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Phenolic compounds are secondary metabolites in plants that also have health effects. Due to the
effect of synthetic antioxidants on human health, there is a growing tendency to replace them with
natural antioxidants. This research aims to investigate the beneficial properties of borage extract (BE)
and black hollyhock extract (BHE). First, the BE and BHE were encapsulated with whey protein and
maltodextrin at 90:10, 50:50, 10:90 ratio by freeze drying method. Then, the analytical characteristics
of BE and BHE were investigated. The amount of encapsulation of anthocyanin increased when the
capsule had a higher whey protein content. In the encapsulation powder extract of BE and BHE with
a whey protein ratio of 90 to 10 maltodextrin, the lowest amount of moisture and solubility was
observed. When comparing the bulk density of the encapsulated extract of BE and BHE, no
significant difference was observed, and the type of extract had no effect on the powder density. The
combination of coating materials with a ratio of 10 maltodextrin to 90 whey protein has the highest
encapsulation efficiency. Capsules with higher levels of whey protein were thicker walled capsules.
Therefore, the optimal treatment was the capsule with a concentration of 90% whey protein and 10%

Freeze-Drying maltodextrin.

© 2021, Science and Research Branch, Islamic Azad University. All rights reserved.

1. Introduction

Phenolic compounds have displayed antioxidant,
antimicrobial, anti-inflammatory and anticancer activities (1)
containing phenolic compounds from Herbs. Despite this fact,
their demand and use in food is limited due to their capability
to bitter or acrid taste and low bioavailability (2). The
microencapsulation approach boosts the release of phenolic
substances in variant food matrices, leading to made better
stability and solubility of bioactive compounds during
processing, storage or gastric digestion of the product (3).
Microencapsulation encompasses of the protection of diverse
food components or functional ingredients against external
factors such as temperature, oxygen, light, moisture or
interactions with food components such as proteins (3, 4).
Variation of coating materials are used depending on their
rheological properties and ability to disperse and stabilize the
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active ingredient. Maltodextrin (MD) is a kind of hydrolyzed
starch with suitable solubility and low viscosity. Whey protein
isolate (WPI) is a good carrier of bioactive compounds due to
its good emulsifying, gelling and thickening attributes (5).
Borage (Echium amoenum) belongs to the family
Boraginaceae, which is considered a valuable and medicinal
plant in traditional medicine, especially in Iran, whose flowers
are rich in polyphenols and anthocyanins (6). This plant is used
in traditional medicine to relieve pain, pulmonary and
cardiovascular diseases, antidepressant, anti-inflammatory and
antifebrile, for influenza and infectious diseases and cancer
(7). Borage also exhibits various functional activities such as
antioxidant (8), antiviral (9), and antimicrobial (10). The
functional activities of borage are due to the presence of
remarkable amounts of phenolic compounds, flavonoids,
anthocyanins, and fatty acids (8,7). Althaea rosea or hollyhock
is another valuable medicinal plant that belongs to the
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Malvaceae family and is known for the distinctive color of its
flowers (11). Research has shown that black hollyhock is a rich
source of polyphenols, anthocyanins, flavonols, carotenoids,
and phenolic acids. The flowers of this herb have remarkable
enzyme inhibitory and anti-aging activity (12). The good
antioxidant and antimicrobial activity of this herb has also
been reported by previous researchers (11, 13-15) showed that
citrus flavone microcapsules prepared by whey protein
concentrate and acacia gum complex had better retention
efficiency after 3 months of storage than those prepared by
acacia gum alone. The objective of this study was to
investigate the properties of encapsulating extracts from two
plants (BE, BHE) and to examine the encapsulation efficiency
of encapsulated plant extracts. The study was designed to
investigate the possibility of preserving functional phenolic
compounds with encapsulated by freeze drying method.

2. Materials and Methods
2.1. Materials

Maltodextrin with DE of 4-7 and whey protein isolate were
purchased from Merck Co. (Germany) and Sigma Aldrich Co.
(America), respectively. Borage flowers were collected from
the mountainous areas of Mazandaran province and approved
by the herbarium organization. Black hollyhock was
purchased from Zarband Pharmaceutical Co. (Iran). Chemicals
used in this research were prepared by Merck Co. (Germany).

2.2. Preparation of BE and BHE

The borage flower and black hollyhock were dried
completely in an oven at 50 °C, and then powdered. The
extracts were extraction using ultrasound device. In such a way
that, 10 g of each of the powders was homogenized with 100
ml of water and then subjected to an ultrasound device
(AMMM-M.P. Interconsulting, Switzerland) at power of 240
W and temperature of 20 °C for 10 min. The tubes containing
solutions were covered by the aluminum foil and then placed
in a shaker for 24 h. Finally, the filtered extracts were kept at
4°C until further use (16).

2.3. Microencapsulation of BE and BHE

Carrier materials including the mixture of maltodextrin and
whey protein in the ratio of 10 to 90, 50 to 50 and 10 to 90
were used in this research. The carrier materials and extract
(BE or BHE) were mixed together and dissolved in distilled
water containing 0.02% preservative (w/w; sodium azide)
using a magnetic shaker at 1000 rpm and 45 °C for 30 min.
After that, the solutions were homogenized for 2 min at 13000
rpm and for 10 min at 22000 rpm and then immediately used
to prepare the capsules powder. Two-flowing nozzle dryer
(Counter-current, Iran) was used to dry the microencapsulated
extracts. The solutions were injected into the freezer dryer by
a pump (400 kPa air pressure). The inlet air temperature was
180 °C and the outlet temperature was 80 °C. The produced
powders were collected in the sub circumference chamber, and

immediately transferred to the desiccator to cool down.
Finally, BE and BHE microcapsule powders were poured into
glass jars covered with aluminum foil and kept at 4 °C (17).

2.4. Determination of BE and BHE microcapsules
characterization

2.4.1. Measurement of moisture content

Use the method described in the AOAC Standard to
determine the moisture content of the powder.

2.4.2. Solubility Measurement

One gram of powder was dissolved in 100 ml of water and
the solution was centrifuged (Rotofix 32 A, German) at 7500
rpm for 10 minutes to separate the insoluble parts. Then, 25 ml
of the transparent part of the test tube was removed and placed
in a binder (BINDER, Germany) for 5 hours at 105°C. The
solubility value was calculated as a percentage according to
the following equation: S= (M1-M2)/0.25%100

In this equation, S, M2, M1 were the weight of the container
after removal from the oven, the volume of the empty
container and the solubility after 5 hours (18).

2.4.3. Measuring the water activity

The water activity of the powder was determined by means
of a water activity meter (20°C) (19).

2.4.5. Determine the density of the mass

A quantity of 5 ml of powder prepared in a graduated
cylinder was measured and weighed. The measurement was
repeated three times and the mean value was noted. The
following equation was used to calculate the bulk density:

pb =m/Vb

Where, in this formula, pb is the mass density, M is the

sample mass and Vb is the sample mass volume (20)

2.4.6. Determine the amount of anthocyanins

Potassium chloride solution 0.025 M was adjusted to pH =
1 with hydrochloric acid. And then 3/6 cc of this solution was
mixed with 0.4 cc sample of the extract and its absorbance was
measured at two wavelengths of 510 and 700 nm after
obtaining a stable state by spectrophotometer (Photonix Ar
2015, Iran). Then, the amount of adsorption (A) and the total
amount of anthocyanins were obtained from the following
equation: TA (mg/L)=AA/ex 1xM x 103 xD

In this equation, TA is the total anthocyanin concentration
based on anthocyanin mg in 100 ml, M is the dominant
molecular weight of anthocyanins, D is the dilution factor, € is
the molar ratio of cyanidine, and AA is the difference between
the adsorption at pH = 1 and pH = 4.5 (21).

2.4.7. Measurement of encapsulation efficiency of BE and
BHE
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After obtaining the total and surface anthocyanin in the
above manner, we obtained the following encapsulation
efficiency according to the following equation:

%EE= (TA-TS)/TAx100

Where, EE is the encapsulation efficiency, TA is the total

anthocyanin content, and TS is the anthocyanin content (22).

2.5. Statistical analysis of data

Statistical analysis was done in triplicate for all the samples
and experiments, and the obtained data are demonstrated as
mean + SD. The one- way ANOVA analysis, Duncan multi-
range post hoc test, and IBM SPSS Statistics 22.0 (Chicago,
USA) were used to analyze the data at significance level of
p<0.05.

3. Results and Discussion
3.1. Effect of wall material on the moisture content of powders

As shown in Fig. 1, the type and concentration of the wall
material effectively overshadowed the final moisture content
of the produced powders, such that the highest moisture
content was observed in the wall of the sample that contained
the highest amount of maltodextrin (90 maltodextrin to 10
whey protein ratio). BE extract had a higher moisture content
compared to BHE. This issue is probably related to the nature
of BE extract that it has less solids and higher solubility. (23)
showed that maltodextrin with DE = 25 affects the reduction
of moisture content due to the difference in chemical structure
between the two carriers. In addition, (24) suggested that the
increase in moisture content associated with the use of
maltodextrin coatings is due to the fact that diffusion of water
from large maltodextrin molecules is difficult.

Extract
Althaea rosea var. Nigra

Echium amoenum L.

Moisture (%)

(10%) 0.1M+0.9W

(10%) 0.5M+0.5W
Capsule

(10%) 0.9M+0.1W

Evorare o410

Fig. 1. The effect of wall type on the moisture content of the
powders.

3.2. The effect of wall material on the solubility of powders

According to the results obtained, the higher the amount of
whey protein in the samples, the lower the solubility of the
samples. This problem is probably due to the fact that whey
protein is a heavier compound than maltodextrin, and
maltodextrin, which is made of sugar, dissolves easily in
water, but proteins have lower solubility due to their more

complex structure. In the samples, the solubility of BE extract
was also higher than that of BHE. BHE extract has more
complex compounds with higher molecular weight, i.e.
heavier phenolic compounds and lower solubility compared to
BE. Therefore, BE extract, which does not have many solids,
makes the capsule more soluble when its solids enter the
capsule. In all samples, the solubility increased with the
increase of maltodextrin. (25) investigated the effect of spray
drying conditions and the use of coating compounds on the
physical properties of powdered black currant extract, their
results showed that 2% maltodextrin and 6% gum Arabic had
the highest solubility (about 87%).

Solubility (%)

(10%) 0. 1M+0,8W

(10%) 0.5M+0.5W
Capsule

(10%) 0.9M+0. 1W

Errer Bars: - 150

Fig. 2. The effect of wall type on the solubility content of the
powders.

3.3. The effect of wall material on the density of powders

Bulk density is one of the most important parameters
measured in powders. This is important in terms of
transportation, storage and packaging in the industry, the
density of mass is one of the characteristics of food that
depends on the size, shape, surface characteristics and powder
particles. Thus, smooth and uniform powders have a higher
bulk density. Comparison of the mean bulk density of the
samples showed that with increasing maltodextrin and
decreasing whey protein, the bulk density decreased. Due to
the weight and complexity of the protein structure, the protein
density increased compared to the carbohydrates and with this
decrease, the density also decreased. Comparison of bulk
density of encapsulated extract of BE and BHE showed no
significant difference. And the type of extract had no effect on
the powder density. (18) showed that the higher the molecular
weight of the powder, the higher the volumetric density.
Heavier materials move more easily between the spaces of the
particles, so they are more voluminous in less space.

3.4. The effect of wall material on anthocyanins

As shown in Fig. 4, with an increase in maltodextrin and a
decrease in its whey protein, anthocyanin levels decreased.
The amount of anthocyanin encapsulation increased when the
capsule had a higher whey protein content (90 protein to 10
maltodextrin). Because whey protein has a stronger protein
and a more solid capsule, the whey protein was able to capture
more of the anthocyanin. By reducing the whey protein and
increasing the maltodextrin, the capsule wall became thinner
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and probably some of the anthocyanins were removed and
destroyed. In 2010, Renata et al. showed a negative effect on
the amount of anthocyanins. The researchers state in their
results that the rate of further degradation of anthocyanins at
higher temperature may be due to the presence of sugar and
protein in the product structure, which ultimately leads to the
Maillard reaction during the production process or during
storage. (26) argued that micronization of black carrot by spray
drying technique at 160 ° C and the use of maltodextrin coating
with grade 30 had the highest anthocyanin level. Maltodextrin
and gum Arabic are highly soluble substances. Therefore, the
mixture is spray dried. As a result, the resulting powder
consists of hollow particles whose crust is a matrix containing
both carriers and trapped juices, which can be considered as
microcapsules juice.

Extract
10 Althaea rosea var, Nigra

Echium amoenum L

Powder Density

(10%) 0. 1M+0.8W (10%) 0.5M+0,5W
Capsule

ErorGars 4130

(10%) 0.8M+0.1W

Fig. 3. The effect of the type of wall material on the density of the
powders.

Extract
Atthaea rosea var. Migra

Echium amoenum L

Anthacyanin (mgfl)

(10%) 0.1M+0.9W (10%) 0.5M+0.5W

Capsule

(10%) 0.9M+0.1W

Fig. 4. The effect of the type of wall material on the Anthocyanin
of the powders.

3.5. The effect of wall material on the encapsulation efficiency

Encapsulation efficiency is a measure of how much of the
core material was successfully encapsulated and can be used
to evaluate the efficiency of the encapsulation process. The
results of investigating of encapsulation efficiency show that
with decreasing protein content, the strength of the capsule was
reduced. And as a result, the capsule's efficiency declined. In
the sample with a protein ratio of 90 to 10 maltodextrin, the
highest encapsulation efficiency (above 80%) was observed.
(27) concluded that increasing concentration of maltodextrin
as wall material from 5 to 15% gave rise to a significant
increase in encapsulation efficiency of pomegranate peel

anthocyanin. More recently, the encapsulation efficiency of
catechin was shown to increase significantly by increasing the
concentration of wall materials from 5 to 10% (w/w) (28).

Extract
102 B Althaea rosea var. Nigra
WEchium amoenum L.

encapsulation sfficiency (%)

Capsule

Fig. 5. The effect of the type of wall material on the
encapsulation efficiency.

4. Conclusion

This study assessed the effectiveness of freeze-drying
methodology in the microencapsulation of BE and BHE
extract, employing different concentrations and ratios of
maltodextrin and whey protein. According to the results
obtained from the microcoating efficiency, it was observed
that as the concentration of whey protein increased, the
efficiency also increased. The density test results also showed
that the density decreased as the whey protein concentration
increased. This means that by increasing the whey protein,
large and bulky capsules were obtained. Therefore, the optimal
treatment was the capsule with a concentration of 90% whey
protein and 10% maltodextrin.
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