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Abstract

Lactic acid bacteria (LABs); a large group bacteria in
which responsible for production of lactic acids as well as
major spoilage organism in various food industries. The Soleris
microbial detection system, an optical sensor combined with
dye technology based upon the detection of metabolic
changes due to microbial activities was evaluated the capacity
to detect the presence of LABs contamination. The purpose of
this study was to determine the Soleris sytem for its ability to
identify LABs in food samples i.e. raw chickens and mixed fruit
juices. Nine species of LABs and nine species of non-LABs
including bacterial and fungal strains, were examined by
inclusivity and exclusivity testing. The results were compared
with standard plating method. The Soleris system specifically
detected four species of LABs and almost of non-LABs species
except S. typhimurium at inoculation levels of 10°-10” cfu/ml.
In addition, the detection time of the Soleris system was faster
than culture method. For the alternative validation testing, the
sensitivity values of the Soleris and standard plate count
method were evaluated; (100%-Soleris system, 94%-plating

method; raw chickens inoculated with L. salivarius). This system
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provided accurate and rapid results which is useful for an early detection and high through put

examination.

1. Introduction

Lactic acid bacteria (LABs) have been defined as a group of bacteria that responsible for
production of lactic acids as the final product via fermentation metabolism (Munoz, Moreno-
Arribas and Rivas, 2011) due to their inability to synthesize the energy from respiration. Thus, LABs
produce ATP by using sugar fermentation, decarboxylation and deamination pathways (Pessione,
2012). LABs are generally found in two main phyla ie. Actinobacteria and Firmicutes that are
differentiated by GC content in the genome (Firmicutes phylum has low GC content (31-49%) while
Actinobacteria phylum is high GC content organism (58-61%). The most important LAB genera that
can be generally found are Bifidobacterium,Enterococcus, Lactobacillus, Lactococus, Leuconostoc,
Pediococcus, Streptococcus and Weissella. These genera vary in some characteristics such as
morphology, habitats,pathogenic capability. Generally, LABs have been described as Gram-positive
rods (bacillijor cocci shaped, typically catalase and oxidase negative, nonmotile, nonsporulation,
microaerophilic organism that can tolerate oxygen and acid (Sun et al, 2014). LABs are ubiquitous
organisms and play an essential role in several applications. They are widely used in a variety of
human endeavours, ranging from industrial fermentation processes to human health. With regards
to the latter, the genera Lactobacillus and Bifidobacterium, have been designated “generally
regarded as safe”(GRAS) organisms and are mainly used as probiotics (Galat et al, 2016; Pessione,
2012).Some LABs are well known as probiotic strains which are stated by FAO/WHO, 2002 as “live
microorganism which, when administered in adequate amount, confer a health benefit on the
host”. Probiotic strains have the capacity to regulate gut microflora and therefore maintain the
equilibrium between useful bacteria and harmful bacteria hence, enhance the protective immune
responses (Pringsulaka et al, 2015). Some strains of LABs, such as L. acidophilus,.. rhamnosus
(Kechagia et al, 2017) are frequently used as probiotics in the form of dietary supplements and, or
functional foods to increase or retain their presence in the human gastrointestinal tract and
consequently present benefits to human health (Messaoudi et al,2013). In addition, LABs are also
important in several industrial fermentation processes as starter cultures. Some groups of LABs
such as Pediococcus spp. and Lactobacillus spp. Are usually responsible for the production of
cultured dairy and fermented meat products.They can provide some particular characteristics, not
only in their primarily function as producers of lactic acid but also promote changes in sensory
properties such as aroma, flavour, colour, texture, proteolytic and lipolytic activities (Castilho et al,
2015; Mullan, 2014). Furthermore, some LABs can generate antibacterial substances called
bacteriocins which inhibit the growth of a broad spectrum of both undesired Gram-positive and
Gramnegative pathogenic strains, and in some cases of yeast and fungi. For example, Lactobacillus
salivarius is a well-known bacteriocins producer (Dobson et al., 2011). Bacteriocins produced by
LABs can be applied in food as a natural preservative to reduce the contamination of food borne
pathogens. A study by Sakaridis (2012) showed that ninety-two LAB isolates exhibited antimicrobial

activity against pathogenic strains such as Salmonella spp. and Listeria monocytogenes. Moreover,
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bacteriocins from LABs have the appropriate characteristics to be used as food biopreservatives.
For instance, they exhibit an ability to be active agents against other bacterial strains at
concentrations as low as nanomolar, they are non-toxic to eukaryotic cells and have no, or only
slight effects, on the microbiota in the gastrointestinal tract because they can be digested by
proteolytic enzymes (Woraprayote et al, 2016). Nevertheless, LABs have been reported as the
spoilage microorganism in food products. LABs are the main group of bacteria that responsible for
spoilage of meat products, such as cooked ham, due to their ability to grow in the conditions that
usually limit bacterial growth; i.e.in the presence of limited oxygen, the presence of salt and low
water activity values. For example, the population of the LAB genera Leuconostoc was shown to
expand during storage process of meat products (Duskova et al, 2016). In the case of wineries, LABs
can cause negative effects during malolactic fermentation, resulting in changes of the organoleptic
properties of the final products, thus, reducing the quality of wine (Munoz, Moreno-Arribas and
Rivas, 2011). In breweries, Lactobacillus brevis is well known as the most harmful beer spoiler,
often penetrating through the filter membrane, resulting in contamination in beer products (Asano
et al, 2009). In addition, some strains of LABs can survive in all processes of beer production due
to their ability to grow in restricted conditions, such as the absence of air and the presence of
ethanol and acid (Huhtamella et al, 2007). Although the most important organisms that are
associated with spoilage in soft drinks and fruit juices are yeasts, some LABs also have been
reported as responsible for spoilage in the beverage production include Lactobacillus,
Leuconostoc spp. (Wareing and Davenport, 2007). Currently, microbial contamination causes
concern relating to compromising the safety and quality of food. Detection of LABs is important in
many industries to ensure the quality of the products. To overcome these problems, several
methods have been used to detect the contaminants in food. Nowadays, the methods used to
analyse the contamination of LABs are commonly based on cultivation techniques and followed
by some fundamental phenotypical and physiological tests. Although the traditional cultivation
methods are mainly used, and are the routine methods in many analytical laboratories, they have
some limitations in that nonculturable organisms are not detected and they are sometimes
insufficiently accurate to identify to species level (Przybyt et al, 2010). They also take a long period
of time and require labour (Huhtamella et al, 2007). Molecular biological techniques (mostly PCR
based) have been developed such as DNA-fingerprint and 16S-rRNA to confirm the identification of
strains. However, these methods require high standardization, well trained staffs, and are relatively
expensive (Galat et al, 2016). For reduction of the time requirement, miniature kits and novel rapid
detection assays have been employed in several industries. For instance, chromogenic media
(PetrifilmTM) that used specific selective substances to facilitate identification and enumeration of
LABs (Castilho et al, 2015). Optical detection instruments such as VITEK (bioMerieux) and Microfoss
(Biosys) which can detect the metabolic changes resulting from microbial metabolism can also be
used to monitor the presence of microbial contamination in food (Firstenberg-Eden et al, 2002).
The Soleris automated system (Neogen) combines chromogenic and optical sensors technologies
together to detect LABs in a variety of sample types (including food, dairy, beverage, nutraceutical

and environmental) by their metabolic activities based on monitoring changes in the chemical
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characteristics of a microbial growth medium in which the target microorganisms grow. The growth
of LABs produce CO2 causing a pH/ colour change in the indicator dye which was, then monitored
by optical sensors system. The Soleris detection system can provide the semi-quantitation results
that are negative and positive above the background level. Recently, this technology has been
widely employed (Pereault et al, 2014) in order to detect the early contamination of LABs in the
production processes, and to ensure the quality of final food products.

This study aimed to determine the rapid detection method based upon an optical
technology to identify LABs in food samples; raw chickens and mixed fruit juices compare with the
conventional standard method based on cultivation. Additionally, the potential of this detection
system to specifically detect LABs species also were examined by inclusivity as well as exclusivity

testing.

2. Materials and Methods
2.1. Materials

2.1.1. Microorganism species and culture conditions

Several species of either bacteria or fungi were selected (shown in tablel). In order to
culture Lactic acid bacteria (LABs), it is necessary to use suitable growth media such as de Man
Rugose Sharpe (MRS) medium (Munoz, Moreno-Arribas and Rivas, 2011) either as broth cultures or
on agar plates. (LAB 094-A and LAB 223-A respectively, Lab M Neogen Ltd.) MRS was also used for
the pour plating technique. LAB cultures were incubated at 30°C. For the other (non-LABs) species
such as Salmonella spp. and Bacillus spp. were cultured in buffer peptone water (BPW) (LAB 204-
A, Lab M Neogen Ltd.) and plated on Nutrient agar (CM0001, Oxoid Ltd.), and Standard Plate Count
Agar (APAH) (CM04630, Oxoid Ltd.) for enumeration. In case of yeasts and moulds, they were
cultured in Potato dextrose broth (7585A, Neogen Ltd.) plated on Dichloran Rose Bengal
Chlortetracycline (DRBC) Agar (7591A, Neogen Ltd.) for isolation and enumeration. The optimum
temperature for incubation of all yeasts and moulds is 25°C.

2.1.2. Food samples

Two samples, one liquid and one solid, were selected to test the Soleris detection in this
study. Mixed fruit juice (Tesco 100% pure pressed apple 73%, peach 14%, mango 8%, and passion
fruit 49) was adjusted from initial pH 3.48 to final pH 5.33 by adding 10M NaOH. The solid sample
selected was chicken (Sainbury’s British chicken diced breast and Asda British breast fillets). It was
tested by adding buffer peptone water (BPW) (Lab M Neogen Ltd., LAB 204-A) and homogenised
using a stomacher.

2.2. Methods

2.2.1 Soleris detection system

Soleris microbial detection system (Neogen) was used to detect the contamination of LABs
in the samples. The Soleris vials (DLA-109) contained a broth growth media, separated by a gas-
permeable membrane from an agar plug with pH dye indicator. The growth of LABs produced CO,
causing a pH/ colour change in the indicator dye which was, then detected by optical sensors in

the Soleris instrument. This system therefore measured the growth of LABs in real time when the
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change of colour is higher than the background for three consecutive readings. The Soleris vials
were prepared by firstly, removing the vials from the refrigerator and allowing them to equilibrate
at room temperature. In order to improve the selectivity of the assay and prevent the growth of
background contamination such as yeasts, moulds and bacteria such as Bacillus spp, antifungal
and antibacterial supplements were added to the vials;

« Antifungal supplement preparation Weigh 0.01g of AmphoteracinB (A9528—50mg, Sigma-
Aldrich Ltd.) into steriled test tube containing 10 ml of steriled water and mix until well dissolved.
The final concentration was 0.0001 g/ml. 120 MU of 0.0001 g¢/ml AmphotericinB was added to the
vials.

« Antibacterial supplement preparation Weigh 0.1¢ of Vancomycin. (V2002-1g, vancomycin
hydrochloride from Streptomyces orientalis, Sigma-Aldrich Ltd.) into 10 ml of steriled water. 0.45
Mm filter was used to sterilise the solution (stock solution 0.01 ¢/ml). To prepare the working
solution of Vancomycin, 100 MU of 0.01g/ml stock solution was aceptically added to 9.9 ml of
steriled water. 100 MU of 0.0001 g/ml working solution Vancomycin was added to the vials.

1 ml of each sample was transferred to a vial, then cap the vial and gently invert 3 times

to mix the sample, and slightly loosen the cap to allow air and gas exchange. The vials were

introduced into the Soleris instrument with the temperature in the chamber set at 30°C and the
assays was run for 72 hours. In case of positive result, Soleris vials change from blue to yellow
colour result from CO, production by LABs.

2.2.2. Inclusivity

For testing the inclusivity of the Soleris DLA-109 vials, nine species of LABs; L. lactis spp.
Lactis NU-136, L. paracasei ATCC BAA-52, L.casei ATCC 334, L. salivarius NCIMB 11975, L.
leichmannii ATCC 4797, L. acidophilus ATCC 4356, L. delbrueckii 11778, L. fermentum ATCC 11739,
Leuconostoc mesenteroides subsp. Mesenteroides ATCC 8293 were selected for analysis. The vials
were tested by directly inoculating 1ml of a 10-10” cfu/ml cultures into the vial. The vials were

introduced into the Soleris instrument with the test parameters set up as follows; Threshold 8,

Skip 2, Shuteye 50, temperature 30°C and the assays was run for 72 hours. The pour plating
technique also was tested in parallel to compare the results by adding 1 ml of a 10°-10° cfu/ml

cultures into the plates and mixing with approximately 15 ml of MRS agar. Allow the plates were

solidified and incubated at 30°C for 72 hours. Both the Soleris detection method and pour plating
method were tested in duplicate.

2.2.3. Exclusivity

To determine the exclusivity of the Soleris system, nine species of bacteria and fungi were
used to test the Soleris DLA-109 vials i.e. B.cereus, B. alvei, B. macerans, B. pumilus, B.thuringiensis,
S. enterica serovar. Typhimurium ATCC 14028, C. krusei, C. tropicalis and S.cerevisae. The vials
were tested by directly inoculating 1ml of a 10°-10” cfu/ml cultures into the vial. The vials were

introduced into the Soleris instrument with the test parameters set up as follows; Threshold 8,

Skip 2, Shuteye 50, temperature 30 °C and the assays was run for 72 hours. The pour plating

technique also was tested in parallel to compare the results by adding 1 ml of a 10°-10° cfu/ml B,
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cereus and S. enterica serovar Typhimurium ATCC 14028 cultures into the plates and mixing with

approximately 15 ml of Standard Plate Count Agar (APAH). Allow the plates were solidified and
incubated at 30°C for 72 hours. For all of yeasts and moulds, plated on Dichloran Rose Bengal

Chlortetracycline (DRBC) Agar and incubated at 25°C. Both the Soleris detection method and pour

plating method were tested in duplicate.

Table 1. List of microorganisms used to test the Soleris
detection system.

Bacterial species Yeasts and moulds

Bacillus cereus ATCC 11778 Candida krusei

B. alvei C. tropicalis

B. macerans Saccharomyces
cerevisae

B. pumilus

B. thuringiensis

Lactobacillus acidophilus ATCC 4356

L. casei ATCC 334

L. delbrueckii 11778

L. fermentum ATCC 11739

L. lactis spp. Lactis NU-136

L. leichmannii ATCC 4797

L. paracasei ATCC BAA-52

L. salivarius NCIMB 11975

Leuconostoc  mesenteroides  subsp.
Mesenteroides ATCC 8293
Salmonella enterica serovar
Typhimurium ATCC 14028

2.2.4. Alternative validation protocol

To indicate an ability of the Soleris detection method to detect the presence of LABs
species in samples i.e. mixed fruit juice and raw chicken were analysed at eight different levels of
contamination using a serial dilution technique. The fruit juice itself was used as the diluent. Eight
sterile universal tubes were filled with 9ml of fruit juice with pH that had been adjusted to a range
of 5-5.5. Then 100MLl of an overnight culture of Leuconostoc mesenteroides in MRS broth was
added into the first tube (containing 10ml of fruit juice) and missed thoroughly. Subsequently 1ml
was removed and innoculated into the next tube and a 1 in 10 serial dilution performed in the
eight tubes. In the case of the solid chicken sample, eight sterile stomacher bags were filled will 5¢
of chicken (cut by using sterile scissors and forceps) and 40ml of BPW (except the first bag which
was filled with 45ml of BPW). An inoculum of 500U from an overnight culture of L. salivarius was
added to the first bag. A 1 in 10 serial dilution was performed in much the same way as for the
fruit juice, except that 5ml was removed from the first bag, and the mixing was performed using a
stomacher, and 5 ml transferred to the next bag etc. From each level of dilution, 1ml was
transfered into a Soleris vial (DLA-109 vial) and a further 1 ml added to a plate for pour plating
with approximately 15ml of molten (50°C) MRS agar. All dilutions were assayed in duplicate.
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2.2.5. Relative Limit of Detection (RLOD) study

Two lactic acid bacteria were selected to spike into the samples; Leuconostoc
mesenteroides was spiked into the mixed fruit juice sample and L. salivarius was inoculated into
raw chicken sample. Samples were to be tested in parallel assays using Soleris detection system
and ISO standard or an alternative validation protocol. The protocol is based on ISO 16140
(1SO16140-2:2016, Microbiology of the food chain-Method Validation-Part 2: Protocol for the

validation of alternative (proprietary) methods against a reference method)

3. Results
3.1. Inclusivity testing
The purpose of this study was to test the potential of the DLA-109 vials of the Soleris
microbial detection system (Neogen) to detect LAB species. Nine species of LABs were selected to

test in parallel with the Soleris detection method and pour plating techniques (Table 2).
Table 2. The result of inclusivity testing to detect LAB species by the Soleris detection system and the pour

plating method at inoculation levels of 10°-10” cfu/ml.

LABs species Soleris system Pour
DT* | results | plating

L. acidophilus ATCC 4356 ND - +
L. cagel ATCC 334 14.4 + +
L. defbrueckii 11778 ND - +
L. fermentum ATCC 11739 16.6 + +
L. [actis spp. Lactis NU-136 ND - +
L. leichmannii ATCC 4797 ND - +
L. paracasel ATCC BAA-52 12.9 + +
L. salivarius NCIMB 11975 10.9 + +
Leuconostoc mesenteroides | 55.7 +

ATCC 8293

Four species; L. casei, L. fermentum, L.paracasei and L. salivarius were positive in either pour
plating or the Soleris system with detection times of 14.4h, 16.6h, 12.9h and 10.9h (table 2). Four
LABs; L. acidophilus, L.delbrueckii, L. lactis and L. leichmannii were not detected by the Soleris
but were positive by cultivation, while Leuconostoc mesenteroides was detected by the Soleris

with detection time of 55.7h but did not grow on plates.

b

-

the Soleris detection system. (a) not detected,

: .
ba f ! f figure 1. The growth curve of LABs species by

= - r (b) Leuconostoc mesenteroides, (c) L. salivarius,
: (d) L. paracasei, (e) L. casei and (f) L.

_f—_ E _f__ fermentum
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3.2. Exclusivity testing
To examine the selectivity of the Soleris detection system, nine species of non-LABs
including bacterial, yeasts and moulds species were tested in the same way as the inclusivity
testing. The results of both the Soleris system and the plating method are shown in table 3. All
non-LABs species, except S. typhimurium, which was detected in 4.6h, were not detected by the
Soleris system but positive with culture method while our sample of C. tropicalis was negative in
both detection methods.

Table 3. The result of exclusivity testing to detect non-LAB species by the Soleris detection system and pour

plating methods at inoculation levels of 10>-10” cfu/ml.

species Soleris system Pour
DT* results | plating

Bacillus alvei ND - +
B. cersus ND -

B. macerans ND - +
B. pumilus ND - +
B. thuringiensis ND - +
Salmonella typhimurium 4.6 + +
Candida krusei ND - +
C. tropicalis ND - -
Saccharomyces ND - +
serevisae

+ = positive, - = negative, ND = Not detected, DT = Detection time (h)
3.3. Alternative validation method
To indicate an ability of the Soleris detection method to detect the presence of LABs

species in samples, sensitivity value is used to determine the assay by following formulas;

w1008
(PA+ ND+ PD)

L

" " (PA+ND + PD)

When, SEalt = sensitivity of alternative method, SEref = sensitivity of reference method, PA = Positive Agreement; number
of dilutions giving positive results for the plating method, that are also positive for the Soleris, PD = Positive Deviation;
number of dilutions giving negative results for the plating method, that were positive for the Soleris, NA = Negative
Agreement; number of dilutions giving negative results for the plating method, that are also negative for the Soleris, ND =
Negative Deviation; number of dilutions giving positive results for the plating method that were negative for the Soleris.

A liquid sample, mixed fruit juice inoculated with Leuconostoc mesenteroides, and a solid
sample, raw chicken inoculated with L.salivarius were selected to examine the sensitivity of the
given detection method, the Soleris detection system compared to the reference method, which
was the plating method. The results of mixed fruit juice samples inoculated with Leuconostoc
mesenteroides in which were tested in duplicate are shown in table 4. All of dilution levels were
detected by the Soleris system but did not grow on plates hence, the sensitivity values were 100%
(SEalt) and 0% (SEref). For chicken samples, they were repetitively tested by two different

manners; as received samples and naturally contaminated samples. The Soleris system detected
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all of dilution levels while plating method could not detect at dilution level at 10-8 cfu/g (Table
5.) In addition, all dilution levels of an as received raw chicken inoculated with L. salivarius were
detected by both the Soleris system and plating method (the results are not shown). Thus, the
sensitivity value of the alternative method, Soleris system was 100% while the reference plate

count method was 94%

Table 4. The result of alternative validation testing; mixed fruit juice inoculated with Leuconostoc mesenteroides.

Dilutions DT (h) Results Plate counts
(cfulg)
107 32,6 + -
107 50.1 +
107 55.7 +
10 64.8 +
107 49.8 +
10° 53.4 +
107 51.4 +
107 53.8 +

Table 5. The result of alternative validation testing; naturally contaminated raw chicken inoculated with L.

salivarius.
Dilutions DT (h) Results Plate counts
(cfulg)

107 5.2 + TNTC
10° 7.9 + TNTC
107 10.2 + TNTC
10™ 12.5 + TNTC
10° 14.4 + 233
107 17.1 + 17
107 22.0 + 1
107 227 + -

+ = positive, - = negative, DT = Detection time (h), TNTC = Too numerous

to count

4. Discussion

LABs play an important role in various food productions ranging from industrial
fermentation processes; dairy and beverages, to human health as probiotic microorganism.
However, LABs can cause the negative effects. Some strains of LABs have been defined as the
major spoilage organism in food processes. Consequently, the detection of LABs during the
processes of the production and as well as finished products is a matter of concern. Recently,
several detection methods have been introduced to identify the presence of LABs contamination
such as standard cultivation method or molecular methods based upon genotypical identification.
These methods are relatively time consuming and provide ambiguous results (lvnitski et al, 1999).
Rapid alternative methods for detection of LABs species are deliberately used to replace the
traditional method based on culture technique in many food manufactures. In this study aimed to
determine the potential of rapid microbial detection method, the Soleris microbial detection
system to detect LABs in food samples. As exhibited in the results part; inclusivity testing, the
Soleris system showed an ability to detect various strains of LABs compared to plating technique

except the following LABs species; L. acidophilus, L. delbrueckii, L. lactis and L. leichmanii were
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not detected by the Soleris system but were positive by culture method. According to Harutoshi,
2013 indicated that some strains of LABs such as L. lactis, L. delbrueckii and Leuconostos spp. can
produce exopolysaccharides (EPS) that normally used as thickener or stabilizer (Welman and
Maddox, 2003) can cause slime and disrupt an agar plug in the vials resulting in misreading the
signals. Moreover, in the case of Leuconostoc mesenteriodes which is nutritionally fastidious
organism (Holland and Liu, 2011) and weakened capacity to downgrade the 2,55-triphenyl
tetrazolium chloride (TTC) dye (Castitlho et al, 2015) thus cannot properly grow on plates. The
Soleris detection system presented an ability to early detect the presence of LABs over the plating
method showed as detect time in table 2. The Soleris system required less analytical time to
detect the LABs except Leuconostoc mesenteroides while plating technique required up to 72
hours to develop the colonies (Ivnitski et al, 1999). For exclusivity testing in which was used to test
the specificity of the given alternative method, the Soleris detection system expressed the results
as demonstrated in table 3. that could not detect other (non-LABs) species such as Bacillus spp. as
well as yeasts and moulds due to the consequence of supplements were added into the vial to
suppress the growth of other organisms. Excluding, S. typhimurium could be detected by both
plating method and the Soleris system with the detection time of 4.6 hours. Due to the effect of
antimicrobial supplement, Vancomycin which widely used against the growth of Gram-positive
(Allen & Nicas, 2003) was added to inhibit the growth of particularly Bacillus spp. hence S.
typhimurium could survive. Alternative validation analysis was used to indicate an ability of the
given method to detect the presence of LABs species in samples. The sensitivity values were used
to determine the alternative method, the Soleris detection system compared to the reference
method, standard plate count method. In the case of the inadequate growth of Leuconostoc
mesenteroides, to analyse the data of the alternative validation method by using mixed fruit juice
inoculated with Leuconostoc mesenteriodes was not straightforward. A study by Kaklamanou
(2017) determined the sensitivity of the Soleris detection system by using mixed fruit juice
inoculated with L. brevis, and outlined the result as 77% of SEalt. The study of relative limit of
detection was not examined due to the problem with the inappropriate growth of Leuconostoc
mesenteroides as mentioned above, as well as the RLOD study in L. salivarius was not tested
because raw chicken samples were naturally contaminated in high level. In conclusion, this study
has shown that the Soleris detection system is comparable to standard base on culture method.
In addition, this rapid alternative detection method provides fast results, simple and high
throughput assay.
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