroma, Hue angle, ∆E (total colour change), and browning index 
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(BI) according to the equations stated by Yeşilsu and Özyurt (2019) 

and Rigon and Noreña (2016).

Chroma =

√
a∗2 + b∗2

Hue = tan
−1
Ä

b
∗

a∗

ä

∆E =

»

∆L∗2 +∆a∗2 +∆b∗
2

BI =

100(x0.31)
0.17

where

X =
a∗ + 1.75L∗

5.645L∗ + a∗ − 3.012b∗

Scanning electron microscopy

The morphology of the microcapsules was studied using scanning 

electron microscopy.

Determination of total phenolic and flavonoid 

contents of microcapsules

Microcapsules were digested in sodium citrate solution 

(Pasukamonset et al., 2016). Briefly, 0.1 ml of sample was added 

to 0.4 ml of Folin-Ciocalteau, and 0.4 ml of Na
2
CO

3
. The mix-

ture was incubated for 30  min, and the absorbance was read 

at 700 nm and reported in garlic acid equivalent per milligram 

sample.

The total �avonoid content was measured using AlCl
3
. Brie�y, 

0.1 ml of sample were added to 0.4 ml of distilled water and 30 µl of 

5% NaNO
2
. The mixture was incubated in the dark for 5 min, and 

30 µl of a 10% AlCl
3
 solution was added and incubated for 5 min, 

and 0.2 ml of a 4% NaOH solution was added. The mixture was 

incubated in dark for 15 min, and the absorbance was measured at 

510 nm and recorded in milligrams of quercetin equivalents (QE) 

per milligram of the extract.

Antioxidant activities of microcapsules

The antioxidant activity of microcapsules was evaluated using 

2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2′-azino-bis 

(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging 

assays. The radical scavenging activity was calculated using the fol-

lowing equation:

% Inhibition =
Acont − Atest

Acont

× 100

where A
cont

 is the absorbance of the negative control and A
test

 is 

the difference of the absorbance of samples and corresponding 

blank.

In vitro release of polyphenols from microparticles

Release of polyphenols was estimated by quantifying the phenolic 

content released from the microcapsules using Folin–Ciocalteau 

method (Arriola et al., 2016). Brie�y, 200 mg of the microcapsules 

was suspended in 5 ml of distilled water at 4 and 37°C with constant 

stirring at 150 rpm. At interval, an aliquot of the supernatant was 

withdrawn with replacements and the phenolic content was quan-

ti�ed. Obtained results were expressed in milligrams of garlic acid 

equivalent GAE per milligram of dry microparticles. Experiments 

were recorded in triplicate. Released polyphenol content was calcu-

lated using the equation:

Polyphenols released ( % ) =
TPt

TP∞

× 100

where TP
t
 is the phenolic content released at time t and TP

∞
 is the 

total phenolic content of the microcapsules.

Values were �tted into various kinetic models, equation, and co-

ef�cient of correlation (r) values were calculated for linear curves by 

regression analysis of the plots.

Antimicrobial activities of microcapsules

The antimicrobial activities of microcapsules were determined using 

the standard broth micro-dilution method (CLSI, 2015). Minimum 

inhibitory concentrations and minimum bactericidal concentrations 

were recorded after 24 h incubation at 37ºC. All experiments were 

set up in triplicate.

Cell culture and cytotoxicity

Human embryonic colon cells Caco-2 were cultured in high glucose 

DMEM supplemented with 10 per cent foetal bovine serum and 1 

per cent antibiotics. The cells were incubated at 37ºC with 5% CO
2
. 

Cells 1 × 104 cells/well were seeded in 96-well microtitre plates and 

incubated overnight.

Toxicity of the microcapsules was evaluated on Caco-2 cells 

using MTT assay at 570 nm. Cell viability was calculated as

% Cell viability =
OD treatment

OD control
× 100

Statistical analysis

All experiment was performed in triplicate and the mean values 

were recorded. Results were analysed using the analysis of variance 

(ANOVA). SPSS 20 was used for the analysis and a 95% con�dence 

interval was maintained throughout the experiment (Scheffe test at 

P < 0.05).

Results and Discussion

Particle size

The particle size of microcapsules was reported based on the 

equivalent sphere concept (Table 1). The D
50

 values of the micro-

capsules ranged from 6.7 to 26.6  µm, with the F0 presenting the 

lowest particle size of 6.7 µm. Addition of extract resulted in a sig-

ni�cant (P  <  0.05) increase in the diameter of the microcapsules; 

however, particle size diameter was not extracted concentration 

dependent. Factors including concentration of crosslinking agent, 

Table 1. Particle size of freeze-dried microcapsules

Formulations

Particle size (µm)

D
10

D
50

D
90

Span

F0 3.07 6.70 14.63 1.73
F1 11.85 26.59 59.70 1.79
F2 4.99 10.03 20.15 1.51
F5 4.41 9.06 18.61 1.56

D
10

, 10th percentile of cumulated volume distribution; D
50

, median particle 

diameter (50th percentile) of cumulated volume distribution; D
90

, 90th per-

centile of cumulated volume distribution.
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homogenization speed, and time might affect the size of the micro-

capsules. Low span values were observed for the microcapsules, 

indicating a narrow particle size distribution.

Percentage yield and encapsulation efficiency

Percentage yield and encapsulation ef�ciency are important factors 

for a microencapsulation process. Percentage yield measures material 

recovery during an encapsulation process and signi�es process suit-

ability. In this study, a high percentage yield (70.4%–81.5%) was ob-

served, demonstrating a minimal loss of material (Table 2). Various 

factors including concentration of polymers, solubility, concentra-

tion of the crosslinking agent, and viscosity of the mixture might 

affect the yield. Similarly, encapsulation ef�ciency is a measure of 

the percentage of the core active agent loaded in the microcapsules 

(Choi and Chang, 2018). In addition, it re�ects the degree of protec-

tion provided by the encapsulant (Binsi et al., 2017). Encapsulation 

of the extract using alginate–CMC demonstrated %EE of 74.2  ± 

0.011%–82.43  ± 0.772% (Table  2). The high encapsulation ef�-

ciency shows the compatibility of alginate with CMC and further 

suggests the formation of stable interactions between reactive sites 

of the polymers and the extract.

Physicochemical properties of microcapsules

Physicochemical parameters of the microcapsules including zeta po-

tentials, polydispersity index, swelling index, and solubility are pre-

sented in (Table 2). Zeta potential is an important parameters that 

indicates charge and stability against coalescence and aggregation 

(Sezgin-Bayindir et al., 2015). The alginate–CMC encapsulated ex-

tract showed a zeta potential of −11.01, −17.01, 2.23, and −2.45 for 

F0, F1, F2, and F5, respectively. As zeta potential decreases, the par-

ticles attract one another forming aggregates. Zeta potentials ≥ ±30 

mV are generally regarded as stable (Wang et al., 2016); hence, the 

formulations showed low electrostatic stabilization with net charges 

closer to zero. It has been reported previously that the ratio of poly-

mers is an important surface charge modulating factors (Caetano 

et al., 2016).

Polydispersity index (PDI) of a polymer colloidal system indi-

cates the uniformity of the colloidal particles in the solution (distri-

bution of size populations within a sample). In this study, PDI values 

of the microcapsules ranged from 0.344 to 0.489, indicating a high 

size dispersion (Danaei et  al., 2018). The result con�rms the high 

range between the D
10

 and D
90

 values of the microcapsules.

The microcapsules exhibited a high swelling index that reduced 

with increased extract concentration. The high swelling index of the 

alginate–CMC co-polymer microcapsules re�ects the hydrophilic 

nature of alginate and hydrocolloidal properties of CMC. Alginate 

has been reported to exhibit high swelling properties at neutral and al-

kaline pH (Akalin and Pulat, 2018), whereas Na-CMC demonstrates 

a pH-independent swelling property (El‐Hag Ali et al., 2008). Results 

revealed that addition of the extract signi�cantly (P < 0.05) reduced 

the swelling index. Increase in extract concentration further lowered 

the swelling index of the microcapsules. This might be as a result of 

pH alterations and the formation of intra-molecular hydrogen bonds. 

For effective release of core material, the microcapsules must absorb 

solvent and swell signi�cantly (Patel et al., 2016), thus the results sug-

gested that alginate–CMC co-polymer blend might be an effective re-

lease wall material for the encapsulation of bioactive compound.

The microcapsules demonstrated a poor solubility in water that 

ranged between approximately 19 and 22%. Addition of the extract 

showed a slight concentration-dependent reduction in solubility. 

Reduction in solubility might be as a result of alterations in pH re-

sulting in the insolubility of alginate and sodium CMC or the for-

mation of complex electrostatic bonding between the polymers and 

the extract.

Micromeritic properties of microcapsules

The micromeritics properties of microcapsules are presented in 

Table 3. The results indicated that microcapsules showed poor �ow 

property as shown be Carr’s index between 27 and 40, angle of re-

pose between 27.9° and 30.9°, and Hausner’s ratio >1.5, indicating 

a passable �ow behaviour of the microcapsules. The results further 

revealed that the F1 had the highest tapped density, which might 

be due to the relatively larger particle size as revealed by the D
50

 

suggesting a reduction in the cohesive force between particles. In 

addition, moisture content of the microcapsules might also affect its 

�owability as a result of liquid bridge forces due to the presence of 

thin-�lm liquids on the surface of the microparticles. Formulation 

F1 displayed the least moisture content while F5 showed the highest 

percentage of moisture loss. The swelling index of the microcapsules 

varied inversely with the concentration of the loaded extract. F0 

showed the highest swelling index, while F5 showed the least. The 

reduction in swelling index observed in the extract loaded microcap-

sules is attributed to the decrease in water-holding capacity resulting 

from the increase in concentration of extract.

Table 2. Physicochemical properties of microcapsules

Formulations % Yield Encapsulation ef�ciency (%)  Swelling index (%) Polydispersity  index Zeta potential (mV) Solubility (%)

F0 80.7 NA 84.0 0.450 −11.01 22.2 ± 1.1
F1 76.5 74.2 ± 0.01 81.4 0.489 −17.01 22.1 ± 1.6
F2 81.5 80.11 ± 0.01 71.8 0.344 2.23 19.9 ± 0.1
F5 70.4 82.43 ± 0.77 54.4 0.370 −2.45 18.8 ± 0.2

NA, not applicable.

Table 3. Micromeritics properties of microcapsules

Samples Bulk density (g/cc) Tapped density (g/cc) Moisture loss (%) Angle of repose (°) Carr’s index Hausner’s ratio

Blank 0.22 ± 0.02 0.38 ± 0.04 14.7 ± 0.02 30.9 ± 1.41 40 1.66
F1 0.24 ± 0.03 0.44 ± 0.01 9.0 ± 0.03 29.24 ± 1.15 44 1.8
F2 0.27 ± 0.01 0.41 ± 0.06 14.0 ± 0.01 29.68 ± 0.83 34 1.5
F5 0.24 ± 0.07 0.33 ± 0.03 15.0 ± 0.04 27.9 ± 3.22 27 1.38
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Fourier-transformed infrared spectroscopy

The Fourier-transformed infrared spectroscopy (FTIR) spectra of 

the polymers, extract, and microcapsules is shown in Figure  1. 

The spectra showed molecular interactions between functional 

groups resulting in the formation of new groups and/or alteration 

of already existing groups. Similar bands were observed for all 

the spectra with broad bands at 3400–3600 cm−1 attributed to the 

O–H vibrations, while the peaks at 2900–2950 cm−1 relates to the 

C–H bands. Peaks between 1600–1650 cm−1 and 1420–1450 cm−1 

represented the asymmetric and symmetric stretching of the –

COO– (Capanema et  al., 2018). The extract spectra showed a 

peak at 1726 cm−1, which was ascribed to C=O group. The spectra 

around 2360 cm−1 represents CO
2
 stretching that might have re-

sulted from measurement condition. Addition of the extract re-

sulted in minor shifts in bands as shown by the difference between 

spectra of blank microcapsule, a microcapsule with extract. The 

prominent C–H peak located at 2928 and 2950  cm−1 in the ex-

tract and blank capsules combined, resulting in a minor shift to 

2926 cm−1.

Total phenolic and flavonoid

Total phenolic content (TPC) and total �avonoid content (TFC) of 

the microcapsules are presented in Figure 2. The results indicated a 

TPC of 0.26, 0.15, and 0.09 mg garlic acid equivalent/mg sample for 

formulation F5, F2, and F1 and a TFC of 0.21, 0.09, and 0.06 mg 

catechin equivalent/mg sample for F5, F2, and F1, respectively. The 

phenolic and �avonoid contents of the microcapsules indicate the 

effective encapsulation of the extract. Polyphenols are excellent 

bioactive components with good antioxidant and antimicrobial 

properties that can be explored for food preservation and shelf-life 

extension.

Antioxidant efficacy of microcapsules

The antioxidant activities of the microcapsules, demonstrated by 

DPPH and ABTS assay, are shown in Figure 3. The capsules showed 
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Figure 2. Total phenolic content (TPC) and total flavonoid content (TFC) of the 

microcapsules tested using Folin–Ciocalteu and AlCl
3
 assay.

Figure 1. FTIR spectra of polymers, extract and microcapsules recorded between 500 and 3900 nm, showing molecular interaction of components following 

the encapsulation process.
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a concentration-dependent inhibition for both DPPH and ABTS. The 

concentration of the extract in the microcapsules was re�ected in 

the antioxidant properties, hence F5 showed the highest antioxidant 

properties whereas F1 showed the  least antioxidant activity. The 

results of the antioxidant assay indicated that encapsulation using 

the polymers did not alter the bioactive properties of the extract. It 

further suggested the excellent release of the polyphenols from the 

polymers matrix. The antioxidant properties of plant polyphenols in 

food enhances the shelf-life of products through inhibition of enzym-

atic oxidative processes such as lipid peroxidation.

Release of polyphenols

The release of polyphenols from the alginate–CMC matrix, evalu-

ated at 37°C and 4°C, is presented in Figure  4. The results indi-

cated a signi�cant difference in the release pro�le at the tested 

temperatures (P  <  0.05). The microcapsules at both temperatures 

showed a rapid release of polyphenols within 1  h. Encapsulation 

of Stevia rebaudiana leaf extract and Clitoria ternatea petal �ower 

extract with alginate showed similar results (Arriola et  al., 2016; 

Pasukamonset et  al., 2016). However, the present study indicated 

a slow and regulated release of polyphenol over a wide time range. 

In addition, the microcapsules showed higher polyphenol release at 

37°C than at the storage temperature of 4°C. This might be as a 

result of increased collision due to increase in Brownian movement 

of particles.

Release of polyphenols at 37°C, followed the �rst-order kinetics 

with dependence on concentration and a zero-order kinetics inde-

pendent of concentration at 4°C. The Higuchi kinetic model showed 

a time-dependent controlled release at 37°C, and a time-independent 

controlled release at 4°C.

Antimicrobial activity of microcapsules

Antimicrobial activities of the encapsulated extracts of 

E. camaldulensis against foodborne pathogenic bacteria are shown 

in Table 4. The microencapsulated extracts demonstrated antimicro-

bial effects with minimum inhibitory concentrations and minimum 

bactericidal concentrations ranging from 0.19 to 3.12 and 0.19 to 

12.25 mg/ml, respectively. In addition, no antimicrobial activity was 

observed for F0. The results suggested an antimicrobial activity de-

pendant on the concentration of the extract. Furthermore, the anti-

microbial activity observed suggests the release of core material 

Figure 3. Antioxidant properties of microcapsules evaluated using DPPH (A) and ABTS (B).

Figure 4. Release profile of polyphenols evaluated at 37°C (A) and 4°C (B).

Table 4. Antimicrobial activities of microcapsules and extract

Isolates
MIC/MBC (mg/ml)

Blank F1 F2 F5 Extract

Bacillus cereus  >24 0.39/1.56 0.19/0.39 0.19/0.19 0.064/0.128
Listeria monocytogenes >24 1.56/6.25 0.39/6.25 0.19/0.78 0.128/0.512
Staphylococcus aureus >24 3.12/12.25 1.56/6.25 0.39/1.56 0.128/0.256
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across the walls of the particles into the media. Microbial contam-

ination of food products is a leading cause of food spoilage and 

foodborne disease outbreaks, thus inhibiting the growth of micro-

organism in food is fundamental to food preservation and shelf-life 

extension. The results of this study revealed that the encapsulated 

plant polyphenols demonstrated antimicrobial activities and could 

be used as an antimicrobial preservative agent.

Colour analysis

The result of colour analysis revealed lightness (L*), Chroma and 

Hue angle of the microcapsules (Table 5). The redness and yellow-

ness values a* and b* of the blank microcapsules were −0.69  ± 

0.13 and −1.54  ± 0.15. The redness/blueness values increased in 

F1 but reduced with the addition of more extract in F2 and F5. 

Yellowness/greenness values displayed a signi�cant (P  <  0.05) ex-

tract concentration-dependent increase. A negative correlation was 

observed between redness a*, greenness b* values, and the lightness 

values L*. Chroma was positively correlated with L*, whereas Hue 

displayed a negative correlation (Table 6). The brownness index BI 

of the microcapsules increased with increase in the extract concen-

tration added. The results demonstrated that the polymers used were 

not effective at masking the colour of the extract, hence addition of 

the microcapsules into food products might impair the colour appeal 

of the product resulting in reduced consumers demand or rejection 

of the product.

Scanning electron microscopy

The micrograph showed irregular shape and compact struc-

ture similar to previously observed micrographs for freeze-dried 

microcapsules (Kuck and Noreña, 2016; Hussain et  al., 2018; 

Yang et al., 2019) Figure 5. The high-speed homogenization and 

breakage of microbeads formed after cross-linking into irregular 

shapes, and the crushing procedure employed for size reduction 

after lyophilization might be responsible for the irregular-shaped 

observed. In addition, no difference in structure was observed 

from the scanning electron micrograph of the different formula-

tions. However, the micrograph showed a larger particle size for 

F0 and F1 which might be due to clumping and aggregation of 

particles.

Cytocompatibility testing of microcapsules

The cytotoxicity evaluation of eluates obtained from microcapsules 

at various time intervals against human embryonic colon cell Caco-2 

is shown in Figure 6. At the tested time intervals, eluates from the 

formulations showed >80% cell viability when compared with the 

control (100%). The cytocompatibility of microencapsulated plant 

extracts and phytochemicals have been reported for various mam-

malian cell lines (Condurache et al., 2019; Mohammed et al., 2019; 

Table 5. Colour parameters of microcapsules

L* a* b* ∆E Chroma Hue BI

Blank 9.17 ± 0.13a −0.69 ± 0.13a −1.54 ± 0.15a 9.33 ± 0.13a 1.72 ± 0.06a  1.15 ± 0.20a −20.26 ± 0.98a

F1 29.43 ± 0.12a −5.13 ± 0.09ab 8.78 ± 0.22a 31.14 ± 0.18ab 10.17 ± 0.23a −1.04 ± 0.01ab 20.38 ± 0.77a

F2 28.05 ± 0.10ab −4.83 ± 0.05ac 13.26 ± 0.44a 31.40 ± 0.18ac 14.11 ± 0.41a −1.22 ± 0.01acd 46.91 ± 2.79a

F5 27.97 ± 0.04ac −3.15 ± 0.08a 18.94 ± 0.47a 33.93 ± 0.24a 19.20 ± 0.46a −1.41 ± 0.01abe 93.45 ± 4.14a

Values represent mean values ± standard deviation. Same superscript within the same column indicates signi�cant difference while different superscript indicates 

no signi�cant difference at P < 0.05.

Table 6. Pearson correlation coefficients (r) between colour parameters (L*, a*, b*, ∆E, Chroma, Hue, and BI)

 L* a* b* ∆E Chroma Hue BI

L* 1       
a* −0.918** 1      
b* 0.846** −0.596** 1     
∆E 0.987** −0.849** 0.921** 1    
Chroma 0.833** −0.575** 1.000** 0.911** 1   
Hue −0.979** 0.848** −0.927** −0.995** −0.917** 1  
BI 0.735** −0.432 0.981** 0.835** 0.986** −0.841** 1

*Correlation is signi�cant at the 0.01 level (two-tailed).

Figure 5. Scanning electron micrograph of microcapsules, showing the 

shape and surface morphology of the microcapsules.
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Ruiz-Montañez et  al., 2019). Encapsulation of active compounds 

can reduce the adverse effects through regulated slow release with 

prolonged activity.

Conclusions

Microencapsulation of bioactive compounds using bio-friendly 

non-toxic polymers is employed in food, pharmaceutical, and cos-

metic industries for the incorporation of active compounds into 

products. Microencapsulation preserves the activity of liable bio-

active compounds and masks unpleasant properties of the bioactive. 

Encapsulation of ethanolic extracts of E. camaldulensis using sodium 

alginate and sodium CMC as wall material yielded stable microcap-

sules with antimicrobial and antioxidant properties. The microcapsules 

demonstrated good physical, structural, and micromeretics properties. 

In addition, the capsules showed delayed and regulated release and 

were cytocompatibility with human colon cells. The results suggested 

that encapsulation using alginate and sodium CMC can be employed 

for the incorporation of plant bioactive compounds into products.
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