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Abstract: Cinnamon has a significant content of bioactive compounds, mainly flavonoids, that have
biological activities that promote anti-inflammatory, lipid-lowering, antidiabetic, and cardioprotective
effects, which are susceptible to oxidative degradation in the presence of external factors. Therefore, it
is required to use a technique that improves its storage, chemical stability, and bioavailability, with
microencapsulation by spray as one of the best protection options. Therefore, this research proposes the
following objective: aqueous microencapsulated extract of cinnamon (Cinnamomum zeylanicum) by
spray dryer to determine the antioxidant capacity and its physicochemical characteristics. The
conditions for obtaining an aqueous extract of cinnamon by ABTS were determined; the extract was
microencapsulated with maltodextrin and acacia gum in four different proportions: 12.5% maltodextrin
(M) + 12.5% acacia gum (GA), 5 % M + 15% GA, 10% M + 10% GA and 5% M + 5% GA.
Physicochemical characterization was performed on the microencapsulates with the highest content and
antioxidant capacity. Obtaining microencapsulated aqueous extract of cinnamon with (498.14 ug AG
phenols, 85.03 pg catechin flavonoids, and 76.33% DPPH inhibition) p<0.05 and suitable
physicochemical characteristics for its improvement in a food matrix, emphasizing its potential use as
a natural antioxidant ingredient.
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1. Introduction

Cinnamon is a spice traded as a stick or powder [1] and is obtained from the dried bark
of trees from the genus Cinnamomum [2]. It is used to improve the flavor of foods and
beverages [3]. It provides protein, fiber, volatile components, vitamins (A, B, K, and C), and
minerals such as potassium, calcium, sodium, magnesium, manganese, phosphorus, choline,
nitrogen, copper, iron, and zinc [4]. It also contains antioxidants that eliminate reactive oxygen
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species such as superoxide anions, hydroxyl radicals, and other free radicals [3,5]. Furthermore,
cinnamon has bioactive compounds with proven effects on human health, including increased
blood flow, anticancer properties such as antimutagenic and antitumor, hypoglycemic,
antilipidemic, antimicrobial (microbes, bacteria, and fungi), digestive disorders (diarrhea and
flatulence), respiratory problems (asthma and bronchitis), infections, tissue regeneration, anti-
inflammatory action, hepatoprotective and weight loss [6-9]. However, these bioactive
compounds are chemically unstable. They undergo oxidative degradation reactions in the
presence of external factors such as heat, light, oxygen, and humidity [10], deteriorating
phenolic compounds, generating free radicals, giving a bitter taste and sensation of astringency,
affecting the acceptability of the product among consumers [3,10,11]. Microencapsulation is a
technique in which bioactive compounds are encapsulated with a continuous film coating to
form microparticles [12]. Once encapsulated within a polymer, the microparticles are protected
against the action of atmospheric agents such as light, humidity, heat, pH, and oxygen, thereby
maintaining their stability and increasing their bioavailability and shelf life. During this
technique's processing and storage phases, degradation by oxidation or hydrolysis is reduced,
which masks the flavors or odors and allows a controlled and directed release [3,11,13-17].
This technique consists of spray drying by spray dryer through the atomization of a liquid
combined with wall materials such as acacia gum, cyclodextrins, and maltodextrin in a hot gas
stream to obtain a powder by means of an injector that includes a stream of hot drying gas [12].
This approach is the most widely used microencapsulation technique in the food industry due
to the simplicity of the process [15], low cost, the flexibility of continuous operation, high
stability of the final product, volume reduction, ease of handling, transport, and storage of the
particles [13]. Due to the aforementioned reasons, this paper aims to microencapsulate the
aqueous extracts of cinnamon (Cinnamomum zeylanicum) by spray dryer to determine
antioxidant capacity and physicochemical characteristics.

2. Materials and Methods

2.1. Raw material and aqueous extract obtention.

The bark of Cinnamomum zeylanicum blume was obtained from a local distributor in
Mexico City. To obtain aqueous extract, three different methods were used. Decoction
extraction consists of putting 10 g of cinnamon bark in a flask cut into pieces of 1 cm with 100
mL of distilled water on a hot plate until reaching 92°C following the indications of [18]. For
the infusion method, hot water (70 and 90°C) was placed in a beaker with one g of cinnamon
for 60 minutes [19]. The water bath approach was carried out by adding 0.1 g of cinnamon to
10 mL of distilled water in falcon tubes which were then placed in a water bath at 70 and 90
°C [20]. During the process of obtaining aqueous extract, samples were acquired at 5, 10, 20,
30, 40, 50, and 60 min. Then samples were filtered through the Whatman no. 2 paper once
samples were measured for antioxidant capacity using ABTS radical (2,2'-azino-bis acid (3-
ethylbenzothiazoline-6- sulfonic)) according to Zehiroglu et al., [21].

2.2. Characterization of aqueous extract.

Total phenols were determined using the Folin-Ciocalteau reagent following the
method described by Mohamed et al. [22]. Read the samples at 750 nm with a
spectrophotometer Shimadzu model UV-1280 (SHIMADZU Corporation, Kioto, Japon).
Results were expressed as mg of gallic acid equivalents (mg GAE). Flavonoids were measured
https://biointerfaceresearch.com/ 20f13
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using the aluminum chloride colorimetric method, as indicated by Mohamad et al. [23]. Read
was made at 415 nm of absorbance using the spectrophotometer mentioned above. Results were
expressed as mg of catechin equivalents per 100 mL of extract. Quantification of antioxidant
activity was performed with the DPPH radical (2,2-diphenyl-1-picrylhydrazyl) using a
spectrophotometer described above. The results were expressed in g of sample per g of DPPH
[24]. Also, ABTS, according to Zehiroglu et al. [21]. Titratable acidity was measured according
to Goeltz and Cuevas [25], and moisture was determined in an oven TERLAB model T-H-
45DM (TERLAB, Guadalajara, Meéxico) at 37°C as 925.10 methods from AOAC [26]. The
soluble solids were determined using a refractometer Atago model Smart-1 (Atago, Bellevue,
Washington, U.S.A.) following the indications of Cassol et al. [27]. Also, the solubility of the
microencapsulate was determined using the gravimetric method based on the weight
percentage of the waste that did not pass through the filter paper [24]. Apparent density was
measured according to Boyano-Orozco et al. [24]. The pH value was measured using a
pHmeter Hanna model HI 2211 (HANNA instruments, Monterrey, México) following the
939.05 methods from AOAC [26]. Color determination was performed using the Minolta CM-
508d colorimeter (KONICA MINOLTA, New Jersey, U.S.A.). The data obtained were
interpreted under the CIELab international system, which estimates the deviations between L*
(Lightness), a*(redness), and b*(yellowness) parameters. All the samples were performed in
triplicate [28]. In order to identify the chemical compounds present in the extract, the following
phytochemical tests of colorimetric reactions were carried out: alkaloids by a Mayer test,
sterols from a Liebermann-Burchard reaction [29], unsaturations, sesquiterpene lactones by a
Baljet test, flavonoids by a sulfuric acid test, saponins through Salkowski and Shinoda tests
[30], coumarins with a sodium hydroxide test, phenolic hydroxyls through an iron chloride test,
anthraquinone glycosides by a Borntrager test, cardiac glycoside by a Keller-Killiani test, as
well as determining quinones, oxalates, tannins and anthocyanins [22].

2.3. Agueous extract microencapsulation.

To microencapsulate the aqueous extract, four different mixes of maltodextrin (M) and
acacia gum (E414, AG) were used to optimize the cinnamon extract. The mixes were T1
(M:12.5%, AG:12.5%), T2 (M:5%, AG: 15%), T3 (M:10%, AG: 10%, T4 (M:5%, AG: 5%).
The aqueous cinnamon extract was mixed and homogenized using a homogenizer IKA model
T25 (IKA Works, Inc., Wilmington, U.S.A.) setup at 9000 rpm for 30 minutes. Then, the
mixtures were stirred for 24 h at room temperature, as indicated by Cenobio-Galindo et al.
[31]. After that, samples were dried using a mini spray dryer Biichi model B-290 (BUCHI
Labortechnik AG, Meierseggstrasse, Suiza). The equipment was configured to maintain an
inlet temperature of 160 °C, ais pressure of 4 bar, and flow at 10 mL.min-1 as indicated by
Martinez et al. [32]. The microencapsulated obtained was stored under airtight bags until use.

2.4. Physicochemical determinations in the microencapsulation.

Moisture and solubility were determined according to Cassol et al. [27], pH was
followed by 939.05 methods from AOAC [26], apparent density was measured according to
Boyano-Orozco et al. [24], and data color was determined according to EI-Messery et al. [28].
All the samples were performed in triplicate.
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2.5. Statistical analysis.

A completely randomized design was used to analyze data. A repeated time one-way
design was used to analyze methods to obtain the extract. An analysis of variance was then
carried out following the general linear model procedure and a Tukey test to determine
significant differences (p<0.05). All analyses were determined using SPSS software ver. 25.

3. Results and Discussion

3.1. Aqueous extract of Cinnamon zeylanicum.

The aqueous extract contains bioactive compounds through a safe extraction [18]. Table
1 shows the percentage of inhibition of the ABTS radical obtained from the techniques and
preparation times of the aqueous extracts evaluated. It can be observed that the decoction
technique contains the highest inhibition activity of ABTS from 5 to 20 min and from 92.96 to
95.89%. This is in comparison with the infusion technique at 70-90 °C and the bath technique
at 70 °C, which report their highest activity at 20 and 30 min, respectively, and the infusion
technique at 90 °C, which shows the highest activity at 50 min. This could be due to the fact
that the raw material consists of tree bark with a hard and semi-porous texture, meaning that it
could require greater heat exposure to release these compounds [14]. After this time, a
percentage decrease is observed in all techniques, which indicates the loss of antioxidants due
to exposure to heat.

Table 1. Effect of extraction method and time on antioxidant activity of the aqueous cinnamon extract.

- Extraction method*
ime
B70 B90 Dec Inf70 Info0

5 59.1808 54,618 92.963 43,758 34.69%8
10 62.78bB 67.1228 93.732A 47.06%C 39.84bC
20 53.47b8 61.79b8 95.892A 56.1228 41.01b8
30 70.6328 71.0928 94.632A 65.9028 40.84%8
40 73.4328 71.67%8 94 4734 66.5328 39.70P¢
50 54.06P¢ 66.8328 94.993A 49.310C 49.04%C
60 43.97¢C 72.9428 94.0734 56.67%C 45,7538

abc Superscript different indicates significative differences among rows (p<0.05). ABC Superscript difference
indicates significative differences among columns (p<0.05). 1B70= Water bath at 70°C, B90= Water bath at 90
°C, Dec= decoction, Inf70= infusion at 70 °C, Inf90= Infusion at 90 °C.

3.2. Characteristics of aqueous extract to Cinnamon zeylanicum.

Extract characteristics are important to explain beneficial properties for a healthy
relationship with their bioactive compounds [33]. In Table 2, was observed the phenolic content
of the Cinnamomum zeylanicum extract for the 1:100 concentration was 304.62 mg/ g AG %
12.6, and for flavonoid content, it was 18.36 pug catechin / mL extract £ 0.57. The phenolic
content for the 10:100 concentration was 356 mg / g AG + 27.2, while the flavonoid content
was measured at 23.2 + 0.89 g catechin / mL extract. The antioxidant capacity for DPPH was
57.23% for the 1:100 concentration, while for the 10:100 concentration, the value was 71.55%.
Regarding the percentage of inhibition for ABTS, in the 1:100 concentration, an inhibition of
73.42% was obtained, while for the 10:100 concentration, it was approximately 92.98%. The
phenolic content for the aqueous extracts reported in both concentrations (1:100 and 10:100)
is within the range indicated by Dudonné et al. [34], which was stated as 300-400 mg / g AG,
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Jayaprakasha et al. [35] confirmed that extracts with water contained the highest phenolic
content compared to the extraction techniques with methanol, acetone. Ethyl acetate Dudonné
et al. [34] stated that phenolic compounds are the main contributor of the antioxidant properties
in aqueous cinnamon extracts and identified compounds derived from flavan-3-ols such as
catechin, epicatechin, procyanidins, and phenolic acids. The flavonoids contained in the
aqueous extract at a concentration of 1:100 mL are slightly higher than that obtained by
Muhammad et al. [14], who reported content of 17 mg of quercetin equivalents per gram of
Cinnamon burmannii aqueous extract (1:100). In contrast, the concentration of 10:100
presented a much higher value with 23.2 ug catechin / mL extract. Ali et al. [36] reported total
flavonoid content in the range of 2.03-3.3 g QE/100 g DW in the phenolic compound extraction
from cinnamon. These values are within the range obtained for both concentrations of extract
evaluated in this investigation. The antioxidant capacity of the evaluated aqueous extracts at
concentrations of 1:100 and 10:100 is slightly lower than the percentage of inhibition by DPPH
(84.43%) obtained by Dudonné et al., [34] and slightly higher for the percentage of inhibition
obtained by ABTS (64.88%) from the same investigation. In the paper by Dudonné et al., [34]
extracts of the same evaluated species were made by grinding the stick while the concentration
was created with an evaporator, demonstrating that the processing technique influences the
antioxidant activity contained within the extracts. The positive relationship between the
concentration of phenolic substances and the shown antioxidant activity suggests the potential
of using cinnamon as a natural source of antioxidants, which can be beneficial for human health
[37]. The values obtained for phenols in the microencapsulates are similar to those reported by
Ismail et al. [38] (269.9 mg GAE/100 g sample) for the first three formulations, while the
formulation with the lowest content of wall material obtained almost twice this value (498.14
Mg AG / mL). The flavonoid content reported by Ismail et al. [38] was 62.1 mg catechin
equivalents CE/100 g of the sample, which, when compared to what was reported in this
research, is slightly lower than the value obtained in the last formulation and higher than that
obtained in the first three formulations evaluated. These differences could be due to the
occupied wall material and the concentration of the microencapsulated emulsion by Ismail et
al., [38] which facilitated successful microencapsulation and release of the flavonoids
contained in the aqueous extracts compared to the first three formulations tested in this
investigation.

For the physicochemical characterization of the aqueous cinnamon extract at a
concentration of 1:100, pH was 6.37 £ 0.14, cinnamic acid was 0.03%. In comparison, the
percentage of dry matter found was 92.57% + 2.46 along with solubility of 0.07 + 0.01 g/mL.
In contrast, the concentration of 10:100 presented a pH of 6.82 + 0.12, cinnamic acid of 0.04%,
dry matter of 95.17% + 2.24, and solubility of 0.11 + 0.02 g/mL. The color was measured with
a colorimeter on the extracts obtained from two concentrations (1:100 and 10:100) by decoction
for 5 min. Greater luminosity and a tendency towards red and yellow tones were observed on
the outer part of the cinnamon stick compared to its inner part, which showed less luminosity,
thereby making it darker. The extract at a concentration of 1:100 presented a luminosity of
37.19 + 5.38, with a tendency towards a red coloration of 2.62 + 0.18 and a yellow coloration
of 22.09 £ 1.55. It was less luminous than the concentrated extract at 10:100, which presented
a luminosity of 51.29 + 0.42 and had an increased tendency towards a red coloration of 3.29 +
0.55 and yellow coloration of 29.21 + 2.98. The chemical compounds identified in the 1:100
concentration, the presence of sesquiterpene lactones, flavonoids (flavones), coumarin, and
anthraquinone glycoside can be observed. In contrast, for the 10:100 concentration, the
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abovementioned chemical compounds were found as well as unsaturations, saponins, phenolic
hydroxyls, tannins, and anthocyanins. For the physicochemical characterization of the aqueous
cinnamon extract, the pH value obtained in the two evaluated concentrations (1:10 and 10:100)
was higher than that reported by Kirana and Sunartharum [39] for Cinnamon burmannii
infusion at 100 °C (4.87). This may be due to the fact that the infusion technique decreases the
pH value, thereby making the extract more acidic, as this value for the Cinnamon zeylanicum
infusion was lower than the one obtained by decoction (5.96). The percentage of cinnamic acid
contained in the aqueous cinnamon extract is 0.04%; cinnamon oil contains 3 to 4% cinnamic
acid [40]., while cinnamon oil requires 1-1.42 mL for its neutralization [41], meaning that it is
more acidic than the aqueous extract [42]. The percentages of dry matter for both
concentrations are higher than those reported after 5 hours of drying (90.61 %) for the
zeylanicum species, showing constant values after 24 hours of drying [43]. This difference can
be related to the elaboration process of grinding, which results in increased surface-heat contact
due to the smaller particle size, thereby achieving better moisture extraction than the whole
cinnamon stick [44]. The values for soluble solids obtained in both concentrations are higher
than those reported by Alsaud et al. [45] (0.02 g/mL) for Cinnamon cassia. This difference
could be due to the elaboration technique of the extract, meaning that the heat could extract a
higher bioactive compound content compared to the elaboration of crude extracts, leading to
higher temperatures caused by the solid soluble content in the extracts. The values for
luminosity and the tendency towards red and yellow colorations of the cinnamon stick and
extracts differ from the values reported for the Cinnamon burmannii species [39]. This variety
has higher luminosity as well as higher a* and b* values, which could be due to the variation
between species. The Cinnamon burmanni variety has a more intense color with a brown
coloration compared to Cinnamon zeylanicum, which has a more subdued tone [46], meaning
its extracts vary in luminosity with a yellow-red coloration. The differences observed could
also be due to the concentration of certain bioactive compounds with properties of natural
pigments, such as anthocyanins and coumarins contained in the Cinnamon burmannii species,
that affect the color change mentioned [47]. The presence of sesquiterpene lactones was
observed in the aqueous extract with a concentration of 1:100 and comprised of a terpenoid
compound with anti-inflammatory activity. Sesquiterpene lactones are found in low quantities
in the Lauraceae family to which cinnamon belongs [48] and in which the following volatile
sesquiterpenes have been identified: p-caryophyllene, a-humulene, a-copaene, 6- and y -
cadinene, germacrencia-B, t- and o-cadinol, a-bergamotene, a-copaene, a-humulene, and -
cadinene) [35]. There is also a presence of flavonoids of the flavone type, among which the
catechin and quercetin contained in cinnamon are noteworthy [49], and coumarin at trace levels
of approximately 0.004% [3], in addition to anthraquinone glycoside, which can reduce the
proliferation of cancer cells which is found in the bark and root of cinnamon [50]. Regarding
the concentration of 10:100 along with the previous chemical compounds, unsaturations were
observed, which are present in the cinnamaldehyde, a compound that is chemically composed
of an unsaturated aldehyde linked to a phenyl group, thereby giving it its characteristic aroma
and low solubility in water. Also present are methoxycinnamaldehyde and coumarin, which
have properties in reducing edema and anticoagulant precursor [51], and saponins that produce
foam when shaken in aqueous solutions that have anti-inflammatory, anticancer, biological,
cholesterol-lowering, antibacterial, antifungal, antiviral and insecticidal properties. This means
that they could be responsible for the antimicrobial effect in cinnamon [52], phenolic
hydroxyls, tannins, and anthocyanins that comprise phenolic compounds with significant
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antioxidant activity [53]. According to the phytochemical analysis of Cinnamomum verum
aqueous extract by Vakilwala et al. [54] and the study by Mohamed et al. [22] on the extracts
of acetone, methanol and water, a high presence of alkaloids, flavonoids, tannins, saponins,
anthraquinone glycosides were found in both analyses, with a particularly high presence of
phenols and coumarin. In contrast, a low presence of anthocyanins in all extracts was identified.
These results differ from what was found in this investigation regarding the presence of
alkaloids, which could be due to the cinnamon that caused the extracts to contain and then
release this chemical compound, which acts as an analgesic, anesthetic, or psychotropic on the
central nervous system. With the use of a phytochemical sieve, Adarsh et al. [55] identified the
presence of alkaloids in Cinnamon zeylanicum, and highlighted the presence of a reddish-
brown precipitate was obtained through a Wagner test instead of a creamy white coloration.
This coincided with what was obtained in this investigation when performing the same test and
could be due to the type of species that reacts differently to the same chemical agents (Wagner's
reagent), meaning that the aqueous extracts evaluated could also contain alkaloids. However,
Sonu Garg and Gaurav report the same absence of alkaloids in their water extract of the verum
species at a concentration of 10:100 [56], which suggests that Adarsh et al. could have reported
a false positive in this chemical compound.

Table 2. Antioxidant properties and phytochemical screening of microencapsulated obtained with decoction
method at 5 min.

Chemical compound Cinnamon extract dilution
1:100 10:100
Total phenols, mg/ g GA 304.62 £ 12.62 356.00 + 27.22
Flavonoids, pg catechin / mL extract 18.36 + 0.57° 23.2+0.89°
DPPH, % of inhibition 57.23 +5.14° 71.55 + 8.522
ABTS, % of inhibition 73.42 +0.29° 92.98 +1.772
pH 6.37+0.14° 6.82 +0.122
Cinnamic acid, % 0.03 + 0.00° 0.04 £0.002
Dry matter, % 92.57 + 2.46% 95.17 + 2.242
Solubility, g/mL 0.07 £0.01° 0.11 +0.022
L* 37.19 +5.38° 51.29 + 0.42?
a* 2.62+0.18? 3.29 £ 0.55?
b* 22.09 + 1.55% 29.21 + 2.98°
Alkaloids - -
Sterols - -
Instaurations - +
Sesquiterpene lactones + +
Flavonoids (flavones) + +
Saponins Shinoda Test - +
Saponins Sodium Hydroxide Test - +
Coumarin + +
Phenolic hydroxyls - +
Anthraquinone glycoside + +
Cardiac Glycoside -
Quinones - -
Oxalates - -
Tannins - +
Anthocyanins - +

1Qualitative test - indicates absence, and + indicates the presence of the chemical compound in the extract. ab
Superscript difference indicates significative differences among columns (p<0.05).

3.3. Aqueous extract microencapsulation.

Based on the results obtained for the evaluation sections of cinnamon concentration,
the quantity of phenols and flavonoids, as well as antioxidant capacity and phytochemical
sieve, the concentration of 10:100 was chosen because it has a higher bioactive compound
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content for microencapsulation. In order to determine the best combination of coating material
used, four emulsions made with maltodextrin (M), acacia gum (GA), and Cinnamomum
zeylanicum extract were evaluated. The antioxidant capacity of the microencapsulates obtained
through the combination of four formulations (Table 3) was assessed with wall material
emulsions of 25% (12.5% M + 12.5% GA), 20% (5% M + 15% GA), 20% (10% M + 10%
GA) and 10% (5% M + 5 % GA), obtaining values for phenols of between 212.07 and 498.14
Mg AG / mL and flavonoids of between 33.65 and 85.03 pg catechin / mL extract, and
percentages of inhibition for DPPH radicals of between 76.33 and 83.26%. A pattern can be
observed where lower concentrations of coating material result in higher quantities of phenols
and flavonoids for the concentrated extract of cinnamon. The formulation of 10% of
encapsulating matter had the highest encapsulation of antioxidant compounds (498.14 pg AG
/ mL of phenols, 85.03 ug catechin / mL of flavonoids, and 76.33% of DPPH inhibition), which
corresponds to the formulation elaborated with 5 % maltodextrin + 5% acacia gum.
Considering this result, it was decided to undertake a physicochemical characterization of this
microencapsulation formulation. In addition, the absence of flavonoids, glycosides, tannins,
and phenolic compounds was also reported, which could be due to the elaboration of the extract
undertaken by dilution with chemical agents [55]. These compounds may have been collected
when recovered, leading to their absence. Therefore, with these results, it can be observed that
although the same species of plant was evaluated in lower concentrations, unsaturations and
compounds such as saponins, phenols, tannins, and anthocyanins may not be present in this
determination, or that depending on the production method these compounds are lost from the
extract. Therefore, it is suggested to undertake this test with at least two different concentrations
and methods of elaboration to observe these divergences and to be able to choose the
concentration and elaboration method for the extract that is most suitable for what is required.

Table 3. Bioactive compounds and antioxidant activity of extract of cinnamon microencapsulated with a
different matrix.

Treatment! | Total phenols, mg/ g GA | Flavonoids, pg catechin/ | DPPH inhibition
mL microencapculate %
Tl 212.07 +18.34° 33.65 + 1.40¢ 83.26 + 1.45°
T2 226.45 + 13.16° 61.40 + 0.38" 78.80 £1.11%
T3 208.7 + 22.45° 38.69 + 2.35°¢ 80.61 + 2.92%
T4 498.14 + 30.23? 85.03 + 1.85° 76.33 £ 0.79°

1T1=Maltodextrin 12.5%:Acacia gum 12.5%, T2=Maltodextrin 5%:Acacia gum 15%, T3= Maltodextrin 10%:
Acacia gum 10%, T4=Maltodextrin 5%:Acacia gum 5%. *Superscript different indicates significative
differences among rows (p<0.05).

3.4. Characteristics of Cinnamomum zeylanicum microencapsulate.

The physicochemical characterization of the microencapsulated formulations with the
highest antioxidant activity and capacity is shown in Table 4, where a moisture percentage of
1.47 + 0.05, a solubility of 86.83 = 4.33 g/L, pH of 5.01 £ 0.1, and an apparent density of 0.38
+ 0.01g/L can be observed. Regarding the microencapsulation's color, a luminosity of 90.01 +
1.28, a* value of 1.72 + 0.31, and a b* value of 11.24 + 0.70 were presented. The moisture
percentage obtained in this research is within the range reported by Santiago et al. [57] (1.34-
1.89%), who microencapsulated Cinnamomum zeylanicum infusion with maltodextrin. The
percentage of solubility obtained in this research (86.83%) is much higher than the value
obtained in the microencapsulation of cinnamon oil with acacia gum, whey protein, and
maltodextrin carried out by Felix et al. [58] (33.04-49.57%). This may be due to the
relationship between the microencapsulates and the diluent used, meaning that when water is
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used, a hydrophilic microencapsulate similar to the one obtained in this aqueous extraction
research dissolves better, compared to a lipophilic variant such as essential oil of cinnamon.
Low pH values (acidity) in the microencapsulates affect the polysaccharides of the wall
material, modifying their permeability, encapsulation, and retention efficiency (59), leading to
higher acidity values, thereby preventing the encapsulation of bioactive compounds. This was
shown in the investigation by Matiacevich et al. [60] on the effect of the type of emulsifier and
pH on carvacrol microencapsulated with alginate, where stability at pH 4 was achieved. The
bulk density obtained in this investigation (0.38 g/L) is lower than that reported by Santiago et
al. [73] (0.55-0.55 g/L.), which could be mainly due to the fact that a higher proportion of wall
material of 100 g/L was used, which is a larger quantity to what was used in this study, resulting
in a lower density value compared to the one in this investigation. Regarding the color obtained
in the microencapsulates, the luminosity value (L* 90.01) is within the range indicated by the
Cinnamomun verum oleoresin microencapsulates elaborated by Procopio et al., [51] (L*88.37-
91.87), this same study also reported a* values in the range of (-0.57-0.18) which is lower than
what was obtained in this investigation (1.72), which was also the case with b* values (11.24)
which was in the range of (6.01-7.65). These differences could be attributed to the fact that
cinnamon oleoresin has a darker coloration than the aqueous extract, with a lower tendency to
red and yellow coloration, which is derived from the concentration of bioactive compounds
with natural pigment properties such as anthocyanins and coumarins [47].

Table 4. Physicochemical characteristics of Cinnamomum zeylanicum microencapsulate.

Parameter Microencapsulate
Moisture, % 1.47 £0.05
Solubility, % 86.83 £4.33

pH 5.01+0.1
Apparent density, g/L 0.38 £0.01

L* 90.01+1.28

a* 1.72+£0.31

b* 11.24 £ 0.70

performed in triplicate
4. Conclusions

This research recommends that the preparation of cinnamon aqueous extract with high
antioxidant activity and capacity should be elaborated with the decoction technique. The
presence of bioactive compounds depends on the concentration of the aqueous extract, as the
higher the concentration, the higher the presence of bioactive compounds and antioxidant
activity. Microencapsulation by spray dryer with 5% maltodextrin and acacia gum conserved
the significant antioxidant activity and capacity. The physicochemical characteristics found in
the microencapsulated aqueous extract of cinnamon Cinnamon zeylanicum highlight its
potential for use as a natural antioxidant ingredient when added to foods and derivatives to
enhance nutritional content.

Funding

This research received no external funding.

https://biointerfaceresearch.com/ 90of 13


https://doi.org/10.33263/BRIAC136.537
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC136.537

Acknowledgments

The authors appreciate the support of CONACYT for the Ph.D. scholarship number 860166
granted to Maria Fernanda Rios Pérez.

Conflict of interests

The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

Akhtar, A.; Ponnampalam, E.N.; Pushpakumara, G.; Cottrell, J.J.; Suleria, H.A.R.; Dunshea, F.R. Cinnamon;
A Natural Feed Additive for Poultry Health and Production—A Review. Animals 2021, 11, 2026,
https://doi.org/10.3390/ani11072026.

Tulini, F.L.; Souza, V.B.; Echalar-Barrientos, M.A.; Thomazini, M.; Pallone, E.M.J.A.; Favaro-Trindade,
C.S. Development of solid lipid microparticles loaded with a proanthocyanidin-rich cinnamon extract
(Cinnamomum zeylanicum): Potential for increasing antioxidant content in functional foods for diabetic
population. Food Res Int 2016, 85, 10-8, https://doi.org/10.1016/j.foodres.2016.04.006.

Assefa, A.D.; Keum, Y.S.; Saini, R.K. A comprehensive study of polyphenols contents and antioxidant
potential of 39 widely used spices and food condiments. J Food Meas Charact 2018, 12, 1548-55,
https://doi.org/10.1007/5s11694-018-9770-z.

Shahzadi, M.; Rizwan, B.; Tufail, T.; Basharat, S.; Shehzadi, S. Functional And Nutraceutical
Characterization ~ of  Cinnamon.  Pakistan  BioMedical Journal 2021, 4, 187-192,
https://doi.org/10.54393/pbmj.v4i2.225.

Vidanagamage, S.A.; Pathiraje, P.M.H.D.; Perera, O.D.A.N. Effects of Cinnamon (Cinnamomum Verum)
Extract on Functional Properties of Butter. Procedia Food Sci. 2016, 6, 136-42,
https://doi.org/10.1016/j.prof00.2016.02.033.

Abou Khalil, R.; Rayane, B.A.; Doumit, S.; Bitar, J.; Nasser, R.; Khoury, E. Cinnamaldehyde and cinnamic
acid from cinnamon bark (Cinnamomum verum) increase the binding of glucose to human albumin. Biochim
Clin 2018, 42, 112-8, https://doi.org/10.19186/BC_2018.023.

Alsoodeeri, F.N.; Algabbani, H.M.; Aldossari, N.M. Effects of Cinnamon (Cinnamomum cassia)
Consumption on Serum Lipid Profiles in Albino Rats. J Lipids. 2020, 23, 1-7,
https://doi.org/10.1155/2020/8469830.

Talaei, B.; Amouzegar, A.; Sahranavard, S.; Hedayati, M.; Mirmiran, P.; Azizi, F. Effects of cinnamon
consumption on glycemic indicators, advanced glycation end products, and antioxidant status in type 2
diabetic patients. Nutrients 2017, 9, 1-9, https://doi.org/10.3390/nu9090991..

Zare, R.; Nadjarzadeh, A.; Zarshenas, M.M.; Shams, M.; Heydari, M. Efficacy of cinnamon in patients with
type Il diabetes mellitus: A randomized controlled clinical trial. Clin Nutr 2019, 38, 549-56,
https://doi.org/10.1016/j.cInu.2018.03.003.

Shishir, M.R.I.; Xie, L. Sun, C.; Zheng, X.; Chen, W. Advances in micro and nano-encapsulation of bioactive
compounds using biopolymer and lipid-based transporters. Trends Food Sci Technol 2018, 78, 34-60,
https://doi.org/10.1016/j.tifs.2018.05.018.

de Souza, V.B.; Thomazini, M.; Echalar Barrientos, M.A.; Nalin, C.M.; Ferro-Furtado, R.; Genovese, M.1.;
Favaro-Trindade, C.S. Functional properties and encapsulation of a proanthocyanidin-rich cinnamon extract
(Cinnamomum zeylanicum) by complex coacervation using gelatin and different polysaccharides. Food
Hydrocoll 2018, 77, 297-306, https://doi.org/10.1016/j.foodhyd.2017.09.040.

Ozkan, G.; Franco, P.; De Marco, I.; Xiao, J.; Capanoglu, E. A review of microencapsulation methods for
food antioxidants: Principles, advantages, drawbacks and applications. Food Chem 2019, 272, 494-506,
https://doi.org/10.1016/j.foodchem.2018.07.205.

Aguiar, J.; Estevinho, B.N.; Santos, L. Microencapsulation of natural antioxidants for food application — The
specific case of coffee antioxidants — A review. Trends Food Sci Technol 2016, 58, 21-39,
https://doi.org/10.1016/j.tifs.2016.10.012.

Muhammad, D.R.A.; Tuenter, E.; Patria, G.D.; Foubert, K.; Pieters, L.; Dewettinck, K. Phytochemical
composition and antioxidant activity of Cinnamomum burmannii Blume extracts and their potential
application in white chocolate. Food Chem. 2021, 340, https://doi.org/10.1016/j.foodchem.2020.127983.

https://biointerfaceresearch.com/ 10 of 13


https://doi.org/10.33263/BRIAC136.537
https://biointerfaceresearch.com/
https://doi.org/10.3390/ani11072026
https://doi.org/10.1016/j.foodres.2016.04.006
https://doi.org/10.1007/s11694-018-9770-z
https://doi.org/10.54393/pbmj.v4i2.225
https://doi.org/10.1016/j.profoo.2016.02.033
https://doi.org/10.19186/BC_2018.023
https://doi.org/10.1155/2020/8469830
https://doi.org/10.3390/nu9090991
https://doi.org/10.1016/j.clnu.2018.03.003
https://doi.org/10.1016/j.tifs.2018.05.018
https://doi.org/10.1016/j.foodhyd.2017.09.040
https://doi.org/10.1016/j.foodchem.2018.07.205
https://doi.org/10.1016/j.tifs.2016.10.012
https://doi.org/10.1016/j.foodchem.2020.127983

https://doi.org/10.33263/BRIAC136.537

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

Nespi, M.; Kuhn, R.; Yen, CW. et alLubach, J.W.; Leung, D. Optimization of Spray-Drying Parameters for
Formulation Development at Preclinical Scale. AAPS PharmSciTech 2022, 23, 28,
https://doi.org/10.1208/s12249-021-02160-1

Seregelj, V.; Tumbas Saponjac, V. Levi¢, S.; KaluSevi¢, A.; Cetkovi¢, G.; Canadanovié-Brunet, J.; Nedovié
V.; Stajéi¢, S.; Vuli¢, J.; Vidakovi¢, A. Application of encapsulated natural bioactive compounds from red
pepper waste in yogurt. J Microencapsul 2019, 36, 70414, https://doi.org/10.1080/02652048.2019.1668488.
Lima, E.M.F.; Madaldo, M.C.M.; dos Santos, W.C.; Bernardes, P.C.; Saraiva, S.H.; Silva, PIl. Spray-dried
microcapsules of anthocyanin-rich extracts from Euterpe edulis M. as an alternative for maintaining color
and bioactive compounds in dairy beverages. J Food Sci Technol. 2019, 56, 4147-57,
https://doi.org/10.1007/s13197-019-03885-5.

Castro-Lopez, C.; Ventura-Sobrevilla, J.M.; Gonzalez-Hernandez, M.D.; Rojas, R.; Ascacio-Valdés, J.A.;
Aguilar, C.N.; Martinez-Avila, G.C.G. Impact of extraction techniques on antioxidant capacities and
phytochemical composition of polyphenol-rich extracts. Food Chem. 2017, 237, 1139-48,
https://doi.org/10.1016/j.foodchem.2017.06.032.

Kollia, E.; Markaki, P.; Zoumpoulakis, P.; Proestos, C. Antioxidant activity of Cynara scolymus L. and
Cynara cardunculus L. extracts obtained by different extraction techniques. Nat Prod Res 2016, 31, 11637,
http://dx.doi.org/101080/1478641920161219864.

Jovanoviéa, A.A.; Djordjevi¢a, V.B.; Petroviéa, PM.;Dejan, S.P.; Zduni¢b, G.M.; Savikinb, K.P.; Bugarskia,
B.M. The influence of different extraction conditions on polyphenol content, antioxidant and antimicrobial
activities of wild thyme. Journal of Applied Research on Medicinal and Aromatic Plants 2021, 25, 100-328,
https://doi.org/10.1016/j.jarmap.2021.100328.

Zehiroglu, C.; Ozturk Sarikaya, S.B. The importance of antioxidants and place in today's scientific and
technological studies. J Food Sci Technol 2019, 56, 4757—74, https://doi.org/10.1007/s13197-019-03952-x.
Mohamed Ahmed, H.; Mahmoud Ramadhani, A.; Yaagoub Erwa, I.; Adam Omer Ishag, O.; Bosharh Saeed,
M. Phytochemical Screening, Chemical Composition and Antimicrobial Activity of Cinnamon verum Bark
Natural Product View project. Artic Int Res J Pure Appl Chem 2020, 21, 36-43,
https://doi.org/10.9734/irjpac/2020/v21i1130222.

Mohamad Subhi, S.; Clavijo, S.; Cerda, V. Recent, advanced sample pretreatments and analytical methods
for flavonoids determination in different samples. TrAC Trends in Analytical Chemistry 2021, 138,
https://doi.org/10.1016/j.trac.2021.116220.

Boyano-Orozco, L.; Gallardo-Velazquez, T.; Meza-Marquez, O.G.; Osorio-Revilla, G. Microencapsulation
of Rambutan Peel Extract by Spray Drying. Foods 2020, 9, 899, https://doi.org/10.3390/foods9070899.
Goeltz, J.C.; Cuevas, L.A. Guided Inquiry Activity for Teaching Titration Through Total Titratable Acidity
in a General Chemistry Laboratory  Course, Chem. Educ 2021, 98,882-887,
https://doi.org/10.1021/acs.jchemed.0c01198.

AOAC 2000. Official Methods of Analysis, 21st Edition (2019) - AOAC International [Internet]. Official
Methods of Analysis (17 edicion ed.). 2019, https://www.aoac.org/official-methods-of-analysis-21st-edition-
2019/

Cassol, L.; Norefia, C.P.Z. Microencapsulation and accelerated stability testing of bioactive compounds of
Hibiscus sabdariffa. Food Measure 2021,15,1599-1610, https://doi.org/10.1007/s11694-020-00757-X.
El-Messery, T.M.; El-Said, M.M.; Demircan, E.; Ozcelik, B. Microencapsulation of natural polyphenolic
compounds extracted from apple peel and its application in yoghurt. Acta Sci Pol Technol Aliment 2019, 18,
25-34, https://doi.org/10.17306/J.AFS.0597.

Maigoda,T.; Judiono, J.; Purkon, D.B.; Haerussana, A.N.E.M.; Mulyo, G.P.E. Evaluation of Peronema
canescens Leaves Extract: Fourier Transform Infrared Analysis, Total Phenolic and Flavonoid Content,
Antioxidant Capacity, and Radical Scavenger Activity. Maced J Med Sci. 2022, 10, 117-24,
https://doi.org/10.3889/0amjms.2022.8221.

Shaikh, J.R.; Biolt, Y.E. Qualitative tests for preliminary phytochemical screening: An overview. Int J Chem
Stud 2020, 8, 603-8, https://doi.org/10.22271/chemi.2020.v8.i2i.8834.

Cenobio-Galindo, A.; Pimentel-Gonzélez, D.J.; Del Razo-Rodriguez, O.E.; Medina-Pérez, G.; Carrillo-
Inungaray, M.L.; Reyes-Munguia, A.; Campos-Montiel, R. Antioxidant and antibacterial activities of a starch
film with bioextracts microencapsulated from cactus fruits (Opuntia oligacantha). Food Sci Biotechnol 2019,
28, 1553-61, https://doi.org/10.1007/s10068-019-00586-9.

https://biointerfaceresearch.com/ 11 of 13


https://doi.org/10.33263/BRIAC136.537
https://biointerfaceresearch.com/
https://doi.org/10.1208/s12249-021-02160-1
https://doi.org/10.1080/02652048.2019.1668488
https://doi.org/10.1007/s13197-019-03885-5
https://doi.org/10.1016/j.foodchem.2017.06.032
http://dx.doi.org/101080/1478641920161219864
https://doi.org/10.1016/j.jarmap.2021.100328
https://doi.org/10.1007/s13197-019-03952-x
https://doi.org/10.9734/irjpac/2020/v21i1130222
https://doi.org/10.1016/j.trac.2021.116220
https://doi.org/10.3390/foods9070899
https://doi.org/10.1021/acs.jchemed.0c01198
https://www.aoac.org/official-methods-of-analysis-21st-edition-2019/
https://www.aoac.org/official-methods-of-analysis-21st-edition-2019/
https://doi.org/10.1007/s11694-020-00757-x
https://doi.org/10.17306/J.AFS.0597
https://doi.org/10.3889/oamjms.2022.8221
https://doi.org/10.22271/chemi.2020.v8.i2i.8834
https://doi.org/10.1007/s10068-019-00586-9

https://doi.org/10.33263/BRIAC136.537

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49.

50.

Martinez, M.L.; Curti, M.l.; Roccia, P.; Llabot, J.M.; Penci, M.C.; Bodoira, R.M., Ribotta, P.D. Oxidative
stability of walnut (Juglans regia L.) and chia (Salvia hispanica L.) oils microencapsulated by spray drying.
Powder Technol 2015, 270, 2717, https://doi.org/10.1016/j.powtec.2014.10.031.

Li, S.; Gosslau, A.; Lange, K.; Ho, C.T. Profiled tea extracts exemplifying the importance of characterizing
food bioactives: opinion piece. J Food Bioact. 2019, 5, 1-5, https://doi.org/10.31665/JFB.2019.5172.
Dudonng, S.; Vitrac, X.; Coutiére, P.; Woillez, M.; Jean-Mérillon, J. Comparative Study of Antioxidant
Properties and Total Phenolic Content of 30 Plant Extracts of Industrial Interest Using DPPH, ABTS, FRAP,
SOD, and ORAC Assays. J Agric Food Chem. 2009, 57, 1768-1774, https://doi.org/10.1021/jf803011r.
Jayaprakasha, G.K.; Mohan Rao, L.J. Chemistry, biogenesis, and biological activities of Cinnamomum
zeylanicum. Crit Rev Food Sci Nutr. 2011, 51,547-62, https://doi.org/10.1080/10408391003699550.

Ali, A.; Wu, H.; Ponnampalam, E.N.; Cottrell, J.J.; Dunshea, F.R.; Suleria, H.A.R. Comprehensive profiling
of most widely used spices for their phenolic compounds through Ic-esi-qtof-ms2 and their antioxidant
potential. Antioxidants 2021, 10, 721, https://doi.org/10.3390/antiox10050721.

Huang, D. Dietary Antioxidants and Health Promotion. Antioxidants 2018, 7, 1-9,
https://doi.org/10.3390/antiox7010009.

Ismail, H.F.; Hashim, Z.; Soon, W.T.; Rahman, N.S.A.; Zainudin, A.N.; Majid, F.A.A. Comparative study of
herbal plants on the phenolic and flavonoid content, antioxidant activities and toxicity on cells and zebrafish
embryo. J Tradit Complement Med 2017, 7, 452-65, https://doi.org/10.1016/j.jtcme.2016.12.006.

Kirana, A.; Sunarharum, W.B. Physicochemical Characteristics and Consumer Acceptance of Bagged
Indonesian Green Tea (Camellia sinensis) Formulated with Cinnamon Bark (Cinnamomum burmannii) and
Lemon (Citrus limon) Peel. J Exp Life Sci. 2020, 10, 65-71, https://doi.org/10.21776/ub.jels.2019.010.01.12.
Huan, Z.; Panga, D.; Liaoa, S.; Zoua, Y.; Zhoua, P.; Li, E.; Wang, W. Synergistic effects of cinnamaldehyde
and cinnamic acid in cinnamon essential oil against S. pullorum. Industrial Crops and Products 2021, 162,
113296, https://doi.org/10.1016/j.indcrop.2021.113296.

Aderao, G.N.; Sahoo, A.; Bhatt, R.S.; Kumawat, P.K.; Soni, L. In vitro rumen fermentation kinetics,
metabolite production, methane and substrate degradability of polyphenol rich plant leaves and their
component complete feed blocks. J Anim Sci Technol. 2018, 60, 1-26, https://doi.org/10.1186/s40781-018-
0184-6.

Mehta, R.S.; Song, M.; Staller, K.; Chan, A.T. Association Between Beverage Intake and Incidence of
Gastroesophageal Reflux Symptoms. Clin  Gastroenterol Hepatol. 2020, 18, 2226-2233,
https://doi.org/10.1016/j.cgh.2019.11.040.

Jianga, C.; Ding, l.; Dong, Q.; Wang, x.; Wei, H.; Hu, C.; Ma, C.;Yan, Q.; Zhou, Y.; Degene A.A. Effects of
root extracts of three traditional Chinese herbs as dietary supplements on dry matter intake, average daily
gain, rumen fermentation and ruminal microbiota in early weaned yak calves, Animal Feed Science and
Technology 2021, 278, 115002, https://doi.org/10.1016/j.anifeedsci.2021.115002.

Jung, H.; Lee, Y.J.; Yoon, W.B. Effect of Moisture Content on the Grinding Process and Powder Properties
in Food: A Review. Process 2018, 6, 69, https://doi.org/10.3390/pr6060069

Alsaud, N.; Farid, M. Insight into the influence of grinding on the extraction efficiency of selected bioactive
compounds from various plant leaves. Appl Sci 2020, 10, 6362, https://doi.org/10.3390/app10186362.
Shawky, E.; Selim, D.A. Rapid Authentication and Quality Evaluation of Cinnamomum verum Powder Using
Near-Infrared  Spectroscopy and Multivariate Analyses. Planta Med 2018, 84, 1380-7,
https://doi.org/10.1055/a-0654-5468.

Martinez-Damian, M.T.; Cruz-Alvarez, O.; Moreno-Pérez, E. del C.; Valle-Guadarrama, S.Intensidad de
color y compuestos bioactivos en colectas de chile guajillo del norte de México. Rev Mex ciencias agricolas
2019, 10, 35-49, https://doi.org/10.29312/remexca.v10i1.465.

Rashwan, A.S.; El-Beltagy, M.A.; Saleh, S.Y.; lbrahim, I.A. Potential role of cinnamaldehyde and
costunolide to counteract metabolic syndrome induced by excessive fructose consumption. Beni-Suef Univ J
Basic Appl Sci 2019, 8, 1-8, https://doi.org/10.1186/s43088-019-0025-9.

Chandula Weerasekera, A.; Samarasinghe, K.; Krishantha Sameera de Zoysa, H.; Chathuranga
Bamunuarachchige, T.; Yashasvi Waisundara, V. Cinnamomum zeylanicum : Morphology, Antioxidant
Properties and Bioactive Compounds. Antioxidants. 2021, 8, 1-14, https://doi.org/10.5772/intechopen.97492.
Lusiana, E.; Tamzil,.N.S.; Oktariana, D.; Septadina, 1.S. effectivity of cinnamon (Cinnamomum burmanii) to
decrease urealevels, 2021, 3, 41-48, https://doi.org/10.55116/1JICM.V3I12.44.

https://biointerfaceresearch.com/ 12 of 13


https://doi.org/10.33263/BRIAC136.537
https://biointerfaceresearch.com/
https://doi.org/10.1016/j.powtec.2014.10.031
https://doi.org/10.31665/JFB.2019.5172
https://doi.org/10.1021/jf803011r
https://doi.org/10.1080/10408391003699550
https://doi.org/10.3390/antiox10050721
https://doi.org/10.3390/antiox7010009
https://doi.org/10.1016/j.jtcme.2016.12.006
https://doi.org/10.21776/ub.jels.2019.010.01.12
https://doi.org/10.1016/j.indcrop.2021.113296
https://doi.org/10.1186/s40781-018-0184-6
https://doi.org/10.1186/s40781-018-0184-6
https://doi.org/10.1016/j.cgh.2019.11.040
https://doi.org/10.1016/j.anifeedsci.2021.115002
https://doi.org/10.3390/pr6060069
https://doi.org/10.3390/app10186362
https://doi.org/10.1055/a-0654-5468
https://doi.org/10.29312/remexca.v10i1.465
https://doi.org/10.1186/s43088-019-0025-9
https://doi.org/10.5772/intechopen.97492
https://doi.org/10.55116/IJICM.V3I2.44

https://doi.org/10.33263/BRIAC136.537

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Procopio, F.R.; Oriani, V.B.; Paulino, B.N.; do Prado-Silva, L.; Pastore, G.M.; Sant'Ana, A.S., Dupas, H.M.
Solid lipid microparticles loaded with cinnamon oleoresin: Characterization, stability and antimicrobial
activity. Food Res Int 2018, 113, 351-61, https://doi.org/10.1016/j.foodres.2018.07.026.

Abed, M.; Aziz, E. A Review on Saponins from Medicinal Plants: Chemistry, Isolation, and Determination
2019, 8, 282-288, https://doi.org/10.15406/jnmr.2019.07.00199.

Medda, S.; Fadda, A,; Dessena, L.; Mulas, M. Quantification of Total Phenols, Tannins, Anthocyanins
Content in Myrtus communis L. and Antioxidant Activity Evaluation in Function of Plant Development
Stages and Altitude of Origin Site. Agron 2021, 11, 1059, https://doi.org/10.3390/agronomy11061059.
Vakilwala, M.; Macan, K.; Tandel, A. Phytochemical Screening, Chemical Composition and Antimicrobial
Activity of Cinnamon verum Bark. Int J Innov Sci Res. 2017, 4, 69-74,
https://doi.org/10.9734/irjpac/2020/v21i1130222.

Adarsh, A.; Bharath Chettiyar, K.B.; RN. Phytochemical Screening and Antimicrobial Activity of "Cinnamon
zeylanicum",Whites ~ Science  Journal. Int J Pharm Res Innov  2020,13, 22-33.
https://doi.org/10.13140/RG.2.2.33937.04962.

Sonu Garg, G.K. Phytochemical Composition And Antimicrobial Activity of Cinnamomum verum Bark
Against UTI Causing Bacteria. THINK INDIA J 2019, 22, 768-773,
https://www.researchgate.net/publication/337858630_Phytochemical_Composition_And_Antimicrobial_Ac
tivity_of_Cinnamomum_Verum_Bark_Against_UTI_Causing_Bacteria.

Santiago-Adame, R.; Medina-Torres, L.; Gallegos-Infante, J.A.; Calderas, F.; Gonzalez-Laredo, R.F.; Rocha-
Guzman, N.E.; Ochoa-Martinez, L.A.; Bernad-Bernad, M.J. Spray drying-microencapsulation of cinnamon
infusions (Cinnamomum zeylanicum) with maltodextrin. LWT - Food Sci Technol 2015, 64, 571-7,
https://doi.org/10.1016/j.1wt.2015.06.020.

Felix, P.H.C.; Birchal, V.S.; Botrel, D.A.; Marques, G.R.; Borges, S. Physicochemical and thermal stability
of microcapsules of cinnamon essential oil by spray drying. J Food Process Preserv 2016, 41, 1-9,
https://doi.org/10.1111/jfpp.12919.

Guo, Z.; Liu, H.; Wu, Y.; Wang, X.; Wu, D. Design and fabrication of pH-responsive microencapsulated
phase change materials for multipurpose applications. React Funct Polym 2019, 1, 111-23,
https://doi.org/10.1016/j.reactfunctpolym.2019.04.015.

Matiacevich, S.; Riquelme, N.; Herrera, M.L. Conditions to Prolonged Release of Microencapsulated
Carvacrol on Alginate Films as Affected by Emulsifier Type and PH. Int J Polym Sci. 2015, 2015, 1-12,
http://dx.doi.org/10.1155/2015/173193.

https://biointerfaceresearch.com/ 13 of 13


https://doi.org/10.33263/BRIAC136.537
https://biointerfaceresearch.com/
https://doi.org/10.1016/j.foodres.2018.07.026
https://doi.org/10.15406/jnmr.2019.07.00199
https://doi.org/10.3390/agronomy11061059
https://doi.org/10.9734/irjpac/2020/v21i1130222
https://doi.org/10.13140/RG.2.2.33937.04962
https://www.researchgate.net/publication/337858630_Phytochemical_Composition_And_Antimicrobial_Activity_of_Cinnamomum_Verum_Bark_Against_UTI_Causing_Bacteria
https://www.researchgate.net/publication/337858630_Phytochemical_Composition_And_Antimicrobial_Activity_of_Cinnamomum_Verum_Bark_Against_UTI_Causing_Bacteria
https://doi.org/10.1016/j.lwt.2015.06.020
https://doi.org/10.1111/jfpp.12919
https://doi.org/10.1016/j.reactfunctpolym.2019.04.015
http://dx.doi.org/10.1155/2015/173193

