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1 | INTRODUCTION

An encapsulating agent, coating material, or drying aid is a compound
that forms a thin layer on a surface. They are used to protect a sub-
stance or an object from atmospheric humidity and ultraviolet light,
among others (Castafeta, Gemio, Yapu, & Nogales, 2011). Currently,
there are no coating materials with perfect encapsulation prop-
erties for the retention of volatile compounds and the protection
against oxidation, or with good emulsifying properties. However, the
solubility, hydrophobicity, permeability, and other properties of the
material used as a coating agent have a predominant influence on the
final product’s characteristics (Lozano, 2009).

According to Arellano (2011), a wide variety of coating agents
is used in the food industry. The ones used most are polysaccha-
rides (starch, maltodextrin, cyclodextrins, carboxymethylcellulose,
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The aim of this research was to evaluate the effect of different concentrations of
pulverized mesocarp of Citrus paradisi Macf. as a drying aid on the bromatological
characteristics and yield of spray-dried lemon juice powder. Five concentrations of
grapefruit mesocarp encapsulant (0.4, 0.8, 1.2, 1.6, and 2.0% (w / w)) and maltodex-
trin DE 10 (1.2%, w / w) were evaluated as encapsulant agents. The highest yield
(46.76%) was obtained with 1.2% of grapefruit encapsulant. Water activity and ash
content were inversely proportional to the added encapsulant concentration. The
highest moisture value was obtained with 0.4% and the highest soluble solids with
2.0%. For all treatments, the pH level did not change, except at 0.4% (it was lower).
The concentrations of the encapsulants significantly affected the evaluated charac-

teristics, except for the proteins.

bromatology, Citrus paradisi, encapsulant, lemon juice, mesocarp, spray-dry

gum arabic, and sodium alginate), lipids (waxes and fats), and pro-
teins (gelatin, soy protein, caseinates, buttermilk, and zein) (Gouin,
2004). Beristain (1996) indicates that each of these materials has its
limitations; for instance, chemically modified starches have excellent
retention of volatile compounds during drying but poor protection
against oxidation. On the other hand, partially hydrolyzed starches
(maltodextrins, glucose solids syrup, and others) protect against ox-
idation but lack emulsifying properties. Gum arabic has excellent
emulsifying properties and good retention of volatiles; however, it
provides limited protection against oxidation of the encapsulated
substance, and in recent years, its high cost and scarcity have limited
its use.

Fresh citrus mesocarp constitutes around 20%-60% of the
whole fruit (Fennema, 1993), depending on its genotype and ma-
turity stage. Citrus mesocarp contains 75%-80% of water, while its
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main components, calculated in relation to the dry matter, are 44%
sugars, 33% cellulose, and 20% peptic substances. It also contains
flavonoids, amino acids, and vitamins (Fennema, 1993). However,
apart from these nutritional properties, this material is currently
wasted during the processing of the grapefruit.

The limited availability of materials used as encapsulating agents
and the fact that they have a high cost evidences the need to iden-
tify unconventional sources of biomolecules or the like, with func-
tional characteristics similar to those existing. This, along with the
nonutilization of by-products generated in the industrial processing
of citrus fruits, led to the development of Alcantara and Escotto’s
(2014) study, in which an encapsulating agent was obtained from the
grapefruit mesocarp.

As a follow-up to the aforementioned study, the present in-
vestigation proposes the evaluation of different concentrations of
the encapsulating agent (obtained from the grapefruit mesocarp
by Alcantara & Escotto, 2014), which are evaluated in the spray-
drying of Persian lemon juice. This is proposed as an alternative to
the existing encapsulants in the market, so as to take advantage of
a by-product generated in the industrial processing of grapefruits,
add value, and enable the industrialization and commercialization
of a more durable, alternative product that conserves the maximum
properties of the encapsulated juice.

Citrus fruits are seasonal; therefore, prices usually fall at the peak
of production. For producers, this represents significant losses as
the prices do not compensate the production costs. The short shelf
life of these species causes losses and can negatively influence trade
and consumer confidence (Alcantara & Tejada, 2012). For instance,
in a given period, lemons disappear from the market or reach prices
so high that most consumers cannot afford. The same happens with
other tropical fruits, such as avocado, mango, pineapple, and others.
An alternative to mitigate the inconveniences faced by lemon produc-
ers and consumers is processing the fruits during the high-production
season. Dehydration of Persian lemon juice was performed due to its
nutritional characteristics, short shelf life, and variability in the be-
havior of prices, given the seasonality of its production.

2 | MATERIALS AND METHODS

2.1 | Raw materials

The fruits of Citrus latifolia Tanaka were acquired in Santiago de los
Caballeros, Dominican Republic, and were used to obtain the drying aid,
according to Alcantara and Escotto’s (2014) methodology. Maltodextrin

DE 10 was used for the encapsulation of the control treatment.

2.2 | Experimental design

For this study, a completely randomized design was used to evalu-
ate the effect of five concentrations of encapsulant from Citrus
paradisi (0.4, 0.8, 1.2, 1.6, and 2.0%) as independent variables
on yield, physicochemical characteristics (pH level, water activ-
ity, and solids soluble), and composition (moisture, protein, ash,

carbohydrate content, total phenolic compounds, total flavonoids,
and ascorbic acid) of the encapsulated lemon juice. Additionally,
1.2% maltodextrin 10 DE was used as a control. In total, there
were six treatments with three replicates, resulting in 18 experi-
mental units.

2.3 | Process for the lemon (Citrus latifolia Tanaka)
juice encapsulation

The fruits of C. latifolia Tanaka were received in the Food Processing
Plant of ISA University and then weighed and selected according
to color, size, and appearance (without physical defects). After se-
lection, they were treated with a sodium hypochlorite solution at
100 ppm and allowed to drain for 10 min. Then, they were weighed
again and split into two halves. The juice was extracted using manual
juicers and filtered using a No. 32 mesh Tyler sieve.

The treatments were prepared by adding 0.5% of tricalcium
phosphate as an anti-adherent (to avoid stickiness and decrease the
encapsulated product’s hygroscopicity), and the concentration cor-
responded to the encapsulating agent (i = 0.4,0.8, 1.2, 1.6, and 2.0%
pulverized grapefruit mesocarp; 1.2% maltodextrin DE 10). The per-
centages were established based on the lemon juice. It was mixed in
an Osterizer 4655 electric mixer at full speed for a minute, filtered
through a No. 32 Mesh Tyler sieve, to retain any possible particles
and avoid obstructions in the atomization needle, and then dried in
the Spray Dehydrator YC-015 SD.

The drying conditions were kept constant: inlet air temperature
130°C, spray air pressure of 3.4 bar, air blower: 4 kg/cmz, feed rate:
0.9 L/hr, outlet air temperature 75°C. The particle size was 0.7 mm.

The obtained powder was immediately packed and vacuum

sealed in bags. It was stored at 25°C until evaluation.

2.4 | Evaluated variables

2.4.1 | Yield

Yield was evaluated using the methodology described by Lozano
(2009), applying the following formula:
9%Yield = Grams obtained
%Yield= Grams offered 100
The values of grams offered were calculated from the grams of
material, and the juice volume was used as the starting material, ac-
cording to the following equation:

Grams offered =g material +Vol. Juice (L) x [Juice](°Brix) x 10

2.4.2 | Physicochemical variables
Samples were prepared by dissolving 1 g of encapsulated lemon
juice in 10 ml of water for the evaluation of the physicochemical vari-
ables, except for water activity, moisture, protein, and ash, for which
the powder was used directly.

pH: This determination was made by potentiometry at 20°C
using a Hach SenslION+ 5050T pH meter.
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Water activity was determined using the Rotronic HygroPalm
(HP-23), by placing 1 g of encapsulated lemon juice in the cell of the
device and waiting for the reading.

Soluble solids were determined using the method 11-15 of Hart
and Fisher (1971), using a refractometer (Atago).

2.4.3 | Compositional variables

Moisture was determined according to the International AOAC
Method (934.01), using the following formula:

Wet sample weight — Dry sample weight
Wet sample weight

Moisture Content(%) = x 100

Proteins were determined according to Method 2001.11 of the
International AOAC.

Ash was determined using Method 923.03 of the International
AOAC.

Carbohydrates were determined by applying the phenol-sulfuric
method (Dubois, Gilles, Hamilton, Rebers, & Smith, 1956). The in-
tensity of the orange color was read at 480 nm on a Hach DR 3900
spectrophotometer, against a target prepared in the same manner
using water. The amount of carbohydrates present in the sample was
calculated from a standard curve prepared with the carbohydrate of
interest, treated in the same way as the problem.

Total phenolic compounds were determined using the Folin-
Ciocalteu technique (AOCS, 1990). The calibration curve was pre-
pared using a gallic acid standard solution (0.1 mg/ml); to determine
the phenols in the sample, the absorbance was measured at 760 nm
on the Hach DR 3900 spectrophotometer. The results were ex-
pressed as mg of gallic acid equivalent per g sample.

Flavonoids content was determined using Liu etal’s (2002)
method: a calibration curve was prepared using a standard querce-
tin solution (0.1 mg/ml). The absorbance was measured at 510 nm
immediately before 30 min, using the Hach DR 3900 spectropho-
tometer. The results were expressed as mg of quercetin equivalent

per g sample.

Ascorbic Acid: was determined using the method reported by
Hung and Yen (2002). The calibration curve was prepared with ascor-
bic acid, oxalic acid, and distilled water. Absorbance was adjusted to
zero, samples were prepared (100 ul aqueous extract, with 900 ul of
2,6 dichlorophenolindofenol), and vitamin C was measured on the
Hach DR 3900 spectrophotometer at a wavelength of 515 nm. The
results were expressed as mg of ascorbic acid equivalent per gram

of sample.

2.5 | Statistical analysis

The obtained data were evaluated by one-way ANOVA. Means
were separated using Tukey’s test (p < 0.05). These analyses were
performed using Statistix version 8.0. For the representation of the
results, the arithmetic mean was used as the central measure £ SD
of three replicates; for the means separation, the Tukey test was ap-
plied with a 95% reliability.

3 | RESULTS AND DISCUSSION

3.1 | Effect of different concentrations of
encapsulant retrieved from Citrus paradisi Macf.
mesocarp on yield of spray-dried lemon juice

Figure 1 shows the results of the encapsulated lemon juice yield
obtained in this investigation. The yield ranged from 28.15% to
46.76%, corresponding the highest value to the T,, treatment,
followed by the T,, treatment (38.31%) and the control (36.67%).
These results can be explained by Caliskan and Dirim’s (2013) ar-
gument, who state that an increase in the amount of encapsulating
agent after a certain interval is not efficient in yields but increases
the process cost. Similarly, Fang and Bhandari (2012) found that
increasing the maltodextrin concentration above 30% does not
have a significant effect on the increase in obtained product yield,
considering this concentration as the amount required for a suc-
cessful drying process of berry juice. In contrast, Mendoza (2015)

Yield of Spray-dried Lemon Juice
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stated that as the concentration of maltodextrin increases from
20% to 30%, the yield of the product increases because the con-
tent of solids in the formulation increases. This is because malto-
dextrin also causes an increase in the particles size, which makes
them less fine; the lowest yield (48.08%) was obtained using 15%
of maltodextrin, while the highest value was 74.85% for the treat-
ment, with 30% of this encapsulant.

The yield values found in this study are similar to those ob-
tained by Rivas (2010), who observed a 42% yield for cherimoya
juice. However, they are well below the values obtained by Lozano
(2009) for microencapsulates of Opuntia stricta juice by spray-
drying (51% in the absence of drying aid, and 60-70% with fructo-
oligosaccharides), which is probably due to the high sugar content
of citrus juices that causes the product to adhere to the walls of the
equipment.

The low values of yield reported in this research can be ex-
plained by Lopez, Carvajal, and Millan’s (2009) argument, who
concluded that a high concentration of total solids in the product
is a critical factor in increasing yield in the drying process. The
authors estimated that 40% was the minimum soluble solids con-
tent expected to get a good yield; therefore, they used 39.95% of
maltodextrin (with 21% dextrose equivalents) to dry banana pulp
by spray and obtained a 67% yield. Similarly, Sansone et al. (2011)
indicate that a pectin concentration lower than 1% in the feed
solution is unable to form well-coated droplets, resulting in the
loss of core material during spray-drying (poor retention of solids
after drying).

On the other hand, Romero, Lamuela, Andres, and de La Torre
(2001) state that exposure to high temperatures over a prolonged
period decreases yield due to the thermal degradation of the com-
pounds. Jun-xia, Hai-yan, and Jian (2010) explain that the pH level
significantly affects the coacervation between soy isolate protein
and gum arabic: pH values of 3.5 or lower result in a significant re-
duction in coacervate yield.

Moser, Souza, and Nicoletti (2017), using mixtures of whey pro-
tein concentrate/maltodextrins and soy isolate protein/maltodex-
trin, reported that regardless of the protein used, the concentration
of the drying aid had a significant effect (p < 0.05) on yield (with val-
ues between 3.15-75.58%).

Encapsulant concentra- Hydrogen potential

3.2 | Effect of different concentrations of
encapsulant retrieved from Citrus paradisi mesocarp
on the physicochemical characteristics of spray-dried
lemon juice

According to the results of the physicochemical characteristics of
encapsulated lemon juice (Table 1), the concentration of pulverized
mesocarp from C. paradisi Macf. significantly affects the studied
variables.

Tonon, Brabet, and Hubinger (2008) argue that the final charac-
teristics of a powdered product obtained by spray-drying depend
on some process variables, such as liquid characteristics (solids and
viscosity). Zapata, Rojano, and Cortes (2015) ensure that through
the drying processes, to which the fruit juices are subjected, various
physicochemical changes are generated; they indicate that because
the heat directly interferes with spray-drying, thermal degradation
is the most important deteriorating phenomenon.

The results of the present study are corroborated by what was
observed by Mendoza (2015), who indicated that all his response
variables presented significant differences with respect to the per-
centage of maltodextrin used to spray-dry a whey-based and mango
pulp-based products.

The mean pH values of the treatments of this research (Table 1)
are statistically equal to those of the control, with the exception
of the Ty, treatment (juice with 0.4% of encapsulating agent of
grapefruit mesocarp); they are also similar to those found by Badillo
(2011) for Persian lemon dehydrated in microwaves and dehydrated
in trays, corresponding to 3.2-3.5, respectively. Badillo (2011) ex-
presses that acidity increases in dehydrated products because their
salts dissociate. The results obtained could also be due to the occur-
ring temperature gradients that cause water diffusion and change its
properties in the interior of the foods (Rocca, 2010).

Regarding water activity (Table 1), the results show that the
treatments with 1.6% and 2.0% encapsulating agent are statistically
equal to the control; whereas, the other treatments are equal to each
other, but different from the control. This difference was found by
increasing the encapsulant concentration, perhaps because diffus-
ing water through it is difficult. According to Torres (2009), when

the additive amount (encapsulant) is low, very unstable particles are

TABLE 1 Results for the
physicochemical characteristics of
spray-dried lemon juice

Soluble solids
(°Brix)

tion (%) (pH) Water activity (Aw)
0.4 3.041+0.01° 0.3653 +0.01°
0.8 3.073£0.01° 0.3637 + 0.00°
1.2 3.079 +0.00° 0.3687 +0.00°
1.6 3.072 £ 0.00° 0.33300.01°
2.0 3.063 + 0.00% 0.3310 + 0.00°
1.2 Maltodextrin 3.078 £0.01° 0.3393+0.01°

8.60 + 0.53°
10.33 £ 0.58%
9.50 + 0.79°
8.93 £0.15"°
11.33 +0.58?
8.93+0.11%

Equal letters in the same column indicate that there is no significant statistical difference (p > 0.05)

between the means of the evaluated treatments.
Values placed after the + symbol indicate standard deviation.
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formed, which undergo some collapse during the drying process,
giving high values of water activity; the lowest values corresponded
to the treatments with higher encapsulant concentrations perhaps
because in these cases, the particles showed more stability against
the temperature, resulting in a more efficient drying.

Mendoza (2015) suggests that at a high spray rate (26,000 rpm)
and constant temperature, the increase in the maltodextrin concen-
tration leads to the formation of larger particles, with greater area of
heat and mass transfer, decreasing product moisture and its aw. This
argument is also confirmed by Torres (2009), who states that drying
and concentration processes are used to reduce the water content
of a food. Thus, he found that the composition and inlet air tempera-
ture influence the value of aw of the dehydrates by increasing sol-
utes concentration and decreasing water activity; he concluded that
with a high additive amount (22% maltodextrin) and high inlet air
temperature (150°C), lower values (0.165) and therefore more stable
solids are obtained.

Additionally, Rodriguez, Gonzalez, Grajales, and Ruiz (2005)
tested for the atomized fig juice, whose dry powder particles were
very hygroscopic when the particles had little amount of additive, so
that once the powder was formed, being suspended in the humid air,
they could be partially hydrated.

The evaluated samples presented aw values between 0.3310
and 0.3687, similar to those obtained by Mendoza (2015), who ob-
tained values between 0.205 and 0.368; these values are also close
to those reported by Queck, Chok, and Swedlund (2007) in the dry-
ing of watermelon juice (aw ~ 0.3), which according to the mentioned
author, allows to consider these food products as microbiologically
stable, having a lower water content available for the development
of biochemical reactions (aw < 0.6). Marques, Ferreira, and Freire
(2007) and Caliskan and Dirim (2013) report that values from 0.2 to
0.4 ensure the stability of the product against reactions of darken-
ing and hydrolytic reactions, lipid oxidation, autoxidation, and enzy-
matic activity.

On the other hand, Sahin, Dincer, Torun, Topuz, and Ozdemir
(2013) reported that the increase in the concentration of

TABLE 2 Results of the composition of spray-dried lemon juice

Encapsulant

CWILEY- -2

encapsulating agents slightly reduced the water activity value, but
not significantly. Congruent results were published by Carrillo et al.
(2011), Fang and Bhandari (2012), Fazaeli, Emam, Kalbasi, and Omid
(2012), and Bustos, Yanez, and Barragan (2013).

The soluble solids’ results obtained in this research (Table 1)
show that the treatments evaluated are statistically equal to control,
except for the treatment with 2.0% of encapsulating agent. These
values are within the range reported by Kimball (2002) and Mendoza
(2003) for dehydrated lemon (8 and 15°Brix). However, these are
lower than the value published by Rivas (2010), which corresponds
to 24 °Brix; this difference could be because the author used 50%
of maltodextrin as an encapsulating agent. On the other hand, Lopez
et al. (2009) obtained 46.44 °Brix using 39.95% maltodextrin to dry
banana pulp by spray-drying.

3.3 | Effect of different concentrations of
encapsulant retrieved from Citrus paradisi mesocarp
on spray-dried lemon juice composition

Mendoza (2015) asserts that the proportion of nutrient content in
the products evidences the influence of the materials and process-
ing process.

Table 2 contains the mean values of the nutritional prop-
erties evaluated in encapsulated Persian lemon juices. For the
moisture content, it was determined that only the treatment
with 0.8% of encapsulating agent is statistically different from
the control; the other treatments presented equal or lower
moisture percentages, this being a favorable characteristic for
the encapsulated product. The highest value was obtained with
0.4% of the encapsulating agent and the control, whereas the
lowest value was reported for the concentration of 0.8%. This
value is contrary to what was published by Naddaf, Avalo, and
Oliveros (2012) who found that the encapsulant that provided
the highest moisture protection was 5% maltodextrin, when nat-
ural orange juice was spray-dried using maltodextrin and gum
arabic as carrier agents.

concentration (%) 0.4 0.8 1.2 1.6 2.0 1.2 Maltodextrin
Moisture (%) 5.67 +0.58° 3.67 £0.58° 5.33+0.58% 4,00 +0.00%° 4.33+0.58% 5.67 £1.15°
Protein (%) 2.12 +0.02° 2.09 +0.04° 2.10 + 0.06° 1.90 +0.21? 2.01+0.15° 1.92 +0.06
Ash (%) 16.07 +0.23? 15.60 +0.53% 15.33 +0.23%¢ 14.87 + 0.11°¢ 14.63 + 0.15¢ 14.73 + 1.14"
Carbohydrates’ 15.16 + 0.62° 16.99 +0.23° 16.70 + 0.62 16.95 + 0.97° 19.16 + 0.20° 15.06 + 0.71°
TPC 100.47 + 0.49° 117.22 + 0.49¢ 122.05 + 1.65° 138.81 + 0.49° 143.00 + 1.412 91.70 + 1.15
TF 0.113 + 0.00° 0.178 + 0.00¢ 0.179 + 0.00¢ 0.185 + 0.00¢ 0.307 + 0.00° 0.300 + 0.00°
AA 53.61 + 0.00° 147.74 + 0.86° 180.18 + 0.00° 209.43 +2.27° 304.07 + 2.37° 113.18 + 2.87°

TPC, Total Phenolic Compounds (mg Gallic Acid Equivalents/g sample); TF, Total Flavonoids (mg Quercetin Equivalents/g sample); AA, Ascorbic acid

(mg Ascorbic Acid Equivalents/g sample).

Equal letters in the same line indicate that there is no significant statistical difference (p > 0.05) between the means of the evaluated treatments.

Values placed after the + symbol indicate standard deviation.
*(mg Glucose Equivalents/g sample).
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The moisture content of all the treatments evaluated in this
study is similar (2-6%) to that reported by Castro (2014) for spray-
dried clarified purple nopal juice and to that observed by Saenz,
Tapia, Chavez, and Robert (2009) for drying of nopal juice. They are
also congruent with those found by Mendoza (2015), who reported
values between 1.48% and 5.84%, the highest corresponding to the
lowest concentrations of maltodextrin used; additionally, the prod-
uct moisture changed from 4.70% to 2.52% by increasing the malto-
dextrin concentration from 20% to 30%. Similarly, Mishra, Mishra,
and Lata (2013) reported that the increase in maltodextrin concen-
tration significantly decreases the moisture content of the powder
obtained from amla currant juice (5.6%-3.8%, with maltodextrin val-
ues of 5%-9%).

These facts can be explained with what is exposed by Abadio,
Domingues, Borges, and Oliveira (2004), who state that in a spray-
drying system, the water content of the feed effects the final mois-
ture content of the powder obtained. The authors explain that the
addition of maltodextrin to feed before drying increases the total
solids content and reduces the amount of water available for evapo-
ration, which according to Queck et al. (2007), means that powders
with lower moisture content could be obtained by increasing the
percentage of added maltodextrin.

Table 2 shows that the concentration of the encapsulating agent
used does not affect the protein content of the dehydrated product;
the treatments evaluated are statistically equal to the control. The
values found are higher than reported by Caez and Jaraba (2012)
for mango juice encapsulated with maltodextrin (0.59%) and close
to that observed by Mendoza (2015) for the powdered product ob-
tained from whey and mango pulp (2.56%).

On the other hand, Naddaf et al. (2012) found that the best pro-
tective matrix of proteins was the maltodextrin at 5% and 7% when
spray-drying natural orange juice using maltodextrin and gum arabic.

Concerning the ash content, only the treatment with 0.4% of
the encapsulating agent is different from the control and is the
one with the highest value (16.07%). In general, the ash content
decreased as the concentration of the added encapsulating agent
increased.

The ash percentages found are higher than the values obtained
by Caez and Jaraba (2012), who reported 0.429% of ash in mango
juice microencapsulated with maltodextrin DE 19. These values are
also higher than those obtained by Rivas (2010) in enzymatically
stabilized cherimoya juice that was microencapsulated using 50% of
maltodextrin, corresponding to values between 1.23% and 2.12%.
Contrary to what was published by Badillo (2011), who expresses
that the ash percentage increases with dehydration because of
the desiccation progresses, the water content decreases in Persian
lemon dehydration in microwaves and trays, allowing the minerals
elements be in higher concentration.

The results obtained for carbohydrates show that only the
T,, and T,, treatments are equal to the control; the others pres-
ent a greater amount of carbohydrates, indicating that the pul-
verized grapefruit mesocarp has greater protective effect of this
variable.

Table 2 shows that the treatments evaluated are statistically dif-
ferent from each other. The content of total phenolic compounds
of the different treatments is greater than the control and as the
concentration of encapsulant increases, so does the value of the
phenolic compounds; therefore, it could be said that higher the con-
centrations of the encapsulating agent of pulverized grapefruit me-
socarp, the greater protective effect of this variable.

Contrary to the results obtained in this research, Vergara,
Guerrero, and Salazar (2009), who evaluated the antioxidant agents
of a microencapsulated Jamaica flower extract using mesquite gum
at concentrations of 1, 2, 3, 4, and 5%, affirmed that the concentra-
tion of mesquite gum did not have a significant effect on the content
of phenolic compounds, concluding that all treatments had the same
protective effect.

On the other hand, Cardona, Hee, and Talcott (2009) reported
losses of 21.5% of Muscadine grape phenolic compounds in a spray-
drying process without the encapsulating agent.

The total flavonoid content for the control was higher (0.300 mg
Quercetin Equivalents/g sample) than the other treatments evalu-
ated in the investigation, except for the T,, treatment, which had
a higher content. These results suggest that increasing the amount
of the encapsulant gives higher content of total flavonoids, perhaps
because of the protective effect it offers.

Munguia, Castillo, and Elorza (2014) microencapsulated the ac-
tive compounds of nopal (Opuntia ficus-indica) samples, using seyal
gum, Senegal gum, and maltodextrin as encapsulating agents; they
determined that the flavonoids of the analyzed samples had greater
protection and stabilization/stability when gum arabic and seyal
gum are used as wall materials because they provide protection
during the encapsulation.

According to the results obtained for ascorbic acid content, Table 2
shows that only the treatment with 0.4% of pulverized grapefruit me-
socarp has a lower content of ascorbic acid than the control, so that
the other treatments provide better results, which favors the research.
The data shown further suggest that the ascorbic acid content also in-
creased as the encapsulant concentration is increased. The treatment
that showed greater protection to ascorbic acid was the encapsulating
agent of grapefruit with a concentration of 2.0%.

In Gonzalez, Gonzalez, and Rosales’s (2011) spray-dried study
of watermelon juice (Citrullus lanatus Thunb) using maltodextrin and
gum arabic as encapsulating agents at concentrations of 0.5% and a
mixture of both at the concentration of 0.5%, they determined that
the treatment corresponding to 0.5% of the mixture of maltodextrin
DE 10 and gum arabic (1: 1) w / w was better; they stated that in
this treatment, the volatile compounds in the spray-dried powdered
watermelon product did not show significant difference against the
original extract.

The findings in this study are also confirmed by Liu (2014), who
states that the pectin-starch relation influences the physical and
functional properties of the encapsulated ascorbic acid micropar-
ticles; their results suggested that the proportion of starch-pectin
influenced the encapsulation efficiency of ascorbic acid more than
the type of starch.
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The yield of the encapsulated lemon juice is significantly influenced
using different concentrations of pulverized grapefruit mesocarp
(0.4, 0.8, 1.2, 1.6, and 2.0%). The concentrations of pulverized
mesocarp from creole grapefruit (C. paradisi Macf.), used in this re-
search, significantly affect the evaluated physicochemical charac-
teristics (pH, water activity, and soluble solids) of the encapsulated
lemon juice. Raising the encapsulant concentration increases the
pH level and decreases the water activity of the encapsulated juice.

Using different concentrations of pulverized grapefruit mesocarp
(0.4,0.8, 1.2, 1.6, and 2.0%) has a significant influence on the com-
position of the encapsulated lemon juice (percentage of moisture,
ash, carbohydrate content, total phenolics, flavonoid content, and
ascorbic acid content), except for the protein content of the juices.
As the concentration of drying aids increases, so does the content of
bioactive components. From the doses used in this research, it was
determined that 1.2% of grapefruit mesocarp could be used as an

encapsulant for lemon juice during spray-drying.

ACKNOWLEDGMENTS

The authors thank Murcia and ISA Universities, and the FONDOCYT

of the Dominican Republic.

ETHICAL STATEMENTS

This study does not involve any human or animal testing.

CONFLICT OF INTEREST

None declared.

ORCID

Yanilka Alcantara Marte http://orcid.org/0000-0002-6145-4984

REFERENCES

AOAC. (2000). Official methods of analysis of AOAC. International 17th edi-
tion. Gaithersburg, MD, USA Association of Analytical Communities.

Abadio, F., Domingues, A., Borges, S., & Oliveira, V. (2004). Physical
properties of powdered pineapple (Ananas comosus) juice - ef-
fect of maltodextrin concentration and atomization speed. Journal
of Food Engineering, 64, 285-287. https://doi.org/10.1016/].
jfoodeng.2003.10.010

Alcantara, Y., & Escotto, A.(2014). Efecto de dos Métodos de Deshidratacion
y dos Grosores de Ldmina de Mesocarpo de Toronja Criolla (Citrus paradisi
Macf) sobre Caracteristicas Fisicoquimicas de un Agente Encapsulante.
Professional Postgraduate Report. Universidad ISA.

Alcantara, Y., & Tejada, J. (2012). Establecimiento de Protocolos para
la Conservacién de Acidos Naturales de Citricos. Universidad ISA,
Santiago de los Caballeros, Dominican Republic: FONDOCYT.

AOCS (1990). In: Official methods and recommended practices of the
American Oil Chemicsts’ Society, 4th edn. Champaign, IL: American Oil
Chemists’ Society.

CWILEY-2

Arellano, C.(2011). Extraccién de Luteina a partir de Flores de Tagete (Tagete
erecta) y Estabilizacién por Microencapsulacion. Thesis. University of
Chile.

Badillo, M. (2011). Estudio Comparativo del Potencial Nutritivo del Limén
Persa (Citrus latifolia tanaka) Deshidratado en Secador de Bandejas y en
Microondas. Thesis. Polytechnic School of Chimborazo, Riobamba,
Ecuador. Identifier: UDCTFC; 56T00258.

Beristain, C. (1996). Estudio de las Propiedades Termodindmicas de
Microencapsulados por Hidrocoloides Naturales Obtenidos por Secado
por Aspersion y de la Relacion con su Estabilidad. Doctoral Thesis.
Universidad Auténoma Metropolitana Iztapalapa. ID oai:tesiuami.izt.
uam.mx:921.

Bustos, C., Yanez, J., & Barragan, B. (2013). Thermal and pH sta-
bility of spray-dried encapsulated astaxanthin oleoresin from
Haematococcus pluvialis using several encapsulation wall materials.
Food Research International, 54, 641-649. https://doi.org/10.1016/j.
foodres.2013.07.061

Caez, K., & Jaraba, N. (2012). Microencapsulacién del Jugo de Mango
(Mangifera indica L.) para la Obtencién de un Concentrado con la
Utilizacion de Maltodextrina como Material Pared. Thesis. University
of Cartagena.

Caliskan, G., & Dirim, N. (2013). The effects of the different drying con-
ditions and the amounts of maltodextrin addition during spray dry-
ing of sumac extract. Food and Bioproducts Processing, 91, 539-548.
https://doi.org/10.1016/j.fbp.2013.06.004

Cardona, J., Hee, L., & Talcott, S. (2009). Color and polyphenolic stabil-
ity in extracts produced from muscadine grape (Vitis rotundifolia)
Pomace. Journal of Agriculture and Food Chemistry, 57(18), 8421-
8425. https://doi.org/10.1021/jf901840t

Carrillo, H., Gonzélez, D., Cruz, J., Barrera, J., Roman, A., & Pérez, C.
(2011). Storage stability and physicochemical properties of pas-
sion fruit juice microcapsules by spray-drying. Revista Mexicana de
Ingenieria Quimica, 10(3), 421-430.

Castafieta, H., Gemio, R., Yapu, W. & Nogales, J. (2011).
Microencapsulacién, un Método para la Conservacion de
Propiedades Fisicoquimicas y Bioldgicas de Sustancias Quimicas.
Revista Boliviana de Quimica, 28(2), 135-140.

Castro, R. (2014). Efecto del Secado por Aspersién en la Estabilidad de
Componentes Bioactivos de Tuna Morada (Opuntia ficus-indica). Thesis
of Master. National Polytechnic Institute, Mexico Federal District.
http://hdl.handle.net/123456789/19733.

Dubois, M., Gilles, K., Hamilton, J., Rebers, P., & Smith, F.(1956). Colorimetric
method for determination of sugars and related substances. Analytical
Chemistry, 28(3), 350-356. https://doi.org/10.1021/ac60111a017

Fang,Z.,&Bhandari,B.(2012). Comparingtheefficiency of proteinand malto-
dextrin on spray drying of bayberry juice. Food Research International,
48, 478-483. https://doi.org/10.1016/j.foodres.2012.05.025

Fazaeli, M., Emam, Z., Kalbasi, A., & Omid, M. (2012). Effect of spray
drying conditions and feed composition on the physical properties
of black mulberry juice powder. Food and Bioproducts Processing, 90,
667-675. https://doi.org/10.1016/j.fbp.2012.04.006

Fennema, O. (1993). Quimica de los Alimentos. Ed. Acribia, S. A. Zaragoza,
Espaiia. 1095 p.

Gonzalez, H., Gonzalez, S., & Rosales, T. (2011). Caracterizacién de com-
puestos volatiles durante el Secado por Aspersién de Jugo de Sandia
(Citrullus lanatus T.). Investigacién y Ciencia, 51(19), 10-15.

Gouin, S. (2004). Microencapsulation industrial appraisal of existing
technologies and trends. Trends in Food Science & Technology, 15,
330-347. https://doi.org/10.1016/j.tifs.2003.10.005

Hart, F., & Fisher, H. (1971). Andlisis Moderno de los Alimentos. Editorial
Acribia. I.5.B.N.:84-200-0297-6.

Hung, C., & Yen, G. (2002). Antioxidant activity of phenolic compounds
isolated from mesona procumbens hemsl. Journal of Agricultural
and Food Chemistry, 50(10), 2993-2997. https://doi.org/10.1021/
jf011454y


http://orcid.org/0000-0002-6145-4984
http://orcid.org/0000-0002-6145-4984
https://doi.org/10.1016/j.jfoodeng.2003.10.010
https://doi.org/10.1016/j.jfoodeng.2003.10.010
https://doi.org/10.1016/j.foodres.2013.07.061
https://doi.org/10.1016/j.foodres.2013.07.061
https://doi.org/10.1016/j.fbp.2013.06.004
https://doi.org/10.1021/jf901840t
http://hdl.handle.net/123456789/19733
https://doi.org/10.1021/ac60111a017
https://doi.org/10.1016/j.foodres.2012.05.025
https://doi.org/10.1016/j.fbp.2012.04.006
https://doi.org/10.1016/j.tifs.2003.10.005
https://doi.org/10.1021/jf011454y
https://doi.org/10.1021/jf011454y

ALCANTARA MARTE ET AL.

268

Jun-xia, X., Hai-yan, Y., & Jian, Y. (2010). Microencapsulation of sweet or-
ange oil by complex coacervation with soybean protein isolate/gum
arabic. Food Chemistry, 125(2011), 1267-1272.

Kimball, D. (2002). Procesado de Citricos, Segunda Edicién. Zaragoza -
Espafia: Acribia. ISBN: 9788420009650.

Liu, Y. (2014). Starch-pectin matrices for encapsulation of ascorbic acid.
Dissertations & Theses in Food Science and Technology Department.
University of Nebraska, Lincoln.

Liu, M., Li, X., Weber, C., Lee, C., Brown, J., & Liu, R. (2002). Antioxidant
and antiproliferative activities of raspberries. Journal of Agriculture and
Food Chemistry, 50, 2926-2930. https://doi.org/10.1021/jf0111209

Lopez, B., Carvajal, L., & Millan, L. (2009). Establishing of the conditions
of the blend of Pulp with Banana (Musa paradisiaca L.) to submit spray
drying. Vitae, 16(3), 287-296. ISSN 0121-4004

Lozano, M. (2009). Obtencién de Microencapsulados Funcionales de
Zumo de Opuntia stricta Mediante Secado por Atomizacién. Thesis:
Polytechnic University of Cartagena.

Marques, L., Ferreira, M., & Freire, J. (2007). Freeze-drying of Acerola
(Malpighia glabra L.). Chemical Engeneering Process, 46, 451-457.
https://doi.org/10.1016/j.cep.2006.04.011

Mendoza, L. (2003). Evaluacién de los Carotenoides Presentes en la Cdscara
de Naranja (Citrus sinensis L.) variedad California (Washington novel) y
Pineaple Criolla. Grade work. UNESR. Caonabo, Venezuela.

Mendoza, F.(2015). Evaluacién de las Condiciones de Secado por Aspersion de
un Producto a Base de Lactosuero y Pulpa de Mango Variedad Magdalena
River (Mangifera indica) Adicionado con Bifidobacterium bifidum. Thesis
of Master in Agro-alimentary Sciences. University of Cordoba.

Mishra, P., Mishra, S., & Lata, M. (2013). Effect of maltodextrin
concentration and inlet temperature during spray drying on
physicochemical and antioxidant properties of Amla (Emblica offic-
inalis) juice powder. Food and Bioproducts Processing, 21, 428-434.

Moser, P., Souza, R. T., & Nicoletti, T. V. (2017). Spray drying of grape juice
from hybrid CV. BRS Violeta: Microencapsulation of anthocyanins using
protein/maltodextrin blends as drying aids. Journal of Food Processing
and Preservation, 41, €12852. https://doi.org/10.1111/jfpp.12852

Munguia, A., Castillo, J., & Elorza, A. (2014). Determinacién De Actividad
Antioxidante y Microencapsulacién de Compuestos Activos de
Opuntia Ficus indica. Tlatemoani, (16), 1989-9300.

Naddaf, L., Avalo, B., & Oliveros, M. (2012). Secado por aspersién de jugo
natural de naranja utilizando los encapsulantes maltodextrinay goma
arabiga. Revista Tecnica De La Facultad De Ingenieria Universidad Del
Zulia, 35(1), 20-27.

Queck, S., Chok, N., & Swedlund, P. (2007). The physicochemical properties
of spray dried watermelon powders. Chemical Engineering and Processing,
46(5), 386-392. https://doi.org/10.1016/j.cep.2006.06.020

Rivas, C. (2010). Microencapsulacién y Estabilizacion Enzimdtica del Jugo de
Chirimoya (Annona cherimola Mill). Doctoral dissertation, Thesis to opt
for the title of Mg in Sciences in Bioprocesses. National Polytechnic
Institute, UPIBI, Mexico.

Rocca, P. (2010). Secado de Alimentos por Métodos Combinados:
Deshidratacion osmética y secado por microondas y aire caliente. Thesis
of Master. Buenos Aires.

Rodriguez, G., Gonzélez, R., Grajales, A., & Ruiz, M. (2005). Spray-drying of
Cactus Pear Juice (Opuntia streptacntha): Effect on the Physicochemical
Properties of Powder and Reconstituted Product. Drying Technology,
23, 955-973. https://doi.org/10.1080/DRT-200054251

Romero, A., Lamuela, R., Andres, C., & de La Torre, M. (2001). Methods
for the quantitative extraction of resveratrol and piceid isomers in
grape berry skins. Effect of powdery mildew on the stilbene content.
Journal of Agricultural and Food Chemistry, 49, 210-215. https://doi.
org/10.1021/jf0007450

Saenz, C., Tapia, S., Chavez, J., & Robert, P. (2009). Microencapsulation
by spray drying of bioactive compounds from cactus pear (Opuntia fi-
cus-Indica). Food Chemistry, 114(2), 616-622. https://doi.org/10.1016/j.
foodchem.2008.09.095

Sahin, H., Dinger, C., Torun, M., Topuz, A., & Ozdemir, F. (2013). Influence
of inlet air temperature and carrier material on the production of
instant soluble sage (Salvia fruticosa Miller) by spray drying. Food
Science and Technology, 52, 31-38.

Sansone, F., Mencherini, T., Picerno, P., d’Amore, M., Aquino, R., & Lauro,
M. (2011). Maltodextrin/pectin microparticles by spray drying as
carrier for nutraceutical extracts. Journal of Food Engineering, 105,
468-476. https://doi.org/10.1016/j.jfoodeng.2011.03.004

Tonon, R., Brabet, C., & Hubinger, M. (2008). Influence of process con-
ditions on the physicochemical properties of acai (Euterpe oleraceae
Mart.) powder produced by spray drying. Journal of Food Engeneering,
88, 411-418. https://doi.org/10.1016/j.jfoodeng.2008.02.029

Torres, M. (2009). Deshidratacién de Productos Derivados de la Uva y
Estudio de su Calidad y Estabilidad. Doctoral thesis. Universidad de
Castilla, La Mancha, Ciudad Real.

Vergara, F., Guerrero, J., & Salazar, C. (2009). Evaluacién de Agentes
Antioxidantes de un Extracto de Flor de Jamaica Microencapsulado.
Puebla, Mexico: University of The Americas.

Zapata, K., Rojano, B., & Cortes, F. (2015). Efecto Térmico del Secado por
Aspersion sobre los Metabolitos Antioxidantes de la Curuba Larga
(Passiflora mollisima Baley). Informacién Tecnolégica, 26(1), 77-84.
https://doi.org/10.4067/50718-07642015000100009

How to cite this article: Alcantara Marte Y, Alcantara Marte Y,
Tejada AE, Ros Berruezo G. Effect of different concentrations
of pulverized mesocarp of Citrus paradisi Macf. on the
bromatological characteristics of spray-dried lemon juice
powder. Food Sci Nutr. 2018;6:1261-1268. https://doi.
org/10.1002/fsn3.679



https://doi.org/10.1021/jf0111209
https://doi.org/10.1016/j.cep.2006.04.011
https://doi.org/10.1111/jfpp.12852
https://doi.org/10.1016/j.cep.2006.06.020
https://doi.org/10.1080/DRT-200054251
https://doi.org/10.1021/jf000745o
https://doi.org/10.1021/jf000745o
https://doi.org/10.1016/j.foodchem.2008.09.095
https://doi.org/10.1016/j.foodchem.2008.09.095
https://doi.org/10.1016/j.jfoodeng.2011.03.004
https://doi.org/10.1016/j.jfoodeng.2008.02.029
https://doi.org/10.4067/S0718-07642015000100009
https://doi.org/10.1002/fsn3.679
https://doi.org/10.1002/fsn3.679

