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,e aim of the present study was to evaluate the physical and antioxidant properties of chocolate alginate beads containingMoringa
oleifera leaf extract (MLE) produced with ecofriendly solvent extraction technology (Deep Eutectic Solvents). ,e concentration of
MLE incorporated was 0, 2, 4, and 6% w/w, and hardening time for ionotropic gelation with CaCl2 solution was 2, 8, or 20min.
Freshly prepared beads were evaluated for their geometric (area, perimeter, ferret diameter, circularity, roundness), color (CIE L∗, a∗,
and b∗ and chroma), and antioxidant properties (total phenolic content and percentage inhibition of DPPH• radical). Increasing the
MLE concentration resulted in beads smaller in size and more spherical, whereas hardening time only affected their circularity. MLE
concentration had also a profound effect on color and antioxidant properties of the beads. As the concentration ofMLE increased, the
beads appeared lighter and their chroma increased. ,e radical scavenging activity was ameliorated by the MLE concentration
increase for samples hardened for 8 and 20min, whereas it was unaffected for those at 2min.,e hardening time on the contrary did
not affect the inhibition of DPPH• values, regardless of the amount of extract added.

1. Introduction

Within the last decade, there is an increasing interest in
functional, health-promoting foods from all three parts
involved: science, food industry, and consumers. As most
processes during food preparation contribute to significant
degradation of vital compounds (phytochemicals, antioxi-
dants, vitamins) and probiotics, a significant number of
techniques have been developed, focusing on the encapsu-
lation of these sensitive constituents. In addition, the en-
capsulation of bioactive ingredients offers the advantage of
targeted delivery and controlled release in the human gas-
trointestinal tract, which increase their bioefficiency [1].
Only to begin with, nano-/microemulsification, multiple
emulsion formation, liposome entrapment, spray drying,
lyophilization, ionotropic gelation, and coacervation rep-
resent the most widely known [2]. Emerging electro-
hydrodynamic techniques like electrospinning and
electrospraying are also promising tools for fabrication of
fibrous or sphere-shaped vehicles [2, 3].

Moringa oleifera Lam. (drumstick tree) is a plant native
to northern India, largely appreciated for its uses in tradi-
tional medicine. Although every part of the tree is useful,
there is growing interest for its leaf extract because of the
high concentrations in certain antioxidant compounds such
as vitamin E, ascorbic acids, β-carotene, quercetin, phenolic
acids, and flavonoids [4–6]. A plethora of in vivo and in vitro
studies provide significant evidence on the prophylactic
effect against common diseases, including Alzheimer’s,
atherosclerosis, diabetes, and neoplasms [7]. With respect to
its antioxidant properties, an appreciable number of studies
have been conducted within the last few years [8–10].
Moringa oleifera extract has also been successfully encap-
sulated using different techniques in various systems, such as
electrospun nanofibers [11], microemulsions [12], phyto-
somes [13], and spray-dried capsules [14].

,e ionotropic gelation of alginates in the presence of
Ca2+ orMg2+ by the cross-linkingmechanism is a very useful
affordable encapsulation technique for food and nonfood
applications that offers, among others, advantages such as
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biodegradability, biocompatibility, and implementation
simplicity [15]. In addition, the size, shape, and controlled
release of encapsulated materials can be easily tailored to
meet the needs of specific applications, i.e., drugs or
nutraceuticals. ,is can be achieved by altering the chemical
structure of the encapsulant, procedure variables, andmatrix
composition [16–18]. As a consequence, the encapsulation of
widely used herbal extracts rich in polyphenols (olive leaf,
pomegranate, beetroot, and cocoa) in Ca-alginate hydrogels
has been the subject of an appreciable number of studies
[19–22]. Wine by-product extract [23] and medicinal ex-
tracts of Plectranthus species have also been successfully
encapsulated in similar systems [24, 25].

,e limited reports that exist on encapsulation of
Moringa leaf extract (MLE) in alginate beads focus on the
removal of heavy metals [26, 27] or their bactericidal activity
[28] and lack vital information related to their physical,
antioxidant properties, and possible application in food.

,erefore, the main scope of this work was to encap-
sulate MLE, prepared with the use of deep eutectic solvents
(DES) in chocolate-flavored alginate beads, via ionic gelation
to enhance their antioxidant capacity. ,e effect of selected
parameters (curing time and extract concentration) on the
physical and antioxidant properties of the alginate beads is
discussed.

2. Material and Methods

2.1. Materials. Folin-Ciocalteu reagent, 1,1-diphenyl-2-
picryl-hydrazyl (DPPH•), glacial acetic acid, CaCl2, and
CaCO3 were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Gallic acid hydrate and Folin-Ciocalteu was from
Panreac (Barcelona, Spain). Cocoa butter and whey protein
concentrate (80% in protein) were kind donations from
Cocoowa (,essaloniki, Greece) and Tyrokomiki Karditsas
S.A. (Karditsa, Greece), respectively. Cocoa powder was
obtained from a local store. Alginate powder was donated by
Kenfood S.A. (Keratsini, Greece), MLE was prepared under
the optimum conditions previously reported by Zam et al.,
[20] using DES. In the same study, a detailed analysis of the
chemical properties of the MLE (total polyphenol and fla-
vonoid content, antiradical activity, ferric reducing power,
and polyphenolic profile by LC-MS and HPLC) is provided.

2.2. Methods

2.2.1. Preparation of Chocolate Beads Containing MLE.
,e chocolate used to formulate the MLE-containing algi-
nate beads was prepared according to the main methodology
for chocolate manufacture that involves four different
phases: dry mixing, grinding, conching, and molding [29]. It
contained 36% w/w cocoa butter, 32% w/w sugar, 12% w/w
cocoa powder, and 20% w/w whey protein concentrate.

Finally, alginate chocolate beads were prepared as fol-
lows: sodium alginate powder (2 g) was dispersed in double
distilled water (60 g) containing 20 g chocolate, 0.5 g po-
tassium sorbate, and 0.5 g potassium benzoate. ,e mix was
vigorously stirred for 45min at 500 rpm/50°C. ,e alginate
dispersion was left to cool at ambient temperature, MLE was

added at 0, 2, 4, and 6% w/w concentration, and water was
topped up to 100 g for each formulation. ,e spherification
of the final alginate dispersion was carried out with plastic
pipettes, and the dripping procedure in CaCl2 solution (2%
w/w) lasted 3min. ,e distance between the pipette nozzle
and the surface of the CaCl2 solution was 2 cm. ,e beads
were maintained in the CaCl2 solution to gel for 2, 8, or
20min and afterward filtered and washed with double
distilled water to remove excess calcium and stop hardening.
Curing time intervals were selected with preliminary testing
in order to correspond to different types of texture: samples
cured for 2min were very soft and easily broken upon slight
pressure with the tongue, samples of 8min represent more
cohesive beads, and samples of 20min were hard spheres
that required extensive chewing to disintegrate. All samples
were prepared and analyzed at least in triplicate.

2.2.2. Chocolate Beads Particle Size. ,e particle size of the
beads was estimated by means of image analysis. Photos of
the beads’ samples were captured with a digital camera
coupled with a computer. ,e free license image analysis
software ImageJ v. 1.46r (https://imagej.nih.gov/ij/index.
html) was used to calculate the geometric properties of
the beads: area (mm2), ferret diameter (mm), perimeter
(mm), roundness (−), and circularity (−). For each mea-
surement, approximately 200 beads were measured per
batch.

2.2.3. Color Measurement. Color properties of chocolate
beads were estimated by a color and appearance measure-
ment system (Lovibond CAM-System 500; Great Britain).
,e system was calibrated using the GretagMacbeth mini
color checker model P/N:50111 to obtain L∗, a∗, and b∗ CIE
values. ,e chroma (C) was also calculated according to
equation (1) as follows [30]:

Chroma(C) � a
∗

( 
2

+ b
∗

( 
2

 
0.5

. (1)

2.2.4. Total Phenolic Content (TPC). ,e TPC of alginate
beads was determined by the Folin-Ciocalteu method with
modifications [4, 31]. Briefly, 0.5 g of beads was mixed with
10ml of 1% w/v acetic acid solution, homogenized using
ULTRA-TURRAX (T25, IKA) at 10,000 rpm for 30 sec. ,e
mixture was finally centrifuged 4,000 rpm/10min), and
supernatants were collected for further analysis. An aliquot
of 100 μl of the supernatant was mixed with 100 μl of Folin-
Ciocalteu reagent in a 1.5ml Eppendorf tube and allowed to
react for 2min. After that, 800 μl of Na2CO3 solution (5%
w/v) was added, and the tubes were incubated in a water bath
for 20min at 40°C. ,e absorbance of the samples was
recorded at 740 nm using appropriate blanks containing
formic acid solution. Total phenolic content concentration
(TPC) was estimated by using a gallic acid calibration curve
(10–80mg/ml). ,e results were expressed as gallic acid
equivalents (mg GAE/g of beads).
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2.2.5. Radical Scavenging Activity Determination. ,e anti-
oxidant activity of chocolate beads was evaluated by scavenging
of DPPH•. A 25μl aliquot of the beads’ supernatant prepared as
described previously for TPC analysis was mixed with 925μl
freshly prepared DPPH• solution (80mM). ,e mixture was
incubated for 30min at room temperature (25°C), and the
absorbance was measured at 515nm.

,e radical scavenging activity of the beads was finally
estimated according to [32], and the results are expressed as
percentage of inhibition (I%) against blank according to
equation (2):

(I%) � 100 ×
A0 − As( 

A0
, (2)

where A0 and As are the absorbances at 515 nm of the blank
and sample, respectively.

2.2.6. Sensory Evaluation. Sensory evaluation was performed
by a panel of 15 experiencedmembers (8 female, 7male).,e 9-
point hedonic scale (1� extremely dislike, 5� nor like nor
dislike, and 9� extremely like) was used to evaluate selected
samples of chocolate beads (control and samples with 6%w/w
MLE) in terms of color, taste, aroma, texture, and general
acceptance [33].

2.2.7. Statistical Analysis. All physicochemical analyses were
performed in triplicate. ,e statistical analysis was

performed with StatGraphics Centurion XV software by
means of analysis of variance (ANOVA). Fisher’s least
significant difference (LSD) test was used to discriminate
among sample means at 95% level of confidence (p< 0.05).

3. Results and Discussion

3.1. Chocolate Bead Size. Manufacturing parameters (nozzle
diameter, distance of the nozzle from the gelling solution,
temperature, polymer solution feed rate, cross-linking agent
concentration) and alginate properties (polymer concen-
tration, molecular weight) can be modified to alter or op-
timize the geometric properties of the beads [34, 35].

In Figures 1 and 2(a)–2(d), the appearance and geo-
metric properties of control and MLE chocolate beads are
demonstrated. For presentation reasons in Figure 1, only
concentration (0 and 6% w/w MLE) and hardening time
extremes (2 and 20min) are depicted. ,e Feret diameter,
defined as the maximum caliper of an object, varied between
4.30 and 5.02mm (Figure 2(a)). A gradual decrease of the
beads’ diameter was observed by increasing the MLE con-
centration from 0 to 6% w/w. ,e diameter of control beads
ranged between ∼4.8 and 5.0mm, whereas those at maxi-
mum MLE concentration were around 4.3mm wide. ,e
same trend was observed for area and perimeter (Figure 2(b)
and 2(c)) that decreased by almost 22 and 12%, respectively,
when MLE concentration increased from 0 to 6% w/w.
Similar findings have been referred in other studies on

Hardening time 0% w/w MLE 6% w/w MLE

20 min

2 min

Figure 1: Appearance of chocolate alginate beads as affected by MLE concentration and hardening time.
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alginate beads with added extracts or phenolic compounds.
Kannat et al. [36] reported that the size of alginate beads was
reduced from 2.42 to 2.05mm upon the addition of onion
scale extract from 0 up to 6% w/w. Smaller bead size was also
observed for beads with incorporated caffeine [37]. It has
been also documented that several phenolic compounds
have the ability to lower the surface tension of solutions,
which may explain the observed decrease in size [38].

However, increasing the curing time from 2 to 20min
did not result in beads smaller in size (p< 0.05). ,e op-
posite phenomenon has been referred in other studies. As
shown elsewhere, the time allowed for gelation in calcium
chloride bath had a major effect on bead size, but the in-
fluence on shape is less intense [39]. Long curing time
resulted in smaller beads due to extensive cross-linking that
increased the rigidity of the beadmatrix. In the same study, it
is also recommended that the total dripping time is limited
to 2–3min and curing time between 15–20min to avoid
excessive shrinkage and increased polydispersity within the
sample. Smaller and more spherical beads were obtained
with prolonged curing time up to 30min [35].

Circularity values equal to 1 indicate geometries of a
perfect circle, while those approaching 0 correspond to
elongated shapes. A slight increase in circularity values from
0.93 to 0.94 was detected by increasing the MLE concen-
tration, although significant differences compared with
control samples were observed only when 6% w/w of extract
was added. Hence, less elongated beads were produced at
maximum MLE concentration.

It could be therefore concluded that the glycerol con-
tained in the MLE is the main factor governing the size and
the rest geometrical properties of the alginate beads, rather
than the curing time.

3.2. Color Properties. Color is considered a key property for
food products as it can affect other important sensory
characteristics related to consumer acceptance and pur-
chasing intention [40, 41].

Figure 3(a)–3(d) shows the influence of MLE concen-
tration and hardening time on the color properties (L∗, a∗,
b∗) and chroma of alginate beads. L∗, a∗, and b∗ values of all
samples prepared ranged between 30.7 and 39.3, 8.1 and
13.2, and 6.6 and 11.3, respectively, resembling the color of
chocolate bars [42]. Peak values for lightness were observed
at 4% w/w MLE concentration (L∗ � 38.4–39.3), whereas
slightly lower values were observed at 6% w/w. An increase
of redness and yellowness (positive a∗ and b∗ values) was
also observed by increasing MLE concentration of the al-
ginate solution up to 4% w/w, but it remained practically
unaffected at the maximum MLE concentration. ,e same
trend was also observed for chroma, as it is a property
generated by a∗ and b∗ values. ,is is due to the pigments
present in the MLE that impart a yellowish appearance to it.
Interestingly, the trend observed for the lightness of the
beads as affected by MLE content correlated with that ob-
served for TPC (Figure 4). More specifically, as TPC initially
decreased, an increase in L∗ values was observed and the
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Figure 2: Geometric properties of chocolate alginate beads as affected byMLE concentration (0, 2, 4, and 6% w/w) and hardening time (2, 8,
and 20min). Different small letters indicate significant differences among samples of the same concentration, while different capital letters
indicate significant differences among samples of the same hardening time at p< 0.05.
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Figure 3: CIE L∗, a∗, and b∗ and chroma color properties of chocolate alginate beads as affected byMLE concentration (0, 2, 4, and 6% w/w)
and hardening time (2, 8, and 20min). Different small letters indicate significant differences among samples of the same concentration,
while different capital letters indicate significant differences among samples of the same hardening time at p< 0.05.
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subsequent increase of phenolic compounds (6% w/w MLE)
corresponded to decreased L∗. ,is was also observed in
other studies [43]. However, the TPC decrease observed
upon increasing of hardening time did not alter the L∗ values
as expected. ,erefore, a more detailed study is needed to
fully elucidate the effect of MLE on lightness, as other types
of compounds such as melanoidins may contribute to the
occurring color changes. Melanoidins are high-molecular-
weight dark brown derivatives formed during the roasting of
cocoa beans due to polyphenol degradation through the
Maillard reaction [44].

For the vast majority of samples, the time allowed for
cross-linking in the ionic solution did not significantly affect
the color properties of the samples (p> 0.05).

3.3. Total Phenolic Content (TPC). Process parameters that
may affect polyphenol loading of alginate beads, apart from
extract concentration, include sodium alginate concentra-
tion, calcium chloride concentration, and exposure time
[20].

In Figure 4, the effect of extract concentration and
hardening time on TPC content of alginate beads is depicted.
In total, the phenolic content of the samples varied between
0.88 and 1.38mg GAE/g of beads. Similar contents have
been reported in other studies involving the encapsulation of
herbal extract in alginate beads [45]. Both parameters
studied (MLE concentration and hardening time) had a
profound effect on TPC values. Although an increase in
phenolic content would be expected by increasing the extract
concentration in the alginate solution, this was not observed
in our case. A gradual decrease of TPC was observed upon
increase of the extract added up to 4% w/w, after which it
was finally increased. ,is trend was observed in all cases
regardless of the hardening time used. ,e above phe-
nomenon could be induced by the presence of high amounts
of glycerol in the beads, which is the main component of
DES used for the preparation of the Moringa extract.
Glycerol is a known plasticizer with low molecular weight.

Glycerol concentration above a critical value, which depends
on the molecular weight of alginates, may induce chemical
interactions that modify the mechanical, morphological, and
barrier properties of alginate polymer films [46, 47]. ,e
small size of glycerol facilitates its penetration between al-
ginate hydrogen bonds, resulting in reduced intermolecular
forces that increase the mobility of the polymer chains. As a
consequence, less compact polymer matrices are formed
with increased elasticity [48]. As shown by Ion [49], the
increased firmness in alginate-chitosan complexes was
caused by enhanced intermolecular interactions of car-
boxylate groups found in alginates and the amine groups of
chitosan.,is favored the entrapment of polyphenols during
the ionotropic gelation, as evidenced by higher encapsula-
tion efficiency rates compared with control beads that did
not contain chitosan.

Hardening time also had a considerable effect on the
TPC of the beads. As seen in Figure 4, significantly lower
TPCs were observed after 20min of immersion in the cal-
cium solution in all cases of samples compared with beads
exposed for 2min. ,is 10-fold time increase resulted in
TPC values decreased by ∼16% on average. Hence, the
minimum and maximum phenolic content were observed in
samples containing 2% w/w MLE treated for 20min and
samples with 6% w/w extract treated in Ca2+ solution for
2min.

As previously reported, calcium chloride exposure time
may decrease the loading efficiency of several compounds.
Indeed, prolonged exposure may cause a shift of Ca2+ bound
within the alginate matrix or excessive release of polyphenols
[20].

3.4. Antioxidant Activity. ,e DPPH• radical scavenging
activity of MLE chocolate beads prepared by varying extract
concentration and CaCl2 immersion time is shown in
Figure 5. As can be seen, the effect of MLE concentration on
the antioxidant activity of the beads is related to the curing
time used for sample preparation. For beads allowed to
harden for 2min, percentage inhibition (I%) values slightly
increased from ∼9.8 to 13.1% when increasing MLE con-
centration, although no significant differences were found
among samples (p> 0.05). On the contrary, samples treated
for 8 and 20min presented significantly enhanced antioxi-
dant activity when 6% w/w of MLE was added compared
with control samples (p< 0.05).

Our results also show that the antioxidant activity of the
beads was unaffected by different time intervals used for the
hardening of the beads for samples with the same extract
concentration (p> 0.05).

Interestingly, DPPH inhibition values did not correlate
with corresponding phenolic content shown previously in
Figure 4. More specifically, despite the reduction of TPC
observed as hardening time increased from 2 to 20min,
DPPH• inhibition percentages were similar among samples
with the same MLE concentration. In addition, although
samples prepared at 2min had higher TPC, still they were
equally potent with the rest of the samples in terms of radical
scavenging (p> 0.05).
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Figure 5: Radical scavenging capacity (I%) of chocolate alginate
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A possible explanation would be that the loss of poly-
phenols caused by prolonged hardening of the beads that
wash off from the beads’ matrix was not extensive enough to
affect their radical scavenging capacity drastically.

On the other hand, as previously referred, melanoidins
that result from polyphenol degradation are considered the
predominant contributors of the antioxidant activity of
cocoa beans [44]. ,e researchers of this study found that
even though TPC of roasted cocoa beans was significantly
lower than that of the raw material, the antioxidant activity
was the same for both samples. Hence, the reduction in TPC
may have not altered the antioxidant potential of the alginate
beads detrimentally.

3.5. Sensory Evaluation. Control samples and samples
containing 6%w/wMLE were selected for sensory evaluation
as the later presented the highest TPC and DPPH values.
In Table 1, the scores of different sensory attributes are
displayed. In general, all samples were well accepted by
panelists, as values for general acceptance, color, taste
aroma, and texture ranged between 5.8 and 7.6. ,e ad-
dition of MLE did not impart any unfavorable attributes
to the samples as evidenced by similar sensory scores. No
significant differences were detected among samples
prepared with different curing times in terms of color,
taste, aroma, and general acceptance (p< 0.05). Findings
for color are in line with those demonstrated in Figure 3,
showing that since curing time did not alter the color
properties of the beads, the panelists showed the same
acceptance. On the other hand, curing time extremes (2
and 20min) negatively affected the acceptance of texture
as slightly lower values were obtained for these samples.
,is was observed for both types of samples, control and
samples with added MLE. It could be therefore concluded
that chocolate beads containing 6% w/w MLE cured for
8min represent the sample with well-accepted sensory
attributes and most pleasant texture.

4. Conclusions

Moringa oleifera leaf extract (MLE) prepared by a “green”
extraction technology, rich in phenolic ingredients, was
encapsulated in chocolate-flavored alginate beads. ,e ap-
pearance of the beads including geometric and color
properties was affected by the amount of extract

incorporated. ,e higher the amount of MLE added, the
higher the redness, yellowness, and chroma of the beads,
which also became less elliptical in shape. ,e amount of
MLE added as well as the hardening time was also critical in
terms of the phenolic compounds found in the final product.
As a result, a minimum TPC concentration of 0.84mg GAE/
g beads was established for beads prepared with 2% w/w
MLE allowed 20min in CaCl2 to harden. However, the
radical scavenging activity was only concentration-related
and a minimum 6% w/w of MLE is required to enhance its
inhibitory effect. ,e beads prepared with maximum MLE
concentration cured for 8min had the most favorable tex-
ture, so they can be added in food dessert products to en-
hance their antioxidant potential.
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