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Probiotic food products are available at the supermarket commercially, but probiotic bakery products are much less
in evidence. In the present study, methyl cellulose (2%), whey protein concentrate (2%), corn starch (1%), and
soybean oil at 2, 4, and 6% were used for coating layer on the bulked bread surface, and then the quality properties
were studied. The results showed that Lactobacillus rhamnosus GG, as probiotic component of the coating,
immobilized in corn starch, whey protein, and methyl cellulose films had enhanced viability throughout shelf-life.
The probiotics remained viable for 4 days, maintaining high viable cell number levels. Adding soybean oil at 6%
concentration enhanced texture, sensory properties, and image index during storage.
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Over the past decade, production of functional foods has increased, due to their positive
effect on both health and international trade. Functional foods were number one in the field
offood biotechnology with increasing production. Changing trends in population demography,
improved education, consumer affluence, life expectancy, and also improved health care
resulted in emerging diet trends and health conscious clientele (DILLARD & GERMAN, 2000;
YANG, 2008).

Functional food ingredients like probiotics and prebiotics are found in diverse products
like fermented milk, yoghurt, baby foods, sports drinks, sugar-free confectionary, and
chewing gum (KHAN & ANsARI, 2007). Probiotic food products have been available at the
supermarket for the last decade commercially, like yogurt, cheese, milk, ice cream, infant
formulations, juices, and beverages, but probiotic bakery products are much less evident in
the food industry.

Bread is a fundamental ingredient for daily consumption all over the world. Increasing
consumer awareness about the healthy bakery products, for example breads with reduced fat,
salt, and sugar in formulation, bread enriched with vitamins and minerals, has led to better
health aspects of bread (BELZ et al., 2011; BIGLIARDI & GALATI, 2013). A method for conveying
probiotics into breads is by using edible coatings (ALTAMIRANO-FORTOUL et al., 2012a,b). In
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the present study, soybean was added to the probiotic coating composition and was also used
for covering traditional bulk bread. This survey investigated the effect of probiotic coating on
the traditional bulk bread quality.

1. Materials and methods

Probiotic strain of L. rhamnosus GG was purchased as freeze-dried culture from TakGene
(Tehran, Iran), and kept at —80 °C until use. Methyl cellulose (MC, medium viscosity, 27.5—
32% methoxyl content, Fluka), corn starch (27% amylose, Sigma), and whey protein
concentrate (35.1% protein, Lactofoood, France) were supplied. Soybean oil (Ladan Co.
Behshahr, Iran) was purchased from local market.

1.1. Stock culture preparation of L. rhamnosus GG

Probiotic strain L. rhamnosus GG was maintained frozen at —80 °C. Cultures were grown in
MRS broth at 37 °C for 48 hours. They were transferred to 50 ml sterile tubes and centrifuged
at 4000 g for 10 minutes. Supernatant liquid was discarded and the harvested bacterial cells
were washed twice with phosphate-buffered saline (pH 7.0). (LOPEZ DE LACEY et al., 2012)

1.2. Formulation of emulsified probiotic films

As described by DASHIPOUR and co-workers (2015), three different coatings were prepared
(Table 1). The coating-forming solutions were obtained by dispersion of MC, corn starch,
and whey protein concentrate (WPC) in concentrations determined in a previous study (Yoo
& KROCHTA, 2012) in 100 ml distilled water at 70 °C. To ensure uniform dispersion, solution
was mixed well using magnetic stirrer at 500 r.p.m. for 40 min. Then, soybean oil was added
to the solution at 3 concentrations (2, 4, 6%) and stirred at 70 °C for 20 minutes. Solution was
heated to 80 °C for 10 min in order to kill potential pathogens. Air bubbles were removed
from the solution by vacuum oven (JeioTech , Model OV-12, Korea). When the solution
temperature was cooled down to 37 °C, L. rhamnosus with a final concentration of 10°
CFU ml™! was added to the coating-forming solutions.

Table 1. Composition of probiotic coatings applied onto the bread surface

Sample Coating composition

S1 1% Corn starch, 2% MC, 2% WPC
2% Soybean oil
1% Probiotic cell

S2 1% Corn starch, 2% MC, 2% WPC
4% Soybean oil
1% Probiotic cell

S3 1% Corn starch, 2% MC, 2%WPC
6% Soybean oil
1% Probiotic cell

S1, S2, S3: Samples 1, 2, and 3
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1.3. Bread preparation

The formula used for bulk bread consisted of flour (65%), water (32.5%), lyophilized baker’s
yeast (0.6%), sucrose (0.6%), salt (0.6%), and sunflower oil (0.6%). First powder materials
were mixed with a spiral mixer (Escher, Italy), then the water was added, and the mixing
continued until uniform dough was obtained. The dough was split into samples of 150 g,
shaped, placed in baking trays, and fermented at 45°C and 85% moisture for 2 hours. Then,
the samples were baked in oven at 180 °C for 15 minutes (similarly to the method of MALEKI
et al., 2014). Breads were cooled to 60 °C. Then, the probiotic coating-forming solution was
distributed evenly by brushing on the crust of the bread loaves. They were dried at 60 °C for
5 min rapidly, then the bread samples were cooled to room temperature (25 °C), and packaged
in polyethylene bags. All bread samples were stored at controlled temperature of 25 °C with
55% RH. Bread samples were weighed before and after coating in order to be able to calculate
the initial total viable count of L. rhamnosus GG on bread crust.

1.4. Bread crust’s colour

The colour of the bread crust samples was assessed by using a Hunter lab colorimeter
(Reston, USA). The CIELab colour scale was used in order to calculate the L* (black to
white), a* (red to green), and b* (yellow to blue) parameters. The total colour difference AE*
between the control sample (uncoated bread crust) and each individual bread crust was
calculated by equation

AE* = \/(AL")? + (Aa)? + (Ab*)2

where: AL*, Aa*, Ab* are the brightness, redness, and yellowness intensity differences from
the control sample.

1.5. Mechanical characterization

The changes in the texture of bulked bread were calculated by compression test using the
CNS Farnell Device (TA.XT Stable Micro System, UK) connected to a computer, and by
using the software Texture Probe. The sample was placed on a perforated surface under probe
in order to perform the compaction test. The hardness was acquired by calculating the
required force for bread perforation. The probe had a speed of 30 mm min and the test
started with 0.05 N (POURFARZAD et al., 2009).

1.6. Morphological characterization of bread crust

Film samples were freezed in liquid nitrogen, and cryo-fractured for film cross-section
evaluation with Scanning electron microscopy (SEM) (Cambridge Scan-360). Samples were
fixed in a sample holder and also coated with gold particles. Micrographs were arranged by
using an accelerating voltage of 5 kV.

1.7. Enumeration of the bacteria

The method described by SoukouLis and co-workers (2017) was adopted for the recovery of
L. rhamnosus GG from the bread crust sample. According to this method, 1 g of bread crust
samples were transferred to 9 ml of sterile PBS and dissolved under constant agitation in an
orbital incubator at 37 °C for 1 h. The resulting solutions were subjected to serial dilution
using phosphate-buffered saline. Each dilution was pour plated on MRS (MRS Agar, Oxoid
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Ltd., Basingstoke, UK), and the plates were stored at 37 °C for 72 h under anaerobic
conditions. Enumeration of the bacteria was performed in triplicate following the standard
plating methodology (CHAMPAGNE et al., 2011) and the total counts of the viable bacteria
were expressed as log colony forming units per gram (log CFU g™). The survival rate of the
bacteria throughout the film forming solution drying process was calculated according to the

following equation:
% viability = 100 x —-

No
where: NO and N represent the number of viable bacteria prior and after the implemented

drying process (ANANTA et al., 2005).

1.8. Sensory evaluation

The sensory evaluation of the bulked bread coated probiotic film was done by 10 trained
panellists (from the faculty research centre, by triangle test) with the use of a hedonic scale
of five points for overall acceptability (HEsrRANI et al., 2017).

1.9. Statistical analysis

The data were analysed by using SPSS (SPSS, Chicago IL, USA) version 17 with 3
replications (3 sample one measurement) at 3 h, 2 days, and 4 days. Also the Duncan test was
used in order to determine significant differences between samples. A P-value of less than
0.05 was considered significant.

2. Results and discussion

2.1. Viability of probiotics in films during storage

Figure 1 shows the probiotic strain viability and stability in S1, S2, and S3 films during
storage (3 h, 2 and 4 days). Viability of L. rhamnosus GG well correlated with storage
temperature (P<0.05). The result demonstrated that probiotics’ viability decreased during
storage, although by increasing the concentration of soybean oil, probiotic survival increased,
so the highest probiotic viability was observed at the concentration of 6% of soybean oil. The
obtained bacterial load of 5.6x107 to 4.6x10” CFU g! met the essential range (10°-107) to
obtain probiotic consumption benefits (TRiPATHI & GIr1, 2014). PRASAD and co-workers
(2003) have reported that reduction of water activity in the film can affect the viability of
probiotics. In our study, soybean oil was added to the MC-corn starch-WPC films, and the
results indicated that increasing the concentration of soybean oil would increase the probiotics’
survival. Soybean oil helps to maintain freshness and moisture content of the film, which
helps probiotics to survive.

NAG and co-workers (2011) said that temperatures near 0 °C improve cell viability.
Moreover, addition of whey protein and glycerol to the film solution protects the viability of
probiotic cells (TRiPATHI & GIRL, 2014).

QUEZADA-GALLO (2009) reported that using starch-based coating applied onto white
bread and doughnuts controlled additives liberation to the product, as a function of its water
activity, increasing probiotic cells viability.
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Fig. 1. Viability of L. rhamnosus GG in probiotic bread crust (based on corn starch, whey protein, MC, and
three concentrations of soybean oil) during storage at temperature of 25 °C. All measurements are expressed as
means+SD of three independent experiments. The different letters above the bars indicate significant differences at
P<0.05 level between treatments.

W S1;m: S2;m:S3

2.2. Image analysis

Colour and transparency of the films are the most important visual aspects (PEREIRA et al.,
2016). Bread crust colour was also affected by treatments with probiotic coatings. All films
presented high brightness values (L* 90.88), showing that they are light-colour. The results
are in agreement with findings of RHiM and co-workers (1998), who attained that the values
of L* improved with probiotics films. BRINDLE and KrRocHTA (2008) also obtained light,
translucent films with glycerol, whey protein isolate, and hydroxypropylmethylcellulose.
All samples prepared with soybean oil maintained stable values of lightness (L*),
redness (a*), and yellowness (b*) throughout the storage period, but increasing soya oil
concentration increased the image index (L*, a*, and b*), as shown in Figure 2 as AE. The
bread with treatment S3 had the highest lightness (L*), and a*. Adding soybean oil to the
films might affect light passing through the film, possibly due to increased light dispersion.
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Fig . 2. AE of probiotic bread crust (based on corn starch, whey protein, MC, and three concentrations of soybean
oil) during storage at temperature of 25 °C. All measurements are expressed as means+SD of three independent
experiments. The different letters above the bars indicate significant differences at P<0.05 level between treatments.
m: S1;m: S2;m: S3

Acta Alimentaria 49, 2020



AMIRI QANDASHTANTI et al.: BULK BREAD WITH PROBIOTICS AND SOYBEAN OIL COATING 149

GHANBARZADEH and co-workers (2010) reported enhanced optical properties and
reduction in yellowness by adding carboxymethyl cellulose (CMC) to starch films.

Treatment S1 did not have any effect on the a* parameter of the crust, but addition of
soybean oil in treatment S2 and S3 led to an increase in this parameter. The presence of
soybean oil yielded the lowest b* values of the crust.

2.3. Texture analysis

The probiotic coatings applied on the bulk bread surface caused remarkable changes in bread
hardness (Fig. 3). The force needed for crust fracture considerably (P<0.05) decreased with
soybean oil coatings. Treatment S3 (6%) resulted in the lowest fracture force at storage time
0 and also after 4 days of storage. This phenomenon is explained by the soybean emulsion
effect, which improves molecular mobility and its smaller molecules increase spacing and
free volume in polymer chains (Rouni et al., 2017).

EBrAHIMI and co-workers (2018) reported that soybean oil was used in bacterium-
coating film to protect the bulk bread tissue. Although the textural properties of bread with
probiotic coatings were improved, the failure force increased throughout the storage time
(Fig. 3). The crust of the bread with low concentration of soybean oil revealed an increase in
failure force as a result of moisture migration from the crumb to the crust. Bread with
treatment S6 presented the lowest value of hardness both after 3 h and 96 h of storage,
consequently coating S3 showed a small hardness increase during storage. Coating bulked
bread with soybean oil modified hardness due to adding the new layers, which decreased the
failure force in the fresh bread, but they did not considerably improve the trend during bread
storage.
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Fig. 3. Hardness of probiotic bread crust (based on corn starch, whey protein, MC, and three concentrations
of soybean oil) during storage at temperature of 25 °C. All measurements are expressed as means+SD of three
independent experiments. The different letters above the bars indicate significant differences at P<0.05 level
between treatments.
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2.4. Scanning electron microscopy (SEM)

Incorporating the probiotic strain into the film did not obviously alter the film’s structural
conformation (Figs 4, 5, 6). The SEM results indicated that the structure of probiotic film
based on corn starch, whey protein, and MC was homogeneous, uniform, and compact with
no micro pores. However, probiotic films showed a higher number of holes after 4 days.
Different levels of soybean oil did not result in detectable changes in the probiotic film’s
microstructure. In all cases, 3 hours after baking, the films retained their structure, having
uniform and reticular characteristics. Coating S3, 3 hours after baking, showed a moderately
regular surface and cohesive layer (Fig. 4), but during storage a slightly fragmented and
opaque layer was observed (Figs 5, 6). Less compact structures and large cavities within the
matrix were observed with the addition of soybean oil (Fig. 6). Aggregation was perhaps
more difficult for oil formulation, due to the higher surface tension of liquid droplets (BRAVIN
et al., 2006).
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Fig. 4. Cross-section of the probiotic bread crust 3 h after baking using Scanning Electron Microscopy
(A:S1,B:S2,C: S3)
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Fig. 5. Cross-section of the probiotic bread crust 2 days after baking using Scanning Electron Microscopy
(A:S1,B:S2,C: S3)
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Fig. 6. Cross-section of the probiotic bread crust 4 days after baking using Scanning Electron Microscopy
(A:S1,B: 82, C: S3)

2.5. Sensory analysis

The overall acceptability scores obtained for the coated bulked bread with different levels of
soybean oil 3 hours after baking did not present major differences (P>0.05). By increasing the
soybean oil level to 6%, the sensory properties score increased, and this high acceptability
remained even after 2 days of storage, The acceptance score of the bulk bread coated with S1,
S2, and S3 films was considerably lower (P<0.05) after 4 days of storage (4.5+0.6 and
1.940.4, respectively) (Fig. 7). The results displayed in Figure 7 demonstrate as a whole that
coating the bulked bread with S1, S2, and S3 films does not alter their excellent sensory
attributes.
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Fig. 7. Total acceptance of bulked bread coated with probiotic coating (based on corn starch, whey protein, MC,
and three concentrations of soybean oil) during storage at temperature of 25 °C. All measurements are expressed
as means+SD of three independent experiments. The different letters above the bars indicate significant differences
at P<0.05 level between treatments.
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3. Conclusions

According to the findings, we conclude that S1, S2, and S3 films could act as a suitable
matrix in order to incorporate probiotic L. rhamnosus GG and improve their viability
throughout shelf-life. The probiotics remained viable during 4 days of storage maintaining
high viable cell number levels. It is also worth mentioning that no structural changes in the
film were observed during the study period, when using soybean oil at 6% concentration
provided softer texture and with no significant difference at image index. Consequently,
edible films like of corn starch, whey protein, MC, and soybean oil could be good carriers for
L. rhamnosus GG immobilized in the film used for bulked bread.
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