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The objective of this study was to evaluate the total phenolic compound content (TPC), antioxidant capacity by
the DPPH, ABTS++ and FRAP methods in aqueous (AgE), hydroethanolic (HE), and ethanolic (EOH) extracts of
six species of aromatic herbs, Basil (Ocimum basilicum), Parsley (Petroselinum crispum), Rosemary (Rosmarinus of-
ficinalis), Thyme (Thymus vulgaris), Chervil (Anthriscus cerefolium) and Chive (Allium fistulosum), with subsequent
microencapsulation, using the dripping technique, only for the ones who had better TPC contents. The TPC values
presented a variation between (142.81+7.06 mg GAE/g) for the HE of rosemary and (30.52+0.95 mg GAE/g)
for the HE of chervil. In this study, the lowest antioxidant activity obtained by the DPPH was for the EOH of
parsley, and the highest antioxidant activity was for the HE of rosemary. The best results found by the ABTS++
was for the HE of rosemary 40.44+0.19 (umol of Trolox/g), and the lowest values were for the AqE of basil
9.13+0.97 (umol of Trolox/g), the results obtained in this assay, found higher ferric reducing power for AqE
of rosemary 46.78+0.25 (umol FeSO4/g) and lower value for EOH of chervil 8.99+0.13 (umol FeSO4/g). The
use of scanning electron microscopy revealed the presence of microparticles with the desired shape, sizes rang-
ing from 920.08+11.63 to 754.28+16.62 pum, and encapsulation efficiency, from 68.24+0.15 to 93.39+0.01%.
These results indicate that the application of microencapsulated plant extracts has potential for use in the food
industry. They present good results for phenolic compounds and antioxidant capacity levels, presenting a good
microencapsulation efficiency.

1. Introduction

Besides folk medicine, aromatic herbs have always been used for
other purposes, including food preservation, which has progressively
expanded around the world (Potorti et al., 2020; Putnik et al., 2016)
with growing interest in the food industry because raw extracts of herbs,
spices and other plant materials rich in phenolics can increase accept-
ability, delay the oxidative degradation of lipids and even improve the
nutraceutical value of food products (Celano et al., 2017; El-sayed &
Youssef, 2019).

Oxidative lipid degradation is one of the leading causes of food qual-
ity deterioration. Many aromatic herbs have shown promise as natu-
ral antioxidants, with the possibility of applications in various forms:
whole, milled, in the form of extracts, or essential oils (Giannenas et al.,
2020).

However, the application of these natural antioxidants in food prod-
ucts can suffer several limitations due to the possibility of being de-
graded if exposed to oxygen, light, enzymatic activities, adverse condi-
tions of temperature and pH, metallic ions, and water, which leads to

* Corresponding author.
E-mail address: alessandra.tome@ifgoiano.edu.br (A.C. Tomé).

https://doi.org/10.1016/].thfh.2021.100051

alteration of its beneficial properties (Rakmai et al., 2018; Rezaei et al.,
2019; Sharma et al., 2019).

Microencapsulation can be employed as an exciting alternative to
stabilize phenolics from natural extracts (Lee & Chang, 2020; Mar et al.,
2020; Vincekovi¢ et al., 2017), and therefore, in recent years, it has
attracted significant interest from food, pharmaceutical, nutraceutical,
and cosmetic industries, with wide application in the design of func-
tional products, such as food or food ingredients (Teng et al., 2019).

The microencapsulation process consists of enclosing the active
agent in a carrier (matrix) to protect it against external factors, such
as different time combinations of temperature, oxygen, light, humidity,
and chemicals, volatile losses, or additional interactions with compo-
nents such as proteins (Elena & St, 2021). There, the mechanism involves
the design of a protective shell to enclose the sensitive compound, pro-
moting its controlled release (Tarone et al., 2020).

Based on the above considerations, the objectives of this study were
to evaluate the content of total phenolic compounds and antioxidant ac-
tivity through the application of three in vitro assays on three different
extracts, in a variety of six aromatic herbs, and also microencapsulate
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the extracts that presented the highest contents of total phenolic com-
pounds, using the dripping process based on sodium alginate.

2. Material and methods
2.1. Plant material

Six plant materials such as basil (Ocimum basilicum), curly leaf pars-
ley (Petroselinum crispum), rosemary (Rosmarinus officinalis), thyme (Thy-
mus vulgaris), chervil (Anthriscus cerefolium), and chives (Allium fistulo-
sum), were cultivated in the horticultural sector of the Instituto de Edu-
cagdo, Ciéncia e Tecnologia Goiano - Morrinhos campus (Goiés, Brazil),
the cultivation time varying between 60 to 120 days according to each
species. The seeds from plant materials were donated by the company
ISLA Sementes (Porto Alegre, RS, Brazil).

2.2. Preparation of the aromatic herbs

The harvesting of leaves for the study was carried out in the morning,
between 8 am and 10 am, then washed in running water, sanitized with
a sodium hypochlorite solution at (100 pL.L-1) for 15 min, then rinsed
in ultrapure water, arranged on trays, and dried in an incubator with air
circulation at 40 °C to reduce the moisture content (< 10%), then milled
in a knife mill (Fortnox FT 50), using a 30 mesh steel sieve to obtain a
homogeneous powder, labeled and adequately packaged in laminated
bags and stored at room temperature for further analysis.

2.3. Extract preparation

A  modified version of the methodology described by
Vieitez et al. (2018) was used to obtain the extracts. Briefly, the
conventional technique was used at an initial ratio of 1:20 plant
by volume of solvent (m:v), the ethanol extract (absolute ethanol),
hydroethanolic (50% ultrapure water + 50% absolute ethanol), and
aqueous (ultrapure water), under stirring at room temperature for 1
hour in a Q261-22 magnetic stirrer (Quimis, Sdo Paulo, Brazil) and
then the solution was filtered with Whatman N°4 filter paper, and the
final volume was adjusted to 50 mL with the respective solvent, later,
the extracts were placed in amber glass flasks, sealed and stored in a
freezer (-18°C) for further analysis.

According to Prat et al. (2015), ethanol and water are solvents of
low toxicity and have a minor impact on the environment, enabling the
subsequent application of microencapsulated extracts in food products.

2.4. Total phenolic compound content (TPC)

The TPC of the aqueous, hydroethanolic, and ethanolic extracts
was determined using a Folin-Ciocalteu colorimetric method (Andrew
L Waterhouse, 2002) with some modifications. The standard curve pre-
pared with gallic acid in the range of 10 to 80 mg.L ~ ! was used as a
reference for quantification.

Briefly, 2 mL of sample extract or gallic acid standard solution was
added to a 10 mL volumetric flask mixed with 3 mL of Folin-Ciocalteu
reagent diluted ten times and let settle for 3 min. The final volume was
adjusted to 10 ml with sodium carbonate at 7.5% (w/v). After 30 min
of incubation in dark conditions at room temperature, the absorbance
of the mixture was measured at 750 nm using an AAKER-BEL Photonics
spectrophotometer (Medianeira, Porto Alegre, Brazil). Results were ex-
pressed in milligrams of gallic acid equivalent (GAE) per gram of sample.

2.5. Determination of the antioxidant capacity

The determination of the antioxidant capacity was determined
in the aqueous, hydroethanolic and ethanolic extracts using the 2.2
diphenyl-1-picrylhydrazyl DPPH method (Cuvelier & Berset, 1995)
modified by Borguini et al. (2009), FRAP method (Ferric ion reduc-
ing antioxidant power; (Benzie & Strain, 1996) and 2.2’-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) ABTS@+ process; (Re et al., 1999)
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using the AAKER-BEL Photonics spectrophotometer (Medianeira, Porto
Alegre, Brazil). The DPPH method was based on the measurement of
the degree of discoloration of the DPPH radical by the action of antiox-
idants after 20 minutes of reaction, which was measured spectrophoto-
metrically in AAKER-BEL Photonics (Medianeira, Porto Alegre, Brazil) at
517 nm in the aqueous, hydroethanolic and ethanolic extracts, to read
the absorbance in the spectrophotometer, it was necessary to dilute the
extract in a concentration of 0.2 mg.mL~! of sample. Results were ex-
pressed in % discoloration according to equation 1.

% discoloration of «DPPH = (1 - ("bs sample — abs blank >> x 100

abs control
1)

Where: abs sample is the absorbance of the sample; abs blank is the
absorbance of blank (750 uL extract + 1.5 mL methanol), and abs control
is the absorbance of the control (750 uL methanol + 1.5 mL of -DPPH).

The FRAP method is based on the ability to reduce Fe3*+ to Fe?* at
low pH values. In the presence of 2, 4, 6-tripyridyl-S-triazine (TPTZ) and
an antioxidant, an intense blue complex (Fe?+-TPTZ) is formed, which
can be determined by spectrophotometry at an absorbance of 593 nm.
The results were expressed in pmol of FeSO,/g.

The ABTS method is based on the capacity of the antioxidant to scav-
enge the ABTS®* radical formed by the reaction between the aqueous
solution of ABTS (7 uMol) and potassium persulfate (2.45 mM), which
is measured in a spectrophotometer at 734 nm. Results were expressed
in umol Trolox/g.

2.6. Obtaining the microcapsules

Of the eighteen extracts obtained in this study, only six were mi-
croencapsulated: the aqueous extract of chives and hydroethanolic ex-
tracts of basil, parsley, rosemary, thyme, and chervil, because they were
the ones that obtained the best levels of TPC. The microspheres were
obtained according to Dalponte Dallabona et al. (2020) with modifica-
tions. Two grams of Sodium Alginate (CgH,NaOg),, Analytical Grade,
CAS Number: 9005-38-3, Brand: Dynamic, was mixed with 100 ml of the
extract under magnetic stirring. Once homogenized, the solution (algi-
nate + extract) was left to stand for ~2 h to remove any air bubbles.
The solution was then added into 80 mL of calcium chloride solution
4% (w/v) from a burette and subjected to the dripping method.

The processing factors of the microcapsules were controlled by
adding a pipette tip with a capacity of 200 uL at the end of the burette
(to obtain the desired diameter for microcapsules), the drip speed was
defined at 30 mL/h, and the distance established between the tip and the
surface of the CaCl, solution was 7 cm. The capsules formed in this pro-
cess were kept in the CaCl, solution for ~15 min under magnetic stirring
at 120 rpm. Then they were filtered through Whatman filter paper and
washed three times using ultrapure water. Afterward, the microspheres
were air-dried at 25 °C for 24 h and kept in a desiccator at 25 °C.

2.7. Scanning electron microscopy of the microcapsules

The surface morphology and structure of the microcapsules were ob-
served by SEM (scanning electron microscope) (JEOL-JSM 6610, Tokyo,
Japan), using accelerating voltages of 2.5 kV. The microcapsules were
mounted on aluminum support or “stubs” using double-sided adhesive
tape, then placed in a sputter coater (Balzers, SCD-040) to be coated
with a layer of gold. Images were captured at 30x magnification.

2.8. Determination of the total phenolic compound content of the
microcapsules and the encapsulation efficiency

The Encapsulation efficiency analysis was performed according to
a previously described study (Dalponte Dallabona et al., 2020) with
minor modifications. 10 mg aliquots of microspheres were dissolved into
5 mL of sodium citrate (5% w/v) and centrifuged for 20 min at 3000
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Table 1
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Contents of Total Phenolic Compounds (TPC) and antioxidant capacity by *DPPH, ABTS* and FRAP methods in aqueous (AqE), hy-
droethanolic (HE) and ethanolic (EOH) extracts of basil (Ocimum basilicum), curly leaf parsley (Petroselinum crispum), rosemary (Rosmar-
inus officinalis), thyme (Thymus vulgaris), chervil (Anthriscus cerefolium) and chive (Allium fistulosum).

Herbs Extract TPC (mg GAE/g)* DPPH (%) ABTS™* (umol de Trolox/g) FRAP (umol de FeSO*/g)
Basil AqE 63.54+2.26° 17.05+0.46° 9.13+0.97¢ 20.53+0.25P
HE 76.30+2.54° 29.65+0.53? 28.93+0.93% 26.61+0.70°
EOH 34.74+2.71¢ 17.66+0.53° 13.20+0.81° 19.96+0.16"
Curly leaf parsley AqE 75.05+3.13* 16.13+0.46% 33.85+1.042 25.72+0.84*
HE 79.01+2.68° 16.28+1.867 32.61+0.22° 23.89+0.41°
EOH 39.42+1.31° 12.59+1.41° 25.06+0.39" 17.87+0.25¢
Rosemary AgE 79.68+4.02° 19.04+3.07° 38.44+0.64° 46.37+0.68?
HE 142.81+7.06 50.99+1.16° 40.44+0.19° 27.32+0.39°
EOH 88.95+4.12° 46.69+4.64° 35.45+0.56¢ 14.63+0.15¢
Thyme AgE 78.02:+4.38° 26.26+1.22P 24.36+0.45¢ 26.40+1.46P
HE 84.42+5.87° 37.01+2.322 36.69+0.53% 40.75+4.24°
EOH 76.19+0.45° 25.65+0.53° 29.87+0.61° 14.19+0.73¢
Chervil AgE 44.63+7.12° 17.05+1.66° 19.62+3.74% 12.16+0.17°
HE 66.87+1.08° 20.12+2.93%° 15.85+0.35% 25.77+0.48?
EOH 30.52+7.26° 25.34+1.38° 11.48+0.24° 8.99+0.03¢
Chive AgE 72.24+4.59 18.12+0.53% 33.50+1.44° 29.31+0.21°
HE 55.41+0.89° 16.12+1.66% 33.50+1.45? 38.59+1.297
EOH 44.32+45.37¢ 15.05+0.53? 32.04+0.112 37.81+1.63%

Values consist of the mean + standard deviation. Different letters differ significantly by Tukey’s test (p < 0.05).

*GAE = Gallic acid equivalent.

rpm. Encapsulation efficiency was calculated according to the equation
below:
TPCe
TPCi
TPCe corresponds to the total phenolic content encapsulated in the
capsules, and TPCi corresponds to the initial total phenolic content of
the solution used in the encapsulation process.

EE(%) = x 100 2)

2.9. Fourier-transform infrared spectroscopy (FTIR)

Fourier-transform infrared spectroscopy (FTIR) was used to measure
changes in the chemical structure of capsules filled with sodium algi-
nate and the bioactive compound from hydroethanolic extracts of basil
(Ocimum basilicum), curly leaf parsley (Petroselinum crispum), rosemary
(Rosmarinus officinalis), thyme (Thymus vulgaris), and chervil (Anthriscus
cerefolium) and aqueous extract of chive (Allium fistulosum).

The emission spectra were acquired by the attenuated total re-
flectance (ATR) technique in an FT-IR spectrometer (Bruker Vertex 70v)
with the Bruker Platinum A255 ATR unit accessory. The sample was
placed on a diamond crystal cell (2 x 2 mm), operating on a single re-
flection mode with a 45° incidence angle. The spectra were acquired in
the spectral range of 4000 to 600 cm~!, with a resolution of 4 cm™1, the
final result being the average of 64 measurements.

2.10. Differential scanning calorimetry (DSC)

Differential scanning calorimetry was used to evaluate the thermal
stability of sodium alginate capsules loaded with the bioactive com-
pound of hydroethanolic extracts of basil (Ocimum basilicum), curly leaf
parsley (Petroselinum crispum), rosemary (Rosmarinus officinalis), thyme
(Thymus vulgaris), and chervil (Anthriscus cerefolium) and aqueous ex-
tract of chive (Allium fistulosum).

Thermograms were obtained using a Netzsch DSC 204 F1 Nevio in-
strument. Each sample (5 mg) was accurately weighed into aluminum
crucibles (40 uL). The crucibles were sealed and kept isothermally at
25 °C for 1 min, DSC scanning was performed from 25 °C to 350 °C at a
heating rate of 10 °C/min~! under dry nitrogen purge of 50 mL/min!.

2.11. Statistical analysis

The experiments were conducted according to a randomized design
with three experimental replicates (n = 3) and four analytical replicates.

The results were submitted to Analysis of Variance (ANOVA) with sub-
sequent Tukey’s range test at the level of 5% probability (p < 0.05) using
the Statistical Software Action Stat.

3. Results and discussion

3.1. Total phenolic compound content and the determination of the
antioxidant capacity

As shown in Table 1, the results of total phenolic compounds (TPC)
and antioxidant capacity, evaluated by the DPPH, ABTS++ and FRAP
methods of basil, parsley, rosemary, thyme, chervil, and chives ex-
tracts, show us that the TPC levels presented a variation between
(142.81+7.06 mg GAE/g) for the hydroethanolic extract of rosemary
and (30.52+0.95 mg GAE/g) for the ethanolic extract of chervil.

Slimestad et al. (2020) more significant quantities of phenolic com-
pounds in methanol extracts of rosemary, when TPC’s content was ana-
lyzed in ten most essential herbs in Norwegian commercial kitchens.

Castronuovo et al. (2019) reported that when evaluating samples
of basil in methanolic extracts at 80%, the TPC values ranged from
54.1+3.5 to 48.8+2.0 mg GAE/g, with lower values when compared
to the results of aqueous extracts and hydroethanolic extracts in this
study, which found values of 63.54 and 76.30 mg GAE/g respectively,
and higher values when compared to the results found for the 34.74mg
GAE/g ethanol extract. Our results are superior to those found by Tang
et al. (2015), who measured the total phenolic content in parsley as
42.31+0.50 mg GAE/g, and who found 21.63+1.81mg GAE/g. How-
ever, El-Sayed et al. (2018) reported that parsley exhibited a higher
level of polyphenols (121.95+2.15mg GAE/g of extract).

The total phenolic content in chives from these extracts was higher
than those prepared by Huang et al. (2009), who found 18.1+0.5 mg
GAE/g in acidified methanol extract.

According to the data presented, it is observed that the concentration
of phenolic compounds found in thyme showed values higher than those
reported by Habashy et al. (2018), who found a maximum concentration
of 44.16 mg GAE/g in aqueous extracts of thyme and lower than those
found by Aouam et al. (2019) of 135.8 mg GAE/g for ethanolic extracts
and 88.7 mg GAE/g for aqueous extracts.

These variations in the total polyphenol content may be related to
genetic variations, growing conditions, extraction time or extraction sol-
vent, and also free phenolic acids or derivatives present in the form of
ester or ether, which is found in variable amounts in plant tissues in
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Fig. 1. Surface morphologies of microcapsules filled with (A) hydroethanolic extracts of basil (Ocimum basilicum), (B) parsley (Petroselinum crispum), (C) rosemary
(Rosmarinus officinalis), (D) thyme (Thymus vulgaris), (E) chervil (Anthriscus cerefolium) and (F) aqueous extract of chive (Allium fistulosum), done by SEM, with a

magnification of 30x.

response to characteristic synthetic patterns, resulting from encounters
with different forms of environmental stress (Wong & Kitts, 2006).

Studies performed by Chang et al. (2013); Huang et al. (2009), who
used alcoholic extracts of chive to study the antioxidant properties,
demonstrated that the suppression capacity of the DPPH radical of the
extracts was approximately 60-90%.

In the study by Tohidi et al. (2017), comparisons were made between
ten species of Thymus spp. and investigated the ability of their extracts
to eliminate the *DPPH free radical and found high antioxidant capacity.

Aouam et al. (2019) also evaluated the antioxidant activity of Thy-
mus riatarum by the *DPPH method and found better results in ethanol
extracts than aqueous extracts. In this study, the lowest antioxidant ac-
tivity obtained by the DPPH method was for the ethanolic extract of
parsley, and the highest antioxidant activity was for the hydroethanolic
extract of rosemary.

The improved ABTS++ method established by Re et al. (1999) was
used successfully in this study to systematically evaluate the total an-
tioxidant capacity of aromatic herb extracts, which is one of the most
common methods, simple, fast, reliable, cheap, and also very adaptable
to hydrophilic and lipophilic antioxidant systems.

Komes et al. (2011) reported a value of 24.40 pmol of Trolox/g of
dry plant for the ABTS'* elimination activity of an aqueous extract of
Thymus serpyllum, results similar to that of this study which presented
values of 24.36+0.45, 36.69+0.53, and 29.87+0.61umol of Trolox/g for
the aqueous, hydroethanolic and ethanolic extracts respectively, and the
best results found by the ABTS+ method were for the hydroethanolic
extract of rosemary 40.44+0.19 pmol of Trolox/g and the worst ones
were for the aqueous extract of basil 9.13+0.97 umol Trolox/g.

Zengin et al. (2019) and Aouam et al. (2019) attested in their re-
search an essential antioxidant activity of several extracts of Thymus
spp. through the FRAP method and reported that the aqueous extract
had significantly greater iron reducing power when compared to other
extracts analyzed, the results obtained in this assay found higher ferric
reducing power for the aqueous extract of rosemary 46.78+0.25 (umol
of FeSO4/g) and lower value for the ethanol extract of chervil 8.99+0.13
(umol of FeSO4/g).

A variety of results from the evaluation of the antioxidant capacity
of aromatic herb species extracts are available in the literature, with
different types of methods and solvents used in the extraction, as well
as other protocols used in carrying out these assays (Bahcesular et al.,
2020; Derouich et al., 2020; Singh et al., 2020).

In light of the preceding, the need to carry out comprehensive tests
that can integrate both the capacity of lipophilic and hydrophilic com-
pounds based on their mechanisms (hydrogen transfer, electron transfer,
and metal chelators) is justified (Zengin et al., 2019).

It is also worth mentioning that it is not possible to fully reflect the
“total antioxidant capacity” of a plant extract with the application of
only one method to assess antioxidant capacity.

3.2. Scanning electron microscopy of microcapsules

The surface morphologies of the microcapsules performed by scan-
ning electron microscopy (SEM) are shown in Fig. 1.

The use of scanning electron microscopy revealed the presence of
spherical, rugged, spongy-looking microparticles, presenting heteroge-
neous surface morphologies, characteristics of materials subjected to
drying because of the partial collapse of the polymeric gel network
(Aceval Arriola et al., 2016).

De Cassia Sousa Mendes et al. (2021) reported similar aspects and
morphologies to this study in obtaining microcapsules loaded with ex-
tracts of jabuticaba skin and seeds (Myrciaria cauliflora).

3.2. Determination of the total content of phenolic compounds in
microcapsules, microcapsule diameter, and encapsulation efficiency

According to Aguiar et al. (2016), capsules can be classified accord-
ing to their size, structure, and morphology; concerning size, they can be
named macrocapsules, microcapsules, or nanocapsules if they have di-
ameters greater than 5000 ym, about 1-5000 ym or smaller than 1 pm,
respectively. Thus, according to the diameter shown in Table 2, we can
classify the capsules produced in this microcapsule study, demonstrat-
ing that the dripping method was adequate for the production of regular
capsules, uniform size and desired diameter for microcapsules, ranging
from 920.08+11.63 at 754.28+16.62um, with encapsulation efficiency
between 68.24+0.15 to 93.39+0.01%.

To obtain capsules with the desired size, with regular spheres and
uniform size, it is necessary to control several factors such as the tip
diameter, distance between the tip and the collecting solution, sur-
face tension, and agitation speed (Dalponte Dallabona et al., 2020;
Pasukamonset et al., 2016b).
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Fig. 2. FT-IR wavelengths. (ALC) Alginate capsules (without herbal extract), (CHEBAS) capsules loaded with hydroethanolic extract of basil (Ocimum basilicum),
(CHEPAR) parsley (Petroselinum crispum), (CHEROS) rosemary (Rosmarinus officinalis), (CHETHY) thyme (Thymus vulgaris), (CHECHER) chervil (Anthriscus cerefolium),
and (CAECHI) aqueous extract of chive (Allium fistulosum), and lyophilized extracts (LHEBAS) hydroethanolic extract of basil (Ocimum basilicum), (LHEPAR) curly
leaf parsley (Petroselinum crispum), (LHEROS) rosemary (Rosmarinus officinalis), (LHETHY) thyme (Thymus vulgaris), (LHECHE) chervil (Anthriscus cerefolium), and

(LAECHI) aqueous extract

of chive (Allium fistulosum).

3.3. Fourier-transform infrared spectroscopy (FTIR)

FT-IR analysis allows identifying functional groups since each func-

The peaks between

tional group absorbs radiation at a characteristic frequency of the in-
frared spectrum. The infrared spectra of samples of alginate capsules
(without extract of the herbs) covering the area from 600 to 4000 cm—1,

capsules filled with extract of aromatic herbs, and freeze-dried extract
of herbs are shown in Fig. 2.

1400-1600 cm~! correspond to the C=0 of

the aromatic ring, and the prominent peaks between 1400 and 1000

are attributed to the C-O-C elongation vibrations of flavonoids

(Arriola et al., 2019). The spectra showed the solid specific peaks in the
region of 3450-3100 cm~!. In general, strong peaks in this region corre-
spond to the OH vibration, and the peaks between 1700-1600 cm~! can
also correspond to the symmetrical and asymmetrical elongation vibra-
tion for the carboxyl ion (COO); indicating the existence of carboxylic
acid, ester, or carbonyl groups, these signs presented are in agreement
with the results reported by por Dalponte Dallabona et al. (2020).
Arriola et al. (2019), Dalponte Dallabona et al. (2020) e
Perumal et al. (2016) stated that wavelengths at 1504-1360 cm™! corre-
spond to the CO of the aromatic ring, and the prominent peaks between
1400 and 1000 cm™! are attributed to elongation vibrations C-O—C and
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Fig. 3. DSC thermograms. (ALC) Alginate capsules (without herbal extract), (CHEBAS) capsules loaded with hydroethanolic extract of basil (Ocimum basilicum),
(CHEPAR) parsley (Petroselinum crispum), (CHEROS) rosemary (Rosmarinus officinalis), (CHETHY) thyme (Thymus vulgaris), (CHECHER) chervil (Anthriscus cerefolium),
and (CAECHI) aqueous extract of chive (Allium fistulosum), and lyophilized extracts (LHEBAS) hydroethanolic extract of basil (Ocimum basilicum), (LHEPAR) curly
leaf parsley (Petroselinum crispum), (LHEROS) rosemary (Rosmarinus officinalis), (LHETHY) thyme (Thymus vulgaris), (LHECHE) chervil (Anthriscus cerefolium), and

(LAECHI) aqueous extract of chive (Allium fistulosum).

bands between 1000 and 800 cm~! may also be attributed to flexural
vibration of the C=C bond, related to vibration of the aromatic ring. The
results also showed similar peaks in the spectra of capsules filled with
herbal extracts and freeze-dried extracts; such peaks did not appear in
samples of alginate capsules (without extract), suggesting the successful
encapsulation of herbal extracts.

3.4. Differential scanning calorimetry (DSC)

Thermal properties evaluated by DSC of samples (ALC) Alginate
capsules (without herbal extract), (CHEBAS) capsules loaded with
hydroethanolic extract of basil (Ocimum basilicum), (CHEPAR) pars-
ley (Petroselinum crispum), (CHEROS) rosemary (Rosmarinus officinalis),

(CHETHY) thyme (Thymus vulgaris), (CHECHER) chervil (Anthriscus cere-
folium), and (CAECHI) aqueous extract of chive (Allium fistulosum),
and lyophilized extracts (LHEBAS) hydroethanolic extract of basil (Oci-
mum basilicum), (LHEPAR) curly leaf parsley (Petroselinum crispum),
(LHEROS) rosemary (Rosmarinus officinalis), (LHETHY) thyme (Thymus
vulgaris), (LHECHE) chervil (Anthriscus cerefolium), and (LAECHI) aque-
ous extract of chive (Allium fistulosum) are shown in Fig. 3.

The DSC curves of the empty alginate capsules (ALC) showed an en-
dothermic peak at 196°C. In contrast, the endothermic peaks mentioned
in the thermograms of the capsule samples loaded with herbal extracts
were displayed at lower temperatures, (CHEBAS) 157°C, (CHEPAR)
152°C, (CHEROS) 159°C, (CHETHY) 162°C, (CHECHER) 194°C and
(CAECHI) 193°C, indicating a decrease in thermal resistance compared



A.C. Tomé and F.A. da Silva

Table 2

Efficiency of encapsulation (EE), TPC values of hydroethanolic extracts of basil
(Ocimum basilicum), parsley (Petroselinum crispum), rosemary (Rosmarinus offici-
nalis), thyme (Thymus vulgaris), chervil (Anthriscus cerefolium), and aqueous ex-
tract of chive (Allium fistulosum), and the diameters of the microcapsules.

Herbs TPC, TPC; EE (%) Diameter (um)
(mg GAE/g!)** (mg GAE/g!)**
Basil 64.35+2.03 76.30+2.54 76.70+£0.18  839.09+52.94
Parsley 67.37+1.23 79.01+2.68 74.59+£0.13  826.59+15.66
Rosemary  134.43+4.72 142.81+7.06 93.39+0.01  920.08+11.63
Thyme 72.09+1.64 84.42+5.87 83.50+0.17 842.81+69.60
Chervil 44.40+0.31 66.87+1.08 68.24+0.15 823.17+31.93
Chive 56.24+1.19 72.24+4.59 74.69+0.10 754.28+16.62

*Values consist of the mean (n = 3) + standard deviation. TPCi initial total
phenolic content of the extract solution used for the encapsulation process, TPCe
Encapsulated total phenolic compounds. *GAE = Gallic acid equivalents.

to capsules without extract. This thermal behavior was also observed by
Pasukamonset et al. (2016a).

They demonstrated a reduction in thermal resistance in capsules
loaded with Clitoria ternatea extracts, decomposition peak at 188°C
when compared to alginate capsules without extract, which showed de-
composition peak at 197.8°C.

This behavior can be explained by the degree of complexity
of the structure of the samples, for instance, the difference in
molecular weight, electrostatic interactions, moisture content, pheno-
lic compounds contents (Ezati & Rhim, 2020; Han & Song, 2021;
Soleimanifar et al., 2021; Valencia et al., 2021).

On the other hand, for the freeze-dried extracts, the phase change
occurred at lower temperatures, for most of the samples evaluated, com-
pared to the endothermic peaks presented in the samples of microencap-
sulated extracts, indicating that the microencapsulation increased the
thermal stability of the extracts.

Similar data were reported by Pasukamonset et al. (2016a) and
Ra et al. (2014). They demonstrated increased thermal resistance in
capsules loaded with Clitoria ternatea extracts and in capsules loaded
with resveratrol, respectively, compared to decomposition peaks of the
extracts before being microencapsulated. It is important to emphasize
that this phase change process significantly influences the practical ap-
plications of extracts or microcapsules loaded with extracts.

Furthermore, Do et al. (2021) reported that when only one endother-
mic peak appears during the melting process, it indicates stable phase
transfer material. This behavior was observed in most of the evalu-
ated samples, suggesting that microencapsulated herb extracts may have
good heat resistance.

4. Conclusion

The results obtained in this study showed that in the six species of
herbs evaluated, the levels of phenolic compounds and the antioxidant
capacity were significant, with more expressive results for rosemary HE.

Microscopic observation of the microcapsules obtained under ideal
conditions revealed that the dripping method was adequate for produc-
ing microcapsules with regular spheres and uniform size.

The evaluation of the effectiveness of microencapsulation in the pro-
tection of bioactive compounds from aromatic herbs by determining
the content of total phenolic compounds reached an efficiency of up
to 93.39+0.01%, which is considered a high efficacy.

In light of the preceding, the application of microencapsulated aro-
matic herb extracts may present a potential alternative in preserving
food and beverages.
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