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ARTICLE INFO ABSTRACT

Article type: Background: Synbiotic foods refers to food ingredients or dietary
supplements includes probiotics and prebiotics in a form of
synergism; therefore, synbiotics are mixtures of probiotics and
prebiotics that beneficially affect the host by improving the survival
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Aims: The purpose of this study was to investigate the effect of oat,
Keywords: rice, and barley bran on the proliferation and activity of probiotic
bran, prebiotic, bacteria, Lactobacillus casei and Bifidobacterium bifidum in milk.
probiotic, symbiotic Methods: Experimental treatments in this research include lecithin-

cholesterol ratios (30-30, 40-20, 50-10 and 60-0). Due to the
incompatibility of beta-carotene with water, nanoliposome
formulations were produced using the combined method of thin-
layer hydration-sonication.

Results: The highest survival rate of Lactobacillus casei and
Bifidobacterium bifidum was observed in the samples containing
7.5% oat bran, rice and barley during the entire storage period in
the refrigerator, and Lactobacillus casei had a higher potential for
survival than Bifidobacterium bifidum. Barley bran showed more
prebiotic activity in stimulating the growth and survival of studied
probiotic bacteria, followed by barley bran and rice bran. The
highest value titratable acidity was obtained in the samples treated
with 5 and 7.5% of the brans, which contained higher bacterial
populations than the control and other samples. The content of
group B vitamins was significantly higher in the samples containing
rice bran, followed by the samples containing barley and oat bran.
Conclusion: According to the results of this study, rice, barley, and
oats bran have prebiotic activity and stimulate the growth of
probiotic bacteria.
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Extended Abstract

Introduction: Synbiotic foods refers to food
ingredients or dietary supplements includes
probiotics and prebiotics in a form of
synergism,; therefore, synbiotics are mixtures
of probiotics and prebiotics that beneficially
affect the host by improving the survival and
implantation of live microbial dietary
supplements in the gastrointestinal tract, by
selectively stimulating the growth and/or by
activating the metabolism of one or a limited
number of health-promoting bacteria, thus
improving host welfare (Kelly et al., 2008).
Prebiotic compounds are substrates that are not
metabolized by host enzymes, but by its
microbiota, which provide many health
benefits related to the gastrointestinal tract,
cardiac metabolism, mental and bone health.
Among these are the xilooligosaccharides
(XOS), which are emerging prebiotics derived
from arabinoxylans, polysaccharides present
in cereals such as wheat bran, oats bran,
buckwheat bran, rice bran, barley bran (Suman
and Sreeja, 2019). These compounds are
promising bioactive ingredients for the
development of new functional ingredients/
products for food and feed industries. As
described by previous studies, prebiotics are
non-digestible food compounds stimulate the
growth and metabolic activity of probiotic
bacteria, in food and in the body and exert
positive effects on the survival and activity of
probiotic bacteria as well as the health of the
consumer (Wilson & Whelan, 2017). The use
of cereal bran as agroindustrial waste
represents a great sustainable way to minimize
the impact caused by its accumulation in the
environment, as well as explore its beneficial
health properties.Considering the important
role of prebiotics in the functionality of the
probiotic bacteria and the availability of
valuable prebiotic sources in agricultural waste
such as cereal bran, the purpose of this study
was to investigate the effect of oat, rice, and
barley bran on the proliferation and activity of
probiotic bacteria, Lactobacillus casei and
Bifidobacterium bifidum in milk.

maybe due to the electrostatic interactions
between the cationic liposomes and the
negatively charged cell membranes, enhancing
nanoparticle uptake by adsorptive-mediated
endocytosis  (Elkholy et al.,, 2020).
Nanoliposomes have gained significant
recognition as a successful approach for
encapsulating sensitive bioactive compounds,
safeguarding them against unfavorable
processing or gastrointestinal conditions. The
physical  characteristics of  liposomes,
particularly their size, size distribution, and
layering, are contingent upon various factors
such as the chosen preparation methods, lipid
type (charged, uncharged, or neutral), lipid
composition, surfactant, organic solvent, and
ionic strength of the suspension medium
employed during the preparation techniques.
Thin-layer hydration is a commonly employed
method for liposome production; however, its
application is limited due to the production of
large particles and non-uniform particle size
distribution. This study aimed to examine the
impact of varying proportions of lecithin-
cholesterol on the size of particles, the
efficiency of encapsulation, and the stability of
these attributes over some time. Additionally,
another objective of this investigation was to
assess the efficacy of employing a combined
approach involving thin-layer hydration and
sonication in addressing the issues related to
large particle size and  non-uniform
distribution of particle size.

Material and methods: In this study, the
seeds of barley (Hordeum vulgare L.) Iranian
Nusrat variety, oat (Avena sativa) and rice
(Oryza sativa) Iranian Khazar variety (under
genetic modification) from the Research
Institute of Plant Breeding and Seed
Preparation (Karaj, Iran) was prepared. Oat,
oat, and rice seeds were cleaned, brushed, and
then milled using a laboratory mill to obtain
white flour, fine bran particles, and coarse bran
particles. Then, these three components were
separated into coarse bran particles, fine bran
particles and white flour using a set of sieves
with different meshes. Fine bran particles were
used for the experiments.
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In order to carry out the fermentation process,
the inoculum volume of 10 ml (1012 cfu/mi
cell population) of each bacterial culture was
mixed with 90 ml of high-fat milk. Then,
different percentages of oat, rice and barley
bran powder (2.5, 5 and 7% w/w) were added
to the milk medium. Control samples were
prepared according to the same method
without using bran. All the prepared samples
were placed in a greenhouse incubator at a
temperature of 37 degrees Celsius and their pH
was measured at one-hour intervals and
fermentation was stopped when the pH
reached 4.6. Bacterial populations were
counted by sampling at 2-hour intervals and
culturing until the pH reached 4.6. After
fermentation, all the samples were kept at 4
degrees Celsius and the survival rate of cells
during storage was determined after 1, 7, 14,
21 and 28 days. For determining the survival
of probiotics, pour plate method was used to
check the survival of probiotics. Dilutions
were cultured for counting Lactobacillus casei
in MRS agar medium and for counting
Bifidobacterium bifidum in TPY agar. Colony
counting was done after incubation in
anaerobic conditions at 37°C for 48 hours
(Lopez-Rubio, Sanchez, Wilkanowicz, Sanz,
& Lagaron, 2012). After primary fermentation,
all the samples were kept at 4 °C and the cell
survival rate, pH, acidity, amount of vitamins
B1, B2, B5, B6, B12 and inulin were
determined after 1, 7, 14, 21, and 28 days of
storage. All tests were performed in three
repetitions and the data obtained in the study
were presented as mean + standard deviation.
Data analysis was performed using two-way
analysis of variance (ANOVA) and Tukey
HSD supplementary test (for pairwise
comparisons).

Results and discussion: The highest survival
rate of Lactobacillus casei and
Bifidobacterium bifidum was observed in the
samples containing 7.5% oat bran, rice and
barley during the entire storage period in the
refrigerator, and Lactobacillus casei had a
higher  potential  for  survival than
Bifidobacterium bifidum. Barley bran showed
more prebiotic activity in stimulating the

growth and survival of studied probiotic
bacteria, followed by barley bran and rice bran.
The highest value titratable acidity was
obtained in the samples treated with 5 and
7.5% of the brans, which contained higher
bacterial populations than the control and other
samples. The content of group B vitamins was
significantly higher in the samples containing
rice bran, followed by the samples containing
barley and oat bran. The amount of inulin
showed the highest amount in the treatments
containing barley bran and barley bran during
the entire storage period. According to the
results of this study, the synbiotic milk
medium containing Lactobacillus casei and
Bifidobacterium bifidum and rice, barley, and
oat bran has a positive prebiotic effect on the
metabolic activity and survival of the
examined probiotic bacteria during the 28-day
storage period in the refrigerator compared to
the control samples and has caused an increase
in the rate of bacteria reproduction, a rapid
decrease in pH and an increase in acidity. The
content of vitamins B1 and B2 increased more
than 2 times, and the amount of vitamin B5
increased by about 1.5 times, and a slight
increase in the number of vitamins B6 and B12
was observed. In previous studies, it has been
stated that oat bran and oat bran have a
significant amount of inulin, which stimulate
their growth in proximity to probiotic bacteria.
For example, it has been reported that the
addition of pure inulin or dietary fibers
containing inulin such as chicory root and oat
bran to the culture medium or food products
containing  lactobacilli  and intestinal
bifidobacteria significantly increased their
proliferation and activity compared to control.
has forgiven (Carlson et al., 2017; Nasirvand
et al., 2022, Oruji et al., 2016,). Also, during
the enrichment of probiotic low-fat yogurt with
barley bran as a prebiotic source containing a
high percentage of inulin, a significant
increase in the growth of Lactobacillus
acidophilus was observed with the release of
inulin from the bran into the yogurt medium
(Hasani, Sari, Heshmati, & Karami, 2017).
Therefore, the higher the amount of inulin and
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fructooligosaccharide compounds in bran, the
more noticeable its prebiotic effect will be.
Conclusion: The survival rate of Lactobacillus
casei and Bifidobacterium bifidum was also
the highest in samples containing 7.5% of oat
bran, rice and barley during the entire storage
period in the refrigerator, and Lactobacillus
casei had a higher potential for survival than
Bifidobacterium bifidum. . Oat bran showed
more prebiotic activity in stimulating the
growth and survival of studied probiotic
bacteria, followed by oat bran and rice bran.
The highest rate of this index was obtained in
the samples treated with 5 and 7.5% of bran,
which contained higher bacterial populations
than the control and other samples. The content
of group B vitamins was significantly higher in
the samples containing rice bran, followed by
the samples containing oat and oat bran. The
amount of inulin showed the highest amount in
the treatments containing oat bran and oats
during the entire storage period. According to
the results of this study, the synbiotic milk
medium containing Lactobacillus casei and
Bifidobacterium bifidum and oat bran, bran
and barley has a positive prebiotic effect on the
metabolic activity and survival of the probiotic
bacteria examined during a 28-day refrigerator
storage period compared to control samples.
without bran) and has increased the speed of
bacteria multiplication, rapid decrease of pH,
increase of acidity and B vitamins. According
to the results of this research, it is suggested to
produce synbiotic foods using cereal bran at
the pilot and workshop level and to examine
the marketability of the product and also to
investigate the effect of synbiotic foods
containing cereal bran on health parameters in
laboratory animals.
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Table 1- Population of Lactobacillus casei (log CFU/mI) in milk treated with oat, rice, and barley bran during

storage at 4+1 °C
Time (day)
1 7 14 21 28
Control 9.15+0.104b 10.1940.298"  11.03+0.54°f 12.85+0.33°" 13.70+0.93E
2.5% oat bran 8.97+0.22Ad 10.48+0.658¢  11.26+0.21¢° 13.05+0.55P9 13.90+0.75F9
5% oat bran 9.02+0.17 A° 10.89+0.258>  11.41+0.37¢¢ 13.30+0.17P¢ 14.17+0.45F
7.5% oat bran 9.11+0.05%°  11.19+0.508%  11.80+0.15 13.68+0.470¢ 14.50+0.39E¢
2.5% rice bran 8.91+0.15%¢ 10.21+0.53B¢f  11.19+0.90C¢ 12.95+0.21°f 13.67+0.1759
5% rice bran 9.14+0.304°  10.55+0.208¢  11.274#0.25¢¢  13.18+0.740¢ 13.84+0.60E
7.5% rice bran 8.89+0.374°  10.67+0.428¢  11.65+0.57< 13.51+0.36%  14.06+0.34
2.5% barley bran 9.28+0.20%2 10.65+0.298¢  11.35+0.50¢¢ 13.45+0.25P4 14.35+0.20F¢
5% barley bran 9.07+0.09A°  10.71+0.408¢  11.72+0.68%  13.80£0.10%°  14.80+0.65E
7.5% barley bran 9.33+0.2142 10.93+0.338  12.08+0.46 14.10+0.39P2 15.22+0.40F2

a: significant statistical difference in each column
A significant statistical difference in each column



OHen 5 SlwrsS O

Table 2. Population of Bifidobacterium bifidum (log CFU/g) in milk treated with oat, rice, and barley bran during

storage at 4+1 °C
Time (day)
1 7 14 21 28
Control 9.35+0.194 10.06+0.508"  10.65+0.42¢" 11.25+0.750" 11.83+0.36F9
2.5% oat bran 9.28+0.35A¢ 10.29+0.538¢  10.81+0.45%9 11.30:0.66°" 12.35+0.10Ff
5% oat bran 9.50+0.10%2 10.37+0.158¢  11.09+0.82¢¢ 11.85+0.10°f 12.68+0.25E¢
7.5% oat bran 8.93+0.09%¢ 10.58+0.448>  11.34+0.25¢¢ 12.10+0.61P¢ 13.07+0.165°
2.5% rice bran 9.25+0.28A¢ 10.33+0.458¢  11.24+0.39% 11.90+0.77°f 12.27+0.70Ef
5% rice bran 9.34+0.50A"  10.62+0.208"  11.47+0.55% 12.29+0.220d 12.55+0.39E¢
7.5% rice bran 9.20+0.11 A 10.95+0.6182  11.88+0.41C 12.55+0.60°¢ 12.96+0.50E¢
2.5% barley bran 9.54+0.31%%  10.240.758¢  10.95:0.96%"  11.63+0.14%¢  12.75:+0.83%
5% barley bran 9.11+0.10Ad 10.49+0.378¢  11.48+0.29<° 12.65+0.60 P° 13.05+0.40E0
7.5% barley bran 8.83+0.45Af 10.35+0.258¢  11.80+0.32¢ 12.98+0.5202 13.47+0.19F2

a: significant statistical difference in each column
A: significant statistical difference in each column
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Figure 1. pH in milk samples treated with oat, rice,
and barley bran during storage at 4+1 °C. Bars on
the figures presents standard deviation of data.
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Figure 2. Acidity (%lactic acid) in milk samples
treated with oat, rice, and barley bran during storage
at 4+1 °C .Bars on the figures presents standard
deviation of data.
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Figure 3- Amount of vitamin B (mg/100ml) in milk samples treated with oat, rice, and barley bran during storage
at 4+1 °C. Bars on the figures presents standard deviation of data.
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Figure 4- Amount of vitamin B2 (mg/100ml) in milk samples treated with oat, rice, and barley bran during storage
at 4+1 °C. Bars on the figures presents standard deviation of data.
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Figure 5- Amount of vitamin Bs (mg/100ml) in milk samples treated with oat, rice, and barley bran during storage
at 4+1 °C. Bars on the figures presents standard deviation of data.
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Figure 6- Amount of vitamin Bi2 (mg/100ml) in milk samples treated with oat, rice, and barley bran during storage
at 4+1 °C. Bars on the figures presents standard deviation of data.
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Figure 7- Amount of inulin (g/100ml) in milk samples treated with oat, rice, and barley bran during storage at 4+1
°C. Bars on the figures presents standard deviation of data.
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