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Abstract

Background and objective: Flaxseed oil, as a potential source of polyunsaturated fatty acids,
is susceptible to oxidation. Yeast cells of Saccharomyces cerevisiae and B-glucan can be used
as biocompatible and biodegradable matrices for the protection of this nutritious oil from
oxidation in foods enriched with omega-3 fatty acids. The aim of this study was to investigate
quality properties of breads containing encapsulated and free flaxseed oils.

Materials and methods: Flaxseed oil was encapsulated in either yeast cells or p-glucan.
Functional wheat bread samples were prepared using unencapsulated and encapsulated flaxseed
oils. These were compared with control samples in terms of dough rheological and bread quality
parameters.

Results and conclusion: Encapsulation significantly increased dough rheological properties
(G'and G” values), firmness and density and decreased lightness, compared to control samples.
Breads, containing flaxseed oil encapsulated in yeast cells, showed a lower peroxide index and
a higher a-linolenic acid value, compared to two other samples containing oil samples. This
showed a better protection of unsaturated fatty acids against deleterious oxidation reactions.
Results of this study indicate that addition of microencapsulated flaxseed oil into breads helps
preserve sensory properties of the control sample, compared to breads fortified with free
flaxseed oil.
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1. Introduction

Flaxseed (Linum usitatissimum L.) and flaxseed oil are
majorly composed of omega-3 fatty acid alpha-linolenic
acid (52% of total fatty acids), phenolic component such as
lignan secoisolariciresinol diglucoside with antioxidant
properties (> 500 pg g*) and soluble and insoluble fibers
[1,2]. Docosahexaenoic acid, alpha-linolenic acid and eico-
sapentaenoic acid are n-3 polyunsaturated fatty acids,
showing characteristics of neurological improvement, anti-
inflammatory effect and cardio-protection [3,4]. Microenc-
apsulation, as a protection method against oxidative
destruction of oils, can improve their resistance to environ-
ment conditions [5]. Crude oils are sensitive to oxidation

due to high contents of unsaturated fatty acids as well asiron
and copper ions [6]. Microcapsules consist of a shell (wall
or external phase) and a core (internal phase). The internal
phase may be composed of substances such as living cells,
volatile agents, bioactive components, antioxidants and
essential oils. Various microencapsulation techniques
include drying by spray or freeze, coating by fluidized-bed,
supercritical fluid, extrusion, polymerization, emulsi-
fyication, electrospray and coacervation techniques [5].
Bread yeasts (Saccharomyces (S.) cerevisiae), in forms of
dried or wet, plasmolysed or non-plasmolysed in blends
with the active ingredients in water or water/organic
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solvents, were used for encapsulation. In previous studies,
various substances such as resveratrol, fish oil, enzyme,
chlorogenic acid, limonene, curcumin, purslane seed oil and
vitamin D3 were encapsulated in yeast cells [7-10]. Results
have shown that removal of the cell content by plasmolysis,
hydrolysis or autolysis can improve efficiency of the
encapsulation [8]. The most important reagent for
plasmolysis is sodium chloride [9].

The B-glucan is a polysaccharide majorly composed of -
D-glucopyranose units linked through (1—6) glycosidic
bonds in fungus [11,12] and (1—4) and (1—3) glycosidic
bonds in plant sources with various molecular weight and
structure, solubility and functional and biological behaviors
[11]. The B-glucan, as a prebiotic component, can decrease
serum cholesterol and glycemic response, improve weight
management, immune system and useful gut microbial
growth [13,14]. Shah et al. used pB-glucan as an
encapsulating agent with high efficiency in encapsulation of
probiotic bacteria. Microorganisms were simply trapped in
B-glucan capsules and protected against gastrointestinal
stresses. The macroporous honeycomb-like structure of B-
glucan has made it a good candidate for the entrapment of
active compounds [15]. Mechanisms of encapsulation by
this polysaccharide include entrapment and adsorption. To
the best of the authors’ knowledge, no reports are available
on the use of yeast cells and p-glucan for the encapsulation
of flaxseed oil. Therefore, the current study was carried out
to encapsulate flaxseed oil in yeast cells and -glucan alone
and to produce functional breads containing micro-
encapsulated flaxseed oil. These breads were compared to
breads containing free oil in terms of quality properties.

2. Materials and methods

2.1. Materials

Commercial baking yeast cells of S. cerevisiae (Fariman,
Iran) and oat B-glucans (MCRO, The Netherlands) were
used alone as carriers for encapsulation of flaxseed oil.
Phosphate buffer and tween 80 were purchased from Sigma,
USA. Hexane, thiosulfate sodium, acetic acid, chloroform,
iodoral potassium, ethanol, chloride sodium, chloride
calcium and petroleum ether were purchased from Merck,
Germany.

2.2. Preparation of the microencapsulated flaxseed oil
powder

For yeast encapsulation, pretreatment of yeast cells was
initially carried out by washing the cells with phosphate
buffer (pH 6.8) followed by a plasmolysis step with sodium
chloride (NaCl) solution (10% w v1) using shaking
incubator (Jal Tajhiz GTFL50, Iran) at 180 rpm for 48 h at
55°C. After centrifuging and washing, plasmolysed cells
were freeze-dried [7]. Flaxseed oil loaded yeast
microcapsules were prepared by blending 10 g of flaxseed
oil with 40 g of deionized water containing 3% v v'* Tween
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80 to produce o/w emulsion using ultra-Turrax (Turrax IKA
T25-Digital Ultra, Germany) at 10,000 rpm for 5 min. This
step was carried out using ice bath to avoid temperature
increase during homogenization and oxidation. Plasmolysed
cells were added to emulsion to reach a 1:2 flaxseed oil:
yeast weight ratio (w w?) (the ratio was calculated by initial
experiments). Suspension was incubated with agitation at
180 rpm for 12 h at 40°C using shaker incubator. Loaded
microcapsules were separated from the emulsion by
centrifuging at 8,965 xg for 15 min and washing with
distilled water to remove residues of unencapsulated
flaxseed oil. Microcapsules were freeze-dried using freeze
drier at -80°C for 14 h (Christ ALPHA 2-4, Germany).
Flaxseed oil loaded B-glucan microcapsules were produced
by adding B-glucan instead of yeast cells to the emulsion as
described previously.

2.3. Loading capacity (LC)
Percentage of LC was calculated using the following
equation:

LC (gkg™) =

Total oil mass (g) — Surface oil mass (g) (1)
Dry mass of microcapsules (kg)

Total oil content of the microcapsules was assessed using
Soxhlet extraction and petroleum ether based on a method
by Kavosi et al. [7]. In brief, loaded microcapsule samples
were transferred to a Soxhlet extractor in a thimble. A pre-
weighted evaporation flask containing 100 ml of petroleum
ether was connected to the extractor. After 2.5 h, solvent
was evaporated using vacuum rotary evaporator at 40°C and
dried to a constant weight. The oil weight was calculated
using the mass difference between the oil and dry flasks.
The surface oil was collected using hexane extraction at
ambient temperature [7].

2.4. The a-linolenic acid assessment of flaxseed oil

The a-linolenic acid (C18:3) content was assessed using
gas chromatography in free and encapsulated oils and in
breads containing free and encapsulated oils. Oil extraction
and fatty acid derivatization were carried out based on a
previously described method [16]. The chromatographic
profile was generated and the ALA content was determined
using peak area measurement and gas chromatography
device (Agilent Technologies 7890 Series, USA) equipped
with a BPX70 column (100 m % 0.25 mm x 0.2 um; Agilent
Technologies, USA). Injector and detector temperatures
were set at 250 and 280°C, respectively. Temperature
gradient was set at 120°C for 1 min (10°C min‘t), 175°C for
10 min (5°C min up to 210°C) and 27 min at 210°C.

2.5. Preparation of the functional breads

Based on the AACC 10-10B with minor modification,
breads were formulated [17]. Wheat flour (100 g), bread
yeast (1 g), sodium chloride (0.66 g), sugar (1.33 g), bread
improver (1 g) and 40 ml of deionized water were mixed.
Then, flaxseed oil powders microencapsulated with yeast
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and B-glucan alone were added. Furthermore, samples
containing free flaxseed oil were prepared as well as control
samples. After fermenting, punching and proofing (35°C for
1 h), four samples were baked at 180°C for 30 min.

2.6. Rheological test of the functional bread doughs

The frequency sweep test was carried out using
controlled stress rheometer (Physica MCR 301, Austria) and
parallel plate geometry (40-mm diameter, 1-mm gap). Bread
doughs were stored at 25 + 1°C during the measurements.
Two various samples of each treatment were prepared and
analyzed at two times. To calculate linear viscoelastic
regions, strain sweeps were carried out at 1 Hz from 0.1 to
200% strain. Then, frequency sweep measurements were
carried out at a strain of 0.01 and a range 0f 0.01-100 Hz and
then calculated using Rheoplus/32 v.3.21 Software.

2.7. Quality properties of the functional breads

Loaf volume was calculated using seed displacement
method [18]. Apparent density was calculated as a ratio of
the weight to volume [19]. Moisture content was calculated
according to AACC 44-15 [17]. Water activity (aw) was
calculated using a previously described method [20].
Texture of the slices (thickness of 10.0 mm) was analyzed
at 25% force using texture analyzer (Lloyd Instruments TA
Plus, UK) and TA4 probe (diameter of 1.5 mm) with load
cell of 50 N and speed of 1 mm s*. Sensory acceptability
was calculated according to AACC 2000 10-90 using verbal
hedonic scale of five points from 1) disliked extremely to 5)
liked extremely. Flavor, porosity, doughy/dry during
chewing, crumb/crust color and hardness/softness of the
samples were measured by 30 consumers at Days 1, 7 and
14 after baking [21]. The final score was calculated based
on the following equation:

Final score = Total experience / Total coefficient

The color value was calculated using brightness (L*),
yellowness (b*) and redness (a*). Briefly, crumb images
were taken using 14.5-mpixel compact camera (Sony,
Japan) [21]. For peroxide value calculation, bread powder
(10 g), chloroform (50 ml), methanol (25 ml) and 2.5%
CacCl; solution (25 ml) were mixed in a tube. Alcoholic layer
was separated by centrifuging at 13,000 xg for 20 min and
the mixture was titrated using 0.01 N NayS;0s3in the
presence of starch reagents [22,23]. The peroxide value was
calculated using the following equation:

Peroxid value (mEq kg™?) = (titrant volume for sample -
titrant volume for blank) x 0.01 N x 1000 x 5 / sample
weight (g)

2.8. Statistical analysis

Statistical analysis was carried out using SPSS Software
(IBM Analytics, USA). Results were expressed as mean and
standard deviation. Duncan’s Test was used to show
significant differences between the samples at P<0.05. Tests
were repeated three times for each sample.
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3. Results and discussion

3. 1. Loading capacity (LC)

In this study, feasibility of B-glucan and S. cerevisiae
cells were investigated as various carriers for the
encapsulation of flaxseed oil. Then, effects of these
microcapsules on quality properties of the fortified breads
were assessed. The LC percentage was determined for
calculating quantities of the microcapsules needed to reach
a fixed flaxseed oil level in bread formulations. The LC
values included 39.35% =+ 0.69 and 37.57% * 1.25 for
flaxseed oil loaded yeast cells and B-glucan, respectively.
No significant differences were seen between the two
formulations. Quantity of the flaxseed oil added to the bread
formulations was based on the recommended quantity of
Omega-3 fatty acids by the International Society for the
Study of Fatty Acids and Lipids (0.5 g -3 day?) [16].
Based on the values recorded for LC and with respect to
34.73% of ALA in flaxseed oil, addition of 3.65 g of oil-
loaded yeast cells and 3.83 g of oil-loaded B-glucan to 100
g of flour represented 0.5 g of ALA per portion.

3.2. Rheological properties of the functional bread
dough

For frequency sweep measurement of the dough samples,
linear viscoelastic regions were calculated using strain
sweep. A constant strain of 0.01% was set in frequency
range of 0.01-100 Hz. Based on the curve (Fig. 1), G’ was
dominant over the frequency range, which represented for
the elastic response of all samples; thus, showing a solid-
like behavior. Samples containing oil-loaded B-glucan
microcapsules showed G’ values higher than G’ values the
other samples did. Distance between G’ and G” of these
samples was the highest, showing further rigidity in
structures of doughs. In contrast, samples with free flaxseed
oil showed the lowest G’ and weak structures. According to
Skendi et al. starchy granules might be surrounded by B-
glucan chains in B-glucan containing doughs [24]. In fact, B-
glucan could bind to water and decrease free water due to
its high water binding capacity, resulting in increased
viscosity and G’ and G” values. These results were similar
to results by Hager et al., which concluded a higher added
water level and a further elastic dough as a result of oat -
glucan addition [25]. Hamed reported that use of 10% of
barley flour in bread formulations led to further dough
elasticity and firmness compared to controls due to high
contents of B-glucan in barley flours [26]. Brennan and
Cleary found that bread doughs containing 5% of Glucagel
included a significantly higher resistance to extension
compared to control doughs with no Glucagel [27]. The
water binding capacity of f-glucan chains may cause loss of
extensibility and hence weaken the gluten network [28].
Symons and Brennan reported that gelling effects of f-
glucan and its elastic nature resulted in changes in
rheological behaviors of doughs containing B-glucan [29].
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Addition of free oil in a dough system makes the gluten
structure weak and hence decreases viscosity. Lubrication
effect and plasticity development of oils in food powder
products could be two major reasons for this effect [30].
Maache-Rezzoug et al. found that the lubricating effect of
oils led to decrease of water necessary to achieve a soft
consistency in wheat doughs [31]. As frequency sweep tests
exhibited time-dependent shear behaviors [32] for samples
containing B-glucan encapsulated oils towards lower
frequencies, slope of the G' curve substantially decreased,
showing further decrease of dough stiffness by time.
However, dough structural strength is maximum at rest. On
the contrary, slope of the G’ curve in samples containing free
oil was in parallel to x-axis; therefore, dough long-term
behavior was constant.

3.3. Volume, density and porosity index of functional
breads

The volume index of breads containing oil-loaded -
glucan microcapsules included 380.10 cm?® which was
significantly lower than that of other samples (Table 1). The
control sample included the lowest volume. Moreover,
bread density increased with the addition of microencaps-

—&— G’ Free oil

ulated particles. Encapsulated breads with p-glucan
significantly included a higher density (P<0.05), compared
to that other samples did. Gokmen et al. showed that using
1 and 10% of nanoparticles, containing omega-3, could
decrease loaf volume and increase density [33]. Lu et al.
showed that replacement of shortening with microencap-
sulated omega-3 (1, 1.75 and 2.5%) did not include signi-
ficant effects on specific volume of breads (P>0.05),
compared to control samples [22]. Conto et al. reported that
the reason for decreased volume of breads could be due to
the dilution of gluten by adding microcapsules or by
decreased CO; retaining during baking time [34]. Based on
Fig. 1, B-glucan addition created a further viscose dough
with high G’ and G” values. As a result, air bubbles could
not be easily trapped inside dough structure. Therefore, an
increase in viscosity of the bread doughs could decrease
volume and increase density of the breads [35]. The porosity
values of breads are shown in Table 1. The highest and
lowest porosity indices were linked to control samples and
samples with free flaxseed oil, respectively; however,
differences between the samples were not statistically
significant.

=O=(G" Free oil

450000 r —&— G’ Control = G" Control
400000 F —&— G’ Yeast encapsulated oil —— " Yeast encapsulated oil
350000 F —=— G’ B-glucan encapsulated oil === G" B-glucan encapsulated oil
300000 F
<
& 250000 |
o I
2 200000
= 150000 F
© 100000 F
50000 F
0
0 10 20 30 40 50 60 70 80 90 100
Frequency (Hz)

Figure 1. Frequency sweep of moduli G’ (filled symbols) and G” (open symbols) for the bread dough samples

Table 1. Physical properties of the breads samples*?

Sample Volume (cm®)  Density (g/cm?) Porosity > Cgior b

Control 514.06+5.5642  0.381+0.022°  0.602+0.021% 63.05+0.912%  1.42+0.432"  24.18+0.551P
Yeast encapsulated oil 420.50+6.421°  0.432+#0.013°  0.598+0.0178 55.97+0.348° 4.55+0.3982  31.55+0.566%
B-glucan encapsulated oil  380.10+4.851¢  0.511+0.0372  0.587+0.013* 57.44+0.769*° 3.67+0.127% 28.11+0.931%
Free oil 465.32+8.912  0.412+0.032°  0.450+0.043% 60.62+0.661* 2.08+0.199% 26.83+0.383%

2 Different letters show significant differences of data (P<0.05)
b L*: lightness, a*: redness and b*: yellowness

3.4. Color value of the functional breads

Addition of flaxseed oil in unecpsulated and
encapsulated resulted in a lighter color in bread samples
(Table 1). Encapsulated samples with B-glucan were darker,
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compared to other samples. The highest values of a* and b*
were associated to samples containing oil-loaded B-glucan
microcapsules and controls, respectively. Lu et al. reported
that replacement of shortening with microcapsulated
omega-3 at levels 1 and 1.75% included no significant
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effects on a* and b* (P>0.05) [22]. In contrast, Conto et al.
reported that increased microcapsules containing omega-3
decreased lightness of the breads due to microcapsule
interfere with production of the gluten structure [34].

3.5. Peroxide index of the functional breads during
storage

The peroxide value of bread enriched with free oil was
significantly higher than other samples on 3, 5 and 7 days
after baking (Table 2). Sample encapsulated with yeast had
the lowest peroxide value during storage although bread
containing oil-loaded yeast cells had no significant
difference (P>0.05) compared to bread containing oil-
loaded B-glucan microcapsules. The reason for high
peroxide value in the samples containing free oil can be due
to the large amount of oil on the surface of bread that is
exposed to oxidation. For yeast encapsulation samples,
phospholipid membrane especially plasmolysed type acts as
a liposome and stabilizes oil within cell and prevents oil
oxidation [36]. Similar results have been reported regarding
the microencapsulation of resveratrol and purslane seed oil
by yeast cells and their physical barrier role against
oxidation by Shi et al. [37] and Kavosi et al. [7].

3.6. The a-linolenic acid content
In this study, ALA was selected as an index to investigate
effects of encapsulation and bread baking processes on

flaxseed oil fatty acid composition. The content of ALA in
encapsulated oils was similar to free oils (Table 3) as ALA
contents were nearly 90% of the initial content for the two
formulations. This decrease is attributed to the partial
degradation of fatty acids during the encapsulation process.
Similar decreases in ALA content were previously reported
by other studies after linseed oil microencapsulation with
Arabic gum, maltodextrin and methyl cellulose [38].
Analysis of the bread samples showed an ALA content of 8
to 22% in various formulations, which indicated a great
decrease of ALA. The highest decrease was found in
samples containing free oil and the lowest in samples
containing oil loaded in yeast microcapsules. Several factors
could contribute to this dramatic decrease such as promotion
of accelerated oxidation of the unsaturated fatty acids due to
bread making conditions (such as water addition, dough
proofing and baking at 180°C). Moreover, Results of ALA
values in breads containing encapsulated oil generally
include high SD values due to inefficient mix of flour with
oil-loaded microcapsule powder [16]. However, relatively
acceptable content of ALA in breads containing oil-loaded
yeast microcapsules indicated that yeast cells could act as a
potential protective shell to preserve entrapped oil. Results
were similar to peroxide index results.

Table 2. Values of peroxide, moisture and firmness of the bread samples during storage?

Samples Storage day Peroxide Moisture Firmness
Control 1 0.26+0.011%8 30.68+1.411%A 123.961+7.23bcC
3 0.35+0.01807B 26.3+1.1138 158.656+6.91°C
5 0.41+0.023 22.54+1.0930BC 204.114+9.56"8
7 0.47+0.015A 19.21+1.201°¢ 267.712+9.430A
Flaxseed oil loaded yeast cells 1 0.24+0.010%8 28.5+1.367%A 162.528+5.873C
3 0.27+0.0220AB 26.59+1.276%B 191.221+6.89°C
5 0.33+0.02548 25.57+1.5102A8 249.432+8.95%8
7 0.36+0.017A 23.12+1.2432B 295.022+9.86%4
Flaxseed oil loaded B-glucan 1 0.26+0.01228 29.63+2.0712A 190.415+7.33%¢
3 0.33+0.02007B 27.32+1.332248 246.321+8.28%
5 0.42+0.027b4B 27.09+1.512348 283.243+9.2238
7 0.46+0.019bcA 25.5+1.1672%8 301.661+9.65%
Free flaxseed oil 1 0.28+0.0112° 26.66+1.340 102.822+5.44°8
3 0.46+0.0242C 24.95+1.6858 125.356+6.94°8
5 0.65+0.046%8 22.43+1.0880BC 198.581+6.73%
7 0.93+0.0542A 19.14+1.1445C 238.652+7.41°A

2 Different small and capital letters respectively show significant differences in bread type and storage time (P<0.05)

Table 3. The a-linolenic acid content of the samples after encapsulation process and after bread baking process®®.

After bread baking

Sample After encapsulation
Free flaxseed oil 34.73+0.9234
Flaxseed oil loaded B-glucan 31.25+1.89%4
Flaxseed oil loaded yeast cells 30.46+1.46%

8.81+0.97¢8
17.42+0.958
22.06+1.04%8

2 Data reported in average values +SD (standard deviation)

®Values in each row and column with different letters are significantly different (P<0.05)

3.6. Moisture and aw indices of the functional breads
during storage

Comparison between the bread moisture and a. after one
day of baking is shown in Fig. 2. Results showed that
samples included no significant differences in terms of aw.

Appl Food Biotechnol, Vol. 7, No. 1 (2020)

Although, samples containing free flaxseed oil and control
samples included the lowest and highest moisture contents,
respectively, and differences between these samples were
significant (P<0.05). On Days 1 and 3 of baking, samples
showed no significant differences (P>0.05) in moisture
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contents (Table 3). On Days 5 and 7 of baking, the highest
moisture value with significant difference (P<0.05) was
detected in samples with B-glucan, compared to samples
with encapsulated free flaxseed oil and yeast cell. Based on
the rheological properties, regions of bulk free water were
occupied by a highly viscous B-glucan dispersion, resulting
in increased viscosity and hence higher G’ and G” values.
The B-glucan is considered as hydrocolloids [39].
Hydrocolloids include hydrophilic properties that increase
absorption and preservation of water [40]. Pasrija et al
reported that microencapsulation of polyphenols with B-
cyclodextrin increased its moisture content due to free
hydrophilic sites [41]. A possible reason for the low
moisture content in yeast microencapsulation is due to
phospholipid membranes in yeast cells [36], which act as
physical barriers and prevent moisture diffusion.

3.7. Texture analysis of the functional breads during
storage

Firmness of the bread enriched with free oil was
significantly lower than that of other samples on Days 1, 3,
5 and 7 of baking (Table 2). However, free oil samples
showed no significant differences (P>0.05), compared to
control samples. Samples containing flaxseed oil-loaded f3-
glucan microcapsules included the highest firmness during
storage. However, these samples showed no significant
differences (P>0.05), compared to that breads containing
oil-loaded yeast cells did on days 1, 5 and 7 of baking. In
addition, firmness increased in all samples during storage.
Texture properties of the breads depended on gelatinization
of the starch [41]. Beikzadeh et al. reported that ability of
hydrocolloids bonding to water and preserving it during
storage with effects on starch changed texture of the

products [40]. As a result, high moisture retention capacity
in samples including B-glucan increased dough viscosity
and created further elastic doughs and firmness breads,
compared to other samples. This results were similar to
results by Hager et al. and Skendi et al. [24,25].
Furthermore, decreased firmness of the bread samples
containing free flaxseed oil could be explained by weakened
gluten networks and decreased viscosity of doughs due to
the presence of oils [30].

3.8. Sensory evaluation of the functional breads during
storage

Sensory evaluation of the functional bread samples is
described in Table 4. Control samples included significantly
higher sensory scores (P<0.05), compared to that samples
including free flaxseed oil did. However, control samples
included no significant differences (P>0.05), compared to
breads containing oil-loaded yeast and p-glucan
microcapsules. Porosity and crumb color of all samples
included no significant differences. As previously stated,
addition of microcapsules increased color lightness of the
samples since addition of p-glucan produced darker
samples. Therefore, low and high crust color scores of the
samples containing yeast and B-glucan could be due to the
highlighted reason. Breads containing free oil included the
lowest overall sensory score that might be due oily nature of
the products. Moreover, free flaxseed oil increased peroxide
value and included negative effects on flavor. In
softness/hardness, samples including microcapsules with
yeast and B-glucan showed a low score due to the high
firmness value. Based on the results, addition of
encapsulated oil did not change sensory properties of the
products, compared to control samples.

093 r a [ aw =f=moisiure a 1 32
a T T 1 30
091 | l;\ = a \ J- 28
ab i
089 \E 1 %
1 24
087 F
1 22
0.85 1 1 " 20
Control Yeast encapsulated B-glucan Free oil
oil encapsulated oil

Figure 2. Comparison between the moisture and aw of the breads on Day 1 of baking
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Table 4. Sensory evaluation of the functional breads encapsulated with flaxseed?

Bread samples Porosity ~ Crumb color  Crust color  Softness/Hardness Flavor Overall sensory score
Control 4.241.01°  4.50+0.672 4+0.942 4.5+0.86° 4.25+0.732 4.12+0.812
Free flaxseed oil 4+0.872 4.25£1.12*  4.1+0.86* 4.1+0.722 3.50.0.59° 3.70+0.55°
Flaxseed oil-loaded B-glucan ~ 4.15+£0.91°  4.27+0.75%  4.15+0.73? 3+059¢ 4.1+0.64° 3.97+0.72%
Flaxseed oil-loaded yeast cells  4.1+1.058  4.15+0.812  3.5+0.55P 3.5+0.61° 4.,15+0.542 3.94+0,59%

2For each property, different letters show significant differences (P<0.05)

4. Conclusion

In general, flaxseed oil-loaded yeast cells and B-glucan
were successfully prepared. The value of LC in oil-loaded
yeast cells was higher than that in B-glucan capsules.
Properties of the fortified breads were affected by the
addition of encapsulated and unencapsulated flaxseed oils.
The highest viscosity, rheological parameters (G’ and G")
and firmness and the lowest volume were reported in dough
breads containing oil-loaded pB-glucan microcapsules.
Samples containing oil encapsulated in yeasts included the
highest protective effect against oil oxidation during and
after the baking process. Addition of flaxseed oil in free or
encapsulated forms resulted in decreased color lightness of
the bread samples, compared to control samples. In
conclusion, results suggest possible use of oil-loaded yeasts
and B-glucan microcapsules for the fortification of food
products with no effects on bread sensory properties.

5. Acknowledgements

This study is supported by the National Nutrition and
Food Technology Research Institute of Shahid Beheshti
University of Medical Sciences.

6. Conflict of interest

The authors declare no conflict of interest.

References

1. Strandas C, Kamal-Eldin A, Andersson R, Aman P.
Phenolic glucosides in bread containing flaxseed. Food
chem. 2008; 110(4): 997-999.
doi: 10.1016/j.food chem.2008.02.088

2. Hu C, Yuan YV, Kitts DD. Antioxidant activities of the
flaxseed lignan secoisolariciresinol diglucoside, its
aglycone secoisolariciresinol and the mammalian lignans
enterodiol and enterolactone In vitro. Food Chem Toxicol.
2007; 45: 2219-2227.
doi: 10.1016/j.fct. 2007.05.017

3. Lavie CJ, Milani RV, Mehra MR, Ventura HO. Omega-3
polyunsaturated fatty acids and cardiovlascular diseases.
J Am Coll Cardiol. 2009; 54(7): 585-594.
doi: 10.1016/j.jacc.2009.02.084

4. Zhao G, Etherton TD, Martin KR, West SG, Peter JG,
Kris-Etherton PM. Dietary a-linolenic acid reduces
inflammatory and lipid cardiovascular risk factors in

Appl Food Biotechnol, Vol. 7, No. 1 (2020)

10.

11.

12.

hypercholesterolemia men and women. Am J Clin Nutr.
2007; 85(20): 385-391.
doi: 10.1093/jn/134.11.2991

Bakry AM, Abbas S, Ali B, Majeed H, Abouelwafa MY,
Mousa A, Liang L. Microencapsulation of oils: A
comprehensive review of benefits, techniques, and
applications. Compr Rev Food Sci Food Saf. 2016; 15:
143-182.

doi: 10.1111/1541-4337.12179

Oliveira I, Valentao P, Lopes R, Andrade PB, Bento A,
Pereira JA. Phytochemical characterization and radical
scavenging activity of Portulaca oleraceae L. leaves and
stems. Microchem J. 2009; 92:129-134.

doi: 10.1016/j.microc.2009.02.006

Kavosi M, Mohammadi A, Shojaee-Aliabadi S, Khaksar
R, Hosseini M. Characterization and oxidative stability of
purslane seed oil microencapsulated in yeast cells bio
capsules. J Sci Food Agr. 2018; 98 (7): 2490-2497.

doi: 10.1002/jsfa.8696

Paramera El, Konteles SJ, Karathanos VT. Micro-
encapsulation of curcumin in cells of Saccharomyces
cerevisiae. Food Chem. 2011; 125: 892-902.

doi: 10.1016/j.foodchem.2010.09.063

Czerniak A, Kubiak P, Biatas W, Jankowski T.
Improvement of oxidative stability of menhaden fish oil
by microencapsulation within biocapsules formed of yeast
cells. J Food Eng. 2015; 167: 2-11.

doi: 10.1016/j.jfoodeng.2015.01.002

Dadkhodazade E, Mohammadi A, Shojaee-Aliabadi S,
Mortazavian AM, Mirmoghtadaie L, Hosseini SM. Yeast
cell microcapsules as a novel carrier for cholecalciferol
encapsulation: Development, characterization and release
properties. Food Biophys. 2018; 13 (4): 404-411.
d0i:10.1007/s11483-018-9546-3

Shah A, Gani A, Masoodi FA, Wani SM, Ahmad Ashwar
B. Structural, rheological and nutraceutical potential of B-
glucan from barley and oat. Bioact Carbohydr Dietary
Fiber. 2017; 10: 10-16.

doi: 10.1016/j.bcdf.2017.03.001

Hosseini SM, Kosravi-Darani K, Mohammadifar MA,
Nikoopour H. Production of mycoprotein by Fusarium
venenatum growth on modified vogel medium. Asian J
Chem. 2009; 21(5): 4017-4022.

doi: 10.22037/afb.v5i4.23139

17



https://link.springer.com/article/10.1007/s11483-018-9546-3
https://link.springer.com/article/10.1007/s11483-018-9546-3
https://link.springer.com/article/10.1007/s11483-018-9546-3
https://link.springer.com/article/10.1007/s11483-018-9546-3

Samira Beikzadeh, et al

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

18

Mitsou EK, Panopoulou N, Turunen K, Spiliotis V,
Kyriacou A. Prebiotic potential of barley derived B-glucan
at low intake levels: A randomised, double-blinded,
placebo-controlled clinical study. Food Res Int. 2010;
43(4): 1086-1092.

doi: 10.1016/j.foodres.2010.01.020

Wood PJ. Cereal B-glucans in diet and health. J Cereal Sci.
2007; 46(3): 230-238.
doi: 10.1016/j.jcs.2007.06.012

Shah A, Gani A, Ahmad M, Ahmad Ashwar B, Masoodi
FA. B-Glucan as an encapsulating agent: Effect on
probiotic survival in simulated gastrointestinal tract. Int J
Biol Macromol. 2016; 82: 217-222.
doi: 10.1016/j.ijbiomac.2015.11.017

Gallardo G, Guida L, Martinez V, Lopez MC, Soria L,
Bernhardt D, Blasco R, Pedroza-Islas R, Lowenstein P,
Rzeznik M, Hermida LG. Microencapsulation of linseed
oil by spray drying for functional food application. Food
Res Int. 2013; 52 (2): 473-482.

doi: 10.1016/j.foodres.2013.01.020

AACC. Approved Method of the AACC. American
Association of Cereal Chemistry, St. Paul, MN. 2000.

Lin SD, Hwang CF, Yeh CH. Physical and sensory
characteristics of chiffon cake prepared with erythritol as
replacement for sucrose. J Food Sci. 2003; 68: 2107-2110.
doi: 10.1111/j.1365-2621.2003.th07027.x

Kocer D, Hicsasmaz Z, Bayindirli A, Katnas S. Bubble
and pore formation of the high-ratio cake formulation with
polydextrose as a sugar-and fat-replacer. J Food Eng.
2007; 78(3): 953-964.

doi: 10.1016/j.jfoodeng.2005.11.034

Akesowan A. Quality of reduced-fat chiffon cakes
prepared with erythritol-sucralose as replacement for
sugar. Pakistan J Nutr. 2009; 8: 1383-1386.

Beikzadeh S, Homayouni-Rad A, Beikzadeh M, Peigham-
bardoust SH. Effect of inulin, oligofructose and oligo-
fructose-enriched inulin on physicochemical, staling, and
sensory properties of prebiotic cake. J Agr Sci Tech. 2017;
19(6): 1241-1252.

Lu FH, Norziah MH. Contribution of microencapsulated
n-3 PUFA powder toward sensory and oxidative stability
of bread. J Food Process Pres. 2011; 35(5): 596-604.

doi: 10.1111/j.1745-4549.2010.00505.x

AOCS. Official and Tentative Methods of American Oil
Chemists' Society, 3rd Ed., AOCS, Urbana, IL. 1993.

Skendi A, Papageorgiou M, Biliaderis C. Effect of barley
B-glucan molecular size and level on wheat dough
rheological properties. J Food Eng. 2009; 91(4): 594-601.
doi: 10.1016/j.jfoodeng.2008.10.009

Hager AS, Ryan LA, Schwab C, Ganzle MG, O’doherty
JV, Arendt EK. Influence of the soluble fibres inulin and
oat B-glucan on quality of dough and bread. Eur Food Res
Technol. 2011; 232(3): 405-413.
doi: 10.1007/s00217-010-1409-1

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Hamed A. Effect of Barley Flour Rich in Beta-Glucan on
Rheological Properties of Frozen Dough and Quality of
Bread and Cookies. Thesis, Canada, 2013. 34-72

Brennan CS, Cleary LJ. Utilisation glucagel® in the -
glucan enrichment of breads: A physicochemical and
nutritional evaluation. Food Res Int. 2007; 40(2): 291-296.
doi: 10.1016/j.foodres.2006.09.014

Cleary LJ, Andersson R, Brennan CS. The behaviour and
susceptibility to degradation of high and low molecular
weight barley B-glucan in wheat bread during baking and
In vitro digestion. Food chem. 2007; 102(3): 889-897.
doi: 10.1016/j.foodchem.2006.06.027

Symons L, Brennan C. The influence of (1— 3) (1— 4) -
B-D-Glucan-rich fractions from barley on the physic-
chemical properties and In Vitro reducing sugar release of
white wheat breads. J Food Sci. 2004; 69(6): C463-C467.
doi: 10.1111/j.1365-2621.2004.th10989.x

Ravi R, Bhattacharya S. Flow behaviour of chickpea
(Cicer arietinum L.) flour dispersions: Effect of additives.
J Food Eng. 2004; 65(4): 619-624.

doi: 10.1016/j.jfoodeng.2004.02.030

Maache-Rezzoug Z, Bouvier JM, Allaf K, Patras C. Effect
of principal ingredients on rheological behaviour of biscuit
dough and on quality of biscuits. J Food Eng. 1998; 35(1):
23-42.

doi: 10.1016/s0260-8774(98)00017-x

Mezger TG. The rheology handbook: For users of
rotational and oscillatory rheometers, vincentz network
GmbH and Co KG. 2006.

Gokmen V, Mogol BA, Lumaga RB, Fogliano V, Kaplun
Z, Shimoni,E. Development of functional bread
containing nanoencapsulated omega-3 fatty acids. J Food
Eng. 2011; 105(4): 585-591.

doi: 10.1016/j.jfoodeng.2011.03.021

Conto LCD, Oliveira RSP, Martin LGP, Chang YK, Steel
CJ. Effects of the addition of microencapsulated omega-3
and rosemary extract on the technological and sensory
quality of white pan bread. LWT Food Sci Tech. 2012; 45:
103-1009.

doi: 10.1016/j.Iwt.2011.07.027

Beikzadeh S, Peighambardoust SH, Beikzadeh M, Javar-
Abadi MA, Homayouni-Rad A. Effect of Psyllium husk on
physical, nutritional, sensory and staling properties of
dietary prebiotic sponge cake. Czech J Food Sci. 2016;
34(6): 534-540.

doi: 10.17221/551/2015-CJFS

Bishop J, Nelson G, Lamb J. Microencapsulation in yeast
cells. J Microencapsul. 1998; 15: 761-773.
doi: 10.3109/02652049809008259

Shi G, Rao L, Yu H, Xiang H, Yang H, Ji R. Stabilization
and encapsulation of photosensitive resveratrol within
yeast cell. Int J Pharm. 2008; 349:83-93.

doi: 10.1016/j.ijpharm.2007.07.044

Appl Food Biotechnol, Vol. 7, No. 1 (2020)




Breads containing encapsulated flaxseed oils

38.

39.

Appl Food Biotechnol, Vol. 7, No. 1 (2020)

Rubilar M, Morales E, Contreras K, Ceballos C, Francisca
A, Villarroel M, Shene C. Development of a soup powder
enriched with microencapsulated linseed oil as a source of
omega-3 fatty acids. Eur J Lipid Sci Tech. 2012; 114: 423-
433.

doi: 10.1002/ej1t.201100378

El Khoury D, Cuda C, Luhovyy BL, Anderson GH. Beta
glucan: Health benefits in obesity and metabolic
syndrome. J Nutr Metab. 2011; 2012:1-28.

doi: 10.1155/2012/851362

40.

41.

Beikzadeh S, Peighambardoust SH, Homayouni-Rad A,
Beikzadeh M. Effects of psyllium and marve seed
mucilages on physical, sensory and staling properties of
sponge cake. J Agr Sci Tech. 2017; 19(5): 1079-1089.

Pasrija D, Ezhilarasi PN, Indrani D, Anandharamakri-
shnan C. Microencapsulation of green tea polyphenols and
its effect on incorporated bread quality. LWT Food Sci
Tech. 2015; 64: 289-29.

doi: 10.1016/j.Iwt.2015.05.054

19



https://doi.org/10.1002/ejlt.201100378

Applied
®
@
o

Biotechnology

APPLIED FOOD BIOTECHNOLOGY, 2020, 7 (1): 11-20

Research Article

pISSN: 2345-5357

Journal homepage: www.journals.sbmu.ac.ir/afb

eISSN: 2423-4214

GBJskes 5 S 5Ty 10 o WgmagS ¥ (Kl (59l g s oukdh (i GG (o155 i

1 g punrog ) Bl posio

* S A o A e e M sule deallane ¢ plond Al wolilasols apdl (gobl e el sopans 0ol S | o

Ol el e st Sl (Sl pale oRaily jaiS olde mlio 5 luds Glides sl ( olid mlio g 4055 pgle casluils

Ao a6
YR 5951 2l
AR RV IR E JPIE
YR LaS] o8 Gl

Sl 3ty

okt

Losn, "

VRl oy ool ®

L g ooy, Lo
oSSty

Johwo o 95

" st ltie 0 S

T (> 40

olio 5 4355 pole oastasls

5 s Sligiss gl o li
pole olE2ils 585 Llié mlio
Ol Ol it e (S

! mirmoghtadaie@sbmu.ac.ir
2 sm_hosseini@sbmu.ac.ir

odS>

ke 4

ool GialuST 4y elilydnin oy ol 0sdll aue S lgie a4y (LS wils 4, HEXY Y 9 aly
2N e Sany 9 5k Sy Slagm Sl Glgrsar QUGISLG o djg e sz, Bl o3 sla sl o]
oslaw! d)}a ..\..:‘ySA Y K < LgLQM‘ l; I LS"" ‘S:‘J.C ;)‘540 )é UMJL.MSI )| 6..\.‘.0 &5) U"‘ cblas G‘J"

lee il 5 eads Sligsa, GBS 89, 5l Sl (S Sla Ty oy talllae (nl 5l Bum S 18

b sladiga ai Slbg i, OS5I 5 yate slaobe ;3 alFlaz & )50 4 QIS ails 25, 1 gy § Sge
&S Pl 5 S (Sudslss) sl (Shs b st ead Gl sy, 9 ol QLS (25, (55l wredge L puiS
A daslie dals sladigei b gadsi o6

Sl s (G5 G sla (asls) yeod (Ssalss, Loles () isine sob & Lo, 16 T AT g AL
oS s (4895 ol sl (U ol als wal i le digad b anlie o I 28l i) 5 ldl ) JB 5
L Al 55 (5 s (ALA) ol Syt W1 ol 5 ol 3aST 506 e slo Sy 5o 0 s,
sloymaSly ply yo lsl b o laanul 5l yigs cdadlows oaias lis ases () aizils 185, (g5l> Aiges 9o
0958 3T LS e, Loads g sle U L a slie jo aS ol ol s andllae ol bt s | ol ST y5

WS oo SoS )] (o olyS i 4 b 4 0nd Glbgy i, S Wl s,

5,5 e ol HLassl b das pe xdlie (5,15 £o5 g 45 aiS oo pdlel S0 o5 3@l o ylaS




