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Abstract The main purpose of the current study was to

assess the physicochemical properties of the synbiotic

yogurt fermented with oat slurry and probiotic strains and

the antioxidative and antibacterial activities of the oat-

based synbiotic yogurt. The viable cells of Lactobacillus

brevis SBP49 and Lactobacillus acidophilus SBP55

reached 108 CFU/g or more in the probiotic and oat-based

synbiotic yogurt, and the resistance to artificial digestive

juices and the adherence to intestinal epithelial cells of

these lactic acid bacteria were also very high in these

yogurts. In addition, oat flour added for the manufacture of

the synbiotic yogurt significantly promoted the production

of antimicrobial substances by these probiotics, thereby

increasing the antibacterial effect of the strains against

pathogenic food poisoning bacteria including Bacillus

cereus American Type Culture Collection (ATCC) 11778,

Escherichia coli O157 ATCC 43889, Listeria monocyto-

genes Korean Collection for Type Cultures (KCTC) 3569,

Salmonella enteritidis ATCC 13076, Salmonella typhi-

murium KCTC 2514, and Staphylococcus aureus ATCC

6538. Meanwhile, the antioxidative activity of the oat-

based synbiotic yogurt was significantly higher than that of

the probiotic yogurt and its activity may be due to free

radical scavenging ability of phenolic compounds con-

tained in oat slurry.
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Introduction

The normal flora that inhabit the human gastrointestinal

tract are exceedingly complex and consist of more than 800

different bacterial, which have an enormous influence on

the host immune response with important implications for

human health [1]. Under normal circumstances, major

functions of the indigenous microbiota living in the human

digestive system also include the activation of energy

metabolic switches and the protection of the host from

exogenous pathogens infection [2].

However, the disturbances in the ecological balance of

human microflora are associated with the immune-medi-

ated disorders caused by potentially pathogenic bacteria in

the gut or the use of antibiotics or other medication [3]. In

addition, the intestinal pathogens might secrete harmful

toxins that block the epithelial cell function and host’s

metabolic response and cause the pathological disorders,

including multisystem organ failure, colon cancer, and

irritable bowel syndrome [4]. Previous studies indicated

that the overgrowth of pathogenic bacterial populations and

the significant decline of health-promoting bacteria play an

important role in innate intestinal inflammation and

pathogenesis of gastrointestinal disease [5]. Meanwhile,

reactive oxygen species (ROS), which is mainly generated

during the oxidative metabolism, can induce various gas-

trointestinal diseases such as peptic ulcers, cardiovascular

disease, and cancers [6].

Fortunately, numerous in vivo and in vitro studies have

shown that probiotics, live microbial food supplements

with health-promoting attributes have a beneficial effect in

the prevention and treatment of various intestinal disorders

[7]. The antimicrobial substances produced by the probiotic

bacteria may reduce not only the number of viable patho-

genic cells but may also affect bacterial metabolism or
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toxin production [7]. The major probiotic mechanisms of

action probiotic also include the promotion of intestinal

homeostasis, the stabilization or the maintenance of gas-

trointestinal barrier function, and the repression of ROS-

induced oxidative stress and procarcinogenic enzymatic

activities [8].

Meanwhile, there is currently a great deal of interest in

the use of prebiotic as functional substances that encourage

the growth and useful activity of healthy bacteria in the

colon, reduce the risk of inflammatory bowel disease-as-

sociated gut dysbiosis, and promote intestinal barrier

integrity and metabolism [9]. Prebiotics are defined as non-

digestible food ingredients [e.g., transgalactosylated and

fructooligosaccharides (FOS)] that benefit the host by

selectively stimulating the growth and/or activity of some

intestinal flora in the colon [10]. Prebiotics that are present

in significant amounts in several edible fruits, vegetables,

and cereals are able to alter the colonic microflora to a

healthy composition by inducing beneficial luminal or

systemic effects within the host [11]. Among the various

prebiotic foods, whole oats are a potential source for b-
glucan, a prebiotic polysaccharide resulting in positive

effects on human gut health including the blood choles-

terol-lowering ability and antioxidative and anticancer

activities [12]. Meanwhile, synbiotics that can be simply

defined as health-enhancing foods or nutritional supple-

ments combining probiotics and prebiotics in a form of

synergism have recently been proposed as a novel pre-

ventive and therapeutic agent for a variety of gastroin-

testinal tract disorders [10]. Synergistic synbiotics

containing prebiotics that can stimulate specifically the

growth of probiotic provide more additive benefits in

gastrointestinal function [13]. Therefore, the main purpose

of the current study was to assess the physicochemical

properties of the synbiotic yogurt fermented with oat slurry

and probiotic strains and the antioxidative and antibacterial

activities of the oat-based synbiotic yogurt.

Materials and methods

Bacterial strains and growth conditions

Lactobacillus brevis SBP49 and Lactobacillus acidophilus

SBP55 confirmed as putative probiotic candidates in the

previous study [14] were selected as starter for yogurt

manufacture in this research. The harmful intestinal bac-

teria including Bacillus cereus American Type Culture

Collection (ATCC) 11778, Escherichia coli O157 ATCC

43889, Listeria monocytogenes Korean Collection for Type

Cultures (KCTC) 3569, Salmonella enteritidis ATCC

13076, Salmonella typhimurium KCTC 2514, and Staphy-

lococcus aureus ATCC 6538 were obtained from ATCC

and KCTC. These selected pathogens were inoculated into

brain heart infusion broth (Difco, Detroit, MI, USA) and

cultured under aerobic conditions for 24 h at 37 �C. Stock
cultures were maintained at - 20 �C in culture medium

containing 20% (v/v) glycerol until further use. To obtain

fresh cultures from the freezed stocks, these strains were

thawed at room temperature and propagated twice in cul-

tural medium at the optimal temperature (37 �C) before the
experiments.

Preparation of probiotic and oat-based synbiotic

yogurts

For the production of probiotic yogurt, fresh cow milk with

skimmed milk powder fortification (5%, w/v) was

homogenized and pasteurized by heating to 85 �C for

20 min. Then it was cooled to 45 �C and inoculated with

lactic acid bacteria (LAB, 1.0 9 106 CFU/mL) recovered

from culture broth after incubation for 16 h at 37 �C. Oat-
based synbiotic yogurt was prepared according to Mahrous

et al. [15] with some modifications. Steel-cut oats were

purchased at a local grocery store in Korea, washed with

tap water and then dried at 50 �C in a dry oven. Fine oat

flour containing 7.3 ± 0.2% b-glucan) was obtained by

milling the oat grains in a hammer mill (Falling Number-

3100 Laboratory Mill, Perten Instruments, Huddinge,

Sweden) and fitting with a sieve of 800 lm aperture size.

The milled oat flour (20 g) was used as a substrate and

blended with distilled water (80 mL) to make the slurry.

For manufacturing of oat-based yogurt, the oat slurry at

different concentrations (2.5, 5, and 10%, w/v) was added

to 10% skim milk obtained from a local food market and

pasteurized at 85 �C for 20 min under stirring conditions

(100 rpm). Each of the cultures of LAB starter was inoc-

ulated into MRS broth and incubated at 37 �C until the

early stationary phase of growth. The cells were harvested

by centrifugation (70009g, 10 min, 4 �C) and washed

twice with PBS (pH 7.0). The milk was cooled to

40–42 �C, and the samples were inoculated with LAB cell

pellets (1.0 9 106 CFU/mL) obtained from culture med-

ium. The inoculated milk samples were mixed thoroughly

and incubated for 16 h at 37 �C. Yogurt samples were then

stored in refrigerator for 10 days.

Stability of probiotic potential in probiotic and oat-

based synbiotic yogurts

Fermented yogurt samples were tenfold serially diluted in

PBS (pH 7.0) and plated for colony forming units (CFU)

determination. LAB colonies were enumerated on MRS

agar after aerobic incubation at 37 �C for 48 h. Bacterial

numbers were expressed as CFU per gram of sample. The

tolerance to simulated gastric and intestinal juices of the
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LAB grown in probiotic and synbiotic yogurts was assayed

as described by Maragkoudakis et al. [16]. Simulated

gastric juice was prepared fresh daily by suspending NaCl

(125 mM), KCl (7 mM), NaHCO3 (45 mM), and pepsin

(1:10,000, Sigma, St Louis, MS, USA) in PBS, and

adjusting the pH to 2.5 with concentrated HCl. Simulated

small intestinal juice was prepared by dissolving NaCl

(1.25 M), NaHCO3 (82 mM), NaHPO4 (44 mM), KCl

(48 mM), CaCl2�2H2O (20 mM), MgCl2�6H2O (5 mM),

bile salts (17.5 g/L), and pancreatin (5 g/L) in PBS buffer

adjusted to pH 8.0 using 1 N HCl or NaOH. The yogurt

samples (1 g) were transferred into a test tube containing

simulated gastric juice (9 mL) and then incubated at 37 �C
for 2 h. The culture (1 mL) was tenfold serially diluted

with PBS (pH 7.0), and the residual viable population was

calculated by plate counting on MRS agar after incubation

at 37 �C for 48 h under aerobic conditions. After incuba-

tion in vitro with simulated gastric juice, the yogurt sam-

ples were exposed into an artificial intestinal juice for 3 h.

Cell viability was determined by counting the viable cells

after serially dilution.

For in vitro adhesion assay, human adenocarcinoma cell

line HT-29 cells were used for the assay to determine

adherence of the tested LAB in MRS broth and yogurt

samples. HT-29 cells were cultured in a culture medium

containing Dulbecco’s modified Eagle’s minimal essential

medium (DMEM; HyClone Laboratories Inc., Logan, UT,

USA) supplemented with 10% (v/v) heat-inactivated

(30 min, 56 �C) fetal bovine serum (FBS, GIBCO, Invit-

rogen Ltd., Carlsbad, CA, USA), glutamine (2 mM),

sodium pyruvate (1 mM), penicillin (100 units/mL), and

streptomycin (50 mg/mL). HT-29 cells were seeded at a

density of 105 cells/well 24-well tissue culture plates

(Thermo Fisher Scientific, Denmark) containing growth

medium. The cultures were maintained in humidified

atmosphere with 5% of CO2 and 95% of air at 37 �C. The
cell culture media was changed every other day until

confluent monolayer was reached. Prior to the adhesion

assay, the monolayers were washed three times with ice-

cold PBS (pH 7.0) and the cell suspension was transferred

to a six-well tissue culture plates (1 9 104 cells/well)

containing antibiotic-free DMEM. The aliquot (0.5 mL) of

each yogurt sample was added to each well containing HT-

29 cells and medium and then incubated at 37 �C in 5%

CO2 95% air atmosphere for 2 h in the humidified incu-

bator. After incubation for 2 h, non-adherent bacterial cells

were eliminated by washing twice with PBS (pH 7.0) and

the adherent cells were lysed by incubation at room tem-

perature for 15 min in the presence of 0.25% trypsin–

EDTA (Gibco, Invitrogen, USA). The suspension from

each well was then serially diluted and plated onto MRS

agar to determine adhesion ability. The adhesion ability

(%) of the LAB to HT-29 cells was determined by counting

the viable bacterial counts before the adhesion assay and

viable bacterial counts adhered to the epithelial cell layers.

Physicochemical properties of oat-based synbiotic

yogurt

The pH values of yogurts were measured using pH meter

(Metrohm 744, the Netherlands) after completion of the

calibration. The titratable acidity values of each yogurt

samples were determined by dissolving 10 g of the sample

in 100 mL of distilled water and titrating with 0.1 N NaOH

using a 1% phenolphthalein indicator to produce a faint

pink color. Meanwhile, the b-glucan contents of the sam-

ples were determined with the enzymatic (K-BGLU) kit

(Megazyme International Ireland Ltd., Co. Ireland) fol-

lowing the manufacturer’s instructions. Briefly, mixed-

linkage b-glucans, [(1–3), (1–4)-b-D-glucans], were sub-

jected to selective degradation of the (1–3) linkage using

lichenase [a specific endo-(1–3),(1–4)-b-D-glucan 4-glu-

canohydroase] b-glucosidase, and glucose oxidase [17].

The extent syneresis of fermented yogurts was determined

by the method given by Hassan et al. [18], with slight

modification. The yogurts (100 g) were transferred into a

funnel equipped with a 100-mesh stainless screen. After

5 h of drainage at 4 �C, the volume of whey separated into

the graduated cylinder was used as an index of syneresis.

The difference in viscosity between probiotic and synbiotic

yogurts was measured as described by Ranadheera et al.

[19] with small modifications using a viscometer (Brook-

field Engineering Laboratories Inc., USA). Apparent vis-

cosity was measured at constant speed (20 rpm) of spindle

(No. 4) rotation at 1-min intervals. Results were typically

expressed in Centipoise (cP).

Determination of antibacterial substances contents

in probiotic and oat-based synbiotic yogurts

To determine the organic acid contents, the yogurt samples

were prepared according to the method of De Liano et al.

[20] with minor modification. Each sample (5 mL) was

mixed with 45 mM H2SO4 (20 mL) and homogenized by

vortexing for 1 min. The samples were allowed to stand for

10 min in an ice bath and centrifuged at 55009g for

30 min at 4 �C. The supernatant was injected into a high-

performance liquid chromatography system (Hitachi,

Tokyo, Japan) after filtration through 0.22-lm filters

(Millipore, USA) to remove any small particles. Organic

acids (acetic acid and lactic acid) in yogurt samples were

analyzed on an Aminex HPX-87N cation-exchange resin

column (300 9 7.8 mm) equipped a cation H? Micro-

Guard cartridge (Bio-Rad Laboratories, Hercules, USA).

The column was kept at 65 �C and the elution was carried

out with 13 mM H2SO4 mobile phase at a flow rate of
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0.8 mL/min. The organic acid identification was performed

by UV–Vis detection at 220 nm.

The enzymatic method mentioned by Gilliland [21] was

used to determine the amount of hydrogen peroxide in

probiotic and oat-based synbiotic yogurts. Owing to the

high viscosity of yogurt, the content of hydrogen peroxide

was measured after dilution and filtration of sample.

Yogurt (10 g) was adjusted to pH 4.5 with 0.1 N HCl, and

20 mL of 0.1 M acetate buffer (20 mL) was added. The

final volume was brought up with sterile water to 20 mL,

and the filtrate (5 mL) was collected using a Whatman

filter (Fisher Scientific, USA), and then transferred to a

sterile glass tube containing 1% o-dianisidine (100 lL) and
horseradish peroxidase (0.01 mg/mL, 1 mL) (Fisher Sci-

entific). Sample blank was prepared by replacing horse-

radish peroxidase with distilled water. After 10 min of

incubation at room temperature, the reaction was termi-

nated by the addition of 4 N HCl (200 lL) and the

hydrogen peroxide content (lg/mL) was calculated from

the standard curve by measuring the absorbance at 400 nm.

In vitro growth control of selected pathogens

by probiotic and oat-based synbiotic yogurts

After incubation under the optimal conditions mentioned

above, the cultures of the harmful intestinal bacteria were

harvested by centrifuging at 70009g for 10 min. The cell

pellets were washed twice with sterile PBS (pH 7.0) and

gently resuspended in the same buffer to obtain the final

density of approximately 1.0 9 106 CFU/mL. The cell

suspension (10%, v/w) of each pathogen was added to the

probiotic and synbiotic yogurts (10 g). The samples were

taken at 5 and 10 days in order to evaluate the concentra-

tion of each bacterium during storage at 20 �C in probiotic

and oat-based synbiotic yogurts. The viable cell numbers of

the pathogen in yogurt samples were quantified by pour

plate technique onto mannitol–egg yolk–polymyxin agar

(for B. cereus ATCC 11778), sorbitol MacConkey agar (for

E. coli O157 ATCC 43889), Oxford agar (for L. monocy-

togenes KCTC 3569), xylose lysine deoxycholate agar (for

S. enteritidis ATCC 13076 and S. typhimurium KCTC

2514), mannitol salt with egg yolk agar (for S. aureus

ATCC 6538). All the dishes were incubated at 37 �C for

48 h, and the colonies grown on the plate were counted and

the reduction (%) in the initial number of the pathogenic

bacteria in the yogurt samples was calculated.

Total phenolic content (TPC) in probiotic and oat-

based synbiotic yogurts

The pH of the samples was adjusted to 4.6 using 1 M HCl

to remove the non-hydrolyzed casein in the probiotic and

oat-based synbiotic yogurts. The suspension was

centrifuged (10,0009g for 20 min at 5 �C), and the

supernatant was filtered with a 0.45-lm sterile filter. TPC

assay was performed according to Shetty et al. [22], with

minor modification. In brief, the yogurt extract (1 mL) was

dispensed into a test tube fitted with a Teflon-lined screw

cap, followed by the addition of 95% ethanol (9 mL) and

distilled water (9 mL). After addition of 1 N Folin–Cio-

calteu reagent (1 mL) to each tube, the solution was vig-

orously mixed using a vortex and then left at room

temperature for 3 min. 1 N Na2CO3 (300 lL) was added to

the reaction mixture and allowed to stand at room tem-

perature for 90 min. The absorbance was measured at

765 nm using UV/Vis spectrophotometer (UV-1601, Shi-

madzu Co., Kyoto, Japan). Gallic acid (5–60 lg/mL) dis-

solved in ethanol was used as a standard phenolic

compound for the quantitative determination. TPC was

calculated from the standard curve of gallic acid (5–60 lg/
mL) used as standard phenolic compound for the quanti-

tative curve and expressed as lg of gallic acid equivalent

(GAE) per 1 mL of yogurt extract (lg GAE/mL).

2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay

The DPPH radical scavenging abilities of probiotic and

oat-based synbiotic yogurts were measured according to

the method of Shimada et al. [23], with some modifica-

tions. In brief, 50 lM DPPH radical solution (Sigma-

Aldrich, St. Louis, MO, USA) prepared in 95% ethanol was

added to an equal volume of the yogurt samples. The

reaction mixtures were shaken vigorously and kept in the

dark at room temperature for 30 min. After centrifugation

(80009g, 10 min), the DPPH radical scavenging activity

was measured at 517 nm with a microplate reader (Bio-

Teck Inc., Winooski, VT, USA). Scavenging effect of

DPPH radicals was calculated according to the following

equation:

Inhibition %ð Þ ¼ Acontrol � Asample

� �� �
= Acontrolð Þ � 100;

where Acontrol is the absorbance of the control reaction

(containing all reagents except the test compound) and

Asample is the absorbance of the test compound. Ascorbic

acid and butylated hydroxylanisol (BHA) at a concentra-

tion of 0.1 mg/mL were used as positive controls.

2,20-Azino-bis-3-ethylbenzothiazoline-6-sulfonic acid

(ABTS) assay

The ABTS radical scavenging activities of probiotic and

oat-based synbiotic yogurts were done using the method of

Re et al. [24] with slight modifications. ABTS radical

cations (ABTS?) were produced by reacting ABTS

(7 mM) in distilled water with potassium persulfate

(2.45 mM). The mixture was shaken and left to stand at
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room temperature in the dark for 12 h before use, and the

resulting solution was diluted with 94% ethanol to obtain

the appropriate absorbance (0.17 ± 0.03), which was

measured at 734 nm. The yogurt sample (50 lL) was

mixed with the ABTS? solution (950 lL), and then, the

mixture was kept in the dark at room temperature for

10 min. The absorbance at 734 nm was recorded with a

microplate reader, and the inhibition (%) was calculated

using the following equation:

Inhibition %ð Þ ¼ Acontrol � Asample

� �
=Acontrol

� �
� 100;

where Acontrol is the absorbance of the control reaction

(containing all reagents except the test compound) and

Asample is the absorbance of the test compound.

Statistical analysis

All experiments were carried out in triplicate, and results

for each analysis were expressed as mean ± standard

deviations. All statistical analysis was performed using the

SPSS for Windows (version 12.0, Chicago, IL, USA). The

difference between the treatment and the control groups

was analyzed using Student’s t test. The p values\ 0.05

were regarded as statistical significance.

Results and discussion

Stability of probiotic potential in probiotic and oat-

based synbiotic yogurts

The effect of oat slurry on probiotic potential of L. brevis

SBP49 and L. acidophilus SBP55 in probiotic and synbi-

otic yogurts is shown in Table 1. The viability of L. brevis

SBP49 (9.5 ± 2.1 9 108 CFU/g) in probiotic yogurt was

slightly higher than that of L. acidophilus SBP55

(2.2 ± 0.6 9 109 CFU/g). When oat slurry (2.5%) was

added to probiotic yogurt fermented with L. brevis SBP49,

the viable cell counts of probiotic strain were significantly

increased compared to the control. When 5% or more of

oat slurry was added, the number of viable cells of L.

acidophilus SBP55 in probiotic yogurt was significantly

increased. The viable counts of these LAB in probiotic and

synbiotic yogurts were decreased by about 1–1.5 log cycles

after incubation for 2 h in artificial gastric juice. On the

other hand, the number of remaining cells after incubation

in artificial gastric juice was maintained throughout incu-

bation for 3 h in the artificial bile solution. The number of

bacterial cells adhered to the intestinal epithelial cells after

incubation in the artificial bile solution achieved higher

than 106 CFU/g. As a result of this study, L. brevis SBP49

and L. acidophilus SBP55 strains used for the production of

probiotic and oat-based synbiotic yogurts showed strong

resistance to artificial digestive juices and high adherence

to intestinal epithelial cells. Meanwhile, the resistance to

artificial digestive juices and the adhesion to intestinal

epithelial cells of these LAB strains were not significantly

different between probiotic and oat-based synbiotic

yogurts, so oat slurry did not have a direct effect on the

probiotic activity. Since the oat slurry promoted the growth

of these LAB, the residual bacterial counts after incubation

in artificial digestive juice and the number of bacterial cells

attached to intestinal epithelial cells were higher in syn-

biotic yogurt than in probiotic yogurt.

The number of probiotic LAB in fermented milk prod-

ucts such as yogurt should be maintained at a high viable

count until immediately before consumption. In yogurt, the

probiotic count should be at least 6–7 log cycles, and

yogurt should be consumed at least 100 g/day to ensure the

effectiveness of the probiotic [25]. Thus, the number of L.

brevis SBP49 and L. acidophilus SBP55 in probiotic and

synbiotic yogurts meets the quality standard of the fer-

mented milk.

Meanwhile, the addition of prebiotic substances has also

been shown to improve the sensory characteristics of fer-

mented dairy products and the growth and activity of

probiotic microorganisms such as lactobacilli and bifi-

dobacteria in the colon [26]. Some of the sources of pre-

biotics include breast milk, soybeans, inulin sources (such

as Jerusalem artichoke and chicory roots), raw oats, unre-

fined wheat, unrefined barley, yacon, and non-digestible

oligosaccharides such as FOS, galacto-oligosaccharides,

transgalactosylated oligosaccharide, isomalto-oligosaccha-

rides, xylooligosaccharides (XOS), soy oligosaccharide,

and lactosucrose [27]. Oat, mostly as flakes, is a good

substrate for the growth of probiotic strains and a useful

material that benefits health because it contains a large

amount of b-glucan, a physiologically active substance

[28].

b-Glucan has been reported as a prebiotic substance due

to its ability to selectively stimulate the proliferation and

the activity of probiotic strains and some beneficial resi-

dential colon microorganisms such as bifidobacteria after

reaching the intestinal tract without digestion [29].

According to many researchers, oats have been reported to

be useful as fermentation substrates for growth of LAB in

the production of fermented milk products. Meanwhile,

lactobacilli are able to produce hetero- or homo-ex-

opolysaccharides (EPS), which play an important role in

the physical properties, texture, and mouthfeel of fer-

mented foods. EPS of LAB have been reported to have

anticancer, immune function enhancement, and blood

cholesterol reduction effect [30]. Among the LAB-pro-

ducing EPS, Pediococcus parvulus 2.6 produced b-glucan
belonging to linear and branched polysaccharides. b-Glu-
can produced by Pediococcus and Lactobacillus strains has
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been reported to increase their Caco-2 human enterocytes,

macrophage immunomodulatory capacity, or survival rate

during gastrointestinal passage or technological process

[31]. Synbiotics, a mixture of probiotics and prebiotics,

enhance the physiological activity of probiotic LAB by

prebiotic components such as b-glucan [32]. Similarly, the

growth rate of L. brevis SBP49 and L. acidophilus SBP55

used in yogurt production may also be promoted by b-
glucan contained in oat slurry.

The synbiotic yogurt produced with L. brevis SBP49 and

L. acidophilus SBP55 was similar to the number of LAB

reported in other studies. The bacterial counts in the syn-

biotic fermented foods prepared with 18% oat flour and

Lactobacillus plantarum UFG9 were 2 9 109 CFU/g [33],

which were similar to the number of LAB in the synbiotic

yogurt of this study. The bacterial counts of L. plantarum

TK9 in the synbiotic food prepared with the addition of

whole oat flour were 2.85 9 109 CFU/g, which was similar

to that of L. acidophilus SBP55. The viable cell counts of

Bifidobacterium animalis subsp. lactis V9 in the synbiotic

food were 3.17 9 108 CFU/g, which was lower than that of

L. brevis SBP49 [34]. In contrast to our results, the number

of LAB in the yogurt prepared with the addition of barley

powder was lower than that of the sample without added

oat flour because it was known that the LAB were difficult

to use starch or protein contained in barley [35].

Probiotic strains are introduced into the intestines

through the mouth of the host and should maintain their

viability even after exposure to the extreme environments

[36]. L. acidophilus has a high cytoplasmic buffering

capacity and is more resistant than Bifidobacterium spp.

because of its resistance to changes in cytoplasmic pH

under acidic conditions [37]. Some LAB can neutralize pH

stress under acidic conditions by activation of proton

pumps by ATPase, deamination or amidation to produce

ammonium, decarboxylation to induce biogenetic amine

production, conversion from glutamine to glutamate,

malolactic fermentation, or pyruvate metabolite production

from C4 compounds [38]. Since milk has a buffering

capacity for the strong acid of gastric juice, the LAB

contained in the yogurt show a high survival rate in the

intestines [39]. To demonstrate the functionality of probi-

otic strains, they must not only pass through the digestive

tract in a live state but also remain above a certain level

during manufacture or storage of the product [40]. Unlike

the results of this study, Lim [41] reported that the survival

rate of probiotic yogurt starter L. acidophilus GK20

(35.56 ± 3.03%) and L. paracasei GK74 (35.60 ± 2.96%)

in gastric juice was higher than that of L. brevis SBP49 and

L. acidophilus SBP55; however, the prebiotic FOS did not

significantly affect the proliferation and probiotic activity

of these LAB.

The resistance to bile secreted from the gallbladder in

the duodenum is one of the essential requirements of the

probiotic strain. Bile acid is an amphipathic molecule with

strong antimicrobial activity and acts as a surfactant that

destroys biological membranes. It has the ability to affect

protein and phospholipids in cell membranes and destroys

the homeostasis of cells [36]. The tolerance of LAB to bile

acids is caused by the secretion of bile salt hydrolase, and

the enzyme has the effect of lowering the serum cholesterol

level [42]. Similar to the results of this study, Buriti et al.

[43] demonstrated that the tolerance of L. acidophilus La-5

to artificial digestive juices was improved by the addition

of prebiotic inulin.

The adherence of LAB to epithelial cells is mediated by

electrochemical and hydrophobic interactions of cells,

steric or passive attraction, and external structures of

Table 1 Effect of oat slurry on the resistance to artificial digestive juices and the adhesion to intestinal epithelial cells of L. brevis SBP49 and L.

acidophilus SBP55 used as probiotic yogurt starter

LAB Content of oat

slurry (%)

Viable cell counts (CFU/g)

Control Simulated gastric

juice

Simulated

intestinal juice

Adhesion to HT-

29 cells

L. brevis SBP49 0 9.5 ± 2.1 9 108 1.2 ± 2.5 9 107 3.6 ± 0.6 9 107 2.7 ± 2.1 9 106

2.5 3.4 ± 0.8 9 109* 2.0 ± 0.9 9 108* 4.1 ± 1.1 9 108* 3.0 ± 1.4 9 106

5 5.0 ± 1.2 9 109* 1.7 ± 1.6 9 108* 3.3 ± 2.9 9 108* 4.3 ± 0.9 9 107*

10 8.7 ± 3.1 9 109* 4.0 ± 2.5 9 108* 5.6 ± 0.8 9 108* 7.4 ± 4.2 9 107*

L. acidophilus SBP55 0 2.2 ± 0.6 9 109 1.1 ± 2.0 9 108 8.5 ± 1.1 9 107 3.2 ± 0.7 9 106

2.5 3.1 ± 1.3 9 109 9.9 ± 0.5 9 107 1.0 ± 1.3 9 108 2.8 ± 0.9 9 107*

5 7.9 ± 1.2 9 109* 5.4 ± 3.0 9 108* 6.6 ± 3.1 9 108* 5.8 ± 2.0 9 107*

10 8.6 ± 3.4 9 109* 4.3 ± 0.9 9 108* 7.2 ± 2.5 9 108* 4.0 ± 1.6 9 107*

Results represent means of three independent experiments ± standard deviation

* Significantly different from the control without addition of oat slurry (p\ 0.05)
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bacterial cells such as lipoteichoic acid and exopolysac-

charide [44]. LAB strains attached to the epithelial cells

effectively induce immune responses and stabilize intesti-

nal mucosa [45]. The adherence of LAB depends on the

number of bacterial cells, the components of the buffer

solution, the incubation time, the culture medium, the type

of intestinal microflora, and the composition of the ingested

food [46]. The results of this study are similar to those of

Lim [41] reported that FOS addition did not directly affect

the adherence of L. acidophilus GK20 and L. paracasei

GK74, although the number of bacteria attached to the

intestinal epithelium was high due to the high number of

lactic acid bacteria in the mixed culture.

Physicochemical properties of oat-based synbiotic

yogurt

Table 2 shows the results of physicochemical properties of

probiotic and oat-based synbiotic yogurts. The pH of the

probiotic yogurt prepared with L. acidophilus SBP55 was

3.90 ± 0.07, which was somewhat lower than that of the

samples made with L. brevis SBP49 (4.11 ± 0.05). The

titratable acidity (1.42 ± 0.03%), b-glucan content

(0.67 ± 0.02 g/100 g), syneresis (12.9 ± 0.6%, v/w), and

viscosity (1369.5 ± 2.1 cps) of probiotic yogurt prepared

with L. acidophilus SBP 55 were somewhat higher than

those of L. brevis SBP49. Meanwhile, the physicochemical

properties of the synbiotic yogurt prepared by adding 2.5%

or more of oat slurry were significantly differences from

those of probiotic yogurt fermented with L. brevis SBP49

and L. acidophilus SBP55. Since the oat slurry promoted

the growth of the LAB, the acidity of the synbiotic yogurt

was higher than that of the probiotic yogurt. The organic

acid produced from the LAB and b-glucan contained in the

oat slurry was found to significantly increase the viscosity

of the synbiotic yogurt.

Lee et al. [35] reported that the amount of lactic acid

present at pH 3.27–4.53 is ideal for yogurt. The pH of

probiotic and oat-based synbiotic yogurts prepared with L.

brevis SBP49 and L. acidophilus SBP55 was within this

range. The results of this study were similar to the pH of

yogurt added with cereal such as rice, barley, wheat [47].

Grain added into yogurt promotes the organic acid pro-

duction of LAB, and phosphates and proteins contained in

skim milk powder are known to have a pH buffering effect

[48]. The pH of oat-based fermented beverages after fer-

mentation with L. plantarum UFG9 for 16 h was 3.9, and

the amount of lactic acid produced by decomposing glu-

cose and sucrose contained in oats reached about 11 mg/

100 g [33].

Yogurt is one of the most popular dairy products that

can be obtained through the acidic fermentation of milk

with a specific LAB such as Streptococcus thermophilus

and Lactobacillus delbrueckii spp. bulgaricus [49]. During

the making of yogurt, the lactose in the milk is degraded by

the lactase enzyme of LAB and converted to end products,

lactic acid and acetaldehyde [50]. Lactic acid lowers the

pH of the product and allows some milk proteins to

coagulate, thereby making it possible to produce yogurt.

When the pH is below 5, the tertiary structure of the casein,

a hydrophobic protein, is broken down due to the proto-

nation of its amino acid residues. The denatured protein is

reassembled by interaction with other hydrophobic mole-

cules, and the intermolecular interaction of caseins con-

tributes to the formation of the semisolid texture of yogurt

[49]. Lactic acid fermentation using LAB is an effective

milk preservation method, which improves the texture,

flavor, and nutritional value of fermented milk products

[51]. In order to improve the quality of yogurt, the acidity

of 1.0–1.1% is known to be the most suitable [35], but the

acidity of the probiotic and oat-based synbiotic yogurt was

somewhat higher than the recommended level. Therefore,

Table 2 Effect of oat slurry on physicochemical characteristics of probiotic yogurt fermented with L. brevis SBP49 and L. acidophilus SBP55

LAB Content of oat slurry

(%)

pH Titratable acidity

(%)

b-Glucan (g/

100 g)

Syneresis (%,

v/w)

Viscosity

(cps)

L. brevis SBP49 0 4.11 ± 0.05 1.32 ± 0.08 0.42 ± 0.09 10.2 ± 0.1 1235.4 ± 3.0

2.5 3.95 ± 0.03* 1.48 ± 0.06* 0.56 ± 0.03* 12.0 ± 0.5* 1316.8 ± 2.6*

5 3.88 ± 0.06* 1.53 ± 0.04* 0.66 ± 0.08* 13.1 ± 0.4* 1400.3 ± 4.7*

10 3.71 ± 0.05* 1.67 ± 0.02* 0.74 ± 0.09* 14.7 ± 0.6* 1497.5 ± 1.9*

L. acidophilus

SBP55

0 3.90 ± 0.07 1.42 ± 0.03 0.67 ± 0.02 12.9 ± 0.6 1369.5 ± 2.1

2.5 4.00 ± 0.05 1.45 ± 0.02 0.78 ± 0.03* 12.8 ± 0.7 1372.4 ± 3.3

5 3.61 ± 0.02* 1.73 ± 0.05* 0.84 ± 0.05* 15.5 ± 0.9* 1564.2 ± 4.0*

10 3.58 ± 0.04* 1.82 ± 0.06* 0.97 ± 0.02* 16.3 ± 0.4* 1633.8 ± 3.6*

Results represent means of three independent experiments ± standard deviation

* Significantly different from the control without addition of oat slurry (p\ 0.05)
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it is necessary to shorten the fermentation time and to use

additives that can neutralize the acid in the yogurt. Kim and

Ko [47] demonstrated that the acidity of yogurt added with

grains is higher than that of the control, because the grains

contain some substances required for the lactic acid

biosynthesis of LAB. However, our results were somewhat

different from the results of Lee et al. [35] who showed that

the acidity of yogurt added with 1–3% barley flour was

significantly higher than that of the additive-free plain

yogurt, but the titratable acidity of the yogurt was rather

low when 5–7% of barley flour was added.

Zhang et al. [34] demonstrated that the contents of the

soluble dietary fiber and b-glucan were not significantly

different between probiotic and oat flour-based synbiotic

yogurt fermented with LAB (L. plantarum TK9 and B.

animalis subsp. lactis V9); however, the amount of free

amino acid in the fermented oat flour was significantly

higher than the non-fermented oat flour. This result sug-

gests that the L. brevis SBP49, L. acidophilus SBP55, and

oat slurry have a good potential for the production of novel

synbiotic food products containing probiotic LAB and

prebiotic b-glucan.
Cereal b-glucan is known to contribute to increase the

viscosity and texture of some foods, and this substance is

often artificially added as a functional ingredient to man-

ufacture prepared and processed foods [52]. Meanwhile,

EPS produced by LAB have been reported to contribute to

increasing the viscosity and texture of processed foods as

biopolymers [53]. In addition, the several studies have

shown that oat b-glucan and EPS produced by LAB can

also help improve human health as prebiotic molecules

[54]. Nikoofar et al. [55] reported that b-glucan signifi-

cantly increased the acidity of yogurt by promoting the

growth of LAB during the fermentation process. The

acidity and viscosity of the synbiotic yogurt prepared from

the mixture of probiotic S. thermophilus and L. delbrueckii

spp. bulgaricus and prebiotic b-glucan were increased

proportionally with inoculation amount of the fermentation

starter, b-glucan content, and fermentation time.

The viability of LAB in synbiotic yogurt is higher than

that of probiotic yogurt because b-glucan added as a pre-

biotic ingredient was used as a nutrient for the growth of

LAB [56]. The synerese of non-fat set yogurt containing b-
glucan was increased by the interaction of polysaccharide

with milk protein. In addition, the texture of yogurt con-

taining b-glucan was firmer and stickier than the control

(the samples without b-glucan). In contrast to our results,

Tudorica et al. [57] demonstrated that the synerese of

yogurt containing grain b-glucan was rather reduced

compared with the control, which is attributed to the

thermodynamic incompatibility between b-glucan and

casein as non-interacting polysaccharides. Similar to our

results, the viscosity of synbiotic yogurt added with 1%

barley flour was not significantly different from that of the

control, whereas the viscosity was significantly increased

with the addition of barley flour at a higher concentration

[35]. Donkor et al. [58] reported that the viscosity of yogurt

by L. casei L26 was significantly increased by the addition

of inulin, similar to the results of this study. Viscosity of

yogurt is the crucial factor in yielding desired sensory

properties such as mouthfeel and flavor release [33].

Production of antibacterial substances and in vitro

growth control of selected pathogens by LAB

in probiotic and oat-based synbiotic yogurts

Table 3 and Table 4 show the amount of antimicrobial

substances produced from the LAB in probiotic and oat-

based synbiotic yogurts and the antibacterial activity of

these yogurts against pathogenic food poisoning bacteria.

The yields of lactic acid and acetic acid in the probiotic

yogurt fermented with hetero-fermentative L. brevis SBP49

were found to be 108.5 ± 1.1 mM and 56.8 ± 1.6 mM,

respectively. In particular, the content of lactic acid in

synbiotic yogurt prepared with 2.5% or more of oat slurry

and L. brevis SBP49 was significantly increased compared

with that of probiotic yogurt. In addition, acetic acid and

hydrogen peroxide production of the LAB were signifi-

cantly increased with addition of oat slurry. Meanwhile, the

content of lactic acid in probiotic yogurt prepared with L.

acidophilus SBP55 was significantly higher than that of L.

brevis SBP49 and the content of lactic acid in synbiotic

yogurt added with 5% or more of oat slurry was signifi-

cantly increased. Acetic acid was not detected in the pro-

biotic yogurt produced by the homo-fermentative L.

acidophilus SBP55, but the amount of hydrogen peroxide

produced by the strain was significantly increased by the

addition of oat slurry.

On the other hand, the number of pathogenic food poi-

soning bacteria in probiotic yogurt produced with L. brevis

SBP49 was much lower than that of L. acidophilus SBP55.

In particular, the probiotic and oat-based synbiotic yogurts

fermented with these LAB effectively inhibited the growth

the S. enteritidis ATCC 13076 and S. typhimurium KCTC

2514. The antibacterial effect against pathogenic food

poisoning bacteria was significantly higher in the synbiotic

yogurt with oat slurry than the probiotic yogurt. As a rule,

the antibacterial activity of probiotic and oat-based synbi-

otic yogurt was more effective against Gram-negative

bacteria than Gram-positive bacteria. The number of

pathogenic food poisoning bacteria in these yogurt samples

during storage for 5 days was not significantly different

from the number of the harmful bacteria in the samples

stored for 10 days at 20 �C.
The storage stability of fermented milk is due to the

antimicrobial substance produced by LAB used for
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fermentation. Of the antimicrobial substances, organic

acids such as lactic acid, acetic acid, and propionic acid

produced as end products provide an acidic environment

that inhibit the growth of many pathogenic and spoilage

microorganisms [59]. During fermentation of LAB in the

medium, the homo-fermentative LAB strains produce only

lactic acid, whereas hetero-fermentative LAB strains pro-

duce various antimicrobial substances such as lactic acid,

acetic acid, alcohol, carbon dioxide, formic acid, acetone,

acetaldehyde, and diacetyl. The amount of lactic acid

depends on the species of the LAB, the constituent com-

ponents of the culture medium, and incubation conditions

[60]. The antimicrobial substance-producing LAB are used

as biological preservatives to improve the shelf life and

safety of food. Organic acids are generally thought to exert

their antimicrobial effect by interfering with the mainte-

nance of cell membrane potential, inhibiting active trans-

port, and reducing intracellular pH [61]. When the

undissociated molecules of the organic acid diffused

through the cell membranes of the bacteria, the essential

metabolic function of the cell is destroyed by decreasing

the cytoplasmic pH [62]. There is a difference in antibac-

terial activity depending on the amount and type of organic

acid produced during fermentation process [60]. Mean-

while, acetic acid produced by LAB contributes to the

flavor of fermented foods, while lactic acid increases the

preservability and refreshing sourness of yogurt and pro-

motes the digestion of milk protein, the minerals utiliza-

tion, and the secretion of gastric juice [63].

The antimicrobial activity of hydrogen peroxide appears

to destroy the cellular oxidative action and the molecular

structure of cellular proteins. Hydrogen peroxide is pro-

duced by various enzymes such as bacterial protein oxi-

doreductase, NADH peroxidase, NADH oxidase, and

glycerophosphate oxidase during the process of oxygen

respiration and exhibits strong oxidative action on lipids

and proteins, which are the main constituents of the cells

[60]. Hydrogen peroxide, organic acids, and secondary

metabolites, which are small molecular weight antimicro-

bial substances, exhibit broad antibacterial activity against

harmful bacteria such as Salmonella spp., pathogenic

E. coli, Clostridium spp., and Helicobacter pylori [64].

Furthermore, the survival rate of E. coli and Bacillus

subtilis was reduced by about 80% by treatment with b-
glucan derivatives (2000 lg/mL); thus, the polysaccharides

had its own antibacterial effect [12].

These findings were partially consistent with those of

Lee et al. [35] who reported that the content of lactic acid

and acetic acid in synbiotic yogurt prepared by mixing

probiotic strains of L. acidophilus KCTC 3140, L. del-

brueckii subsp. bulgaricus KCTC 3635, and S. ther-

mophilus KCTC 5092 and barley flour (1–3%) was higher

than that of the control without addition of barley flour.

When barley flour was added at a concentration of 5–7%,

and the content of organic acid in synbiotic yogurt was

rather decreased. Meanwhile, the results of this study are

similar to those of Paik and Ko [48] who demonstrated that

lactic acid content in the yogurt was significantly increased

by addition of brown rice. Similarly, Donkor et al. [58]

showed that the viable cell counts of the fermentation

starter in synbiotic yogurt supplemented with inulin were

about 1 log cycle higher than that of the control. Besides,

the amount of antimicrobial substances produced by LAB

during yogurt fermentation was significantly increased by

addition of prebiotics. When B. bifidum Bb12 and L.

plantarum 0407 were cultured in the medium supple-

mented with oligofructose and XOS, the inhibitory effect

of the LAB strains against E. coli and Campylobacter

jejuni was remarkably increased [65]. The antibacterial

activities of probiotic Lactobacillus kefranofaciens, Can-

dida kefir, and Saccharomyces boluradii on pathogenic

bacteria such as E. coli, S. aureus, Salmonella paratyphi A,

Table 3 Effect of oat slurry on the production of antibacterial substances by L. brevis SBP49 and L. acidophilus SBP55 used as probiotic yogurt

starter

LAB Content of oat slurry (%) Lactic acid (mM) Acetic acid (mM) Hydrogen peroxide (lg/mL)

L. brevis SBP49 0 108.5 ± 1.1 56.8 ± 1.6 7.2 ± 0.2

2.5 120.2 ± 0.9* 59.4 ± 3.7 11.4 ± 0.7*

5 131.3 ± 3.1* 65.7 ± 0.8* 13.5 ± 0.3*

10 134.8 ± 2.9* 70.2 ± 2.2* 13.9 ± 0.2*

L. acidophilus SBP55 0 124.4 ± 0.7 ND 12.8 ± 0.9

2.5 121.5 ± 1.1 ND 12.0 ± 0.4

5 145.3 ± 2.4* ND 15.4 ± 0.6*

10 150.8 ± 1.9* ND 17.2 ± 0.8*

Results represent means of three independent experiments ± standard deviation

* Significantly different from the control without addition of oat slurry (p\ 0.05)
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Shigella dysenteriae, and Vibrio cholerae were elevated by

addition of barley grain extract [66].

TPC and free radical scavenging ability of probiotic

and oat-based synbiotic yogurts

TPC and DPPH and ABTS free radical scavenging activ-

ities of probiotic and oat-based synbiotic yogurts are shown

in Table 5. TPC and free radical scavenging activity in

probiotic yogurt prepared with L. acidophilus SBP55 were

somewhat higher than those of L. brevis SBP49. TPC in

synbiotic yogurt prepared with L. acidophilus SBP55 and

2.5% oat slurry was 240.43 ± 12.41 lg GAE/mL, which

was significantly higher than that of probiotic yogurt. In

addition, DPPH and ABTS free radical scavenging abilities

were significantly higher in the synbiotic yogurt prepared

by addition of oat slurry than the probiotic yogurt prepared

only with L. acidophilus SBP55. However, the DPPH

radical scavenging activity of the synbiotic yogurts sup-

plemented with 10% oat slurry and L. brevis SBP49 or L.

acidophilus SBP 55 was lower than that of ascorbic acid

(70.28 ± 1.73%) and BHA (87.11 ± 2.04%). As a result,

the antioxidant capacity of synbiotic yogurt was higher

than that of probiotic yogurt due to the synergistic effect of

probiotic LAB and oat slurry containing antioxidant.

ROS such as peroxides, superoxide, hydroxyl radical,

and singlet oxygens are by-products or intermediates pro-

duced during normal metabolism. The formation and the

elimination balance of ROS are required to maintain nor-

mal physiological functions for human health. Excessive

ROS accumulated in the body cause damage to important

macromolecules such as lipids, proteins, and nucleic acids

and therefore lead to serious diseases such as cancer and

heart disease [67]. Fortunately, some LAB and dietary

antioxidants improve human health by blocking the attack

of free radicals. The antioxidant activity of LAB results

from enzymatic and non-enzymatic defense systems. In

particular, the antioxidant enzymes of LAB play an

important role in defense against ROS. Superoxide dis-

mutase removes the toxins of superoxide anions and glu-

tathione peroxidase scavenges hydrogen peroxide and

hydroxyl radicals. On the other hand, several LAB exert

non-enzymatic defense mechanisms such as reducing

power and metal ion chelating ability to prevent excessive

oxidative stress [68].

Meanwhile, the antioxidant properties of diverse cereal

grains inhibit the formation of the radical cations and

prevent the peroxidation of the soybean oil and L-a-phos-

phatidylcholine liposome oxidation [69]. In particular, the

outer layer of oats has been known to stabilize edible oil

and fat against rancidity due to the presence of a variety of

antioxidants such as vitamin E, phytic acid, phenolic

compounds, flavonoids, and sterols [70]. Oat flour canT
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reduce the risk of radicals in biological systems by acting

as free radical scavengers, reducing agents, chelating

agents for transition metals, quenchers of singlet oxygen

molecules, and activators of antioxidative defense enzyme

systems. Oat extracts showed the antioxidant activity

against low-density lipoprotein (LDL) and R-phycoerythrin

protein oxidation in the oxygen radical absorbance ability

test [69].

The results of this study were similar to those of Madhu

et al. [71] who noted that the number of the LAB in pro-

biotic yogurt prepared with L. plantarum CFR 2194 or

Lactobacillus fermentum CFR 2192 was significantly

increased by addition of prebiotic FOS. Additionally,

DPPH radical scavenging activity of synbiotic yogurt

(85%) was significantly higher than that of the control

(72%), and the highest TPC was also detected in synbiotic

yogurt. Therefore, the prebiotic FOS added during yogurt

production helps to improve the functionality of the pro-

biotic strain. Similarly to our results, Lee and Kang [72]

noted that DPPH radical scavenging ability of the synbiotic

yogurt (77.93–87.66%) prepared by adding chitooligosac-

charide (COS) was significantly higher than that of probi-

otic yogurt (60.04%) fermented with Lactobacillus

bulgaricus LB-12 and S. thermophilus St-36. DPPH radical

scavenging ability and ferric reducing ability of probiotic

lactobacilli were significantly increased when mixed with

prebiotic XOS [73].

In conclusion, L. brevis SBP49 and L. acidophilus

SBP55 in the probiotic and oat-based yogurts showed

strong resistance to artificial digestive juices and good

adhesion ability to intestinal epithelial cells. Although the

probiotic yogurt was produced by LAB of different species,

there were no significant differences in the physicochemi-

cal properties of the probiotic yogurt and the probiotic

potentials of L. brevis SBP49 and L. acidophilus SBP55

present in the sample. The probiotic activities, viscosity,

and acidity of probiotic yogurt fermented with L. brevis

SBP49 were significantly increased when oat slurry was

added at 2.5% or more, whereas those of probiotic yogurt

made with L. acidophilus SBP55 were increased in the

yogurt prepared with the addition of 5.0% or more oat

slurry. The production ability of antimicrobial substances

such as lactic acid and hydrogen peroxide and the antiox-

idant activity were higher in probiotic yogurt prepared with

L. acidophilus SBP55 than L. brevis SBP49. Although the

antibacterial and antioxidant activities of these probiotic

strains were significantly increased in the synbiotic yogurt

prepared by adding the oat slurry, the amount of oat slurry

required for increasing the activities varied depending on

the species of LAB. Therefore, the oat-based synbiotic

yogurt prepared by the probiotic strain and cereal grain

contained prebiotic substances is highly valued as a func-

tional food that can protect human body from pathogenic

bacteria and ROS.
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Rascón A, Dueñas MT, López P (2016) Lactobacillus plantarum

strains for multifunctional oat-based foods. LWT Food Sci

Technol 68:268–294

34. Zhang N, Li D, Zhang X, Shi Y, Wang H (2015) Solid-state

fermentation of whole oats to yield a synbiotic food rich in lactic

acid bacteria and prebiotics. Food Funct 6:2620–2625

35. Lee MJ, Kim KS, Kim YK, Park JC, Kim HS, Choi JS, Kim KJ

(2013) Quality characteristics and antioxidant activity of yogurt

added with whole barley flour. Korean J Food Sci Technol

45:721–726

36. Begley M, Gahan CG, Hill C (2005) The interaction between

bacteria and bile. FEMS Microbiol Rev 4:625–651

37. Vasiljevic T, Shah NP (2008) Probiotics-from Metchnikoff to

bioactives. Int Dairy J 18:714–728

38. Corcoran BM, Santon C, Fitzgerald GF, Ross RP (2005) Survival

of probiotic Lactobacilli in acidic environments if enhanced in

the presence of metabolizable sugars. Appl Environ Microbiol

71:3060–3067

39. Petschow BW, Talbott RD (1990) Growth promotion of Bifi-

dobacterium species by when and casein fractions from human

and bovine milk. J Clin Microbiol 28:287–292

40. Ouwehand AC, Kirijavainen PV, Shortt C, Salminen S (1999)

Probiotics: mechanisms and established effects. Int Dairy J

9:43–52

41. Lim SM (2012) Synbiotic potential of yoghurt manufactured with

probiotic lactic acid bacteria isolated from mustard leaf kimchi

and prebiotic fuctooligosaccharides. Korean J Microbiol

Biotechnol 40:226–236

42. Guo Z, Wang J, Yan L, Chen W, Liu XM, Zhang HP (2009)

In vitro comparison of probiotic properties of Lactobacillus casei

Zhang, a potential new probiotic, with selected probiotic strains.

LWT Food Sci Technol 42:1640–1646

43. Buriti FCA, Castro IA, Saad SMI (2010) Viability of Lacto-

bacillus acidophilus in synbiotic guava mousses and its survival

under in vitro simulated gastrointestinal conditions. Int J Food

Microbiol 137:121–129

44. Servin AL, Coconnier MH (2003) Adhesion of probiotic strains

to the intestinal mucosa and interaction with pathogens. Best

Pract Res Clin Gastroenterol 17:741–754

45. Salminen S, Isolauri E, Salminen E (1996) Probiotics and stabi-

lization of the gut mucosal barrier. Asia Pac J Clin Nutr 5:53–56

46. Ouwehand AC, Salminen S (2003) In vitro adhesion assays for

probiotics and their in vivo relevance: a review. Microb Ecol

Health Dis 15:175–184

47. Kim KH, Ko YT (1993) The preparation of yogurt from milk and

cereals. Korean J Food Sci Technol 25:130–135

48. Paik JH, Ko YT (1992) Effect of storage period of rice on quality

of rice added yogurt. Korean J Food Sci Technol 24:470–476

49. Zourari A, Accolas JP, Desmazeaud MJ (1992) Metabolism and

biochemical characteristics of yogurt bacteria: a review. Lait

72:1–3

50. Gezqinc Y, Topcal F, Comertpay S, Akyol I (2015) Quantitative

analysis of the lactic acid and acetaldehyde produced by Strep-

tococccus thermophilus and Lactobacillus bulgaricus strains

36 Appl Biol Chem (2018) 61(1):25–37

123



isolated from traditional Turkish yogurts using HPLC. J Dairy Sci

98:1426–1432

51. Aquilanti L, Dell’Aquila L, Zannini E, Zocchetti A, Clementi F

(2006) Resident lactic acid bacteria in raw milk Canestrato

Pugliese cheese. Lett Appl Microbiol 43:161–167

52. Ahmad A, Anjum IM, Zahoor T, Nawaz H, Dilshad SM (2012) b-
Glucan: a valuable functional ingredient in foods. Crit Rev Food

Sci Nutr 52:201–212

53. Ryan PM, Ross RP, Fitzgerald GF, Caplice NM, Stanton C

(2015) Sugar-coated:exopolysaccharides producing lactic acid

bacteria for food and human health applications. Food Funct

6:679–693

54. El Khoury D, Cuda C, Luhovyy BL, Anderson GH (2012) Beta-

glucan: health benefits in obesity and metabolic syndrome. J Nutr

Metab 2012:1–28

55. Nikoofar E, Hojjatoleslamy M, Shakerian A, Shariaty MA (2013)

Surveying the effect of oat beta glucan as a fat replacer on rhe-

ological and physicochemical characteristics of non fat set

yoghurt. Int J Farming Allied Sci 2:790–796

56. Ladjevardi ZS, Yarmand MS, Emam-Djomeh Z, Niasari-Naslaji

A (2016) Physicochemical properties and viability of probiotic

bacteria of functional symbiotic camel yogurt affected by oat b-
glucan during storage. J Agric Sci Technol 18:1233–1246

57. Tudorica CM, Jones TER, Kuri V, Brennan CS (2004) The

effects of refined barley b-glucan on the physico-structural

properties of low-fat dairy products: curd yield, microstructure,

texture and rheology. J Sci Food Agric 84:1159–1169

58. Donkor ON, Nilmini SLI, Stolic P, Vasiljevic T, Shah NP (2007)

Survival and activity of selected probiotic organisms in set-type

yoghurt during cold storage. Int Dairy J 17:657–665

59. Jensen BB (1998) The impact of feed additives on the microbial

ecology of the gut in young pigs. J Animal Feed Sci 7:45–64
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