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Abstract

Background and Aim: Yogurt is one of the most consumed foods with different probiotic
effects. The aim of this study was to evaluate antimicrobial effects of non-industrial yogurts
on two common enteropathogens — Salmonella and Shigella.

Methods: In this experimental study, we evaluated the antimicrobial effects of 30 various
non-industrial yogurt samples on 11 Shigella sonnei, 7 Shigella flexneri, 2 Shigella boydii,
and 15 Salmonella enteritidis isolates. All bacterial isolates were locally isolated from
patients suffering from diarrhea. Using the well diffusion method, we evaluated the
antimicrobial effect of whey protein from yogurt before and after 24 hours incubation
at 42°C. The data was analyzed using independent t test and chi-square in SPSS (version
11.5). P value less than 0.05 was considered significant.

Results: None of the yogurts had antimicrobial effect on Shigella and Salmonella isolates
before 24 hours incubation at 42°C. After incubation, however, 9 (30%) and 12 (40%)
samples out of the 30 yogurt samples showed antimicrobial effects on 25%-50% and less
than 25% of isolates, respectively. Six yogurt samples (20%) did not have any antimicrobial
effects. Only 1 yogurt sample exhibited antimicrobial effect on more than 50% of the
tested isolates.

Conclusion: Our results suggested that some samples of non-industrial yogurts have an
antibacterial effect on Shigella and Salmonella. However, neither of them had an influence
on more than 51.5% of isolates. Therefore, reliance on yogurt as a standalone treatment is

reproduction in any medium, not recommended.

provided the original work is properly

cited.

Introduction

In industrialized countries, 30% of people suffer from
food-borne diseases on a yearly basis. In 2000, at least 2
million people died from diarrheal diseases worldwide
(1). In the last two decades, global attempts have been
intensified for controlling acute watery diarrhea, and
significant successes have been achieved in this regard
(2). Nevertheless, the disease in developing countries
has remained as a main cause of morbidity and mortality
among children (3). Shigella and Salmonella are among the
most important bacterial causes of diarrhea (4) — a disease
that puts a big burden on families and healthcare system.
Shigella flexneri is a facultative intracellular pathogen that
is responsible for human bacillary dysentery or shigellosis,
a disease characterized by acute rectocolitis. Shigellosis is a
major cause of childhood morbidity and mortality leading
to approximately 1000000 deaths globally each year (5).
Salmonella species are gram-negative, motile, anaerobic
facultative, intracellular bacilli. Infection with different
serotypes of Salmonella enteric species cause diseases
ranging from self-limiting diarrhea and localized
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gastrointestinal inflammation to typhoid fever, a systemic
infection with high lethality rates (6). Hence, extensive
studies have been performed worldwide to find an
inexpensive and effective treatment for controlling the
diarrhea (3).

The beneficial effects of microbiota on the immune
system have suggested the use of some non-pathogenic
bacteria known as probiotics for treating diarrhea (6).
Probiotics are foods containing live bacteria that exert
beneficial effects on human health through the digestive
system. They have a health benefit on the host when
administered in adequate doses (7,8). Several studies
have demonstrated that a wide variety of dairy products’
Lactobacillus influence the immune system (9) and serum
cholesterol (8); prevent mutation (8), genital infections
(10), and gastrointestinal infections (7,8), and treat
constipation. Lactobacillus acidophilus is a well-known
probiotic strain commonly used in the dairy industry. It
is added to conventional yogurt or is alternatively used as
the main starter culture for the production of yogurt or
fermented milks (11).
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A large share of research studying the effect of
Lactobacillus on the prevention or treatment of diarrhea is
classified into two groups (12). The first group investigates
the beneficial effects of yogurt containing various
Lactobacillus strains on the treatment or prevention of
gastrointestinal infections in humans or animal models
(13). This group of studies have demonstrated that yogurt
mainly reduces the duration and severity of diarrhea
rather than its prevention (14). The second group includes
studies with in vitro investigation of antibacterial effects
of isolated Lactobacillus from various dairy products on
reference strain of enteric pathogens (15). These studies
have shown that various species of Lactobacillus have
different inhibitory effects on enteric pathogens; however,
none of them have examined the antibacterial effects
of yogurt. Moreover, they have usually used only single
strain (mostly the standard strains) of enteric pathogens
for susceptibility test.

In many developing countries including Iran, non-
industrial produced yogurts are sold on retail market.
These yogurts are prepared without industrial starter, using
the remainder of previously used yogurt. These yogurts
are prepared using a variety of starters and processed in
different incubation temperatures and time durations.
However, the antimicrobial activity of these food products
has remained unknown. In the present study, we evaluated
the antimicrobial effects of non-industrial yogurts from
Iranian retail sale on locally isolated Salmonella and
Shigella isolates. This study emphasizes that since various
trains are used in non-industrial production of yogurt in
some regions, it is necessary to choose the best strains
with greatest probiotic impact in order for study purposes.

Methods

In this experimental study, we examined the antimicrobial
effect of thirty various non-industrial yogurts on 20
Shigella and 15 Salmonella, isolated from the patients
suffering from acute diarrhea.

Microbial Strains

We collected a variety of microbial isolated from diarrhea
patients in different clinical laboratories of Birjand, Iran,
including 20 Shigella and 15 Salmonella. While all the
Salmonella isolates were Salmonella enteritidis, the Shigella
isolates consisted of S. sonnei (n=11), S. flexneri (n=7)
and S. boydii (n=2).

Yogurt Samples

Thirty various yogurt samples were purchased from
markets in different areas of Birjand such that each yogurt
sample was from a unique individual producer. The
reason for using whey was to determine the amount of
dry material per unit of yogurt water volume in order to
compare the various yogurt products and also to produce
water yogurt with double concentration. Generally, yogurt

water contains all features of the yogurt product.

Each sample was divided into two equal parts. In order
to extract whey, one part of the sample was centrifuged
(3000 g, 10 minutes) with a centrifuge (Zentrifungen
1011, Tletich, Germany). The supernatant containing
the extracted whey was sterilized through filtration using
a 0.22 pm syringe filter (GVS, USA). Another part of
the sample was incubated (Memmert, Germany) for 24
hours at 42°C and then was used to extract the whey as
mentioned above. The extracted whey was lyophilized and
kept at -20°C for further evaluations (16).

Specifications of yogurt samples including the yogurt
solid mass, dry weight of extracted whey, and pH of whey
pre- and post-incubation were measured.

To test antibacterial activity, the whey solution was
prepared by dissolving the lyophilized whey in a sterile
solution of phosphate buffer with pH=7 and various
concentrations (0.5, 1 and 2 times of normal concentration)
under aseptic conditions.

Sensitivity Test

Using the well diffusion method, we evaluated the
inhibitory effects of whey with various concentrations
on Shigella and Salmonella isolates (17). In summary,
the Mueller-Hinton Agar plates were prepared as the
manufacturer had advised. The inocula were prepared by
suspending ten young colonies of test isolates grown on
blood agar plates in 0.85% saline, and their turbidity was
adjusted equivalent to 0.5 McFarland standards. The 90
mm Mueller-Hinton Agar plates were inoculated with the
inocula, and then 4 wells (6 mm diameter) were punched
in each plate. Three wells on each plate were filled with
100 ul of different concentrations of whey solution and
the fourth was filled with sterile phosphate buffer as the
control sample (pH=7). The plates were incubated for 24
hours at 37°C, and the diameter of inhibition zone around
each well was recorded.

Statistical Analysis

We used SPSS version 11.5 for data analysis. We used
paired ¢ test to compare the mean of pH and dry weight
of whey pre- and post-incubation of yogurt at 42°C, as
well as Pearson test to evaluate the correlation between
various specifications of yogurt samples. We also used
t test (independent samples) in order to evaluate the
relationship between antibacterial effects of whey and
various specifications of yogurt samples. The chi-square
test was used to evaluate the relationship between
different genus of bacteria (Shigella versus Salmonella)
and inhibitory effect of whey. P value less than 0.05 was
considered significant.

Results
The results of this study show that there is a significant
difference between pH of whey pre- and post-incubation
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at 42°C (P<0.001); however, there was no significant
difference (P=0.739) in dry weight of whey pre- and post-
incubation (Table 1). Additional incubation time is for
equalizing the incubation conditions for all yogurts since
different manufacturers may use different time durations
for incubating milk into yogurt. Furthermore, no
significant relationship was found between the different
characteristics of yogurt samples. We found that the
whey extracted from yogurt samples which isolated pre-
incubation at 42°C did not have any antibacterial effect,
in any tested concentration, on Salmonella and Shigella
species.

However, the whey extracted from some yogurt samples
at the double concentration showed inhibitory effects
on some of the Salmonella and Shigella species post-
incubation (as shown in Figure 1). According to the results,
8 (26.7%) yogurt samples did not show any antimicrobial
effect on any Salmonella and Shigella isolates, while 12
(40%) samples showed antimicrobial effect on less than
25% of the isolates. Moreover, 9 (30%) samples showed
antimicrobial effect on 25%-50% of isolates. However, 1
sample demonstrated antimicrobial effect on 51.5% of
isolate samples (Figure 1).

Except for 2 samples, which showed different effects on
Salmonella and Shigella genus (sample no. 22 [P=0.003]

and sample no. 24 [P=0.017]), there was no significant
difference in the inhibitory effect of most of the yogurts
on two bacterial genus (Shigella versus Salmonella). In
general, there was no significant differences in sensitivity
to whey samples between Salmonella and Shigella genus
(P=0.255).

We evaluated the effects of pH and dry weight of whey pre-
and post-incubation at 42°C on their overall antibacterial
activity as well as their inhibitory effect on Shigella and
Salmonella isolates. Our studies indicated that the dry
weight of whey after incubation at 42°C has a significant
effect on the overall inhibitory activity of Shigella and
Salmonella isolates (P<0.001) as well as an inhibitory
effect on Salmonella (P<0.001) and Shigella (P<0.001)
individually. Other characteristics including solid mass
of yogurt and pH of whey pre- and post-incubation at
42°C did not have any significant effect on the inhibitory
activity of yogurts.

Discussion

In this study, we evaluated the inhibitory effect of non-
industrial yogurts on two most common enteric pathogens:
Salmonella and Shigella. The aim of this study was to
evaluate if these yogurts have any antimicrobial property
for Salmonella and Shigella, and if so, whether there is

Table 1. Characteristics of Yogurt Specimens Before and After Incubation at 42°C

Minimum Maximum Mean Standard Deviation P Value (T Test)
Dry weight of yogurt 65.00° 164.00° 100.59° 23.47 -
Dry weight of whey before incubation 21.00? 70.00° 41.732 11.72 0.739
Dry weight of whey after incubation 20.00° 60.00° 40.65° 11.40 0.739
pH of whey before incubation 3.70 4.24 3.98 0.14 <0.001
pH of whey after incubation 3.42 4.20 3.69 0.19 <0.001

*mg/ml.

for 24 Hours at 42°C in 2X Concentration.

Sensitive [ Resistant
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Figure 1. Relative Frequency of Sensitive Isolates of Shigella and Salmonella to the Whey Extracted From Yogurt Samples After Incubation
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any difference between yogurts in terms of this property.
Finally, we aimed to see whether there is any correlation
between the incubation time, other characteristics of
yogurts, and their antimicrobial effect.

We observed a large difference between yogurt samples for
their antibacterial effect on Salmonella and Shigella. Eight
out of 30 yogurt samples did not show any antimicrobial
effect on any isolated Salmonella and Shigella; 12 samples
showed antimicrobial effects on less than 25% of isolated
samples, 9 samples on 25%-50% of isolates, and finally
only 1 sample showed antimicrobial effect on 51.5% of
isolates. Although there is no exact similar study to the
current investigation, our findings are consistent with
other comparable studies in which antimicrobial effect of
various strains ofisolated Lactobacillus from dairy products
have been tested on reference strains of enteropatogens
(18,19). The difference in antibacterial effect of yogurts
could be due to various factors such as differences in
optimum growth temperature of Lactobacillus, tinal pH
of yogurt, incubation period, the ability of Lactobacillus
in producing different organic acids, production of
antimicrobial substances (bacteriocin) by Lactobacillus,
and finally simultaneous presence of other bacteria in
yogurt (19,20).

Our results indicated that incubation period has a
significant effect on antimicrobial effect of yogurt. Several
studies have shown that incubation period, temperature,
and pH of yogurt affects the production of bacteriocin
by Lactobacillus (21-24). In this study, we observed a
significant decrease in the pH after incubation of the
samples at 42°C (P<0.001).

Our studies indicated that dry weight of whey after
incubation at 42°C has a significant effect on the overall
inhibitory activity of Shigella and Salmonella isolates
(P<0.001) as well as an inhibitory effect on Salmonella
(P<0.001) and Shigella (P <0.001) individually.

Conclusion

When incubated for a longer period, some non-industrial
yogurts exert an antibacterial effect on some Shigella and
Salmonella isolates. However, as none of them is effective
on more than 51.5% of isolates, reliance on yogurt as a
single treatment is not recommended.

Acknowledgments

The financial support of the Research Council at Birjand
University of Medical Sciences is gratefully appreciated.
The authors wish to thank Mr. Ali Eftekhari and Mr.
Esmail Sharafi for their technical assistance in the study.
The authors are grateful to the Zamen Salamati Company
for English proofreading.

References
1. Ghanbari M, Jami M, Kneifel W, Domig KJ. Antimicrobial

activity and partial characterization of bacteriocins produced

10.

11.

12.

13.

14.

15.

16.

17.

18.

by lactobacilli isolated from Sturgeon fish. Food Control.
2013;32(2):379-385.

Kotloff KL, Nataro JP, Blackwelder WC, et al. Burden and aetiology
of diarrhoeal disease in infants and young children in developing
countries (the Global Enteric Multicenter Study, GEMS): a
prospective, case-control study. Lancet. 2013;382(9888):209-222.
Van Niel CW, Feudtner C, Garrison MM, Christakis DA.
Lactobacillus therapy for acute infectious diarrhea in children: a
meta-analysis. Pediatrics. 2002;109(4):678-684.

Koehler KM, Lasky T, Fein SB, et al. Population-based incidence
of infection with selected bacterial enteric pathogens in children
younger than five years of age, 1996-1998. Pediatr Infect Dis J.
2006;25(2):129-134.

Kim HG, Lee SY, Kim NR, et al. Lactobacillus plantarum
lipoteichoic acid down-regulated Shigella flexneri peptidoglycan-
induced inflammation. Mol Immunol. 2011;48(4):382-91.

de LeBlanc Ade M, Castillo NA, Perdigon G. Anti-infective
mechanisms induced by a probiotic Lactobacillus strain against
Salmonella enterica serovar Typhimurium infection. Int J Food
Microbiol. 2010;138(3):223-231.

Roberfroid MB. Prebiotics and probiotics: are they functional
foods? Am J Clin Nutr. 2000;71(6 Suppl):1682S-1687S.

Sanders ME, Klaenhammer TR. Invited review: the scientific basis
of Lactobacillus acidophilus NCFM functionality as a probiotic. J
Dairy Sci. 2001;84(2):319-331.

Meydani SN, Ha WK. Immunologic effects of yogurt. Am J Clin
Nutr. 2000;71(4):861-872.

Sethi S, Singh G, Sharma M. Lactobacilli as probiotics against
genital infections. Indian ] Med Res. 2009;129(6):628-630.

Sun J, Zhou TT, Le GW, Shi YH. Association of Lactobacillus
acidophilus with mice Peyer’s patches. Nutrition. 2010;26(10):1008-
1013.

Brandileone MC, Casagrande ST, Guerra ML, Zanella RC,
Andrade AL, Di Fabio JL. Increase in numbers of beta-lactam-
resistant invasive Streptococcus pneumoniae in Brazil and the
impact of conjugate vaccine coverage. ] Med Microbiol. 2006;55(Pt
5):567-574.

Pashapour N, Lou SG. Evaluation of yogurt effect on acute
diarrhea in 6-24 months old hospitalized infants. Turk J Pediatr.
2006;48(2):115-118.

Allen SJ, Martinez EG, Gregorio GV, Dans LF. Probiotics for
treating acute infectious diarrhoea. Cochrane Database Syst Rev.
2010;(11):CD003048.

Abo-Amer AE. Molecular characterization of antimicrobial
compound produced by Lactobacillus acidophilus AA1l. Acta
Microbiol Immunol Hung. 2007;54(2):107-119.

Batista FR, Pereira CA, Mendonca RZ, Moraes AM. Enhancement
of $f9 cells and baculovirus production employing Grace’s medium
supplemented with milk whey ultrafiltrate. Cytotechnology.
2005;49(1):1-9.

Bhattacharjee I, Chatterjee SK, Chatterjee S, Chandra G.
Antibacterial potentiality of Argemone mexicana solvent extracts
against some pathogenic bacteria. Mem Inst Oswaldo Cruz.
2006;101(6):645-648.

Wouters JT, Ayad EH, Hugenholtz ], Smit G. Microbes from raw
milk for fermented dairy products. Int Dairy J. 2002;12(2-3):91-
109.

12 | Modern Care Journal Volume 12, Issue 3, 2015



Antimicrobial Effect of Yogurt on Enteropathogens

19.

20.

21.

22.

Santos A, San Mauro M, Sanchez A, Torres JM, Marquina D. The
antimicrobial properties of different strains of Lactobacillus spp.
isolated from kefir. Syst Appl Microbiol. 2003;26(3):434-437.

De Vuyst L, Leroy E Bacteriocins from lactic acid bacteria:
production, purification, and food applications. ] Mol Microbiol
Biotechnol. 2007;13(4):194-199.

Korbekandi H, Jahadi M, Maracy M, Abedi D, Jalali M. Production
and evaluation of a probiotic yogurt using Lactobacillus casei ssp.
casei. Int ] Dairy Technol. 2009;62(1):75-79.

Messens W, Neysens P, Vansieleghem W, Vanderhoeven J,

23.

24.

De Vuyst L. Modeling growth and bacteriocin production by
Lactobacillus amylovorus DCE 471 in response to temperature
and pH values used for sourdough fermentations. Appl Environ
Microbiol. 2002;68(3):1431-1435.

Radke-Mitchell LC, Sandine WE. Influence of temperature
on associative growth of Streptococcus thermophilus and
Lactobacillus bulgaricus. ] Dairy Sci. 1986;69(10):2558-2568.
Rubin HE, Vaughan F. Elucidation of the inhibitory factors
of yogurt against Salmonella typhimurium. ] Dairy Sci.
1979;62(12):1873-1879.

Modern Care Journal Volume 12, Issue 3, 2015

| 113



