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ABSTRACT

It is well known that β-carotene plays an important role in
human health. However, it is susceptibly degraded by envi-
ronmental conditions including temperature, light and oxygen,
due to its natural structure of conjugated double bonds chain.
Polysaccharide (PS) from the yeast cell walls has appeared to
be an excellent choice of encapsulating agent that can be used
to encapsulate biologically active substances . Objective of this
study was to investigate the effects of PS concentration (20, 30,
40 and 50%) compared to MD, high pressure homogenization
time (5, 10, 15, 20 min) and inlet air temperature of spray drying
(130, 140, 150, 160oC) on microencapsulation yield (MEY),
microencapsulation efficiency (MEE), moisture content (MC)
and antioxidant capacity. The results showed that the highest
values of MEY (354.4 µg/g) and MEE (90.2%), the low value of
MC (7.0%) and antioxidant capacity (69.07%) were successfully
obtained at PS concentration of 30% (w/v), homogenization
of 15 min and inlet air temperature of 150oC. Under those
conditions, the encapsulated β-carotene powder was examined
by scanning electron microscopy (SEM) and it is confirmed
that the micro-particles had various sizes which are a typical
characteristics of spray dried powders, spherical shapes and were
free of cracks and pores. As a result, it can be concluded that
β-carotene was successfully encapsulated in the PS and MD
matrix and could then be easily incorporated into various foods.

Cited as: Do, H. T., Kha, T. C., & Huynh, T. P. P. (2019). Spray-drying microencapsulation of
β-carotene by polysaccharide from yeast cell walls. The Journal of Agriculture and Development
18(6), 49-57.

1. Introduction

Brewer’s yeast is a by-product of brewery, of
which a small portion is sold to livestock house-
holds for use as direct feed, and the rest is dis-
carded into the environment or need to be treated
at high cost. However, the composition of the
yeast by-product contains a large amount of yeast
cells, in which cell walls account for about 20-
30% of dry biomass. The main components in the
yeast cell wall are polysaccharides (PS), which
include mannoproteins and β-glucan, accounting
for 30-40% and 50-60%, respectively, and a very

small amount of chitin (Kogan & Kocher, 2007).
As a result, it is important to utilize the yeast
by-product for food ingredient applications.

Microencapsulation of bioactive substances is
one of the most effective methods applied in the
food industry. Currently, there are various wall
materials used for microencapsulation such as
maltodextrin (MD), whey protein and gum. PS
from yeast cells has been known as alternative
wall material that can be used to encapsulate
bioactive components for maintaining the stabil-
ity of the bioactive compounds from sensitive en-
vironmental conditions such as temperature, pH,
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light, and oxygen. Shi et al. (2008) studied using
Saccharomyces cerevisiae’s yeast cells to encap-
sulate resveratrol compounds. The results showed
that after being absorbed into the yeast cell wall,
resveratrol compound improved water solubility
and chemical structure was kept stable and the
biological activity was ensured. The research of
Czerniak et al. (2015) on using yeast cells to en-
capsulate fish oil products showed that the mi-
croencapsulation could help products withstand
the high temperatures during the drying process
and prevent the oxygen diffusion from products
and limit the oxidation of fish. Similarly, Sultana
et al. (2018) reported that yeast cell walls can be
effectively used to microencapsulate d-limonene
essential oil. After the microencapsulation, the
essential oil was more durable to temperature,
which could be convenient for spray-drying to im-
prove the quality of the resultant product from
oxidation.

β-carotene is a food colorant and a highly
bioactive substance which has been widely used
in food industry. However, it is unstable when
exposed to light, oxygen and temperature. Thus,
encapsulation of β-carotene has been reported
to effectively protect against the effects of the
susceptible environment conditions. Loksuwan
(2007) stated that β-carotene could be effec-
tively encapsulated using spray drying. Kha et al.
(2010) carried out the encapsulation of carotenoid
compounds in Gac fruit (Momordica cochinchi-
nensis) by spray-drying method with maltodex-
trin. The results indicated that the spray drying
temperature significantly affected the reduction
of carotenoids in the samples. If the drying tem-
perature increased from 120 to 200oC antioxidant
activity decreased from 0.14 to 0.08 mmol TE/g
powder and the microencapsulation efficiency re-
duced from 76.6% to 48.0%. Another study of
Pham-Hoang et al. (2018) reported that using
yeast cells Yarrowia lipolytica to microencapsu-
late β-carotene demonstrated the highest encap-
sulation efficiency. In addition, the use of ultra-
sound assistance was reported to significantly im-
prove the carotene encapsulation efficiency.

There is lack of information on encapsulation of
β-carotene using PS as wall material in the pub-
lished literature. Therefore, this study is aimed
to investigate effects of PS concentration, ho-
mogenization time and inlet air temperature of
spray drying on microencapsulation yield (MEY)
and microencapsulation efficiency (MEE). In ad-

dition, physical properties and antioxidant capac-
ity of the encapsulated β-carotene powder were
also evaluated and compared.

2. Materials and Methods

2.1. Materials

β-carotene (97%) and DPPH (2,2-diphenyl-
1-picrylhydrazyl) were purchased from Sigma-
Aldrich Pty. Ltd. All solvents used in this study
were of analytical grade. PS was extracted from
yeast by-product obtained from Saigon Brewery,
Vietnam by combining ultrasonic and enzyme
methods. Briefly, yeast by-product in the gela-
tious form was mixed with distilled water at ratio
of 1:3 (w/w), respectively, allowed to settle for 1
h and then decanted the upper layer and water.
This step was performed in triplicate. The col-
lected yeast residue (about 10 g) was added 3%
(v/w) protease enzyme and incubated at 45oC for
6 h. Afterward, water (40 mL) was added, ultra-
sound treated for 10 min and centrifuged at 4500
rpm for 15 min. The collected residue was washed
with water three times, and centrifuged at 4500
rpm for 15 min to collect PS.

2.2. Microencapsulation of β-carotene

For core material, β-carotene was first dis-
solved and mixed thoroughly in the solution con-
taining alcohol and acetone at ratio of 1:1 (w/w).
For wall material preparation, maltodextrin (10
g) mixed with polysaccharide at different concen-
trations of 20, 30, 40 and 50% (w/v), and then
the mixture was dissolved in 50 mL of 0.37%
trehalose solution. For comparison, maltodextrin
used as wall material was also prepared.

To create emulsions, the β-carotene solution
(10 mL) was added dropwise to wall material so-
lutions (50 mL) while mixing using homogenizer
at 4200 rpm for different times (5, 10, 15 and 20
min) to allow full incorporation. The stable solu-
tions were spray-dried in a LabPlant SD-06 spray
dryer (LabPlant UK Ltd., North Yorkshire, UK).
The dryer was equipped with a two-fluid nozzle
atomizer (0.5 mm diameter). The operating con-
ditions of the spray drying were inlet tempera-
tures of 130, 140, 150 and 160oC, outlet temper-
atures of 73-80oC and pressure of 2 bar, and the
feed flow rate was about 200 mL/h. The obtained
encapsulated powder was recovered from the col-
lecting chamber. The powders were stored at 4oC
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in a vacuum bag until analysis (within 24 h). The
sample preparation was done in triplicate.

For stability test, after microencapsulation of
β-carotene by spray drying, the encapsulated β-
carotene powder was stored at different storage
conditions including exposure to light and oxy-
gen. The vacuum packaged powder (considered
as relatively without air) was used as control.
The external morphography of powder particles
using scanning electron microscopy (SEM) and
antioxidant capacity at different times of 4 and
8 h were evaluated. The commercial β-carotene
powder was also used for comparison in terms of
antioxidant capacity.

2.3. Analytical methods

2.3.1. Microencapsulation Yield (MEY)

The MEY was calculated as the amount of mi-
croencapsulated β-carotene in 1 g of spray dried
powder (Paramera et al., 2011).

MEY =
Amount of microencapsulated β-carotene

Amount of spray dried powder
(µg/g)

β-carotene content determination: The content
of β-carotene in the samples was determined by
UV-Vis method by measuring absorbance at 450
nm wavelength and calculated according to Beer-
Lambert law (Rodriguez-Amaya, 2001).

β-carotene content =
Abs at 450 × y × 1000

2620× 100
(mg)

Where:

y (mL) is the total volume of measured solution

2620 is the molecular absorption factor

1000 is the conversion factor from g to mg

2.3.2. Microencapsulation efficiency (MEE)

The MEE was calculated as the percentage
between the amount of microencapsulated β-
carotene and the initial amount of β-carotene
(Pham-Hoang et al., 2018).

MEE =
Amount of microencapsulated β-carotene

Initial amount of β-carotene
× 100 (%)

Microencapsulated β-carotene content deter-
mination: Weighing 1 g of spray-dried powder and
dissolving in 15 mL hexane, and then vortexing
for 5 min, and then centrifuging at 4500 rpm for
5 min, and finally obtaining the supernatant. The
supernatant was measured at 450 nm wavelength
to determine the surface β-carotene content. The
blank sample was hexane.

Amount of microencapsulated β-carotene = (Initial
amount of β-carotene) - (Amount of surface β-carotene).

Determination of antioxidant capacity by
DPPH method: According to Brand-Williams et
al. (1995), DPPH was diluted at a concentration
of 40 µg/mL with methanol. For the commer-
cial carotene sample, the sample was dissolved to
0.15 mg/mL with hexane. About 2 mL of super-
natant was added with 2 mL of DPPH solution,
incubated for 30 min and finally determined the
antioxidation capacity of the sample at 517 nm
wavelength.

For the spray dried powder sample, the sample
was dissolved in water, centrifuged at 5000 rpm
for 5 min, and then collected the residue. The
residue was continually dissolved with 10 mL of
1M buffer solution of sodium acetate for 20 min.
Next, about 10 mL of hexane added to obtain β-
carotene concentration of 0.15 mg/mL, then 2 mL
DPPH was added. The samples were incubated at
ambient temperature for 30 min and measured at
517 nm wavelength.

The percentage of free radical reduction of the
sample was calculated as follows:

I(%) = 100 ×
A0 − A1

A0

Where:

I (%) is the percentage of free radical reduction
of the sample at 517 nm

A0: Absorbance of DPPH

A1: Absorbance of the tested sample

The blank sample is a methanol solution

2.3.3. Statistical analysis

The independent experiments and subsequent
measurements were done in triplicate. The results
were presented as mean values with standard de-
viations. A one-way analysis of variance (includ-
ing PS concentration, homogenization time and
inlet air temperature) and LSD (least significant
difference) were used to analyze the data using
the Statgraphics centurion XVI software.

3. Results and Discussion

3.1. The effect of wall material on microencap-
sulation process

Carrier (wall material) is an important ingredi-
ent affecting the microencapsulation process, in-
cluding MEE and MEY. One of the most im-
portant characteristics of wall material includes
non-reactive with the core, ability to encapsulate
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Table 1. The effect of polysaccharides (PS) content combined with maltodextrin on
microencapsulation process

PS content
(%, w/v)

Amount of
microencapsulated
β-carotene (mg)

Microencapsulation
Yield (µg/g)

Microencapsulation
efficiency (%)

20 2.958 ± 0.01a 197.60 ± 0.07b 75.65 ± 0.92a

30 3.293 ± 0.01b 205.88 ± 1.27b 81.30 ± 7.72b

40 3.289 ± 0.02b 173.95 ± 0.64a 80,55 ± 8.55b

50 3.280 ± 0.02b 171.16 ± 0.64a 79.95 ± 1.92b

The values in the same column followed by different superscripts (a-b) were significantly different (P < 0.05).

and maintain the core inside the microcapsule;
and ability to provide maximum protection to the
core against adverse conditions (Gharsallaoui et
al., 2007; Nazzaro et al., 2012). It is highly de-
sirable to achieve the highest ratio of the core
(bioactive compounds) to the wall material. The
concentration of the wall material was too high
leading to an increase in the viscosity and difficult
to spray-dry (Tonon et al., 2008). In this exper-
iment used PS 20, 30, 40 and 50% (w/v) com-
bined with MD to microencapsulate β-carotene
by spray drying, inlet air temperature 150oC, feed
rate 200 mL/h, and pressure of 2 bar. The effect
of PS concentration on MEE and MEY is shown
in Table 1.

According to Table 1, the amount of PS be-
ing 20% was not enough to encapsulate all the
β-carotene, indicated by low MEE. The largest
amount of microencapsulated β-carotene and the
highest MEE were 3.29 mg and 81.30% respec-
tively, when incorporated with 30% of PS. When
increase in PS amount, up to 40% or 50% PS re-
sulted in insignificantly decrease in the amount of
β-carotene. It can be concluded that high content
of PS of 30% could be enough for encapsulating
β-carotene.

Wagner & Warthesen (1995) performed the mi-
croencapsulation of carotene with MD powder.
The results showed that about 38% of β-carotene
was not encapsulated. Similarly, Loksuwan (2007)
used MD by spray drying method to microen-
capsulate β-carotene and reported that the total
amount of β-carotene accounted for 46.74% of the
total weight of spray dried powder. It can be seen
that only MD used as wall material was not effec-
tive, there is a need to combine with other wall
materials. Sultana et al. (2018) encapsulated d-
limonene by spray-drying method with MD and
yeast cell walls and the results showed that about
82% of the d-limonene was retained in the MD
and sodium caseinate matrix and 26% was re-

tained in the yeast cell wall.

For comparison (Figure 1), the microencapsu-
lation of β-carotene powder using PS and MD
mixture as wall material had MEE reached up to
87.15%, which was 1.5 times higher than that of
powder using only MD (56.90%). Furthermore,
a higher moisture content of microencapsulated
sample using only MD (8.3%) was observed as
compared to the ones using the mixture of PS
combined with MD (MC of 7%), resulting higher
MY, which were 52.97% and 45.20%, respectively.
It is well known that higher moisture content
could result in instability during storage.

It can be concluded that the mixture of PS and
MD has shown excellent property of wall mate-
rial for encapsulation of β-carotene. The microen-
capsulated β-carotene powder has ability to with-
stand the impacts of light and oxygen better than
that of the free β-carotene form (without wall ma-
terial). The reason is that the wall material con-
taining PS (β-glucan) could protect β-carotene
and has a good antioxidant capacity.

According to Sun-Waterhouse et al. (2011), an
appropriate selection of wall materials is very im-
portant. Generally, combinations of various en-
capsulating agents are required to effectively pro-
tect and control the bioactive compounds. Thus,
combination of PS and MD to microencapsulate
β-carotene, resulted in higher MEE than only
MD. It is highly recommended that 30% PS in
combination with MD (10 g) should be used to
encapsulate β-carotene.

3.2. The effect of homogenization time on the
β-carotene microencapsulation process

The homogenization has positively influenced
stability of β-glucan in the solution and prevented
the accumulation of β-glucan (Bzducha-Wróbel
et al., 2014), and also reduced the size of the
emulsion droplets. As such, the increase in the
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Figure 1. Microencapsulation efficiency and Microencapsulation yield of β-carotene using maltodextrin
(MD) and the mixture of polysaccharides and MD.

Table 2. The effect of homogenization time on the β-carotene microencapsulation process

Homogenization
time (min)

Amount of β-carotene
microencapsulated

(mg)

Microencapsulation
Yield (µg/g)

Microencapsulation
Efficiency (%)

5 4.658 ± 0.47b 226.0 ± 22.63b 78.2 ± 7.85b

10 5.251 ± 0.06c 251.0 ± 2.83c 88.1 ± 1.13bc

15 5.421 ± 0.04c 268.5 ± 2.12c 91.0 ± 0.71c

20 3.910 ± 0.07a 188.5 ± 3.54a 65.6 ± 1.13a

The values in the same column followed by different superscripts (a-c) were significantly different (P < 0.05).

contact area between the wall material and the
carotene as well as the mass transfer and evapo-
ration rate during the atomization are achievable
(Shappley et al., 1998). As a result, higher MEY
and MEE could be obtained. In this experiment,
the most suitable homogenization time (5, 10, 15
and 20 min) was tested and the results are shown
in Table 2.

When the homogenization time increased from
5 to 10 min, the amount of microencapsulated β-
carotene increased from 4.658 mg to 5.251 mg.
However, the amount of β-carotene in the encap-
sulated powder had no statistically significant dif-
ference when increasing the homogenization time
from 10 to 15 min and even reduces to 3.910 mg
when the initial solution was homogenized for 20
min. The highest MEYs were obtained for the
homogenization times of 10 and 15 min, being

251.0 and 268.5 µg/g, respectively. At 20 min,
the MEY was only 188.5 µg/g. The highest MEEs
were found to be 88.1% and 91% corresponding
to the homogenization times of 10 and 15 min, re-
spectively. At 20 min, the MEE decreased due to
longer homogenization time, it may negatively af-
fect the structure of the wall material (PS), lead-
ing to inefficient microencapsulation.

Trehalose is considered to be a polysaccha-
ride protective agent against environmental stress
conditions, keeping its structure from being
changed during homogenization process. Tre-
halose also has another role in the better trans-
membrane transfer of carotene (Golovina et al.,
2010). Thus, the homogenization time of 15 min
for initial solution before spray drying should be
carried out.
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Table 3. Effect of inlet spray drying temperature

Inlet temperature
(oC)

Amount of
microencapsulated
β-carotene (mg)

Microencapsulation
Yield (µg/g)

Microencapsulation
Efficiency (%)

130 3.495 ± 0.06b 318.40 ± 27.55ab 79.7 ± 1.27b

140 3.764 ± 0.06c 327.63 ± 31.22ab 86.6 ± 2.47c

150 3.955 ± 0.07d 354.36 ± 2.16b 90.2 ± 1.38c

160 3.240 ± 0.95a 267.02 ± 35.58a 73.9 ± 2.12a

The values in the same column followed by different superscripts (a-c) were significantly different (P < 0.05).

3.3. Effect of inlet temperature on the β-
carotene microencapsulation process

The inlet temperature affects the water evap-
oration rate and film formation. When temper-
ature is too low, the moisture of product is still
high, so the particles easily stick to the drying
chamber wall, resulting in decreasing efficiency.
At higher inlet temperatures, the evaporation
rate of water on the surface of the spray-dried
powder is also higher, leading to a better forma-
tion of the film, so locked up well and higher pro-
tection of bioactive compounds, as a result, MEY
and MEE are improved. However, when drying
temperature is too high, it can flaw on the film.
Thus, it reduces biological activity and loss of
MEY and MEE (Kha et al., 2014). It is desirable
to determine the most suitable spray drying tem-
perature, and the effect of inlet temperature on
the MEY and MEE is presented in Table 3.

Table 3 shows that when the inlet tempera-
ture increased from 130oC to 150oC, the amount
of microencapsulated β-carotene increased grad-
ually for up to 12%. The reason is higher tem-
perature resulted in better film formation, which
led to the increases in MEY and MEE. However,
at 160oC, the amount of microencapsulated β-
carotene significantly decreased from 3.955 mg to
3.240 mg, indicated by lower MEE and MEY.

According to Shu et al. (2006), high inlet tem-
perature could disrupt the balance between water
evaporation rate and film formation process, re-
sulting in the disrupted membrane system of the
microcapsules, and reducing the retention of β-
carotene in the microcapsules. As a result, the
MEY and MEE were decreased. Similar result
was found in the report of Kha et al. (2010) who
performed the encapsulation of carotenoid com-
pounds in Gac fruit by spray drying method with
MD. The results showed that the inlet tempera-
ture also affected the reduction of carotenoids in
the samples. An increasing the inlet temperature

from 120oC to 200oC resulted in a decrease in
encapsulation efficiency and antioxidant capacity
from 76.6% to 48.0% and 0.14 to 0.08 mmol TE/g
powder, respectively.

It can be concluded that inlet temperature is
the most important parameter that could affect
the MEY and MEE. For this study, the inlet tem-
perature of 150oC should be chosen for better re-
tention of β-carotene in the microencapsulated
powder.

3.4. Antioxidant capacity of the powder sam-
ples

In this study, antioxidant capacity of the com-
mercial β-carotene and microencapsulated β-
carotene powders under light and oxygen condi-
tions was compared at different times (Figures
2 and 3). The antioxidant capacity of the com-
mercial sample decreased sharply from 75.66%
to 40.61% for the first 4 h (a decrease of about
35%) and continued to decrease to 35.91% for
the next 4 h. However, the antioxidant capac-
ity of the microencapsulated β-carotene sample
decreased from 69.07% to 55.08% (a decrease of
about 12%) for the first 4 h, and the antioxidant
capacity decreased slightly for the next 4 h. Thus,
it can be concluded that the effect of light on the
microencapsulated β-carotene powder was much
lower than that of the commercial carotene sam-
ple.

Similar to the light, when exposed to oxygen,
the antioxidant capacity of the commercial sam-
ple decreased sharply from 75.66% to 47.08% for
the first 4 h (a decrease of about 28.58%) and
continued to decrease to 44.02% for the next
4 h. However, the antioxidant capacity of the
microencapsulated β-carotene samples decreased
from 69.07% to 59.50% (a decrease of 9.57%) for
the first 4 h of exposure to oxygen, and the an-
tioxidant capacity decreased slightly for the next
4 h. Thus, it can be clearly seen that the effect
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Figure 2. The effect of light on the antioxidant capacity of β-carotene.

Figure 3. The effect of oxygen on the antioxidant capacity of microencapsulated β-carotene powder.

of oxygen on microencapsulated carotene in pow-
der samples was lower than that of commercial
carotene samples.

3.5. Microstructure of the microencapsulated
β-carotene powder

The color of the spray-dried powder was off-
white. The microstructure of the encapsulated

β-carotene powders observed using SEM is pre-
sented in Figure 4. The SEM results showed
that the microencapsulation of β-carotene with
only MD created the spherical particles, includ-
ing smooth and concave surfaces. In compari-
son with the microencapsulation of β-carotene
with the combination of MD and PS, there were
more concave surfaces created. It could be ex-
plained that a great pressure during the spray-
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Figure 4. SEM microstructure of spray-dried encapsulated powders (a: maltodextrin, b: maltodextrin +
polysaccharides). SEM: Scanning electron microscopy.

drying process could cause the particle’s surfaces
become convex and concave differently. The sizes
of microencapsulated particles were not uniform
as well. The SEM results were also quite similar
to the study of Loksuwan (2007). The less con-
cave surfaces of MD were created because these
types of sugar having low molecular weight could
act as a plasticizer to prevent the surface shrink-
age during the spray drying process. According
to Ye et al. (2000) plastics are very important to
the formation of spherical microscopic capsules
having smooth surfaces.

4. Conclusions

In conclusion, the effects of wall material (PS
and MD) concentration, homogenization time
and inlet air temperature of spray drying on the
properties of the encapsulated β-carotene powder
were investigated. MEY, MEE and antioxidant
capacity were significantly affected by those pa-
rameters. High MEE in terms of high retention
of β-carotene in the powder could be obtained
when the initial solution containing PS and MD
as wall material was homogenized for 15 min and
spray dried at the inlet temperature of 150oC.
The encapsulated β-carotene powder was found
to be stable under exposure to light and oxygen
due to low moisture content and free of cracks
and pores as compared to the commercial one.
The resultant powder could be then incorporated
in to various foods for health benefits.
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